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ABBREVATION 
 
 

AS Arterial Stiffness 

AHA American Heart Association 

ASA American Stroke Association 

ASI Arterial Stiffness Index 

AIx Augmentation Index 

ANOVA Analysis of Variance 

BP Blood Pressure 

BMI Body Mass Index 

bpm beats per minute 

CVD Cardiovascular Diseases 

CCB Calcium Channel Blocker 

cms centimeter 

CHOD-PAP Cholesterol oxidase-peroxidase 

Chol. Cholesterol 

CKD Chronic Kidney Disease 

DBP Diastolic Blood Pressure 

DAM Diacetyl monoxime 

dl Deci liter 
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L Liter 
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m2 meter square 
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ABSTRACT 

 

INTRODUCTION: The influences of vitamin D on arterial stiffness in 

hypertensive patients are still debatable. The role of oxygen sensing proteins in 

regulation of blood pressure is yet to be explored. In this prospective case control 

study we aimed to find out the correlation of vitamin D in arterial stiffness, 

cardiovascular pathophysiologies in hypertensive individuals. 

METHODS: 108 age matched participants were taken and divided into three 

groups according to their hypertension status. Participants having normal blood 

pressure were considered as control group; group 1 and Stage I hypertensive 

participants were taken as group 2 and stage II hypertension participants were 

considered for group 3. All the participants were assessed for their anthropometric, 

physiological, electrophysiological, biochemical, and molecular parameters 

according to the study design. Comparison between stage I and stage II 

hypertension with control group were assessed for all the parameters. A correlation 

between vitamin D and all the anthropometric, physiological (ASI, PWV), 

biochemical (MDA, NO) and molecular (EPO, VEGF) parameters were done. The 

data was analyzed using Microsoft Excel Sheet and SPSS software (version 20). 

RESULTS: Arterial stiffness was found to be increased in age matched both the 

hypertensive groups as compared to the control group. Vitamin D level was also 
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found to be lower in both the hypertensive group. In stage I and stage II 

hypertension, EPO was found to be higher whereas VEGF was found to be lower 

as compared to control group. 

CONCLUSION: We conclude by finding that vitamin D influences arterial 

stiffness, vascular pathophysiology including cardiovascular diseases like 

hypertension. 

KEYWORDS: Arterial Stiffness, Hypertension, Vitamin D, Oxygen sensing 

proteins, Cardiovascular Diseases. 
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INTRODUCTION 

 

Hypertension (HTN), an established major independent risk factor for 

cardiovascular diseases (CVD), is one of the major rising causes of secondary 

illness of modern society which can lead to morbidity and mortality in our country. 

As per World Health Organization (WHO) recent report, the deaths due to non- 

communicable diseases are nearly 63% in our country and around 27% of all non- 

communicable deaths are attributed to CVD out of which nearly half of the 

numbers are coming from the middle aged group. 1 The present scenario is 

showing that most of the current population of hypertensive patients may remain 

undiagnosed and don’t seek medical attention. 2 

Deficient vitamin D level is a recognized worldwide concern now as it is 

having role in controlling the risk of different CVD including HTN and when 

nearly 1 billion people round the globe is either having a insufficient or deficient 

level of vitamin D, it create a more worse scenario as far as overall world health is 

concerned. If we compare the scenario of India then the picture is even worse 

where nearly 40% of the young adults belong to a deficient vitamin D level. 3 

The debate regarding role of vitamin D in control of blood pressure (BP) is 

still ongoing in spite of a number of studies suggesting vitamin D deficiency to be 

considered as a new risk factor for HTN. Many studies have also shown that 

vitamin D levels modulate the BP indirectly and there are studies which showed 
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the increase prevalence of HTN during winter and in the areas where the exposure 

to the sunlight is reduced like in the zones which are far away from the equator. 

These studies have also shown that there is a rise of 2.5 millimeters of mercury 

(mmHg) of blood pressure for every 10 degrees of equator deviation. 4 

Studies has shown that hypertensive patients are having lower levels of 

serum nitric oxide (NO) and higher oxidative stress and increased free radical 

production which alter the vascular architecture. 5 

Serum Erythropoietin (EPO) level is correlated with a rise in blood pressure 

 
6 and Vascular Endothelial Growth Factor (VEGF) targeted therapies cause 

hypertension in 30-80% of patients. 7 Although research data from current studies 

show that EPO have significant role in the physiological maintenance of 

cardiovascular system but the relationship between serum EPO levels and arterial 

stiffness (AS) is still yet to be studied. 8 

In this prospective case control study, we aimed to assess the role of serum 

vitamin D on cardiovascular pathophysiology in the perspective of oxygen sensing 

protein (EPO, VEGF) expression in stage 1 and stage 2 hypertensive patients. The 

Indian Hypertension Control Initiative (IHCI) 2020 is aimed towards reduction of 

25% of prevalence of hypertensive patients in our country by 2025. 1 Our study 

will act as a bridge between the gaps known in the field of HTN and oxygen 

sensing molecules (EPO, VEGF) from this part of the country. 
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OBJECTIVES OF THE STUDY 

 

Primary Objective: 

 

1. To find out the relationship between serum vitamin D and cardiovascular 

pathophysiology in hypertensive patients. 

 
 

Secondary Objectives: 

 

2. To find out serum vitamin D in relation with arterial stiffness in 

hypertensive patients (stage 1 and stage 2). 

 
 

3. The influences of vitamin D level and oxygen sensing protein expression 

(EPO, VEGF) in hypertensive patients. 

 

 
4. To find out the Co-relation between oxygen sensing proteins and arterial 

stiffness in hypertensive patients. 
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REVIEW OF LITERATURE 

BLOOD PRESSURE (BP): 

BP is the lateral pressure exerted by the flowing blood against any unit area of the 

vessel wall which is measured in mmHg. Unless specified otherwise, BP usually 

refers to pulsatile systemic arterial pressure. The highest pressure is achieved 

during systole and the lowest pressure is achieved during diastole of the cardiac 

cycle. Hence these are referred as Systolic Blood Pressure (SBP) and Diastolic 

Blood Pressure (DBP) respectively. Having different determinants, the SBP and 

DBP alter differentially. The difference between SBP and DBP is considered as 

Pulse Pressure (PP) and the average pressure exerted during a cardiac cycle is 

considered as Mean Arterial Pressure (MAP). 9 

HYPERTENSION (HTN): 

 

HTN is an epidemic effecting more than one billion people in the world and is the 

commonest risk factor for death with stroke and CVD. It is one of the major rising 

causes of secondary illness of modern society which can lead to morbidity and 

mortality in our country. In the guidelines issued by the American Heart 

Association (AHA) and American Stroke Association (ASA) in the year 2017, they 

claimed the normal BP to be defined as “SBP of <120 mmHg and DBP of <80 

mmHg where SBP of 120-129 mmHg and DBP of <80 mmHg” 2 is to be taken as 
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elevated BP. According to these guidelines the “SBP of 130-139 or DBP of 80-89 

is to be considered as HTN stage 1 whereas stage 2 HTN took the criteria of SBP 

≥140 mmHg or DBP ≥90 mmHg”. 2 If the SBP is >180 mmHg and/or DBP is >120 

mmHg at any point of time, the person will be in hypertensive crisis. 2 The 

different categories of BP according to AHA and ASA are shown in the Figure 1. 

 

Figure 1: Classification of different stages of HTN as per AHA and ASA. 12 

 
ARTERIAL STIFFNESS (AS): 

 

AS is a state where arteries become stiff, due to thickening of the wall of 

arteries which leads to loss of elasticity and it might reflect in the form of 

compliance and expansibility reduction. Lifestyle modification like daily routine 

exercise, improvement in the dietary habits can reduce an acute increase in AS. 

Chronic increase might result into damage of the principal organs like brain, heart 
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and kidney 10. Heart is affected by AS due to its effect of afterload increase, which 

becomes a long-standing stress, over a period of time, affecting their ventricular 

performance which results into the cardiac output inadequacy that might be 

insufficient in situations where demand is high. 

AS make the redistribution of blood in body in such a way that it results into 

kidney hypoperfusion which might lead to Renin-Angiotensin-Aldosterone System 

(RAAS) activation, which leads to a permanent state of elevated BP in the body. It 

should be corrected soon enough, or else it might also lead to kidney 

hypoperfusion without any rescuing compensatory mechanism. 

The parameters used to directly reflect AS, non-invasively are the Arterial 

Stiffness Index (ASI) and Pulse Wave Velocity (PWV). The causes of AS are 

summarized in the figure 2. 

Figure 2: Causes of arterial stiffness (Reference: Lee HY & Oh BH., 2010) 
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Pulse Wave Velocity (PWV) 11: It is the wave velocity which precedes the 

column of blood which is ejected out in a ventricular systole, to reach the 

peripheries. Therefore, when AS increases, PWV increases because the elasticity 

of the arterial wall decreases, this is seen in diseases like atherosclerosis, diabetes 

mellitus, etc. 

Arterial Stiffness Index (ASI): ASI is estimated by estimating the 

oscillometric envelopes resulted from the oscillations in the respective arteries 

(Naidu MUR et al., 2012). 

Central Blood Pressure 11: The regular way of BP measurement is with the 

help of sphygmomanometer which gives BP of the peripheral arteries, most often 

brachial artery. The measurement of central blood pressure is the unconventional 

way of BP measurement. The recording of peripheral BP measurement showed 

discrepancy with that of the aortic BP such that it is higher than the peripheral BP 

that is measured and relied upon usually in order to categorize the patient into 

hypertensive or normotensive. It is the central BP, which exerts its influence on the 

vital organs like heart, brain and kidney. Therefore, if this parameter is used for 

management of HTN, the trajectory of the disease can be altered for a better 

picture, in future. As increased arterial stiffness also corresponds significantly with 

BP level, this parameter can also be used to assess the situation of AS in human 

body. 
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VITAMIN D: 

 

Vitamin D is a fat soluble vitamin which is having role in calcium 

homeostasis, development of skeletal muscles, smooth functioning of the 

cardiovascular health. There are two main sources of vitamin D known till now 

which are as follows: 

1. Direct sunlight exposure through Ultraviolet-B (UV-B) rays, 

 

2. Dietary supplements. 

 

Previtamin D is formed from 7-dehydrocholesterol once UV-B rays of sunlight 

penetrates the skin which later converts to vitamin D3. Fish oil like cod liver oil, 

oily fishes like salmon, egg yolks, fortified milk and yogurt are some examples of 

dietary sources of vitamin D. Depending on the availability of sunlight exposure, 

the synthesis of vitamin D from skin may vary. It also varies to the bare skin 

exposure to available sunlight. On the other hand, pigmentation of the skin is a 

limiting factor for vitamin D synthesis from the skin. Melanin, the natural 

sunscreen for the body, reduces the synthesis of vitamin D3 from skin. 23 

Cutaneous vitamin D is metabolized in liver to 25-hydroxyvitamin D, 

metabolized in kidney to form 1,25-dihydroxyvitamin D, the active form of 
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vitamin D. Parathyroid Hormone (PTH), serum phosphorus and calcium closely 

regulate the production of vitamin D from kidney. 24 

Vitamin D Receptor (VDR) which is a steroid hormone nuclear receptor that 

binds to 1,25-dihydroxyvitamin D, is present in many tissues and organs such as 

vascular smooth muscles, endothelium, skin, heart, and many cells of immune 

system. 24 

There are various factors influence vitamin D nutritional status. Following 

are some examples: 25 

1. Racial factors: high number of populations of vitamin D deficiency in 

African American populations due to increase melanin secretion 

2. Geographical factors: Population of Edmonton, Canada suffer from 

vitamin D deficiency from October to April every year because it is 

situated 52 degrees North to the equator. 

