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Introduction

Coronary artery disease (CAD) represents the greatest leading 
cause of morbidity and mortality throughout the world despite 
current advances in primary preventive and state‑of‑the art 
interventional strategies for effective CAD treatment.[1] The 
major cause of CAD is the atherosclerosis of coronary arteries.[2] 
Atherosclerosis is characterized by endothelial dysfunction, 
vascular inflammation and the formation of atherosclerotic 
plaque.[3] This build‑up of atherosclerotic plaque causes an 
inadequate supply of oxygen to myocardial tissue leading 
to myocardial hypoxia. Consequently, the plaque rupture 
and atherothrombosis cause further narrowing of coronary 
arteries and almost occluding the blood flow leading to fatal 
acute coronary syndromes.[4] The most evident manifestation 
of CAD is the Acute myocardial infarction (AMI). Extensive 
research studies, the foremost among them is the Farmingham 

heart study findings had clarified the cause of cardiovascular 
diseases and emphasized on the critical role of classical risk 
factors in the development of CAD such as hyperlipidemia, 
hypertension, diabetes mellitus, smoking, diet, physical 
inactivity, and obesity.[5,6]

It should be pointed out; however, these risk factors can 
explain only a proportion of morbidity or mortality from CAD 
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disease. A better understanding of CAD pathophysiology might 
have a considerable impact on clinical management. Recent 
attention has been focused on new emerging risk factors 
with therapeutic implications, including an inflammatory 
biomarker, Vitamin D.[7] Beyond involvement of Vitamin 
D level in skeletal health such as bone metabolism and 
calcium homeostasis, growing evidence has linked Vitamin 
D deficiency to increased risk of CAD development.[8] An 
important factor for worldwide high prevalence of Vitamin D 
deficiency is because of insufficient sun exposure and limited 
induced Vitamin D production in the skin and low Vitamin 
D intake by nutrition.[9] Recent studies have demonstrated 
that Vitamin D deficiency is observed in patients suffering 
from CAD, and its major manifestations such as AMI.[10] A 
case–control study conducted on Danish population, which 
examined 53 patients hospitalized with AMI and compared 
them to 409 control subjects, and it was observed that Vitamin 
D levels were lower in patients with AMI as compared to 
healthy subjects.[11] In a similar study examined 30 patients 
with AMI matched with control subjects with age and gender, 
and showed a linearly decreasing risk of AMI associated with 
higher Vitamin D levels.[12] Another cross‑sectional study had 
also elucidated that low levels of Vitamin D are correlated 
with increased severity of cardiovascular pathology, prevalent 
myocardial dysfunction and heart failure. Thus, suggesting 
that Vitamin D supplementation is useful for treatment and 
prevention of CAD.[13]

The association between Vitamin D deficiency and CAD 
is most likely attributed to the following recent findings.[14] 
First, Vitamin D receptors (VDRs) are present in most cardiac 
tissues such as cardiomyocytes and vascular smooth muscle 
and maybe involved in the regulation of blood pressure and 
proliferation of vascular smooth muscle cells, myocytes, and 
regulation of cardiac cell growth. Moreover, VDR antagonists 
inhibit the development of atherosclerosis, calcification of the 
arteries, heart muscle hypertrophy and thrombosis.[15,16] Second, 
the proportional increase in prevalence of CAD, diabetes, 
hypertension and Vitamin D deficiency or insufficiency to 
the distance from the equator. Moreover, reduced sunlight 
exposure leads to Vitamin D deficiency because ultraviolet‑B 
induced Vitamin synthesis in the skin is the main factor of 
circulating 25‑hydroxyvitamin D (25(OH) D) concentration 
that are measured to assess Vitamin D status.[17,18] Third, 
Vitamin D deficiency has a role in the development and 
increase of traditional cardiovascular risk factors such as 
hypertension and diabetes mellitus. It has been shown that 
patients with other underlying disease conditions that are 
associated with Vitamin D deficiency are at higher risk of death, 
CAD events, and hospitalization compared to those related to 
their underlying diseases alone.[19] According to the significant 
association of Vitamin D deficiency with cardiovascular 
disease, it is imperative to determine the role of Vitamin D 
deficiency which can be potential therapeutic target for the 
treatment and prevention of CAD, and its major manifestation 
such as AMI. It is well‑known that Vitamin D insufficiency 

or deficiency is a prevalent disease worldwide, and it is noted 
to be a highly prevalent health problem in most parts of in 
Iraq.[20] However, the associations of Vitamin D deficiency 
with increased prevalence of AMI in Iraqi population have not 
yet been studied. The aims of this case‑control study are to 
determine the prevalence of Vitamin D deficiency in Iraqi AMI 
patients and to investigate the association between Vitamin D 
deficiency and AMI in Iraqi patients.

