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ABSTARCT

BACKGROUND & OBJECTIVES:

Thyroid diseases are, arguably, among the commonest endocrine disorders worldwide
including India.The heart is an important target organ for thyroid hormone action and the
molecular mechanisms that underlie the thyroid hormone based effects have been reviewed in
the past. Thyroid hormone is an important regulator of cardiac function and cardiovascular
hemodynamic. Hyperthyroidism and hypothyroidism are known to affect cardiovascular
system in the number of ways.Cardiovascular adverse effect may start very early in the
course of thyroid dysfunction and may remain undiagnosed, unless actively screened due to
subclinical nature or non-specific presentation. So there is need to understand common
cardiovascular manifestations of different thyroid disorders using appropriate investigations.
In this background, the current study was conducted to evaluate the 2 D-EchoCardiography
changes in thyroid disorders

MATERIALS & METHODS:

This study was a cross sectional study, conducted in the department of general medicine,
DR.Prabhakar Kore hospital, KLE University, Belgaum. The study included 50 adults, aged
above 18 years, with laboratory confirmation of various types of thyroid dysfunction by
universal sampling.The data collection for the study was done between 1% January 2017 to
31" December 2107 for one year

Patients with Pre-existing heart diseases like Rheumatic heart disease, Ischemic heart disease,
hypertensive heart disease and cardiomyopathy. Ischemic heart disease were excluded from
the study. Patients who were taking medications that alter the thyroid function such as beta

blockers, lithium, oral contraceptive pills, steroids, and alcohol were also excluded. Patients



with the chronic obstructive pulmonary disease, severe anaemia or any other endocrinal
disorders were also excluded.

A detailed history was taken to evaluate symptoms and duration related to thyroid
dysfunction. Special emphasis was taken to rule out cardiac dysfunction. A detailed
examination was performed on every patient. All the patient were subjected to free T3, Free
T4, Free TSH and two-dimensional Echocardiography.Transthoracic echocardiography was
performed using a commercially available echocardiographic system (EPIQ), with gated
ECG .4 chamber and M-Mode Doppler and tissue Doppler imaging images are digitally
acquired by X5-1 Matrix probe. Comparison of volume of all four cardiac chambers by 2D
and 3 D echocardiography in normal individual measurements were symmetrically performed
by offline analysis with an independent reader, blinded to clinical data.

Descriptive analysis was carried out by the mean and standard deviation for quantitative
variables, frequency and proportion for categorical variables. Data was also represented using
appropriate diagrams like bar diagram and pie diagram. Since the study was only a
descriptive study, no inferential statistical analysis was performed and no P values were

reported. IBM SPSS version 22 was used for statistical analysis.

RESULTS:

The mean age of the subjects was 39.18 + 14.32 years with higher female preponderance. The
most common thyroid dysfunction was hyperthyroidism in 41.20% of the study population,
followed by 15 % of subjects with primary hypothyroidism and 15% of subjects with
subclinical hypothyroidism. Most common co-morbidities were anaemia in 23.50%
participants, hypertension in 19.6% and diabetes mellitus in 9.8% of study population.The
pulse, systolic and diastolic blood pressure were significantly higher among hyperthyroidism

group, as compared to the other two groups.



Among 15 people with Primary hypothyroidism, sinus bradycardia was the most common
ECG feature observed in 8 (53.3%) of the study population. The other common ECG features
were low voltage criteria and right bundle branch block seen in 2 (13.33%) subjects each.
One subject (6.67%) had prolonged QT interval. Among 21 people with hyperthyroidism, the
most common ECG finding was sinus tachycardia seen in 12 (57.14%) of subjects. Atrial
fibrillation was observed in 3(14.28%) subjects, and low voltage complexes were observed in
2 (9.52%) of people.Among 15 subjects with subclinical hypothyroidism, the only ECG
abnormality was sinus bradycardia seen in 2 (13.33%) of the subjects.Among the people with
hyperthyroidism, 8 (38.10%) participants each had normal and tachycardia. 4, (19.04%)
participants had pulmonary artery hypertension, and 2 (9.52%) participants had dilated
cardiomyopathy. Among the people with primary hypothyroidism, 11 (73.33%) participants
had type 1 diastolic dysfunction, 4 (26.67%) participants had pericardial effusion, 3 (20%)
participants had pulmonary artery hypertension, and 2 (13.33%) participants had normal.
Among the people with subclinical hypothyroidism, 8 (53.33%) participants had type 1
diastolic dysfunction, 6 (40%) participants had normal, 4 (26.67%) participants had

pulmonary artery hypertension.

CONCLUSIONS:
The study has highlighted the profile of cardiac dysfunction among different types of thyroid
dysfunction. No statistical associations could be tested due to limited sample size. Hence

large scale prospective studies on the subject are needed to guide clinical practice.
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INTRODUCTION

INTRODUCTION

Thyroid diseases are arguably among the commonest endocrine disorders worldwide
including India.'It affects as many as 9% to 15% of the adult female population and a
smaller population of adult males. According to a projection from various studies on
thyroid disease, it has been estimated that about 42 million people in India suffer from
thyroid diseases.” In studies from the western literature, as many as 50% of people in
the community have microscopic nodules, 3.5% have an occult papillary carcinoma,
15% have palpable goitres, 10% demonstrate an abnormal thyroid-stimulating
hormone level, and 5% of women have overt hypothyroidism or
hyperthyroidism.*Despite the coverage of National iodine deficiency diseases control
programme (NIDDCP) in India, iodine deficiency is still prevalent in many parts of
India.*

The heart is an important target organ for thyroid hormone action and the molecular
mechanisms that underlie the thyroid hormone based effects have been reviewed in
the past.Thyroid hormonesare an important regulator of cardiac function and
cardiovascular hemodynamics. Triiodothyronine (T3), the physiologically active form
of thyroid hormone, binds to nuclear receptor proteins and mediates the expression of
several important cardiac genes, inducing transcription of the positively regulated
genes including alpha-myosin heavy chain (MHC) and the sarcoplasmic reticulum
calcium ATPase. T3 mediated effects on the systemic vasculature include relaxation
of vascular smooth muscle resulting in decreased arterial resistance and diastolic
blood pressure. In hyperthyroidism, cardiac contractility and cardiac output are
enhanced and systemic vascular resistance is decreased, while in hypothyroidism the

opposite is true.
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INTRODUCTION

Hyperthyroidism and hypothyroidism are known to affect cardiovascular system in a
number of ways.’Increased or reduced the action of thyroid hormone on certain
molecular pathways in the heart and vasculature cause the relevant cardiovascular
derangements. It is well established that overt hyperthyroidism induces a
hyperdynamic cardiovascular state (high cardiac output with low systemic vascular
resistance), which is associated with a faster heart rate, enhanced left ventricular (LV)
systolic and diastolic function and an increased prevalence of supraventricular
tachyarrhythmias - namely, atrial fibrillation.Whereas overt hypothyroidism is
characterized by the opposite changes. However, whether the changes in cardiac
performance associated with overt thyroid dysfunction are mainly due to alterations of
myocardial contractility or loading conditions remain unclear. Extensive evidence
indicates that the cardiovascular system responds to minimal but persistent changes
in circulating thyroid hormone levels, which are typical of individuals with subclinical
thyroid dysfunction. Subclinical hyperthyroidism is associated with increased heart
rate, atrial arrhythmias, increased LV mass, impaired ventricular relaxation, reduced
exercise performance and increased risk of cardiovascular mortality. Subclinical
hypothyroidism is associated with impaired LV diastolic function and subtle systolic
dysfunction and enhanced risk for atherosclerosis and myocardial infarction. Because
all cardiovascular abnormalities are reversed by restoration of euthyroidism
("subclinical hypothyroidism™) or blunted by beta-blockade and L-thyroxine (L-T4)
dose tailoring (“subclinical hyperthyroidism"), timely treatment is advisable in an
attempt to avoid adverse cardiovascular effects. Interestingly, some data indicate that
patients with acute and chronic cardiovascular disorders and those undergoing cardiac
surgery may have altered peripheral thyroid hormone metabolism that inturn may

contribute to altered cardiac function.
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INTRODUCTION

In hyperthyroidism, excessive thyroid hormone production, thyrotoxicosis and
subclinical hyperthyroidism are associated with palpitations, tachycardia, exercise
intolerance, dyspnea on exertion, widened pulse pressure and sometimes atrial
fibrillation. Cardiac contractility is enhanced, and resting heart rate and cardiac output
are increased. Cardiac output may be increased by 50%- 300% over that of the normal
subjects as a result of combined effects of increased in resting heart rate, contractility,
ejection fraction and blood volume with decrease in systemic vascular resistance.® “In
hypothyroidism, cardiovascular signs and symptoms are diametrically opposite to
those described for hyperthyroidism and may include bradycardia, mild hypertension
(diastolic) narrowed pulse pressure, cold intolerance and fatigue.®Hypothyroidism is
associated with increased systemic vascular resistance, decreased cardiac contractility,
decreased cardiac output, accelerated atherosclerosis and coronary artery disease.? °

Subclinical hypothyroidism (SCH) is a common endocrine disorder characterised by
increased levels of thyroid stimulating hormone (TSH) with normal levels of free
thyroxine (T4) and free triiodothyronine (T3) in serum. The signs and symptoms of
SCH are usually subtle as compared with those of overt hypothyroidism, so it is
difficult to detect. Hence the diagnosis of SCH is a laboratory diagnosis.10 The
controversy about whether screening and treating SCH is warranted''because
evidence concerning the risks is limited; randomized controlled trials on relevant
outcomes have not been done.*” SCH has been associated with an increased risk for
atherosclerosis and meta-analyses have shown that it is also associated with an
increased risk of coronary heart disease'®and increased blood pressure. Several cross-
sectional studies have suggested an association between SCH and left ventricular
(LV) diastolic function. However, whether SCH is a risk factor for LV diastolic

function is controversial.
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INTRODUCTION

Echocardiography is the best modality to assess cardiovascular abnormalities in
thyroid diseases non-invasively. The use of 2 D echocardiography has shown that left
atrial diameter, left atrial active emptying volume and fraction, left and right intra-
atrial and interatrial electromechanical delay was significantly higher in hyperthyroid
patients.* 1>Serum TSH and free T4 levels correlate with 2DE LV mass index 2DE
longitudinal strain and 3DE LV area strain. TSH level and mitral Em / Am ratio were
an independent predictor of atrial electromagnetic delay.®

Tissue Doppler echocardiography (TDE) is a new and powerful method used for the
evaluation of regional and global diastolic ventricular function. TDE is used in this
way because, compared to conventional Doppler echocardiography, it is minimally
affected by alterations in afterload, valvular regurgitations, and changes in heart
rate.’” *® In addition, abnormalities in LV diastolic relaxation can be observed with
respect to physiological parameters in those aged >60 years.

Thyroid diseases are one of the silent epidemics of our time. They may get
overlooked in the early stages because of their uncertain and ambiguous symptoms.
However, they are different from other diseases in terms of their ease of diagnosis,
accessibility of medical treatmentand the relative visibility in the form of a small
swelling. Early diagnosis and treatment therefore remain the cornerstone of thyroid

disease management.
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AIMS AND OBJECTIVES

AIMS AND OBJECTIVES:

The objective of the study:

e To evaluate the 2 D-Echo Cardiography changes in thyroid disorders
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REVIEW OF LITERATURE

REVIEW OF LITERATURE:

GROWING BURDEN OF THYROID DISORDERS GLOBAL
AND INDIA:

Thyroid hormones act on almost all nucleated cells and are essential for normal
growth, and energy metabolism.* Thyroid dysfunction is common, readily
identifiable and easily treatable, but if undiagnosed or untreated, it can have profound
adverse effects.?’ Hypothyroidism and hyperthyroidism commonly arise from
pathological processes within the thyroid gland (primary thyroid disease), although in
rare cases, they can arise from disorders of the hypothalamus or pituitary (central
hypothyroidism) or peripheral causes, such as strumaovarii, or functional thyroid
cancer metastases.?!

Thyroid diseases are arguably among the commonest endocrine disorders worldwide
that have reached to alarming epidemic proportions. On a global scale, a staggering
200 million people have problems with their thyroid gland with over 50 per cent
remaining undiagnosed.?

India too has a significant burden of thyroid diseases. According to the latest study, it
is estimated that about 42 million people in India suffer from Thyroid diseases,
Accounting for approximately 21 per cent of the global population suffering from
such disorders.”*Thyroid disease affects women seven times more than men, making

1,2% in their

it an important and understudied topic in women’s health.Unnikrishnan et a
eight cities study in India reported 54% prevalence among females, while Marwaha et
al, 2% in their countrywide study found 63% prevalence of hypothyroidism .

