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Vitamin D is a fat-soluble vitamin. It exists in many forms but 
two forms are very important: 25-hydroxycholecalciferal 
and 1, 25 dihydroxycholecalciferal.[4] In the skin 
provitamin D is photo-isomerized to vitamin D3. 
Calcitriol mediates its biological effects by binding to 
the vitamin D receptor (VDR), located in the nuclei of 
target cells in most organs.[5] The binding of calcitriol to 
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Abstract
Background: Coronary artery disease (CAD) is a major cause of  death and disability in developed countries. Chronic stable angina is the 
initial manifestation of  CAD in approximately 50% of  the patients. Recent evidence suggests that vitamin D is crucial for cardiovascular 
health. The prevalence of  vitamin D defi ciency in our region is 83%. A low level of  vitamin D is associated with chronic stable angina. Aim: 
This study was aimed at supporting or refuting this hypothesis in our population. Materials and Methods: The study was a prospective 
case-control study. We studied 100 cases of  chronic stable angina and compared them with 100 matched controls. Vitamin D defi ciency was 
defi ned as <20 ng/mL, vitamin D insuffi ciency as 20-30 ng/mL and normal vitamin D level as 31-150 ng/mL. Results: The prevalence 
of  vitamin D defi ciency among cases and controls was 75% and 10%, respectively. 75% of  the cases were vitamin D-defi cient (<20 ng/
mL); 12% were vitamin D-insuffi cient (20-30 ng/mL), and 13% had normal vitamin D levels (31-150 ng/mL). None had a toxic level of  
vitamin D. Among the controls, 10% were vitamin D-defi cient, 33% were vitamin D-insuffi cient, and 57% had normal vitamin D levels. 
The mean vitamin level among cases and controls was 15.53 ng/mL and 40.95 ng/mL, respectively, with the difference being statistically 
signifi cant (P ≤ 0.0001). There was no statistically signifi cant relation between the disease severities, i.e., on coronary angiography (CAG) 
with vitamin D level. Among the cases, we found that an increasing age was inversely related to vitamin D levels (P = 0.027). Conclusion: 
Our study indicates a correlation between vitamin D defi ciency and chronic stable angina. Low levels may be an independent, potentially 
modifi able cardiovascular risk factor.
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Introduction
Coronary artery disease (CAD) is one of the leading 
causes of death and disability in developed countries, 
responsible for about one in every fi ve deaths.[1] It is fast 
becoming a pandemic within the developing world as 
well where it involves a relatively younger population.[2] 
Chronic stable angina is the initial manifestation of CAD 
in approximately 50% of the patients.[3] This is an open access article distributed under the terms of the 
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the VDR allows the VDR to act as a transcription factor 
that modulates the gene expression of transport proteins 
involved in a multitude of different tasks.[6] Vitamin D 
status is best determined by the serum 25(OH) D as 
opposed to 1,25(HO)2D for several reasons including: 
Its long circulating half-life (~3 weeks versus ~8 h) and 
the concentration of 25(OH) D that is thousand times 
higher in circulation compared to 1, 25 (OH)2 D. Thus, 
1, 25 (OH)2 D levels could be elevated in severe vitamin 
D defi ciency to maintain normal serum calcium levels.[7]

Risk factors for vitamin D defi ciency include age >65 
years, dark skin, obesity, kidney or liver disorders, 
diseases affecting fat absorption, bariatric surgeries, and 
environmental variables such as institutionalization, 
decreased outdoor physical activity, and frailty.[8]

This vitamin has received intense attention in the recent 
years from being strictly nutritional toward transcriptional, 
translational, and posttranslational levels. Recent research 
suggests its role in chronic diseases such as hypertension,[9] 
diabetes mellitus (DM),[10] cancer,[11] autoimmune diseases, 
some infections such as influenza,[12] tuberculosis,[13] 
human immunodeficiency virus (HIV);[14] multiple 
sclerosis,[15] and aging.[16] Its role in decreasing mortality 
in elderly women has been established.[17]

