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Background:Deficiency of 25-hydroxy vitamin D [25(OH)D] is a treatable condition that has been associatedwith
coronary artery disease andmany of its risk factors. A practical time to assess for 25(OH)D deficiency, and to ini-
tiate treatment, is at the time of an acute myocardial infarction(AMI). The prevalence of 25(OH)D deficiency and
the characteristics associated with it in patients with acute myocardial infarction are unknown.
Methods: In this study 25(OH)Dwas assessed in 314 subjects enrolled in a Sri Jayadeva Institute of Cardiovascular
Science and Research(SJICS&R). Patients enrolled from December 1, 2011 to February 28, 2012 had serum sam-
ples sent to a centralized laboratory for analysis using the ELECYS assay. Normal 25(OH)D levels are≥30 ng/ml,
and patients with levels b30 and N20 ng/ml were classified as insufficient and those with levels ≤20 ng/ml as

deficient. Vitamin D and other baseline characteristics were analyzed with T-test and chi-squared test.
Results: Of the 314 enrolled patents, 212 (67.5%) were 25(OH)D deficient and 50(16%) were insufficient, for a
total of 83.5% of patients with abnormally low 25(OH)D levels. No significant heterogeneity was observed
among age or gender sub groups but 25(OH)D deficiency was more commonly seen in those with lower socio-
economic status, lower activity levels, diabetes, hypercholesterolemia(LDL), hypertriglyceridemia and in
smokers.
Conclusion: Vitamin D deficiency is present in most of the patients with acute myocardial infarction and it is as-
sociated with many of its risk factors in our study.

© 2014 Published by Elsevier Ireland Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
1. Introduction

Vitamin D deficiency is highly prevalent worldwide [1], and is also
noted to be high in India [2,3]. Low levels of 25(OH)D the principle cir-
culating storage form of vitamin D, is present in as many as one third to
one half of otherwise healthymiddle aged to elderly population [1,4–6].
Limited cutaneous synthesis due to inadequate sun exposure or
pigmented skin and inadequate dietary intake are the principle causes
of low 25(OH)D levels.

Although the best characterised sequelae of vitamin D deficiency in-
volve musculoskeletal system, growing evidence suggests that vitamin
D axis affects vascular smoothmuscle cell proliferation [6], endothelium
[7] cardiomyocytes [1,8] inflammation, vascular calcification, renin–
angiotensin system (RAS) [9,10], blood pressure and LVH [10–12] all
AS, Renin angiotensin system;
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is an open access article under the C
ofwhich affect the risk of cardiovascular diseases andmyocardial infarc-
tion. However, the prevalence of vitamin D deficiency as well as the
characteristics associatedwith it in patients presentingwith acutemyo-
cardial infarction is unknown.

This is a prospective studyundertaken at SJICS&R, Bangalore, India to
describe the prevalence of vitamin D deficiency at the time of admission
for acute myocardial infarction.

2. Methods

We evaluated the subjects enrolled in our study. We collected infor-
mation of the patients admitted for AMI through chart abstraction, de-
tailed patient interviews, and serum samples at SJICS&R from
December 1, 2011 to February 28, 2012.

Inclusion criteria for the study are, age ≥ 20 years, biomarker evi-
dence of myocardial injury (elevated troponins or CKMB), supporting
evidence of AMI (eg., prolonged ischemic signs or symptoms, electro-
cardiographic ST-segment changes), and patients presenting within
24 h of symptoms onset. The study sample included 314 patients.
Those patients with prevalent cardiovascular diseases and kidney dis-
eases (serum creatinine N 1.6) were not included in the cohort. All the
participants providedwritten informed consent. Detailedmedical histo-
ry examination and laboratory assessment of vascular risk factors were
C BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).
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Fig. 1. Vitamin D levels in post-AMI patients.

Table 1
Vitamin D status.

Serum 25 (OH)D (ng/ml) Vitamin D status

≤20 Deficient
21–29 Insufficient
≥30 Sufficient
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performed. patient data included demographics, age, gender,
marital status, and education. Collected clinical variables included
smoking, alcohol consumption, hypertension, diabetes mellitus,
hypercholesterolemia, peripheral arterial disease, previous stroke, fam-
ily history of coronary artery disease (CAD), chronic lung disease, chron-
ic renal failure, chronic heart failure, previous angina, previous PTCA,
and CABG. Hypertension was defined as systemic BP ≥ 140 mm of hg,
diastolic BP ≥ 90 mm of hg, or use of anti hypertensive therapy [13].
Criteria for diabetes mellitus were fasting glucose ≥ 126 mg/dl or use
of insulin or hypoglycaemicmedications [14]. Current smoking denoted
regular use of cigarettes in the preceding year. Hypercholesterolemia is
defined as total cholesterol N 200 mg % and LDL cholesterol N 100 mg%
[15]. Hypertriglyceridemia is defined as TGL N 150 mg.

The serum samples were obtained as soon as the patient got admit-
ted to the hospital and before initiating medication (treatment). Data
collected included, complete hemogram, random blood sugar, glycosyl-
ated hemoglobin, renal function tests, lipid profile, cardiac enzymes,
troponins, CKMB, calcium, phosphorous and 25 (OH)D levels. The
serum 25(OH)D was determined by ECLIA from Elecsys Analyser. We
classified the patients as per Table 1 [16–18].

