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INTRODUCTION

In peripheral artery disease (PAD) arteries other than heart 
and brain becomes narrow. PAD is the most common type 
of  PVD. Hence, PVD is also known as arteriosclerosis 
obliterans (Peripheralarterialocclusivedisease[PAOD]). 
Atherosclerosis is a main reason of  occlusion. Individuals 
over 40 years old are mostly the sufferer.1

There are changes in blood vessel structure due to 
inflammation, plaques, and tissue damage in response of  
cigarette smoking, diabetes, high blood pressure, kidney 
problems, and high blood cholesterol.2 Such type of  PVD 
is organic type. Functional PVD means there’s no physical 
damage to the blood vessels’ structure. Instead, the vessels 
widen and narrow in response to other factors like brain 
signals and temperature changes.

In primary care, diagnosis of  PAOD is performed by 
measuring the ankle-brachial pressure index with a 
score<0.9, which is the systolic blood pressure at the ankle 
divided by the systolic blood pressure of  the arm.3

According to the recent meta-analysis, PAOD is world 
wide prevalent, being greater in the elderly due to reduced 
expression of  the Vitamin D receptor and thus reduced 
Vitamin D synthesis. Myopathy more marked in the 
proximal muscles develops a main contributor in the 
pathogenesis of  PAD.4-8

serum 25(OH) Vitamin D<20ng/ml is diagnostic of  
Vitamin D deficiency. When serum 25(OH)D levels below 
11–14ng/mL, there is increased chance of  CVD risk.9 

Serum 25(OH)D>30ng/mL is optimal for bone health. 
Parathyroid hormone(PTH) suppresses, when Vitamin D 
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levels reached between 30 and 40ng/ml.10 Thus,Vitamin D 
deficiency induces hyperparathyroidism which may act 
on PTH receptors within the blood vessel wall and the 
myocardium leading to hypertension, cardiac dysfunction, 
and vascular disease.

Active Vitamin D calcitriol does many functions such as 
inhibition of  endothelial cell activation and inflammatory 
cytokines IL-10 while reducing TNF-α adhesion molecule 
expression thus influencing the atherosclerotic process. 
It has protective effect on the heart through the renin-
angiotensin hormone system, through the suppression of  
inflammation, or directly on the cells of  heart and blood 
vessels walls. Serum 1α,25(OH)2D3 level is inversely 
related to the total (intimal and medial) coronary artery 
calcification and parameters of  endothelial dysfunction 
and arterial stiffness.11

AIMS AND OBJECTIVES

In the present study, we analyzed the association of  
Vitamin D levels with peripheral vascular diseases and the 
effect of  Vitamin D supplementationin Vitamin D deficient 
subjects on the status of  PAD as well as coagulation and 
inflammation parameters.

MATERIALS AND METHODS

This was a hospital-based prospective study conducted 
over 100 PAD patients in GSVM Medical College (K.P.S 
Institute of  Medicine and L.P.S Institute of  Cardiology and 
L.L.RHospital), Kanpur (UttarPradesh) with age between 
18 years and 70 years, of  both sex from January 2019 to 
October 2020.

A total of  109 patients were screened, six were rejected to 
participate in the study and three were not fit according to 
the inclusion criteria and finally 100 patients were found 
fit according to the inclusion criteria.

All the patients were evaluated after obtaining the consent 
on the basis of  semi-structured proforma in Local and 
Hindi language for sociodemographic details; history 
about diagnosis, treatment (present/past), adverse effects, 
and physical examination. Thereafter, routine clinical and 
radiological examinations were done to analyze severity 
of  PAD.

Inclusion criteria
All patients in OPD and indoor were enrolled in this study. 
Patients with chronic PAD (defined as an ankle brachial 
index [ABI] <0.9, or angiographically based verification of  
a>50% stenosis or occlusion in a leg artery), unchanged 

medication in the 6 weeks prior to the study, no vascular 
interventions in the 2 months preceding the study, and 
patients who had given informed written consent were 
considered for inclusion criteria.

Exclusion criteria
While patients with Acute intercurrent illness, renal 
insufficiency (defined as serum creatinine>130µmol/l), 
acute myocardial infarction or stroke (within 2 months), 
on current oral anticoagulation medication, liver cirrhosis, 
and presence of  any malignancy were considered for 
exclusion criteria.

