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INTRODUCTION 

The thyroid gland is the most anteriorly located organ that develops from 

the gut tube. It consists of follicular cells derived from the endoderm as a 

thickening in the ventral wall of the primitive pharynx. The follicular cells are 

said to be the functional units of the thyroid gland.(1) They contain a large 

glycoprotein, thyroglobulin. The main function of the thyroid gland is synthesis, 

storage and secretion of T3 (Tri-iodothyronine) and T4 (Thyroxine).(2)  

Thyroid gland function is regulated principally by the thyroid stimulating 

hormone (TSH), a glycoprotein produced by thyrotrope cells of the anterior 

pituitary. Thyrotropin releasing hormone (TRH) secreted by the hypothalamus 

controls TSH secretion from the anterior pituitary. T3 and T4 concentrations in 

serum are maintained by negative feedback mechanism wherein secretion of 

TSH and TRH is inhibited by T3 and T4.(3) 

T4 and T3 are secreted in proportion which is determined by T4/T3 ratio in 

thyroglobulin.(4)  T4 is the major prohormone secreted and is the most important 

regulator of TSH.(5) The molar ratio of T4 to T3 is 11:1.(6) In extra thyroidal 

tissues, T4 undergoes 5’deiodination to form T3. The concentrations of T4 and T3 

differ depending upon the amount of hormone transported into the cells, activity 

and type of deiodinases but the free T3 (FT3) and free T4 (FT4) serum 

concentrations remain constant.(7)  

Approximately only 20% of T3 is secreted by the thyroid and the 

remaining    80 % is extra thyroidal deiodination of T4 by Type 2 deiodinase.(8) 

The half life of T3 is approximately 1 day, whereas the half life of T4 is 7 days 



since it binds to circulating plasma proteins and constitutes a large extra 

thyroidal pool in adults.(7) With increasing age, concentration of FT4 either 

decreases slightly or does not change and T4 metabolic clearance rate 

decreases.(9) 

The disorders of  the thyroid gland can either be due to decrease in 

secretion of T4 and T3 and increased TSH, which is referred to as hypothyroidism 

or due to increased secretion of T4 and T3 and decreased TSH which is referred 

to as hyperthyroidism. Among these two disorders, the clinical condition which 

is most common worldwide is hypothyroidism.(10)  

Hypothyroidism is characterized by the inability to synthesize and secrete 

adequate quantities of T4 and T3. Thus lack of T4 and T3 can affect the peripheral 

tissues and brain.(11) 

The incidence of hypothyroidism in women is about 4 to 5 per 1000 

population per year and among men it is about 0.6 to 0.9 per 1000 population per 

year.(12) The prevalence of hypothyroidism varies from 4.3% to 9.3% in different 

studies done worldwide.(12,13,14)  It is the second most common metabolic 

disorder in the Indian population.(15)  In India, the prevalence is about 3.9% to 

9.5%.(16) Hypothyroidism is more prevalent in females compared to males.(12-16)  

 Depending upon the etiology, hypothyroidism can be classified as 

primary, central or transient.(10)  Primary hypothyroidism accounts for 99% of all 

cases.(11) Lack of iodine in the diet is the most commonest etiological factor 

involved in the development of primary hypothyroidism. The other common 

causes of primary hypothyroidism are chronic autoimmune thyroiditis and 



radiation induced hypothyroidism. Central hypothyroidism is less common and 

is caused either by pituitary or hypothalamic disease. Transient hypothyroidism 

can be due to subacute thyroiditis or after withdrawal of thyroid hormone 

therapy in euthyroid patients.(10) 

Hypothyroidism can be overt or subclinical. In overt hypothyroidism, 

serum TSH levels are high and serum FT4 levels are low.(10) About 1 to 2% of 

women and 0.1% of men have overt hypothyroidism.(12-14) In subclinical 

hypothyroidism, serum TSH levels are high and serum free T4 levels are 

normal.(10) In adults, subclinical hypothyroidism may occur from 4 to 10% and 

in older people can increase to 18%. Annually, 6 to 19 % of subclinical 

hypothyroids develop overt hypothyroidism.(12-14,17)  High baseline serum TSH 

levels, positive antithyroid antibodies and treatment with external beam radiation 

are risk factors for progression from subclinical to overt hypothyroidism.(18)  

 The primary action of thyroid hormone is the regulation of metabolism 

apart from important actions on muscle, heart, bone, mood and cognition.(19)   

 Deficient thyroid hormone action at tissue level is responsible for clinical 

manifestations of hypothyroidism.(11) Clinical symptoms include generalized 

weakness, dry coarse skin, cold intolerance, decreased sweating, constipation, 

weight gain and facial edema.(20) Severe form of hypothyroidism is called 

myxedema which is characterized by non pitting edema due to accumulation of 

glycosaminoglycans in the subcutaneous and  interstitial tissues.(10) Laboratory 

abnormalities include hypercholesterolemia, macrocytic anemia, hyponatremia 

and elevated serum creatine kinase.(11) 



Thyroid hormone plays an important role in regulating the cardiovascular 

system.(21)  The clinical manifestations of hypothyroidism are suggestive of a 

decrease in the sympathetic tone.(22) In contrast, it has been reported that 

sympathovagal imbalance in hypothyroidism is due to increased activity of 

sympathetic system and vagal withdrawal.(15,23) 

Power spectral analysis of Heart Rate Variability (HRV) has emerged as 

the most sensitive indicator for the assessment of sympathovagal imbalance.(24) 

Electrocardiographic (ECG) changes in hypothyroid patients show sinus 

bradycardia, low voltage QRS, ST segment depression, QT interval lengthening, 

and flat or inverted T waves.(25)  

 

 

 

 

  



AIM 

 To evaluate the short term Heart Rate Variability and 

Electrocardiographic changes in hypothyroid patients and correlate it with T3, T4 

and TSH levels. 

OBJECTIVES 

1. To determine whether these tests can be used as early indicators of 

cardiac morbidity in hypothyroid patients. 

2. To evaluate which one of these tests can be a better diagnostic tool for 

assessing early cardiac changes in hypothyroid patients. 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
  



REVIEW OF LITERATURE 

Hypothyroidism can be diagnosed by clinical signs and symptoms and 

correct use of two laboratory tests – TSH and Free T4 assays. These two tests are 

used to define each type of hypothyroidism.(26) 

Primary subclinical hypothyroidism is characterized by TSH levels above 

the upper normal reference range and normal free T4 levels. Primary overt 

hypothyroidism characterized by TSH levels above the upper normal reference 

range and decreased free T4 levels.(10) Central hypothyroidism is characterized 

by low, normal or mildly elevated TSH levels and low free T4 levels in the 

absence of antithyroid  antibodies and a normal structure of thyroid on 

ultrasound. Transient hypothyroidism is characterized by any non thyroidal 

illness causing hypothyroidism wherein TSH is normal or decreased below the 

lower reference range and decreased free T4 levels.(27) 

THYROID FUNCTION TESTS: 

The detection of thyroid disorders depends upon thyroid function tests 

and clinical features. Hence measurement of TSH, free T3, free T4 levels should 

be reliable. The sensitivity and specificity of  thyroid function tests have been 

drastically improving in the last decade.(28) New technologies provide assays of 

free T3, free T4, total T3, total T4, thyroxine binding globulin, transthyretin 

receptor (TTR), autoantibodies to thyroid peroxidase and TSH receptor.(29) 

SENSITIVITY OF THYROID FUNCTION TESTS: 

TSH assay sensitivity is important for each laboratory because the TSH 

measurement will determine the type of thyroid disorder in the patient.(30) TSH 



assay sensitivity is called as functional sensitivity and it is obtained from 10 

different assays which were measured during a period of 6 to 8weeks (the 

interval during which the patient is on treatment).(28) Currently used automated 

methods are the third generation standard immunometric assays which have 

functional sensitivity between 0.01 mIU/L to 0.02 mIU/L.(31)  

Serum TSH levels show diurnal variation. The lowest levels are between 

10:00 to 16:00 hours and high levels between midnight and 4:00 hours. Due to 

this variation, reference intervals are selected according to the blood collected at 

the same time. Levothyroxine drug need not be stopped on the day of 

undergoing the thyroid function tests.(31) 

SETTING THE REFERENCE INTERVALS FOR TSH: 

Researchers set the reference intervals for TSH by taking 95% confidence 

limits of logarithmically converted TSH concentrations of 120 euthyroid 

volunteers who had no thyroid peroxidase autoantibodies, with no family history 

of thyroid disorders or goiter and no history of any other drug intake.(32) 

SETTING THE UPPER LIMIT – 97.5TH PERCENTILE: 

Setting the upper limit depends on various factors like age, sex, race, 

body mass index (BMI), daily iodine intake, smoking and excluding 

autoimmune disease. In the last 2 decades the upper reference range of TSH has 

been decreased from 10 µIU/L to 4.12 µIU/L.(32) 

In the British Whickham study, the upper limit of TSH was kept at 10 

µIU/L. TSH levels were more than 10 in 9.3% of women and 1.2% in men. The 



incidence of hypothyroidism in women and men were 3.5/1000 survivors per 

year and 0.6/1000 survivors respectively.(12) 

In the Framingham study also the upper limit of TSH was set to 10 

µIU/L. TSH values were more than 10 µIU/L in 5.9% women and 2.3% men.(33) 

In the Colorado thyroid disease study, the upper limit of TSH was revised 

and set at 5µIU/L. This study showed a prevalence of 8.5% for subclinical 

hypothyroidism and 0.4% for overt hypothyroidism.(13) 

In the recent NHANES– III study, upper reference range for TSH was 4.5 

µIU/L. Subclinical hypothyroidism was prevalent in 4.3% whereas for overt the 

prevalence was 0.3%.(14) 

In a study conducted by Hamilton et al, which included the normal 

reference group population of the Hanford thyroid disease study, the upper limit 

of TSH was 4.10 µIU/L. 20% of the participants who did not have any evidence 

of thyroid disease had TSH more than 2.5 µIU/ml and 10.2% had TSH value 

greater than 3.0µIU/ml.(34) 

This decline in the upper reference limit of TSH levels from 10 µIU/L to 

4.12 µIU/L is due to the increased functional sensitivity of TSH assays.(31) 

However the upper reference range is different for elderly people since there is 

age related decline in TSH secretion.(35) 

LOWER REFERENCE RANGE FOR TSH (2.5th percentile): 

According to the current standard third generation methods the lower 

reference limit for TSH is in the range of 0.3 µIU/L to 0.4 µIU/L.(36) 

 



MEASUREMENT OF FREE T3 AND T4 (Free hormone estimate tests): 

Measurement of free levels of T3 and T4  have totally replaced the 

measurement of total T3 and T4.(37) Liquid chromatography or tandem mass 

spectrometry followed by equilibrium dialysis or ultrafiltration is the gold 

standard method for measuring both free T4 and T3. (38)   Since these methods are 

manual and expensive nowadays laboratories use index and ligand assays for 

estimating free T4 and T3.(39) 

ACTIONS OF THYROID HORMONES: 

 Thyroid hormones are essential for the growth and development of the 

brain in the fetal life, infancy as well as during the childhood period.(40)  The 

most important action of thyroid hormone is to enhance the metabolism of  all 

the cells in the body. The T4 hormone is converted into T3 in all the peripheral 

tissues by 5’ deiodination except in the thyroid gland. In this way, 80% of T3 is 

produced in the peripheral tissues and only 20% is secreted by the thyroid 

gland.(7)  Moreover T3 hormone has more affinity to thyroid receptors than T4.(8) 

The actions of thyroid hormones can be divided into genomic and non-

genomic. The genomic actions of thyroid hormones are brought about by 

combining with specific nuclear hormone receptors. These receptors are located 

in the nucleus of the cell.(19) Once the thyroid hormone combines with the 

receptors, it forms a heterodimer with retinoid X receptor and this complex binds 

with the thyroid responsive elements in the nucleus and brings about the 

transcription of target genes.(41) 



The non-genomic actions of thyroid hormones do not depend on the 

transcription of genes. The action of thyroid hormone on heart, pituitary and 

adipose tissue is said to be non-genomic. In all these organs the thyroid hormone 

acts directly on the plasma membrane, cytoplasm or the mitochondria. The 

mechanisms by which thyroid hormone brings about its actions may include 

oxidative phosphorylation, ion channel regulation or by activating the second 

messengers like cAMP.(42) 

ACTIONS ON CELL METABOLISM:  

 The most important action of thyroid hormone is to increase the 

metabolism in all the cells. There is a 60 -100% increase in basal metabolic rate 

or sometimes even above 100%, when excess thyroid hormone is secreted. The 

thyroid hormone acts on the mitochondria and increases their number and 

activity, thereby increasing the ATP formation. The sodium potassium ATPase 

pump activity is also increased by the thyroid hormones. This increased activity 

of sodium potassium ATPase pump leads to increased exchange of sodium and 

potassium ions across the cell membrane, thereby utilising the energy in the 

form of ATP. Thus the basal metabolic rate is also increased by the above 

mechanism.(43) 

CARBOHYDRATE METABOLISM: 

 Thyroid hormone increases the enzymes necessary for carbohydrate  

metabolism and stimulates glycolysis and gluconeogenesis. It also increases the 

absorption of glucose from intestine.(43) 

 



FAT METABOLISM:  

 Thyroid hormone causes mobilization of fats from adipose tissue thereby 

increasing the free fatty acid oxidation. Plasma concentrations of triglycerides,   

cholesterol and phospholipids are decreased. The mechanism by which thyroid 

hormone decreases the cholesterol in the plasma is mainly by increasing the 

secretion of cholesterol into bile. The above is accomplished by increased 

number of low density lipoprotein (LDL) receptors in liver cells.(43)   

PROTEIN METABOLISM: 

Thyroid hormone also increases protein metabolism.(43) 

EFFECTS ON GROWTH:  

 Thyroid hormone is very essential for growth of children. Development 

and growth of the fetal brain is the most important action of thyroid hormone. 

When thyroid hormone is deficient in the fetus, development and maturation of 

brain does not occur properly and the child may present with mental retardation 

during childhood. Hence it is necessary to identify the cause for congenital 

hypothyroidism and initiate prompt treatment with thyroxine as early as 

possible.(43) 

ACTIONS ON CARDIOVASCULAR SYSTEM:  

I. INCREASES BOTH CARDIAC OUTPUT AND BLOOD FLOW :  

 Due to increase in basal metabolic rate, the tissues of the body use oxygen 

rapidly and eliminate greater amount of metabolic waste products. This leads to 

vasodilation of blood vessels and hence blood flow is increased. As a result, the 

cardiac output also increases.(43) 



II. INCREASES HEART RATE:  

 Thyroid hormones act directly on the heart muscle thereby increasing the 

force of contraction and the heart rate. The chronotropic action of thyroid 

hormone is brought about by increasing the number of β receptors in the heart. It 

increases myosin ATPase activity in cardiac muscle and thereby increases the 

force of contraction. (43) 

III. MAINTAINS THE BLOOD PRESSURE: 

 The thyroid hormones maintain the mean arterial pressure at normal range 

even though there are differences in pulse pressure in between heartbeats.(43) 

ACTIONS ON THE RESPIRATORY SYSTEM: 

 The excess carbon dioxide formed as a result of metabolic end products 

stimulate the respiratory centre and therefore the rate and depth of respiration is 

increased by the thyroid hormones.(43) 

ACTIONS ON THE GASTRO INTESTINAL TRACT:  

The secretion rate of digestive juices and the movements of gastro-

intestinal tract is increased by the thyroid hormones.  

