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INTRODUCTION 

Blood Pressure: 

 Blood pressure is the pressure exerted by the moving blood column on 

the walls of the arteries. It is one of the vital parameters of a human being. Being 

a vital parameter, it is essential for the survival of human life. The blood 

pressure in a human undergoes multiple changes over different stages of life. 

At birth it is around 70/50 mmHg. Then it gradually increases to about 90/60 

mmHg at the end of first year of life.1 With an increase in age, the blood 

pressure gradually increases from neonatal life to adolescent life and reach adult 

value by 12 years of age. Thereafter there will be no significant changes as the 

age progresses. In the later decades the blood pressure may increase slightly in 

healthy adults but usually it will be within normal limits. Apart from age there 

are many factors which control, modulate and maintain the blood pressure 

inside the body. These factors act as a whole in maintaining the blood pressure 

and ultimately the homeostasis of the body. When any one of these factors get 

affected or modified during life it will result in fluctuations in blood pressure. 

The blood pressure thus can either drastically increase or fall based on the 

mechanism affected. These results are called hypertension and hypotension 

respectively. When either hypertension or hypotension occurs the homeostasis 

gets affected. Usually slight increase or decrease of blood pressure will not 

result in much significant changes in the body. But when these changes remain 

for a sustained period of time almost all of the internal organs which are 

constantly under the influence of blood pressure get affected resulting in end 
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organ damage. Thus hypertension becomes an important healthcare concern 

and has to be treated if not prevented at all costs. 

Hypertension: 

Hypertension, otherwise known as ‘the silent killer’ has become a 

worldwide pandemic. The incidence of hypertension is increasing every day. 

Thus proper estimation, diagnosis, treatment and identifying the risk factors 

have become matters of paramount importance. Several cutoff values have been 

proposed by different studies for hypertension in the past years. But the recent 

one proposed was that by American Heart Association (AHA) in the year 2018, 

which classifies a systolic pressure of ≥ 130 mm Hg and/or a diastolic pressure 

of ≥ 80 mm Hg as hypertension.2 

Hypertension has ill effects on almost all organ systems of the body. 

Sustained uncontrolled hypertension can result in target organ damage in 

kidneys, eyes, liver, spleen, heart and brain. Hypertension itself is an 

independent risk factor for coronary artery disease, cerebrovascular accidents, 

thromboembolism, peripheral vascular occlusive disease etc.3 The duration of 

hypertension rather than the actual age of the patient has more impact in the 

appearance of complications and target organ damage. 

Hypertension is a non-communicable disease with multiple risk factors 

like metabolic syndrome, obesity, positive family history etc.4  Since regulation 

of blood pressure is under the control of multiple physical and chemical factors 

in the body, disruption of any one of them can result in the appearance of 

hypertension. Consequently, treatment of hypertension is also not a simple task. 
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There are myriad of treatment regimens and drugs available for treatment of 

hypertension – lifestyle modifications, diet restrictions, regulating salt intake, 

drugs like beta blockers, calcium channel blockers, diuretics to name a few.5,6 

Most of the times a combination of above mentioned treatment options are 

required to provide good control of blood pressure in hypertensives. This 

implies that there is a delicate and intricate balance between the parameters 

which are concerned with maintenance of blood pressure. Thus hypertension 

has to be carefully evaluated and the treatment has to be titrated for that 

particular patient to achieve a sustained maintenance of blood pressure. 

In this study two of the most important risk factors for hypertension 

namely impaired autonomic function and hyperuricemia are studied. 

Autonomic nervous system: 

Autonomic nervous system has a significant role in the circulatory 

system and in blood pressure regulation. Impaired autonomic nervous system 

function has been implicated in the development of coronary heart diseases and 

hypertension. Autonomic modulation of Heart Rate, is assessed by Heart Rate 

Variability [HRV].7 HRV is considered as a standard, non-invasive tool used to 

measure autonomic dysfunction. HRV denotes the variability between 

individual cardiac beats and is the most sensitive indicator of sympathovagal 

balance. The state of sympathovagal balance is used in the diagnosis of several 

cardio vascular disorders and many autonomic dysfunctional disorders.8 HRV 

analysis is used to specifically assess the effectiveness of cardiac vagal control 

of the individual, as it denotes the variation that occurs mainly due to sinus 
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arrhythmia. During inspiration vagal inhibition occurs, due to central irradiation 

of impulses from the medullary respiratory center to the cardio vascular center, 

responsible for the fluctuations in heart rate during respiration called 

Respiratory Sinus Arrhythmia (RSA). Heart rate is mainly regulated by the 

ANS.9 Normally, parasympathetic stimulation has cardio inhibitory effect and 

sympathetic stimulation has cardio accelerating effect. HRV analysis is a tool 

of sympathovagal balance. It mirrors the fluctuations in the period in-between 

heart beat (R waves) over time. R–R interval or inter beat interval (IBI) is the 

interval between two consecutive R waves which is measured in milliseconds. 

Autonomic Nervous System directs the inter beat interval via sympathetic and 

parasympathetic neural pathways. Under resting conditions in healthy 

individuals, parasympathetic system plays dominant part in controlling the HR. 

In stressful and emergency conditions sympathetic system plays a main part in 

regulating the HR.10 High value of HRV denotes predominant parasympathetic 

activity, while lower HRV denotes predominant sympathetic activity. The aim 

of this study is to compare and correlate the HRV parameters with blood 

pressure in hypertensives and normotensives.  

Uric acid: 

Uric acid is the final breakdown product of purine degradation in 

humans. The normal values of serum uric acid in males is 3.1 - 7.0 mg/dl, and 

females is 2.5 - 5.6 mg/dl.11 When the serum uric acid levels rise above the 

mentioned cut-off values it is termed as hyperuricemia. Uric acid at higher 

levels has a tendency to form crystals which are insoluble in water. Hence in 
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hyperuricemia urate crystals are formed and get deposited in body tissues.12 

Uric acid tends to crystallise at lower temperatures and hence peripheral parts 

of the body are at risk. So the urate crystals get deposited commonly in 

peripheral joints resulting in gout.13 The most well-known side effect of 

increased serum uric acid levels is gout. But deposition of the crystals has other 

side effects as well. Apart from depositing in joints, the crystals get deposited 

in renal interstitium and cause nephropathy, associated with increased risk of 

cardiovascular events, peripheral vascular events, metabolic syndrome etc.14 

The presence of higher level of serum uric acid also exaggerates the disease 

progression of the above mentioned conditions. 

Uric acid is also hypothesised to be an individual risk factor for 

hypertension. Increased levels of serum uric acid have been found in the 

hypertensive groups by some studies, whereas some studies have shown 

increased incidence of hypertension in hyperuricemic subjects.15 In the studies 

including blood pressure and serum uric acid levels, higher serum uric acid 

levels usually preceded the appearance of hypertension. This suggests that there 

is a probable relationship between serum uric acid and increased blood pressure. 

But studies involving treatment of hyperuricemia in hypertensives are very 

small and very few. Hence, whether treating hyperuricemia will result in a 

reduction in blood pressure is not yet known. 

One major drawback in determination of uric acid as a risk factor for 

hypertension is the fact that uric acid is not routinely investigated in 

hypertensives. But this trend is changing nowadays and uric acid analysis is 
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becoming a part of the routine investigations. But still, the awareness and 

understanding regarding the importance of uric acid levels in disease 

conditions, apart from gout, is minimal. Hence urate reducing drugs are not a 

part of common drug regimens, including hypertension treatment regimens. 

This study aims at comparing and correlating the serum uric acid values with 

blood pressure in hypertensives and normotensives. 
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AIM AND OBJECTIVES 

 

AIM: 

To compare and correlate the HRV parameters and serum uric acid 

values with blood pressure in normotensive and stage 1 hypertensive subjects. 

 

OBJECTIVES: 

 To record short term HRV in normotensive and stage 1 hypertensive 

subjects. 

 To compare and correlate the values of HRV with blood pressure in 

normotensive and stage 1 hypertensive subjects. 

 To assess the serum uric acid values in normotensive and stage 1 

hypertensive subjects. 

 To compare and correlate the serum uric acid values with blood pressure 

in normotensive and stage 1 hypertensive subjects. 
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REVIEW OF LITERATURE 

BLOOD PRESSURE 

Arterial blood pressure is defined as the lateral pressure exerted by the 

flowing blood column on the walls of arteries. Since heart pumps in pulsatile 

manner, the arterial pressure is in a state of continuous fluctuation. 

Systolic blood pressure is the maximum arterial pressure during cardiac 

systole. Normal value is < 130 mm Hg. 

Diastolic blood pressure is the minimum arterial pressure during cardiac 

diastole. Normal value is < 80 mm Hg. 

Pulse pressure is the difference between systolic and diastolic pressure. 

Normal value is 30 mmHg to 60 mm Hg.  

Mean pressure is the average pressure throughout the cardiac cycle. As 

an approximation Mean pressure = Diastolic pressure + 1/3 Pulse pressure. 

Determinants of Arterial pressure:16 

The following factors determine the arterial pressure 

1) Physical factors include 

a) Fluid volume inside the circulatory system (Blood volume) 

b) Elastic characteristics of the system (Compliance) 

2) Physiological factors include 

a) Cardiac output (Heart rate × Stroke volume) 

b) Peripheral resistance. 
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Physiological variations: 

1. At birth systolic blood pressure is ≈70 mm Hg. It increases rapidly upto 

1 month of age and reaches ≈90 mm Hg. 

2. Blood pressure increases with advancing age, but there is not much 

significance. 

3. Systolic BP and Diastolic BP are lower in women until menopause after 

which they become comparable with male counterparts. This may be due 

to effects of oestrogen. 

4. Blood pressure normally falls upto 20 mmHg during sleep. 

5. Emotions increase the cardiac output and peripheral resistance thus 

increasing blood pressure. 

6. Due to gravitational effect, in any vessel below the heart level blood 

pressure is increased and in any vessel above the heart level it is 

decreased. 

Regulation of Arterial pressure:  

Arterial pressure is controlled by multiple interrelated systems, each 

performing a specific function. The mechanisms regulating arterial pressure are 

broadly classified into three groups: 

Rapidly acting pressure control mechanisms 

They act within seconds or minutes. These include the 

 Baroreceptor feedback mechanism 

 CNS ischemic response 

 Chemoreceptor mechanism 
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Intermediate acting pressure control mechanisms 

They exhibit significant responses only after a few minutes following 

acute arterial pressure change. These include  

 Renin – Angiotensin vasoconstrictor mechanism 

 Stress relaxation of vasculature 

 Shift of fluid through the tissue capillary walls in and out of the 

circulation to readjust the blood volume as needed. (capillary fluid shift 

mechanism) 

Long term mechanisms for Arterial pressure regulation. 

They take few hours to begin to show significant responses. 

 Renal body fluid pressure control mechanism. 

Thus restoration and maintenance of BP starts with short term measures 

and then progresses to intermediary mechanisms and if they fail, will progress 

to long term mechanisms. 

Measurement of Blood pressure: 

Arterial Blood pressure measurement gives an important insight into the 

cardiovascular status of the patient. 

The theory of blood circulation has been around for over three millennia, 

but measurement of blood pressure was not done until 1733, when a device for 

measuring the blood pressure was first devised. 

 The first blood pressure apparatus was devised by a British scientist 

named Stephen hales, who inserted a brass pipe into the artery of a horse, then 
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connected it with a glass tube. He then proceeded to show the pressure inside 

the vessel forced the blood up in the tube. 

 For the first time blood pressure in a human was measured by German 

physician Carl Ludwig, who inserted a catheter into patient’s artery which was 

then connected with a kymograph. But the biggest disadvantage with that 

method was that it was invasive. Hence, could not be used for regular blood 

pressure measurement. 

 It was in the year 1855, when Karl Vierordt found that by applying 

appropriate amount of pressure the arterial pulse could be obliterated. He 

constricted the forearm artery by using an inflatable cuff around the arm. But 

the devise was huge. 

 Then a French physician named Etienne Jules Mary, devised an 

apparatus which measured pulse rate, but its measurement of blood pressure 

was inaccurate. 

 In the year 1881, Karl Ritter invented the first sphygmomanometer. It 

was made up of water filled bag to which a manometer was connected. 

 In 1889, Potain replaced water in the sphygmomanometer with air, and 

thus improvised the compression apparatus. 

  In the year 1896, Scipione Riva – Rocci devised the first mercury 

sphygmomanometer which revolutionised blood pressure measurement. Then 

Harvey William Cushing, a US physician modified that apparatus to suit clinical 

usage. But that apparatus was used to measure only systolic blood pressure. 



 

 

 

 

 

  

Scipione Riva Rocci 

Harvey William Cushing 
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 In 1905, Nikolai Korotkoff first documented the sounds made by 

constriction of the artery, by using a stethoscope. He then elucidated the sounds 

associated with progressive occlusion of the vessel and thus the Korotkoff 

sounds were discovered and eventually named after him.17,18,19  

 This auscultatory method proved more accurate when compared with 

preceding methods and thus was adopted as a suitable method to measure blood 

pressure henceforth. 