In African-American populations, the frequency of hypothyroidism appears to be

lower than in white individuals.® Careful reanalysis of data from the NHANES Il
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REVIEW OF LITERATURE

study indicates that non-Hispanic black individuals had a 54% lower risk of
hypothyroidism than non-Hispanic white individuals, but non-Hispanic black
individuals had over a threefold higher risk of hyperthyroidism.?® Data from Brazil
shows a similar pattern, with black individuals having the lowest prevalence of
hypothyroidism and those of dual heritage and white individuals having a higher
prevalence.”’In India, striking regional variations in the prevalence of hypothyroidism
have been reported” 2%, which raises the need for the standardisation of assay

methods and region-specific and population-specific reference ranges.

Figure 1: Anatomy of thyroid gland

Being the largest endocrine gland in the human body, this butterfly-shaped, bi-lobed
gland produces hormones which influence almost all the metabolic processes in the
body. The thyroid gland produces two hormones, namely- Triiodothyronine (T3) and
its precursor Thyroxine (T4). Under normal conditions, the thyroid produces T3 and

T4 at a 20% - 80% ratio.
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REVIEW OF LITERATURE

Thyroid-stimulating hormone (TSH) is another important hormone that is secreted by
the anterior pituitary cells in the brain, and its primary function is to increase the
production of T3 and T4 by the thyroid gland.

The five common thyroid diseases in India are:

e Hypothyroidism,

Hyperthyroidism,

Goitre and iodine deficiency disorders,

Hashimoto's thyroiditis, and

Carcinoma Thyroid

The two most common forms of thyroid disease are hypothyroidism and
hyperthyroidism.Underproduction of thyroid hormones slows down the body's
metabolism, causing Hypothyroidism. Common symptoms of this condition are
weight-gain despite eating sensibly, feeling cold, fatigue, depression and possibly
increased blood pressure and cholesterol levels.

Hyperthyroidism occurs when an excess of T3 and T4 speeds up the body's
metabolism and,if left untreated it can lead to complications such as severe weight-
loss despite a healthy appetite, nervousness, staring eyes, accelerated heart rate and
insomnia.

In both hypothyroidism and hyperthyroidism, there may be swelling of a part of the
neck, which is also as Goitre.

The most useful marker of thyroid gland function in serum thyroid-stimulating
hormone (TSH) levels. TSH levels are determined by a negative feedback system in
which high levels of T3 and T4 suppress the production of TSH, and low levels of T3
and T4 increase the production of TSH. TSH levels are thus often used, as the first

indicator of thyroid function.
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REVIEW OF LITERATURE

o Elevated TSH levels can signify inadequate thyroid hormone production
(hypothyroidism).
o Suppressed TSH levels can point to excessive thyroid hormone production

(hyperthyroidism).

Table 1: Clinical reference values of thyroid function test

Test Range
TSH 0.4-4.7mU/L
T3 0.92-2.78 nmol/L
FT3 0.22-6.78 pmol/L
T4 58-140 nmol/L
FT4 10.3-35 pmol/L

Thyroid disease has, in our time become a major public health concern worldwide, the
multiple risks to thyroid function include not only the individual’s genetic background
but also environmental hazards such as inadequate iodine intake, polychlorinated
biphenyls, radiation exposure from nuclear fallout and medical radiation, perchlorate
in rocket fuel, cigarette smoking and others.

Hashimoto's thyroiditis is the most common cause of an underactive thyroid
(hypothyroidism). In Europe and the United States, it variably affects 2-4 per cent of
the population, while it occurs more often in women than in men.

Congenital hypothyroidism: 1 per 3,000 - 4,000 new-borns are affected by congenital
hypothyroidism in North America, Europe, Japan and Australia, (Genetics Home

Reference website).
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REVIEW OF LITERATURE

The relationship between Thyroid and heart

Thyroid hormone has many effects on the heart and vascular system.”®Many of the
clinical manifestations of hyperthyroidism are due to the ability of thyroid hormone to
alter cardiovascular hemodynamics.The hemodynamic effects of hypothyroidism are
opposite to those of hyperthyroidism, although the clinical manifestations are less

obvious.?

Effects of Thyroid Hormone on Myocardial Contractility and Hemodynamics

The effects of triiodothyronine, the active cellular form of thyroid hormones on
cardiovascular physiology are shown in Figure 2.And the effects of hyperthyroidism
and hypothyroidism on various hemodynamic measures are listed in Table 2. It is
clear from many invasive and noninvasive measurements in patients with thyroid
disease that cardiac functions such as heart rate, cardiac output, systemic vascular
resistance are closely linked to thyroid status. In addition to the well-recognized
action of thyroid hormone to increase peripheral oxygen consumption and substrate
requirements causing a secondary increase in cardiac contractility, the hormone also
increases cardiac contractility directly.”* Triiodothyronine decreases systemic
vascular resistance by dilating the resistance arterioles of the peripheral
circulation.**The vasodilation is due to a direct effect of triiodothyronine on vascular
smooth muscle cells that promotes relaxation.**The clinical correlate of this finding is
that a high dose of triiodothyronine decreases systemic vascular resistance and

increases cardiac output within hours after coronary-artery bypass grafting.**
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REVIEW OF LITERATURE

Figure 2. Effects of Thyroid Hormone on Cardiovascular Hemodynamics.
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The diagram shows the way in which triiodothyronine increases cardiac output by
affecting tissue oxygen consumption (thermo-genesis), vascular resistance, blood
volume, cardiac contractility, and heart rate.

Table 2: Cardiovascular features

Physical examination Hemodynamic changes | ECG/X-ray/

ultrasound

Hyperthyroidism

Tachycardia at rest 1 Cardiac output | QT interval

1 Pulse amplitude 1 Myocardial | PR interval

contractility

Systolic murmur 1 Systolic/diastolic ST-segment elevation
function
Mitral valve prolapse 1 Systolic blood pressure | Atrial fibrillation
1 First heart sound 1 Blood volume Wolff-Parkinson
White Syndr

Page 11




REVIEW OF LITERATURE

Possible third heart sound

1 Venous resistance

| Contraction times

Ankle swelling

| Arterial resistance

Cardiac hypertrophy

Unspecific symptoms

(palpitations, shortness of breath,

chest pain)

| Diastolic blood

pressure

Heart block

1] Circulation time

Means-Learman "scratch."

Hypothyroidism

Bradycardia

| Cardiac output

1 QT interval

Weak pulse

| Stroke volume

1 Conduction

abnormalities

Hypertension

| Myocardial

contractility

T-wave inversion

Faint heart sounds

| Blood volume

Atrioventricular

block

Quiet precordial findings

1 Diastolic blood

pressure

Pericardial/pleural

effusions

| Exercise tolerance

1 Peripheral vascular

resistance

Cardiac tamponade
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CELLULAR MECHANISMS OF THYROID HORMONE ACTION

The thyroid gland primarily secrets T4 (=85%), which is converted to T3 by 5-
monodeiodination in the liver, kidney and skeletal muscle.** **The heart relies mainly
on serum T3 because no significant myocyte intracellular deiodinase activity takes
place, and it appears that T3 and not T4, is transported into the myocyte.®” Thyroid
hormone effects on the cardiac myocyte are intimately associated with cardiac
function via regulation of the expression of key structural and regulatory genes. The

myosin heavy chain genes encode the two contractile protein isoforms of the thick

filament in the cardiac myocyte. The sarcoplasmic reticulum Ca2+—ATPase and its
inhibitor, phospholamban, regulate intracellular calcium cycling. Together they are
largely responsible for the enhanced contractile function and diastolic relaxation in
the heart.?® %

Figure 3. depicts the cellular mechanism of action of triiodothyronine on the cardiac
myocyte. Triiodothyronine enters the cell, possibly by a specific transport mechanism
and binds to nuclear triiodothyronine receptors. The complex then binds to thyroid
hormone response elements of the genes for several cell constituents and regulates
transcription of these genes, including those for Ca2+-ATPase and phospholamban in
the sarcoplasmic reticulum, myosin, b-adrenergic receptors, adenylyl cyclase,
guanine-nucleotide-binding proteins, Nat/Ca2+ exchanger, Nat/K+-ATPase, and
voltage-gated potassium channels. Nonnuclear triiodothyronine actions on ion
channels for sodium (Nat), potassium (K*) and calcium (Ca2+) ions are indicated at
the cell membrane. Dashed arrows indicate pathways with multiple steps, and mRNA

denotes messenger RNA.
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Figure 3. Sites of Action of Triiodothyronine on Cardiac Myocytes.

Thyroid hormone effects on the heart and peripheral vasculature include decreased
systemic vascular resistance and increased resting heart rate, left ventricular
contractility and blood volume. Thyroid hormones cause decreased resistance in
peripheral arterioles through a direct effect on vascular smooth muscle cells and
decreased mean arterial pressure which is sensed in the kidneys.

This activates the renin-angiotensin-aldosterone system and increases renal sodium
absorption.

Taalso increases erythropoietin synthesis which increases red cell mass. These

changes combine to promote an increase in blood volume and preload.
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Cardiac abnormalities in patients with thyroid disorders

Hyperthyroidism

Excess thyroid hormones causes palpitations, with some degree of exercise
impairment and a widened pulse pressure, independent of the cause of the
hyperthyroidism.”>" *'The changes in heart rate results from both an increase in
sympathetic tone and a decrease in parasympathetic tone.**Tachycardia, with heart
rates greater than 90 beats per minute, is common at rest and during sleep; in addition,
the normal increase in heart rate during exercise is exaggerated.*’In a study of 880
patients of widely varying ages, resting tachycardia was second only to goitre as the
most common sign of hyperthyroidism.*

In patients with hyperthyroidism, cardiac output is 50 to 300 per cent higher than in
normal subjects. This increase is due to the combined effects of a decrease in systemic
vascular resistance, an increase in resting heart rate, increase in left ventricular
contractility and ejection fraction and an increase in blood volume.**The importance
of the contribution of decreased systemic vascular resistance to the increase in
systemic blood flow in patients with hyperthyroidism is evidenced by the results of
studies in which the administration of arterial vasoconstrictors, atropine and
phenylephrine, decreased peripheral blood flow and cardiac output by 34 per cent in
patients with hyperthyroidism but had no effect in normal subjects.*

Patients with hyperthyroidism have increased left ventricular systolic and diastolic
contractile function, a finding consistent with changes in the expression of contractile
and calcium-regulatory proteins, as described previously.**The rate of increase in
intraventricular pressure during systole, the left ventricular ejection fraction and the

rate of blood flow across the aortic valve are all increased.**
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Subclinical Hypothyroidism

Subclinical hypothyroidism (SCH) is defined as a condition characterised by elevated
serum thyroid-stimulating hormone (TSH) concentrations (TSH: >4.5 mIU/L) while
circulating thyroxine (T4) and tri-iodothyronine (T3) levels remain within the
population reference range.46 The incidence of SCH varies between 4 and 20 %
depending upon the gender (females are more prone), age (older than 65) and
population studied.”” It may be caused by exogenous (L-thyroxine under-replacement
in hypothyroid patients; medication with lithium, cytokines, iodine, antithyroid drugs,
lodine 131 therapy or thyroidectomy) or endogenous (Hashimoto thyroiditis and
previous subacute or silent thyroiditis) factors.*’

The argument against lowering the upper limit of normal for TSH values is that 22 to
28 million more Americans would be diagnosed with hypothyroidism without any

8 Our data also show that

clinical or therapeutic benefit from this diagnosis.
decreasing the upper limit of the TSH reference range to 3.0 mIU/L results in more
than a 4-fold increase in diagnosis of hypothyroidism among patients without a

history of thyroid disease seen in a tertiary medical centre.** No clear evidence

supports a benefit for intervening at these levels of TSH.