Method of collection of data
About 5ml of  venous bloodfasting (12–16h) was collected, 
fasting blood glucose was determined immediately, then 
the rest of  the serum stored at −20°C for lipid profile and 
other hemodynamic measurements. Patients were divided 
in two group as GroupI (Serum Vitamin D≤20ng/ml) and 
GroupII (Serum Vitamin D>20ng/ml) on the basis of  the 
previous study,12 taking 20ng/dl as the reference range. 
A single and oral high-dose Vitamin D supplementation 
(120000IUVitamin D3) was done in Group I.

At baseline and at the end of  the study after 1 month, 
ABI, modified Rankin Scale (mRS), blood collection, and 
specific tests were performed in all patients.

Patients with an ABI<0.9 were considered to have PAD 
and they were screened for serum Vitamin D level.

mRS is a commonly used scale for measuring the degree 
of  disability or dependence in the daily activities of  people 
who have suffered with a stroke, PAD, or other causes of  
neurological disability.

Ethical committee
Institutional Ethical Committee approval was taken for 
this study.

Statistical analysis
Data were analyzed using Statistical Package for the 
Social Sciences, version 23 (SPSSInc.,Chicago,IL). The 
level P<0.05 was considered as the cut off  value of  
significance.

RESULTS

In this longitudinal prospective study, it was found that the 
majority of  the patients were having Vitamin D deficiency 
(70.0%).

(Table 1) p value was found to be<0.05 at 95% C.I. Hence, 
the association was statistically significant.
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The majority of  the patients were males, 46–60 years, 
from the urban areas, from lower and lower middle 
class, had completed their Secondary Education, were 
employed and Hindu by religion, but our study shows 
insignificant statistically. LDL cholesterol was higher in 
both the groups as compared to HDL cholesterol and the 
association between the groups was found to be statistically 
insignificant (P>0.05) (Table 2).

Table 3 shows that HbA1c was significantly higher in 
Vitamin D deficient (≤20ng/ml) group and the association 
was statistically significant (P<0.05).

Table 4 shows that the ABI, % stenosis of  peripheral artery, 
and mRS disability score for PAD and the association were 
statistically insignificant among the groups (P>0.05).

The coagulation and inflammation parameters before and 
after supplementation of  Vitamin D were not changed 
significantly among the groups (P>0.05) (Table 5), their 
serum levels of  calcium and phosphate and PTH in both 
groups were associated statistically insignificant (P>0.05).

DISCUSSION

Deficiency of  Vitamin D has been associated with increased 
prevalence of  multiple diseases including osteoporosis, a 
number of  autoimmune diseases, many different cancers, 
and conditions such as hypertension and cardiovascular 
diseases (CVDs).13

The previous clinical and observational studies have 
indicated that low Vitamin D as according to the Endocrine 
Society guidelines (Rosen et al., 2012)14 can impair vascular 
function by compromising vascular compliance manifesting 
as increased arterial stiffness.

No causal relationship has been established. Therefore, 
naturally, this has stimulated research into improving 
Vitamin D status to determine the impact of  Vitamin D 
supplementation on these end-points.

In this longitudinal prospective study, the majority of  
the patients with PAD were having Vitamin D deficiency 
(70.0%). A single, oral, and high-dose Vitamin D 

supplementation (1,20,000IU vitamin D3) did not alter 
parameters of  inflammation and hemostasis in patients 
with PAD, adding more data to other studies that did not 
confirm a causal role of  Vitamin D in CVD.

In the present study, it was seen that as the age increases 
the problem of  PAD also increases while the association 

Table 4: ABI before and after supplementation
Vitamin D 
deficient 

(≤20ng/ml)
(n=70)

After 
supplementation

(n=70)

P-value

ABI 0.53±0.18 0.59±0.21 0.463
Stenosis 
(in%)

71.78±11.68 70.96±12.64 0.691

mRS 2.32±1.02 2.38±1.21 0.752
Paired t‑test; statistically insignificant (P>0.05)

Table 2: Distribution of patients with PAD on the 
basis of their lipid profile in Vitamin D sufficient 
and deficient group
LipidProfile Vitamin D 

(≤20ng/ml)
(n=70)

Vitamin D 
(>20ng/ml) 

(n=30)

P-value

TotalCholesterol 
(mg/dl)

179.45±13.28 178.0±12.57 0.589

Triglycerides  
(mg/dl)