The Automated Auscultatory Method: 

Some automated devices have been developed thereafter which have 

replaced human ears with microphones. These devices measure both systolic 

and diastolic blood pressure based on sound based algorithms. They too had 

their drawbacks like not being adequate to adjust for patient conditions like 

hypotension, where Korotkoff sounds may be muted. Further improvements 

were made in auscultatory methods and oscillatory methods were developed. 

The Oscillatory Method: 

In this method the blood pressure is measured based on oscillations made 

by the blood in arteries. These oscillations are the direct effect of the coupling 

of the occlusive cuff to the artery. This method allowed easier measurement of 

blood pressure in critically ill patients with muted Korotkoff sounds. The main 

advantage of these devises is the elimination of external noise which occurs due 

to usage of microphones. The oscillometric devices actually measure the mean 

arterial pressure better than other techniques. 
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Alternative Methods: 

The infrasound technique is an improvised version of the auscultatory 

method which detects even low frequency Korotkoff vibrations below 50 Hz, 

including vibrations which are not audible normally. 

Ultrasound techniques are also occasionally used for the determination 

of blood pressure, usually in combination with other methods. Values recorded 

by ultrasound techniques have much poor reliability. 

Impedance plethysmography is a technique which measures the blood 

pressure by measuring arterial distension associated with volume changes 

inside the arteries.  

Arterial tonometry is another method in which the vessel is flattened 

by pressure against a bone. The required pressure for such flattening is 

measured and subsequently blood pressure is measured. 

Ambulatory Blood Pressure Monitoring: 

Ambulatory blood pressure continuously monitors patients’ blood 

pressure over a period of time (typically 24 hours). This can be done anywhere 

outside hospital. The purpose of ambulatory blood pressure monitoring 

(ABPM) is to obtain a profile of the patient's blood pressure under conditions 

that are more representative of the patient's lifestyle than those inherent in a 

clinical environment. It has been well documented that blood pressures 

measured in a clinic are not always representative of everyday pressures.20  
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HYPERTENSION 

 Hypertension means increase in the blood pressure above normal cutoff 

limits. The increase may be in systolic blood pressure or diastolic blood 

pressure or both. Hypertension can be classified based on etiology as primary 

and secondary.  

Primary hypertension is far more common and accounts for almost 90% 

of all hypertension cases. It is idiopathic in nature. It is also called as ‘essential 

hypertension’. It usually occurs in the sixth and seventh decades of life. But the 

recent trends have shifted the occurrence to fourth and fifth decades itself. As 

discussed earlier, the disorder results from imbalance between the factors that 

govern the normal maintenance of blood pressure. Studies have shown some 

genetic influence as well as hereditary causes over the occurrence of essential 

hypertension. However, further studies are required for confirmation of such 

influences. 

Secondary hypertension occurs due to other disorders which influence 

blood pressure. It accounts for 10% of all hypertension cases. The common 

causes are pregnancy (pregnancy induced hypertension), renal disorders, 

endocrine disorders like Cushing’s disease, pheochromocytoma and due to 

some drugs like oral contraceptives.  

There were many classifications previously proposed for hypertension 

and its management. The recent one proposed was by American Heart 

Association (AHA) in the year 2017. In this classification the previously used 

term prehypertension was abandoned. The rationale for this categorization is 
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based on observational data related to the association between systolic blood 

pressure and diastolic blood pressure and cardiovascular diseases risk, 

randomised controlled trials of lifestyle modification to lower blood pressure, 

and randomised controlled trials of treatment with antihypertensive medication 

to prevent cardiovascular diseases2. The AHA classification of blood pressure 

is summarised in the following table. 

BLOOD 

PRESSURE 

CATEGORY 

SYSTOLIC 

BLOOD 

PRESSURE 

 

DIASTOLIC 

BLOOD 

PRESSURE 

Normal  <120 mm Hg and <80 mm Hg 

Elevated 120 – 129 mm Hg and <80 mm Hg 

Stage 1 hypertension 130 – 139 mm Hg and/or 80 – 89 mm Hg 

Stage 2 hypertension >140 mm Hg and/or >90 mm Hg 

 

AUTONOMIC NERVOUS SYSTEM [ANS] 

‘Autonomic nervous system’ is a neurovisceral integrative system. ANS, 

which is a part of the central nervous system, is mainly involved in body 

homeostasis. ANS is otherwise called as vegetative or visceral nervous system. 

The word ‘autonomous’ is derived from Greek, auto means ‘self’, nomos means 

‘control’. This system was defined by Langley in 1898.21 Autonomic nervous 

system works continuously and monitors autonomic afferents from the viscera 

and the rest of the body, compares these inputs with current and predicted needs, 

and regulates the outputs accordingly.    
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Generalized Organisation of Autonomic Nervous System: 

ANS is divided into sympathetic system, parasympathetic system and 

enteric nervous system based on their functional, anatomical and neurochemical 

properties. They are stimulated primarily by centres situated in the spinal cord, 

brain stem, and hypothalamus. Limbic system and prefrontal cortex are main 

cortical areas controlling ANS. The emotional effects of sympathetic system 

are mainly contributed by these areas. 

Hypothalamic organization:  

The hypothalamus, especially the paraventricular nucleus, is the most 

important brain region for coordinating autonomic output. The hypothalamus 

projects to the parabrachial nucleus, medullary raphe, Nucleus Tractus 

Solitarius (NTS), locus coeruleus, central gray matter, dorsal motor nucleus of 

the vagus, nucleus ambiguus, and intermedio lateral column of spinal cord.22 

Thus, hypothalamus can initiate and coordinate an integrated response to the 

instant requirements of the body including modulation of autonomic output. 

Hence, Sherrington pointed out that the hypothalamus is the head ganglion of 

the ANS. 

Brainstem organization: 

Parasympathetic preganglionic neurons are found in cranial nerve nuclei 

of oculomotor, facial, glossopharyngeal and vagus nerves. Nucleus Tractus 

Solitarius [NTS] which is located in medulla gets information regarding 

visceral sensations via glossopharyngeal and vagus nerves.23 NTS is closely 

connected with reticular formation containing cardio vascular centres and 
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respiratory centres. ANS mediates cardiovascular and respiratory responses via 

NTS. Sympathetic fibers originate from the vasomotor centre in the medulla 

and project to spinal cord through bulbospinal pathway. Stimulation of NTS 

increases the vagal activity and inhibits the sympathetic activity. 

Sympathetic innervation of the visceral organs is determined mainly by 

the embryological origin of the specific organ. For example, heart obtains 

several sympathetic nerve as it is originated in the neck of the embryo from 

endocardial tubes of splanchnopleuric mesoderm on either side of neural plate 

before translocating into the thorax. 

The efferent pathway of ANS has 2 neurons. One is a preganglionic 

neuron and other one is a postganglionic neuron. Sympathetic preganglionic 

neurons are situated in thoracolumbar region. So it is labelled as thoracolumbar 

outflow. 

Parasympathetic preganglionic neurons are found in some cranial nerve 

nuclei and sacral region of spinal cord. So it is labelled as craniosacral outflow. 

Sympathetic postganglionic neurons are located in the paravertebral 

sympathetic chains on either side of vertebral column or parallel to vertebral 

column. Parasympathetic postganglionic neurons are generally located near the 

target organ which they innervate.24 

Neurotransmitters:  

Preganglionic nerve terminals of the both divisions of ANS are 

cholinergic. Parasympathetic postganglionic neurons are cholinergic. 

Sympathetic postganglionic neurons are adrenergic. Except sweat glands, 
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piloerector muscles and few blood vessels all other postganglionic sympathetic 

nerves are adrenergic.25 

 

SYMPATHETIC AND PARASYMPATHETIC INTERACTION OVER 

HEART:  

Heart, like many other organs, is supplied by both sympathetic and 

parasympathetic neurons. Hence there is always a balance between the two 

components of ANS in the heart. The axons of sympathetic fibers supplying the 

heart are positioned in the upper 4-5 thoracic segments. The preganglionic 

fibers are myelinated fibers. Very few of the sympathetic nerves supplying the 

heart are derived from cervical ganglion.26 

The parasympathetic fibers of heart are passed in the vagi. Preganglionic 

fiber of vagi synapse with postganglionic neurons existing in the cardiac plexus. 

Synaptic relays present inside the viscera is a distinguishing feature of 

parasympathetic system. Because of this, parasympathetic actions are limited 

to a small area. However sympathetic system has widespread actions. 

SYMPATHETIC AND PARASYMPATHETIC INTERACTION  

OVER HEART: 

Vagus nerve arises from dorsal motor nucleus and nucleus ambiguous 

which are located in the medulla oblongata. The right and left vagal 

postganglionic nerves go to the right atrium, supply SA node and AV node. 

Right vagus mostly supplies the SA node. AV node is mainly supplied by the 

Left vagus. Among the right and left vagus, right vagus dominates the 
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pacemaker cells of heart and thus determines changes in the heart rate. Left 

sympathetic fibers are dispersed to left side of the heart and have a major role 

in myocardial contractility.27 Vagal innervation has a cardio inhibitory effect. 

Sympathetic innervation has a cardio acceleratory effect. 

Normal resting heart rate is 60 - 100 beats per minute. Heart rate is 

decreased by parasympathetic activity and it is increased by sympathetic 

activity. The heart rate that occur after complete ANS blockade is known as 

intrinsic heart rate. It is usually higher than the resting heart rate. Many 

physiological and pathological conditions may alter these two branches of 

autonomic supply and thus resulting in changes in cardiovascular function. 

These two divisions of the visceral nervous system provoke antagonistic 

effects on numerous function of the heart which are mainly due interactions 

between sympathetic and para sympathetic system.  

ACCENTUATED ANTAGONISM: 

Effect of vagal stimulation was markedly greater when the heart is under 

the influence of tonic sympathetic stimulation which is labelled as an 

Accentuated Antagonism. 

Influence of Acetyl Choline [ACh] were exaggerated in the presence of 

norepinephrine. An experiment done in dogs explained that Acetyl choline 

injected into a coronary artery had only a slight cardio inhibitory effect. But, if 

the same infusion was administered in the presence of increased sympathetic 

activity or during a continuous infusion of Norepinephrine, inhibitory effect 
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produced by ACh was more prominent. These interactions are peculiar to 

ANS.28 

VAGAL ACTIVITY ON HEART:  

Acetylcholine is released at the vagal nerve endings. These 

neurotransmitters have two special effects on cardio vascular system. It reduces 

the rate of discharge of impulse arising from sinoatrial node and also it 

decreases the AV nodal conduction. Weak to moderate motivation of vagus 

diminishes heart rate mainly. It has minute effect over the force of contraction. 

Strong stimulation of parasympathetic system is able to stop the rhythmical 

excitation of sinus node or block A-V nodal conduction. Ventricles stop 

temporarily for 5 to 20 seconds, after that Purkinje fibres discharge at their own 

rate. The rate of ventricular contraction is about 15 to 40 beats per minute, 

which is known as ventricular escape.29 

MECHANISM: 

Acetylcholine heightens the penetrability of cell membranes to 

potassium ions, which accounts for more potassium efflux. So 

hyperpolarization occurs as a consequence of increased negativity inside the 

membrane. Hyperpolarization drops the resting membrane potential of SA 

node. As a result, threshold potential for excitation is increased. This 

significantly slows down the rate of impulse generation of SA node. 

SYMPATHETIC EFFECT OVER HEART RATE: 

Stimulation of sympathetic system causes contrasting CVS effects as to 

those produced by parasympathetic stimulation. Sympathetic system 



21 
 

accentuates the rate of discharge of SA node. It also increases excitability, 

conduction rate and also strength of contraction of the heart. Resulting in 

increased cardiac activity as a whole. 

MECHANISM: 

Norepinephrine is released at sympathetic nerve terminals. It increases 

the permeability of sodium and calcium ions, which produces further positive 

resting potential in SA node. An Increase of Na2+, Ca2+ permeability also 

increases the rate of upward shift of the diastolic membrane potential so that it 

reaches the threshold level for self-excitation, thus hastening self-excitation 

and, therefore increasing the heart rate. Sympathetic stimulation also decreases 

AV nodal conduction. Increased permeability of calcium ions is the reason for 

the increased force of contraction. 

 

HRV 

HISTORICAL OVERVIEW OF HRV 

First written reports of heart rate are established in literatures of Greek 

scientist Herophilos. Archigenes described about the pulse and its characteristic 

features such as rate, rhythm, volume and he explained that pulse is caused by 

contraction and relaxation of vessels that occurs during contraction of the heart 

and relaxation phases of the heart. In 1733, Rev. Stephen Hales was the first 

one to demonstrate beat-to-beat variation and arterial pressure variation 

occurring during respiration. In 1847, Carl Ludwig invented the smoked drum 

- kymograph which he used to measure the mechanical activity of the organs. 
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He did experiments in dogs and found that during expiration pulse rate was 

diminished and in inspiration pulse rate was amplified, which is the Respiratory 

Sinus Arrhythmia [RSA]. Ludwig Traube (1818–76) suggested that arterial 

waves occur due to irradiation from medullary respiratory centres to cardiac 

centres. In 1871 Karl Ewald Hering suggested that these episodic fluctuations 

are due to restimulation of afferent nerves. Francis Bainbridge (1874–1921) 

anticipated that RSA is not due to the involvement of nervous system but it is 

due to variations in the thoracic pressure which occurs during each respiratory 

cycle that will result in the mechanical distortion of atria. Willem Einthoven 

(1860–1927), quantitatively estimated the accurate ups and downs in electrical 

events of the heart, with the help of galvanometers. In 1960s, ambulatory ECG 

was recorded for 24 hours by means of a small transportable recorder invented 

by Jeff Holter, which is helpful to understand the cardiac beat-to-beat variation. 

