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ABSTRACT 

The renin-angiotensin-aldosterone system (RAAS) is a complex endocrine system of enzymes, proteins 

and peptides that occupies a key position in the regulation of a number of important physiological 

processes, such as arterial pressure, water and electrolyte homeostasis. Its activity, flow and regulation 

are affected by a large number of mediators, substances and diseases one of which is vitamin D. 

Vitamin D is involved in the regulation of many physiological processes with great importance. Vitamin 

D deficiency is associated with an increased risk of impaired renal function, cardiovascular disease, 

diabetes mellitus, metabolic disorders, affecting RAAS and other pathways. 
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INTRODUCTION 

The renin-angiotensin system is a unique 

regulatory system by its nature and 

characteristics. It has numerous effects on the 

regulation of a number of systems and 

mediators, and at the same time is influenced 

by the impact of a number of substances and 

factors. 
 

Vitamin D is beneficial for the regulation of 

bone metabolism, calcium homeostasis and 

affects different aspects of people`s health. 

There is evidence that vitamin D is important 

for normal blood pressure, sugar levels, insulin 

resistance, immune system, reproductive 

system and many more. 
 

Vitamin D affects the main effector of the 

renin-angiotensin system on different levels 

and leads to changes in the regulation of 

different mediators. 
 

Renin-angiotensin system 

The renin-angiotensin system has a key role in 

salt balance and cardiovascular homeostasis. 

Validated as a major humoral regulator of 
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blood pressure and intravascular volume, the 

system is the subject of detailed and thorough 

research. Following the discovery of renin by 

Robert Tigerstedt in 1897, a new era in the 

development of physiology, biochemistry of 

peptide hormones, the pathophysiology of the 

hypertonic disease, endocrinology, 

pharmacology and a number of scientific 

research inquiries and angiotensins were 

launched (1-7). 
 

The renin-angiotensin-aldosterone system 

(RAAS) is a complex endocrine system of 

enzymes, proteins and peptides that occupies a 

key position in the regulation of a number of 

important physiological processes, such as 

arterial pressure, water and electrolyte 

homeostasis (8-11). 
 

The activity of RAAS is determined by the 

velocity of renin secretion by the 

juxtaglomerular apparatus of the kidney (12, 

13). 
 

Touyz (2002) points out that Its activity, flow 

and regulation are affected by a large number 

of diseases in connection with the onset of 

humoral, metabolic and other changes. 

Knowledge of the pathophysiological features, 

pathogenesis and mechanisms for the 

development of these disabilities helps to 

understand the disease thoroughly and to create 
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specific, targeted and effective ways to 

counteract (14). 
 

Rahimi et al (2014) suggest that there is a close 

relationship between the major RAAS effector, 

namely angiotensin II, insulin resistance, the 

progression of diabetic nephropathy, 

retinopathy, neuropathy, and cardiovascular 

lesions in patients with type 2 diabetes. There 

is also a close association between RAAS and 

the development of metabolic disorders, 

metabolic syndrome and its components and 

complications. 
 

Studies by Agarwal (2003) and Arendshorts 

(1999) report that inclusion of drugs from the 

angiotensin-converting enzyme (ACE) 

inhibitors and angiotensin receptor blockers 

(sartans) in the treatment of patients with 

metabolic syndrome, pre-diabetic conditions 

and type 2 diabetes significantly reduces the 

risk of new diabetes, reduces proteinuria and 

reduces the progression of nephropathy to 

terminal renal disease, which supports the 

thesis of a link between RAAS and metabolic 

parameters (15-17). 
 

Vitamin D: role, effect, physiological 

importance 

Vitamin D belongs to the family of the fat-

soluble vitamins and can be found under 

different names, including anti-rheumatic 

vitamin, calciferol and others. Vitamin D 

discovery and isolation initiate in-depth studies 

of its role in the body, biological functions and 

reactions in the cases of deficiency (18, 19). 
 