3. Social Factors: Covering the entire body with clothing, applying 

sunscreen, etc may reduce cutaneous vitamin D production. 

The production of vitamin D from skin, its metabolism, regulation and 

relationship with the RAAS is depicted in the figure 3 which clearly tells about its 

possibility of regulating BP. 
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Figure 3: Vitamin D metabolism and its relationship with RAAS (Ullah MI et 

al. 2010) 26 

VTAMIN D AND BLOOD PRESSURE: 

 

There was a time when many healthcare professionals used to think that the 

complications arising from vitamin D deficiency has been conquered once rickets 

were taken care of by supplementing vitamin D along with food but till now we 

came to know that rickets were just tip of an iceberg of deficient vitamin D 

concentration. Most of the experts believes that a level of <20 ng/ml is a deficient 

range of vitamin D whereas 20-29 ng/ml is considered as insufficient level and ≥30 
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ng/ml is considered as normal vitamin D level for an average adult. It is also to be 

mentioned that >150 ng/ml is considered as vitamin D intoxication. After we came 

to know that most of our body cells and tissues have a vitamin D receptor and a 

number of them also possess the capability of converting 25-hydroxyvitamin D, 

the primary circulating form to 1,25-dihydroxyvitamin D, the active form, we got a 

new insight regarding the function of this hormone. 

Getting it more intensified 1,25-dihydroxyvitamin D also controls more than 

200 genes directly or indirectly, including the genes which are responsible for 

angiogenesis, cellular proliferation, apoptosis, cell differentiation and so on. It also 

acts as an immunomodulator and several studies have also shown its importance in 

reducing the risk of type-1 diabetes in childrens. 3 

The relationship between level of serum vitamin D concentration and 

increased AS in were reported in several studies. 

Following studies have been done to show the relationship between vitamin D 

and AS in normotensive subjects: 

Iain Bressendorff, et al. in 2015 13 did a double blinded randomized 

Controlled Trial (RCT) to examine the effect of cholecalciferol on AS and BP. In 

the study 40 healthy normotensive adults were examined for their changes in the 

peripheral and central BP, 24-hour ambulatory BP, PWV, Augmentation Index 
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(AIx) after receiving oral cholecalciferol 3000 International Unit (IU)/day for 16 

weeks. Their results showed no difference in changes in BP and AS between 18 

subjects of placebo arm and 22 subjects of cholecalciferol arm. They concluded 

that BP and arterial stiffness in healthy normotensive adults does not get affected 

by 16 weeks of treatment with 3000 IU/day cholecalciferol. 

AI Mheid I et al. in 2011 14 did a study with 554 healthy subjects aiming to 

elucidate the relationship between CVD and serum vitamin D and concluded that 

increase AS in resistance blood vessels is associated with serum vitamin D 

insufficiency which might indicate towards its mechanism of modulating RAAS. 

In a study by Giallauria F et al. in 2012 15 aimed to establish the independent 

cross-sectional relationship between AS and HTN and concluded that increase in 

the AS is inversely associated with serum vitamin D level in normotensive 

population. 

Following are the epidemiological studies done to show the relationship 

between vitamin D and Hypertension: 

McCarron DA et al. 27 in 1980 stated in their study that HTN may develop 

from the disorders of calcium metabolism. 

Cooper R et al. 28 found a significant geographical difference of BP among 

the African population in 1994 suspecting a genetic predisposition of HTN in their 

study. 
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Zemel MB et al. in 1990 found in their study 29,30 that supplementation of 

calcium in salt sensitive black population may reduce BP but land up into left 

ventricular hypertrophy (LVH). 

Griffith LE et al. in 1999, Allender PS et al. in 1996, Scragg R et al. in 2007 

and Judd SE et al. in 2008 concluded their study with the similar finding stating 

towards the role of vitamin D in regulation of BP. 31-34 

Following studies done to show effect of vitamin D supplementation on BP: 

 

Krause R et al. in their study 35 in 1998 randomly taken 18 hypertensive 

individuals to receive Ultraviolet-B (UV-B) or Ultraviolet-A (UV-A) light 

exposure 3 times weekly for 6 weeks in which they found a 162% rise in the 

vitamin D level among the participants who received UV-B lights along with a 

significant drop in the SBP and DBP by 6 mmHg. In contrast, the participants who 

received UV-A light did not show any change in vitamin D concentration or BP. 

Another study 36 by Pfeifer M et al in 2001 done on 145 elderly women, 

showed significant reduction in BP up to 9.3% after 8 weeks on receiving 800 IU 

of vitamin D3 and 1200 mg of calcium. They also found a reduction of BP by 4% 

after treatment with only 1200 mg of calcium for 8 weeks. 

Following studies have shown no relationship of vitamin D with HTN: 

 

Forman JP et al. in 2005 concluded their study 37 with no association of 

deficiency of vitamin D with increase risk of HTN. 

DocuSign Envelope ID: 28B1C4CD-1140-4FEF-8700-B9E568F51E67



DocuSign Envelope ID: F66A1811-B1BE-4BA0-9C30-3102A7A445AD 

14 

 

 

 

 

 

 

A random double blinded study 38 by Margolis KL et al. done to show the 

effect of 1000 mg of calcium and 400IU of vitamin D3 daily supplementation on 

HTN in 2008 concluded with no significant decrease in incidence of HTN after 7 

years follow up. 

Other studies by Orwoll ES et al. in 1990 and Scragg R et al. in 1995 

concluded with similar finding showing no association of vitamin D 

supplementation in reduction of BP. 38-39 

Following studies have been done to show the relationship between vitamin D 

and Cardiovascular Pathophysiology: 

Osman Kuloglu et al. in 2013 did a study 16 to know the association of level 

of serum vitamin D concentration with AS, LVH, and inflammation in 133 

hypertensive patients in the year 2012 over a period of 6 months. They showed 

serum vitamin D is independently related with AS, LVH and inflammation. 

Vitamin D may play a significant role on pathogenesis of AS and LVH in 

individuals with freshly diagnosed HTN. 

Ji Yeon Kang et al. did a study 17 in 2015 to find relationships of dietary and 

serum vitamin D with CVD and AS on 1381 subjects. They made a conclusion that 

concentration of Serum vitamin D level has a beneficial relationship with High 

Density Lipoprotein (HDL) cholesterol levels in both men and women, but the 
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same relationship did not founded with other cardiometabolic risk factors such as 

blood glucose, BP, and other parameters of lipid profiles. 

Songcang Chen et al. did a study 18 on Vitamin D and Essential HTN in 

2016 in which they said that if we treat vitamin D-deficient persons or 

normotensive persons having insufficient levels of vitamin D for a short period 

results in minimal effects on BP. By supplementing high doses of vitamin D daily 

in a cohort at the age at risk of Essential HTN, will prevent the development of 

HTN by eliminating deficiency of vitamin D as a trigger for its development. 

Young S. Oh did a study 19 on AS and HTN in the year 2018 in which it has 

been showed AS as important arterial phenotype and an excellent indicator of 

cardiovascular complications and it is an independent predictor of HTN and CVD. 

Lata Mullur et. al. in 2019 observed 20 vitamin D level has a beneficial 

relationship with BP of various types of cardiac diseases. 

Ann Burgaz et al. did a meta-analysis 21 in 2011 to review the association of 

vitamin D concentration and BP which concluded as developing a inverse 

relationship of HTN with serum vitamin D level concentration. 

The study 22 of Yan Chun Li in 2003 concluded that vitamin D regulate BP 

by regulating the RAAS and also suggested to use analogues of vitamin D in 

purpose of prevention or treatment of high BP. 
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Following studies have been done to show association of serum NO and BP: 

 

Higashino H et al. showed in their study 40 conducted in 2007 that there is a 

significant higher serum NO level in hypertensive male participants than the 

normotensive males. 

Goch A et al. in their study 41 in 2009 found no endothelium dysfunction in 

hypertensive patients unless they have a family history of CVD or having 

predisposed other cardiovascular risk factors. 

Bagali S et al. in their study 42 on low oxygen microenvironment and 

cardiovascular remodeling in 2020 found that treatment with antihypertensive 

drugs ameliorate endothelial dysfunction and cardiovascular remodeling. 

Following studies have been done to show the association of Malondialdehyde 

(MDA) in AS and HTN: 

Ferroni P et al. in their study conducted in 2006 showed that endothelial 

dysfunction is seen in hypertensive individuals because oxidative stress plays the 

major role by promoting prothrombic state in vessels. 43 

Hou JS et al. in their study 44 in 2020 shown that serum MDA greater than 
 

80.33 mg/dl is related to increase AS which might lead to future CVD. 

 

Following studies has been conducted to show the relationship of the 

Anthropometric parameters on arterial stiffness (AS): 
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Melo E Silva FV et al. conducted a study 45 in 2021 aiming to establish an 

association of body composition with AS concluded that there is a positive 

correlation between obesity and AS which may lead to cardiovascular risks such as 

HTN. 

Kanthe PS et al. in 2015 showed in their study 46 that adiposity is directly 

proportional to future development of cardiovascular events such as HTN, 

atherosclerosis etc. 

Following studies has been done to show the association of EPO with BP: 

 

Omer Gedikli et al. did a study 47 on Circulating levels of EPO and its 

relation to AS in patients with HTN in the year 2013 which concluded by founding 

the level of Serum EPO of hypertensive patients and normotensive patients are 

comparable. 

Vaziri ND in his study 48 in 1999 found that there is a positive correlation 

between EPO and increase BP. 

Khodnapur JP in her study 49 in 2021 found that EPO is responsible for age 

associated vascular health and an altered level of EPO may contribute towards 

alteration in the BP. 

Following studies has been done to show the association of VEGF with BP: 

 

Emily S. Robinson et al. did a study 50 in the year of 2010 named HTN 

induced by VEGF Signaling Pathway Inhibition: Mechanisms and Potential Use as 
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a Biomarker, in which they showed that HTN in VEGF targeted therapies is 

common and causes significant morbidity but it can be effectively managed. 

A study 51 conducted in 2009 by Papaioannou AI et al. suggested a 

significant positive correlation between serum VEGF and other CVD such as 

systemic sclerosis and HTN. 

Caletti S et al. did a study 52 in 2018 in which they concluded to treat HTN 

due to VEGF targeted therapies with RAAS inhibitors and calcium channel blocker 

(CCB). 
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METHODOLOGY 

 

 
 

Source of data: Patients from Department of Medicine, Shri B. M. Patil Medical 

College, Hospital and Research Centre, B.L.D.E. (Deemed to be University) 

Vijayapura. 

 
 

Study Period: 1st July 2021 to 30th June 2022. 

 
 

Type of study: Prospective case control study. 

 

 
 

Study design: A total number of 108 participants have been included in our study, 

divided into equal numbers in 3 groups. Each group is consisting of 36 participants 

of both genders as follows: 

Group 1: Control group: 36 Participants (18 males and 18 females) “(SBP = <120 

mmHg and DBP = <80 mmHg)” 2. 

Group 2: Stage 1 Hypertension: 36 Participants (18 males and 18 females) “(SBP = 
 

130-139 mmHg or DBP = 80-89 mmHg)” 2. 