In 1970s power spectral analysis came to analyse the foundation for beat to beat 

fluctuations in heart. Subsequently the Time domain and frequency domain 

methods were used to quantify HRV. Cerulli in 1991 introduced spectral 

analysis of HRV in rats and in 1992 Zieglac introduced HRV spectral analysis 

in humans. Later in 1996 Task Force of European Society published standards 

of measurement for HRV.30 

BASIS OF HRV:  

Cardiac beat to beat variation is a physiological phenomenon. This 

variation is measured by HRV. It measures the degree of fluctuations in the 

inter beat interval or otherwise called as RR interval.31 This interval can be 
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obtained from ECG. HRV reflects autonomic regulation of heart rate. When 

autonomic regulation of the heart rate is good it produces high value of HRV, 

and this value denotes good parasympathetic activity. Any alteration in 

autonomic balance produces low value of HRV. Sympathetic activity is denoted 

by low level of total power of HRV. 

ECG is the most suitable device to analyse short term HRV because it 

gives clear idea regarding electrical events of the heart.32 ECG is composed of 

many waves, segments and intervals. Waves are named as P, Q, R, S and T. All 

the electrical events of the heart occur before the mechanical events. The QRS 

complex is often labelled as three separate waves namely Q, R, S. 

Depolarization of Atrium causes P wave. Depolarization of ventricles causes 

QRS complex. So P wave and QRS complex are labelled as depolarization 

waves. T wave is produced by ventricular repolarisation. T wave is recognized 

as a repolarization wave. Thus, the electrocardiogram is an admixture of both 

depolarization and repolarization waves. 

PHYSIOLOGY BEHIND HRV: 

HRV is a physiological phenomenon that occurs due to beat-to-beat 

variation in heart rate during respiratory cycle. Inter beat interval, that is the 

length between two R waves are determined by the balance between the 

decelerating effect of parasympathetic and the accelerating effect of the 

sympathetic innervation, and also by the intrinsic rhythmicity of the cardiac 

pacemaker tissue.33 Physiological variations of the heart rate occur during 

respiration called as respiratory sinus arrhythmia. Cardiac rate variation also 
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occurs with modifications associated with blood pressure fluctuations and 

baroreflex mechanisms, hormonal changes and thermoregulation which is 

mainly due to renin-angiotensin system and also very slow variations in 

response to day and night.34 

MODULATION OF RESPIRATORY SINUS ARRHYTHMIA BY THE 

BARORECEPTOR REFLEXES: 

During inspiration there occurs tachycardia and during expiration there 

occurs bradycardia. This is responsible for respiratory sinus arrhythmia. During 

inspiration venous return is increased, which causes tachycardia via the 

Bainbridge reflex that causes respiratory sinus arrhythmia. Initial lengthening 

of cardiac muscle is increased due to increased venous return in inspiration. As 

per Frank Starling principle increased initial length of cardiac muscle increases 

force of contraction that will result in increased stroke volume which activates 

baroreflex mechanism that antagonize the effect caused by the Bainbridge 

reflex, that is tachycardia. Thus, the baroreceptor reflex controls the respiratory 

sinus arrhythmia.35,36 

The strength of respiratory sinus arrhythmia depends on balance of the 

Bainbridge reflex and the baroreceptor reflex. Autonomic modulation of the 

heart is assessed by Heart rate variability, which is a simple, non-expensive, 

non-invasive, reproducible, recordable tool. 

RECOGNITION OF HEARTBEAT SIGNALS: 

HRV biofeedback has the ability to sense heartbeats regularly and 

precisely. 
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Electrocardiography is used as a sensor. It is a non-invasive tool; it senses 

changes related to activity of the heart. The output of sensor shows a measurable 

beat pattern that is used to estimate the time among consecutive beats. From a 

sequence of such inter beat interval values, a number of statistical process can 

be applied to take out the standard metrics used for HRV biofeedback.37 

SIGNAL PROCESSING: 

By using the ECG signals, computer system with primarily designed 

software algorithms detect cardiac beats. Important point regarding the ECG 

signal is that it permits more accuracy in the recognition of beats. The moment 

the first beat is detected; the program starts counting. The instant the second 

beat is sensed, the inter beat interval is calculated.38 

TERMINOLOGY: 

In 1996 a Task Force of the European Society of Cardiology (ESC) and 

the North American Society of Pacing an Electrophysiology (NASPE) defined 

and established the clinical use, physiological explanation and standards of 

measurement of HRV.39 Frequency domain plus Time domain analysis are the 

standard clinically used parameters. In both methods, the time period between 

each consecutive QRS complex are first determined. These two methods have 

their own advantages and disadvantages. The time domain methods are easy to 

estimate but do not offer a means to quantify autonomic balance. So, the main 

benefits of the frequency domain measures are that it contributes information 

regarding sympatho vagal balance. 
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HRV analysis can be performed on short ECG recordings lasting for 5 

minutes which is labelled as short term HRV. It can be performed on 24 hour 

ECG recordings which is called as long term HRV. Statistical methods are used 

in time domain measures to compute the variation of standard deviation of 

succeeding RR intervals. The frequency domain analysis of HRV calculates the 

respiratory dependent high frequency[HF] and the low frequency [LF] power. 

HF power is influenced by vagal activity, LF signifies mainly sympathetic 

modulations. One essential factor to analyse Inter Beat Interval in HRV analysis 

is that the data should be artefact free. 

HRV ARTEFACTS: 

There are two kinds of HRV artefacts one is missed beat and another one 

is extra beat. Both are commonly produced by signal distortion. These artefacts 

cause very high rise of waves or very low drops of waves on a graph so it is 

easily seen. Proper editing helps to eliminate these types of artefacts. 

HRV ARTEFACTS 

 ECG Artefacts 

 Muscle Contraction Artefacts 

 Electrode Movement Artefacts 

ECG ARTEFACTS: 

Line interference is the most common artefact. It is mainly due to 

electrical devices being present near the data acquisition system. Unused 

sensors are disconnected to prevent this type of artefact. 
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MUSCLE CONTRACTION ARTEFACTS: 

Heart being a muscle the electrical activity of the heart is not very much 

altered from that of the other muscles. ECG can get signals from nearby muscles 

mainly from chest and arm muscles. This artefact produces many extra beats. 

So subject is asked to relax their chest and arm muscles as much as possible. 

ELECTRODE MOVEMENT ARTEFACTS: 

When subject moves enough to pull the cable and one of the electrodes 

off the skin, it can generate extensive deviations. ECG Wrist straps give some 

freedom of movement and increase the contact of electrodes. By using ECG 

Wrist straps this type of artefacts are avoided. 

MEASUREMENTS OF HEART RATE VARIABILITY: 

The main categories of HRV parameters are, 

 Time domain analysis 

 Frequency domain analysis. 

 

TIME DOMAIN PARAMETERS:40 

It is the simplest technique to find out the heart rate fluctuations. 

Commonly used parameters are: 

SDNN: 

The standard deviation of all NN intervals. It is conveyed in terms of 

beat variability. Since the value of SDNN replicates the length of recording, 

longer the length of recording gives higher value of SDNN and shorter 

recording gives the lowest value of SDNN. Millisecond is the unit of measuring 
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SDNN. 24 hours ECG recording can reflect SDNN value better than short term 

recording of HRV. So, analysis of SDNN is measured only in long term 

recording. 

PNN50: 

It is the percentage of NN50 count divided by Over-all quantity of NN 

intervals. 

RMSSD: 

It is the square root of the mean of the sum of the squares of the 

differences between adjacent NN intervals. Even though RMSSD is a time 

domain parameter it can answer well to short term recording of HRV. It is the 

good interpreter of parasympathetic regulation of heart rate. 

SDNN Index: 

It is the mean of the standard deviation of all NN intervals from the total 

recordings of 5 minutes ECG. It normally reflects the autonomic balance of 

heart rate variability. 

FREQUENCY DOMAIN PARAMETERS:41 

Power Spectral Analysis: Variation in heart rate is evaluated spectrally 

by two methods: one is fast- fourier transformation algorithm and the other is 

autoregressive modelling. These two methods are used to study the short term 

HRV. The oscillations of heart rate in a periodic manner can be determined by 

the power spectral density analysis which gives information about the intensity 

of sinus rhythm of heart, decomposition of different amplitudes and frequencies 

of heart rate. 
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Fast Fourier transformation (FFT) is also called as non-parametric 

method where the frequencies with distinct peaks may be seen. Autoregressive 

model is parametric method which detects the spectral activity in a continuous 

smooth manner. The advantage of FFT is that it is simple to perform, very rapid 

and stored RR interval can be transformed in to bands of several frequencies in 

a different manner. The entire results are converted to hertz by dividing length 

of mean RR interval. 

TOTAL POWER: 

0 and 0.4 Hz is the power spectral range of total power. Even though it 

reflects the autonomic activity in overall way, it main contributes for 

sympathetic activity. Millisecond square (ms2) is the unit for total power. 

VERY LOW FREQUENCY (VLF): 

0.0033 to 0.04 Hz is the power spectral range of VLF. It indicates the 

sympathetic influence over the heart. Unit of measurement is millisecond 

square (ms2). This component is responsible for beat variation linked with 

thermoregulation and hormonal regulation especially, renin angiotensin 

mechanism and local factors. 

LOW FREQUENCY (LF): 

0.04 to 0.15 Hz is the power spectral frequency range of LF. Sympathetic 

and parasympathetic component, both are reflected by LF. Overall LF is the 

predictor of sympathetic activity. Unit of measuring LF is millisecond square 

(ms2). 
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HIGH FREQUENCY POWER (HF): 

0.15 to 0.4 is the spectral range of high frequency and it is one of the 

predictors of parasympathetic activity. This was proved in several experimental 

studies such as blockage of muscarinic receptor, stimulation of vagus nerve and 

denervation of vagus. It is otherwise known as the respiratory band as it 

undergoes changes in respiration. It is measured in millisecond squared (ms2). 

LF/HF RATIO: 

LF/HF Ratio is higher in sympathetic dominance and lowered values 

represents parasympathetic dominance. Thus it represents the overall activity 

of autonomic balance between parasympathetic and sympathetic nervous 

system. 

NORMALIZED LOW FREQUENCY (LFnu): 

Unit of calculating normalized LF is percentile. It reflects ratio among 

absolute values of LF power and difference between low frequency and total 

power. 

NORMALIZED HIGH FREQUENCY (HFnu): 

Unit of calculating normalized HF is percentile. It reflects ratio between 

absolute values of HF and difference between HF and total power. Both these 

normalized forms minimize the effect of changes of VLF and measures the 

changes in the sympathetic and parasympathetic components only. 

HRV - GEOMETRIC METHODS: 

RR intervals transform into geometric patterns by Triangular index 

(RRtri), triangular interpolation of NN interval histogram (TINN) and Poincare 
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plot. This method has its own advantages and disadvantages. Comparative 

insensitivity to methodical quality of the sequence of N-N intervals is the 

advantage of geometric methods. Sensible number of N-N intervals needed to 

construct the geometric pattern is the disadvantage of this method. 

PHYSIOLOGICAL FACTORS AFFECTING HRV:42 

 Respiration 

 Posture 

 Diet 

 Exercise 

 yoga 

 Sleep 

 Circadian Rhythm 

HEART RATE VARIATION OCCURS DURING DEEP BREATHING: 

As mentioned previously during deep respiration R-R intervals vary in a 

sinusoidal shape that prolong during inspiration and reduce during expiration. 

This variation is maximum at around 6 breaths per minute and is primarily 

mediated by parasympathetic cardiac nerves. This response lessens with age. 

EFFECT OF STANDING ON HEART RATE: 

Heart rate variation occurring during standing comprises an 

instantaneous and rapid increase in intervals. This is followed by a relative 

slowing to a level, that is usually more rapid than the supine heart rate. In normal 

healthy subjects, heart rate is maximal at around the 15th beat after starting to 

stand up, and the relative bradycardia occurs around the 30th beat. 
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Parasympathetic pathways are mainly involved; sympathetic pathways are 

involved to a lesser extent. The extent of the response diminishes with age.43 

EFFECT OF VALSALVA MANOEUVRE ON HEART RATE: 

Four phases of the normal cardiovascular responses are noted during the 

Valsalva manoeuvre (blowing against resistance for 10±20s). Phase I is the 

instantaneous onset of strain. This brings a sudden increase in intra thoracic 

pressure, which is reflected by a transitory rise in blood pressure and often a 

reflex drop in heart rate. Strain continues in phase II, where venous return is 

reduced. That causes a decrease in cardiac output and blood pressure. The 

lowered blood pressure results in a steadily increasing heart rate and peripheral 

vasoconstriction. Phase III is the period immediately following release of strain. 