According to Heaney (2008) and Holick 

(2007) vitamin D is available in several 

different forms, from D1 to D5, each 

exhibiting different biological activity and 

functions. Only two of the forms are found in 

nature, namely vitamin D2, also known as 

ergocalciferol and vitamin D3, also called 

cholecalciferol. Ergocalciferol is essentially 

derived from ergosterin contained in wheat, 

irradiated with ultraviolet rays and is inactive 

vitamin D. Ergocalciferol is taken by food, and 

after subcutaneous deposition under the 

influence of ultraviolet rays, it is transformed 

into active vitamin D2 which rapidly is 

absorbed into the blood and can be stored for 

several months in the adipose tissue. The real 

anti-rheumatic vitamin is cholecalciferol or 

vitamin D3 (20, 21). 
 

Autier (2007) points out that vitamin D exerts 

a significant influence on the cells responsible 

for bone tissue synthesis (osteoblasts), 

providing calcium and phosphate ion 

deposition. According to Yilmaz (2012) it also 

participates actively in the processes of bone 

and dentin, and this property is the opposite of 

parathyroid hormone action (parathyroid 

hormone regulates the processes and activity of 

osteoclasts, which in turn are responsible for 

the degradation of bone tissue) (22, 23). 
 

Studies by Sipahi (2017) show that vitamin D 

is involved in the absorption of calcium and 

phosphorus in the small intestine, and under its 

action a specific protein is formed on the 

surface of the small intestinal mucosa, known 

as calcium binding protein, responsible for 

calcium binding and transport via active 

transport through the walls of the small 

intestine (24). 
 

There is evidence from studies by Sipahi 

(2017) and Atalay (2017) that in the kidneys 

vitamin D affects the phosphate ion 

reabsorption, increasing it and increasing its 

blood concentration (hyperphosphatemia) in 

the course of phosphorous exchange, and this 

effect is also opposed to the parathormone 

effect (24, 25). 
 

Mostafa et al (2016) report that regardless of 

the source of supply to the body with vitamin 

D (food, sun exposure, additives), it is 

necessary to double pass the process of 

hydroxylation to obtain the active form of 

vitamin D, namely 1,25-

dihydroxycholecalciferol. 
 

The author states that the first hydroxylation 

process takes place in the liver, forming 25-

hydroxycholecalciferol (25-OH-D3) or 25-

hydroxyvitamin D3. The second hydroxylation 

process takes place in the kidney to form the 

final active metabolite, namely 1.25 

dihydroxycholecalciferol (1,25- (OH) 2-D3). 

Their distinctive and characteristic feature is 

faster and stronger effect than even vitamin D 

itself. In renal structures, the parathyroid 

hormone plays the role of a stimulator of 

particular importance in the conversion of 25 

(OH) D to 1,25- (OH) 2-D3. 
 

The reactions of conversion of the starting 

vitamin D into its active metabolite are 

accomplished with the enzymes 25-

hydroxylase in the liver and 1-alpha-

hydroxylase in the kidney, both of which 

belong to the family of cytochrome P450-

dependent steroidal hydroxylase.  
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According to Zittermann (2003) there is a 

close interdependence and interrelation 

between parathyroid hormone and vitamin D. 

The synthesis of its active form requires the 

presence of parathormone and the action of 

parathyroid hormone on bone tissue requires 

the active principle of vitamin D3 (26, 27). 
 

Holick (2004) explains that 1,25- (OH) 2-D3 

performs its calcium function by binding to the 

vitamin D receptor (VDR), which in turn binds 

to DNA sequences (VDREs) and regulates a 

large number of genes. Activation of VDR in 

intestines, bones, kidneys and parathyroid 

glands maintains a normal concentration of 

calcium and phosphorus and hence bone 

mineralization (28). 
 

Evidence from Basit (2013) indicates that all 

cells of acquired immunity (monocytes, 

dendritic cells, B cells, T cells, NK cells) 

express VDR continuously or after immune 

stimulation and are sensitive to vitamin D 

activity. High levels of vitamin D inhibit 

dendritic cell maturation by reducing in the 

production of proinflammatory molecules (IL-

2, IL-12, IL-17, IL-23) and enhance the 

expression of IL-10, resulting in an increase in 

regulatory T-cells. Additional vitamin D is 

involved in regulating acquired immunity and 

regulating T-lymphocyte proliferation and 

function. 
 