Receptors for vitamin D have been found in cardiac cells 
and vascular endothelial cells, giving these the potential 
to have a wide range of vascular effects.[18] Evidence 
supports a potential role of vitamin D in the development 
of cardiovascular diseases including angina, myocardial 
infarction (MI), and transient ischemic attacks.[7,19] The 
proposed mechanisms include endothelial dysfunction in 
vitamin D defi ciency;[20] effects on the renin-angiotensin 
system,[21] on glycemic control,[22] and on infl ammatory 
cytokines;[23] regulation of parathyroid hormone levels 
and calcium deposition in vascular smooth muscle.[24]

Different regions of the world get different hours of 
sunlight, which has a direct bearing on vitamin D synthesis 
in the body.[25] Coronary heart disease (CHD) mortality and 
morbidity in many countries increases by 30-50% in winter 
compared to summer. The hypothesis that exposure to 
sunlight is protective against CHD could explain the winter 
increase in CHD mortality and morbidity. Data show a 
direct relationship between latitude and CHD mortality 
and morbidity, and the inverse association between 
altitude and CHD mortality since ultraviolet radiation 
decreases with latitude but increases with altitude.[26]

Our study has been conducted in Kashmir valley, which is 
located at a high latitude in North India. It is surrounded 
on all sides by tall mountains of the Himalayas. The 
winters are very harsh and long. People use traditional 
long-sleeved thick clothes to cover themselves. The 

prevalence of vitamin D defi ciency in our region is 83%[27] 
as compared to 35-50% in the USA and other parts of the 
world.[28] Very few studies have been conducted in this 
part of the world to fi nd any association between vitamin 
D defi ciency and stable CAD.

Materials and Methods
The study was a 2-year hospital-based prospective case-
control study conducted in Sher-i-Kashmir Institute of 
Medical Sciences (SKIMS), Srinagar, Kashmir, India. One 
hundred patients with angiographically documented 
chronic stable angina and 100 matched controls were 
taken for the study. The cases and matched controls 
were selected from a pool of about 160 patients and 
300 healthy volunteers, respectively. The study was 
approved by the Institute Ethical Committee of SKIMS. 
Written informed consent was given by all the patients 
and controls in the study. 

The patients with chronic stable angina of any age group 
or sex were initially included in the study. Among them, 
those who had angiographically documented CAD were 
studied further. The patients having any acute illness, acute 
coronary syndrome, history of malignant neoplasm within 
the past 5 years, on vitamin D and calcium supplements, 
and with any parathyroid disease, etc., were excluded.

Diagnostic methods used
1. Proper history was taken and detailed physical 

examination was done on all the study subjects.
2. 12 LEAD ECG: 12 leads resting electrocardiography 

was performed in all patients with angina or angina 
equivalent. Although the findings were normal 
in approximately half of the patients with stable 
angina,[29] we looked in particular for ST-T wave 
changes, left ventricular (LV) hypertrophy, or the 
presence of pathological Q waves, which might favor 
the diagnosis of CAD.[24]

3. Chest x-ray (CXR) posterior-anterior (P/A) view was 
done in each patient.

4. Treadmill test (TMT) was done in all patients 
suspected to have chronic stable angina except for 
those who were not fi t for exercise or those who had 
electrocardiographic abnormalities that compromised 
interpretation.[30] ruce protocol was used in all the 
patients. 

5. Coronary angiography (CAG) was done in all the 
patients having chronic stable angina with positive 
TMT and having no contraindication for angiography. 
It was done to confi rm the diagnosis of CAD and to 
see the severity of the disease process. Angiogram 
was categorized into 1, 2, 3, or main vessel CAD. 
Other laboratory tests, which include complete lipid 
profi le, liver function test (LFT), kidney function 
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test (KFT), complete blood count (CBC), calcium, 
phosphorus, etc., were also done.

Sampling technique
Early morning fasting whole blood venous samples of 
about 3 mL was taken. They were protected from light, 
centrifuged, and stored at –20°C. 

Vitamin D measurement
Vitamin D was assayed using solid phase enzyme-
linked immunoassay (ELISA) based on the principle of 
competitive binding. Vitamin D defi ciency is defi ned as 
<20 ng/mL, vitamin D insuffi ciency as 20-30 ng/mL, 
and normal vitamin D level as 31-150 ng/mL. 