Therefore when thyroid hormones are decreased, constipation can occur 

whereas diarrhea can occur when thyroid hormones are increased.(43) 

ACTIONS ON CENTRAL NERVOUS SYSTEM:  

 Thyroid hormones in general cause excitation of the central nervous 

system. When thyroid hormones are increased, they cause more excitation at the 

synapse and lead to muscle tremors. When thyroid hormones are deficient, the 

muscles relax slowly in response to a stimulus after contraction.(43) 



EFFECT OF THYROID HORMONES ON SLEEP: 

 Adequate amount of thyroid hormones is necessary for a good  sleep. 

Hypothyroid patients present with somnolence and their sleep duration may be 

increased to around 12 hours.(43) 

ACTIONS ON OTHER ENDOCRINE GLANDS: 

 Thyroid hormones enhance the secretion rate of other endocrine 

hormones. Therefore when thyroid hormones are decreased, the metabolism of 

glucose is decreased and the need for insulin by the pancreas is also reduced.(43) 

EFFECTS ON SEXUAL FUNCTION: 

 Thyroid hormone is very essential for normal maintenance of sexual 

functions.  Deficiency of thyroid hormones in males can result in loss of libido 

and increased amount of hormones causes impotence. In females, decreased 

thyroid hormones cause menorrhagia initially followed by oligomenorrhea. 

When thyroid hormones are increased oligomenorrhea occurs.(43) 

ETIOLOGY OF HYPOTHYROIDISM:  

PRIMARY HYPOTHYROIDISM: 

Primary hypothyroidism accounts for 99% of all cases of 

hypothyroidism.(11) The factors which decrease the synthesis of thyroid hormone 

or destroy the thyroid tissue contribute to primary hypothyroidism.(10)  The most 

common cause is iodine deficiency followed by chronic auto-immune 

thyroiditis, radiation therapy for thyrotoxicosis, total thyroidectomy, dysgenesis 

of thyroid gland, smoking and  usage of drugs like lithium, amiodarone, 

ethionamide and sulfonamide.(44) 



CENTRAL HYPOTHYROIDISM: 

Central hypothyroidism is characterized by low TSH levels insufficient to 

stimulate the normal thyroid gland. The prevalence of central hypothyroidism 

ranges from 1:20,000 to 1:80,000.(45) The most common causes are either 

pituitary or hypothalamic disease.(10) Other causes include cranial surgery, 

irradiation, head trauma, traumatic delivery, sarcoidosis, tuberculosis and empty 

sella syndrome. Central hypothyroidism is usually associated with other pituitary 

hormone deficiencies.(44) 

TRANSIENT HYPOTHYROIDISM: 

The most important causes of transient hypothyroidism include silent 

painless thyroiditis, subacute thyroiditis, postpartum thyroiditis and withdrawal 

of levothyroxine therapy in euthyroid patients.(10) 

CLINICAL FEATURES OF HYPOTHYROIDISM: 

ADULT HYPOTHYROIDISM: 

All ages and both the sexes are affected in hypothyroidism.(10) The 

general symptoms in adults include fatigue, lethargy, sleepiness, mental 

impairment, depression, hoarseness of voice, cold intolerance, dry skin, 

decreased perspiration, decreased appetite, weight gain, constipation, menstrual 

disturbances, arthralgia and paresthesia. The most common signs include slow 

movements, slow speech, puffy eyelids, evidence of palpable goiter, 

bradycardia, non-pitting edema, hyporeflexia with delayed relaxation of 

reflexes.(10) Severe life threatening form of hypothyroidism in adults is called as 

myxedema coma. This can occur in a long standing hypothyroid patient not on 



any medication who gets exposed to cold or drugs.(46) Clinical features include 

hypoxia, hypercapnea, hypothermia, stupor, respiratory failure and coma.(47) 

Hypothyroidism due to pituitary or hypothalamic disease present with symptoms 

like headache and visual impairment.(48) 

CONGENITAL HYPOTHYROIDISM: 

Congenital hypothyroidism occurs due to thyroid hormone deficiency at 

birth. It is also known as cretinism. The incidence is about 1:4000 and it differs 

for different racial and ethnic groups. About 80% of cases occur due to 

developmental defect in the thyroid gland, 10% due to defective synthesis of T4 

and another 10% due to pituitary or hypothalamic tumours.(49) The most 

common symptoms of congenital hypothyroidism include decreased activity and 

increased sleep, difficulty in feeding, constipation and prolonged jaundice. They 

present with common signs like myxedematous facies, large fontanels, 

macroglossia, a protruded abdomen with umbilical hernia and hypotonia.(50) 

ORGAN SPECIFIC FEATURES OF HYPOTHYROIDISM: 

RESPIRATORY SYSTEM: 

Enlargement of thyroid gland resulting in goiter causes obstruction of 

upper airway. Hypothyroidism also leads to weakness of respiratory muscles, 

decrease in lung and chest wall compliance, pleural effusion and increase in 

capillary permeability leading to hypoxia, accumulation of CO2 and obstructive 

sleep apnea.(51-52) 

 

 



MUSCULOSKELETAL SYSTEM: 

The most striking feature of hypothyroidism is proximal muscle 

myopathy. Other features include myalgia, arthralgia and rhabdomyolysis 

occurring only during exertion. 

Rarely in long standing severe hypothyroidism, there can be development 

of hypothyroid myopathy which is characterized by muscle hypertrophy and 

weakness.(53) 

In the bone, hypothyroidism leads to decrease in osteoblast and osteoclast 

activity, delayed secondary bone mineralization, low bone turnover and reduced 

bone resorption.(53) 

CENTRAL NERVOUS SYSTEM: 

 Euthyroid children born to mothers who did not undergo treatment for 

hypothyroidism during pregnancy were found to be having impaired 

neurocognitive functions. The neurological features include mental retardation, 

depression, carpal tunnel syndrome, metabolic neuropathies, hallucinations and 

schizophrenia.(54) 

SKIN AND CONNECTIVE TISSUE: 

 Skin features include xerosis, dryness of skin and accumulation of 

hyaluronic acid in dermis resulting in non-pitting cutaneous edema called as 

myxedema. Carotene deposition in skin gives a yellow colour to the skin. Other 

features include dry coarse hair and loss of hair in lateral part of eyebrow.(55) 

 

 



KIDNEYS AND ELECTROLYTE METABOLISM: 

 Hypothyroidism directly causes loss of glomerular and renal tubular 

function. Indirectly because of decreased cardiac output, blood flow to kidneys 

is reduced leading to decreased glomerular filtration rate. There is a decrease in 

fractional excretion of potassium and calcium. Serum uric acid and magnesium 

levels are mildly elevated.(11) 

GASTROINTESTINAL SYSTEM: 

 In hypothyroidism, bowel movements are decreased leading to 

constipation. Gall bladder muscle tone is decreased leading to stone 

formation.(11) 

HAEMATOLOGICAL CHANGES: 

 The blood picture in hypothyroidism shows normochromic normocytic 

anemia, decreased serum erythropoietin and bone marrow hypocellularity.

 Hemostatic changes include decreased Factor VII, increased partial 

thromboplastin time and chances of acquiring Von Willebrand’s disease. Due to 

decreased clearance of clotting factors II, VII and X, hypothyroid patients are 

resistant to warfarin.(56) 

 EFFECTS ON PITUITARY GLAND: 

  Hypothyroidism causes decrease in nocturnal growth hormone secretion, 

decrease in growth hormone regulating hormone and decreased response to 

hypoglycemia caused by insulin. Short stature seen in children with cretinism is 

due to the decreased growth hormone secretion. There is also decreased 

secretion of follicular stimulating hormone (FSH) and luteinizing hormone (LH) 



causing delayed puberty and irregular menstrual  cycles in women. In men, 

infertility, erectile dysfunction and low serum testosterone levels are the 

effects.(57) 

EFFECTS ON ADRENAL GLAND: 

 The hypothalamo-pituitary-adrenal axis (HPA) response is impaired and 

metabolic clearance rate of cortisol becomes low.(11)  

EFFECTS ON CELL METABOLISM: 

 The basal metabolic rate is reduced.(58) 

EFFECTS ON LIPID, PROTEIN AND CARBOHYDRATE 

METABOLISM: 

  The values of total cholesterol, low density lipoprotein (LDL) and 

triglycerides are increased.(58) The increase in triglycerides is mainly due to 

increase in lipoprotein lipase activity whereas the increase in total serum and 

LDL cholesterol is due to changes in cholesterol removal rate from liver.(59) 

Synthesis of proteins is decreased and there is impaired gluconeogenesis and 

glycogenolysis in hypothyroidism.(60)  

CARDIOVASCULAR CHANGES:  

 The most important target for thyroid hormone is the cardiovascular 

system. Hypothyroidism is a known risk factor for cardiovascular disease. 

Morbidity and mortality in hypothyroidism is mainly because of the 

cardiovascular changes.(21)   

Dyslipidemia and diastolic hypertension are the two most important 

factors contributing to development of atherosclerosis and coronary artery 



disease. Other changes are arterial  stiffness, increase in thickness of carotid 

intima and increase in systemic vascular resistance.(21)  In severe hypothyroidism 

there is congestive cardiac failure with pericardial effusion in 50 percentage of 

individuals.(51) Other laboratory findings include increased serum homocysteine 

levels due to absence of absorption of folic acid and increased levels of C- 

reactive protein.(61) 

HEMODYNAMIC CHANGES:  

In hypothyroidism, peripheral vascular resistance (afterload) increases by 

50-60% resulting in low cardiac output.(58)  The mechanism by which the T3 

hormone increases the systemic vascular resistance is by causing 

vasoconstriction directly.(62)  The increase in systemic vascular resistance is also 

due to absence of nitric oxide release from the endothelium.(63) During exercise 

the systemic vascular resistance is reduced leading to improved heart rate and 

stroke volume.(64) 

 The contraction of the ventricles especially the contraction of left 

ventricle is reduced during systole. Ventricular relaxation occurs more slowly 

during diastole resulting in reduced filling of ventricles.(62)  Loss of ventricular 

performance is mainly due to changes in myocyte contractile proteins of the 

heart.(65)   

Due to decrease in stroke volume, cardiac output is also reduced by 30-

50% less than normal in hypothyroid patients. Cardiac output is also decreased 

due to increase in systemic vascular resistance (afterload) and decrease in 

venous return (preload).(65)   



The increase in peripheral vascular resistance in hypothyroid patients 

leads to diastolic hypertension.(58)  Systolic blood pressure may be normal or 

reduced and patient may have a narrow pulse pressure. But since the cardiac 

output also decreases there is no change in mean blood pressure.(65) 

Accumulation of fluid in the interstitial space in hypothyroid patients 

occurs due to increase in capillary permeability. This accumulation occurs in the 

dependent parts, pericardial and pleural spaces. Non-pitting edema (Myxedema) 

occurs in these patients due to accumulation of glysoaminoglycans in the 

interstitial space.(66)  

HEART RATE VARIABILITY: 

Heart Rate Variability (HRV) is defined as the variation in interval 

between two consecutive heart beats. It also indicates the variation in the interval 

between two consecutive instantaneous heart rates. Heart Rate Variability was 

first discovered and documented in the 18th century by Stephen Hales during his 

experiments on quantification of blood pressure. Initially this beat to beat 

variability was considered by physicians just as a normal sinus arrhythmia but 

two scientists Hon and Lee in 1965 used HRV for monitoring the fetal heart rate 

in the clinical set up.  

They identified that there were variations in the interbeat intervals even 

before the fetal distress could occur.(67) Sayers and other researchers found out 

that heart rate variations had physiological rhythms or frequencies in them and 

estimated them using their respective power spectrum.(68) Akselrod et al in 1981 

quantified the beat to beat cardiovascular control by power spectral analysis of 



heart rate variations. This discovery was a major breakthrough and helped many 

people understand the role of autonomic nervous system and the R-R interval 

variations.(69) HRV is a useful and non invasive method to assess the autonomic 

regulation of heart since the cardiac rhythm is controlled by both sympathetic 

and parasympathetic components of the autonomic nervous system.(70) 

METHODS OF MEASURING HEART RATE VARIABILITY:  

 There are a number of methods to evaluate variations in heart rate. Three 

methods are most commonly employed for evaluating heart rate variability. 

They are 1) time domain methods, 2) frequency domain methods and 3) 

geometric methods.(70) 

TIME DOMAIN METHODS: 

 It is the simplest method to determine the heart rate variability. The heart 

rate at a point of time or the time interval between the two consecutive normal 

QRS complexes can be determined using these methods. Time domain variables 

are created to calculate the specific time intervals.  

 The important time domain variables measured include standard deviation 

of NN interval (SDNN), standard deviation of  average of NN interval 

(SDANN), square root of mean squared differences of successive NN intervals 

number of interval differences of successive NN intervals greater than 50ms 

(NN50), the proportion obtained by dividing NN50 by total number of NN 

intervals (pNN50).(70) 

 

 



FREQUENCY DOMAIN METHODS:  

 The frequency domain methods are also called as Power Spectral Density 

(PSD) analysis because it shows how power distribution acts as a frequency 

function. Two methods are employed for assessing the power spectral analysis 

and they include parametric and non-parametric methods. Usually in non-

parametric methods, the algorithm employed for calculation is very simple 

which is called as the Fast Fourier Transform (FFT). It has a high processing 

speed. In parametric methods, smooth spectral components can be distinguished 

independently, low and high frequency components can be automatically 

calculated and even with small number of samples PSD can be accurately 

estimated.(70)  

COMPONENTS OF THE SPECTRAL ANALYSIS: 

I. SHORT TERM RECORDING OF HRV:  

 There are three important spectral components which can be calculated 

from the short term HRV measurements recorded either for 2 minutes or 5 

minutes.  They include very low frequency (VLF), low frequency (LF) and high 

frequency (HF) components. These components are measured in absolute values 

of power which has the unit ms2.(70)  

II. LONG TERM RECORDING OF HRV: 

 In long term recording, the heart rate variability is measured in an entire 

24 hour period. The spectral components measured include ultra-low frequency 

(ULF), very low frequency (VLF), low frequency (LF) and high frequency (HF) 

components.  



 All these spectral components give us only the measurements of degree of 

autonomic nervous system modulation. They do not give information about the 

level of autonomic tone.(70) 

GEOMETRIC METHODS: 

 The geometric methods include the series of NN intervals which can be 

converted into a geometric pattern like sample density distribution of NN 

interval duration, sample density distribution of differences between adjacent 

NN intervals. This method has a major disadvantage wherein adequate number 

of NN intervals are necessary to create a geometric pattern.(70) 

RECORDING TECHNIQUE AND TECHNICAL REQUIREMENTS:  

Heart Rate Variability is recorded using a computerized digital 

physiograph using which ECG tracing is taken for 5 minutes in Lead II. The 

ECG equipment which is used for recording the HRV should be standardized 

and satisfactory in terms of signal/noise ratio, required bandwidth and rejection 

of common mode.(71)   

The measurement of HRV lies in identification of fiducial point on the 

QRS complex. The fiducial point on the QRS complex is based on the maximum 

or mean position of the point in the complex. The frequency cut-off for the upper 

band frequency should not be lower than 200Hz. When the frequency becomes 

less than 200Hz, the QRS fiducial point cannot be recognized properly and error 

can occur when measuring the RR intervals. The sampling rate should also be 

chosen properly. Usually the sampling rate range is 250 – 500 MHz or could be 



higher than this value. A low sampling rate of 100Hz may produce errors when 

choosing the QRS fiducial point.(70) 

STANDARD HRV MEASUREMENT:  

 The equipment used for short term heart rate variability should include 

both parametric and non-parametric methods of spectral analysis. In 5 minutes 

HRV recordings, there should be 512 points or the standard 1024 points for non-

parametric spectral analysis. For long term HRV recordings over a 24 hour 

period, time domain measures should be incorporated in the equipment.  

