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Background: Vitamin D deficiency is considered an emerging health problem that affects at 
least one billion patients worldwide. Calcitriol 1,25(OH)2D3 has several systemic effects, 
including anti-inflammatory, anti-thrombotic and anti-atherosclerotic impacts that explain its 
cardioprotective effects. The precise association between vitamin D and its metabolites and 
the value of supplements in acute coronary syndrome (ACS) is still controversial. This study 
aims to search the association between vitamin D2, D3, and metabolites and ACS in patients 
undergoing coronary angiography.
Materials and Methods: This was a case–control study on 73 consecutive adult patients 
with ACS undergoing coronary angiography compared to 50 controls without coronary artery 
disease and matched for age and sex from June 2019 till July 2019. Echocardiography and 
coronary angiography were done for all cases. Plasma vitamin D and its metabolites were 
measured at admission for all participants along with chemistry profiles.
Results: Vitamin D and its metabolites were statistically significantly lower in ACS patients 
than the controls. Multivariate regression analysis revealed that low levels of 25- 
hydroxyvitamin D (25(OH)D) and 1,25-dihydroxyvitamin D (1,25(OH)2D) significantly 
predicted ACS occurrence; the other significant predictors were high systolic blood pressure 
(BP), high total cholesterol, and low high-density lipoprotein-cholesterol. Interestingly, 
vitamin D2 and D3 did not significantly predict ACS (p>0.05). We did not find 
a statistically significant association between the number of affected coronary vessels and 
vitamin D metabolites. Moreover, there was no statistically significant correlation between 
vitamin D and its metabolites and left ventricular ejection fraction measured by 
echocardiography.
Conclusion: There was a strong association between vitamin D and all its metabolites with 
ACS. Significantly, low 25(OH)D and 1,25(OH)2D predicted ACS, but vitamin D2 and D3 

did not. Large randomized controlled trials are needed to verify the beneficial values of 
vitamin D supplementation in ACS patients.
Keywords: vitamin D3, vitamin D2, 25-hydroxyvitamin D, 1,25-dihydroxyvitamin D3, acute 
coronary syndrome, coronary artery disease

Introduction
Coronary artery disease (CAD) is considered the leading cause of morbidity and 
mortality worldwide.1 New emerging risk factors have been proposed to be sig-
nificant predictors of atherosclerosis and subsequent complications. Among them, 
vitamin D deficiency may be involved in the pathogenesis of acute coronary 
syndrome (ACS).2
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The prevalence of vitamin D deficiency has increased 
among all populations and ethnicities in the last few 
years.3 It was identified as a pandemic affecting approxi-
mately one-third of the Americans,4 60% of the 
Canadians,5 and 40% of the Europeans.6 Additionally, in 
Saudi Arabia, low 25-hydroxy vitamin D (25(OH)D) was 
found in 36.8% to 62.65% of females and 17.7% to 40.6% 
of males.7,8

In addition to the effects of vitamin D on calcium 
homeostasis,9 it has beneficial anti-inflammatory and anti- 
atherosclerotic effects.10 Moreover, hypovitaminosis D has 
been associated with atherosclerotic cardiovascular disease 
(CVD),2 higher post-ACS complications,11 and metabolic 
diseases, eg, metabolic syndrome and insulin resistance.12

While the exact mechanism of increased cardiovascular 
risk in patients with vitamin D deficiency has not yet been 
established, multiple hypotheses have been postulated. 
Vitamin D receptors (VDRs) have been distributed widely 
throughout the cardiovascular system.13 Vitamin 
D reduces cardiac ischemia-reperfusion injury and reactive 
oxygen species14 and shows favourable effects on inflam-
mation and thrombosis.15 Additionally, low 25(OH)D 
levels promote atherosclerosis, chronic inflammation, 
endothelial dysfunction and arterial calcification.16 

Moreover, vitamin D insufficiency may activate the renin- 
angiotensin system17 and increase insulin resistance, 
endothelial dysfunction, inflammation, platelet function, 
and blood pressure (BP).18 Furthermore, an experimental 
trial revealed that vitamin D supplementation suppressed 
vascular inflammation by inhibiting the Nuclear Factor-κB 
(NF-κB) pathways and decreasing the process of athero-
sclerosis and hence subsequent CAD.19 Additionally, 
a study demonstrated an inverse association between 
matrix metalloproteinase 9 and vitamin D in 139 acute 
myocardial infarction (AMI) patients.20