Statistical analysis
Data analysis was done by using standard statistical 
technique using chi-square test, Student’s t-test, 
likelihood ratio, Levene’s test for equality, analysis of 
variance (ANOVA), Mann-Whitney U test, and Fisher’s 
exact test. All the data were analyzed on Statistical 
Package for the Social Sciences (IBM SPSS Statistics 23) 
software. Statistical signifi cance was taken as a P value 
of less than 0.05.

Results

Demography
Table 1 shows the demographic characters of the cases 
and controls. Our study comprised 80% males and 20% 
females each from the cases and controls. Among the 
cases, the mean age was 55.45 years and among the 
controls, the mean age 55.31 years, with the difference 
being statistically insignifi cant (P = 0.920). Most of our 
cases and controls had normal body mass index (BMI). 
We studied 28% of the cases in winter, 36% in summer, 
18% in spring, and 18% in autumn, together with the 
same percentage of controls in the respective seasons. 

Vitamin D, age, and gender
Among the female cases, 70% were vitamin D-defi cient, 
15% were vitamin D-insuffi cient, and 15% had normal 
levels of vitamin D. Among the male cases, 76.2% were 
vitamin D-defi cient, 11.2% were vitamin D-insuffi cient, 
and 12.5% had normal levels of vitamin D. This may 
suggest that males are more vitamin D-deficient 
than females. But there were more number of males 
than females (4:1) and the difference was statistically 
insignifi cant (P = 0.840). The mean age among vitamin-
defi cient cases was 60.77 years compared to the mean 
age of 58.50 years in the vitamin D-insuffi cient group 

Table 1: Demographic characteristics of the studied subjects
Number Cases Controls P value

N % N %
100 100

Age (years) Mean±SD 55.45±9.783 55.31±9.860 0.920
Gender Male 80 80 80 80

Female 20 20.0 20 20.0
Body mass index (kg/m2) 18-25 94 94 95 95

25-30 4 4 4 4
Above 30 2 2 1 1

Active smokers Yes 38 38 8 8
No 62 60 92 92

DM Yes 32 32 32 32
No 68 68 68 68

HTN Yes 73 73 73 73
No 27 27 27 27

Season Winter 28 28 28 28
Summer 36 36 36 28
Spring 18 18 18 18
Autumn 18 18 18 18

Calcium (mg/dL) Mean ± SD 8.77±0.39 9.87±0.42 0.09
Phosphorus (mg/dL) Mean ± SD 3.1±0.47 3.96±0.35 0.11
Lipid profi le Dyslipidaemia Yes 19 19 3 3

No 81 81 97 97
Vitamin D (ng/ml) Mean 15.78 40.94 .0001
This table shows demographic characteristics of the study subjects (100 cases and 100 controls). There was no difference between the cases of chronic stable angina 
and controls with respect to age, gender distribution, season, presence of diabetes, hypertension, and dyslipidemia, and calcium and phosphorus levels. The cases 
have a signifi cantly lower mean vitamin D compared to the controls, N = Number, DM = Diabetes mellitus, HTN = Hypertension, SD = Standard deviation
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and 50.46 years in the normal vitamin D group [Table 2]. 
This showed that with age, vitamin D level decreased 
among cases and was statistically signifi cant (P = 0.027). 
However, vitamin D-defi cient subjects had a mean age 
that was less than that of normal individuals and only 
slightly higher than vitamin D-insuffi cient cases with  P 
value of 0.974. Therefore, among the controls no relation 
of vitamin D with age was seen [Table 2]. 

Vitamin D and season
The mean value of vitamin D was lowest in spring (12.58 
ng/mL) followed by winter (14.81 ng/dL), summer 
(16.68 ng/dL), and autumn (18.718 ng/mL). This 
difference is statistically insignifi cant (P = 0.547)

Vitamin D and smoking
Among the cases who were smokers, the mean value of 
vitamin D was 11.024 ng/mL and among nonsmoker 
cases, the mean value was 17.37 ng/mL. However the 
difference was statistically insignifi cant (P = 0.134).

