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ABSTRACT

By allowing the heart to pump blood to all of the body's organs, the cardiovascular system ensures that their metabolic
demands are met. Systemic vascular resistance (SVR) and cardiac output (CO) are two measures that can be used to
determine blood pressure and blood flow. The heart's pumping action is a good indicator of cardiac output. Blood pressure
readings deviate from the normal range for a variety of reasons that affect CO or SVR. Many factors can affect the
equilibrium of systemic vascular resistance and cardiac output. Both the amount of blood circulating in the body and the
force of the heart's pumping action determines CO. Ensuring the body's blood volume is maintained relies heavily on the
kidney's sodium regulation and fluid handling abilities. Any decrease in kidney function, no matter how slight, will have
a major impact on the body's ability to regulate fluid volume because the kidneys are so important for maintaining a
healthy fluid and sodium balance. Vitamin D deficiency, defined as levels below 20 ng/ml, is on the rise, even among
otherwise healthy people, and is thus a major concern in global public health. Environmental factors like vitamin D play
a role in numerous biological processes, including how we perceive chronic pain and how our bodies respond to
infections. Patients with autoimmune thyroid disease (AITD) are at increased risk for developing vitamin D deficiency,
and new evidence suggests that vitamin D may play a role in the onset of several autoimmune diseases. Pregnancy
complications, abnormal thyroid function, elevated TSH levels, elevated thyroid volume, and antithyroid antibodies were
all linked to low vitamin D levels in women with AITD. The article aims to understand the link between Vitamin D and
the thyroid hormone in patients with hypertensive patients along with to establish a qualitative criterion within it.
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INTRODUCTION

The cardiovascular system plays a Vital role in sustaining the metabolic demands of all organs by the pumping action of
heart. The blood pressure and blood flow can be determined by cardiac output (CO) and systemic vascular resistance
(SVR). The cardiac output can be determined by the pumping activity of the heart. There are number of factors which
results in the alteration of CO or SVR leading on to alteration from the normal blood pressure [1].

Most guidelines defines hypertension as systolic BP more than 140 mmHg or diastolic BP more than 90 mmHg, where
as normal BP is 120/80 mmHg or lower. The BP level between these 2 ranges is termed as prehypertension or borderline
hypertension. Now a day most of the people living in developed as well as developing countries throughout the world
will develop hypertension at some point of their lifetime [2,3].

The thickness of blood vessel walls and vasomotor tone determine SVR. In addition, SVR can be influenced by
environmental factors, metabolic factors, and the humeral milieu. In 5% to 10% of cases, hypertension can have
underlying causes. For patients with secondary hypertension, reversing hypertension to normotension is as simple as
addressing the underlying cause. There may be no known cause for primary or essential hypertension. The development
of hypertension can be influenced by a multitude of factors, including changes in lifestyle, advancing age, genetic
predisposition, and environmental changes. Treating hypertension lowers the risk of complications and death, regardless
of its aetiology. Hypertension is often asymptomatic and goes undetected in its early stages. Therefore, in order to make
the diagnosis as soon as possible, blood pressure needs to be monitored regularly. The term "silent killer" may apply to it
for that reason [4].

Issues related to heart disease include Cardiovascular illness, a heart condition known as congestive cardiac failure, Brain
Attack, Coronary heart attack, enlargement of the left ventricle, conditions such as peripheral artery disease and others
Renal illness that persists through time, chronic kidney disease, the last stage of kidney disease, Eye Diseases [5].
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1. Hypertension and cardiovascular disease.

Nowadays CVD becomes the major Global health hazard worldwide. The spectrum of coronary vascular disease includes
coronary artery disease, stroke heart failure and other peripheral vascular diseases. Apart from cigarette smoking, diabetes
and dyslipidemia, hypertension is considered to be the major risk factor for the development of premature CVD [6].
Framingham heart study quotes that hypertension is the prime cause for heart disease among men. It has been estimated
that 20 % of the first myocardial infarction can be attributed by hypertension in both men and women globally. When
compared to men, women with long standing hypertension will end up in stroke rather than myocardial infarction as in
men. Most of the trials proves that hypertension is the prime risk factor for predicting hemorrhagic and ischemic stroke

[7].