Hypothyroidism

The hemodynamic changes typical of hypothyroidism are opposite to those of
hyperthyroidism, but they are accompanied by fewer symptoms and signs.’The most
common signs are bradycardia, mild hypertension, a narrowed pulse pressure and
attenuated activity on the precordial examination. Other characteristic but nonspecific
findings are high serum concentrations of cholesterol and creatine kinase (the

skeletal-muscle MM isoform).> % Ppericardial effusion and nonpitting edema
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(myxedema) can occur in patients with severe, long-standing hypothyroidism.>The
low cardiac output is caused by bradycardia, a decrease in ventricular filling and a
decrease in cardiac contractility.”Systemic vascular resistance may increase by as

much as 50 per cent” ¥

,and diastolic relaxation and filling are slowed.However, heart
failure is rare, because the cardiac output is usually sufficient to meet the lowered
demand for peripheral oxygen delivery.*°Positron-emission tomographic studies of
oxygen consumption in patients with hypothyroidism have revealed that myocardial
work efficiency is lower than in normal subjects.*’From 10 to 25 per cent of patients
have diastolic hypertension, which combined with the increase in vascular resistance
raises cardiac afterload and cardiac work.> **

Although atrial arrhythmias are common and ventricular ectopy is rare in patients
with hyperthyroidism, the opposite is true of hypothyroidism.’Hypothyroidism
prolongs the cardiac action potential and the QT interval.**This in turn predisposes the
patient to ventricular irritability and, in rare cases acquired torsade de points.>*These

changes may arise at least in part from the regulatory effect of triiodothyronine on the

expression of various ion channels in the heart.>?

Subclinical Hyperthyroidism

Alterations in cardiac hemodynamics have been reported in some, but not all studies
of patients with subclinical hyperthyroidism.>* *>The alterations include an increase in
heart rate and left ventricular mass that improves in response to treatment with a beta-
adrenergic-receptor antagonist, whereas the positive inotropic response persists.*®

As noted above, patients with subclinical hyperthyroidism are at increased risk for
atrial fibrillation.®These findings support the long-standing observation that elderly

patients with few symptoms of hyperthyroidism may present with either cardiac-
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rhythm disturbances or unexplained tachycardia.?® > >'Serum thyrotropin should be
measured in all elderly patients with systolic hypertension, a widened pulse pressure,
recent-onset angina, atrial fibrillation or an exacerbation of underlying ischemic heart

disease.? 425

Relevant studies

Sonawale et aI,58(2018)evaIuated the incidence of cardiovascular abnormalities in
newly identified hyperthyroid patients and their outcome with anti-thyroid therapy. A
total of 96 patients who were newly diagnosed to have hyperthyroid disease were
screened and out of them, 40 patients who presented with cardiovascular symptoms
and sign were included in the study (30 females, ten males). Hyperthyroid patients
were re-evaluated after antithyroid therapy. Findings in patients were compared at
presentation, and after 3 months of treatment. All had undergone a structured
cardiovascular history and examination, including measurements of blood pressure
(BP) and pulse rate. All had to rest 12-lead electrocardiogram and 2D ECHO.
Cardiovascular symptoms and signs, as well as abnormal hemodynamic and
dysrhythmias, especially supraventricular, were frequent among patients with
hyperthyroidism. Palpitation and atrial fibrillation (AF) were more recurrent in overt
hyperthyroid subjects. They opined that cardiovascular abnormalities were one of the
most common presentations in patients with hyperthyroidism.

Kandan et al,*°

(2017) aimed to study the prevalence of various cardiac manifestations
in overt and subclinical hyperthyroidism. A total of 50 patients of hyperthyroidism
who visited general medicine department of Sri Ramachandra Medical College,

Chennai, India were included in the study. Patients with other co-morbidities which
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could contribute to cardiovascular manifestations were excluded from the study. All
the patients underwent clinical evaluation, basic laboratory tests like CBC, RFT, LFT,
serum electrolytes, fasting lipid profile (which included serum triglycerides, LDL,
HDL, total cholesterol), FT4, FT3 and TSH and radiological variables were studied in
these patients. ECG and 2D ECHO were performed in these patients to analyse the
presence of any cardiac manifestations in these patients. The commonest
cardiovascular signs were found to be tachycardia (82%), widened pulse pressure
(50%) and pedal edema (12%). The commonest ECG finding was found to be Sinus
tachycardia (46%) followed by atrial fibrillation (28%). Systolic dysfunction and
chamber enlargement (18%) were the commonest echo findings. They concluded that
cardiovascular manifestations were quite common and varied in hyperthyroidism

which was to be looked for in the management.

Behera et al,*°(2017) wanted to study all the cardiovascular changes associated with
the newly detected hypothyroidism and to know the cardiovascular involvement in
sub-clinical hypothyroidism. Sixty newly detected hypothyroid patients, diagnosed by
clinical evaluation and confirmed by thyroid hormone assay by chemiluminescence
immunoassay (CLIA) method, were subjected to cardiovascular examination,
electrocardiography, echocardiography and Treadmill test. It was a cross-sectional
study design based on random sampling method which was conducted for two years
in the department of General Medicine, MKCG Medical College Hospital,
Berhampur, Odisha, India. The work was carried out after approval from the
Institutional Ethics Committee of MKCG Medical College Hospital, Berhampur,
Odisha. Patients were investigated before thyroid hormone replacement therapy.

Statistical data analysis was made on the basis of deviation, standard error, t-test and
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the proportion test. A p value of < 0.05 was considered statistically significant. It was
concluded that hypothyroidism wass common in females, maximum in the between
17-47 years age group. Majority of the patients did not have any cardiovascular
changes. Observed cardiovascular changes were ECG abnormalities, pericardial
effusion, diastolic hypertension and diastolic dysfunction. A systematic study was

done to know the early effects of hypothyroidism on the cardiovascular system.

Ramesh et al,®!(2016) investigated the cardiovascular involvement in hypothyroidism.
The data for this study was collected from 40 hypothyroid patients by clinical
examination and by performing ECG and Echocardiogram who came to Malla Reddy
Medical College and Hospital, Hyderabad which included both outpatients and
inpatients. Normal ECG was found in 30% of patients; Bradycardia was the most
common finding seen in 16 patients counting for 40%. Low voltage complexes were
seen in 35% of patients. Echo findings were normal in 32.5% cases. Pericardial
effusion was the next common finding seen in 11 cases accounting for 27.5%.
Diastolic dysfunction was seen in 27.5%, the majority of them being mild
dysfunction. No cases were found to have severe diastolic dysfunction. IVS thickness
was found only in 2 cases. Among 40 new cases of hypothyroidism, pericardial
effusion was found in 27.5% patients. Diastolic dysfunction was seen in 27.5 % of
patients. All the patients diagnosed with hypothyroidism are to be screened for

pericardial effusion and other cardiac complications.

Shashikant et al,"(2015) aimed at studying the cardiac dysfunction hypothyroidism
by ECG and ECHO to assess the need for treatment even in the milder forms of the

disease. A total of50 new patients of hypothyroidism who presented to Bapuji and
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Chigateri government hospital from 1-10-2012 to 1-8-2014 were studied. They were
clinically evaluated and underwent relevant investigations, including thyroid profile
estimation, cardiac evaluation using ECG and 2D ECHO. Most cases fell in the age
group of 31-40 yrs. There was an overall female preponderance with a mean age of
37.65yrs (76%). Bradycardia and hypertension were seen in 30% and 18 respectively.
On examination, diminished heart sound is found in 22% of patients. Among 50 new
cases of hypothyroidism, pericardial effusion was found in 18% of patients. Diastolic
dysfunction was seen in 18% of patients. Thus, any unexplained pericardial effusion

should be screened for hypothyroidism.

Razvi et al,**(2010) evaluated incident IHD and mortality in participants in relation to
their thyroid status. Data were reanalysed assessing incident IHD events and mortality
during 20 yrs of follow-up in individuals with endogenous SCH (n = 97; TSH 6.0-15
mlU/ litre) vs the euthyroid group (n = 2279), who were IHD free at baseline. Incident
IHD was significantly higher in the SCH group [adjusted hazard ratio 1.76 (95%
confidence interval 1.15-2.71); P = 0.01]. It was concluded that in the Whickham
Survey, there was an association between incident IHD events and IHD-related
mortality with SCH over the 20 yr of follow-up. Furthermore, subsequent treatment of
SCH with levothyroxine appeared to attenuate IHD-related morbidity and mortality,
and this may explain why some other longitudinal studies of SCH had not shown such
an association; properly designed controlled trials of treatment of SCH were required

to answer this question definitively.
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Di Bello et al,'’(2009)investigated the new echocardiographic techniques for the
study of pathophysiological intramyocardial phenomena included video densitometry
(VD), integrated backscatter (IBS), and colour Doppler myocardial imaging (CDMI).
They presumed that being more independent from the cardiac load and from rotational
and translational heart motion, these new sensors, non-invasive techniques such as
CDMI and IBS show a real incremental value in comparison with conventional
echocardiography and allow to detect subtle functional and textural abnormalities of
the intramural myocardium, partially undetectable by conventional two-dimensional
Doppler echocardiography. Subclinical thyroid dysfunction (STD), both in its hypo-
and hyperthyroidism form, has a relatively high prevalence in general population (9-
15% with a lower percentage of adult males), hence it could be very useful to study
more deeply heart involvement in these pathophysiological conditions and understand
the complex relationship between thyroid and heart. In subclinical hyperthyroidism,
these new ultrasonic techniques permitted to discover more complex and different

early cardiac abnormalities of both systolic and diastolic phases.

Fatourechi et al.** (2009) reviewed subclinical hypothyroidism as an update to
primary physicians. Their literature showed that subclinical hypothyroidism (SCH),
also called mild thyroid failure, is diagnosed when peripheral thyroid hormone levels
are within normal reference laboratory range but serum thyroid-stimulating hormone
(TSH) levels are mildly elevated. This condition occurred in 3% to 8% of the general
population. It was more common in women than men, and its prevalence increased
with age. Of patients with SCH, 80% had a serum TSH of less than ten mIU/L. The
most important implication of SCH was a high likelihood of progression to clinical

hypothyroidism. The possibility that it was a cardiovascular risk factor has been a
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subject of debate. Large-scale randomised studies were needed for evidence-based
recommendations regarding screening for mild thyroid failure and levothyroxine
therapy for this condition. Currently, the practical approach was routine levothyroxine
therapy for persons with a persistent serum TSH of more than 10.0 mIU/L and

individualised therapy for those with a TSH of less than 10.0 mIU/L.

Biondi et al,*’(2008) reviewed on the clinical significance of subclinical thyroid
function. The evidence showed that the clinical significance of subclinical thyroid
dysfunction was much debated. Subclinical hyper- and hypothyroidism can have
repercussions on the cardiovascular system and bone, as well as on other organs and
systems. However, the treatment and management of SCTD and population screening
are controversial despite the potential risk of progression to overt disease, and there is
no consensus on the thyroid hormone and thyrotropin cut-off values at which
treatment should be contemplated.

13
L,

Singh et al,”(2007) did a meta-analysis about the impact of subclinical thyroid
disorders on CHD, CVS and all-cause mortality. A systemic search of the literature
using Pubmed, Medline and Ovid online tool was performed to identify relevant
studies. Amongst the clinical studies, crossectional study and studies with a follow-up
period ranging between 4 and 20 yr were identified. They concluded that sub-clinical
hypothyroidism is associated with both, a significant risk of CHD at baseline and
follow-up. In addition, mortality from cardiovascular causes is significantly higher at

follow-up. Subclinical hyperthyroidism is not associated with CHD or mortality from

cardiovascular causes.
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Wilson et al,’°(2005) in their review opined that the management of subclinical
thyroid dysfunction is controversial. The prevalence of subclinical hypothyroidism is
about 4 to 8.5 percent and may be as high as 20 per cent in women older than 60
years. Subclinical hyperthyroidism is found in approximately 2 per cent of the
population. Most national organisations recommend against routine screening of
asymptomatic patients, but screening is recommended for high-risk populations.
There is good evidence that subclinical hypothyroidism is associated with progression
to overt disease. Patients with a serum thyroid-stimulating hormone level greater than
10 microns per mL have a higher incidence of elevated serum low-density lipoprotein
cholesterol concentrations; however, the evidence is lacking for other associations.

There is little evidence that early treatment alters the clinical course.

Fazio et al,®® (2004) reviewed the effect of thyroid hormone on the CVS. The
evidence indicated that overt hyperthyroidism induces a hyperdynamic cardiovascular
state (high cardiac output with low systemic vascular resistance), which is associated
with a faster heart rate, enhanced left ventricular (LV) systolic and diastolic function,
and increased prevalence of supraventricular tachyarrhythmias - namely, atrial
fibrillation - whereas overt hypothyroidism is characterized by the opposite changes.
Extensive evidence indicated that the cardiovascular system responds to the minimal
but persistent changes in circulating thyroid hormone levels, which are typical of
individuals with subclinical thyroid dysfunction. Interestingly, some data indicate that
patients with acute and chronic cardiovascular disorders and those undergoing cardiac
surgery may have altered peripheral thyroid hormone metabolism that, in turn, may

contribute to altered cardiac function.
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Danzi et al ,% (2004) reviewed thyroid hormone and the CVS. Thyroid hormone is an
important regulator of cardiac function and cardiovascular hemodynamics.
Triiodothyronine (T3), the physiologically active form of thyroid hormone, binds to
nuclear receptor proteins and mediates the expression of several important cardiac
genes, inducing transcription of the positively regulated genes including alpha-myosin
heavy chain (MHC) and the sarcoplasmic reticulum calcium ATPase. Negatively
regulated genes include beta-MHC and phospholamban, which are down-regulated in
the presence of normal serum levels of thyroid hormone. Changes in serum T(3)
levels in patients with chronic congestive heart failure are caused by alterations in
thyroid hormone metabolism suggesting that patients may benefit from T(3)
replacement in this setting.