 

Group 3: Stage 2 Hypertension: 36 Participants (18 males and 18 females) “(SBP = 

 

≥140 mmHg or DBP = ≥90 mmHg)” 2. 
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Methods of collection of data: Institutional ethical clearance (IEC) was obtained 

(IEC/No-09/2021 Dated 22/01/2021). Voluntary informed written consent was 

obtained from all the participants. All the anthropometric parameters, physiological 

parameters, and electrophysiological parameters were recorded in the supine 

posture after rest for 10 minutes between 9AM to 11AM at room temperature. 

After dividing the 108 persons according to the study design mentioned 

above, the following parameters have been measured. 

 
 

I. Anthropometric Parameters: 

 

a. Height: Height has been measured using a device (BIOCONTM) 

mounted on the wall and was expressed in centimeters (cms). 

b. Weight: Weight has been measured using a weighing machine 

and is expressed in Kilograms (Kg). 

c. Body Mass Index (BMI): Body Mass Index has been calculated 

manually from weight in Kilograms (Kg) divided by height in 

meters square (m2) and was expressed as Kg/m2. 

d. Waist Circumference (WC) in cms (WHO STEPS protocol 

2000). 

e. Hip Circumference (HC) in cms (WHO STEPS protocol 2000). 
 

f. Waist Hip Ratio (WHR) (WHO STEPS protocol 2000). 
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II. Physiological parameters: 

 

a. Measurement of BP: SBP (mmHg) and DBP (mmHg) was recorded by 

using mercury sphygmomanometer. 53 

b. Pulse Rate (PR) in beats per minute (bpm) was measured manually. 

 

c. Respiratory Rate (RR) in cycles per minute was measured manually. 

 

d. Temperature (Temp.) in degree ferhenhite was measured using a 

thermometer. 

III. Electrophysiological Parameters: 

 

a. ASI: ASI were recorded in right (R Bra ASI) and left (L Bra ASI) brachial 

arteries, right (R Ank ASI) and left (L Ank ASI) ankle arteries by using 

Periscope which is a non-invasive automatic device, work on oscillometric 

method (Periscope, Genesis Medical Systems, India). 54, 55 The values were 

calculated by estimating the oscillometric envelopes, obtained from the 

oscillations in the respective artery. 

“ASI = [Systolic side value of cuff pressure at 80% of maximal oscillation 

amplitude of cuff] − [Diastolic side value of cuff pressure at 80% of maximal 

oscillation amplitude of cuff]” 54, 55. 

b. PWV: PWV was measured by using Periscope and reported as Right 

Brachial-Ankle PWV (PWVb-a Right) and Left Brachial-Ankle PWV 

(PWVb-a Left) and Carotid-Femoral PWV (PWVc-f). 
54,55 
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All recording were done in supine position and operational bias was avoided as this 

device is fully automated. 

IV. Biochemical Parameters: 

 

a. Serum total vitamin D level analysis (Chemiluminesence Assay) 

 

b. Serum Triglyceride (TGL): Serum TGL was estimated by glycerol 

phosphatase-oxidase (GPO-PAP) method (McGowan MW et al., 1983). 

c. Serum Cholesterol (Chol.): Cholesterol was estimated by using cholesterol 

oxidase-peroxidase (CHOD-PAP) enzymatic method (Allian CC et al., 

1974). 

d. HDL Cholesterol: It was be estimated by using phosphotungstic acid (PTA) 

method (Burstein M et al., 1970). 

e. Serum Creatinine: It was estimated by using Jaff’s Method. 

 

f. Blood Urea: It was estimated by Diacetyl Monoxime (DAM) method. 

 

g. FBS: It was measured by Glucose oxidase-peroxidase (GOD-POD) method. 

 

h. Serum Malondialdehyde (MDA): It was measured by using UV 

Spectrophotometer at 535 nm. 

i. Serum Nitric Oxide (NO): It was measured by using UV spectrophotometer 

at 535 nm. 
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V. Molecular Parameters: 

 

a. Quantitative estimation of Serum VEGF and Serum EPO were done by 

Enzyme-linked immunosorbent assay (ELISA) method (Alon T et al., 1995). 

Sample size: With Anticipated correlation coefficient between Vitamin D and 

PWV - 0.555 48 at 95% confidence level and 90 power in the study, the sample size 

worked out is 36 per group. 

Total sample size= 36+36+36=108 

Formula used is 

N=[(
𝒁𝑎+𝒁𝖰

)] 
𝑪 

+ 𝟑 

 

C=0.5*ln[
𝟏+𝒓 

= 0.2758 
𝟏−𝒓 

 

The standard normal deviate for α = Zα = 1.960 

The standard normal deviate for β = Zβ = 1.649 

 

Inclusion criteria: 

 

1. Participants with stage 1 and stage 2 HTN of the age group of 35 to 50 

years in B.L.D.E. (Deemed to be University), Shri B. M. Patil Medical 

College, Hospital and Research Centre, Vijaypura have been included in 

the study group. 

2. Control group was normotensive participants of same age group. 

𝟐 
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Exclusion criteria: 

 

1. HTN along with Diabetes Mellitus, Thyroid disorder or other endocrine 

diseases. 

2. Patients with vascular diseases or with any other chronic diseases. 

 

3. Chronic smokers, Alcoholics & Tobacco chewers. 

 

 
 

Statistical Analysis: 

 

The data obtained was entered in a Microsoft Excel sheet and statistical 

analysis was performed using statistical package for the social sciences (SPSS) 

(Version 20). Data was presented as Mean ± Standard deviation (SD), frequency, 

percentages and diagrams. Categorical variables were compared by using Chi- 

square test. Differences between groups of continuous variables were compared 

using Mann Whitney U test, Analysis of variance (ANOVA) test, Kruskal Wallis 

test. Spearman’s correlation was used to find correlation between the variables of 

Anthropometric parameters, Physiological parameters, Electrophysiological 

parameters, Biochemical parameters and Molecular parameters. p<0.05 was 

considered statistically significant. All statistical tests are performed two tailed. 
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RESULTS 

 

All the participants (n = 108) examined were age matched. Table 1 shows 

the comparison of age between different groups of the study which is statistically 

insignificant by ANOVA test. 

Anthropometric Parameters: 

 

Comparison between anthropometric parameters of three groups is shown in 

Table 2. It is clearly visible that mean values of all the anthropometric parameters 

(BMI, WC, HC, WHR) of stage I HTN group are significantly greater than the 

control group (P<0.001). All these anthropometric parameters of stage II HTN 

group participants were also found to be significantly higher than stage I HTN 

group participants (P<0.001). When compared between the genders of the 

anthropometric parameters of all the groups, there were no significant changes 

observed (Table 3). The detailed Post hoc analysis report is depicted in Table 4. 

Table 1: Comparison of Age between three groups: 
 

N=108 Control Group 

(n=36) 

Stage I HTN 

(n=36) 

Stage II HTN 

(n=36) 

ANOVA 

Test 

P Value 

Mean SD Mean SD Mean SD 

Age (Year) 42.75 5.65 43.11 5.73 44.72 4.79 F=1.35 P=0.26 

Statistically insignificant 
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Table 2: Comparison of Anthropometric Parameters between three groups: 
 

 

N=108 Control Group 

 

(n=36) 

Stage I HTN 

 

(n=36) 

Stage II HTN 

 

(n=36) 

Kruskal 

-Wallis 

Test 

P Value 

Mean SD Mean SD Mean SD 

BMI (Kg/m2) 23.06 1.31 25.81 3.87 27.9 3.21 45.531 <0.001 

WC (cm) 84.17 1.59 92.14 9.08 97.5 5.68 52.517 <0.001 

HC (cm) 85.97 2.91 94.08 9.65 97.8 6.59 44.440 <0.001 

WHR 0.97 0.03 0.98 0.05 0.99 0.04 29.881 <0.001 

Statistically significant 

 

 

 

Table 3: Comparison of Anthropometric Parameters between Genders: 
 

 

Gender Male (n=54) Female (n=54) Mann-Whitney U 

 

Test 

P Value 

Mean SD Mean SD 

BMI (Kg/m2) 25.65 4.071 25.52 3.039 U=1361.500 0.550 

WC (cm) 91.74 9.341 90.80 7.133 U=1457.500 0.998 

HC (cm) 92.13 9.051 93.15 7.968 U=1329.000 0.427 

WHR 0.9936 0.021 0.992 0.019 U=1448.000 0.940 

Statistically insignificant 
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Table 4: Post hoc test of Anthropometric Parameters between three groups: 
 

 

N=108 Control Group (n=36) Stage I HTN (n=36) Stage II HTN (n=36) 

Stage I Stage II Control Stage II Control Stage I 

BMI (Kg/m2) 0.001 0.001 0.001 0.012 0.001 0.012 

WC (cm) 0.012 0.001 0.001 0.001 0.001 0.001 

HC (cm) 0.001 0.001 0.001 0.069 0.001 0.069 

WHR (wc:hc) 0.001 0.001 0.001 1.000 0.001 1.000 

 

 

 

Physiological Parameters: 

 

While analyzing the physiological parameters between three groups by 

Kruskal-Wallis test, it showed significant higher values of PR (P<0.001) in the 

stage II HTN group participants as compared to the control group participants 

while other physiological parameters like RR, Temp. did not showed any 

significant difference between all the three groups which is depicted in Table 5. 

We did not find any significant difference of any of the physiological parameters 

between the genders by using Mann Whitney U test (Table 6). In case of stage I 

and stage II HTN group participants, MAP (mmHg) shows 100.2±2.684 and 

109.7±4.911 respectively (Table 5). The detailed analysis report of the Post hoc 

test of the Physiological parameters is shown in Table 7. 
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Table 5: Comparison of Physiological Parameters between three groups: 
 

 

N=108 Control Group 

 

(n=36) 

Stage 

 

(n=36) 

I HTN Stage 

 

(n=36) 

II HTN Kruskal 

-Wallis 

Test 

P Value 

Mean SD Mean SD Mean SD 

Pulse 

 

(bpm) 

 

75.08 
 

7.17 
 

73.47 
 

6.566 
 

81.89 
 

7.797 
 

21.550 
 

<0.001* 

RR 

 

(cpm) 

 

13.25 
 

1.05 
 

13.33 
 

1.146 
 

13.25 
 

1.052 
 

0.135 
 

0.935 

Temp. 

 

(F) 

 

97.44 

 

0.51 

 

97.56 

 

0.504 

 

97.44 

 

0.504 

 

1.176 
 

0.555 

SBP 

 

(mmHg) 

 

115.1 

 

3.39 

 

134.2 

 

2.762 

 

148.1 

 

8.342 

 

90.197 
 

<0.001* 

DBP 

 

(mmHg) 

 

73.28 

 

4.76 

 

83.17 

 

3.621 

 

90.33 

 

6.076 

 

79.440 
 

<0.001* 

PP 

 

(mmHg) 

 

41.83 
 

5.05 
 

51.00 
 

4.623 
 

57.72 
 

10.33 
 

51.850 
 

<0.001* 

MAP 

 

(mmHg) 

 

87.22 
 

3.65 
 

100.2 
 

2.684 
 

109.7 
 

4.911 
 

92.191 
 

<0.001* 

*Statistically significant 
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Table 6: Comparison of Physiological Parameters between Genders: 
 

 

Gender Male (n=54) Female (n=54) Mann-Whitney U 

 

Test 

P Value 

Mean SD Mean SD 

PR 

 

(bpm) 

 

75.81 
 

8.143 
 

77.81 
 

7.833 
 

U=1210.500 
 

0.127 

RR 

 

(cpm) 

 

13.44 
 

1.058 
 

13.11 
 

1.076 
 

U=1206.000 
 

0.106 

Temp. 