Symptom distribution
All our cases were symptomatic. Nineteen percent of the 
patients had angina on effort (AOE)/angina equivalent 
New York Heart Association (NYHA) class I, 52% class 
II, and 29% class III symptoms.

Vitamin D and angina on eff ort/angina equivalent 
(New York Heart Association, class)
Among AOE/angina equivalent NYHA class I 
cases, 73.7% were vitamin D-defi cient (≤20 ng/mL); 
21.1% were vitamin D-insuffi cient (21-30 ng/mL), 
and 5.3% had normal levels of vitamin D (31-150 
ng/mL). Among AOE/angina equivalent NYHA 
class II, 78.7% were vitamin D-defi cient, 7.7% were 
vitamin D-insuffi cient, and 13.3% had normal levels 
of vitamin D. Among AOE/angina equivalent NYHA 
class III, 69% were vitamin D-defi cient, 13.8% were 
vitamin D-insuffi cient, and 17.2% had normal levels of 

vitamin D. The results were statistically insignifi cant 
(P = 0.446).

Vitamin D and lipid profi le
Nineteen percent of the cases had dyslipidemia compared 
to 3% of the controls. Among 19 cases with abnormal 
lipid profi le, 17 (89.47%) were vitamin D-defi cient and 1 
(5%) each had insuffi cient and normal vitamin D levels, 
respectively. Among 81 cases with normal lipid profi le, 58 
(71.6%) were vitamin D-defi cient, 11 (13.5%) were vitamin 
D-insuffi cient, and 12 (14.8%) had normal vitamin D levels. 
The difference was statistically insignifi cant (P = 0.269).

Serum calcium and phosphorus levels among cases 
and controls
There was no statistically signifi cant difference between 
the cases and controls [Table 1].

Electrocardiography fi ndings
Among the cases, 50% had normal electrocardiography 
(ECG), 2% had sinus tachycardia, 3% had ST elevated, 7% 
had ST depressed, 9% had T-wave inversion, 6% cases 
were suggestive of LVH, 2% were suggestive of (S/O) right 
ventricular hypertrophy (RVH), 1% had Q waves, 4% left 
bundle branch block (LBBB), 12% had left axis deviation, 17% 
had right axis deviation, and 9% had right bundle branch 
block (RBBB). The ECGs of all the controls were normal.

Chest x-ray fi ndings
Among the cases, 49% had normal x-ray of the chest, 47% 
had cardiomegaly, 2% had mild pleural effusion, and 
2% prominent aortic knuckle. Among the controls, 81% 
had normal x-ray of the chest, 15% had cardiomegaly, 
3% had prominent aortic knuckle, and 1% had mild 
pleural effusion.

Echocardiography fi ndings
Seventy five percent of the cases had normal 
echocardiography (echo), 1% had regional wall 

Table 2: Vitamin D and age among cases and controls
Vitamin D and age in cases
Vitamin D status Number Mean SD Minimum Maximum P value
Defi cient 75 60.77 10.072 45 82
Insuffi cient 12 58.50 6.417 40 74 0.027
Normal 13 50.46 9.562 34 59
Vitamin D and age in controls
Vitamin D status Number Mean SD Minimum Maximum P value
Defi cient 10 55.40 10.013 35 68
Insuffi cient 33 54.77 11.612 35 78 0.974
Normal 57 55.65 9.058 34 80
This table shows that in the cases, as the age increases vitamin D levels decrease, which is statistically signifi cant. However, this is not the case in controls, 
SD = Standard deviation
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motion abnormality (RWMA), 20% had left ventricular 
hypertrophy (LVH), 1% had valvular heart disease, and 
in 1% no echo report was available.

Treadmill test results
We took a total of 160 patients suspected to have chronic 
stable angina for TMT. Among them, 104 (65%) and 56 
(35%) tested positive and negative, respectively, on TMT 
using Bruce protocol.

Coronary angiography fi ndings
Fort fi ve percent of the cases had single vessel disease 
(SVD), 42% had double vessel disease (DVD), and 13% 
had triple vessel disease (TVD)/multivessel disease. No 
patient had left main disease.