The release of intra thoracic pressure and subsequent increase in pulmonary 

venous capacitance leads to additional fall in cardiac output, decrease in BP, 

and a reflex increase in heart rate. Phase IV consists of rebound hypertension 

caused by the increased cardiac output. The elevation in systemic vascular 

resistance is still maintained in reaction to the falling BP of phase II. This, in 

turn, produces a reflex bradycardia and peripheral vasodilatation to restore the 

circulatory hemodynamics to normal. The reflex pathways which constitute the 

Valsalva response are multifaceted. The modifications in heart rate are mainly 

mediated by parasympathetic nerves. This type of test only helps to assess the 

parasympathetic component of ANS.44,45 
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DIET AND HRV: 

Diet containing high saturated fat are linked with increased activity of 

sympathetic nervous system. High Frequency heart rate variability decreased 

after meals, that indicates the decrease in cardiac parasympathetic tone. 

EXERCISE & HRV: 

Studies have shown that the HFnu (parasympathetic influences) 

component augmented pointedly with the increase in exercise load. LF/HF ratio 

is an index of sympathetic activation, and the LF component diminished 

noticeably with the exercise load. Also, ventilation had a main effect on HRV 

indices during exercise. 

YOGA & HRV: 

In yoga, sympathetic discharge is inhibited and parasympathetic 

discharge is facilitated. Thus, sympathovagal homeostasis is restored following 

relaxation therapies in yoga. During inspiration, heart rate is more owing to less 

vagal tone and during expiration heart rate is less owing to more vagal tone. 

Taking benefit of this physiological phenomenon of sinus arrhythmia, our 

ancient spiritual visionaries, rishis and yogis had practiced pranayama as part 

of their natural living and lived healthily for centuries. 

SLEEP & HRV: 

The interaction between ANS and sleep is multifaceted, bidirectional. 

According to the stages of sleep HRV parameters fluctuate. Parasympathetic 

activity dominates during non REM sleep, it is also called as quiet sleep and 

sympathetic activity dominates during REM sleep, also called paradoxical 
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sleep. High values of HRV are observed during non REM sleep which indicates 

parasympathetic activity. 

CIRCADIAN VARIATION & HRV: 

Circadian Variation occurs in cardiac beat variability and it is not 

dependent on vagal innervation. It may be due to oscillations in sympathetic 

activity. 

CLINICAL APPLICATIONS OF HRV: 

The clinical importance of HRV was first detailed in 1965, when Hon and Lee 

observed that fetal distress was preceded by modifications in inter beat intervals 

before any noticeable changes happened in the heart rate itself. Huikuri and 

stein, in their studies emphasised HRV analysis as an increasing important 

diagnostic tool in cardiology.46 HRV is a tool to assess the risk in patients 

recovering from myocardial infarction. Reduced or altered HRV is linked to 

arrhythmic events as well as sudden cardiac death.47 In Motta et al study, the 

sympathetic nervous system has a vital role in the pathogenesis of arterial 

hypertension. Higher parasympathetic nervous system activity helps to reduce 

the cardio vascular mortality. Mathy et al study explains that Obesity is one of 

the important autonomic dysfunctional disorder.23 Obesity associated with 

insulin resistance, diabetes, hypertension and dyslipidemia. Sympathovagal 

imbalance has been reported in obesity. Autonomic assessment in insomniac 

patients revealed notable results. Increased Low frequency component and 

decreased High frequency component of HRV are noted in insomniacs 

compared to healthy subjects during sleep. Insomnia is associated with 
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sympathetic activation which leads to cardiovascular diseases. Bravi et al, terms 

that Physiological stress like exercise and pathological stress like infection 

disturbing the cardiovascular system have both been documented to be linked 

with a reduction in overall heart rate variability. Absolutely regular sinus 

rhythm is too a sign of cardio vascular dysfunction. Reduced variability in 

cardiac rhythm and rate is an alerting sign in patients who are alive after the 

critical stage of myocardial infarction. At the moment of the transplantation the 

heart is entirely denervated. So it is not affected by ANS. Studies recommended 

that, increase in HRV is an indication of re-innervation of transplanted heart. 

Recordings of heart rate over long periods of time using ambulatory ECG 

monitoring reveal that there is a continuous variation in the heart beats. These 

variations are mainly influenced by the cardiac sympathetic and 

parasympathetic innervation. Therefore, analysis of heart rate variations helps 

in the investigation of cardiac autonomic innervation.48  

 

URIC ACID 

In the human body uric acid is the metabolic end product of purine 

degradation. All species other than higher apes and man express an enzyme 

called as urate oxidase, which further metabolises uric acid to allantoin - a more 

soluble waste product, before being excreted in the urine. In man the urate 

oxidase gene which is located in chromosome 1 is not expressed due to two 

non-sense mutations. These mutations appear to have occurred around the 

Miocene epoch (20 – 5 million years ago). Due to this reason humans and apes 
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have higher serum uric acid levels when compared with other animals. The loss 

of uricase activity in primates is similar in occurrence with the loss of ascorbic 

acid production in them. This may be due to the fact that both uric acid and 

ascorbic acid are both reducing agents as well as antioxidants. Hence it has been 

postulated that uric acid is a substitute antioxidant for ascorbic acid in primates. 

Uric acid chemistry: 

 Uric acid is a heterocyclic compound, which is white, odourless, 

crystalline in nature. It has a chemical formula of C5H4N4O3. It forms salts with 

ions known as urates. Uric acid was first isolated from kidney stones in the year 

1776 by Carl Wilhelm Scheele, a Swedish chemist. It was synthesised by 

melting urea with glycine for the first time by Ukrainian chemist Ivan 

Horbaczewski in the year 1882. Uric acid is relatively less water soluble and 

negligibly soluble in alcohol. It crystallises more easily in lower temperatures.49 

Uric acid biochemistry: 

Purines arise from metabolism of dietary and endogenous nucleic acids, 

and are degraded ultimately to uric acid in man, through the action of the 

enzyme xanthine oxidase. Uric acid is distributed throughout the extracellular 

fluid compartment as sodium urate, and cleared from the plasma by glomerular 

filtration. The filtered uric acid undergoes both reabsorption and secretion. 

Around 90% of filtered uric acid is reabsorbed from the proximal renal tubule, 

while active secretion into the distal tubule by urate/anion exchanger and a 

voltage sensitive urate channel. For an individual, urate concentration is 

determined by two factors – the rate of production and renal clearance. This 
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purine metabolism is influenced by diet and genetic factors regulating the cell 

turnover. Uric acid is sparingly soluble in aqueous media and persistent 

exposure to high serum levels predisposes to urate crystal deposition within soft 

tissues.  

Hyperuricemia: 

 Uric acid levels >7.0 mg/dl in males and >5.6 mg/dl in females is 

considered as hyperuricemia. It can be of two types – primary and secondary. 

Primary results from innate mechanisms which result in hyperuricemia while 

secondary hyperuricemia is due to acquired disorders. In both the cases the 

basic pathophysiology is either overproduction of uric acid or decreased 

excretion of uric acid by the kidneys.50 Causes of overproduction: 

Rhabdomyolysis, purine rich diet, severe exercise, polycythaemia vera, 

psoriasis, Paget’s disease, hemolysis, lymphoproliferative disorders, 

myeloproliferative disorders. Causes for decreased excretion: renal 

insufficiency, polycystic kidney disease, diabetes insipidus, lactic acidosis, 

diabetic ketoacidosis, certain drugs (levodopa, ethambutol, cyclosporine). 

Uric acid and diseases: 

 The most common disorder associated with increased uric acid levels is 

gout. The first detailed report of uric acid being involved in pathogenesis of 

gout was done by Sir Alfred Garrod in 1848. In gout there is increased levels of 

urate in the body. These urate molecules form crystals inside the body 

especially monosodium urate (MSU) crystals. Usually the MSU crystals 

circulate in the blood in the body. But they tend to get precipitated in low 
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viscosity solvents like synovial fluid, since they are poor solvents. Also uric 

acid tends to get crystallised at lower temperatures. Since peripheral joints have 

both synovial fluid and lower temperature they get affected first by the 

deposition of uric acid crystals. These uric acid crystals elicit local 

inflammatory response which results in phagocytosis of the affected synovial 

tissue cells which finally results in gouty arthritis.  

 Other than joints the major organs to be affected are the kidneys. 

Hyperuricemia may result in nephrolithiasis (uric acid stones), uric acid 

nephropathy, urate nephrosis. Chronic uric acid excretion results in slow 

deposition of urate crystals which can result in stone formation. In acute excess 

and excretion of uric acid the nephrons get affected by urate crystals and 

excretion is affected which is called as uric acid nephropathy. In chronic cases 

of gout MSU crystals accumulate in nephrons which elicit inflammatory 

response resulting in destruction of nephrons termed as urate nephrosis.51 

Uric acid and hypertension: 

 Hypertension is a disorder with multiple risk factors. The possibility of 

uric acid being a potential risk factor for hypertension was proposed as early as 

1900 itself. But proper attention to that fact was not given until 1970’s. In 1979 

Frederick Mohamed observed that many of the hypertensive subjects he studied 

had family history of gout. Almost a decade later Henri Huchard, a French 

academician observed that renal arteriosclerosis was mainly seen in 3 groups – 

people with gout, people taking diet with high amount of fatty meat and lead 

poisoning. All of the aforementioned conditions invariably resulted in 
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hyperuricemia. Later many studies were conducted in hypertensive subjects 

which pointed out uric acid as a risk factor for hypertension.52 Though multiple 

studies suggested that fact, the association with high levels of serum uric acid 

and high blood pressure were not studied till 2000’s.  Even then it was not clear 

as to how hyperuricemia caused hypertension. Many proposed that 

hypertension caused renal vascular abnormalities which resulted in increased 

reabsorption of uric acid and hence, hyperuricemia was an indirect consequence 

of hypertension. A study done by Watanabe et al. proposed that when our 

ancestors assumed the upright posture, uric acid became a source for activating 

renin angiotensin system which results in hypertension. 
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MATERIALS & METHODS 

 

STUDY DESIGN: 

It is a cross-sectional case control study. 

 

STUDY PLACE: 

The study was conducted in the Noncommunicable diseases OPD, at 

Coimbatore Medical College Hospital, Coimbatore. 

 

STUDY PERIOD: 

This study was conducted during the period of July 2018 to June 2019. 

 

STUDY SUBJECTS: 

A total of 120 subjects in the age group of 30 – 40 years attending 

Noncommunicable diseases OPD at Coimbatore medical college hospital were 

selected. Among them 60 subjects were normotensives with systolic blood 

pressure < 130 mm Hg and diastolic blood pressure < 80 mm Hg. 60 subjects 

were stage 1 hypertensives with systolic blood pressure between 130 and 139 

mm Hg and/or diastolic blood pressure between 80 and 89 mm Hg. The 

hypertensives are newly diagnosed and have not been on any hypertensive 

medications. 
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EXCLUSION CRITERIA: 

 Age < 30 years, > 40 years 

 Diseases – gout, diabetes mellitus, known hypertensives on medication, 

previous cardiac events (MI, CAD, angina), renal dysfunction, psoriasis, 

dyslipidemia 

 Secondary hypertension, previous history of secondary hypertension 

 History of malignancies 

 History of connective tissue disorders 

 History of alcoholism 

 History of intake of drugs which affect serum uric acid levels 

(allopurinol, probenecid) 

 History of intake of drugs which influence autonomic nervous system 

function – cholinergic, anticholinergic, sympathomimetic, 

sympatholytic. 

 

MATERIALS USED FOR THE STUDY: 

 Proforma -  to record the details of the subjects and to record the clinical 

findings. 

 Standardised mercury sphygmomanometer - to record the Blood 

pressure 

 Portable weighing machine – to record the bodyweight in kilograms 

 Stadiometer - to measure the standing height in centimeters.  

 Autoanalyser - to analyse plasma uric acid levels. 
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 Silver electrodes were attached with wrist strap to conduct electrical 

signals. 

 Electrode gel to improve the conduction of electrical signals. 

 NEUROPERFECT EMG 2000 SYSTEM WITH INSTALLED HRV 

SOFTWARE - to record HRV. 

 

METHODOLOGY: 

ETHICS: 

After getting permission from ethical committee of Coimbatore Medical 

College, Coimbatore, the subjects were selected. The procedure was explained 

in detail to the subjects and informed consent was obtained. 

 

The Study Protocol Consists of: 

1. History taking and Clinical Examination: 

Recording of a detailed history including family history to rule out Diabetes 

mellitus, secondary hypertension, cardiovascular disorders. 

2. Measurement of Anthropometric Indices: 

Weight of Subject: 

The Subjects were instructed to wear light clothing and to stand erect 

with their arms relaxed at their side, with both feet close together. By using a 

portable standard weighing machine, weight in kilograms was recorded. Weight 

was measured to the nearest 0.5 kg. 
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Height of Subject: 

Height of the subject in centimetres was measured by using a 

stadiometer, to the nearest 0.5cm, with the subjects were asked to stand in erect 

posture. 

BMI: 

Body mass index was calculated by Quetelet’s Index. 

BMI = Weight in Kg / Height in m2. 

Measurement of blood pressure:53,54 

 The blood pressure measurement was done according to the protocols 

defined by the AHA guidelines. 

Precautions for measurement of blood pressure: 

1. The patient was asked to sit relaxed in a chair (feet on floor, back 

supported). 

2. The patient was asked to avoid caffeine, exercise, and smoking for at 

least 30 minutes before measurement. 