 Once the ECG recording is obtained, any artifact if present should be 

identified and the R-R interval data should be edited. Only after this procedure 

time and frequency domain analysis will give standard HRV results. Frequency 

domain methods are preferred when compared to time domain methods for short 

term HRV recordings since they provide better results according to physiological 

regulations. Since the autonomic tone varies during the day-night cycle, HRV 

recording is preferably taken at the same time of the day in clinical studies.(70) 

CORRELATION OF HRV COMPONENTS WITH PHYSIOLOGICAL 

CHANGES : 

Though cardiac automaticity is an intrinsic property of the sinu-atrial 

node, both the heart rate as well as the rhythmicity of the heart is controlled by 

the autonomic nervous system.(72) It is well known that vagal activity in the heart 

is mediated by acetylcholine acting on the muscarinic receptors and the 

sympathetic activity is mediated by both epinephrine and norepinephrine acting 

on the β-adrenergic receptors in the heart.(73) In spectral analysis of HRV, vagal 



activity is measured by the high frequency component (HF) whereas sympathetic 

activity is measured by the low frequency component (LF) and the LF/HF ratio 

gives an idea about the sympathovagal imbalance.(69) 

HEART RATE VARIABILITY IN HYPOTHYROIDISM:  

The clinical manifestations of hypothyroidism are suggestive of a 

decrease in sympathetic tone.  However, this is independent of the plasma 

catecholamine levels which are elevated in hypothyroidism.(21) In primary 

hypothyroidism TRH (thyrotropin releasing hormone) levels are elevated, which 

stimulates the sympathetic outflow within the central nervous system which in 

turn causes release of catecholamines. These catecholamines act as 

neurotransmitters in the nerve endings.(74)  

This paradox which occurs in hypothyroidism is due to desensitization of 

the tissues to catecholamines.(75) 

Insel (76) et al studied the effects of thyroid hormones on the adrenergic 

receptors and reported that β adrenergic receptor density, the formation rate of 

the receptors and the degradation rate are regulated by the levels of thyroid 

hormones.  

Some studies have observed decreased α and β adrenergic sensitivity in 

the heart in hypothyroid patients.(77-78)    

Numerous studies have been done to assess the degree of autonomic 

function in hypothyroid patients.  Karthick (79) et al investigated heart rate 

variability to determine sympathovagal imbalance in females with thyroid 



dysfunction. They recruited 45 female subjects who were untreated and newly 

diagnosed with hypothyroid and hyperthyroid for the study.  

In the time domain analysis of heart rate variability, mean RR interval 

was reduced in the hypothyroid group whereas SDNN and RMSSD were not 

significantly reduced. In the frequency domain variables, LF and LF/HF ratio 

were increased in hypothyroid patients whereas HF was significantly reduced in 

hypothyroid patients. They concluded that though sympathovagal imbalance is 

present in thyroid dysfunctions, vagal inhibition was more prominent.  

Cacciatoria(80) et al also studied sympathovagal imbalance in hypothyroid 

patients. They included seven newly diagnosed hypothyroid subjects in the 

study. Power spectral analysis of heart rate variability was measured at rest, 

lying down position and while standing both before and after treatment with 

levothyroxine therapy (LT4). They observed a sharp decrease in high frequency 

(parasympathetic) component of power spectrum compared with controls. The 

LF (sympathetic) component and LF/HF ratio which is said to be an index of 

sympathovagal imbalance were higher in hypothyroid subjects. They concluded 

that hypothyroidism is associated with increased sympathetic activity which is 

contrary to the clinical picture. 

Galetta(23) et al studied the effect of hypothyroidism on ventricular 

repolarization and autonomic function of the heart. They investigated the heart 

rate variability indices in 31 patients who were overt hypothyroids.  



They observed higher QT dispersion and lower HRV measures in 

hypothyroid subjects compared to controls. They concluded that HRV and QT 

dispersion may serve as a useful tool to monitor the cardiovascular risks. 

Syamsunder(15) et al studied the association between sympathovagal 

imbalance (SVI) and cardiovascular risks in hypothyroidism. They recruited 104 

females (50 controls and 54 hypothyroid) and studied the autonomic function 

tests by power spectral analysis of heart rate variability, body mass index and 

cardiovascular parameters.  

They observed that the total power of HRV spectrum and HF were 

reduced significantly whereas the LF and LF/HF ratio were increased 

significantly in hypothyroid subjects. The time domain indices such as mean RR, 

SDNN, NN50, pNN50 were significantly decreased in hypothyroid group 

compared with controls. They also found a significant decrease in free T3 and 

free T4 levels and increase in TSH levels in hypothyroid group compared with 

controls. They concluded that the sympathovagal imbalance contributes to 

cardiovascular morbidities.(6) 

 Xing(81) et al studied the heart rate variability in hypothyroid patients 

before and after treatment. They analysed heart rate variability in 59 subjects (38 

hypothyroid and 21 normal subjects) before and 3 months after levothyroxine 

therapy. They observed a decrease in time domain variables in hypothyroid 

subjects compared to controls. In the frequency domain analysis, the HF 

(parasympathetic) component was significantly higher and the LF/HF ratio was 

lower in hypothyroid subjects.  



 These heart rate variability changes in hypothyroid subjects improved 

after treatment with levothyroxine. They concluded that hypothyroid patients 

have autonomic neuropathies with increased vagal tone which can improve with 

levothyroxine therapy. 

 Sahin(82) et al evaluated the autonomic activity in 31 subclinical 

hypothyroid subjects and 28 healthy controls. They determined the time domain 

and frequency domain parameters in the ECG recorded over 24 hour period. 

They found that both the time domain and frequency domain parameters were 

not significantly different from the controls. They also found a positive 

correlation between TSH and RMSSD. They concluded that TSH levels affect 

the level of cardiac autonomic activity in subclinical hypothyroidism. 

 Celik(83) et al studied the time domain parameters of heart rate variability 

and the heart rate turbulence in 24 hour ambulatory electrocardiogram in 40 

hypothyroid patients and 31 healthy controls. They found that both the time 

domain parameters and heart rate turbulence parameters were decreased in 

hypothyroid patients compared to the controls. They also observed that six 

months of treatment with levothyroxine did not improve HRV and HRT 

parameters. They concluded that treating with levothyroxine did not result in 

reversal of autonomic dysfunction in hypothyroid subjects.     

ELECTROCARDIOGRAPHY:  

The electrocardiograph is a sensitized electromagnet or a galvanometer 

which records the variations in the electromagnetic potentials from the leads 

placed on the surface of the body. There are two viewpoints which are utilized 



by the standard electrocardiogram. They include base-apex (long axis) and left-

right (short axis) along with 10 other viewpoints which help in recording the 

electrical activity of heart. A lead in an electrocardiogram records the potential 

difference between the positive and negative poles. Six leads help to view the 

frontal plane of the body whereas the remaining six to view the transverse plane. 

The frontal plane leads are lead I, lead II, lead III, aVR, aVL, aVF and the 

transverse plane leads are the precordial leads V1 to V6. The ECG paper runs at a 

speed of 25 mm/sec and the signal is calibrated in a such a way that 1mv in the 

ECG paper equals to 10 mm.(84) 

Usually the two atria and both the ventricles function together as a single 

electrophysiological unit. These two electrophysiological chambers are separated 

from one another by the atrio-ventricular ring which is fibrous in nature. At any 

point of time, communication between these two chambers is possible only 

through the conducting system of the heart.(85)  

The basic electrocardiographic deflections include 1) P wave, 2) QRS complex, 

3) T wave and 4) U wave.(85)  

P WAVE:   

The first component of a normal ECG is the P waveform. It indicates 

depolarization of the atria.(85) 

CHARACTERISTICS OF P WAVE:  

It occurs before the QRS complex and the amplitude is about 2 to 3 mm. 

The normal duration is in the range of 0.06 to 0.12 second. It has a rounded and 



smooth configuration with a positive deflection in leads I, II, aVF and V2 to V6. 

It varies in lead III and aVL and is inverted in lead aVR.(85) 

QRS COMPLEX: 

 The QRS complex indicates depolarization of the ventricles. It occurs 

following the P wave.(85)   

CHARACTERISTICS:  

  Usually the QRS complex follows the P wave. The amplitude is in the 

range of 5 to 30 mm. The normal duration is about 0.07 to 0.11 second or half 

the PR interval. The QRS complex consists of the Q wave, the first negative 

deflection, the R wave, the first positive deflection after the Q wave and the S 

wave, the first negative deflection after the R wave. The QRS complex is 

positive in leads I, II, III, aVL, aVF, and V4 to V6. It is negative in leads aVR, V1 

and V2 and biphasic in lead V3.(85) 

T WAVE:  

 The T wave indicates ventricular repolarisation.(85)  

CHARACTERISTICS:  

The T wave normally occurs following the ST segment. The amplitude is 

about 0.5 mm in leads I, II and III and can increase to 10 mm in the precordial 

leads. The T wave has a smooth and round configuration with a positive 

deflection in leads I, II and V2 to V6. It is inverted in lead aVR and variable in 

leads III and V1.(85) 

 

 



U WAVE:  

 The U wave is normally absent in the long rhythm strip. If it is present, it 

usually follows the T wave and has a positive deflection. It indicates 

repolarisation of the ventricular conduction fibres.(85)  

INTERVALS AND SEGMENTS: 

PR INTERVAL:   

 This constitutes the interval between the beginning of the P wave to the 

beginning of the QRS complex. The PR interval indicates the time taken for the 

action potential to travel from SA node to the ventricles through the atrial 

muscle, AV node and the bundle of His. The duration of PR interval is about 

0.14 to 0.21 seconds and it constitutes 3-5 small squares on the ECG paper.(85) 

QT INTERVAL:  

 The QT interval includes the time taken for both ventricular 

depolarization and repolarisation. It lasts from the beginning of the QRS 

complex to the end of the T wave. The duration is about 0.36 to 0.44 seconds 

and not more than half the distance between two R waves. The QT interval 

varies depending upon the heart rate. Therefore correction of QT interval is 

necessary to prevent errors in interpretation of the ECG.(85)   

The corrected QT interval is given by Bazett’s formula:   

QTc = QT / √(R-R) 

Hodges and coworkers later modified this formula which corrects the QT 

interval more completely for high and low heart rates:  

QTc = QT + 0.00175 (ventricular rate -60)     



The upper reference limit of QTc interval is approximately 460 

milliseconds. The corrected QTc interval is longer in adult females than males 

and it increases with age.(86) 

ST SEGMENT: 

 The ST segment indicates the end of ventricular depolarization and the 

beginning of ventricular repolarisation. The point which marks the end of QRS 

complex and the beginning of ST segment is called the J point. The deflection 

may either be positive or negative and measures about 0.5 mm to 1 mm in the 

precordial leads.(85) 

ECG AND HYPOTHYROIDISM: 

It is well known that hypothyroidism decreases the basal metabolic rate 

and slows down all the bodily functions. In the heart, it causes slow conduction 

of electrical impulses thereby leading to decrease in heart rate and contractility. 

Depolarization occurs very slowly resulting in prolonged cardiac action 

potential. This prolonged action potential indicates a decrease in voltage gated 

potassium channels. Common electrocardiographic changes in hypothyroidism 

are bradycardia, low voltage QRS, lengthening of QT interval, ST segment 

depression, inverted or flat T waves and heart block.(25) 

Bradycardia may be a classical finding in hypothyroidism, but the degree 

of decrease in heart rate is only moderate.(87)  Pericardial effusion, cardiac 

atrophy and altered myocyte ion conduction are the most important causes for 

low voltage QRS complex.(66)  



Prolonged QT interval occurring in hypothyroidism is caused by the 

prolonged cardiac action potential and delayed isovolumetric relaxation 

phase.(62) Non specific ST and T wave changes in hypothyroidism indicate 

occasional myocardial ischemia.(88) 

The other uncommon ECG changes in hypothyroidism include atrio-

ventricular block, ventricular premature complexes and ventricular 

tachyarrythmias with prolonged QT interval.(25) 

Zhang(89) and his colleagues studied electrocardiographic parameters in 

5990 people. They measured thyroid function tests and ECG parameters for all 

the individuals. There was a linear correlation between serum T4 level and heart 

rate in men. There was U shaped correlation between TSH levels and QRS 

interval in women. There was no other correlation between thyroid hormone 

levels and QTc or JT intervals. They came to a conclusion that in general 

population, various ECG changes occur in accordance with the levels of thyroid 

hormones. 

Satpathy(25) et al conducted a study on lipid profile and 

electrocardiographic parameters in patients with thyroid dysfunction. They 

recruited 72 subjects of which 44 were hypothyroid and 28 subjects had 

hyperthyroidism. Out of the 44 hypothyroid subjects, 15 had ST segment 

depression, 8 had low voltage QRS complex, 8 had prolonged QTc interval, 12 

had sinus bradycardia, 2 had ventricular premature complex and none of them 

had T wave inversion/ flattening. They concluded that ECG changes which 



occur in hypothyroidism are attributed to prolonged cardiac action potential and 

they have high potential risk to develop cardiovascular diseases.   

Fazio(90) et al evaluated the effect of lack of thyroid hormone levels on the 

cardiovascular system. They investigated women hypothyroid patients before 

and after treatment with levothyroxine and various tests like ECG, 

echocardiography and radionucleotide ventriculography at rest as well as during 

exertion. They observed normal heart rate, lengthened QT interval and flattened 

or inverted T wave before treatment. After treatment with levothyroxine, they 

found an increase in heart rate and increase in amplitude of R wave with no 

other significant variations. 

Sarma(91) et al studied the QT interval from 24 hour Holter monitoring 

tapes in 10 patients with hypothyroidism and 6 healthy controls, before and after 

treatment with levothyroxine. They observed prolongation of corrected QT 

interval (QTc) and decrease in heart rate in hypothyroid subjects compared to 

controls. They concluded that prolongation of repolarization and refractoriness 

occurs in hypothyroidism, which in turn reduces the probability of these patients 

to develop arrhythmias.  

Babu(92) et al conducted a study in newly diagnosed hypothyroid subjects 

who were investigated for thyroid profile, ECG and echocardiography. They 

recruited 100 hypothyroid subjects of which 82 were females. They observed an 

abnormal ECG in 31% subjects, diastolic hypertension in 21%, pericardial 

effusion in 4% and ischemic heart disease in 2% of the subjects. Among the 

abnormal ECG changes seen in the 31 hypothyroid subjects, 23 had flat/ inverted 



T wave, 4 had bradycardia, 2 had low voltage complex and 5 subjects had ST 

segment changes. 

 Agarwal(93) et al studied the electrocardiographic changes in hypothyroid 

subjects before and after treatment. They performed thyroid function tests, 

electrocardiograph and 24 hour Holter monitoring in 20 hypothyroid patients and 

10 healthy controls. They found a significant decrease in heart rate in 

hypothyroid subjects compared to controls before treatment with thyroxine. 

After treatment with thyroxine, they found that the heart rate significantly 

improved in hypothyroid subjects. Three patients had low voltage QRS complex 

and one patient had non-specific ST-T wave changes which became normal 

following treatment with thyroxine. One patient had ventricular tachycardia with 

long QT interval which also became normal following thyroxine treatment. 

Three patients had ventricular ectopics before treatment and four following 

thyroxine supplementation. They concluded that most of the 

electrocardiographic changes present in hypothyroid subjects can be reversed by 

thyroxine supplementation. 

