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Introduction

Cardiovascular disorders are still leading mortality causes worldwide and there 
are several high cardiovascular risk countries in Europe [Piepoli et al, 2016]. 

Early detection of cardiovascular risk, subclinical atherosclerosis and new 
cardiovascular active substances deserve special attention. 

Vitamin D level provides valuable prognostic cardiovascular information [Lee et 
al, 2008; Mozos et al, 2015; Al Mheid et al, 2017; Wimalawansa, 2018]. 



Why this topic?
vitamin D deficiency epidemic

role outside the bone: little known

can be easily diagnosed and treated

association with cardiovascular pathology and cardiovascular 
risk factors

the high prevalence of cardiovascular disease and the need for 
new risk markers



Decreased cardiovascular morbidity and mortality with increasing level of 
25(OH)D



D2 and D3

D2 D3

Synthesis irradiation of plant 
ergocalciferol

action of ultraviolet rays 
on vitamin D precursors 

Sources food fish, food supplements

Observations less active than D3





Vitamin D: What 
do we assess?

- 1,25 (OH)2 D: the most potent vitamin D analogue

- 25(OH)D: BEST indicator of vitamin D status: longer biological half-life, higher 
concentration, reflecting total endogenous and exogenous production of vitamin 
D, most STABLE vitamin D metabolite, binding and activation of the VDR

- free fraction of vitamin D: high biological activity; migrates  freely through cell 
membranes 

- Vitamin D binding protein (VDBP): not subject to seasonal variations

- vitamin D metabolism ratio: 25(OH)D/24,25(OH)2D; reflects VDR activity



Vitamin D status 
according to the  
Institute of 
Medicine vs. 
Endocrine Society

Al Mheid and Quyyumi, JACC 2017; 70(1): 89-100



Which is the OPTIMAL vitamin D level?

There is NO consensus

Most experts: 

≥ 30 ng/ml: optimal

21-29 ng/ml: insufficient

≤ 20 ng/ml: deficiency

≤ 10 ng/ml: severe deficiency

Holick et al, 2007
Wolpowitz et al, 2006
Cannell et al, 2008
Lee etal, 2008

Bioclinica:
Optimal: 20-70 μg/l
Insufficient: 10-19.99 μg/l
Moderate deficiency: 5-9.99 μg/l
Severe deficiency: less than 5 μg/l
Possible toxicity: more than 100 μg/l







Prevalence of low 
vitamin D status 
worldwide in 
adults



Prevalence of low 
vitamin D status 
worldwide in 
elderly patients



Prevalenţa deficitului de vitamină D în funcţie de vârstă

Forrest, 2011

Prevalence of vitamin D deficiency considering age



Low vitamin D level
Individual factors:

indoor lifestyle 

sun avoidance strategies , sunscreen use

smoking

diet, low dairy intake

obesity

malabsorption

diabetes

liver or kidney disorders

parathyroid disorders

reduced HDL

older age

institutionalized people

dark skin

textile coverage

Environmental factors: 

• Distance from the equator 

• Higher altitudes

• The air pollution, environmental toxins

• Cloud cover

• Seasonal variations

Drugs: anticonvulsants, glucocorticoids, HIV therapy, antifungal





Vitamin D: intra-
cellular signaling 
pathway



Cardiovascular 
consequences of 
vitamin D 
deficiency and 
insufficiency

Low
vitamin D 

level

HT

CHD

Heart
failure

Vascular 
dysfunction

Arterial 
stiffening

Peripheral
arterial 
disease

Atrial
fibrillation

Left ventricular 
hypertrophy

Stroke

HYPERlipidemia

Metabolic 
syndrome



Antiatherogenic properties of vitamin D
- suppresses inflammation via: inhibition of
prostaglandin and cyclooxygenase pathways,
upregulation of anti-inflammatory cytokines (IL-10),
decrease of pro-inflammatory molecule expression 
(TNF alpha, IL-6), impaired expression of adhesion
molecules, reduction of matrix metalloproteinase 9, 
and downregulation of the RAA (Zittermann et al, 
2005; Ferder et al, 2013; Kunadian et al, 2014)