An Elecsys vitamin D total assay is intended for quantitative deter-
mination of the total 25-hydroxy vitamin D in human serum and plas-
ma. The electrochemiluminescence immunoassay “ECLIA” is intended
for use in Elecsys and cobas e immunoassay analysers. Levels of 25
(OH)D and other baseline characteristics were analyzed using T-test
and chi-squared test.
3. Results

During the enrolment period of December 1, 2011 to February 28,
2012, 314 patients admitted to SJICS&R Hospital consented to baseline
blood work and had 25 (OH)D levels assessed via ECLIA method.

Themean age for the total population in deficient groupwas 54.09±
12.26 years and for insufficient and sufficient groups was 52.23 ±
12.13 years (Table 2). 82.48% of the enrolled subjects were men and
17.5% were women (Table 2).

No significant heterogeneity was observed among age or gender sub
groups, but vitamin D deficiency was more commonly seen in patients
with low social support and lower activity level and diabetes (Table 2).
Table 2
Univariate association with vitamin D deficiency and insufficiency or sufficiency.

Variable 25 (OH)D (ng/ml) P value

≤20 N20

(n = 202) (n = 112)

Age 54.09 ± 12.26 52.23 ± 12.13 0.198
Men 157 (78%) 102 (91%)
Women 45 (22%) 10 (9%)
Smoking 108 (53%) 46 (41%) 0.035
Alcohol 3 (1%) 4 (4%) 0.230
Diabetes mellitus 101 (50%) 16 (14%) 0.002
Hyper tension 71 (35%) 35 (31%) 0.484
Total cholesterol (high) 146 (72%) 53 (47%) 0.006
HDL (low) 116 (57%) 55 (45%) 0.052
LDL (high) 146 (72%) 73 (65%) 0.190
TGL (high) 109 (54%) 48 (43%) 0.059

Data are expressed as mean ± SD or as number (percentage). Continuous variables were
compared using T-tests. Categorical variables were compared using chi-square test.
Vitamin D deficiency was also noted in patients with hypercholester-
olemia, hypertriglyceridemia and smokers with AMI (Table 2). At
baseline 212 subjects (67.5%) were found to have 25(OH)D levels ≤
20 ng/ml, which is in the deficient range. Another 50 subjects (16%)
were in the insufficient range, with vitamin D levels of 20 to 30 ng/ml.
Majority of the subjects (83.5%) were in the suboptimal range of
25(OH)D (normal ≥ 30 ng/ml). (Fig 1)
4. Discussion

This study evaluated vitamin D status in patients admitted for
AMI at SJICS&R—a tertiary care centre. Our data suggested that there
is high prevalence of vitamin D deficiency or insufficiency (83.5%) in
AMI patients. This data is consistent with data associating CAD and
many of its risk factors with 25(OH)D deficiency [16,19]. Studies have
shown that individuals with vitamin D deficiency were at higher risk
of ischemic heart disease [20–22]. There is a significant association be-
tween osteoporosis and vascular calcification and vitamin D levels are
inversely related to vascular calcification which in turn may affect AMI
risk [23].

Our data also noted that there is more vitamin D deficiency in
patients who are having diabetes mellitus, confirming previously
described associations [24]. Vitamin D deficiency with dietary calcium
deficiency has been associated with impaired fasting glucose and possi-
bly type 2 diabetes mellitus which is a risk factor for cardiovascular dis-
ease [25,26] which possibly explains the increased prevalence of
vitamin D deficiency in our diabetic subgroup.

Animal studies have shown that vitamin D regulates RAS by sup-
pressing renin gene expression, deficiency leading to increased renin
production and hypertension [27,12], though in our study hypertension
was equally distributed between the two groups.

Skin pigmentation has a vital role in vitamin D production. Darker
skin individuals produce less vitamin D with same ultraviolet B radia-
tion as compared to fairer skin [28]. This explains the higher prevalence
of vitamin D deficiency in our cohort as all the study subjects were
Indians with dark skin.

Patients with high cholesterol high triglyceride levels and who
smoke are high risk factors for cardiovascular disease and these are
associated with vitamin D deficiency and myocardial infarction.

Other observations made from the study were lower socioeconomic
status patients and sedentary life style were other risk factors for vita-
min D deficiency. Low vitamin D levels in lower socioeconomic status
patients may be because of poor dietary intake of nutritional supple-
ments and sedentary patients may have less sun exposure for adequate
25(OH)D production.

Vitamin D can adversely affect many aspects of health, especially
musculoskeletal and immunological function. Although there are no
randomised trials to explain that normalising vitamin D levels will im-
prove cardiovascular health and prognosis, it is reasonable to screen
AMI patients for vitamin D deficiency and to correct deficient levels
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according to nationally established consensus guidelines to optimize
overall health.

Limitations of the study include small number of study group done
especially during the early part of the year. The studywasnot conducted
throughout the year, so that we are unable to comment on the seasonal
variation and its influence on the vitamin D levels.

Another limitation of the study is lack of an adequate control group
with normal vitamin D levels. Because of large proportion of patients
who were vitamin D deficient or insufficient, we did not have an ade-
quate group for comparison.

5. Conclusions

Vitamin D deficiency is present in most of the patients with acute
myocardial infarction and it is associated with many of its risk factors
in our study. Prospective studies are needed to investigate benefits of
screening and treatment of this very common vitamin deficiency for
prevention of cardiovascular diseases.
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