 Osborn(94) et al compared the resting and ambulatory ECG changes in 14 

hypothyroid patients before and after return to the euthyroid state. They 

observed an increase in QTc interval in 7 patients after return to euthyroid state, 

whereas only 2 patients with hypothyroidism had prolonged QTc interval. None 

of the patients had ventricular ectopics or ventricular tachycardia. No relation 

was noticed between serum TSH and QTc interval but moderate correlation was 

found between decreased T4 levels and increased QTc interval.  



 They concluded that mild lengthening of QT interval is very common in 

hypothyroid patients but there is no significant association with ventricular 

tachyarrythmias. 

 Fredlund(95) and Olsson conducted a study in 10 hypothyroid patients who 

had lengthened QT interval. After performing thyroid function tests in these 

patients, all of them had overt hypothyroidism and also presented with signs of 

delayed ventricular repolarization by invasive electrophysiological techniques.  

With thyroxine supplementation and return to the euthyroid state these patients 

had normal QT intervals and did not develop any cardiac arrhythmias. They 

concluded that hypothyroidism should be considered to be a primary cause of 

QT interval prolongation,. 

 Erdogan(96) et al evaluated the cardiac function and contractility of 

myocardium in 41 overt hypothyroid and 40 healthy control subjects. ECG and 

2-dimensional and 3-dimensional echocardiography was done in all 81 subjects. 

They found a prolonged isovolumetric contraction time and isovolumetric 

relaxation time in hypothyroid subjects compared to the controls. None of the 

patients had left ventricular systolic dysfunction. Only P wave parameters were 

analysed in the ECG and there was an increased P wave dispersion in 

hypothyroid subjects compared to the controls.  

 They concluded that increased P wave dispersion may increase the risk of 

atrial arrhythmias and treatment with levothyroxine has a positive effect on the 

heart and can reduce the cardiac morbidities. 



 Bhattacharya(97) et al studied the pattern of atrioventricular conduction 

blockage  in elderly hypothyroid subjects. They analysed the pattern of atrio-

ventricular block in 42 elderly hypothyroid patients and 45 euthyroid individuals 

before and after treatment with thyroxine. They reported prolonged PR interval 

in 62% of cases and 76% of controls. After treatment with levothyroxine therapy 

for 6weeks, 69% of cases had normalized PR interval. They concluded that any 

kind of atrioventricular block in resting ECG of hypothyroid patients needs 

immediate attention and if promptly treated with levothyroxine therapy, 

unnecessary pacemaker implantation can be avoided.     

 

 

 

 

 

 

 



MATERIAL AND METHODS 

 This study was investigated in the departments of Physiology, Medicine, 

Endocrinology, Biochemistry and Cardiology, PSGIMSR, Coimbatore from 

February 2015 to January 2016. Institutional Human Ethics Committee ethical 

clearance was obtained before commencing the study. Written and well 

informed consent was obtained from cases and controls before their inclusion in 

the study.  

SAMPLE CHARACTERISTICS: 

 Sample size was calculated according to the new case census in the 

department of Endocrinology. An average of 3 new patients per month was 

diagnosed to have hypothyroidism during the study period from February 2015 

to January 2016. The sample size was calculated to be 33. For convenient 

sampling, according to the rule of thumb, the sample size was taken to be 30.  

INCLUSION CRITERIA: 

 Thirty females aged between 25 to 45 years presenting with newly 

diagnosed clinical and subclinical hypothyroidism to the outpatient clinic of 

Endocrinology and Medicine departments of PSGIMSR were included in the 

hypothyroid group. 

Thirty age matched apparently healthy females with normal thyroid 

function tests were included in the euthyroid group. 

 

 

 



EXCLUSION CRITERIA: 

 The subjects in both study groups were included after excluding the 

following conditions: 

1. History of smoking 

2. History of alcohol consumption 

3. Hypertensive patients 

4. Diabetic patients 

5. Ischemic heart disease and myocardial infarction patients 

6. Patients with restrictive lung diseases 

7. Pregnancy 

8. Patients on drugs known to influence HRV within 24 hours prior to 

recruitment. 

STUDY DESIGN:  

 This study is a cross sectional observational study. All the subjects 

included in this study assessed as per the proforma (annex 1). General patient 

information and relevant history were collected in all the subjects in both study 

groups. 

CLINICAL ASSESSMENT: 

 Name, age, sex and hospital registration of all the subjects were noted. 

History with respect to any other co-morbidities were obtained from all the 

subjects.  



 Thyroid function tests were done in the fasting state at 8:00 a.m. ECG and 

HRV were also done during the morning hours around 9:00 a.m. to prevent any 

discrepancies in the results. 

LABORATORY ASSESSMENT:  

 Fasting blood samples of 5ml were obtained from normal healthy people 

with no hypothyroidism. The serum of was separated from the blood for 

estimation of thyroid profile. The samples collected on the same day were stored 

at 2 to 8ºC for estimation of FT4, FT3 and TSH. Assay of FT3, FT4 and TSH was 

done by electrochemiluminescent immunoassay “ELICA” using modular clinical 

chemistry ISE immunoassay analyzer Roche cobas 6000 version cobas e601 and 

cobas e501.  

 According to the American thyroid association /American association of 

clinical endocrinologists guidelines(39)  

 The reference range for TSH is 0.27 to 4.2 microIU/ml 

 The reference range for FT4 is 0.932 to 1.71 ng/dL 

 The reference range for FT3 is 2.0 to 4.4 pg/ml. 

CLASSIFICATION OF HYPOTHYROIDISM: 

Subclinical hypothyroidism - FT4 is normal and TSH > 4.2 microIU/ml.(39) 

Overt hypothyroidism-FT4 is < 0.932 ng/dL and TSH >10 microIU/ml. (39)  

HEART RATE VARIABILITY RECORDING: 

 Heart rate variability is regulated by the autonomic nervous system. Heart 

rate variability appears to be the best qualitative marker of autonomic nervous 

control on cardiovascular system.(70) The electrocardiogram was done in 



standard Lead II. The European task force recommendations were followed 

while recording the heart rate variability.  

SPECIFICATIONS OF NIVIQURE AMBULATORY SYSTEM: 

Heart rate variability was recorded using the Niviqure ambulatory system 

which was a computerized ECG system. It was a solid state, multi-lead digital 

recording system which helps to obtain the data which was collected, stored in 

flash memory for longer periods and analysed whenever required. The biological 

signal was obtained from the AC mains and the ground. The system consists of  

1. The computer interface unit  

2. Signal processor unit along with a bioamplifier 

3. Bioamplifier circuit with gain.  

The gain in the bioamplifier circuit was set at 1mV/ division in Y axis and 

the signal processing frequency band at 0.5 to 100 Hz (Niviqure ambulatory 

system: Instruction manual, 2003). The Niviqure ambulatory system was 

programmed and with the help of an assisted battery taken to the outpatient 

clinic where in a quiet room, the patient was made to sit silently for few minutes 

before HRV recording was done.  

Then the patient was asked to lie down in supine position and silver 

chloride adhesive pre-gelled electrodes were affixed on the patient to obtain 

Lead II configuration of ECG. The left arm was connected with the positive 

electrode, right arm with negative electrode, left foot with reference electrode 

and right foot with ground electrode. ECG recording was done in Lead II for 5 

minutes using ambulatory ECG system (Niviqure Meditech PVT Ltd., 



Bangalore, India) at a sampling rate of 1024 Hz. The data obtained transferred to 

a computer through an interface compatible module RS232C and stored in hard 

disk of the PC (Pentium IV) for analysis. The data can also be translated into 

BIN and ASCII formats. This helps in quick transfer of data into the standard 

software. The data recorded was then seen offline and noise free data was used 

for analysis. From the ECG seen on the monitor, beat-to-beat analysis and heart 

rate was calculated. Low pass filtering (40Hz) of the raw ECG obtained was 

done from which the R-R interval was detected using data difference. Any 

artifacts or ectopics in the ECG were edited manually and final correction of R-

R interval was done. 

 The resting autonomic activity was assessed by HRV. Two types of 

parameters are determined by HRV analysis: 

1. Time Domain parameters 

2. Frequency Domain parameters  

TIME DOMAIN INDICES: 

From the original R-R interval, time domain variables such as mean R-R, 

Standard deviation(SD), root mean squared difference of successive intervals 

(RMSSD), the number of successive R-R intervals that differed by more than 

50ms (NN50) and their proportion to total number of beats analysed were 

calculated. 

 

 

 



MEAN R-R INTERVAL: 

 This indicates the average of all the NN intervals. It signifies 

sympathovagal function because it varies inversely with the mean heart rate at a 

given physiological state. 

SDNN: 

This indicates the standard deviation of all the NN intervals. It is a 

measure of total variability. It also reflects HRV in low and high frequency 

ranges. 

NN50: 

 This determines high frequency variation in heart rate. It indicates the 

number of pairs of adjacent NN intervals differing more than 50 ms in the entire 

recording. 

pNN50: 

It is the proportion obtained by dividing NN50 by total number of NN 

intervals. This gives the high frequency variation in heart rate along with NN50 

count. 

RMSSD: 

This is said to be the square root of the mean of the sum of the squares of 

differences between adjacent NN intervals. This also determines high frequency 

variations in heart rate and therefore indicates a measure of vagal response. 

FREQUENCY DOMAIN MEASURES: 

Spectral analysis was done by parametric method, wherein the entire data 

was divided into overlapping sections and each section was Fast Fourier 



transformed and the average was taken for periodogram values. The spectral 

variable components include Low frequency power of HRV spectrum (LF) in 

normalized units, High Frequency power of HRV spectrum (HF) in normalized 

units and LF/HF ratio. Other components include total power (TP) and Very low 

frequency power (VLF). 

Low frequency power (LF): 

The LF spectrum varies from 0.04 to 0.15 Hz. This indicates both 

sympathetic and parasympathetic tone. 

High frequency power (HF): 

HF power spectrum varies in range from 0.15 to 0.4 Hz. This indicates 

vagal tone. 

LF norm (nu): 

It is low frequency power in normalized units. 

LF norm = LF/ (Total power – VLF) X 100 

HF norm (nu): 

It is high frequency power in normalized units.  

HF norm = HF/ (Total power – VLF) X100 

LF/HF power ratio: 

The LF/HF ratio is a marker to assess sympathovagal balance. A decrease 

in the ratio indicates increase in parasympathetic tone and an increase indicates 

increase in sympathetic tone. 

 

 



ELECTROCARDIOGRAPHY: 

 Immediately after HRV was taken, the subjects were taken to the 

Cardiology department for ECG. There the subjects were made to sit silently for 

5 minutes and then subjected to ECG recording. The subject was made to lie in 

the supine position with the chest exposed and silver chloride gelled electrodes 

were affixed to right arm, left arm and left leg. Ground electrode was connected 

to the right leg. The precordial electrodes are cup shaped metal electrodes and 

were affixed in the precordium procuring the positions from V1 to V6. The 

electrocardiogram was done by using a 12- lead resting electrocardiographic 

recorder ECGELI350TM, Mortara instruments INC, Milwaukee, USA at a 

sampling rate of 1000 samples per second per channel. It is a Class I device with 

an internal storage of up to 200 – 500 ECGs. The recorded ECG was analysed 

for heart rate, PR interval, QRS duration, voltage of QRS complex, corrected QT 

interval (QTc), ST segment and T wave changes. 

 Heart rate was calculated by dividing 300 by number of large squares 

between two successive R waves. The normal heart rate varies from 60 -

100beats / min. 

 PR interval was measured as the distance between the onset of P wave to 

the onset of QRS complex. The normal duration of PR interval is 140 to 

210 milliseconds. 

 QRS duration was measured from the beginning of Q wave to the end of 

S wave. The normal QRS duration is 70 to 110 milliseconds. 

 Voltage of QRS complex – Normal range from 5 to 30mm. 



Low voltage QRS complex < 5mm in limb leads; < 10mm in precordial   

leads. 

 QTc interval was calculated from Bazett’s formula:  

QTc = QT / √R-R interval. 

European guidelines categorization of QTc interval(98) 

  

 All ECGs obtained were analyzed by modular ECG analysis system 

which is called as MEANS to obtain ECG measurements. This MEANS program 

has been extensively updated and validated by Willems et al 1987 and de Bruyne 

et al 1997.(99) ECGs with selected abnormalities were analyzed by a Cardiologist 

and compared with machine generated ECG intervals, the MEANS system 

proved to be the best for measuring ECG intervals.  

STATISTICAL ANALYSIS:  

 SPSS software version- 19, Chicago, Illinois was used for statistical 

analysis of values obtained.  

Continuous variables were presented as Mean ± Standard deviation (SD) 

and categorical variables were presented as absolute numbers or percentage. The 

comparison of normally distributed continuous variables between the 

hypothyroid group and the euthyroid group was performed using unpaired 

QTc interval Men Women 

Normal < 430 ms < 450 ms 

Borderline 430 – 450 ms 450 – 470 ms 

Prolonged > 450 ms > 470 ms 



Student’s ‘t’ test. Nominal categorical data between the two groups were 

compared using Chi-Square test or Fishers exact test as appropriate.  

The values of TSH, RMSSD, pNN50 and LF/HF ratio of the study group 

did not fall within normal distribution curve (Mean ± 2SD), hence Mann 

Whitney test which is a non-parametric test was applied to compare these 

variables to get more significance. Pearson correlation was performed to see the 

relationship between LF/HF ratio and TSH, FT4 and FT3 levels. Since TSH 

levels were not normally distributed in the hypothyroid group, Kendall’s tau test 

was used to find the correlation between TSH and LF/HF ratio. To assess the 

linear relationship between LF/HF ratio and TSH, FT4 and FT3, multiple 

regression analysis was done in the hypothyroid group. To assess the linear 

relationship between ECG parameters and TSH, FT4 and FT3, multiple 

regression analysis was done in the hypothyroid group. 

For all the statistical tests, P values:  

p > 0.05 was considered statistically insignificant.  

p < 0.05 was considered statistically significant.  

 

 

 

 

 

 

 



OBSERVATIONS AND RESULTS 

COMPARISON BETWEEN HYPOTHYROID GROUP AND EUTHYROID GROUP 

A total of 30 female hypothyroid subjects aged 25 to 45 years were 

included in the hypothyroid group and another 30 age matched apparently 

healthy females with euthyroid status were included in the euthyroid group. 

 

I. BASELINE CHARACTERISTICS OF HYPOTHYROID GROUP AND 

EUTHYROID GROUP  

Table 1:  Mean age of hypothyroid group and euthyroid group 

 All the subjects in both the hypothyroid and euthyroid groups were in the 

age group of 25 to 45 years. The Mean ± SD age of the hypothyroid group was 

37 (± 6.242) years and that of the euthyroid group was 34.67 (± 5.950) years and 

the difference was statistically not significant (P = 0.144). 

 

Table 2:  Age distribution of hypothyroid and euthyroid group (Chart 1) 

 The hypothyroid subjects were equally distributed in both the age 

distribution groups, 25 to 35 years and 35 to 45 years. The age wise distribution 

of subjects in both study groups was statistically not significant.(P value = 

0.435). 

  



 

II. COMPARISON OF THYROID FUNCTION TESTS IN 

HYPOTHYROID AND EUTHYROID GROUPS: 

Table 3: Thyroid function tests of hypothyroid and euthyroid groups           

TSH (Chart 2) 

 The mean (± SD) levels of serum TSH in the hypothyroid group was 

14.23 (± 18.04) µIU/mL and in the euthyroid group was 2.22 (± 0.879) µIU/mL. 

The difference was statistically significant (P = 0.001). The mean levels of TSH 

was above the normal range (N = 0.27 - 4.2) in the hypothyroid group and was 

within the normal range in the euthyroid group. 

