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INTRODUCTION 
 

Vitamin D is metabolized by hepatic 25-hydroxylase 

then renal 1a-hydroxylase into its active form, calcitriol, 

which exerts its function on the vitamin D receptor 

(VDR) in nearly 30 different tissues.
[1]

 Most of the 

nutritional requirements of vitamin D are derived from 

cutaneous solar ultraviolet radiation (80–100%)
[2] 

and to 

a lesser extent from foods naturally containing or 

fortified with vitamin D.
[3]

 The best measurement for 

vitamin D status is its metabolite 25-hydroxyvitamin D 

(25[OH]D) level.
[4]

 

 

Vitamin D deficiency has been linked to several health 

outcomes
[5,6]

 including musculoskeletal (rickets, bone 

fractures, osteomalacia, osteopenia, osteoporosis and 

muscle weakness)
[3]

 and non-skeletal complications.
[6]

 

Non-skeletal complications include cardiovascular 

diseases and risk factors
[8]

 such as congestive heart 

failure
[9]

, impaired systolic and diastolic function
[11]

, 

myocardial infarction
[11]

, peripheral vascular disease
[14]

, 

abdominal aortic aneurysm in older men
[13]

, nonvalvular 

AF
[14,15]

 and hypertension.
[13]

 In addition, it was also 

associated with tuberculosis, rheumatoid arthritis, 

multiple sclerosis, inflammatory bowel diseases, 

cancers
[1,2]

, schizophrenia
[2]

, depression, cognitive 

deficits
[17]

, common obesity
[18]

, non-alcoholic fatty liver 

disease
[19]

, cystic fibrosis
[20]

, burn injuries
[21]

, type 1 

diabetes
[4]

, type 2 diabetes
[2,3]

, insulin resistance and 

metabolic syndrom25,e.
[26,27]

 

 

Vitamin D deficiency is widespread, the lowest vitamin 

D levels are commonly found in regions such as the 

Middle East and South Asia and the main risk factors 

were attributed to elderly women, higher latitude, winter 

season, less sunlight exposure, skin pigmentation, dietary 

intake and low vitamin D fortified foods.
[27]

 It was 

estimated that the prevalence of vitamin D deficiency is 

approximately 30–50% of the general population.
[28]

 

Furthermore, vitamin D deficiency is still common in 

sunshine countries.
[29]

 In a large Middle Eastern study of 

60,979 patients from 136 countries with yearlong 

sunlight, 82.5% of studied patients were found to have 

vitamin D insufficiency.
[30,31]

 

 

There is an epidemic of vitamin D deficiency worldwide, 

which represents a major factor of many chronic diseases 

and has led some authors to suggest annual vitamin D 

measurement coupled with adequate intake and greater 

awareness of its consequences
[4,31]

 In the United States, 

there was an increasing prevalence of vitamin D 

deficiency observed from a sample of 18,158 individuals 

between 1988 and 1994 compared with a sample of 
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ABSTRACT 

In this study, we aimed to find out correlation of vitamin D level with acute coronary syndrome and mortality 

Coronary artery disease and cardiovascular death is associated with Vitamin D deficiency. Vitamin D deficiency is 

associated with endothelial dysfunction which plays an important role in the pathogenesis of coronary artery 

disease. In this study, it is aimed to assess serum 25 (OH) vitamin D and its correlation with acute coronary 

syndrome and analyse the vitamin D status of the study population. Serum 25 (OH) vitamin D levels were 

measured in 400 cases of acute coronary syndrome and 400 matched controls. The association of vitamin D 

deficiency with other parameters such as age, gender, body mass index, lipid profile etc were also analysed. There 

were 64% of the ACS cases deficient in Vitamin D Vitamin D deficiency may be an independent and potentially 

modifiable cardiovascular risk factor that can be easily diagnosed and corrected.  

 

KEYWORDS: Acute coronary syndrome, Coronary Artery Disease, Vitamin D Deficiency. 
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20,289 individuals between 2000 and 2004 with 5–

9 nmol/l decrease in vitamin D levels.
[32]

 

Vitamin D levels were found to be lowest in Blacks, 

followed by Hispanics and Chinese, and adequate in 

Whites (Multi-Ethnic Study of Atherosclerosis 

MESA).
[33]

 Another study done by Yetley in 2008 

demonstrated that non-Hispanic blacks and Mexican 

Americans tend to have lower levels of vitamin D in 

comparison with non-Hispanic whites.
[34]

 He also found 

vitamin D to be significantly lower among obese and 

non-college educated individuals, as well as those with 

poor health statuses, hypertension, low high-density 

lipoprotein levels and low milk consumption. 