Surks et al?

(2004) proposed to define subclinical thyroid disease, review its
epidemiology, recommend an appropriate evaluation, explore the risks and benefits of
treatment and consequences of nontreatment, and determine whether population-
based screening is warranted. To define subclinical thyroid disease, review its
epidemiology, recommend an appropriate evaluation, explore the risks and benefits of
treatment and consequences of nontreatment, and determine whether population-
based screening is warranted. A total of 195 English-language or translated papers
were reviewed. Editorials, individual case studies, studies enrolling fewer than ten
patients, and non-systematic reviews were excluded. They concluded that there was
insufficient evidence to support population-based screening. Aggressive case finding

is appropriate in pregnant women, women older than 60 years, and others at high risk

for thyroid dysfunction.
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Dillmannet al,’(2002)reviewed the cellular action of thyroid on the heart. His
literature review showed that changes in thyroid status markedly influence cardiac
contractile and electrical activity. The predominant route by which triiodothyronine
(T3) affects cardiac action is by exerting a direct effect in cardiac myocytes through
binding to thyroid hormone nuclear receptor isoforms. In addition, T3 modifies
cardiac action by alterations in the vascular system and decreases afterload of the left
ventricle by subtle modification related to the sympathetic system. The importance of
T3 nuclear receptor function has been further demonstrated by studies in null mutant
mice in which thyroid hormone receptor alpha (TRalpha) and thyroid hormone
receptor-beta (TRbeta) or both are deleted. The increased contractile performance
induced by T3 is largely mediated by increased expression of the calcium adenosine
triphosphatase (ATPase) of the sarcoplasmic reticulum and decreased expression of

phospholamban and T3 increases the phosphorylation status of phospholamban.

The controversy about whether screening and treating SCH is warranted''because
evidence concerning the risks is limited; randomized controlled trials on relevant
outcomes have not been done.** SCH has been associated with an increased risk for
atherosclerosis and meta-analyses have shown that it is also associated with an
increased risk of coronary heart disease™*and increased blood pressure. Several cross-
sectional studies have suggested an association between SCH and left ventricular
(LV) diastolic function. However, whether SCH is a risk factor for LV diastolic

function is controversial.
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There is certainly a contradiction between the epidemiological profile and the fact that
thyroid conditions are one of the most prominent points of interest for clinicians. This
discrepancy between the collective and individual approach probably arises because
diagnosis, treatment, screening and prevention of thyroid diseases have been
outstanding actions of both public health and medicine over the last two centuries.
Nowadays, occurrences of patients with myxedematous facies and Graves disorder
are less frequent because of the combination of awareness among physicians of the
symptoms and signs of thyroid dysfunction, availability of thyroid tests and use of
inexpensive medicines for thyroid replacement or for blocking hyperfunction of the

thyroid gland.

David Cooper and Bernadette Biondi emphasised that the clinical significance of this
mild degree of thyroid dysfunction is unknown. They point out existing disagreement
among professional societies and experts about screening for subclinical thyroid
disease. It is perhaps unsurprising that the benefits of treatment in subclinical thyroid
disease are poorly characterised. They opined that large-scale randomised trials are
urgently needed to inform future care for individuals with subclinical thyroid disease.

The clinical significance of subclinical thyroid dysfunction, or of variations in thyroid

hormones within the laboratory reference range, remains contentious:
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Study Site: This study was conducted in the department of general
medicine,Dr.Prabhakar Kore hospital& MRC, KAHER, Belgaum
Study Population: All the eligible patients in the OPD, diagnosed with thyroid
dysfunction, as specified in inclusion criteria were considered as the study population.
Study Design: The current study was across-sectional observational study
Sample Size: All the eligible subjects presenting during the study period who
satisfied the inclusion and exclusion criteria were included in the study by universal
sampling.
A total of 50 subjects were available for final analysis.
Study Duration: The data collection for the study was done between 1¥January 2017
to 31*December 2107 for one year
Inclusion Criteria
e All patients aged 18 years and above
o Patients with deranged thyroid profile either hypothyroidism or
hyperthyroidism. (subclinical hypothyroidism and hyperthyroidism are also
included in the study)
Exclusion criteria:
e  Pre-existing heart diseases like Rheumatic heart disease, Ischemic heart
disease, hypertensive heart disease and cardiomyopathy.
o Patients taking medications that alter the thyroid function such as beta
blockers, lithium, oral contraceptive pills, steroids and alcohol.
e Patients with the chronic obstructive pulmonary disease, severe anaemia or

any other endocrine disorders.
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Ethical considerations: Study was approved by the institutional human ethics
committee. Informed written consent was obtained from all the study participants, and
only those participants willing to sign the informed consent were included in the
study. The risks and benefits involved in the study and voluntary nature of
participation were explained to the participants before obtaining consent.
Confidentiality of the study participants was maintained.

Data Collection Tools:

All the relevant parameters were documented in a structured study proforma.

Methodology:

Patients attending the OPD or those who were admitted who were diagnosed to have
Thyroid disorders or those who are already on treatment will be enrolled in the study
A detailed history was taken to evaluate symptoms and duration related to thyroid
dysfunction. Special carewas taken to rule out cardiac dysfunction.A detailed
examination was performed on every patient. All the patientswere subjected to free
T3, Free T4, Free TSH and two-dimensional Echocardiography.

Transthoracic echocardiography was performed using a commercially available
echocardiographic system (EPIQ), with gated ECG .4 chamber and M-Mode Doppler
and tissue Doppler imaging images were digitally acquired by X5-1 Matrix probe.
Comparison of volume of all four cardiac chambers by 2D and 3 D echocardiography
in normal individual measurements were symmetrically performed by offline analysis

with an independent reader, blinded to clinical data.
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Statistical Methods:

Descriptive analysis was carried out by the mean and standard deviation for
quantitative variables, frequency and proportion for categorical variables. Data was
also represented using appropriate diagrams like bar diagram and pie diagram. Since
the study was only a descriptive study, no inferential statistical analysis was
performed and no P values were reported. IBM SPSS version 22 was used for

statistical analysis. ®’
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RESULTS:

A total of 51 subjects were included in the final analysis.

Table 3: Descriptive analysis of age in the study population (N=51)

959% C.I
Parameter Mean = SD Median Min Max
Lower | Upper
Age (in years) 39.18 +14.32 39.00 21.00 75.00 | 35.15 | 43.20

The mean age of the subjects was 39.18 + 14.32 years with a range of 21 years to 75

years (95% ClI 35.15 to 43.20). (Table 3)

Table4: Descriptive analysis of age group in the study population (N=51)

Age group Frequency Percentages
Up to 30 years 19 37.30%
31 to 40 years 12 23.50%
41 to 50 years 9 17.60%
51 to 60 years 6 11.80%
>60 years 5 9.80%
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Figure 4: Bar chart of age group in study population (N=51)
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Among the study population, 19 (37.30%) participants were aged 30 years, 12
(23.50%) participants were aged between 31 to 40 years, 9 (17.60%) participants were
aged between 41 to 50 years, 6 (11.80%) participants were aged between 51 to 60

years and 5 (9.80%) participants were aged >60 years and above. (Table 4& Figure 4)

Table 5: Descriptive analysis of gender in the study population (N=51)

Gender Frequency Percentages
Male 18 35.30%
Female 33 64.70%
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Figure 5: Pie chart of gender in the study population (N=51)

= Male
= Female

In the study population, male participants were 18 (35.30%) remaining 33 (64.70%)

were female participants. (Table 5& Figure 5)

Table 6: Descriptive analysis of thyroid disorders in the study population (N=51)

Thyroid disorders Frequency Percentage
Hyperthyroidism 21 41.20%
Primary hypothyroidism 15 29.40%
Subclinical Hypothyroidism 15 29.40%
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Figure 6: Bar chart of thyroid disorders in the study population (N=51)
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In the study population, 21 (41.20%) participants had hyperthyroidism, 15 (29.40%)
participants had primary hypothyroidism, and 15 (29.40%) participants had
subclinical hypothyroidism. (Table 6& Figure 6).

Table 7: Descriptive analysis of history in the study population (N=51)

History Frequency Percentages

No 51 100.00%

None of them had a history of thyroid disorders. (Table 7)

Table 8: Descriptive analysis of Co-morbidities in the study population

Co-morbidities Frequency Percentages

Diabetic mellitus

Yes 5 9.80%

No 46 90.20%

Hypertension

Yes 10 19.60%

No 41 80.40%
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Figure 7: Bar chart of Co-morbidities in the study population
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In the study population, 5 (9.80%) people had diabetic mellitus, and 10 (19.60%)
people had hypertension. (Table 8 & Figure 7).
Table 9: Descriptive analysis of the family history of thyroid disorder in the

study population (N=51)

Family history Frequency Percentages

Not significant 51 100.00%

Table 10: Descriptive analysis of treatment history of thyroid disorders in the

study population (N=51)

Treatment history Frequency Percentages

Negative 51 100.00%
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Table 11: Descriptive analysis of physical examination (N=51)

Parameter

Mean + SD |Median| Min | Max

95% C.1

Lower|Upper

Pulse (Per Min)

75.98 +10.55 | 76.0

54.01100.0| 73.01 | 78.95

Respiratory rate (Per Min)

17.12+1.74 | 180

14.0|24.0 | 16.63 | 17.61

Systolic blood pressure (mm/Hg) [120.28 + 13.71| 120.0

100.0{160.0|116.42(124.13

Diastolic blood pressure (mm/Hg)| 76.16 +£7.98 | 80.0

60.090.0 | 73.91 | 78.40

The mean pulse rate was 75.98 + 10.55in the study population, range between 54 to

100 (95% CI 73.01to 78.95). The mean respiratory rate was 17.12 + 1.74in the study

population, range between 14 to 24 (95% CI 16.63to 17.61). The mean systolic blood

pressure was 120.28 + 13.71 mm/Hg in the study population, range between 100 to

160 (95% CI 116.42to 124.13). The mean diastolic blood pressure was 76.16 = 7.98in

the study population, range between 60 to 90 (95% CI 73.91to 78.40). (Table 11)

Table 12: Comparison of median pulse rate across different thyroid

disorders(N=51)

Thyroid Disorders

pulse rate

Median (IQR)(Per Minute)

Kruskal Wallis test (P value)

Hyperthyroidism 88 (82, 89)
Primary hypothyroidism 68 (66, 70)
Subclinical Hypothyroidism 72 (66, 78)

<0.001
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Figure 8: Bar chart of median pulse rate across different thyroid disorders

(N=51)

100
% 88
80 72
. 68

60

S

S 50

=

o 40

©

§ 30

& 20
10
0

Hyperthyroidism Primary hypothyroidism Sub clinical Hypothyroidism
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Among the people with hyperthyroidism, the median pulse rate was 88 (IQR 82 to
89). It was 68 (IQR 66, 70) and 72 (IQR 66, 78) among people with primary
hypothyroidism and Subclinical Hypothyroidism. The difference in the pulse rate
across thyroid disorders was statistically significant (P Value <0001). (Table 12&
Figure 8)

Table 13: Comparison of median systolic blood pressure across different thyroid

disorders (N=51)

Systolic blood pressure Kruskal Wallis test (P
Thyroid Disorders
Median (IQR)(mm/Hg) value)
Hyperthyroidism 120 (110, 130)
Primary hypothyroidism 110 (110, 130)
0.456
Subclinical
120 (110, 130)
Hypothyroidism
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Figure 9: Bar chart of median systolic blood pressure across different thyroid

disorders (N=51)
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Among the people with hyperthyroidism, the median systolic blood pressure was 120

(IQR 110 to 130). It was 110 (IQR 110, 130) and 120 (IQR 110, 130) among people

with primary hypothyroidism and Subclinical Hypothyroidism. The difference in the

systolic blood pressure across thyroid disorders was statistically not significant (P

Value 0.456). (Table 13& Figure 9)