Vitamin D also exhibits anti-inflammatory 

activity by its effects on T- and B-

lymphocytes, dendritic cells, macrophages and 

cytokines emitted by them. 
 

According to data from Basit (2013) and 

Heaney (2008) the physiological effect and 

importance of vitamin D can be characterized 

by its participation in a number of important 

processes for the human body: 

• 25-hydroxycalciferol, together with 

parathyroid hormone, contributes to the 

optimal maintenance of blood calcium levels; 

• Maintain optimal levels of phosphorus in the 

blood; 

• Maintain normal cell growth and functioning; 

• Regulation of growth and cellular functions 

of brain cells; 

• Participation in the processes of maintaining 

optimal immune function: decreases levels of 

certain proinflammatory cytokines (TNF, IL-

6), increases levels of certain anti-

inflammatory cytokines (IL-10); 

• Regulating secretion of parathyroid hormone; 

• It improves insulin secretion from pancreatic 

Beta cells and improves insulin sensitivity (18, 

20). 
 

Numerous studies and experimental studies 

have shown the unambiguous and extremely 

important role of vitamin D in protecting 

against the development of metabolic 

disorders. Since metabolic damage has been 

associated with numerous factors and 

metabolic disorders have developed at 

different levels, it has been shown that the fat-

soluble vitamin significantly improves lipid 

profile and blood sugar disorders, which are 

some of the initial and leading to the 

manifestation of the entire spectrum of a 

component of the metabolic syndrome. 
 

Sibuh (2018) points out that in experiments 

with rats subjected to high fructose diet, a 

significant improvement in serum glucose and 

lipid profile after vitamin D supplementation 

was observed and described. Supplementation 

was associated with protective properties in 

terms of developing dyslipidemia and 

hyperglycemia (23, 24, 27-29). 
 

Relationship between vitamin D and the 

renin-angiotensin system 

Li (2003) suggests that the spectrum of 

physiological effects of vitamin D goes beyond 

its role as one of the factors involved in the 

regulation of calcium-phosphorus homeostasis 

and bone metabolism. Vitamin D also has 

pleiotropic effects - it actively participates in 

cell differentiation processes, in immune 

activity, in the maintenance of vascular wall 

integrity and cardiomyocytes, has 

antiproliferative activity, affects insulin 

resistance, modulates renin-angiotensin system 

(30). 
 

According to Li (2002) and Vaidya (2012) the 

general focus of relationships and 

interdependence between the renin-angiotensin 

system, calcium ions, and calcium-regulating 

hormones (parathyroid hormone, vitamin D) 

are juxtaglomerular cells and renal arteriolar 

cells.  
 

Renin secretion is dependent on the rate of 

formation of cyclic adenosine monophosphate, 

the concentration of which in turn is related to 

the ratio of the activity of cell mediated 

adenylyl cyclase to calmodulin-activated 

phosphodiesterase. The increased intracellular 

concentration of calcium results in the 

suppression of the formation of cyclic 

adenosine monophosphate. Elevated calcium 
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cation levels inhibit renin secretion by means 

of extracellular and intracellular mechanisms 

(31, 32). 
 

In studies by Chiu (2004) and  Chandel (2017) 

it was found that in impaired renal function 

and activity levels of 1,25- (OH) 2-D3 

decreased progressively, causing 

hypovitaminosis, and this deficit was unlikely 

to be due to diet. Low levels of 25 (OH) 

vitamin D in patients with chronic kidney 

disease are associated with a higher risk of 

rapid progression of the disease and higher 

mortality. The main modifiable risk factor for 

determining the overall prognosis in patients 

with chronic kidney disease is the degree of 

albuminuria. Even low to moderate elevations 

of albuminuria are associated with an increased 

risk of progression of status, end-stage disease, 

increased overall and cardiovascular mortality. 