3. The patient was asked to empty his/her bladder prior to measurement. 

4. The patient was advised not to talk during the rest period or during the 

measurement. 

5. All clothing covering the location of cuff placement were removed. 

6. A sphygmomanometer, which was validated and calibrated periodically, 

was used.  

7. The patient’s arm was supported on the desk throughout the procedure. 

8. Appropriate sized cuffs were used for each patient. 
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Recording of blood pressure: 

First, the subjects were asked to sit and relax for 15 minutes in a quiet 

room with comfortable room temperature. Blood pressure was recorded in both 

arms. The arm showing the higher value was taken for subsequent 

measurements. First blood pressure was measured by palpatory method. Then 

in auscultatory method the mercury column was raised about 20-30 mm Hg 

above palpatory method value and slowly reduced in the rate of 2 mm of Hg 

per second. The first and fifth Korotkoff sounds were recorded as systolic blood 

pressure and diastolic blood pressure respectively. Two separate readings were 

done on two consecutive days and the blood pressure was determined. 

Measurement of HRV:55 

Precautions for HRV measurements: 

Before measurement: 

1. To avoid any effects of diurnal variation all recordings were done 

between 8.00 AM and 10.00 AM 

2. Subjects were asked not to take heavy meals, coffee, alcohol four hours 

before the test. 

3. Subjects were asked not to exercise four hours before the test. 

4. Unwanted electrical equipments were removed from test surroundings 

to avoid unnecessary electrical signals that may cause artefacts in 

recordings. 

During measurement: 

1. Subjects were advised to sit comfortably. 



 

 

 

 

Examination of HRV 
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2. Advised to avoid moving or talking during measurement. 

3. Advised not to close the eyes and not fall asleep during procedure. 

4. Advised to maintain normal breathing, and not to control the breathing 

intentionally 

Measuring HRV: 

Subjects were asked to sit comfortably in a quiet and relaxed 

environment for 15 minutes, following which electrode gel was applied on both 

palmar aspects of both wrists and both legs. Electrodes were tied with the help 

of straps. For a full 10 minutes HRV measurement was done using Physiopac 

software. The recordings thus obtained were saved and analysed using HRV 

analysis software. An artefact free 5-minute interval was chosen for each 

recording and the HRV values were analysed. 

Measurement of uric acid: 

 After following strict aseptic precautions, the venous blood samples of 

the subjects were collected from antecubital vein. The samples were then taken 

immediately to the biochemistry lab in Coimbatore medical college hospital and 

analysis was done in an autoanalyser using alkaline picrate method. 
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RESULTS 

STATISTICAL ANALYSIS 

Required data collected from all the subjects were recorded in a master 

Chart. Data analysis was done by using Statistical Packaging of Social Science 

25 (SPSS 25) Version. Statistical methods were used to calculate the mean and 

standard deviation. Independent student t test was applied to analyse the 

statistical significance in HRV parameters and serum uric acid levels with blood 

pressure. Pearson’s correlation was done to establish a relation between HRV 

parameters and blood pressure values, and serum uric acid levels and blood 

pressure values. Microsoft word and excel has been used for making tables, 

charts and graphs. 
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TABLE 1 

Descriptive statistics of various anthropometric measurements in 

Normotensives (n=60) 

Parameter Age 
(years) 

Height 
(cm) 

Weight 
(kg) 

BMI 

Mean 34.77 166.93 70.07 24.29 

Standard 
deviation 

3.212 6.512 10.493 4.377 

Minimum 30 155 55 19.38 

Maximum 40 177 90 36.51 

 

 

TABLE 2 

Descriptive statistics of various anthropometric measurements in 

Hypertensives (n=60) 

Parameter Age 
(years) 

Height 
(cm) 

Weight 
(kg) 

BMI 

Mean 35.47 167.53 71.18 24.46 

Standard 
deviation 

3.000 6.622 10.277 4.101 

Minimum 30 155 56 18.4 

Maximum 40 178 89 36.16 
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TABLE 3 

Descriptive statistics of various clinical measurements in Normotensives 

(n=60) 

Parameters 
Pulse 
rate 

(/min) 

Respiratory 
rate 

(/min) 

Systolic 
blood 

pressure 
(mm Hg) 

Diastolic 
blood 

pressure 
(mm Hg) 

Mean 
arterial 
pressure 
(mm Hg) 

Mean 79.97 14.15 114.13 68.70 83.94 

Standard 
deviation 

8.401 1.176 8.807 5.878 6.095 

Minimum 66 12 100 60 73.33 

Maximum 94 16 128 80 96.00 

 

 

TABLE 4 

Descriptive statistics of various clinical measurements in Hypertensives 

(n=60) 

Parameters 
Pulse 
rate 

(/min) 

Respiratory 
rate 

(/min) 

Systolic 
blood 

pressure 
(mm Hg) 

Diastolic 
blood 

pressure 
(mm Hg) 

Mean 
arterial 
pressure 
(mm Hg) 

Mean 78.57 14.12 134.37 83.97 100.77 

Standard 
deviation 

6.700 1.027 2.864 2.840 2.071 

Minimum 66 12 130 80 96.67 

Maximum 96 16 138 88 104.67 
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TABLE 5 

Descriptive statistics of low frequency (LF) values in Normotensives 

(n=60) and Hypertensives (n=60) 

LF (ms2) Mean SD t value p value 

Normotensives 216.15 249.78 
2.50 0.014 

Hypertensives 348.77 325.90 

 

The mean value of LF in hypertensives (348.77±325.90) is statistically more 

than the mean value of normotensives (216.15±249.78) with ‘t’ value of 2.50 

and a ‘p’ value of 0.014 (p<0.05). This signifies that the low frequency 

component is significantly increased in hypertensives when compared with 

normotensives. 

TABLE 6 

Pearson’s correlation values of LF with mean arterial pressure in study 

subjects (n=120) 

HRV parameter Pearson’s r p value 

LF 0.22 0.014 

 

The Pearson’s correlation of LF component with the mean arterial pressure of 

the study group (both normotensives and hypertensives) has ‘r’ value of 0.22 

with a statistically significant p value of 0.014 (p<0.05). This means that as the 

mean arterial pressure increased the low frequency component also increased. 
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FIGURE 1 

Box plot showing distribution of low frequency levels (LF) in 

Normotensives (n=60) and Hypertensives (n=60) 

 

FIGURE 2 

Scatterplot showing relationship between LF and mean arterial pressure 

in study subjects (n=120)
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TABLE 7 

Descriptive statistics of high frequency (HF) values in Normotensives 

(n=60) and Hypertensives (n=60) 

HF (ms2) Mean SD t value p value 

Normotensives 34.03 33.88 
2.37 0.020 

Hypertensives 57.47 68.83 

 

The mean value of HF in hypertensives (57.47±68.83) is statistically 

more than the mean value of normotensives (34.03±33.88) with ‘t’ value of 2.37 

and a ‘p’ value of 0.020 (p<0.05). This signifies that the high frequency 

component is significantly increased in hypertensives when compared with 

normotensives. 

TABLE 8 

Pearson’s correlation values of HF with mean arterial pressure in study 

subjects (n=120) 

HRV parameter Pearson’s r p value 

HF 0.23 0.011 

 
The Pearson’s correlation of HF component with the mean arterial 

pressure of the study group (both normotensives and hypertensives) has ‘r’ 

value of 0.23 with a statistically significant p value of 0.011 (p<0.05). This 

means that as the mean arterial pressure increased the high frequency 

component also increased. 
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FIGURE 3 

Box plot showing distribution of high frequency levels (HF) in 

Normotensives (n=60) and Hypertensives (n=60)

 

FIGURE 4 

Scatterplot showing relationship between HF and mean arterial pressure 

in study subjects (n=120) 
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TABLE 9 

Descriptive statistics of LF/HF ratio in Normotensives (n=60) and  

Hypertensives (n=60) 

LF/HF ratio Mean SD t value p value 

Normotensives 5.835 1.083 
3.38 0.001 

Hypertensives 6.587 1.338 

 

The mean value of LF/HF in hypertensives (6.587±1.338) is statistically 

more than the mean value of normotensives (5.835±1.083) with ‘t’ value of 3.38 

and a ‘p’ value of 0.001 (p<0.01). This signifies that the low frequency to high 

frequency ratio is significantly increased in hypertensives when compared with 

normotensives.  

TABLE 10 

Pearson’s correlation values of LF/HF with mean arterial pressure in 

study subjects (n=120) 

HRV parameter Pearson’s r p value 

LF/HF 0.24 0.009 

 
The Pearson’s correlation of LF/HF ratio with the mean arterial pressure 

of the study group (both normotensives and hypertensives) has ‘r’ value of 0.24 

with a statistically significant p value of 0.009 (p<0.01). This means that as the 

mean arterial pressure increased the low frequency to high frequency ratio also 

increased.  
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FIGURE 5 

Box plot showing distribution of LF/HF ratio in Normotensives (n=60) 

and Hypertensives (n=60) 

 

FIGURE 6 

Scatterplot showing relationship between LF/HF and mean arterial 

pressure in study subjects (n=120) 
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TABLE 11 

Descriptive statistics of LF normalised unit (LFnu) in  

Normotensives (n=60) and Hypertensives (n=60) 

LFnu Mean 
Standard 

deviation 
t value p value 

Normotensives 85.01 2.333 
2.39 0.019 

Hypertensives 86.23 3.220 

 

The mean value of LFnu in hypertensives (86.23±3.220) is statistically 

more than the mean value of normotensives (85.01±2.333) with ‘t’ value of 2.39 

and a ‘p’ value of 0.019 (p<0.05). This signifies that the low frequency 

normalised unit is significantly increased in hypertensives when compared with 

normotensives.  

TABLE 12 

Pearson’s correlation values of LFnu with mean arterial pressure in 

study subjects (n=120) 

HRV parameter Pearson’s r p value 

LFnu 0.21 0.019 

 

The Pearson’s correlation of LFnu with the mean arterial pressure of the 

study group (both normotensives and hypertensives) has ‘r’ value of 0.21 with 

a statistically significant p value of 0.019 (p<0.05). This means that as the mean 

arterial pressure increased the low frequency normalised unit also increased. 
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FIGURE 7 

Box plot showing distribution of LF normalised unit (LFnu) in  

Normotensives (n=60) and Hypertensives (n=60) 

 

FIGURE 8 

Scatterplot showing relationship between LFnu and mean arterial 

pressure in study subjects (n=120) 
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TABLE 13 

Descriptive statistics of HF normalised unit (HFnu) in  

Normotensives (n=60) and Hypertensives (n=60) 

HFnu Mean 
Standard 

deviation 
t value p value 

Normotensives 14.97 2.344 
2.42 0.017 

Hypertensives 13.73 3.226 

 

The mean value of HFnu in normotensives (14.97±2.334) is statistically 

more than the mean value of hypertensives (13.73±3.226) with ‘t’ value of 2.42 

and a ‘p’ value of 0.017 (p<0.05). This signifies that the high frequency 

normalised unit is significantly decreased in hypertensives when compared with 

normotensives.  

TABLE 14 

Pearson’s correlation values of HFnu with mean arterial pressure in 

study subjects (n=120) 

HRV parameter Pearson’s r p value 

HFnu -0.22 0.017 

 

The Pearson’s correlation of HFnu with the mean arterial pressure of the 

study group (both normotensives and hypertensives) has ‘r’ value of -0.22 with 

a statistically significant p value of 0.017 (p<0.05). This means that as the mean 

arterial pressure increased the high frequency normalised unit decreased. 
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FIGURE 9 

Box plot showing distribution of HF normalised unit (HFnu) in  

Normotensives (n=60) and Hypertensives (n=60) 

 

FIGURE 10 

Scatterplot showing relationship between HFnu and mean arterial 

pressure in study subjects (n=120) 
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TABLE 15 

Descriptive statistics of serum uric acid values in Normotensives (n=60) 

and Hypertensives (n=60) 

Serum uric 

acid 
Mean 

Standard 

deviation 
t value p value 

Normotensives 5.87 0.39 
7.75 0.001 

Hypertensives 6.87 0.92 

 

The mean value of serum uric acid in hypertensives (6.87±0.92) is 

statistically more than the mean value of normotensives (5.87±0.39) with ‘t’ 

value of 7.75 and a ‘p’ value of 0.001 (p<0.01). This signifies that the serum 

uric acid is significantly increased in hypertensives when compared with 

normotensives.  

TABLE 16 

Pearson’s correlation values of HFnu with mean arterial pressure in 

study subjects (n=120) 

Parameter  Pearson’s r p value 

Serum uric acid 0.58 0.001 

 

The Pearson’s correlation of serum uric acid with the mean arterial 

pressure of the study group (both normotensives and hypertensives) has ‘r’ 

value of 0.58 with a statistically significant p value of 0.001 (p<0.01). This 

means that as the mean arterial pressure increased the serum uric acid increased. 
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FIGURE 11 

Box plot showing distribution of serum uric acid in Normotensives (n=60) 

and Hypertensives (n=60) 

 

FIGURE 12 

Scatterplot showing relationship between HFnu and mean arterial 

pressure in study subjects (n=120) 
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DISCUSSION 

 In this study 60 normotensive subjects and 60 stage 1 hypertensives were 

selected and subjected to HRV analysis and serum uric acid analysis. In HRV 

analysis low frequency (LF), high frequency (HF), LF/HF ratio, low frequency 

normalized unit (Lfnu) and high frequency normalized unit (HFnu) were 

analysed. 