Materials and Methods

Study population
The study sample included 148 patients presented with acute 
AMI admitted to the causality department of the Surgical 
Specialty Hospital–Cardiac Center within 12 h of clinical signs 
and symptoms onset from March to May 2018. Diagnostic 
criteria of AMI were followed according to the guidelines of 
the European Society of Cardiology. The inclusion criteria 
consisted of patients of 20 years old and above, with evident 
myocardial injury biomarkers such as elevated troponins or 
creatine kinase myocardial band, prolonged heart ischemic 
signs or symptoms, electrocardiographic ST‑segment 
changes  and patients presenting within 24 h of symptoms 
onset of AMI. The control group consisted of 148 age‑and 
gender‑matched individuals without ischemic heart disease.

Those patients and control subjects with existing inflammatory 
or autoimmune diseases, pregnancy, anaemia, and acute 
or chronic liver and kidney diseases were not included 
in the study. All the AMI patients and control subjects 
provided written informed consent. Detailed medical history 
examination and laboratory assessment of vascular risk factors 
were performed. Case and control data were collected in the 
questionnaire including their personal histories, major risk 
factors, history of ischemic heart disease, and provided blood 
samples for laboratory analysis.

Laboratory analysis
Blood sampling for serum levels of 25(OH) D was obtained 
in ethylenediaminetetraacetic acid tubes as soon as the patient 
got admitted to the hospital and before initiating treatment. The 
level of total 25(OH) D (the major storage form of Vitamin D 
in the body) in patient’s serum was quantitatively measured by 
25(OH) D enzymatic cycling immunoassay method using Cobas 
Integra system (Roche Diagnostics). Following collection, the 
samples were centrifuged immediately at 4000 g for 10 min. 
The serum was separated and immediately stored at − 20°C 
until further analysis. Other laboratory biochemical parameters 
such as Lipid profile test including total cholesterol (mg/dL), 
high‑density lipoprotein cholesterol  (mg/dL), low‑density 
lipoprotein cholesterol  (mg/dL), triglyceride  (mg/dL) 
and hemoglobin A1C test for diabetes, were measured by 
enzymatic colorimetric method using Roche Cobas system. 
We classified the patients as per Table 1.

Statistical analysis of data
Data were analysed using the SPSS statistical software 
version  21  (SPSS, IBM Company, Chicago, IL, USA). 
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Differences in variables were tested using Student’s 
t‑test (continuous data) or the Chi‑square test (categorical data). 
A P ≤ 0.05 was considered as statistically significantly different.

Ethical consideration
The study was conducted in accordance with the ethical 
principles that have their origin in the Declaration of Helsinki. 
It was carried out with patients verbal and analytical approval 
before sample was taken. The study protocol and the subject 
information and consent form were reviewed and approved 
by a local ethics committee. This study was approved by the 
Ethics Committee of Hawler Medical University.

Results

This study consisted of 148 consecutive patients with 
AMI  (case group)  (102  males and 46  females), mean age: 
55.9  ±  12.8  years and 148 healthy individuals  (control 
group) (34 males and 114 females), mean age: 60.5 ± 10.5 years. 
Patients in both case and control groups were separated into 
four subgroups according to their serum 25(OH) D levels, 
as described in  [Table 1]. The mean of 25(OH) Vitamin D 
level was significantly lower in patients with AMI in case 
group (8.73 ng/ml) as compared to healthy individuals in the 
control group (13.60 ng/ml).

There was a significant difference in the prevalence rate of 
Vitamin D deficiency among the case and control groups, 
as shown in [Figure 1]. The prevalence of severe deficiency 
of 25(OH) D level  (<10 ng/ml) was significantly higher in 
patients with AMI  (67.6%) as compared to that in healthy 
individuals (51.4%) in the control group. Similar trend was 
observed for the prevalence of deficient Vitamin D level (≥10 
to  <  20 ng/ml) in cases  (28.4%) as compared to control 
group  (24.3%). Moreover, 4.1% of AMI patients showed 
insufficient 25(OH) D level in comparison to 13.5% in healthy 
individuals of control group. Interestingly there were no AMI 
patients with sufficient 25(OH) D level (30–100 ng/ml) while 
10.8% of healthy individuals in the control group showed 
sufficient 25(OH) D level.