FT4 (Chart 3) 

 The mean (± SD) levels of serum FT4 in the hypothyroid group was 1.17 

(± 0.30) ng/dL and in euthyroid group was 1.30 (± 0.34) ng/dL. The difference 

was statistically  not significant (P = 0.126). The mean levels of serum FT4 in 

both the hypothyroid and euthyroid groups were within the normal range (N = 

0.932 - 1.71). 

FT3 (Chart 4) 

 The mean (± SD) levels of serum FT3 in the hypothyroid group was 2.63 

(± 0.511) pg/mL and in the euthyroid group was 2.83 (± 0.367) pg/mL. The 

difference was statistically not significant (P = 0.093). The mean levels of serum 

FT3 in both the groups were within the normal range (N = 2.0 - 4.4).  

 



Table 4: Mann Whitney test to compare TSH levels in the hypothyroid and 

euthyroid groups 

 The mean rank of serum TSH levels was higher in the hypothyroid group 

and lower in the euthyroid group. The difference was statistically highly 

significant (P value = 0.000). 

III. COMPARISON OF HRV PARAMETERS IN HYPOTHYROID AND 

EUTHYROID GROUPS: 

Table 5 : Time domain parameters in hypothyroid and euthyroid groups 

Mean R-R (Chart 5)  

 The mean (±SD) values of mean R-R interval (ms) in the hypothyroid 

group was 736.17 (± 84.954) ms and in the euthyroid group was 527.53 (± 

170.951) ms. The difference was statistically significant (P = 0.000). In the 

hypothyroid group, the mean value of mean R-R interval was increased 

compared to the euthyroid group.  

SDNN (Chart 6) 

  The mean (±SD) values of SDNN (ms) in the hypothyroid group was 

60.347 (± 8.570) ms and in the euthyroid group was 89.27 (± 36.269) ms. The 

difference was statistically significant (P = 0.000). In the hypothyroid group, the 

mean value of SDNN was decreased compared to the euthyroid group.  

RMSSD (Chart 7) 

The mean (±SD) values of RMSSD (ms) in the hypothyroid group was 

19.76 (± 4.923) ms and in the euthyroid group was 61.62 (± 51.947) ms. The 

difference was statistically significant (P = 0.000). In the hypothyroid group, the 



mean value of RMSSD was decreased compared to the euthyroid group.                                          

pNN50 (Chart 8) 

The mean (±SD) values of pNN50 (ms) in the hypothyroid group was 

1.54 ± (1.450) ms and in the euthyroid group was 6.45 ± (6.140) ms.  

The difference was statistically significant (P = 0.000). In the hypothyroid group, 

the mean value of pNN50 was decreased compared to the euthyroid group.  

Table 6:  

Frequency domain parameters in the hypothyroid and euthyroid groups 

LF nu (Chart 9) 

The mean (± SD) value of LF (nu) in the hypothyroid group was 42.51 (± 

12.522) nu and in the euthyroid group was 30.92 (± 13.673) nu. The difference 

was statistically significant (P = 0.001). In the hypothyroid group, the mean 

value of LF (nu) was increased compared to the euthyroid group. 

HF nu (Chart 10)  

 The mean (± SD) value of HF (nu) in the hypothyroid group was 57.47 (± 

12.527) nu and in the euthyroid group was 69.23 (± 13.628) nu. The difference 

was statistically significant (P = 0.001). In the hypothyroid group, the mean 

value of HF (nu) was decreased compared to the euthyroid group.                                                

LF-HF ratio (Chart 11)  

The mean (± SD) values of LF/HF ratio in the hypothyroid group was 

0.79 (± 0.384) and in the euthyroid group was 0.50 (± 0.372).  



The difference was statistically significant (P = 0.001). In the hypothyroid 

group, the mean value of LF/HF ratio was increased compared to the euthyroid 

group. 

Table 7   

Mann Whitney test to compare pNN50 and LF/HF ratio of the hypothyroid 

and euthyroid groups 

pNN50  

The mean rank of pNN50 was decreased in the hypothyroid group and 

increased in the euthyroid group. The difference was statistically significant (P 

value = 0.003). 

LF-HF ratio  

The mean rank of LF/HF ratio was increased in the hypothyroid group 

and decreased in the euthyroid group. The difference was statistically significant 

(P value = 0.003). 

IV. COMPARISON OF ELECTROCARDIOGRAPHIC PARAMETERS 

IN HYPOTHYROID PATIENTS AND NORMAL SUBJECTS: 

Table 8 

Electrocardiographic parameters in the hypothyroid and euthyroid groups 

Heart rate (Chart 12) 

The mean (± SD) value of heart rate per minute in the hypothyroid group 

was 81.33 (± 12.552) ms and in the euthyroid group was 82.03 (± 10.627) ms.  

 

 



Statistically no significant difference was observed (P = 0.816). The mean value 

of heart rate in hypothyroid and euthyroid group was within normal limits (N = 

60 – 100/min). 

PR interval (Chart 13) 

The mean (±SD) value of PR interval (ms) in the hypothyroid group was 

147.40 (± 15.871) ms and in the euthyroid group was 141.33 (± 16.998) ms. The 

difference was statistically not significant (P = 0.158). The mean values of PR 

interval in both the groups were within normal limits (N = 140 – 210 ms). 

QRS duration (Chart 14) 

The mean (±SD) values of QRS duration (ms) in the hypothyroid group 

was 87.43 (± 11.054) ms and in the euthyroid group was 85.73 (± 6.373) ms. 

The difference was statistically not significant (P = 0.468). The mean values of 

QRS duration in both the groups were within normal limits (N = 70 – 110 ms). 

QTc interval (Chart 15) 

The mean (±SD) values of QTc interval (ms) in the hypothyroid group 

was 412.00 (± 21.683) and in the euthyroid group was 404.83 (± 25.919). The 

difference was statistically not significant (P = 0.250). The mean values of QTc 

interval in both the groups were within normal limits (N < 430 ms). 

Table 9  

Chi- squared test to assess ST segment changes in the hypothyroid and 

euthyroid groups  

The observations showed that ST segment was normal among the subjects 

of both study groups. Therefore no statistics were computed. 



Table 10  

Chi-squared test to assess T wave changes in the hypothyroid and euthyroid 

groups (Chart 16)  

 The observation of T wave pattern among the subjects in the hypothyroid 

group showed that 25 (83.3%) had normal or upright T wave, 3 (10%) had 

inverted T wave and 2 (6.7%) had flattened T wave. Among the subjects of 

euthyroid group, 30 (100 %) had normal or upright T wave and none had T wave 

abnormalities and the difference between the groups was statistically not 

significant (P = 0.065).   

 Table 11 

Chi- squared test to assess ventricular premature complexes (VPC) in the 

hypothyroid and euthyroid groups (Chart 17) 

 Among the subjects of the hypothyroid group, 2 (6.7 %) had VPCs and 28 

(93.3%) did not have any VPCs. Among the subjects of the euthyroid group, 

none had any VPCs. The difference between the groups was statistically not 

significant (P = 0.150).   

V. CORRELATION OF LF/HF RATIO WITH SERUM TSH, FT4 

AND FT3 IN the HYPOTHYROID AND EUTHYROID GROUPS 

Table 12  

Pearson’s correlation test between LF/HF ratio and serum TSH, FT4 and 

FT3 levels  

LF-HF ratio and serum TSH levels in hypothyroid and euthyroid groups 



 There was a weak positive correlation between LF/HF ratio and serum 

TSH levels in the hypothyroid group (r = 0.149, P = 0.430) which was 

statistically not significant. There was a negative correlation between LF/HF 

ratio and serum TSH levels in the euthyroid group (r = -0.244, P = 0.194), which 

was statistically not significant. 

LF-HF ratio and serum FT4 levels in hypothyroid and euthyroid groups 

There was a negative correlation between LF/HF ratio and serum FT4 

levels in the hypothyroid group (r = -0.166, P = 0.381) which was statistically 

not significant. There was a weak positive correlation between LF/HF ratio and 

serum FT4 levels in the euthyroid group (r = 0.120, P = 0.527) which was 

statistically not significant. 

LF-HF ratio and serum FT3 levels in hypothyroid and euthyroid groups 

There was a negative correlation between LF/HF ratio and serum FT3 

levels in the hypothyroid group (r = -0.095, P = 0.618) which was statistically 

not significant.  There was a negative correlation between LF/HF ratio and 

serum FT3 levels in the euthyroid group (r = -0.078, P = 0.682) which was 

statistically not significant. 

Table 13  

Kendall’s tau correlation of lf/hf ratio and serum tsh levels in the 

hypothyroid and euthyroid groups 

 Kendall’s tau test was used to find the correlation between TSH and 

LF/HF ratio as the serum TSH levels were not normally distributed in the 

hypothyroid group.  



There was a weak positive correlation between LF/HF ratio and serum TSH 

levels in the hypothyroid group (r = 0.248, P = 0.056) which was statistically not 

significant. There was a negative correlation between LF/HF ratio and serum 

TSH levels in the euthyroid group (r = -0.164, P = 0.210) which was statistically 

not significant. 

VI. MULTIPLE LINEAR REGRESSION ANALYSIS OF LF/HF RATIO 

AND SERUM TSH, FT4 AND FT3 LEVELS IN THE HYPOTHYROID 

GROUP 

Table 14 

 Regression of LF/HF ratio and serum TSH, FT4 and FT3 levels 

Regression of LF-HF ratio and serum TSH levels 

The independent contribution of serum TSH on LF/HF ratio by regression 

analysis was statistically not significant in the hypothyroid group (P value = 

0.947).  

Regression of LF-HF ratio and serum FT4 levels 

 The independent contribution of FT4 on LF/HF ratio was statistically not 

significant in the hypothyroid group (P value = 0.705). 

Regression of LF-HF ratio and serum FT3 levels 

 The independent contribution of FT3 on LF/HF ratio was statistically not 

significant in the hypothyroid group (P value = 0.970). 

The regression equation to obtain the LF/HF ratio was given by: 

LF/HF ratio = 1.015 + [(0.001 x TSH) + (-0.209 x FT4) + (-0.009 x FT3)] 



VII. MULTIPLE LINEAR REGRESSION ANALYSIS OF ECG 

PARAMETERS AS DEPENDENT VARIABLES AND TSH, FT4 AND FT3 

AS INDEPENDENT VARIABLES IN THE HYPOTHYROID GROUP 

Table 15 : Regression of Heart rate and serum TSH, FT4 and FT3 levels 

Regression of Heart rate and serum TSH levels 

 The independent contribution of serum TSH on heart rate by regression 

analysis was statistically not significant in the hypothyroid group (P value = 

0.197). 

Regression of Heart rate and serum FT4 levels  

 The independent contribution of FT4 on heart rate was statistically not 

significant in the hypothyroid group (P value = 0.856). 

Regression of Heart rate and serum FT3 levels  

 The independent contribution of FT3 on heart rate was statistically 

significant in the hypothyroid group (P value = 0.012). 

The regression equation to obtain the heart rate was given by: 

HR = 28.867 + [(0.311 x TSH) + (1.887 x FT4) + (17.375 x FT3)]/ min 

Table 16  

Regression of PR interval and serum TSH, FT4 and FT3 levels 

Regression of PR interval and serum TSH levels 

 The independent contribution of serum TSH on PR interval by regression 

analysis was statistically not significant in the hypothyroid group (P value = 

0.695). 

 



Regression of PR interval and serum FT4 levels 

 The independent contribution of FT4 on PR interval was statistically not 

significant in the hypothyroid group (P value = 0.686). 

Regression of PR interval and serum FT3 levels 

 The independent contribution of FT3 on PR interval was statistically not 

significant in hypothyroid patients (P value = 0.993). 

The regression equation to obtain the PR interval was given by: 

PR interval = 142.091 + [(-0.131 x TSH) + (5.924 x FT4) + (0.076 x FT3)] ms 

Table 17 Regression of QRS duration and serum TSH, FT4 and FT3 levels 

Regression of QRS duration and serum TSH levels 

 The independent contribution of serum TSH on QRS duration by 

regression analysis was statistically not significant in the hypothyroid group (P 

value = 0.114). 

Regression of QRS duration and serum FT4 levels 

 The independent contribution of FT4 on QRS duration was statistically 

not significant in the hypothyroid group (P value = 0.917). 

Regression of QRS duration and serum FT3 levels 

 The independent contribution of FT3 on QRS duration was statistically 

not significant in the hypothyroid group (P value = 0.170). 

The regression equation to obtain the QRS duration was given by: 

QRS duration = 115.995 + [(-0.358 x TSH) + (-1.014 x FT4) + (-8.448 x FT3)] ms 

 

 



Table 18  

Regression of QTc interval and serum TSH, FT4 and FT3 levels 

Regression of QTc interval and serum TSH levels 

 The independent contribution of serum TSH on QTc interval by 

regression analysis was statistically not significant in the hypothyroid group (P 

value = 0.561). 

Regression of QTc interval and serum FT4 levels 

 The independent contribution of FT4 on QTc interval was statistically not 

significant in the hypothyroid group (P value = 0.105). 

Regression of QTc interval and serum FT3 levels 

 The independent contribution of FT3 on QTc interval was statistically not 

significant in the hypothyroid group (P value = 0.261). 

The regression equation to obtain the QTc interval was given by: 

QTc interval = 486.286 + [(-0.246 x TSH) + (-30.768 x FT4) + (-13.111 x FT3)] ms. 