Table 14: Comparison of median diastolic blood pressure across different

thyroid disorders(N=51)

Thyroid Disorders

Diastolic blood pressure

Kruskal Wallis test (P

Median (IQR)(mm/Hg) value)
Hyperthyroidism 80 (80, 80)
Primary hypothyroidism 80 (60, 80)
0.073
Subclinical
80 (80, 80)
Hypothyroidism
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Figure 10: Bar chart of median diastolic blood pressure across different thyroid

80 80 80

Hyperthyroidism Primary hypothyroidism Sub clinical Hypothyroidism

disorders (N=51)

90
80
70
60
50
40
30

20

Diastolic blood pressure (Median)

10

0

Thyroid Disorders

Among the people with hyperthyroidism, the median diastolic blood pressure was 80
(IQR 80 to 80). It was 80 (IQR 60, 80) among people with primary hypothyroidism
and 80 (IQR 80 to 80) among people with Subclinical Hypothyroidism. The
difference in the diastolic blood pressure across thyroid disorders was statistically not

significant (P Value 0.073). (Table 14& Figure 10)

Table 15: Descriptive analysis of pallor in the study population (N=51)

Pallor Frequency Percentages
Positive 12 23.50%
Negative 39 76.50%

Page 39



RESULTS

Figure 11: Pie chart of pallor in the study population (N=51)

= Positive
= Negative

Among the study population, 12 (23.50%) participants had anaemia. (Table 15&

Figure 11)

Table 16: Descriptive analysis of clubbing in the study population (N=51)

Clubbing Frequency Percentages

Negative 51 100.00%

Table 17: Descriptive analysis of edema in the study population (N=51)

Edema Frequency Percentages
Positive 6 11.76%
Negative 45 88.23%
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RESULTS

Figure 12: Pie chart of edema in the study population (N=51)

= Positive
= Negative

Among the study population, 6(11.76%)participants had edema.(Tablel7& Figure 12)

Table 18: Descriptive analysis of goitre in the study population (N=51)

Goitre

Frequency

Percentages

Negative

51

100.00%

Table 19: Descriptive analysis of investigation in the study population (N=51)

Parameter Mean + SD Min Max
Hyperthyroidism
T3 312+1.68 1.40 6.60
T4 22.17 £ 27.7 1.25 139.88
TSH 0.04 +0.08 0.01 0.35
Primary hypothyroidism
T3 0.99+0.51 0.50 2.00
T4 443+15 2.40 9.00
TSH 75.79 £ 110.03 7.24 360.90
Subclinical Hypothyroidism
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T3 1.24 +£0.70 0.80 3.60
T4 6.94 +1.88 112 9.30
TSH 6.88 1.3 5.17 9.22

Table 20: Descriptive analysis of ECG changes in the study population (N=51)

ECG changes Frequency Per cent
Primary hypothyroidism (N=15)

Sinus Bradycardia 8 53.33%
Low voltage criteria 2 13.33%
Right bundle branch block 2 13.33%
Prolonged QT interval 1 6.67%
Normal 6 40.00%

Hyperthyroidism (N=21)

Sinus tachycardia 12 57.14%
Atrial fibrillation 3 14.28%
Low voltage complexes 2 9.52%
Normal 6 28.57%

Subclinical hypothyroidism (N=15)

Sinus Bradycardia 2 13.33%

Normal 13 86.67%

Note: many patients had more than 1 ECG finding. Hence the total percentage is

beyond 100%
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Figure 13: Bar chart of ECG changes of primary hypothyroidism in the study

population
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ECG changes of Primary hypothyroidism

Among 15 people with Primary hypothyroidism, sinus bradycardia was the most
common ECG feature observed in 8 (53.3%) of the study population. The other
common ECG features were low voltage criteria and right bundle branch block seen
in 2 (13.33%) subjects each. One subject (6.67%) had prolonged QT interval.(Table
20 & figure 13)

Figure 14: Bar chart of ECG changes of hyperthyroidism in the study population
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Among 21 people with hyperthyroidism, the most common ECG finding was sinus
tachycardia seen in 12 (57.14%) of subjects. Atrial fibrillation was observed in
3(14.28%) subjects, and low voltage complexes were observed in 2 (9.52%) of

people. (Table 20 & figure 14)

Figure 15: Bar chart of ECG changes of subclinical hypothyroidism in the study

population
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ECG changes of Sub clinical hypothyroidism

Among 15 subjects with subclinical hypothyroidism, the only ECG abnormality was

sinus bradycardia seen in 2 (13.33%) of the subjects. (Table 20 & Figure 13,14,15).
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Table 21: Descriptive analysis of 2D Echo in the study population (N=51)

2DEcho Frequency Per cent
Hyperthyroidism (N=21)

Normal 8 38.10%
Tachycardia 8 38.10%
Pulmonary Artery Hypertension 4 19.04%
Dilated cardiomyopathy 2 9.52%

Primary hypothyroidism (N=15)

Type 1 diastolic dysfunction 11 73.33%
Pericardial effusion 4 26.67%
Pulmonary artery hypertension 3 20.00%
Normal 2 13.33%
Subclinical hypothyroidism (N=15)

Type 1 diastolic dysfunction 8 53.33%
Normal 6 40.00%
Pulmonary artery hypertension 4 26.67%

Note: many patients had more than one Echo finding. Hence the total percentage is

beyond100%
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Figure 16: Bar chart of 2D-Echo changes in people with hyperthyroidism
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Among the people with hyperthyroidism, 8 (38.10%) participants each had normal
and tachycardia. 4, (19.04%) participants had pulmonary artery hypertension, and 2
(9.52%) participants had dilated cardiomyopathy. (Table 21 & figure 16)

Figure 17: Bar chart of 2D-Echo changes in people with primary hypothyroidism
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Among the people with primary hypothyroidism, 11 (73.33%) participants had type 1
diastolic dysfunction, 4 (26.67%) participants had pericardial effusion, 3 (20%)
participants had pulmonary artery hypertension, and 2 (13.33%) participants had

normal. (Table 21 & Figure 17)

Figure 18: Bar chart of 2D-Echo changes in people with subclinical

hypothyroidism.
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Among the people with subclinical hypothyroidism, 8 (53.33%) participants had type
1 diastolic dysfunction, 6 (40%) participants had normal, 4 (26.67%) participants had

pulmonary artery hypertension. (Table 21 & Figure 18)
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DISCUSSION:

Cardiovascular diseases (CVDs) are the most common cause of mortality, primarily
affecting older adults. Heart disease causes nearly 700,000 deaths annually in the
United States.®®Although established risk factors explain most cardiac
riskseg,significant attention has been focused on alternative biochemical markers to
assist in identifying those at risk of a clinical cardiac event.”

The cardiovascular system is sensitive to the action of thyroid hormone. However,
although a wide spectrum of cardiac abnormalities has long been recognised in
patients with overt thyroid dysfunction, the question of cardiac involvement in
patients with subclinical thyroid dysfunction has been investigated only in the last two
to three decades. Previous studies have suggested that abnormal levels of thyroid-
stimulating hormone (TSH) may represent a novel cardiac risk factor.”*"®

In this study, the mean age of the subjects was 39.18 + 14.32 years with a range of 21
years to 75 years. Similar findings of younger and narrow age range (21-60 years)

were noted in the studies conducted by Shashikant et al,®2

who studied 50 patients
with hypothyroidism and Ramesh et al®® who studied 40 patients with
hypothyroidism in two tertiary hospitals.

In this study population, male participants were 18 (35.30%) remaining 33 (64.70%)
participants were female. Shashikant et al,** found hypothyroidism thrice more
commonly in females as compared to males, which is further corroborated by Behera
et al®(3:1). Kandan et al,”® noted female preponderance (60%) among
hyperthyroidism cases, which is widely noted in many other studies.

Among the study population, 21 (41.20%) participants had hyperthyroidism, 15

(29.40%) participants had primary hypothyroidism, and 15 (29.40%) participants had

subclinical hypothyroidism. The Cardiovascular Health Study’?, a large scale
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prospective cohort study among 3233 US community-dwelling individuals, aged 65
years or older enrolled in 1989-90 found 82% of them had normal thyroid function.
The prevalence of thyroid disorders in their study was as follows, 15% had subclinical
hypothyroidism,1.6% had overt hypothyroidism while 15% had subclinical
hyperthyroidism."

In our study population, the mean pulse rate among the subjects with either of the
three conditions was 75.98 + 10.55(beats/min) with a range of 54 to 100 beats/min.

Kandan et al,*°

noted a pulse rate of >100 among most of the subjects (82%). 18% of
their study population is having a pulse rate 0f80-100 beats/min.

In our study population, 9.8% of people are found to have Type 2 diabetes mellitus.
Vibha Uppal et al.” reported that 75.8 % of subjects diagnosed with abnormal thyroid
profile had glycosylated haemoglobin of more than or equal to 8 % in their study
population.

None of the patients in our study population had a goitre. Goitre was reported in 10%

,%%and

of patients with hypothyroidism in the study reported by Ramesh et a
Shashikant et al,* reported goitre in 6% of the cases.

In our study, 12 (23.50%) participants had Anemia. A higher prevalence (20%) of
anaemia was noted by Shashikant et al.?, and Kandan et al.”®In their analysis of 50
hyperthyroidism patients anaemia was reported in 18% of cases.

In the present study,Edema was noted in 4 (11.76%) participants.Shashikant et
al,%reported edema in 16% of the patients with hypothyroidism and Kandan et
al,®reported edema among 12% of their study population.

In our study population, systolic blood pressure assessment revealed a median value

of 120 mmHg among patients with hyperthyroidism. A median systolic blood

pressure of 120 mmHg was noted in subclinical hypothyroidism group. While Among
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the patients with primary hypothyroidism, the median systolic blood pressure was 110
mmHg. Behera et al.*®® reported the majority of their patients with hypothyroidism

having pre-hypertension (120 — 139 mmHg). Kandan et al.,*

noted systolic blood
pressure of 120-139 among 46% of the cases while 30% of them had a systolic blood
pressure of 140-159 mmHg among hyperthyroidism patients.

In our study group, diastolic blood pressure assessment revealed all the patients across
the three groups having a value of 80 mmHg. Contrastingly Behera et al, ® found that
pre-hypertension (80-89 mmHg) (diastolic) was present in 46.7% among his study
population and 13.3% among his study population had diastolic hypertension (90-99
mmHg). Kandan et al,*® found majority of the cases of hyperthyroidism (50%) had a
diastolic blood pressure of <80, with 30% of them having 80-89 mmHg.

A higher level of TSH was found in the study subjects (75.79 = 110.03mIU/L) with

hypothyroidism.A study conducted by Shashikant et al,

categorised TSH levels in
relation to the severity of hypothyroidism. They reported TSH values of 0.5 — 20, 20-
50 and >50 mIU/L respectively among patients with mild, moderate and severe
hypothyroidism. A study conducted by Ramesh et al,®* reported that patients with
higher serum TSH levels (severe hypothyroidism) had a higher cardiovascular

involvement (40%).

ECG changes

Hyperthyroidism (N=21)

In our study population, the ECG assessment among patients with hyperthyroidism
revealed normal findings in 28.57% of cases. However, the majority of them
(57.14%) had sinus tachycardia. Comparatively Kandan et al,>® found 46% of the

cases with hyperthyroidism having sinus tachycardia.
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In our study,14.28% of the cases had atrial fibrillation, which could be a risk factor

for systolic dysfunction. Comparatively, Forst L et al,”

reported 8.3% of the cases
with hyperthyroidism hadatrial fibrillation.Kandan et al,>® also reported atrial
fibrillation in the majority of the patients (45%) with hyperthyroidism.As per review

by Jayaprasad N.et al,’

atrial fibrillation occurs in 10 - 15% of patients with
hyperthyroidism. In their study, the reviewers have reported that, low serum
thyrotropin concentration as an independent risk factor for atrial fibrillation. Thyroid
hormone contributes to arrhythmogenic activity by altering the electrophysiological
characteristics of atrial myocytes by shortening the action potential duration,
enhancing automaticity and triggered activity in the pulmonary vein cardiomyocytes.
Even subclinical levels of hyperthyroidism were proposed to be a risk factor for atrial
fibrillation by Auer J et al.”” In their study; atrial fibrillation was present in 2.3% of
people with normal values for serum thyrotropin, 13.8% of people with overt
hyperthyroidism, and 12.7% of people with subclinical hyperthyroidism. In their
study, the authors concluded that low serum thyrotropin concentration is associated
with a >5-fold higher likelihood for the presence of atrial fibrillation with no
significant difference between subclinical and overt hyperthyroidism. The prevalence

77
I

of atrial fibrillation reported by Auer J et al.”’study among hyperthyroid subjects is

very close to the proportion recorded by us.