HRV ANALYSIS AND HYPERTENSION: 

In the low frequency analysis, the mean value of normotensives is 

216.15±249.78 while the mean value of hypertensives is 348.77±325.90. The 

hypertensives have higher mean LF values than normotensives. It is statistically 

significant with ‘p’ value of 0.014 (p<0.05). Low frequency spectrum occurs 

mainly due to sympathetic component of autonomic nervous system. The study 

shows that the absolute value of the LF component was increased in 

hypertensives when compared with normotensives. 

 The correlation between the low frequency component of HRV and the 

mean arterial pressure of the study subjects is calculated. The Pearson 

correlation coefficient ‘r’ has a value of 0.22 which has a statistically significant 

‘p’ value of 0.014 (p<0.05). This shows that as the mean arterial pressure 

increased the LF component has also increased. 

In the high frequency analysis, the mean value of normotensives is 

34.03±33.88 while the mean value of hypertensives is 57.47±68.83. The 

hypertensives have higher mean HF values than normotensives. It is statistically 

significant with ‘p’ value of 0.020 (p<0.05). This shows that there is an increase 



62 
 

in the HF component of HRV in hypertensives. HF mainly reflects the 

parasympathetic system activity in the heart. The study shows that the absolute 

value of HF component was increased in hypertensive subjects. 

 The correlation between the high frequency component of HRV and the 

mean arterial pressure of the study subjects is calculated. The Pearson 

correlation coefficient ‘r’ has a value of 0.23 which has a statistically significant 

‘p’ value of 0.011 (p<0.05). This shows that as the mean arterial pressure 

increased the HF component also increased. 

 In the LF/HF ratio analysis, the mean value of normotensives is 

5.835±1.083 while the mean value of hypertensives is 6.587±1.338. The 

hypertensives have higher mean LF/HF ratio than normotensives. It is 

statistically significant with ‘p’ value of 0.001 (p<0.01). This shows that there 

is an increase in the LF/HF ratio of HRV in hypertensives. The ratio of LF with 

HF shows the balance between sympathetic and parasympathetic components 

of autonomic nervous system. Since the ratio of LF with HF is increased in 

hypertensives it signifies that the sympathetic activity is more when compared 

with parasympathetic activity resulting in sympathetic dominance over the 

heart. 

 The correlation between the LF/HF ratio of HRV and the mean arterial 

pressure of the study subjects is calculated. The Pearson correlation coefficient 

‘r’ has a value of 0.24 which has a statistically significant ‘p’ value of 0.009 

(p<0.01). This shows that as the mean arterial pressure increased the LF/HF 
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ratio also increased signifying that sympathetic predominance over the heart 

increased with increasing blood pressure. 

   In the low frequency normalized unit analysis, the mean value of 

normotensives is 85.01±2.333 while the mean value of hypertensives is 

86.23±3.22. The hypertensives have higher mean LFnu values than 

normotensives. It is statistically significant with ‘p’ value of 0.019 (p<0.05). 

This shows that there is an increase in the LFnu component of HRV in 

hypertensives. LFnu represents the ratio of LF with total power. Hence in 

hypertensives in the total activity in autonomic nervous system, the sympathetic 

component predominates. 

The correlation between the low frequency normalized unit of HRV and 

the mean arterial pressure of the study subjects is calculated. The Pearson 

correlation coefficient ‘r’ has a value of 0.21 which has a statistically significant 

‘p’ value of 0.019 (p<0.05). This shows that as the mean arterial pressure 

increased the LFnu component also increased. This shows that total power of 

autonomic activity increased with increase in blood pressure. Even still 

significant increase was more in sympathetic component than parasympathetic 

component with increased blood pressure. 

 In the high frequency normalized unit analysis, the mean value of 

normotensives is 14.97±2.344 while the mean value of hypertensives is 

13.73±3.226. The hypertensives have lower mean HFnu values than 

normotensives. It is statistically significant with ‘p’ value of 0.017 (p<0.05). 

This shows that there is a decrease in the HFnu component of HRV in 
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hypertensives. HFnu represents the ratio of HF with total power. Hence in 

hypertensives, though the activity of autonomic nervous system increased, the 

parasympathetic component receded. 

The correlation between the high frequency normalized unit of HRV and 

the mean arterial pressure of the study subjects is calculated. The Pearson 

correlation coefficient ‘r’ has a value of -0.22 which has a statistically 

significant ‘p’ value of 0.017 (p<0.05). This shows that as the mean arterial 

pressure increased the HFnu component decreased.  

  Thus the study results show that when the arterial pressure increases the 

autonomic system activity over the heart also increases. This occurs due to 

increase in sympathetic component of HRV. This results in poor HRV which 

indicates poor autonomic balance over the heart. The increased HF values in 

hypertensives indicates an increase in absolute value of parasympathetic 

component, but the decreased HFnu indicates that the true influence of 

parasympathetic system over heart was actually decreased in hypertensives. 

 The effect of new onset hypertension in heart rate variability was studied 

by Jagmeet P. Singh et al. The study was a cohort study which included 2722 

subjects from the Framingham Heart study. All those subjects were age and 

gender matched and heart rate variability was assessed after taking careful 

blood pressure measurements. In this study only the LF values are statistically 

significant, while LF/HF values did not increase at all. The study concluded that 

LF values serve a predictive value for risk of hypertension.56 
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  A study conducted by Jin Shang Wu et al. found the effect of increased 

blood pressure and family history of hypertension on cardiac autonomic 

function. In this study 1436 subjects were included. Blood pressure and heart 

rate variability was measured in them along with recording of family history. In 

this study both LF and LF/HF ratio are positively correlated with increased 

blood pressure while HF is negatively correlated with increased blood pressure. 

The study also found similar results with normotensive subjects with family 

history of hypertension.57 

 A study done by Asuman H. Kaftan and Osman Kaftan correlated QT 

interval and heart rate variability in hypertensives. In this study both time 

domain and frequency domain parameters were correlated with blood pressure 

in normotensives and hypertensives. A total of 76 hypertensives and 70 

normotensives were used in this study. In both time domain and frequency 

domain parameters parasympathetic function was found to be reduced in 

hypertensives, while sympathetic function was found to be increased in 

hypertensives. In frequency domain parameters LF and LF/HF ratio were 

increased and HF was decreased.58 

  A study done by Havlicekova et al. focused on HRV parameters in 

adolescents with untreated primary hypertension (22 hypertensives and 22 

normotensives). The study was done for 24-hour period and HRV was analysed 

during wakefulness (9 a.m. to 1 p.m.) and sleep (12 a.m. to 4 a.m.). The results 

showed that there was increased sympathetic activity during day (increased LF). 

There was decreased parasympathetic activity during both day and night 
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(decreased HF). There was decreased sympathovagal balance during both day 

and night (increased LF/HF ratio). This shows that there is sympathovagal 

imbalance in hypertensives in adolescent age group itself.59 

 A study done by Simone Maule et al. correlated both HRV and QTc 

interval with blood pressure in uncomplicated essential hypertension. A total of 

215 patients were enlisted in this study. Both time domain and frequency 

domain parameters were analysed in this study. The time domain parameters 

(SDNN, RMSSD, pNN50, SDNN index) were all decreased in hypertensives 

along with QTc interval prolongation signifying decrease in parasympathetic 

activity. But in frequency domain only the total power was decreased and other 

parameters did not have statistically significant changes.60  

PROBABLE MECHANISMS: 

 Studies in hypertension and autonomic nervous system inevitably come 

to a similar conclusion – sympathetic system over activity. This may or may not 

be coupled with parasympathetic system downregulation in hypertensives.  

 The study done by Jagmeet P. Singh et al. states that among all the men 

who had variations in HRV parameters the ones who had increased LF 

parameters i.e. those who had increased sympathetic activity had more 

incidence of hypertension. The study states that LF parameters being increased 

have the most predictive value for hypertension. This opposed some previous 

studies which suggested HF parameters being reduced were more predictive of 

hypertension. The study suggests this discrepancy can be due to the time 

duration of measurement of variables. Many previous studies had examined 
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HRV for shorted duration (2-5 minutes) and that did not provide enough 

changes in LF parameters to be significantly appreciated.  

 The study done by Asuman H. Kaftan et al. found that a prolonged QT 

interval in hypertensives caused ventricular remodeling which resulted in 

genesis of ventricular arrhythmias and ventricular failure. The HRV changes 

(increased sympathetic and decreased parasympathetic activity) in 

hypertensives also resulted in similar changes to ventricular musculature. The 

study thus concludes that by simply reducing blood pressure values we can 

prevent the occurrence of cardiovascular complications. The study by Simona 

Maule et al. showed similar results with QT interval and HRV parameters. The 

study suggests that autonomic modulation results in altered ventricular 

repolarization which could be the cause of appearance of cardiac arrhythmias. 

The study also proposes that the autonomic modulation itself could result in 

prolonged QT intervals and hence indirectly resulting in arrhythmias.  

The Atherosclerosis Risk in Communities Study (ARIC) was conducted 

as a longitudinal study to analyse cardiovascular and pulmonary diseases by 

Heart, Lung and Blood institute. It also showed an increase in sympathetic 

activity in hypertensives. The probable mechanisms explained were – increased 

sympathetic activity had a direct impact on the heart to increase the stroke 

volume, output and heart rate, direct impact on peripheral arterial resistance and 

an indirect impact on renin angiotensin system thus increasing the plasma renin 

levels. The study also suggests that the sympathetic over activity usually 

precedes the appearance of hypertension and also seen mostly in the earlier 
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stages of hypertension. As the time progresses the changes in autonomic 

nervous system try to compensate for the increased in blood pressure. Then it 

will reach a saturation point and the sympathetic tone will eventually decrease. 

This hypothesis may explain the decreased HRV in chronic hypertensives but 

without much change in absolute increase in low frequency variables.61 

 A study done by Giuseppe Mancia et al. studied the relationship between 

blood pressure and heart rate variability in normotensives and hypertensives.  

The study states that the short term heart rate variability parameters varied in 

accordance with the mean arterial pressure value changes over 24 hours. The 

study states that those who had transient blood pressure increase (only during a 

portion of the day or only during certain activities) and had normal blood 

pressure for the rest of the day showed no significant HRV changes when 

compared to those who did not have elevated blood pressure. Only those who 

had consistently elevated blood pressure showed significant HRV changes. The 

study suggested that changes in mean arterial pressure over a prolonged period 

results in autonomic system modulation resulting in permanent changes in heart 

rate and cardiac output. The study suggests that the transition from acute to 

chronic state of increased blood pressure resulted in readjustment of 

cardiovascular mechanisms to maintain blood pressure which prompted the 

significant HRV changes.62 

 Some studies have demonstrated age related decrease in autonomic 

nervous system function. A study done by Katsuhiko Kohara et al. focused on 

autonomic nervous system function in elderly hypertensives. This study 
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proposed that decreased β-adrenoceptor function and adenylate – cyclase 

activity is seen in elderly which would explain why hypertension usually occurs 

in the elderly. In addition to that, decreased receptor sensitivity seen in old age 

further decreases autonomic system modulation in the body.63 

 A study done by R. Virtanen et al. studied the relation of HRV with 

plasma renin activity in hypertensives. The results showed that in hypertensives 

the plasma renin activity was found to be increased and that was proposed to be 

the cause of increased sympathetic activity in hypertensives. The study states 

that central nervous system increases sympathetic discharges, which in turn 

increases β-adrenoceptor mediated stimulation of juxtaglomerular cells. This 

increases renin activity by stimulating the renin-angiotensin-aldosterone system 

(RAA system).64  

 The study done by Paolo Melillo et al. studied the relationship between 

HRV and target organ damage in hypertensives. The study found that higher 

amount of target organ damage, especially in heart and kidneys were associated 

with LF/HF ratio (sympathovagal balance) rather than individual LF and HF 

parameters. Though both sympathetic and parasympathetic systems have 

opposite functions in almost all of the organs they work synergistically to 

achieve homeostasis. When one component gets affected it results in the other 

component to balance the changes which results in LF/HF ratio variations, 

which in turn results in organ damage.65 

 One another important factor contributing to both increased sympathetic 

activity as well as cardiovascular dysregulation is stress. Stress can be due to 
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multiple reasons. But the commonest form of stress in day to day life is 

psychosocial form of stress. Almost all segments of the society are affected by 

this form of stress. Numerous studies done on stress have emphasized its 

significance and impact in everyday life as well as the health hazard it poses in 

almost all of the organ systems of the body. 