Furthermore, the level of vitamin D deficiency was 

found to be alarmingly lower in winter and spring in a 

study done in British adults.
[38]

 

 

Vitamin D and cardiovascular diseases 

Vitamin D deficiency has been linked to several 

cardiovascular risk factors.
[36,37]

 Through increased renin 

and angiotensin II synthesis, vitamin D deficiency can 

increase the production of reactive oxygen species and G 

protein RhoA, resulting in inhibition of the pathways 

necessary for intracellular glucose transporter and thus 

the development of insulin resistance and metabolic 

syndrome.
[25]

 In addition, direct effects of vitamin D 

upon smooth muscle calcification and proliferation could 

contribute to their effects on cardiovascular health.
[39]

 In 

the Inter99 study of 6784 individuals, high vitamin D 

level was associated with a favorable lipid profile and 

lower incidence of metabolic syndrome.
[39] 

 

Furthermore, in an analysis of NHANES III 1988–1994, 

low vitamin D was associated with cardiovascular 

disease (CVD)
[7,33,34]

 and select CVD risk factors, 

including diabetes mellitus (DM), obesity, and 

hypertriglyceridemia.
[24]

 In a prospective nested case-

control study between 1993 and 1999 of 18,225 US men 

(Health Professionals Follow-Up Study), low vitamin D 

was associated with a higher risk of myocardial 

infarction in comparison with sufficient 25(OH)D after 

multivariate adjustment.
[11]

 Kim and colleagues have 

found a high prevalence of hypovitaminosis D in 

individuals with cardiovascular diseases, namely 

coronary heart disease and heart failure, after controlling 

for age, race and gender, using data from NHANES 

2001–2004.
[8,37,38]

 

 

Additional prospective study of the Integrated 

Intermountain Healthcare system database of 41,504 

patients has shown an association between vitamin D 

deficiency and an increase in the prevalence of DM, 

HTN, hyperlipidemia, and peripheral vascular disease 

(PVD) (P < 0.0001) as well as with incident death, heart 

failure, coronary artery disease/myocardial infarction, 

stroke and their composite.
[40,41]

 Also, low serum 

25(OH)D was identified as casually associated with 

increased risk for CVD on the basis of Hill’s criteria for 

causality in a biological system.
[41]

 In a meta-analysis of 

19 prospective studies in 65,994 participants, Wang et al. 

have demonstrated a linear and inverse association 

between circulating vitamin D level and risk of 

cardiovascular diseases.
[42] 

 

The association of vitamin D deficiency with coronary 

artery diseases (CADs) have been investigated in many 

studies.
[43,44,45,46]

 In 1978, a Danish study found that low 

vitamin D levels were significantly associated with 

angina and myocardial infarction.
[47]

 In a multicenter US 

cohort study evaluating patients admitted with acute 

coronary syndrome (ACS), about 95% of patients were 

found to have low vitamin D levels.
[47]

 In a study 

conducted by Dziedzie et al., low vitamin D levels were 

observed in patients with myocardial infarction 

history.
[48]

 In a case-control study (n = 240), Roy et al. 

reported that severe vitamin D deficiency was associated 

with increased risk of acute myocardial infarction after 

adjusting for risk factors.
[49]

 Similar findings were 

reported from Health Professionals Follow-up Study 

which included 18,225 participants. In this study, at 10-

year follow-up, participants with normal vitamin D level 

had about half the risk of myocardial infarction.
[11]

 In a 

large prospective study (n = 10,170), low vitamin D 

levels were found to be associated with increased risk of 

ischemic heart disease, myocardial infarction, and early 

death during 9 years of follow-up.
[50]

 Additionally, in a 

meta-analysis of 18 studies, low vitamin D levels were 

found to have an increased risk of ischemic heart disease 

and early death.
[50] 

 

MATERIAL AND METHOD 
 

A total of 400 consecutive patients with ACS were 

studied at Dr RML IMS Lucknow. The inclusion 

criterion was ACS and the diagnosis was made on the 

basis of a compatible clinical profile in combination with 

electrocardiographic, echocardiographic and serum 

troponin
[9,10]

 while that of T2DM was made using the 

American Diabetes Association criteria.
[11]

 Patients were 

excluded if they had chronic kidney disease, heart 

failure, primary hyperparathyroidism, active malignant 

disease, and uncontrolled hyperthyroidism or 

hypothyroidism. No patients were on vitamin D 

supplements. 

 

We performed a prospective observational study in the 

patients from central India reporting to Dr RMLInstitute 

of Medical Sciences(DR RML IMS,LKO),India-226010. 

All Patients aged 45 years and above with Acute 

coronary syndrome over period between Apr 2017 to 

Dec2019(33 month) were included in the study 

population.Biochemical analysis of blood was performed 

on fresh samples at DR RML IMS LKO laboratories. 