 

 

 

 

 

 

 

 

 



 

TABLE 1  

Comparison of mean age of hypothyroid group and euthyroid group 

Hypothyroid group (n = 30) Euthyroid group (n = 30) 

P value Age (in years) Age (in years) 

Mean ± SD Range Mean ± SD Range 

37 ± 6.242 25 - 45 34.67 ± 5.950 25 - 45 0.144 

 
P-value < 0.05    -    statistically significant 
    

TABLE 2 

Age distribution of hypothyroid and euthyroid group 

Age 

(in years) 

Hypothyroid group Euthyroid group 

P  value 

n % n % 

25 – 35 yrs 15 50 % 19 63.3 % 

0.435 
35 – 45 yrs 15 50 % 11 36.7 % 

 
    
P-value < 0.05    -    statistically significant 
 
 



 
 

TABLE 3 

Comparison of thyroid function tests between hypothyroid and 

euthyroid groups 

 
Thyroid function test 

parameters 

Hypothyroid group Euthyroid group 
 

P value  
Mean ± SD 

 
Mean ± SD 

TSH (µIU/mL) 
N = (0.27  -  4.2) 

 
14.23 ± 18.04 

 
2.22 ±  0.879 

 
0.001** 

FT4 (ng/dL) 
N= (0.932 - 1.71) 

 
1.17 ± 0.30 

 
1.30 ± 0.34 0.126 

FT3 (pg/mL) 
N= (2.0  -  4.4) 

 
2.63 ± 0.511 

 
2.83±0.367 

 
0.093 

    
P-value < 0.05    -    statistically significant 
 

TABLE 4 

Mann Whitney test to compare TSH levels in the hypothyroid and 

euthyroid groups 

Parameter 

Hypothyroid 

group 

Euthyroid  

group 
Mann 

Whitney 

(U) 

 

P value 

 Mean rank Mean rank 

Serum TSH 

(µIU/mL) 
45.50 15.50 0.000 0.000*** 

 
P-value < 0.05    -    statistically significant 



   
 

TABLE 5 

Comparison of Time domain parameters between hypothyroid and 

euthyroid groups 

 

Time domain     

parameters 

Hypothyroid group Euthyroid group 

P value 

Mean ± SD Mean ± SD 

Mean R-R interval 

(ms) 
736.17± 84.954 527.53 ± 170.951 

 

0.000*** 

 

SDNN  (ms) 

 

60.347 ± 8.570 

 

 

89.27 ± 36.269 

 

0.000*** 

RMSSD (ms) 

 

19.76 ± 4.923 

 

61.62 ± 51.947 0.000*** 

pNN50 1.54 ± 1.450 6.452 ± 6.140 0.000*** 

 
P-value < 0.05    -    statistically significant 
 
 
 
 
                                                       
 
 
 



 
 

TABLE 6 

Comparison of Frequency domain parameters between hypothyroid and 

euthyroid groups 

 

 

Frequency domain     

parameters 

Hypothyroid group Euthyroid group 
 

P value Mean ± SD Mean ± SD 

LF (nu) 

 

42.51± 12.522 

 

 

30.92 ± 13.673 

 

 

0.001** 

 

HF   (nu) 

 

 

57.47 ±12.527 

 

 

69.23 ± 13.628 

 

 

0.001** 

LF/HF ratio 

 

0.79 ± 0.384 

 

 

0.50 ± 0.372 

 

 

0.001** 

 
P-value < 0.05    -    statistically significant 
  
    
 
 
 
 



 
 

      TABLE 7 

Mann Whitney test to compare pNN50, LF/HF ratio between hypothyroid 

and euthyroid groups 

 

 

P-value < 0.05    -    statistically significant 
 
    
 
 
 
  

 
 
 
 
 

 
Parameter 

 
Hypothyroid 

group 

 
Euthyroid group  

Mann 

Whitney U 

 
P value 

 
 

Mean rank 
 

Mean rank 

 
pNN50 

 
23.87 

 

 
37.13 

 
251.000 

 
0.003** 

 
LF/HF ratio 

 
37.20 

 

 
23.80 

 
249.000 

 
0.003** 



 
 

TABLE 8 

Comparison of electrocardiographic parameters between hypothyroid 

and euthyroid groups 

Electrocardiographic 

parameters 

 

Hypothyroid  

group 

 

Euthyroid  

group 
 

 

P value 
Mean ± SD Mean ± SD 

Heart rate / min 

(N = 60 -100) 
81.33 ± 12.552 

82.03 ± 10.627 

 

 

0.816 

 

PR interval (ms) 

(N = 140 - 210) 

 

147.40 ± 15.871 

 

 

141.33 ±16.998 

 

0.158 

QRS duration (ms) 

(N = 70 - 110) 
87.43± 11.054 

 

85.73 ± 6.373 

 

0.468 

QTc interval (ms) 

(N < 430) 
412 ± 21.683 404.83 ± 25.919 0.250 

 
P-value < 0.05    -    statistically significant 
 
 
 
 
 
 

 
 
 



 
 

TABLE 9 

Chi- squared test to assess ST segment changes in the hypothyroid and 

euthyroid groups 

ST segment 

Hypothyroid  

group 

Euthyroid 

 group P value /     

Pearson 

chi – square n % n % 

Normal 
 

30 

 

100% 

 

30 

 

100% 

No statistics 

computed 
Elevated 

 

0 

 

0.0% 

 

0 
0.0% 

Depressed 
 

0 

 

0.0% 

 

0 

 

0.0% 

 

 
 
 
 
 
 
 
 

 
 
 
 
 



 
 

TABLE 10 

Chi-squared test to assess T wave changes in the hypothyroid and euthyroid 

groups 

T wave    

changes 

Hypothyroid group Euthyroid group 
P value / 

Pearson 

Chi – square 
n % n % 

Upright 25 83.3 % 30 100 % 

0.065 Inverted 3 10.0 % 0 0.0% 

Flattened 2 6.7 % 0 0.0% 

 
 
P-value < 0.05    -    statistically significant 
 
 
 
 
                                                           
  



 

TABLE 11 

Chi- squared test to assess ventricular premature complexes (VPC) in the 

hypothyroid and euthyroid groups 

VPCs 

Hypothyroid group Euthyroid group P value /   

Pearson 

Chi- square 
n % n % 

 
Yes 

 
2 6.7 % 0 0.0% 

0.150 

 
No 

 
28 93.3 % 30 100.0% 

 
 

P-value < 0.05    -    statistically significant 
 
 
 
 
                                                           
  



TABLE 12 

Pearson’s correlation test between LF/HF ratio and serum TSH, FT4 and 

FT3 levels 

 
P-value < 0.05    -    statistically significant 
 
 

TABLE 13 

Kendall’s tau correlation of LF/HF ratio and serum TSH   

levels in the hypothyroid and euthyroid groups 

 

P-value < 0.05    -    statistically significant 
 

 
LF/HF 

ratio 
 

TFT 

 
Hypothyroid group 

 
Euthyroid group 

 
Correlation 

Coefficient (r) 

 
P value 

 
Correlation 

Coefficient (r) 

 
P value 

TSH 0.149 0.430 -0.244 0.194 

FT4 -0.166 0.381 0.120 0.527 

FT3 -0.095 0.618 -0.078 0.682 

 

LF/HF 

ratio 

 

TFT 

Hypothyroid group Euthyroid group 

Correlation 

Coefficient (r) 
P value 

Correlation 

Coefficient (r) 
P value 

TSH 0.248 0.056 -0.164 0.210 



TABLE 14 

Multiple linear regression analysis of LF/HF ratio and serum TSH, FT4 and 

FT3 levels in the hypothyroid group 

Independent variables 
Unstandardized 

Co-efficient  β 
P value 

Constant 1.015 0.344 

TSH 0.001 0.947 

FT4 -0.209 0.705 

FT3 -0.009 0.970 

 
P-value < 0.05    -    statistically significant 
 

Multiple linear regression analysis of ECG Parameters And Serum TSH, 

FT4 and FT3 levels in hypothyroid group 

TABLE 15 

Regression of Heart rate and serum TSH, FT4 and FT3 levels 

Independent variables Unstandardized Co-efficient (β) P value 

Constant 28.867 0.292 

TSH 0.311 0.197 

FT4 1.887 0.856 

FT3 17.375 0.012 

 
P-value < 0.05    -    statistically significant 
 



TABLE 16 

Regression analysis of PR interval and serum TSH, FT4 and FT3 levels 

 

Independent variables 

 

Unstandardized Co-efficient  

(β) 

 

P value 

Constant 142.091 0.001 

TSH - 0.131 0.695 

FT4 5.924 0.686 

FT3 0.076 0.993 

 
P-value < 0.05    -    statistically significant 
 
         TABLE 17 

Regression analysis of QRS duration and serum TSH, FT4 and FT3 levels 

Independent variables Unstandardized Co-efficient  (β) P value 

Constant 115.995 0.000 

TSH -0.385 0.114 

FT4 -1.014 0.917 

FT3 -8.448 0.170 

 
P-value < 0.05    -    statistically significant 
 
 
 



TABLE 18 

Regression analysis of QTc interval and serum TSH, FT4 and FT3 levels 

 

Independent  

variables 

 

Unstandardized Co-efficient  (β) 

 

P value 

Constant 486.286 0.000 

TSH -0.246 0.561 

FT4 -30.768 0.105 

FT3 -13.111 0.261 

 
P-value < 0.05    -    statistically significant 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

      
 
 
 
 



CHART 1 

Age distribution of subjects in Hypothyroid group and Euthyroid group 

 
 

CHART 2 

TSH levels in Hypothyroid group and Euthyroid group 

 
 

P-value < 0.05    -    statistically significant 
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CHART 3 

FT4 levels in Hypothyroid group and Euthyroid group 

 
 

CHART 4 
FT3 levels in Hypothyroid group and Euthyroid group 

 
 

P-value < 0.05    -    statistically significant 
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CHART 5 

Mean R-R interval in Hypothyroid group and Euthyroid group 

 

CHART 6 

SDNN in Hypothyroid group and Euthyroid group 

 
 

P-value < 0.05    -    statistically significant 
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CHART 7 

RMSSD in Hypothyroid group and Euthyroid group 

 
 

CHART 8 
pNN50 in Hypothyroid group and Euthyroid group 

 

 
 
P-value < 0.05    -    statistically significant 
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CHART 9 

LF nu in Hypothyroid and Euthyroid group 

 

 
 

CHART 10 
HF nu in Hypothyroid group and Euthyroid group 

 

 
 

P-value < 0.05    -    statistically significant 
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CHART 11 

LF/HF ratio in Hypothyroid and Euthyroid group 

 
 

CHART 12 
Heart rate in Hypothyroid group and Euthyroid group 

 

 
 
P-value < 0.05    -    statistically significant 
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CHART 13 

PR interval in Hypothyroid and Euthyroid group 

 
 

CHART 14 

QRS duration in Hypothyroid group and Euthyroid group 

 
 
P-value < 0.05    -    statistically significant 
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CHART 15 

QTc interval in Hypothyroid group and Euthyroid group 

 

 
 

CHART 16 
T wave characteristics in Hypothyroid group and Euthyroid group 

 

P-value < 0.05    -    statistically significant 
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CHART 17 

Ventricular premature complexes in Hypothyroid group and euthyroid group 

 

 
P-value < 0.05    -    statistically significant 
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DISCUSSION 

"Hypothyroidism" is derived from the Greek words hypo for 

"reduced", thyreos for "shield", and eidos for "form."(100) The simplest way to 

define hypothyroidism is under activity of the thyroid gland resulting in 

decreased production of thyroid hormones. Women are more commonly affected 

than men and older people in particular are more commonly affected.(12) 

Worldwide, the most common cause for hypothyroidism is iodine 

deficiency. It is estimated that about 1 billion people worldwide suffer from 

iodine deficiency.(10) Hypothyroidism secondary to iodine deficiency is a 

preventable disorder and can be prevented at the population level by universal 

salt iodization.(101)  

Hypothyroidism can be effectively treated with levothyroxine therapy. 

The dose of levothyroxine can be adjusted depending upon the symptoms and 

normalization of thyroxine and TSH levels. If hypothyroidism is left untreated, it 

may cause life threatening complications in children as well as in adults. 

Therefore it is important for a physician to be aware of clinical signs and 

symptoms and diagnose hypothyroidism systematically.  

From the earlier research on hypothyroidism it is clear that both Heart 

Rate Variability and Electrocardiography play an important role in diagnosing 

the cardiac complications occurring in hypothyroidism.  

The doubts raised by earlier studies on the efficiency of Heart Rate 

Variability in diagnosing the autonomic dysfunction in hypothyroid subjects 

much earlier than electrocardiographic changes appear have not been verified by 



any comparative studies. In the absence of any well planned studies for the 

above reason, this study was planned.  

Thirty females aged between 25 to 45 years presenting with newly 

diagnosed clinical and subclinical hypothyroidism and thirty age matched 

apparently healthy females were included in the study. 

Demographic profile: 

 In our study, there was no statistically significant difference in mean age 

of subjects of both the groups. This shows that both the groups are age matched. 

Hypothyroidism has been reported in all age groups from children to adults. 

Among adults, it has been reported that the prevalence of hypothyroidism 

increases with increasing age.(17)  

In our study, all the subjects were females of reproductive age group and 

hence no significant difference was observed between both the groups. The most 

common age group according to earlier studies was the adult population(12,14)  

especially females of the reproductive age group(15) and  the elderly 

population.(13,97) 

Thyroid function tests in the hypothyroid and euthyroid groups: 

In our study the mean level of serum TSH in the hypothyroid group was 

higher than the upper limit for TSH compared to the euthyroid group. This 

finding is similar to the earlier studies done by Karthik et al(79) and Syamsunder 

et al(15).  



In our study the mean level of serum FT4 in the hypothyroid group did not 

differ significantly from that of euthyroid group. This observation is similar to 

the studies done by Karthik et al(79) and Syamsunder et al(15).  

In this study, the mean value of serum FT3 in the hypothyroid group did 

not differ significantly from that of euthyroid group. These results exhibit 

similarity to the studies investigated by Karthik et al(79) and Syamsunder et al(15). 

Hypothyroidism was classified based on AACE/ATA guidelines as 

subclinical and overt hypothyroidism. If serum free T4 is normal and TSH level 

is more than 4.2 µIU/mL it is subclinical hypothyroidism and when serum free 

T4 is less than 0.932ng/dL and serum free TSH level is more than 10 µIU/mL it 

is said to be overt hypothyroidism.(39) 

Out of the 30 subjects in the hypothyroid group, 15 (50%) subjects had 

overt hypothyroidism and 15 (50%) subjects had subclinical hypothyroidism.  

Heart Rate Variability in the hypothyroid and euthyroid groups: 

 Heart rate variability indicates the autonomic tone of the individual. 

Frequency domain indices are said to be the best quantitative indicators to assess 

sympathetic and parasympathetic activity.  

When parasympathetic activity is predominant, there is occurrence of 

bradycardia and increased beat to beat variation whereas increased sympathetic 

activity causes tachycardia and decreased beat to beat variation. This decreased 

beat to beat variability is a predictor of morbidity and mortality whereas 

increased beat to beat variability is desirable.  



 Abnormality in the HRV indices predicts the cardiovascular etiology for 

mortality, coronary atherosclerosis and cardiac arrhythmias.  

Time domain indices in the hypothyroid and euthyroid groups: 

Mean R-R interval: 

In our study, the mean R-R interval in the hypothyroid group was 

significantly higher than in the euthyroid group (P = 0.000). This indicates an 

increase in parasympathetic tone compared to sympathetic tone. This increase in 

mean R-R interval in hypothyroid subjects may be due to decreased chronotropic 

action in response to β-adrenergic stimulation, despite elevated plasma 

catecholamine levels.(21) 

The findings are in accordance with the study done by Karthik et al(79) on 

sympathovagal imbalance in thyroid dysfunction who observed that the mean 

value of mean R-R interval was significantly increased in hypothyroids 

compared to that of euthyroids. 

The findings match with a study done investigated by Syamsunder et al(15) 

on sympathovagal imbalance and cardiovascular risks in hypothyroidism.  

They found that the mean value of mean R-R interval was significantly 

increased in hypothyroids compared to that of euthyroids.  

Other studies have also showed similar findings in hypothyroid subjects. 

In a study done by Galetta et al(23) on HRV and QT dispersion in hypothyroid 

subjects, the mean value of mean R-R interval was significantly increased in 

hypothyroids compared to that of euthyroids.  



However in the study done by Cacciatori et al(80) to assess the power 

spectral analysis of heart rate in hypothyroidism, the mean value of mean R-R 

interval was similar in both hypothyroids and euthyroids. 

SDNN: 

 In our study, the mean value of SDNN was significantly reduced in the 

hypothyroid compared to the euthyroid group. SDNN of time domain indices 

determine the high frequency variations in heart rate. This finding suggests that 

the high frequency variations in heart rate are reduced in the hypothyroid group 

compared to the euthyroid group.  

 This finding indicates decrease in parasympathetic activity in hypothyroid 

subjects. This reduction in high beat to beat to variation is an indicator of 

cardiovascular morbidity and mortality. 

The findings are in accordance with the study done by Karthik et al(79) 

where the mean value of SDNN was significantly decreased in hypothyroids 

compared to euthyroids.  

The findings are also in accordance with the study done by Syamsunder et 

al(15) where the mean value of SDNN was significantly decreased in 

hypothyroids compared to euthyroids.  

The findings also match with the study investigated by Galetta et al(23), 

where the mean value of SDNN was significantly decreased in hypothyroids 

compared to euthyroids.  

 

 



RMSSD: 

 In our study, the mean value of RMSSD was significantly reduced in the 

hypothyroid group compared to the euthyroid group. The RMSSD of heart rate 

variability determines the high frequency variations in heart rate. These results 

indicate decrease in parasympathetic activity in hypothyroid subjects. 

The findings are in accordance with the study done by Karthik et al(79) 

where the mean value of RMSSD was significantly decreased in hypothyroids 

compared to euthyroids.  