The prevalence of severe Vitamin D deficiency was higher in 
female patients with AMI (75.0%) than male patients (62.7%). 
This difference was statistically significant  (P  <  0.001), as 
described in Figure 2.

Furthermore, the prevalence of Vitamin D levels according to 
the age of AMI patients is shown in Figure 3. Results showed 
that among patients with AMI in case group, the highest rate 

of severe Vitamin D deficiency level was in age group of 
60–69 years  (36.0%). The highest rate of deficient Vitamin 
D level was observed in age group of 50–59 years (40.9%). 
Whereas, the highest rate of insufficient Vitamin D level was 
observed in age group of 70–79 years  (66.7%). There was 
significant difference between the age groups (P < 0.05).

It was observed that 44.4% of female AMI patients in age group 
of 60–69 years showed high prevalence of severe Vitamin D 
deficiency level. Similarly, 50% of female AMI patients in age 
group of 50–59 years were observed with deficient Vitamin D 
level, as shown in [Table 2].

Discussion

Vitamin D deficiency is a highly prevalent condition worldwide. 
A growing number of data indicate that Vitamin D deficiency 

Table 1: Classification of 25-hydroxyvitamin D levels

Vitamin D status Serum 25(OH)D (ng/ml)
0–<10 ng/ml Severely deficient
≥10–<20 ng/ml Deficient
≥20–<30 ng/ml Insufficient
30–100 ng/ml Sufficient
>100 ng/ml Toxicity
25(OH)D: 25-hydroxyvitamin D
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Figure 1: Distribution of Vitamin D levels in patients with acute myocardial 
infarction and control subjects
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Figure 2: Distribution of Vitamin D levels in patients with acute myocardial 
infarction in relation to gender
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is present in up to 50% of healthy children [1]  and remains 
common in young adults.[21] Epidemiological studies suggest 
Vitamin D deficiency or insufficiency may adversely affect 
cardiovascular health. Vitamin D has significant roles beyond 
bone and calcium metabolism. Because VDRs are involved in 
the expression of nearly 3000 human genes, a deficiency could 
potentially affect numerous disease processes.[22]

Here, we assessed the prevalence of Vitamin D deficiency in 
patients with AMI among Iraqi population. Findings of this 
study present significant high prevalence of severe Vitamin 
D deficiency (67.6%) in AMI patients as compared to control 
group (51.4%). This indicates that there is a strong association 
between Vitamin D deficiency and developing risk of AMI. 
This study provides the first evidence that Vitamin D deficiency 
represents a novel risk factor for CAD and AMI.

The high prevalence of Vitamin D deficiency found in this study 
in AMI is consistent with other epidemiological observational 
studies. A study by Ng et al.[23] showed that 74% of patients 
with AMI had low Vitamin D levels, and of note, 36% of them 
had a severe deficiency. In line with this, a multicenter study 
reported that 96% of patients with acute coronary disease had 
low Vitamin D levels. Studies by Aleksova et al.[24] and De 
Metrio et al.[25] were similarly demonstrated a high prevalence 
of Vitamin D deficiency in patients with AMI of 68% and 
89%, respectively. Moreover, a recent study conducted in 
Karbala province of Iraq reported high significant prevalence 
of Vitamin D deficiency in patients with AMI compared to 
healthy controls.[26] Contrary to our study findings, a recent 
study by Mohammad et al.[27] and Rodriguez et al.[28] observed 
no significant difference in mean plasma Vitamin D levels 
between patients with CAD and healthy control group.

Correlation between Vitamin D deficiency and patient’s gender 
has been investigated in this study. The female gender was 
associated with more severe cases of Vitamin D deficiency in 
comparison to male patients with AMI and this was consistent 
with findings of a study by Lips et al.[29] Moreover, a lower 
serum 25(OH) D concentration among older patients with 
AMI  (age group of 60–69  years) were observed and this 
could partly be due the insufficient capacity of the skin to 
form Vitamin D after sunlight exposure. In conclusion, this 

study confirms the association of Vitamin D deficiency with 
increasing risk of CAD and AMI. New studies are necessary 
to determine the association of Vitamin D deficiency with 
conventional risk factors in patients with AMI.

Conclusions

Taken together, the present study supports the association 
between Vitamin D deficiency with increased risk of AMI 
development as severe Vitamin D deficiency is present in 
almost all patients with AMI in comparison to healthy controls. 
This study shed the light on primary prevention and control of 
CAD and AMI through screening for Vitamin D level in these 
patients and treatment of this very common vitamin deficiency.
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