These laboratories are authorized to perform tests 

according to the international quality standard. 

 

Variables 

Independent variables 

The main predictor in our study was serum 

25(OH)vitamin D level recorded during the study period, 

with values categorized into 4 groups (<10, 10–20, 20–

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5010093/#b9-cmed-9-2016-037
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5010093/#b10-cmed-9-2016-037
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5010093/#b11-cmed-9-2016-037
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30, and >30 ng/mL, respectively). The demographic 

covariates assessed were age group (45–64, 65–84 and 

>85 y), gender and population sector (general 

population). The 2 subgroups were targeted because they 

are assumed to be prone to have insufficient serum 

Viamin D. Clinical covariates included were body mass 

index (BMI; <25, 25–30, and >30 kg/m
2
), smoking status 

(never, former or current), uncontrolled diabetes 

(glycosylated hemoglobin [HbA1C] groups <7, 7–9, >9), 

low-density lipoprotein (LDL) level (categorized as 

<100, ≥100), systolic blood pressure (BP; <140, 140–160 

or >160. 

 

Statistical analysis 

The distribution of the sociodemographic and clinical 

characteristics was examined across the 4 vitamin D 

level groups in the study population and in the study 

population. Survival analysis, Kaplan-Meier and Cox 

proportional hazard regression were used to compare 

groups and estimate the hazard attributable to the 

combined outcome. Each participant was exposed from 

the time of the first vitamin D test and was right-

censored on leaving the hospital at the end of the study 

period. 

 

Kaplan-Meier survival curves were used to model the 

first occurrence of MACS between the first serum 

vitamin D assay and the end of the study period. Survival 

curves were generated for the 4 different serum vitamin 

concentrations for each age group and for the study 

population. Groups were compared using the logrank test 

to determine equivalence between strata. 

 

Cox proportional hazard multivariable models generated 

hazard ratios (HR) to examine the nonlinear association 

between MACS and serum vitamin D levels between 

Apr 2017 to December 31, 2019, controlling for 

covariates that were significant in the univariate analyses 

(P <.05). A HR >1 is associated with an increased 

probability of MACS.All statistical analyses were 

performed using SPSS software version 21.0. 

 

RESULT 

Table 1: Descriptive Statistics of the Study Population. 
 

 

Subjects With Serum Vitamin D ( ng/mL) Level in total patients(n-

400) 

<10 10–20 20–30 >30    Total number of ACS(%) ll 

Age      

45–64 58 56 52 50       216 (54%) 61 

65–84 36 39 42 44       161(40.25%) 34 

>85 8 5 5 5          23(5.75%) 5 

Total 
   

n-400 86 2 

Gender 
     

Males 23 31 34 36           n- 124 (31%) 46 

Females 77 69 66 64           n-276 (69%)  

Total 
   

no-400 54 

History of IHD 
     

No 96 95 95 94            n-380(95%) 95 

Yes 5 5 5 5         20(5%) n-400 5 

Blood pressure 
     

<140 84 86 88 89     n-347(86.75) 81 

140–160 12 11 10 9      n-52(10.50%) 15 

>160 4 3 2 2       n-11(2.75%) 4 

LDL, mg/dL 
     

<100 37 37 41 49     n-164  (41%) 34 

>100 63 63 59 51      n-236 (59%) 66 

HgbA1C 
     

Nondiabetic 46 53 57 58       n-214 (53.5%) 73 

<7 38 36 35 36       n-145(36.25%) 19 

7–9 11 8 6 5        n-30 (7.5%) 6 

>9 5 3 1 1        n-10(4%) 2 

Smoking status 
     

Never 77 73 74 74       n-294(73.50%) 72 

Former 9 13 13 14        n-49(12.25%) 9 

Current 14 %) 14 13 12        n-39(9.75%) 19 

BMI 
     

<25 24 28 36 44      n-132(33%) 27 

25–30 35 40 41 39      n-155  (38.7%)) 41 
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>30 41 32 23 17      n-113(28.25%) 32 

 

Table 2: Multivariate Analysis of the Hazard Ratio for MACS among the Studied Population. 
 