- stabilizes the endothelium and improves the 
endothelial function (mediated by nuclear factor kB) 
(Kunadian et al, 2014; Wimalawansa, 2018)

- inhibits the formation of foam cells, cholesterol 
uptake by the macrophages, and enables HDL 
transport (Oh et al, 2009)

- inhibits proliferation of smooth muscle cells by acute 
influx of calcium into the cell (Davies et al, 2001; Wang 
et al, 2008) and improves VSMC functions 
(Wimalawansa, 2018)

- impairs macrophage accumulation and T lymphocytes 
infiltration (Takeda et al, 2010)

- protects against advanced glycation products (Al 
Meid et al, 2013)

- impairs thrombogenicity (Bouillon et al, 2008)

- enables vascular repair , by increasing VEGF (Sarkar 
et al, 2016) and improving endothelial progenitor cells 
(EPCs) capacity to form colonies and their viability 
(Hammer et al, 2017)



Endothelial progenitor cells and vitamin D 
(EPCs in light microscopy)

Hammer Y, Soudry A, Levi A, Talmor-Barkan Y, Leshem-Lev D, et al. (2017) Effect of vitamin D on endothelial progenitor cells function. PLOS ONE 
12(5): e0178057. https://doi.org/10.1371/journal.pone.0178057
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0178057

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0178057


Colony forming units (CFU) in light microscopy.

Hammer Y, Soudry A, Levi A, Talmor-Barkan Y, Leshem-Lev D, et al. (2017) Effect of vitamin D on endothelial progenitor cells function. PLOS ONE 
12(5): e0178057. https://doi.org/10.1371/journal.pone.0178057
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0178057

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0178057




Caraba et al, Dis Markers. 2017;2017:5241012.

- 35 patients with 
early rheumatoid 
arthritis

- 35 healthy 
controls, matched 
for age and gender



Vitamin D status, 
disease activity 
and endothelial 
dysfunction in 
early rheumatoid 
arthritis patients: 
Conclusions 

- low vitamin D levels are associated with high 
disease activity, high insulin resistance and 
endothelial dysfunction in early RA patients

- disease activity contributes to the 
development of atherosclerosis through 
insulin resistance





Vitamin D and 
hypertension

Vitamin D

- impairs RAA activity by suppressing renin gene expression independent of calcium 
metabolism (Wang et al, 2008; Tamez et al, 2013)

- downregulates the genes involved in renin production (Li et al, 2003; Lee et al, 2008)

- reduces the expression of AT-1 receptor in endothelial cells, improving endothelial function 
and preventing reactive oxygen species overproduction (Dong et al, 2012)

- RAA system → cellular inflammatory response → vitamin D deficiency (Ferder et al, 2013)

- HYPERvitaminosis → vascular and soft-tissue calcification → RAA activation (Cure et al, 2009; 
Judd et al, 2009; Wang et al, 2013)

- inverse correlation with CV risk factors (HT, dyslipidemia, diabetes mellitus) (Weyland et al, 
2014)



Interactions 
vitamin D –
renin-
angiotensin-
aldosterone 
system (RAA)



Vitamin D and hypertension
- Inverse dose-response relationship:  vitamin D and blood pressure (and renin activity) in normotensive and 
hypertensive patients (Nigwekar et al, 2013)

- activation of the RAA system and subsequent synthesis of angiotensin II increase vascular tone and arterial 
stiffness, preceding the development of hypertension (Al Mheid et al, 2013)

- NO effect on BP in patients with resistant HT (Witham et al, 2014)

- low vitamin D associated with increased prevalence of hypertension and elevated diastolic blood pressure (Pilz et 
al, 2009; Nigwekar et al, 2013; McCarroll et al, 2012)

- hypertension risk and VDR-polymorphism (Wang et al, 2013)