1.2 Cardiovascular Disease And Prehypertension:

CVD risk factors are not only pertained to hypertensive patients by traditional definition. Prehypertension can be referred
as range of BP between Normal (120/80mmHg) and hypertensive patients (140/90mmHg). Most of the studies conclude
that prehypertension is also one of the risk factor for developing the coronary artery disease and stroke. But these studies
failed to relate prehypertension with this vascular events since patients with prehypertension are also having additional
risk factors such as diabetes mellitus, increased body weight, elevated serum cholesterol level. The relationship between
the prehypertension and theCVD can be supported by the antihypertensive therapy. Treatment of patients with
prehypertension will have reduced risk of developing the CVD as compared with patients without taking treatment for
prehypertension [8].

When blood pressure rises, the body tries to adjust, but the result is cardiovascular disease. Elevated blood pressure causes
structural changes in the arterial and vascular tree, known as remodelling or hypertrophy, which harms the organ systems.
Avrteriosclerosis develops in the larger vessels as a result of the increased sheer stress brought on by hypertension. The
progression of arteriosclerosis is age-dependent, meaning that the risk is higher in older patients compared to younger
ones. Atherosclerosis development is also significantly impacted by hypertension. The thickening, changes in geometry,
and increased mass of the left ventricle—commonly known as left ventricular hypertrophy (LVH)—is a common
complication in hypertensive patients. The onset of heart failure, myocardial infarction, and cardiac arrhythmias is
preceded by LVH. The majority of patients with congestive heart failure will have chronic hypertension as their only
cause [9, 10].

1.3 Epidemiology

Hypertension is one of the ‘iceberg’ disease. Rule of halves states that ‘in the early 1970s, only half of the general
population in the developed countries were aware of hypertension, in that only half of them gets treated for hypertension,
in that only half of them were adequately treated [11].

1.4 INCIDENCE:

Due to the variability of readings among the population and chronicity of the condition, the concept of incidence in
Hypertension has limited value. It has been estimated that 1.13 billion populations have been prevailing with hypertension
globally in 2015.1t has been estimated that overall prevalence of hypertension is 30-40 percent. Gender wise, around 24
and 20 percent in males and females respectively. The prevalence of hypertension is irrespective of the income status
globally, i.e., its prevalence can be seen in lower, middle and higher income countries. Prevalence of hypertension in more
common in the elderly age groups that is age more than 60 years. This contributes around 60 percent in the total
hypertensive population. Due to the sedentary life style and increased weight in the population, it was estimated that the
prevalence of hypertension would be increased by 15-20 percent by the year 2025. Hypertension is the leading cause for
premature deaths and Disability adjusted life years (DALY) for more than 200 million population. Although there are
recent advances in the modern medicine, DALY's have been increased in the recent past due to the ineffective control of
blood pressure and lack of awareness among the population [12, 13].

1.5 Risk factors for hypertension:

According to WHO scientific group, risk factors for hypertension can be classified into Non modifiable and Modifiable
risk factors. Non- modifiable risk factors include Age- blood pressure consistently rises as the age increases, sex- Men
will be affected more common than women, but women in post menopausal age group have higher risk, genetic factors,
ethnicity- Black Americans of African origin have higher blood pressure when compared to whites [14].

And the modifiable risk factors obesity- Central obesity which has been indicated by increased waist to hip ratio. Central
obesity has better correlation with elevated blood pressure. Salt intake: Numerous studies states that increased salt intake
per day that is more than 7 to 8g/day has been better correlated with the elevated blood pressure. Saturated fat, Dietary
fibre: Studies states that consumption of decreased amount of dietary fibre will lead on to hypertension, alcohol: High
intake of alcohol for the prolonged period will leads to elevated blood pressure, Heart rate: When the normotensive and
untreated hypertensive population matched for age and sex are compared, hypertensive group have somewhat higher heart
rate than the normotensive patient. This reflects that the untreated hypertension may have increase sympathetic activity. ,
Physical activity: Decrease in the physical activity will leads to elevated blood pressure. So hypertension is more common
with the population with sedentary lifestyle. Environmental stress All studies reveals that patients with hypertension have
increased level of catecholamine than the normotensive population [15, 16].
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Oral contraception remains one of the cause for hypertension in some population because of its estrogen component.
Some of the other factors such as noise, vibration, temperature and humidity may require further investigations. Vitamin
D deficieny is also being investigated as causal factor for hypertension. The pathogenesis studied in correlating these two
factors is involving the rennin angiotensin system [17].