112.88±22.53 116.07±21.93 0.639

HDL-C (mg/dl) 46.1±9.36 48.5±10.06 0.224
LDL-C (mg/dl) 117.75±14.31 122.9±18.54 0.136

Student’s t‑test; statistically insignificant (P>0.05)

Table 3: Distribution of patients with PAD on the 
basis of their HbA1c in Vitamin D sufficient and 
deficient group

Vitamin D 
(≤20ng/ml) 

(n=70)

Vitamin D 
(>20ng/ml) 

(n=30)

p-value

HbA1c(%) 7.43±1.61 6.86±1.92 <0.05
Student’s t‑test; statistically significant (P<0.05)

Table 1: Distribution of patients on the basis of 
their Vitamin D status
Vitamin 
Dlevel

Numberofpatients % Mean±S.D.

≤20ng/dl 70 70% 13.80±3.83
>20ng/dl 30 30% 24.39±2.27
Total 100 100%

Chi‑square; Unpaired Student’s t test, P<0.05, C.I. 95%

Table 5: Coagulation and inflammation 
parameters before and after supplementation

Vitamin D 
(≤20ng/ml)

(n=70)

After 
supplementation

(n=70)

P-value

PT  (Sec) 10.57±1.60 10.82±1.54 0.348
aPTT  (sec) 30.24±3.47 31.36±3.52 0.060
INR 0.84±0.23 0.92±0.29 0.073
CRP  (mg/L) 2.66±1.7 2.97±1.4 0.545
ESR  
(mmperhr)

30.28±4.49 30.34±3.92 0.933

D-Dimer 
(mcg/ml)

0.9±0.26 0.97±0.28 0.768

Paired t‑test; insignificant (P>0.05)
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was found to be statistically insignificant (P>0.05). The 
majority of  the patients were in the age group ranging 
from 46 to 60 years and the mean age for the patients 
with Vitamin D ≤20ng/ml was 49.61±13.45 and that of  
Vitamin D>20ng/ml, it was 50.9±11.19 (P>0.05).

Our findings were consistent with Stricker et al.,201215 

who reported the insignificant association between the 
ages among the two groups but the mean age was higher 
in their study which may be because their sample size was 
smaller than our study.16 In their study based on Vitamin D 
deficiency may be an independent risk factor for arterial 
disease reported the mean age of  the studied patients 
with severely deficient Vitamin D as 64.3 and 11.6 years 
while the overall mean age was 66.810.7 years which was 
slightly more than the present study but the association was 
statistically insignificant which was similar to the present 
study. Bonatto et al.,202017 reported that both the methods 
for PAD diagnosis as well as the participants’ mean age 
were similar to those in their study (P>0.05).

In our study, it was seen that the majority of  the studied 
patients were males than females in both the groups and 
the association was found to be statistically insignificant 
(P>0.05). Furthermore, all the other demographic 
parameters show no statistically significant difference 
among the two group (P>0.05). VandeLuijtgaarden 
et al.,201216 supported our findings in their study on 
Vitamin D deficiency may be an independent risk factor for 
arterial disease and reported that males were more prone to 
vascular disease and were in higher number in their study 
than females (P>0.05). Stricker et al.,201215 reported 61.0% 
males in their study, which was in accordance to the present 
study and the association was statistically insignificant 
(P>0.05). Yuan et al.,201918 and Satilmis et al.,201519 also 
reported similar finding as in the present study.

In the present study, the lipid profile parameters and serum 
calcium and phosphate were measured in all the patients 
of  both the groups and there was no significant difference 
observed among the groups (P>0.05). Yuan et al.,201918 

and Stricker et al.,201215 also supported our study.

In our study, the HbA1c level was higher in Vitamin D 
deficient group than in the group with Vitamin D>20ng/ml 
and the association was found to be statistically significant 
(P<0.05), this is because low Vitamin D is the risk factor 
for diabetes and in diabetes patients, HbA1c level is higher. 
Our findings were supported by Yuan et al., (2019)18 who 
reported the level of  HbA1c as 8.77±1.82 in one group 
and 9.12±1.71 in the other group but they were associated 
insignificantly (P>0.05). Satilmis et al.,201519 and Stricker 
et al.,201215 also reported similar findings as in the present 
study.

In our study, it was found that PTH was insignificantly 
associated between the groups (P>0.05).