 

(F) 

 

97.46 
 

0.503 
 

97.50 
 

0.505 
 

U=1404.000 
 

0.701 

SBP 

 

(mmHg) 

 

133.3 

 

15.68 

 

131.6 

 

13.53 

 

U=1394.500 

 

0.696 

DBP 

 

(mmHg) 

 

82.59 

 

9.410 

 

81.93 

 

7.672 

 

U=1382.000 

 

0.639 

PP 

 

(mmHg) 

 

50.67 

 

9.292 

 

49.70 

 

10.05 

 

U=1344.000 

 

0.482 

MAP 

 

(mmHg) 

 

99.54 
 

11.09 
 

98.54 
 

8.855 
 

U=1384.500 
 

0.651 

Statistically insignificant 
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Table 7: Post hoc test of Physiological Parameters between three groups: 
 

N=108 Control Group 
(n=36) 

Stage I HTN 
(n=36) 

Stage II HTN 
(n=36) 

Stage I Stage II Control Stage II Control Stage I 

PR (bpm) 1.000 0.001 1.000 0.001 0.001 0.001 

RR (cpm) 1.000 1.000 1.000 1.000 1.000 1.000 

Temp. (F) 1.000 1.000 1.000 1.000 1.000 1.000 

SBP (mmHg) 0.001 0.001 0.001 0.001 0.001 0.001 

DBP (mmHg) 0.001 0.001 0.001 0.001 0.001 0.001 

PP (mmHg) 0.001 0.001 0.001 0.001 0.001 0.001 

MAP (mmHg) 0.001 0.001 0.001 0.001 0.001 0.001 

 

 
Electrophysiological Parameters: 

 

After using Kruskal-Wallis test, the report of comparison of all the 

Electrophysiological parameters between all the three groups are shown in Table 8 

where it is clearly visible that all the arterial stiffness parameters like PWVb-a 

Right, PWVb-a Left, PWVc-f, R Bra ASI, L Bra ASI, R Ank ASI, L Ank ASI were 

found to be higher in stage II hypertension group as compared to stage I 

hypertension group (P<0.001). Both the hypertensive groups were also found to be 

significantly greater than control group (P<0.001). The detailed Post hoc analysis 

report of the electrophysiological parameters is depicted in Table 10. 
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Table 8: Comparison of Electrophysiological Parameters between 3 groups: 
 

N=108 Control Group 
(n=36) 

Stage I HTN 
(n=36) 

Stage II HTN 
(n=36) 

Kruskal 

-Wallis 

Test 

P Value 

Mean SD Mean SD Mean SD 

R Bra ASI 

 

(mmHg) 

 

25.44 
 

2.4 
 

24.44 
 

6.1 
 

36.50 
 

4.98 
 

65.34 
 

<0.001 

L Bra ASI 

 

(mmHg) 

 

26.08 
 

2.7 
 

25.58 
 

6.2 
 

36.17 
 

5.40 
 

59.71 
 

<0.001 

R Ank ASI 

 

(mmHg) 

 

31.42 
 

4.3 
 

34.11 
 

7.9 
 

46.03 
 

8.85 
 

50.35 
 

<0.001 

L Ank ASI 

 

(mmHg) 

 

33.79 
 

5.3 
 

37.97 
 

10 
 

47.27 
 

7.34 
 

42.28 
 

<0.001 

PWVb-a 

 

Right (cm/s) 

 

1170.7 

 

234 

 

1345 

 

152 

 

1544 

 

246 

 

36.24 

 

<0.001 

PWVb-a Left 

 

(cm/s) 

 

1136.6 

 

107 

 

1288 

 

162 

 

1418 

 

373 

 

28.56 

 

<0.001 

PWVc-f 

 

(cm/s) 

 

738.73 

 

98 

 

874.2 

 

139 

 

989.7 

 

175 

 

38.19 

 

<0.001 

Statistically significant 
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There were no significant differences of all these parameters between Male and 

Females when compared by using Mann-Whitney U test (Table 9). 

Table 9: Comparison of Electrophysiological Parameters between Genders: 
 

 

Gender Male (n=54) Female (n=54) Mann-Whitney 

 

U Test 

P Value 

Mean SD Mean SD 

R Bra ASI 

 

(mmHg) 

 

29.669 
 

7.981 
 

27.926 
 

6.372 
 

U=1333.500 
 

0.443 

L Bra ASI 

 

(mmHg) 

 

29.120 
 

7.867 
 

29.431 
 

5.991 
 

U=1349.000 
 

0.503 

R Ank ASI 

 

(mmHg) 

 

37.70 
 

11.28 
 

36.67 
 

7.867 
 

U=1458.000 
 

1.000 

L Ank ASI 

 

(mmHg) 

 

39.222 
 

9.294 
 

40.135 
 

10.14 
 

U=1432.000 
 

0.873 

PWVb-a Right 

 

(cm/s) 

 

1397.9 
 

242.4 
 

1309.4 
 

275.9 
 

U=1262.000 
 

0.228 

PWVb-a Left 

 

(cm/s) 

 

1247.3 
 

173.3 
 

1314.9 
 

333.9 
 

U=1279.000 
 

0.271 

PWVc-f (cm/s) 868.11 168.7 866.99 180.5 U=1434.500 0.885 

Statistically insignificant 
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Table 10: Post hoc test  of Electrophysiological Parameters between three 

groups: 

 

N=108 Control Group 
(n=36) 

Stage I HTN 
(n=36) 

Stage II HTN 
(n=36) 

Stage I Stage II Control Stage II Control Stage I 

R Bra ASI 

 

(mmHg) 

 

1.000 
 

0.001 
 

1.000 
 

0.001 
 

0.001 
 

0.001 

L Bra ASI 

 

(mmHg) 

 

1.000 
 

0.001 
 

1.000 
 

0.001 
 

0.001 
 

0.001 

R Ank ASI 

 

(mmHg) 

 

0.365 
 

0.001 
 

0.365 
 

0.001 
 

0.001 
 

0.001 

L Ank ASI 

 

(mmHg) 

 

0.082 
 

0.001 
 

0.082 
 

0.001 
 

0.001 
 

0.001 

PWVb-a Right 

 

(cm/s) 

 

0.002 
 

0.001 
 

0.002 
 

0.001 
 

0.001 
 

0.001 

PWVb-a Left 

 

(cm/s) 

 

0.027 
 

0.001 
 

0.027 
 

0.077 
 

0.001 
 

0.077 

PWVc-f 

 

(cm/s) 

 

0.001 
 

0.001 
 

0.001 
 

0.002 
 

0.001 
 

0.002 
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Biochemical Parameters: 

 

After using Kruskal-Wallis test, the report of comparison of all the 

biochemical parameters between the three groups is shown in Table 11. 

Serum Vitamin D concentration: It is clearly visible that the concentration of 

serum total vitamin D level found to be lower in stage II HTN group participants as 

compared to stage I HTN group participants (P<0.001). The serum total vitamin D 

concentration in both the HTN groups were also found to be significantly lesser 

than the control group (P<0.001). 

Concentration of Renal Profile (Blood Urea and Serum Creatinine)and FBS: 

We also found a significant (P<0.05) higher levels of Blood Urea and Serum 

Creatinine, FBS concentration in stage II hypertensive participants as compared to 

stage I hypertensive participants. Both the HTN group participants were found to 

be having significantly greater (P<0.05) FBS, Blood Urea and Serum Creatinine 

level concentration in comparison to their respective control group (Table 11). 

Concentration of Parameters of Lipid Profile (Serum Total Cholesterol, Serum 

Triglyceride, HDL Cholesterol):Among the parameters of lipid profiles, we found 

that concentration of serum total chol. and serum TGL are significantly higher 

(P<0.05) in stage II HTN group participants as compared to stage I HTN group 

participants and both the HTN group participants were having a significant higher 

DocuSign Envelope ID: 28B1C4CD-1140-4FEF-8700-B9E568F51E67



DocuSign Envelope ID: F66A1811-B1BE-4BA0-9C30-3102A7A445AD 

35 

 

 

 

 

 

 

(P<0.05) values of serum chol. and serum TGL level concentration as compared to 

control group participants (Table 11). We also found that the concentration of 

serum HDL cholesterol is significantly lower (P<0.001) in stage II hypertensive 

participants as compared to stage I hypertensive participants and both the HTN 

group participants are having significantly lower (P<0.001) serum HDL cholesterol 

level concentration as compared to control group participants (Table 11). 

Parameters of Oxidative stress (Serum MDA) and Endothelial Dysfunction 

(Serum Nitric Oxide): We also found that the oxidative stress parameter like 

concentration of serum MDA is significantly higher (P<0.001) in stage II HTN 

group participants as compared to stage I HTN group participants and both the 

HTN group participants were having significantly higher (P<0.001) serum MDA 

concentration as compared to control group participants (Table 11). The 

concentration of serum NO level, which is a marker for endothelial dysfunction, 

were found to be significantly lower (P<0.001) in stage II HTN group participants 

as compared to stage I HTN group participants and both HTN group participants 

were having significantly lower (P<0.001) levels of serum NO concentration as 

compared to control group participants (Table 11). There were no significant 

differences of all these biochemical parameters between the Male and the Females 

of each group (Table 12). 
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Table 11: Comparison of Biochemical Parameters between three groups: 
 

N=108 Control 
Group (n=36) 

Stage I HTN 
(n=36) 

Stage II HTN 
(n=36) 

Kruskal 

-Wallis 

Test 

P Value 

Mean SD Mean SD Mean SD 

Total Vit. D 
 

(ng/ml) 

35.92 4.1 25.41 4.1 17.05 3.51 86.58 <0.001 

S. Creatinine 
 

(mg/dl) 

0.714 0.1 0.944 0.2 1.00 0.17 88.11 <0.001 

Blood Urea 
 

(mg/dl) 

26.58 4.5 27.36 5.6 29.83 6.52 7.92 0.019 

FBS (mg/dl) 72.50 8.7 82.42 10 84.17 8.30 25.93 <0.001 

Serum TGL 

 

(mg/dl) 

118.8 25 137.9 56 148.5 45.8 7.23 0.027 

Serum Chol. 
 

(mg/dl) 

169.9 35 173.1 42 195.4 44.7 7.44 0.024 

HDL (mg/dl) 55.25 7.6 47.61 8.2 45.94 9.13 21.30 <0.001 

MDA 
 

(μmol/L) 

1.014 0.2 1.222 0.4 2.083 0.55 53.09 <0.001 

NO (μmol/L) 8.532 1.5 5.694 1.4 3.694 1.16 75.08 <0.001 

Statistically significant 
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Table 12: Comparison of Biochemical Parameters between Genders: 
 

 

Gender Male (n=54) Female (n=54) Mann-Whitney 

 

U Test 

P Value 

Mean SD Mean SD 

Total 

 

(ng/ml) 

Vit. D  

26.15 
 

9.09 
 

26.12 
 

8.31 
 

U=1455.500 
 

0.988 

S. Creatinine 

 

(mg/dl) 

 

0.904 

 

0.15 

 

0.869 

 

0.23 

 

U=1389.000 

 

0.619 

Blood 

 

(mg/dl) 

 Urea  

29.07 

 

5.58 

 

26.78 

 

5.72 

 

U=1140.000 

 

0.051 

FBS (mg/dl) 80.26 11.1 79.13 10.1 U=1366.500 0.574 

Serum 

 

(mg/dl) 

 TGL  

134.6 

 

46.2 

 

135.6 

 

45.8 

 

U=1432.500 

 

0.875 

Serum 

 

(mg/dl) 

 Chol.  