Primary hypothyroidism (N=15)
In the present study, normal ECG was noted in 40% of the patients with

hypothyroidism.
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A study was done by Shashikant et al,®

reported normal ECG in 35% of patients
among the study population, while Ramesh et al,*‘reported normal ECG in 30% of
patients among their study population.

In our study, 53.33% of patients with hypothyroidism had sinus bradycardia.
Contrastingly many of the Indian studies which exclusively analysed patients with
hypothyroidism reported the far lesser prevalence of sinus bradycardia. Ramesh et
al,’* found 40% of the study population had bradycardia. While Shashikant et al,*

reported 30% of the participants having sinus bradycardia. Contrastingly Behera et

al,®reported sinus bradycardia in 7% among 60 patients with hypothyroidism.

In our study, among the participants with Hypothyroidism 13.3% of participants had
low voltage complexes. While Shashikant et al,*® found low voltage complexes in
30% of patients. Ramesh et al,** observedlow voltage complexes in 35% of patients
while Behera et al,® noted 40% of their patients had low voltage complexes.

In our study population, Right bundle branch block is seen in 13.3% among the
participants with primary hypothyroidism.Shrivastava et al,”® reported right bundle
branch block in 4.4% among their study population.

In our study population, QTc prolongation was seen in one patient. Shrivatsava et al,”®

reported QTc prolongation in 2.2% of their study population.

2D Echo changes
Hyperthyroidism (N=21)
The 2D echocardiography analysis of patients with hyperthyroidism showed normal

study among 38.10% of participants. An equal proportion of them (38.10%) however
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had sinus tachycardia.19% of them had pulmonary hypertension, and9.52% of them
had dilated cardiomyopathy.

Unlike these findings, Kandan et al,*reported 18% of the patients with
hyperthyroidism had systolic dysfunction, 12% had diastolic dysfunction, 18% had
chamber enlargement, 6% had a regurgitant lesion, and 4% had pulmonary

hypertension.

Hypothyroidism
The present study revealed normal echocardiographic findings only in 13.33% of the

cases of hypothyroidism. Contrastingly, Ramesh et al,*

reportednormal 2D
echocardiography in 32.5% of patients.
Alarmingly in our study,73.33% of the study patients had type 1 diastolic dysfunction.

Much of the literature has reported a lower prevalence. Varma et al,”

reported Type |
diastolic dysfunction in 27% of the subjects while Shashikant et al,ezreported Type |
diastolic dysfunction in18% of their study population. In our study,patients did not
have any systolic dysfunction. Contrastingly, some studies have reported systolic

dysfunction. Shashikant et al,®

reported systolic dysfunctions in 4% of patients.
Forfare et al,*° have described low systolic function indices in hypothyroid patients.
However, Smallridge et al,** have argued that this could be related to relatively
elderly patients included in the above studies. This was further supported by Grossman
et al,*? Verma et al’® and Rawat et al.%* who did not find any evidence of systolic
dysfunction in hypothyroid patients.

About 26.67% of the subjects with hypothyroidism in our study population had

pericardial effusion. A lower prevalence (18%) was noted by Shashikant et al.**While
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Vermal et al,” reported 45%; Rawat et al,% reported 30-80%of their patients had
pericardial effusion.

A relatively low incidence of pericardial effusion in our study may be due to earlier
detection of hypothyroidism in the present days as a result of the routine use of
thyroid function tests. Nevertheless, in a patient with undiagnosed pericardial
effusion, hypothyroidism should be ruled out.

In our study population, Pulmonary arterial hypertension is found in 20% of

participants with Primary Hypothyroidism. While Shashikanth et al,®

reported
pulmonary arterial hypertension in 18% of patients with hypothyroidism. In a study
done by Curnock AL et al,**Nine out of 40 patients, i.e.,(22.5%) had evidence of

Pulmonary arterial hypertension.

Subclinical hypothyroidism (N=15)

The present study found a normal 2D echo in 40% of subjects with subclinical
hypothyroidism.

In the present study,53.33% of patients with subclinical hypothyroidism had type 1
diastolic dysfunction. Zoncu et al,®*found impairment in both systolic and diastolic
function in subclinical hypothyroidism and Behera et al,*® found diastolic dysfunction
as the major manifestation of echocardiography in patients with subclinical

hypothyroidism.

In our study population, Pulmonary artery hypertension was reported in 26.67% of
patients with Subclinical Hypothyroidism. Yu Sato et al,% reported higher mean
pulmonary arterial pressure in subclinical hypothyroidism group than the euthyroid

group in their study population.
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CONCLUSIONS:

The mean age of the subjects was 39.18 + 14.32 years with higher female
preponderance.

The most common thyroid dysfunction was hyperthyroidism in 41.20% of the
study population, followed byl5 % of subjects with primary hypothyroidism
and 15% of subjects with subclinical hypothyroidism.

Most common co-morbidities were anaemia in 23.50% participants,
hypertension in 19.6% and diabetes mellitus in 9.8% of study population.

The pulse, systolic and diastolic blood pressure were significantly higher
among hyperthyroidism group, as compared to the other two groups.

Among patients with primary hypothyroidism, sinus bradycardia was the most
common ECG feature. The other common ECG features were low voltage
criteria and right bundle branch block. One subject (6.67%) had prolonged QT
interval.

Among the people with primary hypothyroidism, type 1 diastolic dysfunction
was the most common 2D echo finding observed in about three-fourths of
study subjects. The other common Echo findings were pericardial effusion and
pulmonary artery hypertension.

Among patients with hyperthyroidism, the most common ECG finding was
sinus tachycardia. Atrial fibrillation and low voltage complexes were the other
common ECG findings. Among the subjects with hyperthyroidism tachycardia
was the most common echo finding. Pulmonary artery hypertension and
dilated cardiomyopathy were the other features.

Among patients with subclinical hypothyroidism, the only ECG abnormality

was sinus bradycardia. Among the people with subclinical hypothyroidism,
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more than half of participants had type 1 diastolic dysfunction in echo

evaluation. About one-fourth of subjects had pulmonary artery hypertension.

LIMITATIONS:

1. A limited sample size of the study did not permit us to perform any inferential
analysis to identify high-risk factors associated with cardiac dysfunction in the
study population.

2. Since the study was conducted in a single institution, with a limited catchment

area, the general ability of study findings is very limited.

RECOMMENDATIONS:

1. There is a need to conduct further large-scale studies on the subject of
evaluating the cardiovascular manifestations among people with different
types of thyroid dysfunction.

2. Efforts should be made to identify a subgroup of patients with thyroid
dysfunction, who are at high risk of cardiovascular dysfunction. This may
facilitate timely referral of these patients for appropriate evaluation by 12 lead
ECG, 2D-Echocardiography and definitive diagnosis of cardiac dysfunction

and its early management.
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SUMMARY:

Considering the strong association reported by earlier studies between thyroid
dysfunction and it’s cardiovascular effects, a cross-sectional study was conducted to
assess the 2d-echocardiographic changes among people with thyroid dysfunction. The
study was conducted on 50 people diagnosed with various types of thyroid disorders,
who were evaluated by 12 lead ECG and 2d echocardiography. The mean age of the
subjects was 39.18 + 14.32 years with high female preponderance. The most common
thyroid dysfunction was hyperthyroidism in 41.20% of the study population, followed
by primary hypothyroidism and subclinical hypothyroidism among 15% of the
subjects each. Most common co-morbidities were anaemia in 23.50% participants,
hypertension in 19.6 % and diabetes mellitus in 9.8% of the study population. The
pulse, systolic and diastolic blood pressure were significantly higher among
hyperthyroidism group, as compared to the other two groups. Among subjects with
primary hypothyroidism, sinus bradycardia was the most common ECG feature. The
other common ECG features were low voltage criteria and right bundle branch block.
One subject (6.67%) had prolonged QT interval .Among the subjects with primary
hypothyroidism, type 1 diastolic dysfunction was the most common 2D echo finding,
observed in about three-fourths of study subjects. The other common Echo findings
were pericardial effusion and pulmonary artery hypertension. Among subjects with
hyperthyroidism, the most common ECG finding was sinus tachycardia. Atrial
fibrillation and low voltage complexes were the other common ECG findings. Among
the subjects with hyperthyroidism, tachycardia was the most common echo finding.
Pulmonary artery hypertension and dilated cardiomyopathy were the other features.
Among subjects with subclinical hypothyroidism, the only ECG abnormality was

sinus bradycardia. Among the subjects with subclinical hypothyroidism, more than
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half of participants had type 1 diastolic dysfunction in echo evaluation. About one-

fourth of subjects had pulmonary artery hypertension.
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ANNEXURES

PROFORMA

“ECHOCARDIOGRAPHIC ASSESSMENT IN PATIENTS OF
THYROID DYSFUNCTION - A 1 YEAR CROSS-SECTIONAL STUDY
IN ATERTIARY CARE HOSPITAL”

CASE NO:
NAME:
AGE/SEX:

IP NO.:
ADDRESS:
OCCUPATION:

COMPLAINTS AT PRESENTATION: YES/NO
1.Duration of thyroid dysfunction

2.History of any previous heart disease

3.Diabetes

4.Hypertension

Family history

Personal history

Treatment history

History of any drug intake that alters thyroid hormone levels
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PHYSICAL EXAMINATION:

TEMPERATURE

PULSE

RESPIRATORY RATE

BLOOD PRESSURE

PALLOR

EDEMA

GOITRE

CLUBBING

SYSTEMIC EXAMINATION:

R.S.:
C.V.sS.:
P.A.:
C.N.S.:
Diagnosis:

Complications:

INVESTIGATION:

SERUM TSH

T3

T4

ECG

2D ECHO
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ANNEXURES

INFORMED CONSENT

Title Of Research Study: “ ECHOCARDIOGRAPHIC ASSESSMENT IN PATIENTS
OF THYROID DYSFUNCTION - A1 YEAR CROSS-SECTIONAL STUDY IN A
TERTIARY CARE HOSPITAL ”

Principal Investigator:-
Dr.Dandamudi Kushal Dheeraj,
Post Graduate Student,
Department Of General Medicine,
JNMC, Belgaum.

Guide:-

Dr.Arathi Darshan

Professor & Head of Unit,

Department of General Medicine,
JNMC, Belgaum.

Introduction and Purpose:-
This research is intended to study 2D Echocardiography changes in patients with thyroid

dysfunction. The principle investigator of study is Dr.Dandamudi Kushal Dheeraj under
the guidance of Dr.Arathi Darshan.

Procedure.

If you agree to be part of the research study, you will be asked the relevant history and will be
subjected to relevant clinical examination and investigations. You will also have to give
blood samples for the necessary investigations.

Risk and Benefits:

The only risk and possible discomfort you might get is while taking blood from your arm for
the investigations. It may cause swelling, pain, redness (rarely happens) at the site from
where the blood is drawn.You may not be benefitted by these investigations but you will be

part of this study which is going to be useful to others in the future.
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Alternatives:

Taking part in this study is voluntary. You may choose not to take part in this study.

If you decide to take part you can later change your mind and withdraw from the study. Your
decision will not change the present or future health care or other services that you receive.
The study doctor or sponsor may stop your participation in this study at any time. If you
choose not to take part in the study, you will receive the standard treatment for patients with

your condition.

Privacy and Confidentiality:

All information collected about you during the course of this study will be kept confidential
to the extent permitted by law. The code numbers will identify you in this research record.
Information from this study may be published but your identity will be confidential in any

publication.

Institution / Sponsor’s policy:

Does not apply to this research

Financial incentives for participation:

You will not be paid / offered any gifts /incentives for participating in the study.

Authorization to publish the results:
The results of the study would be forwarded to the KLE University, Belgaum as part of

requirement towards the completion of MD degree, review and publishing.
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In case of the queries during study or in future you may contact following persons:

Dr.Arathi Darshan,M.D
Professor & Head of Unit,
Dept of General Medicine,
JNMC ,Belgaum

984845883

9844702488

Dr .Dandamudi Kushal Dheeraj
Investigator
PG in General Medicine,

JNMC,Belgaum.

DR. Ganga Pilli,
Chairman,
JNMC Institutional Ethics Committee
On Human Subjects Research,
JNMC, Belgaum.

