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ABSTRACT
Introduction: Vitamin D safeguards cardiovascular health by reducing inflammation and susceptibility 

to atheroma. This study aimed to evaluate the association of coronary artery disease (CAD) and its risk 
factors like body mass index (BMI), glycated hemoglobin (HbA1c), and lipid profile with vitamin D. 

Methods: Patients of both genders aged over 18 years, who underwent coronary angiogram for 
cardiac symptoms such as chest pain, breathlessness, palpitation, or syncope, were enrolled in the present 
study. Demographic and anthropometric data were collected. Glycated hemoglobin, lipid profile and 
25-hydroxyvitamin D were measured. The severity of CAD was analyzed along with the SYNTAX scoring. 

Results: The study population was divided into three groups based on vitamin D levels: Group I 
(vitamin D level <20 ng/mL), Group II (20-30 ng/mL) and Group III (>30 ng/mL). There was a significantly 
higher number of patients with diabetes mellitus and triple vessel disease in Group I. On multivariable 
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ABBREVIATIONS
CAD=coronary artery disease 
BMI=body mass index 
HbA1c=glycated hemoglobin  
CVD=cardiovascular disease 
TC=total cholesterol 
HDL-C=high density lipoprotein-cholesterol  
LDL-C=low density lipoprotein-cholesterol 
VLDL-C=very low-density lipoprotein-cholesterol 
RCTs=randomized controlled trials

INTRODUCTION

Global health is greatly impacted by 
cardiovascular disease, which is 
identified by the World Health 
Organization as the leading global 
cause of death, with 7.3 million 

deaths being attributed to coronary artery di-
sease (CAD) (1). The prevalence of CAD in India 
is estimated to be around 30 million in 2023. 
Smoking, dyslipidemia, elevated body mass in-
dex (BMI), increased high-sensitivity C-reactive 
protein and hyperhomocysteinemia are risk fac-
tors for CAD. Insulin resistance increases the risk 
of severe CAD in type 2 diabetes mellitus pa-
tients with inadequate glycaemic control (2). 
Metabolic syndrome, marked by factors like cen-
tral obesity, dyslipidaemia, insulin resistance, 
high blood pressure and endothelial dysfunc-
tion, elevates cardiovascular risk and mortality 
by synergizing atherogenic factors. Vitamin D is 
essential for insulin release in response to eleva-
ted blood sugar, affecting glucose tolerance. Its 
deficiency reduces insulin secretion without im-
pacting glucagon secretion (3). The hormonal 
function of vitamin D in regulating cell growth, 
migration, differentiation, immune response, in-
flammation and fibrosis may play a vital role 
from the early activation of endothelial inflam-

mation to the susceptibility of atheroma (4). Vita-
min D controls smooth muscle and cardiomyo-
cyte growth, inhibits vascular smooth muscle cell 
proliferation via calcium influx, but risks calcifi-
cation in renal failure (5). Vitamin D safeguards 
cardiovascular health by reducing inflammation, 
inhibiting smooth muscle cell growth, suppres-
sing proatherogenic T lymphocytes, preserving 
endothelial function and shielding against glyca-
tion products (6). Total cholesterol (TC), LDL cho-
lesterol (LDL-C) and triglycerides were also nega-
tively correlated with 25(OH)D concentrations 
(7). Coronary calcification is correlated with vita-
min D. Risk stratification for cardiovascular di-
sease (CVD) based on vitamin D levels reveals an 
elevated risk with increasing concentrations (8). 