- ultraviolet light exposure enables vitamin D synthesis and has blood pressure lowering effects: PHOTORELAXATION 
(Krause et al, 1998; Pfeifer et al, 2001; Al Mheid et al, 2017); increases also NO release from photo-labile NO 
derivatives (nitrite and S-nitroso thiols) (Liu et al, 2014; Wimalawansa et al, 2018)

- restores the impaired endothelium-dependent relaxation by affecting calcium influx across endothelial cells and 
normalizes oxidative stress in renal arteries (Wong et al, 2008; Dong et al, 2012)

- increased risk of cardiovascular events in HT patients with vitamin D deficiency (Wang et al, 2008)

- increased risk of preeclampsia and vitamin D deficiency (Bodnar et al, 2007; Wei et al, 2013)



Vitamin D and coronary heart disease
- slow coronary flow, endothelial dysfunction and subclinical atherosclerosis, in patients with normal or 
near-normal coronary arteries at coronary angiography (Oz et al, 2013)

- higher rates of ischemic heart disease in countries further from the equator and those living at higher 
altitudes (Zittermann et al, 2005)

- racial differences: demonstrated in white and Chinese study participants, but not in black or Hispanic 
(Robinson-Cohen et al, 2013)

- prognostic for major postinfarction adverse events: heart failure hospitalizations, recurrent acute 
myocardial infarction, death or restenosis after percutaneous coronary intervention and deaths due to 
coronary disease (Lee et al, 2011; Chowdhury et al, 2014; Goleniewska et al, 2014; Kunadian et al, 2014) 

- associated with the severity of coronary lesions in patients with ST-segment elevation myocardial 
infarction (Goleniewska et al, 2014)

- biological effects on cardiac myocytes, stimulating calcium-ATPase activity and calcium uptake in cardiac 
myocytes (Kunadian et al, 2014). Lack of vitamin D could cause diastolic dysfunction (Pilz et al, 2010)



Vitamin D and myocardial infarction



Vitamin D and arterial stiffness



“A man is as old as his arteries.” (T. 
Sydenham)
Arterial stiffness, the expression of impaired arterial elasticity, 
is an early sign of adverse functional and structural changes of 
the vessel wall; it is a marker of arterio- and atherosclerosis
(Erbel et al, 2014; Vlachopoulos et al, 2015)

Arterial age: is the chronological age of a person with all risk 
factors at normal levels and the same 10 years predicted risk 
(Lee et al, 2010)

Arterial stiffness and arterial age provide information beyond 
standard cardiovascular risk factors in prediction of future 
cardiovascular events. 



Arterial stiffness





Vitamin D supplementation and arterial stiffness 

Authors Year of 

publication

Vitamin D Follow-up Participants Results

Forouhi et al. 2016 100.000 IU/ vitamin D2 or

D3/months

4 months 340 non-diabetic patients 

with hyperglycemia or 

positive diabetes risk score

Moderate reduction of PWV

Aytac et al. 2016 Single oral dose of 300.000 IU 

cholecalciferol 

12 weeks 41 children with chronic 

kidney disease

Significant lower arterial 

stiffness

Munisamy et al. 2016 0,25 μg alphacalcidol/day 6 months 28 patients with diabetic 

nephropathy

Improved arterial stiffness

Zaleski et al. 2015 4.000 IU/day versus 400 IU/day 6 months 40 vitamin D deficient adults 

with prehypertension

High vitamin D dose lowers 

arterial stiffness

Mc Greevy et al. 2015 50.000 IU or 100.000 IU D3 8 weeks 119 vitamin D deficient 

subjects

Significant reduction of AI in 

the high dose group

Gepner et al. 2015 400 IU or 2.500 IU vitamin D 6 months 98 healthy postmenopausal 

native American women

No decrease of arterial 

stiffness

Ryu et al. 2014 Cholecalciferol

2.000 IU/day

24 weeks 40 type 2 diabetic patients No beneficial effect on arterial 

stiffness, cardiovascular risk, 

insulin resistance



Inconsistencies of vitamin D supplementation trials

eterogeneity in vitamin D dosage, compounds and baseline concentration, study 
duration, design, population and follow-up

lack of a control group with normal vitamin D level

different comorbidities

therapy known to affect arterial stiffness

Zaleski et al, 2015; Mozos, Marginean, 2015)



