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1. INTRODUCTION-
Endothelial cell lining of the artery is susceptible for the shear stress 
and it release endogenous nitric oxide (NO) in response to local shear 
stress [1]. NO is a potent vasodilator, which is a local effect of NO. Any 
cause of shear stress spontaneously induces vasodilation, which is the 
mechanical property of large arteries and also an important 
determinant of circulatory physiology of cardiovascular health [2]. 
Brachial artery flow - mediated vasodilatation (FMD), a measure of 
endothelium-dependent dilation [3], is a homeostatic response to 
short-term increase in local shear stress. Though FMD can be 
measured  in different arteries, such as the radial, brachial, or femoral 
artery, but it is feasible in Brachial artery due to the ease of the 
procedure [4]. Arterial stiffness due to atherosclerosis leads to 
endothelial dysfunction and dwindle the elastic property of artery [5]. 
In atherosclerotic artery, brachial artery FMD is impaired in response 
to post ischemic reactive hyperemia because of endothelial 
dysfunction[6]. Atherosclerosis is a disease of the arterial system, 
generated by injury to the vasculature [7], lead to either cardiovascular 
or cerebral complication [8]. Hypertension is the major traditional 
factor for the pathogenesis of atherosclerosis [9]. In atherosclerosis 
distensibility of arterial wall decreases and it become stiff. A stiffer 
vessel has a very poor elasticity and will dilate very little in response to 
NO, than a more distensible and complaint vessel [10,11]. In the 
ageing process there is multifactorial gradual loss of the endothelial 
function leads to arterial stiffness such as- blood pressure, obesity, life 
style, smoking habit, lipid profile, diet and nutrition [12,13]. Many 
recent studies establish beneficial role of vitamin D in cardiovascular 
health besides its role in skeletal health [14]. These include vitamin D 
ability to affect function of endothelial cells through regulation of 
rennin-angiotensin-aldosterone system or smooth muscle 
proliferation or through pro-inflammatory state [15,16]. Vitamin D 
receptors (VDR) are present on many tissues such as vascular smooth 
muscle cells, cardiomyocytes and coronary artery [17,18,19]. Vitamin 
D inhibits vascular smooth muscle cell proliferation, vascular 
calcification, and atherogenesis via anti-inflammatory pathways [20]. 

Vitamin D deficiency is associated with endothelial dysfunction and 
plays an important role in the pathogenesis of arterial stiffness which 
leads to cardiovascular disease [21]. Flow mediated vasodilatation 
(FMD), is one of the parameter to measure arterial stiffness non 
invasively [22].    
                                                                                     
2. Materials and Methods-
2.1 Study protocol
The study protocol has been approved by the institutional ethical 
committee of U.P. University of Medical Sciences, Saifai, Etawah. The 
study population n=57 of hypertensive patients of age group 40-70 
years were recruited from the outpatients department of medicine, U.P. 
University of Medical Sciences, Saifai Etawah, during  2016-2019.

2.2 Study participants
The study population n=57  (18 female 31.5% and 39 male 68.5%) of 
hypertensive subjects of age group 40-70 years with history of 
antihypertensive drug use, their systolic BP was ≥ 140 mmHg and 
diastolic BP was ≥90 mmHg were enroll for this study. 

2.3 Vitamin D 
Serum 25(OH)D level were measured by commercially available 

TMassay  ( EDI  Total 25-OH Vitamin D EIA Kit). The analytical 
sensitivity of this assay for 25(OH)D is 0.9557 ng/ml with detection 
limit 150 ng/mL. The inter-assay precision reported for concentration 
21.4 ng/mL, 37.0 ng/mL and 40.0 ng/mL with CV% of 3.1%, 4.3% and 
2.5% respectively. In order to analyze the dose- response relationship 
between vitamin D and its effect on FMD.  Serum level of vitamin D is 
categorized into three group – deficient (< 20 ng /ml), insufficient (20- 
29 ng /ml) and sufficient (> 29 ng /ml) [23]. Value of vitamin D 
measured in ng/mL, in SI unit it is nmol/L with conversion factor 2.496 
(1ng/mL = 2.496 nmol/L).

2.4  FMD (Flow Mediated Dilatation)
It is percentage increase in dilatation of artery due to flow of blood 
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inside the artery after a short-term increase in local shear stress. FMD 
is used to measure endothelial dysfunction and to evaluate the risk of 
atherosclerosis or other cardiovascular diseases [24] Local shear stress 
for the evaluation of FMD is given in the form of pressure about 50 
mmHg above the baseline systolic blood pressure to the brachial artery 
by sphygmomanometer[25,26,27]. Endothelium-dependent brachial 
artery FMD was measured by using an Ultrasonography and duplex 
scan machine (SAMSUNG SONOACE R7) equipped with the high 
frequency transducer of frequency 5-12 MHz frequency is used, 
having high resolution capacity. Initially on B-Mode, location and 
morphology of the Brachial Artery was assessed, Which was 
confirmed by colour Doppler in both transfers and in longitudinal 
section. The diameter of the pulsating artery was taken both pre and 
post stress in right upper arm at same position. Brachial artery diameter 
scan was taken proximal to the bifurcation of radial and ulnar artery. 
Diameter measurement was taken from one media- adventitia 
interface to other at baseline and after ischemia.