 A study was done by H Ruediger HRV in hypertensives and 

normotensives under mental stress. The study found that sympathetic over 

activity and parasympathetic depression occurred in hypertensives under 

mental stress than normotensives. But the study further stated that the 

parasympathetic changes was predominant with Respiratory Sinus Arrhythmia 

(RSA). The RSA is a result of parasympathetic nervous system influence over 

the heart. Hypertensives did not show a marked increase in parasympathetic 

activity measured by HRV during respiration. Thus the respiratory sinus 

arrhythmia was significantly reduced in hypertensives. Other than that the HR 

values showed no significant changes in hypertensives when compared with 

normotensives.66  

URIC ACID AND HYPERTENSION: 

 In the uric acid analysis, the mean serum uric acid levels in hypertensives 

is  6.87 ± 0.92 mg/dl  and  the  serum uric acid levels in  normotensives is        

5.87 ± 0.39 mg/dl. The hypertensives have increased mean uric acid levels with 

statistically significant ‘p’ value of 0.001 (p < 0.01). this signifies that 

hypertension is associated with increased serum uric acid levels. Of 60 subjects 

who were normotensives, none of them had hyperuricemia. But in 
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hypertensives (60 subjects), 27 subjects (45%) had hyperuricemia (serum uric 

acid levels > 7.0 mg/dl). 

The correlation between the serum uric acid and the mean arterial 

pressure of the study subjects is calculated. The Pearson correlation coefficient 

‘r’ has a value of 0.58 which has a statistically significant ‘p’ value of 0.001 

(p<0.01). This shows that as the mean arterial pressure increased there is an 

increase in serum uric acid levels, which implies that higher levels of mean 

arterial pressures are associated with higher values of serum uric acid. 

 A study done by Feng-Na Yu et al. correlated serum uric acid levels with 

hypertension in 1730 Chinese population (1021 males and 709 females). The 

study concluded that the prevalence of hypertension was significantly higher in 

hypertensive population than normotensive population. Also the study stated 

that the significance was more in male hypertensives.67 

 A study done by John Sundstrom et al. found the correlation of serum 

uric acid by selecting subjects from the original Framingham Heart study. It 

was a cohort study in which 3329 individuals were followed up for a four-year 

period. The results showed that serum uric acid was not only related to 

incidence of hypertension, but also to progression of hypertension. The results 

showed that 1 standard deviation increase in serum uric acid levels were 

associated with 17 – 29 % increase in odds of developing hypertension.68  

 The Normative Aging study was done by Todd S. Perlstein Et al. to study 

the relationship between uric acid and development of hypertension. It was a 

cohort study conducted for over 20 years and included 2062 males in the age 
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group of 21 – 80 years. This study concluded that serum uric acid is an 

independent risk factor for development of hypertension.69 

 A study done by Jae Joong Lee et al. studied the relationship between 

serum uric acid and blood pressure in different age groups. A total of 45,098 

subjects were selected with detailed history regarding hypertension and drug 

history. The subjects were then classified into three groups based on age                

(<40 years, 40-59 years,  >59 years). The study results showed that there was 

an increase in serum uric acid levels with increase in blood pressure in all age 

groups taken in the study. The increase in uric acid levels were more 

pronounced in younger age groups when compared with older age groups. The 

study also showed that the prevalence of hyperuricemia in hypertensives was 

twice than that in normotensives across the age groups.70  

  A study done by Xiaoyun Lin et al. studied the association of gender 

and age differences with hyperuricemia and hypertension. It was a cross 

sectional study which involved 78596 subjects (47781 men and 30851 women). 

The study subjects were in the age range of 20 – 70 years. They were then 

categorized based on their age decades into 5 categories. All the study subjects 

were examined for both hypertension and hyperuricemia. The prevalence of 

hypertension was more in females when compared with males. But the 

prevalence of hyperuricemia was more in males when compared with females. 

Both in male and female subgroups the prevalence of hyperuricemia in both 

normotensives and hypertensives were analysed. The study results showed that 

hyperuricemia was an independent risk factor for hypertension in males. The 
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increase in serum uric acid levels which was associated with increased blood 

pressure was seen predominantly in younger age groups when compared with 

older age groups. Both systolic as well as diastolic blood pressure showed 

significant increase with increased serum uric acid levels in males. The picture 

in women on the other hand, was different. The rise in serum uric acid levels 

did not have significant association with hypertension in females. But there was 

a positive correlation between serum uric acid levels and diastolic blood 

pressure in females.71 

POSSIBLE MECHANISMS: 

  There are many possible explanations given in many studies regarding 

the association of serum uric acid with hypertension. Many of these studies have 

suggested a direct influence of serum uric acid over vascular system. Some have 

suggested an indirect influence like causing obesity and insulin resistance 

which in turn have a direct influence on blood vessels resulting in hypertension. 

 The most common proposed suggestion is that higher serum uric acid 

levels cause renal vascular injury by inducing renal vasoconstriction. This 

occurs probably due to reduction of nitric oxide levels which results in 

vasoconstriction. Another theory put forward is that activation of renin-

angiotensin system by higher uric acid levels directly results in vasoconstriction 

which results in higher blood pressure. Higher levels of serum uric acid results 

in renal vascular inflammation by releasing proinflammatory cytokines into the 

vascular system. This is also associated with increased expression of protein 

kinases, platelet derived growth factor, mitogen-activating protein kinase and 



 

 

 

 

PATHOPHYSIOLOGY OF HYPERURICEMIA 

 

 

 

  



74 
 

similar proinflammatory substances which result in preglomerular 

arteriolopathy and renal interstitial inflammation. This in turn will activate the 

renin-angiotensin system which increases the blood pressure. Furthermore, 

renal vasoconstriction results in decreased uric acid secretion in tubular cells 

which further increases the serum uric acid levels. The studies done by Johan 

Sunderstrom et al., Feng-Na Yu et al., Todd S. Perstein et al, John P. Forman et 

al. support these factors.72 

 Another theory put forward by many studies is that higher levels of 

serum uric acid results in endothelial dysfunction in the arteries. This may be 

due to reduction in nitric oxide production or direct antiproliferative effect on 

vascular endothelium by higher uric acid levels. Though uric acid is considered 

as an antioxidant, some studies show that under certain conditions it produces 

oxidative stress. This results in free radical generation which results in 

endothelial dysfunction. 

 Another theory regarding higher uric acid levels is that it induces smooth 

muscle cell proliferation in the arteries which results in thickening of the arteries 

which in turn results in hypertension. This smooth muscle proliferation may 

result in arteriosclerosis and cyclooxygenase pathway activation, and both will 

invariably result in poor compliance of arterial walls resulting in elevated blood 

pressure. Renal vessel arteriosclerosis may also be produced by urate crystals 

being deposited in the vessel walls. Studies done by Feng-Na Yu et al, Xiaoyun 

Lin et al. support this theory.  
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 Among sex hormones, estrogen has been proven to excrete uric acid 

from the kidneys. Hence women have lower serum uric acid levels than men. 

This also explains why hyperuricemia is common in men than in women. This 

increased levels of uric acid are associated with increased blood pressure levels 

in men. The studies done by Jae Joong Lee et al. and Xiaoyun Lin et al. support 

this theory. 

 The indirect effects of higher serum uric acid on blood pressure includes 

obesity and insulin resistance. Higher serum uric acid is also an independent 

risk factor for obesity, insulin resistance, hyperinsulinemia and metabolic 

syndrome as demonstrated in some studies. Obesity, insulin resistance, and 

metabolic syndrome are in turn independent risk factors for development of 

hypertension. Studies have shown that insulin decreases uric acid excretion 

from the kidneys. Thus hyperinsulinism associated with insulin resistance can 

result in increased serum uric acid levels. Thus uric acid can cause hypertension 

indirectly as well. The studies done by Johan Sundstrom et al., Todd S. Perlstein 

et al., Xiaoyun Lin et al. support this theory.73,74 
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SUMMARY 

 

 Hypertension is a noncommunicable disease which affects the 

autonomic nervous system. 

 The autonomic nervous system consists of sympathetic and 

parasympathetic components, which can be evaluated by Heart Rate 

Variability. 

 Hypertensives have reduced HRV, due to increase in sympathetic 

activity of autonomic nervous system. This results in poor autonomic 

balance over the heart. 

 Serum uric acid levels are significantly raised in hypertensives when 

compared with normotensives. 
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CONCLUSION 

 

Hypertension is a noncommunicable disease and its incidence is 

increasing drastically all around the world. Consequently, the need for complete 

understanding of the pathophysiology of the disease and proper diagnostic and 

therapeutic measures to counteract the disease burden has also increased. Since 

the disease has multiple risk factors, the treatment modalities must also be 

diverse to account for all those risk factors. 

Autonomic system imbalance is one of the major pathophysiological 

feature of hypertension. The balance between the sympathetic and 

parasympathetic components of the autonomic nervous keeps the balance of 

autonomic nervous system. Hypertension causes an imbalance between these 

two components thus disrupting the autonomic balance in the body. The 

autonomic disruption results in impaired homeostasis of the body, thus affecting 

almost all the organs and organ systems of the body. 

In this study the autonomic influence over the heart is increased due to 

increase in the sympathetic activity over the heart. Since the sympathetic system 

is usually responsible for stress reactions in the organ systems, the organs of a 

hypertensive patient is always under stress. Hence reduction of sympathetic 

activity is essential in maintenance of blood pressure in a hypertensive. 

The treatment protocols for hypertension must take this into account. 

Since hypertension is multifactorial in nature treating all those factors only can 
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result in control of blood pressure. The treatment protocols that must be 

recommended are;  

a. lifestyle changes (reduction of stress, regular exercises, dietary 

regulations),  

b. yoga practice (it has been proven that yoga increases 

parasympathetic output),  

c. drugs aimed at autonomic nervous system (as a last measure 

against autonomic imbalance). 

Hypertensives also have increased serum uric acid levels when 

compared with normotensives. This implies that serum uric acid levels have a 

pathophysiological role in occurrence of hypertension. Hence treatment of 

increased uric acid levels should also be a component of hypertensive treatment 

regimens. serum uric acid levels examination should become a routine 

examination for hypertensive patients.  
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FUTURE SCOPE OF THIS STUDY: 

The measurement of HRV can be used to assess the effectiveness of the 

therapeutic measures as well as lifestyle modifications in hypertensives.  

HRV measurement can be used as screening tool to assess autonomic 

balance in subjects at high risk of hypertension.  
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ANNEXURES 
 



PROFORMA 

I.D no   : 

Name   : 

Age   : 

Sex   : 

Place   : 

H/o present illness: 

Past history  : 

Personal history : 

Family history : 

 

General examination: 

Pulse rate   : 

Blood pressure  : 

Respiratory rate  : 

Height   : 

Weight   : 

Systemic examination: 

Respiratory system  : 

Cardiovascular system : 

Abdomen   : 

CNS    : 



Statement of consent 

 

I, _________________, do hereby volunteer and consent to participate 
in the study conducted by Dr.R.Durai Arasan. I have read and 
understood the consent form or it has been read and explained to me 
thoroughly. I am fully aware of the study details as well as aware that 
I may ask questions to him or withdraw from the study anytime. I am 
aware that my individual results will be kept confidential and also I 
consent to publish the analysed report of this study in journals. 

ம .இர. ைர அரசன் அவரக்ள், உட யங் யல் ைற, 

ேகாைவ ம த் வக்கல் ரி, பரிேசாதைன நடத்த 
சம்மதம் அளிக் ேறன். இந்த ஆய் ன் ெசய் ைற 
மற் ம் இ  ெதாடரப்ான அைனத்  
ளக்கங்கைள ம் ேகட் க்ெகாண் , என  

சந்ேதகங்கைள ம் ெதளி ப த் க்ெகாண்ேடன் 
என்பைத ம் ெதரி த் க்ெகாள் ேறன். இந்த 
ஆய் ல் என் வரங்கள் பா காக்கப்ப வ டன் 
இதன் கள் ஆய் த ல் ெவளி டப்ப வ ல் 
ஆட்ேசபைன இல்ைல என்பைத ம் 
ெதரி த் க்ெகாள் ேறன். 