 The findings have similarity to the study performed by Syamsunder et 

al(15) where the mean value of RMSSD was significantly decreased in 

hypothyroids compared to euthyroids.  

The findings also have similarity to the study done by Galetta et al(23), 

where the mean value of RMSSD was significantly decreased in hypothyroids 

compared to euthyroids.  

pNN50:  

In our study, the mean value of pNN50 was significantly reduced in the 

hypothyroid group compared to the euthyroid group.  

 pNN50 of heart rate variability also denotes the high frequency variation 

in heart rate. The decrease in pNN50 indicates decrease in parasympathetic 

activity in hypothyroid subjects.  

 The findings are in accordance with the study done by Syamsunder et 

al(15) where the mean value of pNN50 was significantly decreased in 

hypothyroids compared to euthyroids.  



The findings are similar to the study investigated by Galetta et al(23)  

where the mean value of pNN50 was significantly decreased in hypothyroids 

compared to euthyroids. 

Frequency domain parameters of the hypothyroid and euthyroid groups: 

LF (nu): 

In our study, the mean value of LF nu was significantly increased in the 

hypothyroid group compared to the euthyroid group. LF nu indicates 

sympathetic activity. This suggests an increase in sympathetic tone in 

hypothyroid subjects. 

The findings are in accordance with the study done by Karthik et al(79) 

where the mean value of LF nu was significantly increased in hypothyroids 

compared to euthyroids. 

The findings have similarity to the study investigated by Syamsunder et 

al(15), where the mean value of LF nu was significantly increased in hypothyroids 

compared to euthyroids. 

The findings are also in accordance with the study done by Cacciatori et 

al(80), where the mean value of LF nu was significantly increased in hypothyroids 

compared to euthyroids. 

HF (nu): 

 In our study, HF nu was significantly decreased in the hypothyroid group 

compared to the euthyroid group. HF nu indicates parasympathetic activity. This 

suggests a decrease in parasympathetic tone in hypothyroid subjects. 



The findings are in accordance with the study done by Karthik et al(79) 

where the mean value of HF was significantly decreased in the hypothyroids 

compared to the euthyroids.  

The findings are also in accordance with a study done by Syamsunder et 

al(15), where the mean value of HF was significantly decreased in the 

hypothyroids compared to the euthyroids.  

The findings have similarity to the study investigated by Cacciatori et 

al(80), where the mean value of HF was significantly decreased in the 

hypothyroids compared to the euthyroids.  

LF/HF ratio: 

 In our study, the mean value of LF/HF ratio in the hypothyroid group was 

significantly increased when compared to euthyroid group. The LF/HF ratio 

measures sympathovagal balance and the primary cause for increase in LF/HF 

ratio in our study may be due to increased sympathetic tone .(21) 

 The findings are in accordance with the study done by Karthik et al(79) 

where the mean value of LF/HF ratio was significantly increased in 

hypothyroids compared to the euthyroids.  

The findings have similarity to the study investigated by Syamsunder et 

al(15), where the mean value of LF/HF ratio was increased in hypothyroids 

compared to euthyroids. 

The findings are also in accordance with the study done by Cacciatori et 

al(80), where the mean value of LF/HF ratio was increased in hypothyroids 

compared to euthyroids. 



Correlation of LF/HF ratio with thyroid hormone levels:  

LF/HF ratio and serum TSH levels:  

 In our study, there was a weak positive correlation between LF/HF ratio 

and serum TSH levels in the hypothyroid group which was statistically not 

significant. 

The finding is in accordance with the study done by Karthik et al(79) 

where there was a significant moderate positive correlation between LF/HF ratio 

and serum TSH levels in hypothyroid subjects. The finding is also in accordance 

with the study done by Syamsunder et al(15), where there was a significant 

moderate positive correlation between LF/HF ratio and serum TSH levels in 

hypothyroid subjects. 

LF/HF ratio and serum FT4 levels:  

 In our study, there was a negative correlation between LF/HF ratio and 

serum FT4 levels in the hypothyroid group which was statistically not 

significant. 

The finding is in accordance with a study done by Karthik et al(79), in 

which they observed a significant negative correlation between LF/HF ratio and 

serum FT4 levels in hypothyroid subjects.  

The finding is also in accordance with another study by Syamsunder et 

al(15), where they observed a significant negative correlation between LF/HF 

ratio and serum FT4 levels in hypothyroid subjects. 

 

 



LF/HF ratio and serum FT3 levels:  

In our study, there was a negative correlation between LF/HF ratio and 

serum FT3 levels in the hypothyroid group which was statistically not 

significant. 

Earlier studies have also observed negative correlation between LF/HF 

ratio and FT3 in hypothyroid subjects. In the study done by Karthik et al(79), a 

significant negative correlation was observed between LF/HF ratio and serum 

FT3 levels in hypothyroid subjects. In another study by Syamsunder et al(15), a 

significant negative correlation was observed between LF/HF ratio and serum 

FT3 levels in hypothyroid subjects. 

Multiple regression analysis of LF/HF ratio with thyroid hormone levels: 

 In our study, multiple regression analysis showed that the independent 

contributions of serum TSH, FT4 and FT3 to LF/HF ratio was statistically not 

significant in the hypothyroid group. This indicates that the autonomic 

imbalance in hypothyroid subjects may not be directly linked to serum levels of 

TSH, FT3 and FT4. 

The findings are in accordance with a study done by Syamsunder et al(15), 

where multiple regression analysis showed no significant independent 

contribution of TSH, FT4 or FT3 towards LF/HF ratio in hypothyroid subjects. 

Electrocardiographic parameters in the hypothyroid and euthyroid groups: 

Heart rate: 

In our study, the mean value of heart rate per minute was within normal 

limits in both the hypothyroid and euthyroid groups. None of the hypothyroid 



subjects had bradycardia. The finding was similar to a study done by Fazio et 

al(90) who observed normal heart rate in hypothyroid subjects.  

Other studies have observed bradycardia in hypothyroidism. In a study 

done by Satpathy et al(25), 12 out of the 44 hypothyroid subjects had sinus 

bradycardia. In a study done by Sarma et al(91), heart rate was decreased in 

hypothyroid subjects compared to controls. In an another study done by Agarwal 

et al(93), a significant decrease in heart rate was observed in hypothyroid subjects.  

PR interval:   

 In our study, the mean value of PR interval was within normal limits in 

both the hypothyroid and euthyroid groups. None of the hypothyroid subjects 

had prolonged PR interval. 

No comparable data was available in the literature on comparison of PR 

interval between hypothyroid and euthyroid groups. 

QRS duration: 

In our study, the mean value of QRS duration was within normal limits in 

both the hypothyroid and euthyroid groups. None of the hypothyroid subjects 

had prolonged QRS duration.  

No comparable data was available in the literature on comparison of QRS 

duration between hypothyroid and euthyroid subjects. 

QRS voltage: 

 In our study, no significant changes were noted in the voltage of QRS 

complex in both the hypothyroid and euthyroid groups. Earlier studies however 

have reported low voltage QRS complexes in hypothyroid subjects.  



In a study done by Satpathy et al(25), 8 out of the 44 hypothyroid subjects 

had low voltage QRS complexes. In another study done by Agarwal et al(93), 

three patients had low voltage QRS complexes. Another study done by Babu et 

al(92) reported that two hypothyroid patients had low voltage QRS complexes. 

QTc interval: 

In our study, the mean value of QTc interval was within normal limits in 

both the hypothyroid and euthyroid groups. Two hypothyroid subjects had 

borderline prolongation of QTc interval.  

Earlier studies have also observed prolongation of QTc interval in 

hypothyroid subjects. In a study done by Satpathy et al(25), it was observed that 8 

out of the 44 hypothyroid subjects had prolonged QTc interval. In a study done 

by Sarma et al(91), prolongation of corrected QT interval (QTc) was seen in 

hypothyroid subjects compared to controls. This prolongation of QTc interval 

may be due to increased sympathetic influence on autonomic cardiovascular 

system and decrease in potassium current.(89)   

ST segment changes: 

In our study, no ST segment changes were observed in both the 

hypothyroid and euthyroid groups. This was in contrast to earlier studies which 

have reported ST segment depression in hypothyroid subjects.  

In a study done by Satpathy et al(25), 15 out of 44 hypothyroid subjects 

had ST segment depression. In another study conducted by Babu et al(92), 5 

subjects had ST segment changes. The changes in ST segment is said to be due 



to accelerated atherosclerosis and coronary artery disease which may be 

attributed by hypercholesterolemia and diastolic hypertension.(25) 

T wave changes:  

In our study, 3 hypothyroid subjects had inverted T waves and 2 

hypothyroid subjects had flattened T waves.  

Earlier studies have reported T wave inversion and T wave flattening in 

hypothyroidism.  In a study conducted by Babu et al(92), 23 patients had flat or 

inverted T wave. This was in contrast to a study done by Satpathy et al(25), where 

none of hypothyroid patients had T wave inversion or flattening. The changes in 

T wave may be due to myxedematous infiltration of the myocardium.(94) 

Ventricular Premature Complex: 

In our study, 2 hypothyroid subjects had ventricular premature 

complexes. This finding was similar to a study done by Satpathy et al(25), 2 out of 

the 44 hypothyroid patients had ventricular premature complexes. 

Multiple regression analysis of ECG parameters and thyroid hormone 

levels: 

ECG parameters and serum TSH levels: 

In our study, multiple regression analysis showed that the independent 

contribution of serum TSH to heart rate, PR interval, QRS duration and QTc 

interval was statistically not significant in the hypothyroid group. These findings 

indicate that serum TSH level is not a good predictor of changes in the ECG 

parameters in hypothyroid subjects. No comparable data was available in the 

literature on regression analysis of ECG parameters with serum TSH levels. 



ECG parameters and serum FT4 levels: 

In our study, multiple regression analysis showed that the independent 

contribution of serum FT4 to heart rate, PR interval, QRS duration and QTc 

interval was statistically not significant in the hypothyroid group.   

These findings indicate that serum FT4 level is not a good predictor of 

ECG parameters. No comparable data was available in the literature on 

regression analysis of ECG parameters with serum FT4. 

ECG parameters and serum FT3 levels: 

 In our study, multiple regression analysis showed a statistically 

significant independent contribution of FT3 to heart rate in the hypothyroid 

group. This finding indicates that FT3 is a good predictor of heart rate in 

hypothyroid subjects. 

In our study, multiple regression analysis showed that the independent 

contribution of serum FT3 to PR interval, QRS duration and QTc interval was 

statistically not significant in the hypothyroid group. These findings indicate that 

serum FT3 level is not a good predictor of PR interval, QRS duration and QTc 

interval. No comparable data was available in the literature on regression 

analysis of ECG parameters with serum FT3. 

  

 

 

 

 



CONCLUSION 

In this study, comparison of spectral components of Heart Rate 

Variability between hypothyroid and euthyroid subjects showed significant 

autonomic imbalance with predominant sympathetic tone and decreased 

parasympathetic tone in hypothyroid subjects which indicates poor 

cardiovascular control and predisposition to cardiovascular diseases like 

myocardial infarction, cardiac failure and arrythmias.  

The increased mean RR interval in hypothyroid subjects is attributed to 

desensitization of β adrenergic receptors to endogenous catecholamines despite 

the increased levels. The other time domain parameters SDNN, RMSSD and 

pNN50 showed significant increase in sympathetic activity in hypothyroid 

subjects. 

In frequency domain analysis, increase in LF nu with decrease in HF nu 

indicates reduced vagal tone in hypothyroid subjects. Also decreased HF nu in 

hypothyroid subjects compared to euthyroid, suggest a significant reduction in 

parasympathetic activity. 

LF-HF ratio is the most sensitive index of autonomic balance. The 

increased LF-HF ratio in hypothyroid subjects suggest increase in sympathetic 

tone and decrease in vagal tone. 

 Though LF-HF ratio showed weak positive correlation with serum TSH 

levels and negative correlation with serum FT3 and FT4 levels, multiple 

regression analysis of these variables showed no independent contribution to LF-

HF ratio.  



This suggests that the autonomic imbalance in hypothyroid subjects may 

not be directly linked to serum levels of TSH, FT3 and FT4. 

In this study, comparison of electrocardiographic parameters between 

hypothyroid and euthyroid subjects, revealed no significant changes in the heart 

rate, PR interval, QRS duration, QRS complex voltage and ST segment. Out of 

thirty hypothyroid subjects, two had borderline prolongation of QTc interval, 

three subjects had inverted T waves, two subjects had flattened T waves and two 

subjects had ventricular premature complexes.  

Multiple regression analysis of ECG parameters with thyroid hormones 

and TSH showed that serum FT3 was a better predictor of heart rate than serum 

FT4 and serum TSH. This suggests that heart rate was directly linked to serum 

FT3 levels. 

From this study, power spectral analysis of Heart Rate Variability appears 

to be superior to ECG in detecting early cardiac changes in hypothyroid subjects. 

ECG is a commonly used clinical investigation for detecting cardiac 

abnormalities while HRV is a research tool which is rarely used in clinical 

practice. Hence further studies are needed to establish the clinical utility of Heart 

Rate Variability in diagnosing cardiac morbidity.  
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ANNEXURE I 

 

PROFORMA FOR EVALUATION  

 

NAME   : 

AGE    : 

SEX    : 

REG NO   : 

ADDRESS   : 

OCCUPATION  : 

TREATMENT HISTORY : 

FAMILY HISTORY : 

ARE YOU ON TREATMENT FOR ANY OTHER CHRONIC DISEASE : 

1) Hypertension  

2) Any cardiac illness 

3) Diabetes 

4) Bronchial asthma 

5) Parkinson’s 

6)  hyperthyroidism 

7) Chronic use of any medications 

 

PERSONAL HISTORY: 

(ALCOHOLIC/SMOKING/TOBACCO CHEWING) 

   

 

 

SIGNATURE OF THE PARTICIPANT 

  



ANNEXURE II 
 

PSG Institute of Medical Science and Research, Coimbatore 
Institutional Human Ethics Committee 

INFORMED CONSENT FORMAT FOR RESEARCH PROJECTS FOR CASES 
 

 
I,  Dr. K. Shyamala Gowri , am carrying out a study on the topic: “ A study of Heart Rate Variability 
and Electrocardiographic changes in hypothyroid patients correlated with T3, T4 and TSH levels “ 
as part of my project being carried out under the aegis of the Department of Physiology.   
 
(Applicable to students only): My research guide is: Dr. T. Uma Maheshwari 
 
The justification for this study is:  

 Very few studies have evaluated the association of thyroid hormone levels with 
electrocardiographic parameters and results obtained were inconsistent. 
 
 
The objectives of this study are: 
   
Aim :  

To evaluate the short term Heart Rate Variability and Electrocardiographic 
changes in hypothyroid patients and correlate it with T3, T4 and TSH levels. 

 
Secondary aim : 
 To determine whether these tests can be used as early indicators of cardiac 
diseases in hypothyroid patients. 
          
Sample size: 
  

Study volunteers / participants are (specify population group & age group): 30 
Hypothyroid patients and 30 healthy subjects aged  20-45 years.  
 
Location:    The Department of Physiology, PSGIMSR. 
                    
    
We request you to kindly cooperate with us in this study. We propose to collect background 
information and other relevant details related to this study. We will be carrying out an Initial 
interview for 10 mins and collect participants’ details through data collection tools and the 
patients and controls selected will be subjected to short term HRV & ECG.  
 
Data collected will be stored for a period of fifteen years. We  will not use the data as part of 
another study. 
 
 



Risks involved by participating in this study: NIL  
 
How the results will be used:  

 For my dissertation study. 
 