174.6 

 

40.1 

 

184.3 

 

43.9 

 

U=1265.000 

 

0.236 

Serum 

 

(mg/dl) 

 HDL  
49.52 

 

9.51 
 

49.69 
 

8.99 
 

U=1431.500 
 

0.871 

MDA (μmol/L) 1.396 0.51 1.484 0.72 U=1448.500 0.952 

NO (μmol/L) 5.829 2.27 6.119 2.55 U=1351.500 0.510 

Statistically insignificant 
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The detailed Post hoc analysis report of the biochemical parameters is 

depicted in Table 13. 

Table 13: Post hoc test of Biochemical Parameters between three groups: 
 

N=108 Control 
(n=36) 

Group Stage 
(n=36) 

I HTN Stage 
(n=36) 

II HTN 

Stage I Stage II Control Stage II Control Stage I 

Total Vit. D (ng/ml) 0.001 0.001 0.001 0.001 0.001 0.001 

S. Creatinine (mg/dl) 0.001 0.001 0.001 0.364 0.001 0.364 

Blood Urea (mg/dl) 1.000 0.048 1.000 0.195 0.048 0.195 

FBS (mg/dl) 0.001 0.001 0.001 1.000 0.001 1.000 

Serum TGL (mg/dl) 0.214 0.017 0.214 0.954 0.017 0.954 

Serum Chol. (mg/dl) 1.000 0.028 1.000 0.068 0.028 0.068 

Serum HDL (mg/dl) 0.001 0.001 0.001 1.000 0.001 1.000 

MDA (μmol/L) 0.112 0.001 0.112 0.001 0.001 0.001 

NO (μmol/L) 0.001 0.001 0.001 0.001 0.001 0.001 

 

 

 

 
 

Molecular Parameters: 

 

After using Kruskal-Wallis test, the report of comparison of all the 

Molecular parameters between all the three groups is shown in Table 14. 
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Concentration of Serum EPO: It is clearly visible that the concentration of Serum 

EPO is found to be higher in stage II HTN group participants as compared to stage 

I HTN group participants (P<0.001). Both the HTN group participants were also 

found to be having significantly greater (P<0.001) level of serum EPO 

concentration than the control group participants (Table 14). 

Concentration of Serum VEGF: It is clearly visible that the concentration of 

Serum VEGF is found to be lower in stage II HTN group participants as compared 

to stage I HTN group participants (P<0.001). Both the HTN group participants 

were also found to be having significantly lesser (P<0.001) level of serum VEGF 

concentration than their respective control groups (Table 14). There were no 

significant differences of all these molecular parameters between the genders of all 

the 3 groups by using Mann-Whitney U test (Table 15). 

Table 14: Comparison of Molecular Parameters between three groups: 
 

N=108 Control Group 
(n=36) 

Stage I HTN 
(n=36) 

Stage II HTN 
(n=36) 

Kruskal 

-Wallis 

Test 

P Value 

Mean SD Mean SD Mean SD 

EPO 

 

(pg/ml) 

 

105.6 
 

25.3 
 

132.6 
 

18.9 
 

151.8 
 

22.1 
 

37.781 
 

<0.001 

VEGF 

 

(pg/ml) 

 

410.7 
 

44.1 
 

380.1 
 

26.5 
 

343.3 
 

39.2 
 

34.544 
 

<0.001 

Statistically significant 
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Table 15: Comparison of Molecular Parameters between Genders: 
 

Gender Male (n=54) Female (n=54) Mann-Whitney 

 

U Test 

P 

 

Value Mean SD Mean SD 

EPO 

 

(pg/ml) 

 

133.39 
 

28.614 
 

126.63 
 

29.49 
 

U=1303.500 
 

0.342 

VEGF 

 

(pg/ml) 

 

380.24 
 

47.977 
 

375.83 
 

44.76 
 

U=1408.500 
 

0.761 

Statistically insignificant 

 

 
The detailed Post hoc analysis report of the biochemical parameters is 

depicted in Table 16. 

Table 16: Post hoc test of Molecular Parameters between three groups: 
 

N=108 Control Group (n=36) Stage I HTN (n=36) Stage II HTN (n=36) 

Stage I Stage II Control Stage II Control Stage I 

EPO 

 

(pg/ml) 

 

0.001 
 

0.001 
 

0.001 
 

0.001 
 

0.001 
 

0.001 

VEGF 

 

(pg/ml) 

 

0.002 
 

0.001 
 

0.002 
 

0.001 
 

0.001 
 

0.001 
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Correlation between serum vitamin D concentration and Blood Pressure: 

 

Graph 1 depicts the correlation between SBP and serum total vitamin D 

concentration of all the participants of each group. Our results indicate a negative 

correlation (r = -0.850) between SBP and serum total vitamin D. Graph 2 depicts 

correlation between DBP and serum total vitamin D concentration of all the 

participants of each group. Results indicate a negative correlation (r = -0.793) 

between DBP and serum total vitamin D. 

 
 

 
 

Graph 1: Correlation between serum vitamin D and SBP 
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Graph 2: Correlation between serum vitamin D and DBP 

 
Graph 3 depicts the correlation between PP and serum total vitamin D 

concentration of all the participants of each group. Our results indicate a negative 

correlation (r = -0.592) between PP and serum total vitamin D. Graph 4 depicts 

correlation between MAP and serum total vitamin D concentration of all the 

participants of each group. Results indicate a negative correlation (r = -0.860) 

between MAP and serum total vitamin D. 
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Graph 3: Correlation between serum vitamin D and PP 
 

 
 

 
 

Graph 4: Correlation between serum vitamin D and MAP 
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Correlation between serum vitamin D concentration and AS: 

 

Graph 5 depicts correlation between R Bra ASI and serum total vitamin D 

concentration of all the participants of each group. Results indicate a negative 

correlation (r = -0.654) between R Bra ASI and serum total vitamin D. Graph 6 

depicts the correlation between L Bra ASI and serum total vitamin D concentration 

of all the participants of each group. Our results are indicating a negative 

correlation (r = -0.588) between L Bra ASI and serum total vitamin D. Graph 7 

depicts the correlation between R Ank ASI and serum total vitamin D 

concentration of all the participants of each group. Our results indicate a negative 

correlation (r = -0.541) between R Ank ASI and serum total vitamin D. 

 

 
 

Graph 5: Correlation between serum vitamin D and R Bra ASI 
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Graph 6: Correlation between serum vitamin D and L Bra ASI 
 

 
 

 
 

Graph 7: Correlation between serum vitamin D and R Ank ASI 
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Graph 8 depicts correlation between L Ank ASI and serum total vitamin D 

concentration of all the participants of each group. Results indicate a negative 

correlation (r = -0.513) between L Ank ASI and serum total vitamin D. Graph 9 

depicts correlation between PWVb-a Right and serum total vitamin D concentration 

of all the participants of each group. Our results are indicating a negative 

correlation (r = -0.551) between PWVb-a Right and serum total vitamin D. Graph 

10 depicts correlation between PWVb-a Left and serum total vitamin D 

concentration of all the participants of each group. Results indicate a negative 

correlation (r = -0.500) between PWVb-a Left and serum total vitamin D. 

 

 
 

Graph 8: Correlation between serum vitamin D and L Ank ASI 
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Graph 9: Correlation between serum vitamin D and PWVb-a Right 
 

 
 

 

Graph 10: Correlation between serum vitamin D and PWVb-a Left 
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Graph 11 depicts correlation between (PWVc-f and serum total vitamin D 

concentration of all the participants of each group. Results indicate a negative 

correlation (r = -0.570) between PWVc-f and serum total vitamin D. 

 

 
 

Graph 11: Correlation between serum vitamin D and PWVc-f 

 

Correlation between vitamin D concentration and Molecular Parameters: 

 

Graph 12 depicts correlation between serum EPO and serum total vitamin D 

concentration of all the participants of each group. Results indicate a negative 

correlation (r = -0.474) between EPO and serum total vitamin D. 
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Graph 12: Correlation between serum vitamin D and EPO 
 

 
 

 
 

Graph 13: Correlation between serum vitamin D and VEGF 

DocuSign Envelope ID: 28B1C4CD-1140-4FEF-8700-B9E568F51E67



DocuSign Envelope ID: F66A1811-B1BE-4BA0-9C30-3102A7A445AD 

50 

 

 

 

 

 

 

 

 

 
 

Graph 13 depicts correlation between serum VEGF and serum total vitamin D 

concentration of all the participants of each group. Results indicate a positive 

correlation (r = 0.493) between VEGF and serum total vitamin D. 

 
 

 
Correlation between SBP and AS: 

 

Graph 14 depicts correlation between SBP and R Bra ASI of all the participants of 

each group. Results indicate a positive correlation (r = 0.657) between R Bra ASI 

and SBP. Graph 15 depicts correlation between SBP and L Bra ASI of all the 

participants of each group. Results indicate a positive correlation (r = 0.600) 

between L Bra ASI and SBP. Graph 16 depicts correlation between SBP and R 

Ank ASI of all the participants of each group. Results indicate a positive 

correlation (r = 0.620) between R Ank ASI and SBP. Graph 17 depicts correlation 

between SBP and L Ank ASI of all the participants of each group. Results indicate 

a positive correlation (r = 0.606) between L Ank ASI and SBP. Graph 18 depicts 

correlation between SBP and PWVb-a Right of all the participants of each group. 

Results indicate a positive correlation (r = 0.528) between PWVb-a Right and SBP. 
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Graph 14: Correlation between SBP and R Bra ASI 
 

 
 

 
 

Graph 15: Correlation between SBP and L Bra ASI 
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Graph 16: Correlation between SBP and R Ank ASI 
 

 
 

 
 

Graph 17: Correlation between SBP and L Ank ASI 
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Graph 18: Correlation between SBP and PWVb-a Right 
 

 
 

 
 

Graph 19: Correlation between SBP and PWVb-a Left 

DocuSign Envelope ID: 28B1C4CD-1140-4FEF-8700-B9E568F51E67



DocuSign Envelope ID: F66A1811-B1BE-4BA0-9C30-3102A7A445AD 

54 

 

 

 

 

 

 

Graph 19 depicts correlation between SBP and PWVb-a Left of all the participants 

of each group. Results indicate a positive correlation (r = 0.447) between PWVb-a 

Left and SBP. Graph 20 depicts correlation between SBP and PWVc-f of all the 

participants of each group. Results indicate a positive correlation (r = 0.568) 

between PWVc-f and SBP. 

 

 

 

 

 

 
 

Graph 20: Correlation between SBP and PWVc-f 
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Correlation between SBP and oxidative stress (Malondialdehyde; MDA): 

 

Graph 21 depicts correlation between SBP and serum MDA of all the participants 

of each group. Results indicate a positive correlation (r = 0.601) between serum 

MDA and SBP. 

 

 

 

 
Graph 21: Correlation between SBP and serum MDA 
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Correlation between SBP and the endothelial dysfunction (Nitric Oxide; NO): 

 

Graph 22 depicts correlation between SBP and serum NO of all the participants of 

each group. Results indicate a negative correlation (r = -0.735) between NO and 

SBP. 