Vitamin D status among cases and controls
Seventy fi ve percent of the cases were vitamin D-defi cient, 
12% were vitamin D-insuffi cient, and 13% had normal 
vitamin D levels. Among the controls, 10% were vitamin 
D-deficient, 33% were vitamin D-insufficient, and 
57% had normal vitamin D levels. So, the prevalence 
of vitamin D defi ciency among the cases and controls 
was 75% and 10%, respectively. The overall prevalence 
among the study population was 42.5%. 

Mean levels of vitamin D among cases and controls
The mean vitamin level among the cases and controls was 
15.53 ng/mL and 40.954 ng/mL, respectively [Figure 1]. 
This difference was statistically significant with 
P ≤ 0.0001. We rechecked it through the nonparametric 
test and Mann-Whitney U test in view of high standard 
deviation. The result was again statistically signifi cant 
(P = 0.001) [Table 3]. Comparing these results, the cases 
were vitamin D-deficient compared to the controls, 

which was statistically signifi cant (P = 0.0001). This 
suggested that there was a correlation between vitamin 
D defi ciency and chronic stable angina.

Coronary angiography categories and vitamin D
DVD was the majority fi nding among the cases who 
were defi cient followed by SVD and TVD/multivessel 
disease. SVD was the majority fi nding among the cases 
who had insuffi cient or normal values of vitamin D. The 
mean value of vitamin D among those with SVD, DVD, 
and TVD/multivessel disease was 16.15 ng/mL, 15.59 
ng/mL, and 15.14 ng/mL, respectively. This means that 
vitamin D level is least among TVD/multivessel disease 
followed by DVD and SVD. However, it is statistically 
insignifi cant with a P value of 0.966.

Coronary angiography categories versus controls with 
respect to vitamin D
The cases with SVD on CAG, when compared to the 
controls had low values of vitamin D, which were 
statistically signifi cant (P = 0.0001). Similarly, vitamin 
D levels of the cases with DVD and TVD/multivessel 
disease on CAG had low vitamin D levels when 
compared to the controls. The difference between 
both the groups was again statistically significant 
(P = 0.001) [Table 4]. 

Discussion
Our study suggests a signifi cant correlation between 
vitamin D defi ciency and chronic stable angina. In India, 
results similar to ours were seen by Sanjeev Kumar 
et al.[26] who studied 100 patients undergoing CAG. They 
found that the mean 25(OH) D level was 14.8 ± 9.1 ng/
mL; vitamin D defi ciency was present in 80% and only 
7% had optimal 25(OH) D levels. 

The high prevalence of vitamin D defi ciency in our 
patient population was refl ective of the generalized high 
prevalence rates of hypovitaminosis D in our region.[27] 
The high prevalence rates in our region can be explained 
by the prolonged winter period, inadequate sun 
exposure, coverage of the whole body with traditional 
clothes, generalized malnutrition, faulty food habits, less 
outdoor physical activity, and lack of vitamin D food 
fortifi cation programs.

DVD was the majority fi nding among the cases who 
were vitamin D-defi cient followed by SVD and TVD. 
However, SVD was the majority fi nding among cases 
having insuffi cient or normal values of vitamin D. Our 
study suggests no statistical signifi cance between the 
severity of CAD and vitamin D defi ciency. Similar results 
were obtained by Sanjeev et al.[31] from their study. 

Figure 1: This fi gure shows the mean vitamin D level along the y-axis 
comparing the cases and controls represented on the x-axis. As can 
be seen, the mean vitamin D level in the cases is signifi cantly lower 
than the controls and the normal vitamin D levels
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Our study suggests no statistical signifi cance for vitamin 
D defi ciency and gender. Some studies have shown 
that female patients of chronic stable angina are more 
vitamin D-defi cient than males. In a study conducted by 
Martins et al.,[32] it was found that the 25(OH) D levels 
were lower in women compared to men. However, 
some have shown the contrary also. A study conducted 
by Hagenau et al.[31] showed that differences by gender 
were significant only in the infant age group (i.e., 
vitamin D status was worse among females) and were 
not prominent at an older age. 