 

 

 

Signature/left thumb                                            Signature/left thumb  

impression of the subject:                           impression of the witness: 

Station:               Station: 

Date:               Date: 



MASTER CHART 
NORMOTENSIVES 

S.NO NAME AGE HEIGHT 

(cm) 

WEIGHT 

(kg) 

SBP 

(mmHg) 

DBP 

(mmHg) 

1 RANGASAMY 32 168 56 128 80 

2 SHANKAR 37 170 56 128 74 

3 MUTHUKRISHNAN 34 172 73 118 64 

4 ESWARAN 36 165 55 120 76 

5 KUMARASAMY 32 161 77 120 80 

6 RAJA 32 155 75 110 68 

7 PREMKUMAR 38 164 71 128 64 

8 PALANISAMY 30 155 82 106 62 

9 MURUGAN 37 159 81 120 64 

10 JEEVANANDHAM 31 169 90 110 68 

11 ARULMURUGAN 35 165 60 122 76 

12 RAMKUMAR 33 157 65 120 80 

13 ILAYARAJA 39 162 65 100 60 

14 RAJKUMAR 37 166 58 116 66 

15 ARULMANI 39 177 66 126 68 

16 MOHAMMAD MAFAZ 32 159 55 120 76 

17 KARTHIKEYAN 33 157 72 124 66 

18 SENTHIL KUMAR 30 174 81 128 72 

19 BALAVIGNESH 35 156 74 128 72 

20 HARIHARAN 40 174 78 116 74 

21 KRISHANAN 32 162 66 100 60 

22 RAJKUMAR 31 171 75 128 64 

23 GPALAN 31 170 66 112 74 

24 CHANDRAN 39 164 83 114 70 

25 SANKAR 34 159 81 100 60 

26 RAMMOHAN 39 176 79 114 76 

27 GOWTHAM 30 167 61 114 68 

28 NAVEEN 31 170 85 106 62 

29 RAJESH 31 173 72 116 72 

30 SIVAKUMAR 40 176 90 100 60 

31 SIVARAMAN 31 164 89 106 62 

32 SUBAYYA 38 162 58 110 80 

33 NARAYANAN 34 173 59 116 68 

34 RANGASAMY 36 172 65 118 64 

35 KUMARASAMY 37 170 72 128 68 

36 RAJA 35 162 58 110 68 

37 PREMKUMAR 30 161 81 108 64 

38 NATHAN 38 169 62 110 66 

39 KUMAR 39 175 60 122 70 

40 RANGASAMY 34 170 59 104 66 

41 KANNAPPAN 39 172 86 116 74 

42 PALANISAMY 37 170 79 114 74 

43 BALAMURUGAN 32 175 75 126 74 

44 MOHAMMAD NAWAZ 31 170 80 102 60 

45 JOHN DAVID 32 157 82 110 66 



MASTER CHART 
46 RAMAJEYAM 33 174 86 100 60 

47 SUBBAYYAN 39 157 90 114 64 

48 RAMKUMAR 40 169 64 122 68 

49 RAGHAVAN 39 158 62 110 70 

50 KRISHNAN 37 160 74 102 62 

51 KUMARASAMY 32 166 64 110 68 

52 SELVAM 35 165 87 106 66 

53 KANNAN 35 168 74 100 60 

54 KARMEGAM 33 156 75 120 78 

55 ARUN KUMAR 30 157 58 114 66 

56 GANESH 34 156 81 120 70 

57 RAGURAMAN 34 166 61 126 78 

58 RAJESWARAN 35 163 77 120 72 

59 PARAMAN 38 170 80 106 70 

60 CHANDRAN 39 176 78 104 70 

 

HYPERTENSIVES 

S.NO NAME AGE HEIGHT 

(cm) 

WEIGHT 

(kg) 

SBP 

(mmHg) 

DBP 

(mmHg) 

1 VARADARAJAN 36 178 89 134 84 

2 ARIVAZHAGAN 31 160 76 138 88 

3 VINOD KUMAR 34 169 57 138 86 

4 DHANDAPANI 30 174 85 130 80 

5 GOTHANDARAMAN 33 172 64 138 88 

6 GOWTHAMAN 34 178 68 132 80 

7 PARTHIBAN 38 167 87 130 86 

8 BALAJI 39 169 82 136 88 

9 SUBBAIYAN 40 176 57 138 86 

10 VENKATESH 39 159 79 138 80 

11 PERUMAL 40 159 59 138 86 

12 MAYILSAMY 37 165 56 132 80 

13 RAMAKRISHNAN 40 165 88 134 84 

14 KANNAN 37 177 72 136 84 

15 DINESH 32 156 88 130 88 

16 KUMARASAMY 39 165 81 136 86 

17 SATHISH KUMAR 39 173 59 132 84 

18 DAMODHARAN 33 173 70 134 80 

19 KARMEGAM 34 159 59 136 86 

20 BALAKUMAR 31 173 75 134 86 

21 RAMASAMY 34 169 77 134 80 

22 VIGNESHWARAN 35 170 56 136 80 

23 KARTHIKEYAN 39 155 66 138 84 

24 GANESH 38 158 64 136 84 

25 GANAPATHI 34 159 76 130 84 

26 RANGARAJAN 37 162 84 134 86 

27 RAGAVAN 30 167 85 136 88 

28 KUMAR 40 170 69 136 82 

29 RAJARAJAN 38 169 64 138 80 



MASTER CHART 
30 KRISHNAN 37 170 66 130 82 

31 KANNAPPAN 40 162 61 134 86 

32 KUMARASAMY 38 174 69 138 80 

33 RAGURAMAN 37 171 82 136 86 

34 SAKTHIVEL 32 164 88 136 80 

35 MANIMARAN 31 174 78 138 82 

36 SAMUVEL 33 158 83 138 84 

37 CHANDRAN 33 178 70 130 88 

38 RAJESWARAN 38 170 81 136 82 

39 DHANASEKARAN 37 159 57 130 86 

40 DINESH KUMAR 33 169 66 136 84 

41 BALAVIGNESH 36 159 72 134 86 

42 JAGADEESH 33 161 61 130 88 

43 RAMKUMAR 33 168 88 136 82 

44 SIVAKUMAR 38 165 73 130 88 

45 SIVARAMAN 36 155 77 136 88 

46 DHANDAPANI 37 165 85 130 88 

47 KESAVAN 37 158 61 132 82 

48 SYED AHAMED 34 162 59 132 80 

49 PAULRAJ 31 160 80 132 80 

50 DAMODHARAN 37 166 71 136 86 

51 HARIHARAN 33 158 79 134 80 

52 PARAMAN 30 165 76 132 80 

53 LOGANATHAN 34 163 77 132 86 

54 KANNAPPAN 30 173 81 136 82 

55 ARIVUMANI 36 176 82 138 84 

56 PARAMASIVAM 35 173 81 130 84 

57 ALAGESAN 37 165 76 132 84 

58 MOHAMMED RIYAZ 35 158 62 132 84 

59 MOHAN 37 175 89 138 82 

60 RANGASAMY 39 172 68 136 86 

  



MASTER CHART 
HEART RATE VARIABILITY 

FREQUENCY DOMAIN PARAMETERS 

NORMOTENSIVES  HYPERTENSIVES 

S. 

NO 

LF HF LF/HF LFnu HFnu  S. 

NO 

LF HF LF/HF LFnu HFnu 

1 98 14 6.827 87.2 12.8  1 574 104 5.508 84.6 15.4 

2 64 13 4.839 82.9 17.1  2 338 47 7.163 87.7 12.3 

3 242 41 5.883 85.5 14.5  3 94 14 6.936 87.4 12.6 

4 144 28 5.198 83.9 16.1  4 58 14 4.3 81.1 18.9 

5 971 114 8.526 89.5 10.5  5 1375 315 4.36 81.3 18.7 

6 242 41 5.883 85.5 14.5  6 93 14 6.936 87.1 12.6 

7 104 16 6.311 86.3 13.7  7 262 31 8.57 89.6 10.4 

8 86 12 7.436 88.1 11.9  8 120 17 6.962 87.4 12.6 

9 52 7 7.519 88.3 11.7  9 698 124 5.621 84.9 15.1 

10 83 17 4.976 83.3 16.7  10 495 65 7.595 88.4 11.6 

11 64 13 4.839 82.9 17.1  11 337 46 7.163 87.7 12.3 

12 242 41 5.883 85.5 14.5  12 93 14 6.936 87.1 12.6 

13 142 28 5.198 83.2 16.1  13 58 14 4.3 81.1 18.9 

14 970 114 8.526 88.9 10.5  14 1371 312 4.36 81.3 18.7 

15 40 9 4.346 81.3 18.7  15 218 33 6.516 85.9 13.3 

16 98 14 6.827 87.2 12.8  16 574 104 5.508 84.6 15.4 

17 922 153 6.026 85.8 14.2  17 627 94 6.678 87 13 

18 530 78 6.787 87.2 12.8  18 240 33 7.35 88 12 

19 179 30 5.897 85.5 14.5  19 180 23 7.936 88.8 11.2 

20 278 43 6.514 86.7 13.3  20 152 22 6.988 87.5 12.5 

21 98 14 6.827 87.2 12.8  21 574 104 5.508 84.6 15.4 

22 64 13 4.839 82.9 17.1  22 338 47 7.163 87.7 12.3 

23 242 41 5.883 85.5 14.5  23 94 14 6.936 87.4 12.6 

24 69 13 5.481 84.6 15.4  24 76 15 4.932 83.1 16.9 

25 149 23 6.467 86.6 13.4  25 254 35 7.323 88 12 

26 83 17 4.976 83.3 16.7  26 495 65 7.595 88.4 11.6 

27 64 13 4.839 82.9 17.1  27 337 46 7.163 87.7 12.3 

28 104 16 6.311 86.3 13.7  28 262 31 8.57 89.6 10.4 

29 530 78 6.787 87.2 12.8  29 240 33 7.35 88 12 

30 179 30 5.897 85.5 14.5  30 180 23 7.936 88.8 11.2 

31 83 17 4.976 83.3 16.7  31 495 65 7.595 88.4 11.6 



MASTER CHART 
32 64 13 4.839 82.9 17.1  32 337 46 7.163 87.7 12.3 

33 149 23 6.467 86.6 13.4  33 254 35 7.323 88 12 

34 83 17 4.976 83.3 16.7  34 495 65 7.595 88.4 11.6 

35 179 30 5.897 85.5 14.5  35 180 23 7.936 88.8 11.2 

36 83 17 4.976 83.3 16.7  36 495 65 7.595 88.4 11.6 

37 64 13 4.839 82.9 17.1  37 337 46 7.163 87.7 12.3 

38 109 24 4.514 81.9 18.1  38 45 11 4.164 80.6 19.4 

39 75 11 6.909 87.4 12.6  39 89 36 2.505 71.5 28.5 

40 8 2 3.251 76.5 23.5  40 64 14 4.581 82.1 17.9 

41 144 28 5.198 83.9 16.1  41 58 14 4.3 81.1 18.9 

42 179 30 5.897 85.5 14.5  42 180 23 7.936 88.8 11.2 

43 81 17 4.875 83 17  43 161 28 5.643 84.9 15.1 

44 63 8 7.817 88.7 11.3  44 82 13 6.437 86.6 13.4 

45 64 13 4.839 82.9 17.1  45 338 47 7.163 87.7 12.3 

46 242 41 5.883 85.5 14.5  46 94 14 6.936 87.4 12.6 

47 104 16 6.311 86.3 13.7  47 262 31 8.57 89.6 10.4 

48 242 41 5.883 85.5 14.5  48 94 14 6.936 87.4 12.6 

49 144 28 5.198 83.9 16.1  49 58 14 4.3 81.1 18.9 

50 971 114 8.526 89.5 10.5  50 1375 315 4.36 81.3 18.7 

51 83 17 4.976 83.3 16.7  51 495 65 7.595 88.4 11.6 

52 64 13 4.839 82.9 17.1  52 337 46 7.163 87.7 12.3 

53 242 41 5.883 85.5 14.5  53 93 14 6.936 87.1 12.6 

54 40 9 4.346 81.3 18.7  54 218 33 6.516 85.9 13.3 

55 922 153 6.026 85.8 14.2  55 627 94 6.678 87 13 

56 530 78 6.787 87.2 12.8  56 240 33 7.35 88 12 

57 179 30 5.897 85.5 14.5  57 180 23 7.936 88.8 11.2 

58 251 49 5.138 83.7 16.3  58 1019 168 6.079 85.9 14.1 

59 101 20 5.115 83.6 16.4  59 1089 157 6.941 87.4 12.6 

60 293 45 6.458 86.6 13.4  60 328 43 7.649 88.4 11.6 

 

 

 

 

 

 



MASTER CHART 
SERUM URIC ACID LEVELS 

NORMOTENSIVES  HYPERTENSIVES 

S. NO URIC ACID (mg/dl)  S. NO URIC ACID (mg/dl) 

1 5.84  1 6.46 

2 5.27  2 6.30 

3 5.98  3 7.56 

4 5.85  4 6.83 

5 5.33  5 6.57 

6 5.68  6 6.31 

7 6.03  7 9.42 

8 6.52  8 7.93 

9 6.14  9 4.94 

10 5.49  10 7.07 

11 5.67  11 7.37 

12 5.84  12 6.45 

13 5.35  13 7.33 

14 4.97  14 6.88 

15 6.45  15 7.60 

16 5.63  16 5.91 

17 5.84  17 8.08 

18 5.68  18 5.23 

19 6.05  19 7.81 

20 5.79  20 6.24 

21 6.06  21 6.11 

22 6.08  22 7.26 

23 5.84  23 6.33 

24 5.43  24 7.51 

25 5.67  25 6.95 

26 6.00  26 7.48 

27 6.42  27 6.07 

28 6.33  28 6.84 

29 6.39  29 6.56 

30 5.76  30 7.57 

31 5.94  31 6.80 

32 6.15  32 7.15 

33 5.33  33 7.24 

34 6.76  34 7.29 

35 6.52  35 7.50 

36 5.10  36 6.17 

37 6.13  37 6.08 

38 6.05  38 7.57 

39 5.39  39 7.10 

40 6.19  40 6.61 

41 5.73  41 8.27 

42 5.72  42 5.85 

43 6.15  43 5.27 

44 5.61  44 6.78 

45 5.50  45 7.69 



MASTER CHART 
46 5.65  46 5.39 

47 5.78  47 8.50 

48 6.14  48 6.72 

49 5.91  49 7.73 

50 6.40  50 8.20 

51 5.91  51 8.08 

52 6.21  52 5.86 

53 5.66  53 5.45 

54 6.26  54 6.02 

55 6.26  55 6.04 

56 5.37  56 5.29 

57 5.69  57 6.81 

58 5.22  58 7.26 

59 5.63  59 6.34 

60 6.49  60 7.93 

 