 β (SE) Hazard Ratio [95% CI] P Value 

Serum vitamin D, ng/mL    

<10 0.63 (0.02) 1.91 (1.83–2.00) <.001 

10–20 0.23 (0.02) 1.26 (1.22–1.31) <.001 

20–30  1.40( 1.12-1.20 <.002 

>30 0.12 (0.04) 1.13 (1.04–1.22) <.003 

Age group    

45–64 1.25(0.01) 2.62(2.65-2.78) <.001 

65–84 1.31 (0.02) 3.71 (3.55–3.87) <.001 

>85 2.61 (0.03) 13.6 (12.9–14.3) <.001 

Gender    

Female 0.49(0.018) 1.65( 1.63-1.72) <.001 

Male 0.58 (0.02) 1.79 (1.73–1.85) <.001 

History of IHD    

No  1 (Reference)  

Yes 0.48 (0.02) 1.61 (1.54–1.69) <.001 

Blood pressure    

<140 0.06(0.018) 1.05( 1.018-1.09) <.002 

140–160 0.07 (0.02) 1.07 (1.02–1.12) <.003 

>160 0.24 (0.04) 1.27 (1.18–1.36) <.001 

LDL, mg/dL    

<100 0.10(0.02) 0.77(0.71-0.80) <.001 

>100 −0.14 (0.02) 0.87 (0.83–0.91) <.001 

HgbA1C    

Nondiabetic 0.20(.02) 1.20(1.14-1.16) <0.001 

<7 0.22 (0.02) 1.24 (1.20–1.28) <.001 

7–9 0.53 (0.03) 1.70 (1.61–1.79) <.001 

>9 0.86 (0.04) 2.36 (2.17–2.55) <.001 

Smoking status    

Never 0.09(0.018) 1.09(1.04-1.10) <.001 

Former 0.10 (0.02) 1.10 (1.06–1.15) <.001 

Current 0.34 (0.03) 1.40 (1.34–1.47) <.001 

BMI    

<25  1 (Reference) <.001 

25–30 −0.22 (0.02) 0.80 (0.77–0.83) <.001 

>30 −0.14 (0.02) 0.87 (0.83–0.91)  

 

A subdivision of the serum vitamin D concentration 

levels found that the vitamin D level above 30 ng/mL 

was associated with the lowest risk of having a MACS 

This model was then stratified by gender; the results for 

men and women were similar, although the relative risk 

of MACS among those with the lowest vitamin D levels 

(below 10 ng/mL), as compared to normal levels, was 

greater among women. The lowest HR for MACS was 

found in those whose vitamin D level was above 30 

ng/mL for both genders. 

 

DISCUSSION 
 

In our comprehensive database, we have determined the 

safe range of serum vitamin D levels and suggested a 

threshold for low vitamin D, beyond which there are at 

increased risk for MACS (all-cause mortality and/or 

cardiovascular events). We defined a safe level of serum 

vitamin D more than 30 ng/mL. This finding is also 

corroborated by other studies, which describe a similar 

level of vitamin D level, centered around 30 to 40 

ng/mL.
[2,9,35] 

This safe range also applies to all-cause 

mortality; in the MACS outcome, 76% of the events 

were due to acute coronary with Vitamin D bellow 30 

ng/mL syndrome, whereas 24% pertained to all-cause 

mortality. 

 

Our findings also corroborated the expected association 

between typical risk factors (and potential confounders), 

such as age, gender, IHD history, hypertension, serum 

cholesterol, diabetes, smoking, and BMI, and the risk of 

MACS Furthermore, only about 35% of the patients fell 

into the safe vitamin D range, which is further 

corroborated by other studies.
[9,16,36]

 Furthermore, women 

were tested for serum vitamin D at a rate nearly twice 

that of men. This is not surprising, because women tend 
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to visit their family doctors more. Compared to other 

studies, the duration of our study (33 month) may be too 

short to capture acute coronary syndrome and mortality 

related to vitamin D blood levels adequately. Finally, 

individual polymorphic effects may affect the optimal 

serum vitamin-D, which may require personalized 

targets. 

 

In conclusion, we identified a safe target level of above 

30 ng/mL for serum vitamin D, which minimizes the risk 

for acute coronary syndrome and all-cause mortality, 

during a 33-month time period. 

 

A 12-year prospective cohort in the United States 

showed that those with vitamin D <30 ng/mL had a 

higher HR than those with >30 ngmLFurthermore, the 

odds ratio of >2.3 associated with low serum levels of 

vitamin D for acute coronary syndrome described by 

Zitterman etal
[36] 

further supports the burden and the risk 

of low serum vitamin D concentrations.
[40.41]

 

 

Abbreviations 

 BMI-body mass index. 

 BP-blood pressure. 

 CI-confidence interval. 

 HbA1C-glycosylated hemoglobin. 

 HR-hazard ratios. 

 IHD-ischemic heart disease. 

 LDL-low-density lipoprotein. 

 MACS-mortality in acute coronary syndrome. 

 QC-quality control. 

 

CONCLUSION 
 

Vitamin D in the more than 30 ng/mL was associated 

with the lowest risk for morbidity and mortality and less 

than 10ng/mL with highest morbidity and mortality The 

hazard ratio above more than 30ng/mL and and below 

10ng/mL increases significantly. 
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