1.6 Mechanisms Of Hypertension

To understand the mechanism of hypertension, we need to know the factors affecting the normal and elevated blood
pressure. The two main factors are cardiac output and peripheral vascular resistance. Cardiac output in turn is a product
of stroke volume and heart rate. Stroke volume depends on the myocardial contractility and the size of the vessel.
Peripheral vascular resistance depends on the anatomical and functional alterations in the vessel lumen of the arteriolar
and small arteries [18].

1.6.1 The Renin- Angiotensin System (Ras) : A Central Regulator Of Blood Pressure

RAS is a complex systemic endocrine regulatory cascade due to its many components. The liver is the primary site of
AGT production, the cascade's predominant substrate. When Renin cleaves AGT in the bloodstream to Angiotensin (Ang)
1, the RAS cascade is limited in its rate of progression. Angiotensin converting enzyme (ACE) is primarily found in the
endothelial cells of blood vessels and converts Ang 1, an inactive decapeptide, into Ang 2, an active octapeptide.
Additional Ang2 cleavage by aminopeptidases A and N results in Ang3 and Ang4. This enzyme, ACEZ2, is essential for
normal heart function because it converts Ang2 to Ang (1-7)—an analogue of ACE. As the primary biological effector of
RAS, Ang2 is essential for the regulation of blood pressure. The peripheral vascular resistance is raised by Ang2 because,
as a vasoconstrictor, it raises vascular tone by acting on vasculature smooth muscle cells. Aldosterone secretion from the
adrenal cortex is also enhanced by it. Ang2 aids water retention by the kidneys by stimulating the posterior pituitary to
secrete vasopressin, also known as antidiuretic hormone. Vasopressin activates the central nervous system, which in turn
increases the sensation of thirst and, consequently, the intake of water. Consequently, systemic vascular resistance and
extracellular volume are both raised when the RAS cascade is activated [19]. Hypertension develops when the RAS
cascade is overactivated, which in turn increases cardiac output and peripheral vascular resistance. In addition to
regulating blood pressure, Ang2 is involved in various physiological and pathological processes. Some of the activities
in which Ang2 is involved include fibrogenesis, atherogenesis, inflammation, cell hypertrophy, and proliferation. In other
words, harmful effects are produced when the Ras cascade is activated too much. Brain, blood vessels, kidney, heart, and
reproductive system are among the many tissues where RAS have been found, in addition to systemic RAS. Paracrine
activation of tissue-specific RAS can lead to tissue damage in certain cases. Several G protein coupled receptors widely
present in the body mediates the actions of Ang2. There are two Angiotensin receptors — Type 1 receptor (AT1) and Type
2 receptor (AT2). AT1 activation mediates most of the actions such as vasoconstriction, sodium retention, hypertrophy.
AT?2 activation results in vasodilation, natriuresis and growth inhibition. Hypertension and its complications are due to
over activation of the RAS mediated by AT1 [20].

2. Vitamin D

Vitamin D is essential for stimulation of absorption of calcium from the gut. It is activated first in the liver to form 25
hydroxy vitamin D and then it undergoes another hydroxylation in the proximal tubules of kidney to form 1,25 hydroxy
vitamin D3 which is the final active form [21].

2.1 Actions Of Vitamin D In Calcium Homeostasis

Apart from these known skeletal actions of vitamin D, it has been linked in many extra skeletal diseases such as multiple
sclerosis, type 2 diabetes, role in cardiovascular diseases, role in hypertension, chronic kidney disease, Rheumatoid
arthritis, Respiratory infections and obstructive airway diseases. Here we will briefly discuss about its role in hypertension
[22].