We observed that vitamin D level decreases among cases 
with age. The higher the age, the lesser is the vitamin 
D level. Similar results have been seen in many other 
studies. Lavie et al.[8] in his review mention aging as an 
important cause of vitamin D defi ciency. Mac Laughlin 
et al.[33] in their study noticed that aging decreases the 
capacity of the human skin to produce vitamin D3. 
They found that a 70-year-old individual makes four 
times less vitamin D from the sun than a 20-year-old 
individual.

Our study does not suggest any seasonal trend in 
vitamin D defi ciency. This in contrast to the studies by 
Ku et al.[34] and Lee et al.,[35] which support the greater 
prevalence of vitamin D defi ciency in winter compared 
to other seasons. The reason behind our result could 
have been the overall decreased sun exposure in all 
seasons in our region or due to our region being in the 
temperate zone or there could be no relation between 
the two. A study conducted by Ann Burgaz et al.[36] 

found no significant difference between 25(OH) D 
concentrations with respect to sun exposure factors such 
as the number of hours spent outside in daylight during 
summer (P = 0.69) or winter (P = 0.99) and a preference 
for the sun or shadows (P = 0.59). Similar views were 
written by Hagenau et al.[31] in their review. Thus, it is 
again controversial and further studies are needed for 
the fi nal conclusion.

Our study suggested an inverse relation between 
smoking and vitamin D level, which was supported by 
other studies as well. In a study conducted by Brutal 
et al.,[37] it was observed that dietary vitamin D intake, 
nonsmoking, and physical activity (in men) were 
signifi cantly associated with higher concentrations of 
serum 25-hydroxyvitamin D.

We found no relation between the class of AOE and the 
level of vitamin D. We did not come across any study 
where the association of vitamin and class of angina on 
effort or angina equivalent was studied directly. So our 
study could be the fi rst study in this direction and further 
work needs to be done to validate or refute the same.

Conclusion
The study showed a signifi cant correlation between 
vitamin D defi ciency with CAD. As ours is a developing 
region with limited resources, preventive measures need 
to be employed at the primary health care level regarding 
education on the importance of vitamin D. Public health 
programs aimed at fortifi cation of food materials with 

Table 3: Cases versus controls with respect to mean vitamin D levels 
Vitamin D (ng/mL) Group Number Mean Standard deviation P value
 Cases 100 15.788 13.53 ≤0.0001

Control 100 40.94 28.33
Cases versus controls with respect to vitamin D (Mann-Whitney U test)
Null hypothesis Test Signifi cance Decision
Distribution of vitamin D is same across all categories Mann-Whitney U 0.001 Reject the null hypothesis
This table shows that the mean vitamin D levels are much lower in the cases as compared to controls. This result is further statistically confi rmed by Mann-
Whitney U test 

Table 4: CAG categories versus controls with respect to vitamin D
CAG 
class

N Mean vitamin 
D(ng/ml)*

Standard 
deviation

Standarderror 95% confi dence interval for mean Minimum Maximum P 
valueLower bound Upper bound

SVD 45 16.15a 15.78 2.35 11.41 20.89 1.26 88.45
DVD 42 15.59a 11.91 1.83 11.87 19.30 2.10 60.84 ≤0.001
TVD 13 15.14a 10.56 2.93 8.76 21.53 1.61 35.75
Control 100 40.94b 28.33 2.83 35.32 46.56 5.57 177.0
This table shows that among the cases, there is no statistical signifi cance in the mean vitamin D levels with respect to the number of coronary arteries involved 
(SVD, DVD, TVD). However, each subgroup of cases (SVD, DVD, TVD) when compared to the controls has a signifi cantly lower value of mean vitamin D, 
*Mean values with different superscripts are statistically signifi cant, SVD = Single vessel disease, DVD = Double vessel disease, TVD = Triple vessel disease, 
CAG = Coronary angiography
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vitamin D need to be employed in our region as has been 
done in the West. Overall, the cost of prevention would 
be much lesser than the socioeconomic effect that the 
cardiovascular diseases have on our society. 
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