Suppression of the renin-angiotensin system is 

an important factor in the treatment of 

proteinuria in these patients. Experimental data 

in this field show an intriguing relationship 

between vitamin D and albuminuria, as the 

vitamin inhibits the inflammation and 

components of the renin-angiotensin system. 

Oral administration of cholecalciferol and 

calciferol has been shown to reduce 

proteinemia in individuals with moderately 

impaired glomerular diabetic nephropathy (33, 

34). 
 

Vaidya (2012) points out that low blood 

vitamin D concentrations directly correlate 

with higher angiotensin II concentrations and 

increased plasma renin activity, with vitamin D 

deficiency being associated with increased 

renin-angiotensin system activity. For 

example, Basit and associates found in patients 

on hemodialysis with secondary 

hyperparathyroidism that additional intake of 

vitamin D resulted in significant reductions in 

renin and angiotensin II plasma levels (18). 

Rats with chronic renal failure treated three 

times a week for eight weeks with vitamin D 

showed a decrease in renin, angiotensin renin 

receptor and vascular growth factor mRNA. 
 

According to Li (2002) vitamin D deficiency is 

associated with an increased risk of 

cardiovascular disease, both in healthy subjects 

and in patients at risk. An important mark and 

a factor predicting future cardiovascular risk is 

the rigidity of the arterial wall. In patients with 

chronic renal and heart disease, it was found 

that low concentrations of 25 (OH) D and 1,25 

(OH) 2 D3 were associated with increased 

arterial rigidity. The probable mechanism by 

which vitamin D levels affect cardiovascular 

risk is through the renin-angiotensin system. 

Low plasma levels of the vitamin may 

stimulate the renin-angiotensin system in 

healthy individuals (31, 32). 
 

In addition, results from Sugden's research 

(2008) show that left ventricular hypertrophy is 

one of the most common complications in 

cardiovascular disease and chronic kidney 

disease, with the pathophysiological 

mechanisms leading to its development being 

multifactorial, but one of these factors is 

vitamin D deficiency. Schleithoff and 

colleagues reported improving the profile of 

cytokines in patients with congestive heart 

failure after vitamin D therapy. The predicted 

mechanism of vitamin D-associated 

cardioprotection is the suppression of the 

activity of the renin-angiotensin system (35). 
 

According to Vaidya (2012) in patients with 

angina are found significantly lower levels of 

25 (OH) vitamin D in serum than those with 

abnormal controls and this factor is being 

independent of the degree of ischemia and the 

presence of hypertension. 
 

Another predictor of cardiovascular mortality 

described in Barrett `s studies (2017) is 

vascular calcification, which is common in 

patients with chronic kidney disease, with 

atherosclerosis and arteriosclerotic vascular 

changes being the main implications. Impaired 

calcium phosphate metabolism induces 

endothelial dysfunction, vascular smooth 

muscle calcification, insulin resistance, 

activation of the renin-angiotensin system. 

Vitamin D suppresses foaming cells and 

cholesterol penetration into macrophages by 

stimulating their differentiation and activating 

cholesterol 7-alpha-hydroxylase and capturing 

low-density lipoproteins. By suppressing 

parathyroid hormone, vitamin D restores the 

activity of osteoblasts and osteopenic 

expression, inactivates the renin-angiotensin 

system and suppresses TGF-beta1-tubular 

interstitial fibrosis (36). 
 

Vaidya (2012) suggests that in patients with 

chronic kidney disease, in parallel with a 

gradual decrease in levels of 1,25 (OH)2 

Vitamin D, the level of erythropoietin is also 

reduced and the renin-angiotensin system is 

activated, with the main consequences of 

anemia and secondary hyperparathyroidism 

(32). 
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In the role of a multifunctional hormone and 

neutralizing the activity of the renin-

angiotensin system, vitamin D can stabilize 

body homeostasis and, in particular, the normal 

physiological functions of the kidneys and the 

cardiovascular system. 
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