2.2 VITAMIN D REGULATION OF RENIN-ANGIOTENSIN SYSTEM

2.2.1 Vitamin D: Negative Endocrine Regulator of the Renin- Angiotensin system.

Until two decades ago the relationship between 1,25 (OH)2 D (Calcitriol - active form of Vitamin D) and Plasma Renin
activity was unclear. It was Li et al. who first demonstrated that calcitriol influences the regulation of Renin production
and secretion through Gene expression. Calcitriol functions as the negative endocrine regulator of Renin [23]. This theory
was demonstrated by Vitamin D receptor (VDR) - Null mutant mice. VDR Null mutant mice develops elevated plasma
levels of Renin due to the lack of VDR - mediated Vitamin D signaling. Hyperreninemia was evidenced by mRNA and
protein levels which results in dramatic elevation of Renin level. These mutant mice develops higher blood pressure and
cardiac hypertrophy. These effects can be corrected by ACEI or ARB. Moreover, plasma renin levels are found to be
significantly reduced in wild-type mice receiving several doses of calcitriol injection [24].

2.3 Link between Vitamin D and Blood pressure

Like VDR knock out mice, Cyp27bl knock out mice also develops hyperreninemia and leads on to hypertension and
cardiac hypertrophy. In this model, these adverse effects are treated by exogenous calcitriol supplementation in addition
to ACEI and ARBs [25]. They produced a transgenic mouse with over expression of human VDR in the juxtaglomerular
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cells. The plasma renin levels are found to be significantly depressed in these transgenic mice without changes in the
serum calcium or parathormone levels. These data states that calcitriol suppresses Renin expression in vivo independent
of parathormone and calcium. Based on these experiments, It was found that prolonged Vitamin D insufficiency leads to
elevated blood pressure, whereas supplementation of vitamin D may be beneficial to the cardiovascular system by
decreasing the blood pressure [26].

2.3 Mechanism of Renin suppression

VDR is a ligand- activated transcriptional factor. It regulates both positive and negative transcriptions. Vitamin D response
element (VDRE) mediates most of the positive regulations by VDR. There are numerous mechanisms for negative
regulations. Intracellular cAMP stimulates the renin expression when the sympathetic nerve activity is high or when there
is low tubular sodium chloride concentration. Calcitriol targets the cAMP signaling pathway and that's how it suppresses
the Renin expression. This was first demonstrated by Yuan et al. The cAMP signals through the cyclic AMP response
element (CRE). CRE then interacts with some transcription factors like ATF/CREB/CREM bZIP. Intracellularly ATP is
converted into cAMP and this cAMP binds with protein kinase A (PKA) which causes phosphorylation. This results in
the recruitment of co-activators to promote gene transcription. CAMP response element has been shown to play a vital
role in the gene expression of renin. Calcitriol suppresses the renin gene transcription by direct inhibition of CRE -
mediated transcriptional activity. It has been proved that calcitriol suppresses the Renin expression by blocking the cAMP
pathway and thereby preventing the deleterious effects due to hyperreninemia [28].

3. Link between Vitamin D and High Blood pressure

In a study, of randomized controlled trials (RCTs) were electronically searched databases including CNKI, VIP, WanFang
Data, the Cochrane Library, PubMed, and EMbase which were about oral vitamin D3 among people with vitamin D
deficiency from inception to December 2017. Two reviewers independently screened literature according to the inclusion
and extracted data; meta-analysis was performed using RevMan5.3. concluded Oral vitamin D3 has no significant effect
on blood pressure in people with vitamin D deficiency. It reduces systolic blood pressure in people with vitamin D
deficiency that was older than 50 years old or obese. It reduces systolic blood pressure and diastolic pressure in people
with both vitamin D deficiency and hypertension [29].

Another study on; Does Vitamin D Deficiency Lead to Hypertension and concluded Hypertension (HTN) or high blood
pressure is one of the most chronic and deadliest disorders in the world. There are many risk factors responsible for HTN
which include age, race, using tobacco, high salt intake, etc. One of the risk factors we would like to highlight is low
vitamin D levels. While there is strong evidence that Vitamin D plays an important role in maintaining bone and muscle
health, there has been recent debate regarding its role in hypertension. However, there are many studies that have shown
an indirect relation between 25-hydroxyvitamin D serum level and blood pressure. However, we suggest that more studies,
especially randomised trials, should be conducted [30].