While there are reports linking cardiovascular 
risk to vitamin D deficiency, there is a lack of infor-
mation regarding the association of BMI, HbA1c 
and lipid profile with vitamin D. Therefore, our 
study aimed to investigate the correlation between 
vitamin D levels and CAD, along with associated 
risk factors such as BMI, HbA1c and plasma lipid 
levels. q

METHODS

This is a hospital-based cross-sectional study 
conducted with the approval of the Institute 

Ethics Committee (CMCH & RC/IEC No.30 da-
ted 11/4/2017). Patients of both genders aged 
over 18 years, who have undergone coronary 
angiography for cardiac symptoms such as chest 
pain, breathlessness, palpitation, or syncope, 
were enrolled in the study after obtaining their 
written informed consent. Patients who were 
taking vitamin D supplements, individuals with 
documented cardiac disease, chronic kidney 
disease, decompensated liver disease, hypopara-
thyroidism or hyperparathyroidism, as well as 
critically ill patients necessitating inotrope sup-

logistic regression, vitamin D had a significant odds ratio (OR) of 1.21 (1.03-1.43) for single vessel disease 
and 0.92 (1.13-1.43) for triple vessel disease. SYNTAX score had a significant OR of 0.697 (0.557-0.873) 
for single vessel disease and 1.27 (1.13-1.43) for triple vessel disease. There was a significant negative 
correlation between HbA1c and vitamin D (r =-0.269, p= 0.008). Vitamin D levels negatively correlated with 
triple vessel disease (r =-0.252, p= 0.013). 

Conclusion: Incidence of diabetes mellitus and levels of HbA1c were both higher among patients with 
vitamin D deficiency. Vitamin D deficiency was a risk factor for single and triple vessel disease.  

Keywords: vitamin D, coronary artery disease, body mass index, HbA1c.
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port, ventilator support, or hemodialysis were 
excluded from the study.

Sample size
Considering a prevalence of 37% of vitamin D de-
ficiency in CAD patients, and 95% confidence in-
terval (CI) and 10% margin of error, the sample size 
is calculated at 90 (9). For this study, data from 
96 patients have been included.

Baseline data along with clinical history were 
recorded and anthropometric measurements were 
taken. Blood samples were obtained after over-
night fasting for biochemical analysis, including 
HbA1c (measured through the immunoturbidime-
tric method), lipid profile (serum TC measured by 
the cholesterol oxidase/peroxidase method, serum 
triglycerides by the glycerol-3-phosphate oxidase 
method, serum high density lipoprotein-choleste-
rol (HDL-C) by the direct enzymatic method, se-
rum LDL-C by direct enzymatic method, and se-
rum very low density lipoprotein-cholesterol 
(VLDL-C) calculated using the formula serum tri-
glycerides/5). Additionally, the T-C/HDL-C ratio 
was calculated, and plasma total 25-hydroxyvita-
min D was estimated through the electro-chemilu-
minescence immunoassay. 

For patients with CAD, severity was determined 
as single, double and triple vessel disease. Addi-
tionally, SYNTAX scoring system was employed to 
evaluate complexity of coronary vessels such as 
bifurcation, thrombus, total occlusion, diffuse ves-
sel involvement and calcification.

Statistical analysis
SPSS version 21 was used for data analysis. Con-
tinuous variables were expressed as mean ± stan-

dard deviation (SD) and analysed by ANOVA. Ca-
tegorical variables were expressed as percentage 
and analysed by chi-square test. Spearman and 
Pearson correlation was used to evaluate the rela-
tionship between variables. Multivariable logistic 
regression analysis was done to predict the risk fac-
tors for single, double and triple vessel disease. 
P value of less than 0.05 was considered signifi-
cant. q

RESULTS

The study population was divided into three 
groups based on vitamin D levels: Group I (vi- 

tamin D level <20 ng/mL, Group II (20-30 ng/mL) 
and Group III (>30 ng/mL).

The mean age of the study subjects was 
57.53±11.33 years and 79% of them were males. 
About half the study population had a history of 
smoking and 16% a history of alcohol consump-
tion. About 32% of patients had type 2 diabetes 
me llitus and 38% had a history of hyperten sion. The 
mean BMI of participants was 22.83±3.23 kg/m2. 
There was no significant dif ference in age and gen-
der between the three groups. Smoking was sig-
nificantly higher in Group III, but there was no dif-
ference in alcohol consumption habits. There was 
a significantly higher number of patients with dia-
betes mellitus in Group I. There was no significant 
difference in height, weight, or BMI between 
groups (Table 1).