9448863866

Page 68




ssostod et oy

ANNEXURES

Jodegiah bard : "olamarclumde siThod oF & dedow sy

Boey BAPOIR™ - o i wob ERALE A0 9 & Wooko derr mmauer,

s} Kedpeciidy-

o0, desdnd hso Dros
IRy godecd Souby
wide DOLT St
doff oufa, dvmn

sSrrirder =

om, ol meeE

Byin et o plac EDa T
Eras ;i:ﬂlm: SN

Mo anry, tvma

dodeeriod wbdod Dy wotled -

REMR Nouoh amobane: dovodf dbalmA mobrhorb: sl

Ik wiar =l getercd siobe HoekSgabod mebdd fhay nodisen

T ] L

whiucnndrolaempenon gidod Jouch heriofenvd, ddmy sgny

bt
] (o ﬂ&%ﬂ A‘la:flfnmﬁﬂ.

Page 69



ANNEXURES

T =
Hqihd#-ﬂ!—-ql—h:w—iﬂ—_m‘

wfrE, i e Qe sematd ) rTIITRLES il daidA
Hiqﬁm-l_l-ﬂhlhb-lﬂ.

= marla e TR
= mslerTees  Sldagd  wro idm
DD =D dmng e WD WIAE Lkl ey oIl ERRR

BElipiicis darmys PSSP

——— T -

& L wpeaasel Sy ) e e Lk
TEADLELEDE e DeESeEENS. LSS e by kaoies
BT T IRl CEMEL shordy | IMECLAET el eslees
S dm R AT e iy I-F-'I-I.E-_!-l-l“hl:-“
BT EETE dey s EEBE ETRGLY Sehs iabes T gl
mw;;_qm

L TR
mellaemprb i SCCEF I6 Bl sy kT30, LNt
TERANLOE. et Bevref B EAATOE e LTI B

e o e i -

Page 70



ANNEXURES

e el
T el

et 5
et CAECTL e g RS B el

L il

el . RN G LeeE
S I I . . .
A e EREETIEL CiD e e g vl TR e

m“ﬂ_““#_.

mimnamel S WEIEE, e el
T T . |'- TS e i
il AW FLEC ey LT
ey i
s DA ) wee hiiie Cgun
e L, e

] e ke,
‘

R S CRSTR Selgla dr la LD BN LY SSgae W
e e T T

W e b e
R e ep——
TREISE QA L

T R e

Page 71



ANNEXURES

Al Bt 89 & A & o sy

I sy A i & dndidl fy dhes dite wm ¥
v 8 sl o i e s gefe o 9 we § e
T gan ' e W anRE|
Fﬂﬂﬂm
i
ERCR kiR =]
TiEHS -
B, A 7e, Wl
R Fe v,
wn e B,
A= m
s wETE A i

ol & w4 g ww dm, v e S w wm w e
gt s (ww O W 6 e ®) @ i fee 9 el w6
we @ e wan anam B

wa B o (A 6w s d 3w o of ke T
RS e A e 0k e Fann = ow g s )
s qEHt

T W T AN AW R AT OO A, S S
wefs g sim g wEm o s fufen ool o s 9 WA
9, fom 2 s o 0 whem WA § fo s am g f )

Page 72



ANNEXURES

e ! 3ty w

W & 1% 8 i e g e o A 8 e e o am e
mmm.mm%ttﬁnmﬁﬁﬂmmm@
e ol Sl ofl o w fim w0 ow (w8 Bmom g B A
St 7 T W A W ol Tl ) A i 3 s gm o R
TR R e i § s w st a5 g
% g -

W AR A WM i W e 8 T e o e
o & A R e s S B B, ane e @ s
Mﬁmmwmﬂlﬂrﬂmmﬂfﬁmfﬂmaﬁﬁm
W 9w wfe § e s e f e o e il seam

T He W v T R R, S e R a

fiweineht w9 o w3 o e v e s A Bren R R,
At o aemed o ) i s Rt o gfed fird)
s TR

T R A vk g o ol st & om @ g
Eﬁtﬁrw&rhmmm#ﬂm:m#mwmmEqmw
B & i g amama g @ el gl el st i s
skt g v i & on )
% wem a wwhn i st 8

e ' win sp R E b
sl e % w8 9 el anfifes s

W s feen #7 @ ow fed o e ) s e
vt ot v wd g e o ety

Page 73



sk Freed wfiva s anfivem |

U e soamma A Frad K, on 4 et Somn g
firy it v g 36 o sfe o v um o vl qft we s

g, fimn B

e it ) G et e ¥ it A v ol 3 i g

ang Pt il ek o o i

o, T wwa ol
oy Joval
te e Pra, .
i wit fioan
Hmm, i, dama

i 4 9444700488

wl wmelt wri, gRd,
et et s
i sfveitae ki,
A wa ot dwmm

s A Gd4RR4 AN

1o

et 3 6 s wd pw enie) e 8 am Pl i) ok o

wad B

&l o el e
T s e el ) o g, anfe
s, e o, 3 A,

HAHA A, 044 RR63B66

O

ANNEXURES

Page 74



ANNEXURES

CONSENT FORM

I voluntarily agree to take part in this study by signing below. | may withdraw at any time. |
am not giving up any of my legal rights by signing this form. My signature below indicates
that | have read this consent form, or it has been read to me and has been explained to me in
my vernacular language and all my questions have been answered. | will be given a copy of

this consent form.

Signature / Left Thumb print of the Participant or legally authorized representative
Participant’s name e,

Signature / Left thumb impression e e e
of the participant

Name of the legally authorized e e e
representative / guardian

Signature / Left thumb impression e
Witness’ name e
Signature / Left thumb impression e

Investigator’s name and signature e e e

Date:

Place:
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1| 2725577 | 67 | Male No | No | No | Yes | Yes | Not significant | No habits | Negative | 39° 62 | 24 | 150 | 80 | Negative | Negative
2 | 4844877 | 30 | Male No | No | No | No | No | Not significant | No habits | Negative | 39° 64 | 22 | 134 | 74 | Negative | Negative
3| 4355610 | 25 | Female | No | No | No | No | No | Not significant | No habits | Negative | 39° 72 | 18 | 110 | 80 | Negative | Negative
4| 4207282 | 52 | Female | No | No | No | Yes | No | Not significant | No habits | Negative | 39° 68 | 18 | 100 | 60 | Positive | Negative
5| 1909722 | 27 | Female | No | No | No | No | No | Not significant | No habits | Negative | 39° 70 | 18 | 110 | 70 | Negative | Negative
6 813103 | 50 | Female | No | No | No | No | Yes | Not significant | No habits | Negative | 39° 90 | 19 | 120 | 80 | Negative | Negative
7 | 4361613 | 40 | Male No | No | No | No | No | Not significant | No habits | Negative | 39° 70 | 18 | 110 | 60 | Negative | Negative
8 | 3693868 | 68 | Male No | No | No | Yes | Yes | Not significant | No habits | Negative | 39° 72 | 18 | 120 | 80 | Positive | Negative
9| 2697138 | 35 | Male No | No | No | No | No | Not significant | No habits | Negative | 39° 72 | 18 | 120 | 80 | Negative | Negative
10 | 3650607 | 48 | Male No | No | No | No | No | Not significant | No habits | Negative | 39° 78 | 18 | 130 | 80 | Negative | Negative
11 | 2748037 | 25 | Female | No | No | No | No | No | Not significant | No habits | Negative | 39° 64 | 18 | 130 | 80 | Negative | Negative
12 | 4426861 | 36 | Female | No [ No | No | No | No | Not significant | No habits | Negative | 39° 62 | 18 | 110 | 60 | Positive | Negative
13 | 3195425 | 25 | Male No | No | No | No | No | Not significant | No habits | Negative | 39° 60 | 18 | 110 | 60 | Positive | Negative
14 | 4162175 | 67 | Female | No | No | No | No | Yes | Not significant | No habits | Negative | 39° 66 | 16 | 130 | 70 | Negative | Negative
15 | 4364798 | 42 | Male No | No | No | No | No | Not significant | No habits | Negative | 39° 88 | 18 | 110 | 70 | Negative | Negative
16 611729 | 23 | Female | No | No | No | No | No | Not significant | No habits | Negative | 39° 76 | 18 | 120 | 80 | Negative | Negative
17 | 1491001 | 29 | Female | No | No | No | No | No | Notsignificant | No habits | Negative | 39° 80 | 18 | 100 | 60 | Positive | Negative
18 | 3294294 | 40 | Female | No [ No | No | No | No | Not significant | No habits | Negative | 39° 88 | 16 | 120 | 80 | Negative | Negative
19 | 4370812 | 40 | Male No | No | No | No | No | Not significant | No habits | Negative | 39° 78 | 16 | 120 | 80 | Negative | Negative
20 | 4611719 | 26 | Male No | No | No | No | No | Not significant | No habits | Negative | 39° 90 | 16 | 110 | 80 | Negative | Negative
21 | 4677133 | 54 | Male No | No | No | Yes | Yes | Not significant | No habits | Negative | 39° 86 | 16 | 110 | 80 | Negative | Negative
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22 | 4676132 | 40 | Male No | No | No | No | No | Not significant | No habits | Negative | 39° 88 | 16 | 110 | 80 | Negative | Negative
23 | 4261139 | 52 | Female | No | No | No | No | No | Not significant | No habits | Negative | 39° 86 | 15| 130 | 80 | Negative | Negative
24 | 4256217 | 57 | Female | No | Yes | No | No | Yes | Not significant | No habits | Negative | 39° 88 | 16 | 130 | 80 | Negative | Negative
25 | 4169670 | 56 | Female | No | No | No | Yes | No | Not significant | No habits | Negative | 39° 86 | 16 | 140 | 90 | Positive | Negative
26 | 4609671 | 42 | Male No | No | No | No | Yes | Not significant | No habits | Negative | 39° 88 | 14 | 150 | 90 | Positive | Negative
27 | 4250501 | 39 | Male No | No | No | No | No | Not significant | No habits | Negative | 39° 84 | 16 | 130 | 80 | Negative | Negative
28 | 3827131 | 43 | Male No | Yes | No | No | No | Not significant | No habits | Negative | 39° 80 | 16 | 130 | 80 | Negative | Negative
29 | 4579971 | 31 | Female | No | Yes | No | No | No | Not significant | No habits | Negative | 39° | 100 | 18 | 100 | 60 | Negative | Negative
30 | 4790936 | 24 | Female | No | Yes | No | No | No | Not significant | No habits | Negative | 39° 80 | 14 | 110 | 70 | Positive | Negative
31| 3718441 | 39 | Female | No | No | No | No | No | Not significant | No habits | Negative | 39° 90 | 16 | 100 | 60 | Negative | Negative
32 | 1809904 | 27 | Female | No | No | No | No | No | Not significant | No habits | Negative | 39° 70 | 16 | 110 | 70 | Negative | Negative
33 | 4263413 | 28 | Female | No | No | No | No | No | Not significant | No habits | Negative | 39° 92 | 16 | 120 | 80 | Negative | Negative
34 | 4324821 | 24 | Male No | Yes | No | No | No | Not significant | No habits | Negative | 39° 66 | 14 | 110 | 80 | Negative | Negative
35 | 4146017 | 55 | Female | No | Yes | No | No | No | Not significant | No habits | Negative | 39° 74 | 18 | 130 | 80 | Positive | Negative
36 | 3704583 | 21 | Female | No | Yes | No | No | No | Not significant | No habits | Negative | 39° 72 | 16 | 100 | 60 | Positive | Negative
37 | 3676698 | 75 | Female | No | Yes | No | No | Yes | Not significant | No habits | Negative | 39° 68 | 18 | 160 | 80 | Negative | Negative
38 | 3241383 | 32 | Male No | Yes | No | No | Yes | Not significant | No habits | Negative | 39° 54 | 18 | 130 | 80 | Negative | Negative
39 | 4234042 | 45 | Female | No | Yes | No | No | No | Not significant | No habits | Negative | 39° 58 | 16 | 110 | 80 | Negative | Negative
40 | 4306437 | 22 | Female | No | Yes | No | No | No | Not significant | No habits | Negative | 39° 78 | 18 | 110 | 80 | Negative | Negative
41 | 4285229 | 24 | Female | No | Yes | No | No | No | Not significant | No habits | Negative | 39° 66 | 18 | 110 | 80 | Negative | Negative
42 | 4349510 | 25 | Female | No | Yes | No | No | No | Not significant | No habits | Negative | 39° 70 | 17 | 140 | 80 | Negative | Negative
43 | 3444129 | 47 | Female | No | Yes | No | No | No | Not significant | No habits | Negative | 39° 88 | 18 | 120 | 80 | Negative | Negative
44 | 4309360 | 44 | Female | No | Yes | No | No | No | Not significant | No habits | Negative | 39° 78 | 18 | 120 | 80 | Negative | Negative
45 | 4397839 | 25 | Female | No | Yes | No | No | No | Not significant | No habits | Negative | 39° 80 | 16 | 120 | 80 | Positive | Negative
46 | 4418261 | 26 | Female | No | Yes | No | No | No | Not significant | No habits | Negative | 39° 88 | 16 | 140 | 80 | Negative | Negative
47 | 3304686 | 69 | Male No | Yes | No | No | Yes | Not significant | No habits | Negative | 39° 67 | 16 | 130 | 80 | Negative | Negative
48 | 4431352 | 25 | Female | No | Yes | No | No | No | Not significant | No habits | Negative | 39° 68 | 16 | 120 | 80 | Negative | Negative
49 | 4431356 | 42 | Female | No | Yes | No | No | No | Not significant | No habits | Negative | 39° 78 | 18 | 120 | 80 | Negative | Negative
50 | 3458878 | 32 | Female | No | Yes | No | No | No | Not significant | No habits | Negative | 39° 66 | 16 | 110 | 80 | Positive | Negative
51 | 3994856 | 38 | Female | No | Yes | No | No | No | Not significant | No habits | Negative | 39° 68 | 18 | 120 | 80 | Negative | Negative
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1 | Negative | Negative | Negative | Negative | Negative | NAD S1,S2+ | NAD | NAD | 0.98 7.14 706 | No |No | No |Yes | No
2 | Negative | Negative | Negative | Negative | Negative | NAD S1,52+ | NAD | NAD | 1.00 7.90 543 | No |No | No | Yes | No
3 | Negative | Negative | Negative | Negative | Negative | NAD S1,S2+ | NAD | NAD | 1.40 6.60 9.10 | No |No | No | No | No
4 | Negative | Negative | Negative | Negative | Negative | NAD S1,S2+ | NAD | NAD | 0.50 4.90 9.67 | No |No | No |Yes | No
5 | Negative | Negative | Negative | Negative | Negative | NAD S1,52+ | NAD | NAD | 0.50 3.80 3477 | No | No | No | Yes | No
6 | Negative | Negative | Negative | Negative | Negative | NAD S1,S2+ | NAD | NAD | 2.00 18.00 001 |No |No | No |No | No
7 | Negative | Negative | Negative | Negative | Negative | NAD S1,52+ | NAD | NAD | 2.00 3.80 | 360.90 | No | Yes [ No | No | No
8 | Negative | Negative | Negative | Negative | Negative | NAD S1,S2+ | NAD | NAD | 0.90 7.30 9.22 | No |No | No |Yes | No
9 | Negative | Negative | Negative | Negative | Negative | NAD S1,S2+ | NAD | NAD | 0.90 6.00 6.13| No | Yes | No |No | No
10 | Negative | Negative | Negative | Negative | Negative | NAD S1,52+ | NAD | NAD | 1.20 6.30 563 | No |No | No | Yes | No
11 | Negative | Negative | Negative | Negative | Negative | NAD S1,S2+ | NAD | NAD | 1.60 11.80 0.01 | Yes |[No | No |No | No
12 | Negative | Negative | Negative | Positive | Negative | NAD S1,S2+ | NAD | NAD | 0.60 3.80 | 290.00 | No | No | No | Yes | Yes
13 | Negative | Negative | Negative | Negative | Negative | NAD S1,S2+ | NAD | NAD | 0.50 2.40 99.00 | No [ No | No |No | No
14 | Negative | Negative | Negative | Negative | Negative | NAD S1,S2+ | NAD | NAD | 1.20 6.20 703 | No |Yes |No |No | No
15 | Negative | Negative | Negative | Negative | Negative | NAD S1,52+ | NAD | NAD | 2.00 18.00 0.01 | No |Yes | No |No | No
16 | Negative | Negative | Negative | Negative | Negative | NAD S1,S2+ | NAD | NAD | 0.80 7.65 593 | No |No | No |No | No
17 | Negative | Negative | Negative | Negative | Negative | NAD S1,S2+ | NAD | NAD | 1.80 8.00 873 | No |Yes |No |Yes | No
18 | Negative | Negative | Negative | Negative | Negative | NAD S1,52+ | NAD | NAD | 1.60 10.30 0.04 | Yes |[No | No |No | No
19 | Negative | Negative | Negative | Negative | Negative | NAD S1,S2+ | NAD | NAD | 1.20 7.00 6.64 | No |[No | No |No | No
20 | Negative | Negative | Negative | Negative | Negative | NAD S1,S2+ | NAD | NAD | 2.90 16.00 0.01 | No |Yes |No |No | No
21 | Negative | Negative | Negative | Negative | Negative | NAD S1,52+ | NAD | NAD | 1.76 16.20 0.01 | No | No | Yes |No | No
22 | Negative | Negative | Negative | Negative | Negative | NAD S1,S2+ | NAD | NAD | 3.90 17.50 0.01 | Yes |[No | No |No | No
23 | Negative | Negative | Negative | Negative | Negative | NAD S1,52+ | NAD | NAD | 4.00 16.80 0.01 | No |Yes | No |No | No
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24 | Negative | Negative | Negative | Negative | Negative | NAD S1,S2+ | NAD | NAD | 3.60 16.10 001 |No |No | No |No | No
25 | Negative | Negative | Negative | Negative | Negative | NAD S1,52+ | NAD | NAD | 2.90 16.80 0.01 | No | No |Yes |No | No
26 | Negative | Negative | Negative | Negative | Negative | NAD S1,S2+ | NAD | NAD | 6.50 24.90 0.01 | Yes |[No | No |No | No
27 | Negative | Negative | Negative | Negative | Negative | NAD S1,S2+ | NAD | NAD | 2.10 13.10 0.01 | No |Yes | No |No | No
28 | Negative | Negative | Negative | Negative | Negative | NAD S1,S2+ | NAD | NAD | 2.03 12.40 0.04 | Yes |[No | No | No | No
29 | Negative | Negative | Negative | Negative | Negative | NAD S1,S2+ | NAD | NAD | 3.00 | 139.88 0.01 | No |No | No |No | No
30 | Negative | Negative | Negative | Negative | Negative | NAD S1,52+ | NAD | NAD | 6.50 24.69 0.01 | Yes |[No | No |No | No
31 | Negative | Negative | Negative | Negative | Negative | NAD S1,S2+ | NAD | NAD | 1.40 11.50 0.04 | Yes |[No | No | No | No
32 | Negative | Negative | Negative | Negative | Negative | NAD S1,S2+ | NAD | NAD | 1.40 3.90 724 | No | No | No |Yes | No
33 | Negative | Negative | Negative | Negative | Negative | NAD S1,S2+ | NAD | NAD | 4.20 24.90 001 | No |No | No |No | No
34 | Negative | Negative | Negative | Negative | Negative | NAD S1,S2+ | NAD | NAD | 1.50 9.00 10.00 | No | Yes | No | Yes | Yes
35 | Negative | Negative | Negative | Negative | Negative | NAD S1,S2+ | NAD | NAD | 1.40 9.00 0.35| Yes |[No | No |No | No
36 | Negative | Negative | Negative | Negative | Negative | NAD S1,S2+ | NAD | NAD | 2.00 3.80 | 136.80 | No |No [ No |No | No
37 | Negative | Negative | Negative | Negative | Negative | NAD S1,S2+ | NAD | NAD | 0.80 4.80 19.02 | No | No [ No |Yes | No
38 | Negative | Negative | Negative | Negative | Negative | NAD S1,S2+ | NAD | NAD | 0.90 290 | 100.00 | No |No [ No | No | No
39 | Negative | Negative | Negative | Negative | Negative | NAD S1,S2+ | NAD | NAD | 0.90 9.30 517 | No |No | No | Yes | No
40 | Negative | Negative | Negative | Negative | Negative | NAD S1,S2+ | NAD | NAD | 0.80 9.00 719 | No | Yes | No | Yes | No
41 | Negative | Negative | Negative | Negative | Negative | NAD S1,52+ | NAD | NAD | 0.90 7.90 720 | No |No | No |No | No
42 | Negative | Negative | Negative | Negative | Negative | NAD S1,S2+ | NAD | NAD | 0.70 4.60 1531 | No | No [ No |Yes | No
43 | Negative | Negative | Negative | Negative | Negative | NAD S1,52+ | NAD | NAD | 6.60 30.00 0.01 | No |No | No |No | No
44 | Negative | Negative | Negative | Negative | Negative | NAD S1,S2+ | NAD | NAD | 3.60 1.12 570 | No |No | No |Yes | No
45 | Negative | Negative | Negative | Negative | Negative | NAD S1,S2+ | NAD | NAD | 2.00 16.50 0.03|No |No | No |No | No
46 | Negative | Negative | Negative | Negative | Negative | NAD S1,S2+ | NAD | NAD | 3.48 1.25 0.18 | No |No | No |No | No
47 | Negative | Negative | Negative | Negative | Negative | NAD S1,S2+ | NAD | NAD | 0.70 5.20 1284 | No | No | No | Yes | Yes
48 | Negative | Negative | Negative | Negative | Negative | NAD S1,S2+ | NAD | NAD | 1.10 5.40 10.31 | No | No [ No |Yes | No
49 | Negative | Negative | Negative | Negative | Negative | NAD S1,52+ | NAD | NAD | 1.00 6.70 703 | No |No | No |No | No
50 | Negative | Negative | Negative | Negative | Negative | NAD S1,S2+ | NAD | NAD | 0.90 4.20 16.21 | No | No | No | Yes | No
51 | Negative | Negative | Negative | Negative | Negative | NAD S1,52+ | NAD | NAD | 0.80 4.00 1483 | No | Yes | No | Yes | Yes
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ECG changes
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1 | Sub clinical Hypothyroidism No No No No No No No
2 | Sub clinical Hypothyroidism No No No No No No No
3 | Sub clinical Hypothyroidism No No No No No No No
4 | Primary hypothyroidism Yes No No No No No No
5 | Primary hypothyroidism No No No Yes No No No
6 | Hyperthyroidism No No No No Yes No No
7 | Primary hypothyroidism Yes No No No No No No
8 | Sub clinical Hypothyroidism Yes No No No No No No
9 | Sub clinical Hypothyroidism No No No No No No No
10 | Sub clinical Hypothyroidism No No No No No No No
11 | Hyperthyroidism No No No No Yes No No
12 | Primary hypothyroidism No No Yes No No No No
13 | Primary hypothyroidism No No No No No No No
14 | Sub clinical Hypothyroidism No No No No No No No
15 | Hyperthyroidism No No No No No No No
16 | Sub clinical Hypothyroidism Yes No No No No No No
17 | Sub clinical Hypothyroidism No No No No No No No
18 | Hyperthyroidism No No No No No No No
19 | Sub clinical Hypothyroidism No No No No No No No
20 | Hyperthyroidism No No No No No No Yes

21 | Hyperthyroidism No No No No No No No
22 | Hyperthyroidism No No No No Yes Yes No
23 | Hyperthyroidism No No No No Yes No No
24 | Hyperthyroidism No No No No Yes No No
25 | Hyperthyroidism No No No No No Yes No
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26 | Hyperthyroidism No No No No Yes No Yes
27 | Hyperthyroidism No No No No No No No
28 | Hyperthyroidism No No No No No No No
29 | Hyperthyroidism No No No No Yes No No
30 | Hyperthyroidism No No No No Yes No No
31 | Hyperthyroidism No No No No No Yes No
32 | Primary hypothyroidism Yes No No No No No No
33 | Hyperthyroidism No No No No Yes No No
34 | Primary hypothyroidism Yes No No No No No No
35 | Hyperthyroidism No No No No Yes No No
36 | Primary hypothyroidism No Yes No No No No No
37 | Primary hypothyroidism Yes No No No No No No
38 | Primary hypothyroidism Yes No No No No No No
39 | Sub clinical Hypothyroidism No No No No No No No
40 | Sub clinical Hypothyroidism No No No No No No No
41 | Sub clinical Hypothyroidism No No No No No No No
42 | Primary hypothyroidism No No Yes No No No No
43 | Hyperthyroidism No No No No Yes No No
44 | Sub clinical Hypothyroidism No No No No No No No
45 | Hyperthyroidism No No No No No No No
46 | Hyperthyroidism No No No No Yes No No
47 | Primary hypothyroidism No Yes No No No No No
48 | Primary hypothyroidism Yes No No No No No No
49 | Sub clinical Hypothyroidism No No No No No No No
50 | Primary hypothyroidism No No No No No No No
51 | Primary hypothyroidism Yes No No No No No No
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