Figure : Original image showing the ulrasonographic picture of 
brachial artery.
 
2.5 Statistical analysis 
All the parameter (FMD, vitamin D and blood pressure) measurement 
were taken two times first, before supplement of vitamin D then after 6 
week, when patients were supplemented with 60000 IU of vitamin D 
weekly for 6 week. Continuous variables have been expressed as mean 
(standard deviation) and the difference in distribution of continuous 
variable were tested using paired student t test.

p-value <0.05 were considered statistically significant. All statistical 
data were analyzed by using SPSS software Version 23.

All the routine test as hemogram, lipid profile, liver function test, 
kidney function test, serum calcium with general and systemic 
examination were performed in all patients to exclude any other 
chronic illness, other than hypertension.

1. Results:
The obtained records of all the selected 57 subjects were analyzed in 
pre and post supplement vitamin D. Table -1shows distribution of 
hypertensive patients based on their vitamin D status which observed, 
45 cases (78.94%) with deficient, 9 cases (15.78%) with insufficient 
and 3 cases (5.26%) with sufficient vitamin D. Table-2 depict the 
comparison between mean values of two variable i,e. vitamin D and 
FMD.  Before supplement the mean serum vitamin D level was 
15.71±3.69 SD and after supplement with vitamin D of 60000 IU 
weekly for six week it was found to be 50.9±6.87SD. The mean 
brachial artery FMD before and after supplement with vitamin D was 
6.86±1.87 SD and 14.34±3.17SD respectively. On applying paired 
student t test the p <.001, which shows a significant positive 
association between serum level of vitamin D and FMD. 

Table 1: Distribution of vitamin D in study population

Table 2: Statistical analysis of the patients between pre and post 
vitamin D supplement.

1. DISCUSSION: 
This study demonstrates that the impaired brachial artery FMD 
indicates local endothelial dysfunction and we suspect that the brachial 
artery would be susceptible to atherosclerosis. In the atherosclerotic 
artery there is decreased bioavailability of NO so there is decreased 
vasodilation and FMD.  This study has been conducted in a tertiary 
care hospital in 57 subjects of age group40-70 years. Before 
supplement the mean vitamin D level was 15.71±3.69SD and mean 
FMD was 6.86±1.87SD, in the same subjects after supplements with 
vitamin D of 60000 IU weekly for six week at a mean value of serum 
vitamin D 50.9±6.87SD, FMD was found to be 14.34±3.17SD. This 
study shows that with increase in serum vitamin D (34.42±9.72) there 
is also increase in FMD (7.31±2.55). Syal S K et al (2012) found a 
graded relationship between 25(OH)D levels and FMD, and observed 
13.3%, 38.6%, and 62.2% had impaired FMD in patients with 
25(OH)D levels >20 ng/mL, 10-20 ng/mL, and <10 ng/mL, 
respectively . Harris RA et al (2011) in a randomized control trial [28]
Following 16 weeks of 60,000 IU of oral vitamin D monthly  
supplementation  there is significant improvements in FMD were 
observed[29].

In this study we also found that in 27% subjects which are 60 year or 
above, with increase in vitamin D from deficient to sufficient level, 
there is less increase in FMD (5.27±1.23) as compared to younger age 
group where increase in FMD (7.96±1.58) is higher, which means 
where atherosclerosis already developed and artery become stiff, 
effect of vitamin D to improve endothelial function is less. The 
meaning of this finding is that there is positive association between 
plasma vitamin D concentration and endothelial function, suggests the 
greater association between low level of vitamin D with pathogenesis 
of artery atherosclerosis leads to cardiovascular compromise. Though 
in many studies vitamin D deficiency have been shown to be associated 
with established cardiovascular disease risk factors, higher 
cardiovascular death and overall mortality, but recent meta-analysis 
have been conflicting, with both positive and neutral associations 
reported [30,31]. Effect of vitamin D on endothelial function is 
postulated to be either direct via modulation of calcium influx or by 
indirect mechanisms, including protection against oxidative stress and 
lipid peroxidation   It has also been shown that vitamin D [32,33].
supplementation in deficient individuals is associated with 
improvements in parameters of vascular function, thus further 
strengthening its association with impaired FMD  Given the [34,35].
postulated role of vitamin D in pathogenesis of cardiovascular disease, 
it is important to study its effect on endothelial function in larger 
patient numbers, since this would provide a mechanistic insight into 
how vitamin D deficiency could lead to higher risk of development of 
cardiovascular disease.

2. CONCLUSION: 
FMD, a measure of endothelial function has been recognized as a 
marker of cardiovascular disease and associated with long-term 
prognosis in the general population. This prospective experimental 
study support the hypothesis that serum vitamin D status is associated 
with vascular endothelial function among middle-aged/older adults. 
Our findings also demonstrate that lower level of serum vitamin D 
strongly associated with suppression of endothelial function. In the 
subjects of deficient and insufficient serum vitamin D, supplemented 
with vitamin D at sufficient level markedly improve endothelial 
function and a significant increase in FMD suggest protective role of 
vitamin D in cardiovascular disease.
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