The mean HbA1c of the study population was 
6.19±1.77 and it was significantly higher in 
Group I and Group II. Mean blood sugar at pre-
sentation was 159.68±73.48 mgs/dL, but no sig-
nificant difference was noted among the three 

Vitamin D LeVeL anD Coronary artery Disease

TABLE 1. General characteristics of the study population
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groups. The lipid profile was within normal range 
among the groups, except for reduced HDL-C le-
vels. The study population had a mean level of vi-
tamin D of 21.36±12.39 (Table 2). The mean 
SYNTAX (19.24±13.44) did not significantly differ 
between groups. On angiography, 51% of patients 
had triple vessel disease and the majority of them 
(65.2%) were in Group I (Table 3).

On multivariable logistic regression, vitamin D 
had a significant OR of 1.21 (1.03-1.43) for single 
vessel disease and 0.92 (1.13-1.43) for triple vessel 
disease. SYNTAX score had a significant OR of 
0.697 (0.557-0.873) for single vessel disease and 
1.27 (1.13-1.43) for triple vessel disease (Table 4).

There was a significant negative correlation  
of HbA1c with the vitamin D level (r = -0.269, 

Vitamin D LeVeL anD Coronary artery Disease

TABLE 2. Biochemical 
parameters of the study 
population

TABLE 3. Syntax 
score and 
angiographic findings 
of the study 
population

TABLE 4. Multivariable logistic 
regression analysis for prediction 
of coronary artery disease
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p= 0.008). SYNTAX score was negatively but in-
significantly correlated with vitamin D level 
(r=-0.039, p=0.707) (Figure 1). Vitamin D levels 
had a significant negative correlation with triple 
vessel di sease (r =-0.252, p= 0.013) (Figure 2). q

DISCUSSION

The present study involved assessing vitamin D 
levels in patients undergoing a coronary an-

giogram. Additionally, measurements were taken 

FIGURE 1. 
Correlation 
between 
glycated 
hemoglobin 
(HbA1c),  
SYNTAX score 
and vitamin D

FIGURE 2. 
Correlation of 
angiographic 
findings and 
vitamin D
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for BMI, HbA1c and lipid profile. SYNTAX scoring 
was done after the angiogram procedure. 

The study population had a mean age of 
57.53±11.33 years, with 79% of them being 
males. This aligns with findings from other studies 
that show an occurrence of CAD typically after the 
age of 50, with a subsequent increase in preva-
lence (10). There was a higher number of males 
compared to females, which is in agreement with 
the well-established fact that men are more sus-
ceptible to CVD than women, with the latter being 
protected from cardiovascular morbidity to some 
extent, at least until menopause. A medical history 
of habit of smoking and alcohol consumption 
e scalates the risk, particularly in males (11).

Cardiovascular disease, exacerbated by hyper-
tension, stands as the primary cause of morbidity 
and mortality in patients with diabetes. In our 
study, 38% of subjects had a history of hyperten-
sion, with 32% of them having been diagnosed 
with type 2 diabetes mellitus. The impact of diabe-
tes and hypertension on the cardiovascular system 
significantly intersects, primarily driven by both 
microvascular and macrovascular diseases (12).

In our study, the average BMI was 
22.83±3.23 kg/m2, falling within the normal to 
overweight range for Asians. A substantial percen-
tage of CAD patients in our cohort were either 
overweight or obese. The interaction of high BMI 
with hypertension exhibited a detrimental additive 
effect (13). Hyperlipidemia remains the predomi-
nant risk factor for CAD (14). In our study, the lipid 
profile of these patients was generally normal, 
e xcept for low HDL-C. Research indicates that an 
increase in HDL-C is associated with a lower risk of 
cardiac mortality, whereas a decrease in HDL-C is 
linked to an elevated risk of significant adverse car-
diac events and cardiac death (15). It is widely re-
cognized that HDL-C plays a pivotal role in the 
development of cardiovascular mortality and mor-
bidity, and targeting HDL-C can contribute to risk 
reduction (16, 17). Furthermore, studies have 
demonstrated that the risk of coronary heart di-
sease was diminished when HDL-C levels sur-
passed 90 mg/dL in men and 75 mg/dL in women 
(18).