 

 

 
 

Graph 22: Correlation between SBP and serum NO 
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Correlation between Systolic Blood Pressure and Molecular Parameters: 

 

Graph 23 depicts correlation between SBP and Serum EPO concentration of all the 

participants of each group. Results indicate a positive correlation (r = 0.512) 

between EPO and SBP. Graph 24 depicts correlation between SBP and Serum 

VEGF of all the participants of each group. Results indicate a negative correlation 

(r = -0.558) between VEGF and SBP. 

 

 

 
 

Graph 23: Correlation between SBP and serum EPO 
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Graph 24: Correlation between SBP and serum VEGF 

Correlation between Diastolic BP and AS: 

Graph 25 depicts correlation between DBP and R Bra ASI of all the participants of 

each group. Results indicate a positive correlation (r = 0.578) between R Bra ASI 

and DBP. Graph 26 depicts correlation between DBP and L Bra ASI of all the 

participants of each group. Results indicate a positive correlation (r = 0.496) 

between L Bra ASI and DBP. Graph 27 depicts correlation between DBP and R 

Ank ASI of all the participants of each group. Results indicate a positive 

correlation (r = 0.570) between R Ank ASI and DBP. Graph 28 depicts correlation 
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between DBP and L Ank ASI of all the participants of each group. Results indicate 

a positive correlation (r = 0.486) between L Ank ASI and DBP. Graph 29 depicts 

correlation between DBP and PWVb-a Right of all the participants of each group. 

Results indicate a positive correlation (r = 0.447) between PWVb-a Right and DBP. 

Graph 30 depicts correlation between DBP and PWVb-a Left of all the participants 

of each group. Results indicate a positive correlation (r = 0.424) between PWVb-a 

Left and DBP. Graph 31 depicts correlation between DBP and PWVc-f of all the 

participants of each group. Results indicate a positive correlation (r = 0.478) 

between PWVc-f and DBP. 

Correlation between DBP and Oxidative Stress (Malondialdehyde; MDA): 

 

Graph 32 depicts correlation between DBP and serum MDA of all the participants 

of each group. Results indicate a positive correlation (r = 0.565) between serum 

MDA and DBP. 

Correlation between DBP and endothelial dysfunction (Nitric Oxide; NO): 

 

Graph 33 depicts correlation between DBP and serum NO of all the participants of 

each group. Results indicate a negative correlation (r = -0.711) between NO and 

DBP. 
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Graph 25: Correlation between DBP and R Bra ASI 
 

 
 

 
 

Graph 26: Correlation between DBP and L Bra ASI 
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Graph 27: Correlation between DBP and R Ank ASI 
 

 
 

 
 

Graph 28: Correlation between DBP and L Ank ASI 
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Graph 29: Correlation between DBP and PWVb-a Right 
 

 
 

 
 

Graph 30: Correlation between DBP and PWVb-a Left 
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Graph 31: Correlation between DBP and PWVc-f 

 

 

 

 
 

Graph 32: Correlation between DBP and MDA 
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Graph 33: Correlation between DBP and NO 

Correlation between DBP and Molecular Parameters: 

Graph 34 depicts correlation between DBP and Serum EPO concentration of all the 

participants of each group. Results indicate a positive correlation (r = 0.457) 

between EPO and DBP. Graph 35 depicts correlation between DBP and Serum 

VEGF of all the participants of each group. Results indicate a negative correlation 

(r = -0.439) between VEGF and DBP. 
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Graph 34: Correlation between DBP and EPO 
 

 

 

 
 

Graph 35: Correlation between DBP and VEGF 
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Correlation between MAP and Oxidative Stress (Malondialdehyde; MDA): 

 

Graph 36 depicts correlation between MAP and serum MDA of all the participants 

of each group. Results indicate a positive correlation (r = 0.623) between serum 

MDA and MAP. 

Correlation between MAP and endothelial dysfunction (Nitric Oxide; NO): 

 

Graph 37 depicts correlation between MAP and serum NO of all the participants of 

each group. Results indicate a negative correlation (r = -0.759) between NO and 

MAP. 

Correlation between MAP and Molecular Parameters: 

 

Graph 38 depicts correlation between MAP and Serum EPO concentration of all 

the participants of each group. Results indicate a positive correlation (r = 0.511) 

between EPO and MAP. Graph 39 depicts correlation between DBP and Serum 

VEGF of all the participants of each group. Results indicate a negative correlation 

(r = -0.501) between VEGF and MAP. 
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Graph 36: Correlation between MAP and MDA 
 

 

 

 
 

Graph 37: Correlation between MAP and NO 
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Graph 38: Correlation between MAP and EPO 
 

 

 

 
 

Graph 39: Correlation between MAP and VEGF 
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DISCUSSION 

 

As all the samples from control, stage I HTN and stage II HTN groups showed no 

significant difference between each other, hence, in this study, all the subjects were 

found age matched (Table 1). 

Comparison of Anthropometric parameters: 

 

Results of anthropometric parameters in this study further showed stage I HTN and 

stage II HTN group participants were having higher BMI within overweight range 

as compared to normal subjects. Similarly, significant higher WHR in case of stage 

I and stage II HTN indicate abdominal obesity influences blood pressure (Table 2, 

4). From our observations on physical anthropometry in stage I and stage II 

hypertensive patients as compared to the normal controls did not show any gender 

biasness (Table 3). Although in case of female WHR, average is showing above 

the normal which might be one of the reasons for inducing increase BP. 46 

Comparison of Physiological parameters: 

 

Although PR in stage II HTN group shows significantly higher values than stage I 

HTN group and control group but it is within the normal range (60 to 100 bpm). 

Results also indicate stage I and stage II HTN has no influence on body 

temperature and RR. Further, increase MAP in stage II and stage I HTN also 

indicate that the sample selection was following appropriate methodology for 
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inclusion criteria (Table 5, 7). Results also indicate that there is no gender biasness 

on physiological parameters among the study groups (Table 6). 

Comparison of Electrophysiological parameters: 

 

Results of ASI of Right and Left brachial, Right and Left ankle of stage II HTN 

group were higher as compared to control group (Table 8, 10). Higher ASI in stage 

II HTN clearly indicates vascular stiffness and pathophysiological changes of 

vascular system. Results further indicate in case of stage I HTN, the vascular 

abnormalities are apparently lower but early indication of vascular disintegrity. 

Melo E Silva FV et al. conducted a study 45 in 2021 to establish an association of 

body composition with AS concluded that there is a positive correlation between 

obesity and AS which may lead to cardiovascular risks such as HTN. 

AS are also an indicator of early CVD, dementia and possible fatal outcome of 

individuals. Although ASI reflects ageing but as the subjects included in this study 

were age matched, hence, ageing factor may not be responsible for increase ASI in 

the present study. PWVb-a Right, PWVb-a Left, PWVc-f of stage II and stage I HTN 

group showed significantly higher than control group, which clearly indicate 

deviation of vascular integrity from normal in both the HTN group. Increase PWV 

also indicates stiffness of condute arteries which is a prediction of cardiovascular 

risk. 
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Kanthe PS et al. in 2015 showed in their study 46 that adiposity is directly 

proportional to future development of cardiovascular events such as HTN, 

atherosclerosis etc. 

The generation of PWV occurs due to contraction of heart. Later, pulse waves 

travel through the vascular wall with a particular speed which is referred as PWV. 

If the AS increase, resulted in arterial compliances, leads to increase PWV. Loss of 

integrity in arterial walls, develop loss of elasticity of the arteries and make arteries 

become stiff. The more stiffer is the arterial wall, will lead to higher PWV. This 

pathophysiology changes cardiac functioning and leads to overall dearrangement 

of cardiovascular system. 60 Further, these dearrangements will lead to HTN. Our 

results found ASI and PWV clearly indicate altered pathophysiology of 

cardiovascular system. 49 Our results are also indicative that PWV is more sensitive 

and early predictor of severe alteration of vascular pathophysiology as compared to 

ASI. The decrease elasticity of the arteries make the blood vessels more vulnerable 

as cardiovascular and Cerebrovascular risk factor. From our observations on 

electrophysiological parameters in stage I and stage II hypertensive patients as 

compared to the normal controls did not show any gender biasness (Table 9). 
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Comparison of Biochemical Parameters: 

 

Results from our study show significant lower vitamin D concentration in both 

stage I and stage II HTN group participants. Further it is also noticed that vitamin 

D level in serum decreases more in stage II HTN group participants in comparison 

to stage I HTN group. The results indicate a clear vitamin D deficiency in stage II 

HTN (normal range >20 ng/ml). Although stage I HTN is having lower vitamin D 

in comparison to controls but it is within the normal range. Results clearly indicate 

a relationship between vitamin D and vascular health. Lower value of vitamin D is 

well linked with increased risk of HTN. 58 Hence, baseline vitamin D level may be 

considered as a marker for CVD including HTN. An increase relationship between 

vitamin D and Angiotensin II is already reported. 58 Lower vitamin D level is 

correlated with higher concentration of Angiotensin II which leads to blunted renal 

plasma protein and over-activation of RAAS, may be one of the reason behind the 

link between vitamin D and HTN. As endothelial cells contain high concentration 

of vitamin D receptors and supplementation of vitamin D improve endothelial 

function and partly regulate BP, hence, lower level of vitamin D probably 

influences endothelial cell of vascular wall and induces HTN. 57 Further, 

concentration of vitamin D in blood is related to intracellular calcium homeostasis. 

Hence, this regulation also positively associated with BP by calcium influx to 

vascular smooth muscles under the influences of 1,25-dihydroxycholecalciferol. 56 
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The amount of vitamin D produced by the body depending on age, sunlight 

exposure, color of the skin, seasons, etc. It has been found in winter, UV-B 

radiation is low, hence, skin produces less vitamin D. Hence, maintenance of 

vitamin D is very crucial for not only skeletal health but also for vascular health. 

The risk of myocardial infarction (MI) greatly increased when vitamin D level is 

found to be <15 ng/ml. Hence, clinicians must notice vitamin D level of any 

patient of either stage I or stage II HTN. 57 Although Serum Creatinine and Blood 

Urea showed higher values in stage I and stage II HTN group participants but it is 

within normal range. Similarly FBS and lipid profile also found to be in normal 

range in stage I and stage II HTN group participants. In case of lipid profile, serum 

HDL was found to be lesser than normal range in both stage I and stage II HTN 

group participants. Hence, it may be considered as potent marker of HTN. 58 

Oxidative and nitrosative stress parameter in case of stage I and stage II 

hypertensive patients were found to be remarkably altered. Increase MDA in both 

stage I and stage II HTN indicate altered vascular pathophysiology. Excessive 

MDA in stage I and stage II HTN in our study may be due to generation of more 

reactive oxygen species (ROS), which is a key factor of HTN pathology by 

modulating vasomotor system and developing vasoconstriction through 

Angiotensin II. Lower the NO level in stage I and stage II HTN patients indicate 

lesser bioavailability of NO, which is a potent vasodilator and extremely dependent 
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on Redox signaling system. Increase level of ROS in our study probably induced 

vascular remodeling via oxidative damage. Hence, both MDA and NO result in our 

study confirm alteration of arterial smooth muscle cells and endothelial cells. The 

results of NO also to be considered as a degree of HTN, possibly antioxidant status 

might have changes simultaneously during HTN which we could not assess and we 

consider it is our limitation. 59 

Comparison of Molecular Parameters: 

 
Increase level of serum EPO in both stage I and stage II hypertensive patients 

indicate loss of vascular integrity due to HTN. Although different types of 

explanations were given for rise of BP or HTN and increased level of EPO 

probably due to reduced oxygen supply to the tissue in vasoconstriction induced 

HTN, but, role of altered angiogenesis may not be ruled out for a positive 

correlation between BP and serum EPO concentration, may be due to decreased 

angiogenesis. 61 Report also suggested that serum EPO level has a positive 

correlation with vascular resistance which may also lead to HTN. A possible role 

of EPO induced hematocrit values and erythrocyte mass alter the integrity of 

vascular smooth muscles, lead to disregulation of endothelial vasodilatory factors 

like NO. 48 Our results of low NO probably support this observation. It has been 

noticed that treating with EPO to chronic kidney disease (CKD) patients develop 

severe arterial HTN. The possible reason of this development may be done to EPO 
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induced increased blood viscocity and decrease hypoxic vasodilatation. 62, 63 The 

results found serum VEGF decreases in both stage I and stage II HTN. VEGF 

protein synthesis depends on hypoxia signaling pathway (VSP) regulates arterial 

smooth muscle pathophysiology. Hence, in alteration of VEGF clearly indicate 

cardiovascular and cerebrovascular diseases. In our study lower level of VEGF 

probably influences reduced vasculogenesis and remodel vascular architecture 

during stage I and stage II HTN. 64 Report also found VEGF inhibition leads to 

HTN as decrease VEGF also reduces NO synthesis, microvascular abnormalities 

and increase vascular resistance, which leads to development of HTN. 64 Our 

results of lower level of NO and VEGF support these findings. Another possible 

reason of VEGF signaling NO synthesis is VEGF receptor (VEGFR). 65 As in our 

study, we did not assay VEGFR in serum; hence, we cannot explain the role of 

VEGFR induced HTN. It may be considered as one of the limitation of our study. 