Intact PTH and Vitamin D have been implicated as risk 
factors for CVD, being associated with increased rates of  
myocardial infarction, stroke, and heart failure, as well as 
an increased all-cause mortality (OR1.71for men and 1.85 
for women) Slinin et al., 2005.20

Part of  this increased risk stems from the recognition that 
hyperparathyroidism and Vitamin D deficiency result in 
multiple dysregulatory abnormalities including malignant 
myocardial and valvular calcification, disturbances in the 
renin–angiotensin system, and vascular endothelial cell 
dysfunction leading to increased arterial stiffness and 
resultant hypertension, left ventricular hypertrophy, and 
diastolic dysfunction Kiernan et al., 2006.21

ABI was the measurement used to diagnose PAD in our 
institute and these are the novel findings of  our study which 
shows that Vitamin-D supplementation does not affect the 
peripheral vascular disease parameters (P>0.05).

All the parameters related to coagulation and inflammation 
show no significant difference before or after the Vitamin-D 
supplementation (P>0.05). D-dimer was 0.9±1.11mcg/ml 
and 0.97±1.25 mcg/ml, hs CRP was 2.66±2.7mg/L and 
2.97±2.4mg/L, respectively, for ≤20ng/ml Vitamin-D 
group and for sufficient group, respectively. Similarly, 
other parameters were also related insignificantly among 
the groups.

Stricker et al.,15 reported almost similar findings as in the 
present study for hs CRP (P=0.35) and D-dimer (P=0.53). 
There were no such previous studies which have focused 
on the parameters we have used in our study and these 
are the novel findings in the Northern part of  India to see 
the association of  Vitamin D status in peripheral vascular 
disease.

Other studies, however, support our results. In a 
randomized and controlled interventional trial, a 4-monthly 
oral 100000IU Vitamin D 3 substitution during 5 years in 
subjects more than 65 years old had no effect on total or 
cardiovascular mortality but prevented fractures Trivedi 
et al., 2003.22

In the Rosiglitazone Evaluated for Cardiac Outcomes and 
Regulation of  Glycaemia in Diabetes trial, 5292 patients 
aged at least 70 years with osteoporotic fractures were 
randomized to 800 IU Vitamin D3 daily, 100 mg of  
calcium, both, or placebo. No effect on mortality or 
vascular disease was detected after a 3 years’ follow-up 
Avenell et al., 2011.23
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In a recent systematic review and meta-analysis of  51 
randomized interventional trials did not find a significant 
effect of  Vitamin D supplementation on death, stroke, 
myocardial infarction, lipids, and blood pressure Elamin 
et al., 2011.24

Thus,Vitamin D may have a fundamental role in reducing 
the risk of  PAD and studies of  Vitamin D supplementation 
for patients with PAD are urgently needed. In the 
meantime, adequate outdoor activity and sun exposure, 
along with Vitamin D supplementation (to reach serum 
25-hydroxy Vitamin D levels of  atleast 20ng/mL), should 
be considered for both the prevention and the treatment 
of  PAD.

A sufficiently powered study is needed to definitely exclude 
an influence of  Vitamin D on cardiovascular surrogate 
parameters such as arterial stiffness. The final answer 
whether supplementation of  Vitamin D has an impact 
on CVD must attend the results of  the eagerly a waited 
ongoing large-scale interventional trials.

Limitations of the study
●	 The sample size in our study was relatively small.
●	 As a single-center hospitalized study, the enrolled 

patients may be different from the actual demographic 
profile of  Kanpur or Uttar Pradesh.

Strengths of the study
1. The data were analyzed on the basis of  consent 

proforma.
2. In this well-defined subset of  cardiovascular patients 

with PAD, we did an interventional study with a 
single and oral dose of  Vitamin D, which circumvents 
problems with patient adherence regularly found in 
long – term studies.

Recommendations
A large, robust, well-designed RCTs, and prospective 
longitudinal studies are required to determine the potential 
causal nature of  Vitamin D on arterial compliance and 
CVD risk independent of  known risk factor.

CONCLUSION

Our findings support the association between deficient 
Vitamin D serum levels and PAD, and, as far as we 
know, this is the first North Indian study to research 
such association. In this experimental study, most 
patients with PAD (n=70) were Vitamin D deficient. 
Vitamin D supplementation increased serum 25-hydroxy 
Vitamin D without modifying disease severity, coagulation, 
and inflammation parameters, although the study was 
underpowered for definite conclusions.
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