Glycated hemoglobin has been associated with 
severe CAD, aligning with findings in our study. 
Previous research has also utilized HbA1c as a pre-
dictive biomarker for CAD in individuals without 
diabetes, aiding in the assessment of both the 
likeli hood and severity of CAD (19, 20). In our 

study, Group I exhibited a significantly higher pre-
valence of diabetes, leading to elevated HbA1c le-
vels among subjects. Moreover, it has been ob-
served that genetic variations related to vitamin D 
may contribute to a predisposition for poor glyce-
mic control and the development of type 2 dia-
betes (21, 22). Nevertheless, several randomized 
controlled trials (RCTs) have demonstrated that vi-
tamin D supplementation did not enhance insulin 
release in individuals with prediabetes and those 
who are otherwise healthy (23, 24). In the current 
study, a notable negative correlation between 
HbA1c and vitamin D levels is identified, which is 
consistent with previously reported findings 
(22, 25). It is hypothesized that vitamin D may play 
a role in influencing insulin release, suggesting the 
importance of regular monitoring and potential 
supplementation for diabetes patients (25).

Several studies support a higher incidence of 
CAD in vitamin D-deficient individuals with hy-
perlipidemia and DM (26, 27). Hypovitaminosis D 
increases the risk of developing hypertension, co-
ronary artery disease, sudden cardiac death, or 
cardiac failure (13). Regardless of cardiovascular 
risk factors, low levels of 25(OH) vitamin D are as-
sociated with an increased incidence of CAD (28). 
In our study, a higher incidence of triple vessel di-
sease was observed in the vitamin D deficient 
group. Vitamin D had a significant OR of 
1.21 (1.03-1.43) for single vessel disease and 
0.92 (1.13-1.43) for triple vessel disease. Vita - 
min D levels were negatively correlated with single 
vessel and triple vessel disease. Vitamin D levels 
had no association with double vessel disease in 
our study; this may be due to small number of 
double vessel disease in the current study com-
pared to single or triple vessel disease. Mehta et al 
found a negative association between vitamin D 
deficiency and triple vessel disease (80%), double 
vessel disease (28.6%) and single vessel disease 
(21.7%) (29). Morgan et al identified a significant 
inverse correlation between maximal luminal ste-
nosis and 25-OH vitamin D levels (30). An Iranian 
study noted a negative correlation between the 
coronary artery calcium score and serum vitamin 
D level, concluding that vitamin D insufficiency 
was linked to coronary artery calcification and se-
verity of coronary artery stenosis (31).

Derived from risk assessment categories in vari-
ous studies and expert consensus, the SYNTAX 
score was developed as an angiographic tool to 
assess the complexity of CAD (32). Cerit et al found 
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no association between serum vitamin D levels 
and the SYNTAX score similar to our study (33). 
While Mehta et al reported a negative correlation 
between vitamin D levels and SYNTAX scores in 
their study (29). We found that, on multivariable 
logistic regression, SYNTAX score had a significant 
OR of 0.697 (0.557-0.873) for single vessel di-
sease and 1.27 (1.13-1.43) for triple vessel disease.

Study limitations
This study was conducted in a single centre with a 
restricted sample size. The fact that only the South 
Indian population was included may limit the 
e xternal validity of our findings. However, we have 

analysed vitamin D levels with angiographic evi-
dence of CAD, which was the major strength of 
our study. q

CONCLUSION

Patients with vitamin D deficiency had more in-
cidences of diabetes mellitus and high HbA1c 

levels. Vitamin D deficiency was a risk factor for 
single and triple vessel disease. Further multicen-
tric studies are warranted in this line. q
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