Although the exact reason behind HTN and VEGF is not clearly defined but serum 

VEGF need to be considered as one of the important marker for progressive HTN, 

especially transformation of HTN stage I and stage II. 
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CONCLUSION 

 

Our study has been assigned to understand the role of vitamin D and its impact on 

stage I and stage II hypertension. The findings of the present study are suggestive 

that there is a beneficial role of vitamin D in maintenance of an optimal 

cardiovascular health by delaying the arterial stiffness and hypertension at any 

stage. Hence, it is suggested that each middle aged individual should be assessed 

for level of vitamin D concentration if suspected for any cardiovascular risk and 

vitamin D supplementation may be advised to prevent or treat cardiovascular 

diseases such as hypertension. Our findings are also suggestive of altered 

anthropometric parameters as risk factors for vascular stiffening and future adverse 

cardiovascular diseases such as hypertension. Hence, we suggest parameters to 

assess arterial stiffness to be considered for screening of patients who are 

suspected to have future cardiovascular events. We also found that oxidative stress 

and endothelial function is altered in hypertensive individuals. Overall finding 

from our results indicate significant impact of vitamin D in relation to hypertension 

as blood pressure, arterial stiffness, EPO negatively correlate and VEGF positively 

correlate with vitamin D. So, vitamin D can be considered as one of the strongest 

markers in hypertension at any stage. 
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SUMMARY 

 

 Most of the current population of hypertensive patients may remain 

undiagnosed and don’t seek medical attention. The debate regarding the role 

of vitamin D in control of BP is still ongoing. Many studies showed increase 

prevalence of hypertension during winter and in the areas where the 

exposure to the sunlight is reduced. 

 Our study was undertaken to understand the role of vitamin D and its impact 

on stage I and stage II hypertension. 

 We found a beneficial role of vitamin D in prevention of hypertension and 

other cardiovascular diseases. Optimal vitamin D concentration is helpful in 

delaying arterial stiffness. Arterial stiffness is positively correlated with 

hypertension. Oxidative stress, endothelial functions get altered if arteries 

become stiffer. Oxygen sensing proteins such as EPO positively and VEGF 

negatively influence blood pressure and arterial stiffness. 

 All persons who are suspected for future cardiovascular risks may regularly 

screened for their vascular status and serum vitamin D concentration. 

 Altered anthropometric parameters may be considered as risk factors for 

altered vascular status and should be screened for future cardiovascular 

pathophysiological events. 

DocuSign Envelope ID: 28B1C4CD-1140-4FEF-8700-B9E568F51E67



DocuSign Envelope ID: F66A1811-B1BE-4BA0-9C30-3102A7A445AD 

78 

 

 

 

 

 

 

BIBLIOGRAPHY 

 

1. https://www.who.int/india/health-topics/hypertension 
 

2. Kumari R, Rai N, Sharma HB, Kailashiya J. Impact of american heart 

association’s new hypertension guidelines (2017) on disease burden and 

association with obesity indices. Indian J Physiol Pharmacol. 2020;64(1): 

17-26. 

3. Holick MF. Vitamin D deficiency. N Engl J Med. 2007;357: 266-281. 

 

4. Mehta V, Agarwal S. Does vitamin D deficiency lead to Hypertension?. 

 

Cureus. 2017 Feb; 9(2). 

 

5. Armas-Padilla MC, Armas-Hernández MJ, Sosa-Canache B, Cammarata R, 

Pacheco B, Guerrero J, et al. Nitric oxide and malondialdehyde in human 

hypertension. Am J Ther. 2007 Mar-Apr;14(2): 172-176. 

6. Vaziri ND. Mechanism of erythropoietin-induced hypertension. Am J 

Kidney Dis. 1999 May;33(5): 821-828. 

7. Robinson ES, Khankin EV, Humphreys BD. Hypertension Induced by 

VEGF Signaling Pathway Inhibition: Mechanisms and Potential Use as a 

Biomarker. Semin Nephrol. 2010 Nov; 30(6): 591-601. 

8. Gedikli O, Kiris A, Karahan C. Circulating levels of erythropoietin and its 

relation to arterial stiffness in patients with hypertension. Int J Clin Exp 

Med. 2013; 6(8): 706-711. 

DocuSign Envelope ID: 28B1C4CD-1140-4FEF-8700-B9E568F51E67

https://www.who.int/india/health-topics/hypertension


DocuSign Envelope ID: F66A1811-B1BE-4BA0-9C30-3102A7A445AD 

79 

 

 

 

 

 

 

9. Hall JE, In: Hall ME, Vaz M, Kurpad A, Raj T. Guyton and Hall Textbook 

of Medical Physiology, Third South Asia edition. Elsevier; p. 259-64 

10. Takashi Taruni, Muhammad Ayaz Khan Jie Lin et al. Cerebral 

Haemodynamics in Normal Ageing:Central Arterial Stiffness, wave 

reflection, and Pressure pulsatility. Journal of Cerebral blood flow and 

Metabolism. 2014;34: 971-978. 

11. Harrington F, Saxby BK, Mckeith IG, Wesnes K, Ford GA. Cognitive 

performance in hypertensive and normotensive older subjects. Hypertension. 

2000 Dec 1; 36(6): 1079-82. 

12. https://newsroom.heart.org/news/high-blood-pressure-redefined-for-first- 
 

time-in-14-years-130-is-the-new-high. 
 

13. Bressendorff I, Brandi L, Schou M, Nygaard B, Frandsen NE, Rasmussen K, 

et al. The Effect of High Dose Cholecalciferol on Arterial Stiffness and 

Peripheral and Central Blood Pressure in Healthy Humans: A Randomized 

Controlled Trial. PLoS ONE. 2016;11(8): e0160905. 

14. AI Mheid I, Patel R, Murrow J, et al. Vitamin D status is associated with 

arterial stiffness and vascular dysfunction in healthy humans. J Am Coll 

Cardiol. 2011;58: 186-192. 

DocuSign Envelope ID: 28B1C4CD-1140-4FEF-8700-B9E568F51E67

https://newsroom.heart.org/news/high-blood-pressure-redefined-for-first-time-in-14-years-130-is-the-new-high
https://newsroom.heart.org/news/high-blood-pressure-redefined-for-first-time-in-14-years-130-is-the-new-high


DocuSign Envelope ID: F66A1811-B1BE-4BA0-9C30-3102A7A445AD 

80 

 

 

 

 

 

 

15. Giallauria F, Milaneschi Y, Tanaka T, et al. Arterial stiffness and vitamin D 

levels: the Baltimore longitudinal study of aging. J Clin Endocrinol Metab. 

2012;97: 3117-3123. 

16. Kuloglu O, Gur M, Seker T, Kalkan GY, Sahin DY, et al. Serum 25- 

hydroxyvitamin D level is associated with arterial stiffness, left ventricular 

hypertrophy , and inflammation in newly diagnosed hypertension. J Investig 

Med 2013; 61: 989-994. 

17. Kang Y J, Kim K M, Jung S, Shin J, Choi Y B. The cross sectional 

relationships of dietary and serum vitamin D with cardiometabolic risk 

factors: Metabolic components, subclinical atherosclerosis, and arterial 

stiffness. ELSEVIER Nutrition. 2016 Feb; 32: 1048-1056. 

18. Chen S, Sun Y, Agarwal DK. Vitamin D deficiency and essential 

hypertension. J Am Soc Hypentens. Author manuscript. 2015 November; 

9(11): 885-901. 

19. Oh YS. Arterial stiffness and hypertension. Clin Hypertens. 2018; 24(17). 

20.Mullur L, Das KK, Biradar MS, Alteration of Serum vitamin D in patients of 

myocardial infarction and ischemic heart diseases. Indian Journal of Public 

Health Research and Development 2019;10: 475-478. 

DocuSign Envelope ID: 28B1C4CD-1140-4FEF-8700-B9E568F51E67



DocuSign Envelope ID: F66A1811-B1BE-4BA0-9C30-3102A7A445AD 

81 

 

 

 

 

 

 

21. Burgaz A, Orsini N, Larsson S, et al. Blood 25-hydroxyvitamin D 

concentration of hypertension: a meta-analysis. J Hypertens. 2011; 29: 636- 

645. 

22. Li YC. Vitamin D regulation of the rennin-angiotensin system. J Cell 

Biochem. 2003; 88: 327-331. 

23. Clemens TL, Henderson SL, Adams JS, Holick MF. Increase skin pigment 

reduces the capacity of skin to synthesise vitamin D3. The Lancet. 1982; 1 

(8263): 74-76. 

24. Holick MF. Sunlight and vitamin D for bone health and prevention of 

autoimmune diseases, cancers, and cardiovascular disease. The American 

Journal of Clinical Nutrition. 2004; 6(80): 1689-1696. 

25. Rostand SG. Ultraviolet light may contribute to geographic and racial blood 

pressure differences. Hypertension. 1997; 30(2): 150-156. 

26. Ullah MI, Uwaifo GI, Nicholas WC, Koch CA. Does vitamin D deficiency 

cause hypertension? current evidence and clinical studies and potential 

mechanisms. International Journal of Endocrinology. 2010; 1-11. 

27. McCarron DA, Pingree PA, Rubin RJ, Gaucher SM, Molitch M, Krutzik S. 

Enhanced parathyroid function in essential hypertension: a homeostatic 

response to a urinary calcium leak. Hypertension. 1980; 2(2): 162-168. 

DocuSign Envelope ID: 28B1C4CD-1140-4FEF-8700-B9E568F51E67



DocuSign Envelope ID: F66A1811-B1BE-4BA0-9C30-3102A7A445AD 

82 

 

 

 

 

 

 

28. Cooper R, Rotimi C. Hypertension in population of West African origin: is 

there a genetic predisposition? Journalof Hypertension. 1994; 12(3): 215- 

227. 