Vitamin D, as a natural medicine, is known to regulate calcium and phosphate homeostasis. But abundant research has
shown that vitamin D also plays a regulatory role in autoimmunity, inflammation, angiogenesis and vascular cell activity.
Since the vitamin D receptor (VDR) is widely distributed in vascular endothelial cells, vascular smooth muscle cells and
cardiomyocytes, the role of vitamin D and VDR in hypertension has received extensive attention. Hypertension is a
disease with high incidence and high cardiovascular risk. In recent years, both clinical trials and animal experiments have
shown that vitamin D plays a regulatory role in decreasing blood pressure (BP) through inhibiting renin-angiotensin-
aldosterone system activity, modulating function of vascular wall and reducing vascular oxidative stress. A growing body
of data suggest that vitamin D deficiency is associated with increased cardiovascular disease risk in hypertension, even
short-term vitamin D deficiency may directly raise BP and promote target organ damage. Due to the high correlation
between vitamin D and hypertension, vitamin D supplementation therapy may be a new insight in the treatment of
hypertension. The aim of this review will explore the mechanisms of the vitamin D and VDR in regulating the BP and
protecting against the target organ damage [31].

Christian Legarth et al. (2018) studied on The Impact of Vitamin D in the Treatment of Essential Hypertension;
investigated, whether there is a possible link between vitamin D supplementation and the reduction of blood pressure in
hypertensive patients. The renin-angiotensin-aldosterone system is known for being deeply involved in cardiovascular
tonus and blood pressure regulation. Hence, many of the pharmaceutical antihypertensive drugs inhibit this system.
Interestingly, experimental studies in mice have indicated that vitamin D supplementation significantly lowers renin
synthesis and blood pressure. It is conceivable that similar mechanisms may be found in the human organism. Regarding
this, large-scale cross-sectional studies suggest the serum 25(OH)D-level to be inversely correlated to the prevalence of
hypertension. However, randomized controlled trials (RCTs) have not found a clear association between vitamin D
supplementation and improvements in hypertension. Nevertheless, the missing association of vitamin D and hypertension
in clinical trials can be due to suboptimal study designs. There are hints that restoration of serum 25(OH)D levels during
vitamin D therapy is essential to achieve possible beneficial cardiovascular effects. It is important to perform long-term
trials with a short dose interval and a high bioavailability of supplementation. Taken together, more RCTs are required to
further investigate if vitamin D can be beneficial for the reduction of blood pressure [32].

Waled Mohamed Alsalmi et al. (2018)!7 studied on Correlation Between Hypothyroidism, Hyperthyroidism, and Lipid
Profile in Thyroid Dysfunction Patients; concluded that there is an increase in the most lipid profile in both hypothyroid
and hyperthyroid patients and finally dyslipidemia which is one of the major risk factors for atherosclerosis and coronary
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disease. There is an increase in total cholesterol, VLDL-C, and levels and decreased in HDL-C in hypothyroidism patients.
And there is also increase in total and LDL cholesterol, and decreased in HDL-C level in hyperthyroidism patients [33].

Concluding Remark

One of the most common endocrine disorders seen in clinical practice is hypothyroidism. Because of its pleiotropic
properties and ubiquitous receptor expression, vitamin D has demonstrated beneficial effects in a multitude of systems
beyond its conventional function in bone health. The complex molecular relationship between vitamin D and the thyroid
has long captivated scientists. There have been efforts to prove that vitamin D plays a role in thyroid disorders. Vitamin
D's function in hypothyroidism has been surveyed in this article. There has been a recent focus on vitamin D's function as
an immune modulator, and vitamin D deficiency is a worldwide health concern. Vitamin D may play a key role in lowering
the prevalence of autoimmune diseases, according to mounting evidence. However, there is currently inconclusive
evidence regarding its involvement in autoimmune and thyroid diseases.Vitamin D has pleiotropic effects on many
different bodily systems, and some research has linked vitamin D insufficiency to hypertension. The effects of vitamin D
supplementation on patients with hypertension have been the subject of conflicting findings in various interventional
studies. Previous observational and interventional studies have demonstrated the association between vitamin D and
hypertension among different populations, and this article reviews the literature that has suggested a mechanism involving
vitamin D in the regulation of blood pressure.Hypertension and diabetes may be more common in people with insufficient
vitamin D levels. All of these things put you at higher risk of developing heart disease. It is not yet known whether taking
a vitamin D supplement every day reduces the risk of cardiovascular disease. It could only benefit people whose vitamin
D levels are extremely low.
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