Vasculoprotective mechanisms by 
which vitamin D supplementation 
reduces arterial stiffness
decrease of the renin-angiotensin-aldosterone system activity by suppressing 
renin gene expression (Wang et al, 2008; Tamez et al, 2013)

suppression of endothelin-induced vascular smooth muscle cell proliferation 
(Chen et al, 2010)

effects on calcium metabolism and PTH level 

counterbalance of oxidative stress (Lee et al, 2018)

suppression of inflammation (inhibition of prostaglandin and cyclooxygenase 
pathways, upregulation of anti-inflammatory cytokines, decrease of adhesion 
molecules, reduction of matrix metalloproteinase 9, downregulation of the RAA) 
(Ferder et al, 2013; Kunadian et al, 2014) 

improvement of carbohydrate metabolism and insulin sensitivity (Nachankar et 
al, 2018)

fibroblast growth factor 23 (FGF-23) vascular effect through its coreceptor Klotho, 
which increases nitric oxide availability and has also been related to the presence 
of vascular calcifications (Saito et al, 1998; Llaurado et al, 2015)

increased activity of matrix metalloproteinases and C reactive protein 
(Velimirovic et al, 2018)

dose-dependent effect (Zaleski et al, 2015)



Decreased VDR activation may lead to arterial calcification in CKD

Andress. Kidney International 2006; 69:33-43



Potential effects of vitamin D deficiency on the risk and progression of 

atherosclerosis and PAD

Brostow, D. P. et al. (2012) The role of nutrition and body composition in peripheral arterial disease
Nat. Rev. Cardiol. doi:10.1038/nrcardio.2012.117 



Wang et al. Nutrients 2018; 10, 625; doi: 10.3390/nu10050652



Vitamin D and klotho protein

Kuro-o M. Biochim Biophys Acta 2009; 1790(10): 1049–1058. doi:10.1016/j.bbagen.2009.02.005



Vitamin D response index
- D I F F E R E N T  M O L E C U L A R  R E S P O N S E  T O  V I TA M I N  D  S U P P L E M E N TAT I O N :  E P I G E N E T I C  P R O P E R T Y  O F  A N  I N D I V I D U A L

- H I G H ,  M I D  A N D  L O W R E S P O N D E R S

The DOSE of daily vitamin D supplementation should be adapted to the vitamin D 
response index of the individual!!!



Vitamin D response index depends on:

SNPs correlated with 
serum 25(OH)D3 level

Genetic variations in 
vitamin D 

metabolizing 
enzymes/transporters

Variations in the 
epigenome



Vitamin D –
cardiovascular 
disorders

Cause-effect 
relationship?

01
Epiphenomenon?

02



Conclusions I

- vitamin D deficiency is a major public health problem worldwide

- poor vitamin D status is associated with cardiovascular risk factors, cardiovascular and general 
mortality according to several observational studies, despite unconvincing results of vitamin D
supplementation on cardiovascular morbidity and mortality

- vitamin D improves endothelial function, attenuates the actions of the renin-angiotensin-
aldosterone system, reduces systolic blood pressure and arterial stiffness

- according to the available data, food-based strategies for enhancement of vitamin D status in 
the population could lower cardiovascular risk 

- randomized controlled, long-term clinical trials, with adequate statistical power, including 
persons with vitamin D deficiency, are needed to confirm the association vitamin D -
cardiovascular health



Conclusions II

- it is important to determine the vitamin D level in patients with cardiovascular disorders and 
correct deficient levels

- everybody should be aware of his/her vitamin D status and vitamin D response index

- a consensus is needed regarding the optimal level of vitamin D for maintaining cardiovascular 
health and at risk population for routine assessment of vitamin D status



Thank you!
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