 
If you are uncomfortable in answering any of our questions during the course of the interview, you 
have the right to withdraw from the interview / study at anytime. You have the freedom to 
withdraw from the study at any point of time. Kindly be assured that your refusal to participate or 
withdrawal at any stage, if you so decide, will not result in any form of compromise or discrimination 
in the services offered nor would it attract any penalty. You will continue to have access to the regular 
services offered to a patient. You will NOT be paid any renumeration for the time you spend with us 
for this interview / study. The information provided by you will be kept in strict confidence. Under no 
circumstances shall we reveal the identity of the respondent or their families to anyone. The 
information that we collect shall be used for approved research purposes only. You will be informed 
about any significant new findings - including adverse events, if any, – whether directly related to you 
or to other participants of this study, developed during the course of this research which may relate to 
your willingness to continue participation. 
 
Consent: The above information regarding the study, has been read by me/ read to me, and has 
been explained to me by the investigator/s. Having understood the same, I hereby give my consent 
to them to interview me. I am affixing my signature / left thumb impression to indicate my consent and 
willingness to participate in this study (i.e., willingly abide by the project requirements).  
 
Signature / Left thumb impression of the Study Volunteer / Legal Representative:  
 
 
 
Signature of the Interviewer with date:      Witness: 
 
 
 
 
Contact details of PI: Phone: +91-0422-2570170  Extension No.: 5809.  
                                      PHONE: 8754821308 
                                      shamlagowri@gmail.com. 
 
Contact details of IHEC: Phone: +91-0422-2570170  Extension No.: 5818.  
 

 
 
 



ANNEXURE III 
PSG Institute of Medical Science and Research, Coimbatore 

Institutional Human Ethics Committee 
INFORMED CONSENT FORMAT FOR RESEARCH PROJECTS FOR CONTROLS 

 
 
I, Dr. K. Shyamala Gowri , am carrying out a study on the topic: “ A study of Heart Rate Variability 
and Electrocardiographic changes in hypothyroid patients correlated with T3, T4 and TSH levels.” 
as part of my project being carried out under the aegis of the Department of Physiology   
 
(Applicable to students only): My research guide is: Dr. T. Uma Maheswari,  
 
The justification for this study is:  

Very few studies have evaluated the association of thyroid hormone levels with 
electrocardiographic parameters and results obtained were inconsistent. 
 
 
The objectives of this study are: 
  
Aim :  

To evaluate the short term Heart Rate Variability and Electrocardiographic 
changes in hypothyroid patients and correlate it with T3, T4 and TSH levels. 

 
Secondary aim : 
 To determine whether these tests can be used as early indicators of cardiac 
diseases in hypothyroid patients. 
 
 

Sample size:  
Study volunteers / participants are (specify population group & age group): 30 

Hypothyroid patients and 30 healthy subjects aged  20-45 years.  
 
 
Location:     The Department of Physiology, PSGIMSR. 
 
We request you to kindly cooperate with us in this study. We propose to collect background 
information and other relevant details related to this study. We will be carrying out Initial interview 
for 10 mins and collect participants’ details through data collection tools and the patients and 
controls selected will be subjected to short term HRV & ECG.  
 
Data collected will be stored for a period of fifteen years. We  will not use the data as part of another 
study.  
 
Risks involved by participating in this study: NIL.  
 
 
 
 
 

 



How the results will be used:  
 For  my dissertation study. 

 
If you are uncomfortable in answering any of our questions during the course of the interview, you 
have the right to withdraw from the interview / study at anytime. You have the freedom to 
withdraw from the study at any point of time. Kindly be assured that your refusal to participate or 
withdrawal at any stage, if you so decide, will not result in any form of compromise or discrimination 
in the services offered nor would it attract any penalty. You will continue to have access to the regular 
services offered to a patient. You will NOT be paid any remuneration for the time you spend with us 
for this interview / study. The information provided by you will be kept in strict confidence. Under no 
circumstances shall we reveal the identity of the respondent or their families to anyone. The 
information that we collect shall be used for approved research purposes only. You will be informed 
about any significant new findings - including adverse events, if any, – whether directly related to you 
or to other participants of this study, developed during the course of this research which may relate to 
your willingness to continue participation. 
 
Consent: The above information regarding the study, has been read by me/ read to me, and has 
been explained to me by the investigator/s. Having understood the same, I hereby give my consent 
to them to interview me. I am affixing my signature / left thumb impression to indicate my consent and 
willingness to participate in this study (i.e., willingly abide by the project requirements).  
 
Signature / Left thumb impression of the Study Volunteer / Legal Representative:  
 
 
 
Signature of the Interviewer with date:      Witness: 
 
 
 
 
 
Contact details of PI:  Phone: +91-0422-2570170  Extension No.: 5809.  
                                      PHONE: 8754821308. 
                                      shamlagowri@gmail.com. 
 
Contact details of IHEC: Phone: +91-0422-2570170  Extension No.: 5818.  
                                             



 



 



 
 

  



Sl.No Age years TSHµIU/mL FT4ng/dL FT3pg/mL
Mean                               

R - R(ms)
SDNN 
(ms)

RMSSD 
(ms)

pNN50 LFnu HFnu LF/HF HR /  min Printerval (ms)
QRS duration 

(ms)
QTc interval 

(ms)

ST segment 
1normal 2elevated 

3depressed

Twave 1upright 
2inverted 
3flattened

VPC         
1no         
2yes

AGE

1 29 1.46 1.25 2.81 477.21 57.47 19.54 1.05 33.79 66.2 0.51 100 129 86 445 1 1 1 25 - 35 Years

2 35 1.71 0.90 2.87 477.08 57.48 19.60 1.05 32.24 67.8 0.48 78 144 84 453 1 1 1 25 - 35 Years

3 43 3.27 1.33 2.51 772.05 65.44 18.92 1.73 49.31 50.7 0.97 84 138 80 389 1 1 1 35 - 45 Years

4 40 1.73 1.30 2.19 777.02 65.11 19.54 1.73 43.70 56.3 0.77 80 131 84 434 1 1 1 35 - 45 Years

5 44 2.93 0.95 2.70 379.94 133.26 125.58 13.85 16.44 83.6 0.19 104 168 80 392 1 1 1 35 - 45 Years

6 40 2.50 1.48 2.85 783.20 76.07 35.65 9.69 61.41 38.6 1.59 77 143 81 415 1 1 1 35 - 45 Years

7 35 1.18 2.81 3.51 477.08 57.48 19.61 1.04 32.24 67.8 0.47 71 120 87 418 1 1 1 25 - 35 Years

8 28 1.12 1.29 3.16 772.02 65.11 19.54 1.73 43.70 56.3 0.77 77 153 76 322 1 1 1 25 - 35 Years

9 30 2.88 1.11 3.43 477.08 57.48 19.61 1.04 32.24 67.8 0.48 94 150 77 387 1 1 1 25 - 35 Years

10 28 1.91 1.17 2.29 383.17 133.41 124.22 13.73 19.31 80.7 0.24 63 127 98 398 1 1 1 25 - 35 Years

11 30 2.33 1.36 2.63 477.08 57.48 19.61 1.04 32.24 67.8 0.47 79 179 88 392 1 1 1 25 - 35 Years

12 40 2.23 1.27 2.20 380.95 133.34 125.55 13.85 16.44 83.6 0.19 70 162 82 411 1 1 1 35 - 45 Years

13 35 2.97 1.24 2.59 383.80 133.09 123.89 13.50 16.67 83.3 0.20 100 116 94 414 1 1 1 25 - 35 Years

14 44 2.71 1.44 3.03 384.21 132.39 124.20 13.38 17.57 82.4 0.21 106 134 78 375 1 1 1 35 - 45 Years

15 30 2.18 1.27 2.24 384.40 132.50 123.13 13.62 19.29 80.7 0.24 80 123 80 424 1 1 1 25 - 35 Years

16 36 4.01 1.16 3.12 384.19 129.85 120.77 13.38 18.84 81.2 0.23 78 129 87 433 1 1 1 35 - 45 Years

17 29 1.36 1.24 2.94 772.02 65.11 19.54 1.73 43.70 56.3 0.78 87 138 87 368 1 1 1 25 - 35 Years

18 29 1.46 1.01 3.12 384.20 133.30 124.20 13.38 17.57 82.5 0.22 78 142 93 446 1 1 1 25 - 35 Years

19 39 2.50 1.21 2.85 778.03 68.44 18.92 1.75 49.31 50.7 0.97 88 139 93 409 1 1 1 35 - 45 Years

20 44 3.62 1.33 3.16 384.19 129.85 120.77 13.38 18.85 81.2 0.23 81 146 91 407 1 1 1 35 - 45 Years

21 40 3.73 0.97 2.95 478.23 54.77 19.38 1.04 28.15 71.8 0.39 74 125 84 408 1 1 1 35 - 45 Years

22 27 3.04 1.32 2.72 479.22 58.32 19.55 1.08 33.65 68.4 0.32 80 134 96 418 1 1 1 25 - 35 Years

23 35 0.78 1.53 2.73 478.20 54.12 16.67 0.81 43.64 57.4 0.73 81 133 85 391 1 1 1 25 - 35 Years

24 28 3.13 1.19 2.68 474.08 56.48 18.62 1.04 33.24 68.8 0.47 95 157 86 390 1 1 1 25 - 35 Years

25 34 1.86 1.26 2.91 379.67 133.10 126.31 13.85 19.86 80.1 0.25 71 133 84 395 1 1 1 25 - 35 Years

26 26 1.53 1.07 2.76 380.95 133.34 125.55 13.85 16.45 83.6 0.19 69 151 95 383 1 1 1 25 - 35 Years

27 28 1.16 1.33 2.92 384.21 132.39 124.20 13.38 17.57 82.4 0.21 80 163 78 407 1 1 1 25 - 35 Years

28 35 2.20 1.85 3.62 919.32 69.33 24.44 2.24 40.87 59.1 0.69 78 182 79 412 1 1 1 25 - 35 Years

29 35 2.26 1.39 3.13 718.40 51.57 17.50 0.43 19.37 80.6 0.24 84 122 82 396 1 1 1 25 - 35 Years

30 44 0.85 1.14 2.39 644.95 51.03 14.04 0.19 60.00 40.0 1.50 74 129 97 413 1 1 1 35 - 45 Years

EUTHYROID  GROUP



Sl.No Age years TSHµIU/mL FT4ng/dL FT3pg/mL Mean RR (ms)
SDNN 
(ms)

RMSSD (ms) pNN50 LFnu HFnu LF/HF HRmin
Printerval  ( 

ms)
QRSduration (ms) Qtcinterval (ms)

Stsegment 
1normal 2elevated 

3depressed

Twave 1upright 
2inverted 
3flattened

VPC                              
1no                          
2yes

AGE

1 37 14.57 1.55 2.54 739.66 58.76 19.04 0.68 59.40 40.5 1.47 94 149 104 422 1 1 1 35 - 45 Years

2 35 11.04 1.34 2.54 774.02 65.82 19.06 1.57 47.09 52.9 0.89 64 135 88 399 1 1 1 25 - 35 Years

3 42 7.54 1.23 2.37 743.96 57.40 20.62 0.92 31.17 68.8 0.45 68 116 84 396 1 1 1 35 - 45 Years

4 34 7.51 1.12 2.88 654.00 44.94 11.05 0.00 42.86 57.1 0.75 94 128 96 426 1 1 1 25 - 35 Years

5 28 100.00 0.08 0.85 817.89 64.06 15.54 0.49 52.64 47.4 1.11 72 137 72 445 1 1 1 25 - 35 Years

6 45 8.95 1.15 3.75 662.25 49.68 22.16 2.64 13.70 86.3 0.15 107 160 76 388 1 1 1 35 - 45 Years

7 45 11.65 0.96 2.41 767.74 76.74 36.72 7.10 48.61 51.4 0.95 69 165 110 451 1 2 1 35 - 45 Years

8 25 10.83 1.16 2.66 782.83 56.09 19.83 1.45 29.56 70.4 0.42 92 138 84 393 1 1 1 25 - 35 Years

9 45 9.25 1.20 3.08 643.51 52.93 16.50 0.58 39.48 60.5 0.65 75 142 76 409 1 1 1 35 - 45 Years

10 36 9.47 1.16 2.61 904.60 70.34 26.71 3.58 58.20 41.8 1.39 91 149 75 431 1 1 1 35 - 45 Years

11 43 8.04 1.56 2.02 654.00 44.94 11.05 0.00 42.86 57.1 0.75 74 181 72 391 1 1 1 35 - 45 Years

12 35 27.03 0.96 2.22 650.55 52.37 16.95 0.59 12.22 87.8 0.14 83 160 95 436 1 1 1 25 - 35 Years

13 35 5.97 0.90 3.21 624.91 48.49 16.61 0.38 42.86 57.1 0.75 102 146 85 385 1 1 1 25 - 35 Years

14 35 4.51 1.16 2.51 919.44 69.27 24.54 2.24 39.81 60.2 0.66 68 164 108 449 1 1 1 25 - 35 Years

15 44 14.24 1.04 2.48 771.96 65.13 19.40 1.73 44.13 55.9 0.79 94 157 82 433 1 1 1 35 - 45 Years

16 42 11.07 1.23 2.57 786.07 78.80 28.09 2.20 45.22 54.8 0.82 99 126 81 389 1 2 1 35 - 45 Years

17 25 13.64 1.14 2.93 739.82 58.90 19.00 0.68 54.63 45.4 1.20 90 139 85 389 1 1 1 25 - 35 Years

18 35 10.58 1.70 2.91 771.66 65.48 19.00 1.57 47.09 52.9 0.89 88 165 82 408 1 1 1 25 - 35 Years

19 38 4.45 1.20 2.66 739.62 58.74 19.00 0.68 58.57 41.4 1.40 72 131 94 406 1 1 1 35 - 45 Years

20 34 11.59 1.25 2.74 771.63 65.33 19.16 1.73 45.22 54.8 0.82 95 135 82 412 1 1 1 25 - 35 Years

21 40 8.16 1.43 2.73 771.96 65.13 19.40 1.73 44.10 55.9 0.79 82 162 88 452 1 3 1 35 - 45 Years

22 30 8.45 1.78 2.48 478.74 57.41 19.60 1.04 34.12 65.9 0.51 61 148 104 378 1 3 1 25 - 35 Years

23 30 8.83 1.25 2.54 739.86 58.63 19.18 0.91 57.48 42.5 1.35 85 141 76 378 1 1 1 25 - 35 Years

24 45 4.94 1.44 2.72 772.00 65.11 19.54 1.73 43.70 56.3 0.77 72 168 106 404 1 1 1 35 - 45 Years

25 35 45.39 1.09 1.89 772.12 65.12 19.90 1.73 42.06 57.9 0.72 73 117 86 412 1 1 1 25 - 35 Years

26 31 10.45 1.02 3.16 777.02 65.15 19.41 1.73 44.76 55.2 0.81 75 137 85 430 1 2 2 25 - 35 Years

27 45 10.18 1.18 2.41 771.63 65.33 19.16 1.73 45.22 54.8 0.30 77 153 86 414 1 1 1 35 - 45 Years

28 45 4.80 1.03 2.86 691.47 59.62 24.50 4.40 19.67 80.3 0.24 70 165 85 415 1 1 2 35 - 45 Years

29 43 4.52 1.01 3.04 650.55 45.81 13.20 0.00 28.56 71.4 0.40 65 150 101 408 1 1 1 35 - 45 Years

30 30 19.38 0.99 3.35 739.82 58.90 19.08 0.68 60.52 39.5 1.53 89 158 75 411 1 1 1 25 - 35 Years
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