 

29. Zemel MB, Zemel PC, Bryg RJ, Sowers JR. Dietary calcium induces 

regression of left ventricular hypertrophy in hypertensive non-insulin- 

dependent diabetic blacks. American Journal of Hypertension. 1990; 6(3): 

458-463. 

30. Zemel MB, Gualdoni SM, Sowers JR. Reduction in total and extracellular 

water associate with calcium induced natriuresis and antihypertensive effects 

of calcium in blacks. American Journal of Hypertension. 1988; 1(1): 70-72. 

31. Griffith LE, Guyatt GH, Cook RJ, Bucher HC, Cook DJ. The influence of 

dietary and nondietary calcium supplementation on blood pressure: an 

updated metaanalysis of randomized controlled trials. American Journal of 

Hypertension. 1999; 12(1): 84-92. 

32. Allender PS, Cutler JA, Follmann D, Cappuccio FP, Prayer J, Elliott P. 

Dietary calcium and blood pressure: a metaanalysis of randomized 

controlled trials. Annals of Internal Medicine. 1996; 124(9): 825-831. 

33. Scragg R, Sowers M, Bell C. Serum 25-hydroxyvitamin D, ethnicity and 

blood pressure in the Third National Health and Nutrition Examination 

Survey. American Journal of Hypertension. 2007; 20(7): 713-719. 

DocuSign Envelope ID: 28B1C4CD-1140-4FEF-8700-B9E568F51E67



DocuSign Envelope ID: F66A1811-B1BE-4BA0-9C30-3102A7A445AD 

83 

 

 

 

 

 

 

34. Judd SE, Nanes MS, Ziegler TR, Wilson PWF, Tangpricha V. Optimal 

vitamin D status attenuates the age-associated increase in systolic blood 

pressure in white Americans: Results from the Third National Health and 

Nutrition Examination Survey. The American Journal of Clinical Nutrition. 

2008; 87(1): 136-141. 

35. Krause R, Buhring M, Hopfenmuller W, Holick MF, Sharma AM. 

Ultraviolet B and blood pressure. The Lancet. 1998; 9129(352): 709-710. 

36. Pfeifer M, Begerow B, Minne HW, Nachtigall D, Hansen C. Effect of a 

short term vitamin D3 and calcium supplementation on blood pressure and 

parathyroid hormone levels in elderly women. The Journal of Clinical 

Endocrinology and Metabolism. 2001; 86(4): 1633-1637. 

37. Forman JP, Bischoff-Ferrari HA, Willwtt WC, Stampfer MJ, Curhan GC. 

Vitamin D intake and risk of incident hypertension: results from three large 

prospective cohort studies. Hypertension. 2005; 46(4): 676-682. 

38. Orwoll ES, Oviatt S. Relationship of mineral metabolism and long-term 

calcium and cholecalciferol supplementation to blood pressure in 

normotensive men. The American Journal of Clinical Nutrition. 1990; 52(4): 

717-721. 

DocuSign Envelope ID: 28B1C4CD-1140-4FEF-8700-B9E568F51E67



DocuSign Envelope ID: F66A1811-B1BE-4BA0-9C30-3102A7A445AD 

84 

 

 

 

 

 

 

39. Scragg R, Khaw KT, Murphy S. Effect of winter oral vitamin D3 

supplementation on cardiovascular risk factors in elderly adults. European 

Journal of Clinical Nutrition. 1995; 49(9): 640-646. 

40. Higashino H, Miya H, Mukai H, Miya Y. Serum nitric oxide metabolite 

(NOx) levels in hypertensive patients at rest: A comparison of age, gender, 

blood pressure and complications using normotensive controls. Clinical and 

Experimental Pharmacology and Physiology. 2007; 34(8): 725-731. 

41. Goch A, Banach M, Mikhailidis DP, Rysz J, Goch JH. Endothelial 

dysfunction in patients with noncomplicated and complicated hypertension. 

Clinical and Experimental Hypertension. 2009; 31(1): 20-30. 

42. Bagali S, Nerune SM, Reddy RC, Yendigeri SM, Patil BS, Naikwadi AA, et 

al. Low oxygen microenvironment and cardiovascular remodeling: Role of 

dual L/N. type Ca2+ channel blocker. Indian Journal of Pharmacology. 2020; 

52(5): 383-391. 

43. Ferroni P, Basili S, Paoletti V, Davi G. Endothelial dysfunction and 

oxidative stress in arterial hypertension. Nutrition, Metabolism and 

Cardiovascular Diseases. 2006; 16(3): 222-223. 

44. Hou JS, Wang CH, Lai YH, Kuo CH, Lin YL, Hsu BG, et al. Serum 

Malondialdehyde-Modified Low-Density Lipoprotein is a risk factor for 

DocuSign Envelope ID: 28B1C4CD-1140-4FEF-8700-B9E568F51E67



DocuSign Envelope ID: F66A1811-B1BE-4BA0-9C30-3102A7A445AD 

85 

 

 

 

 

 

 

central arterial stiffness in maintenance hemodialysis patients. Nutrients. 

2020; 12(7): 2160. 

45. Melo E Silva FV, Almonfrey FB, Freitas CMN, Fonte FK, Sepulvida MBC, 

Almada-Filho CM, et al. Association of Body Composition with Arterial 

Stiffness in Long-lived People. Arq Bras Cardiol. 2021 Sep;117(3): 457- 

462. 

46. Kanthe PS, Bagali S, Shaikh GB, Patil SM, Patil BS, Aithala MR. Different 

Anthropometric Adiposity Measures and their Association with 

cardiovascular Disease Risk Factors in Middle Aged Women. Indian J 

Physiol Pharmacol 2015; 59(1): 57–62. 

47. Gedikli O, Kiris A, Karahan C. Circulating levels of erythropoietin and its 

relation to arterial stiffness in patients with hypertension. Int J Clin Exp 

Med. 2013; 6(8): 706-711. 

48. Vaziri ND. Mechanism of erythropoietin-induced hypertension. Am J 

Kidney Dis. 1999 May;33(5): 821-828. 

49. Khodnapur JP, Das KK. Age-associated changes in vascular health and it’s 

relation with erythropoietin. Indian J Physiol Pharmacol 2021; 65(2): 119- 

126. 

DocuSign Envelope ID: 28B1C4CD-1140-4FEF-8700-B9E568F51E67



DocuSign Envelope ID: F66A1811-B1BE-4BA0-9C30-3102A7A445AD 

86 

 

 

 

 

 

 

50. Robinson ES, Khankin EV, Humphreys BD. Hypertension Induced by 

VEGF Signaling Pathway Inhibition: Mechanisms and Potential Use as a 

Biomarker. Semin Nephrol. 2010 Nov; 30(6): 591-601. 

51. Papaioannou AI, Zakynthinos E, Kostikas K, Kiropoulos T, Koutsokera A, 

Ziogas A, et al. Serum VEGF levels are related to the presence of pulmonary 

arterial hypertension in systemic sclerosis. BMC Pulm Med. 2009; 9(18): 

1471-2466. 

52. Caletti S, Paini A, Coschignano MA, Ciuceis CD, Nardin M, Zulli R, et al. 

Management of VEGF-Targeted therapy-induced hypertension. Curr 

Hypertens Rep. 2018; 29(20): 68. 

53. Pickering D, Stevens S. “How to measure and record blood pressure.” 

Community eye health vol. 26,84 (2013): 76. 

54. Naidu MU, Reddy BM, Yashmaina S, Patnaik AN, Rani PU. Validity and 

reproducibility of arterial pulse wave velocity measurement using new 

device with oscillometric technique: a pilot study. Biomed Eng Online. 2005 

Aug 23;4: 49. 

55. Naidu MU, Reddy CP. Non-Invasive measurement of aortic pressure in 

patients: Comparing pulse wave analysis and applanation tonometry. Indian 

J Pharmacol. 2012;44: 230-3. 

DocuSign Envelope ID: 28B1C4CD-1140-4FEF-8700-B9E568F51E67



DocuSign Envelope ID: F66A1811-B1BE-4BA0-9C30-3102A7A445AD 

87 

 

 

 

 

 

 

56. Eong HY, Park KM, Lee MJ, Yang DH, Kim SH, Lee SY. Vitamin D and 

Hypertension. Electrolyte Blood Press. 2017 Sep; 15(1): 1-11 

57. Shan J, Resnick LM, Lewanczuk RZ, Karpinski E, Li B, Pang PK. 1,25- 

Dihydroxyvitamin D as a cardiovascular hormone: effects on calcium 

current and cytosolic free calcium in vascular smooth muscle cells. Am J 

Hypertens. 1993; 6: 983-988. 

58. Johanna M. Geleijnse, Vitamin D and the Prevention of Hypertension and 

Cardiovascular Diseases: A review of the current evidence, American 

Journal of Hypertension. 2011 March; 24(3): 253-62. 

59. Rodrigo R, Gonzalez J, Paoletto F. The role of oxidative stress in the 

pathophysiology of hypertension. Hypertens Res. 2011 Apr; 34(4): 431-40. 

60. Das KK. Vascular physiology: A bridge between health and disease. Indian J 

Physiol Pharmacol 2022; 66:155-6. 

61. Brar SK, Perveen S, Chaudhry MR, AlBabtain S, Amreen S, Khan S. 

Erythropoietin-induced Hypertension: A review of pathogenesis, Treatment, 

and Role of Blood Viscosity. Cureus. 2021 Jan 20; 13(1):e12804. 

62. Raine AEG, Roger SD: Effects of erythropoietin on blood pressure. Am J 

Kidney Dis. 1991; 18 (suppl 1): 76-83. 

63. Panzacchi G, Pieruzzi F, Castoldi G, Busca G, Bolla GB, Buccianti G, et al. 

Effects of erythropoietin administration on blood pressure and urinary 

DocuSign Envelope ID: 28B1C4CD-1140-4FEF-8700-B9E568F51E67



DocuSign Envelope ID: F66A1811-B1BE-4BA0-9C30-3102A7A445AD 

88 

 

 

 

 

 

 

albumin excretion in rats, American Journal of Hypertension. 1997; 10(7): 

772-778. 

64. Touyz RM, Herrmann SMS, Herrmann J. Vascular toxicities with VEGF 

inhibitor therapies-focus on hypertension and arterial thrombotic events. 

Journal of the American Society of Hyperetnsion. 2018; 12(6): 409-425. 

65. Boursiquot BC, Zabor EC, Glezerman IG, Jaimes EA. Hypertension and 

VEGF Receptor Tyrosine kinase inhibition: Effects on Renal Function. 

Hyperetnsion. 2017 Jul 24. 

DocuSign Envelope ID: 28B1C4CD-1140-4FEF-8700-B9E568F51E67



DocuSign Envelope ID: F66A1811-B1BE-4BA0-9C30-3102A7A445AD 

89 

 

 

 

 

 

 

ANNEXURE-I 

CONSENT FORM 

 

DocuSign Envelope ID: 28B1C4CD-1140-4FEF-8700-B9E568F51E67



DocuSign Envelope ID: F66A1811-B1BE-4BA0-9C30-3102A7A445AD 

90 

 

 

 

 

 

 

ANNEXURE-II 

CLINICAL PROFORMA 
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ANNEXURE-V 

PHOTOGRAPHS 

 
 

 

Photograph 1: UV-Spectrophotometer 
 

 

 
Photograph 2: ELISA Reader and Centrifuge Machine 
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Photograph 3: The Biochemical Analysis of Nitric Oxide 
 

 

 
Photograph 4: The Molecular Analysis of the samples 
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Photograph 5: The Process of MDA Analysis 
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