The two forms of vitamin D are vitamin D2 (D2), 
which is present in plant foods, and vitamin D3 (D3), 
which is formed in the skin upon exposure to sunlight 
and from animal food.21 D3 is three times more effective 
than D2 in humans.22 Both D2 and D3 undergo hepatic 
hydroxylation at position 25 to generate 25(OH)D, ie, 
calcidiol.23 Further, one α-hydroxylation is taken place to 
produce 1,25-dihydroxyvitamin D (1,25 (OH)2D), ie, cal-
citriol, which is the active form of vitamin D, but it 
circulates in lower concentrations when compared to 25 
(OH)D.24

Although several studies were done on the 25(OH)D, 
there is no single study on the association of different 

forms of vitamin D and their metabolites and the acute 
coronary syndrome on our population. Therefore, it would 
help to study the potential association between vitamin 
D forms with their metabolites and ACS in our population.

Methodology
Study Population
The present study is a case–control study that included 73 
consecutive adult patients with ACS admitted to the cor-
onary care unit at the Madinah Cardiac Centre, a tertiary 
care hospital, Al-Madinah Al-Munawara, that is consid-
ered one of the referral centres for the western region of 
Saudi Arabia, during the period from June 2019 till 
July 2019. The controls were 50 age- and gender- 
matched subjects free from previous CVD recruited from 
the attendants or relatives of noncardiac patients. We 
included adult patients (age >18 years old) with ACS. 
We excluded patients with chronic coronary syndrome, 
pregnancy, malignancy, thyroid disease, advanced chronic 
kidney disease (stage 4 or 5), and liver disease.

Collection of Data
Clinical Data
We interviewed the patients and obtained a full history and 
complete examination. Specifically, the history included 
personal demographic data and the traditional CVD risk 
factors. Furthermore, a complete cardiac examination, 
electrocardiogram (ECG), echocardiography, and diagnos-
tic coronary angiography were done on all patients.

Criteria of Diagnosis of Risk Factors
Hypertension was considered if the patient was previously 
diagnosed or on active anti-hypertensive treatment.25 The 
patient was considered diabetic if glycated haemoglobin 
(HbA1c) is 6.5% or more, previously diagnosed, or on 
antidiabetic treatment.26 Smoking was considered if 
patients smoked at least 100 cigarettes or currently smok-
ing. While Ex-smokers were patients who smoked 100 
cigarettes or more, but they are not currently smoking, 
and they have not smoked for two years. Ex-smokers and 
never-smokers were considered non-smokers.27 Serum 
cholesterol and its lipoproteins are directly linked to the 
development of CVD. General population studies suggest 
that the optimal levels of total cholesterol and LDL-C is 
150 mg/dL (3.8 mmol/L), and 100 mg/dL (2.6 mmol/L), 
respectively.28 In cases with a very high risk of CVD, ie, 
secondary prevention, the target is a reduction of LDL-C 
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≥50% from baseline and an LDL-C goal of <1.4 mmol/L 
(<55 mg/dL).29

HDL-C is associated with the risk of CVD30 even 
though no specific goals have been set for HDL-C in 
clinical trials.29

Diagnosis of ACS
The acute myocardial infarction requires at least two of the 
following: symptoms suggestive of ischemia, diagnostic 
ECG, and elevated cardiac biomarkers.31 ECG suggestive 
of ACS includes presumably new pathologic Q waves or 
a new left bundle branch block. Moreover, ST-elevation is 
≥0.1 mV in 2 or more contiguous limb leads and/or ≥0.2 
mV ST elevation in chest leads.32 Unstable angina was 
diagnosed in patients presenting with symptoms sugges-
tive of ischemia without cardiac biomarker elevation, and 
ECG might indicate ischemia.33

Laboratory Data
Blood samples were collected from the study subjects 
under aseptic measures by venipuncture within 24 h of 
admission. The samples were immediately centrifuged on- 
site at 2000×g for 10 minutes at 4°C and then stored at 
−70°C until the analysis. Serum samples were thawed at 
room temperature just before analysis. Serum samples 
were analyzed at the College of pharmacy-Taibah 
University laboratories. Serum levels of vitamin D, includ-
ing D2, D3, 25(OH)D, and 1,25(OH)2D, were measured by 
the ultra-performance liquid chromatography (UPLC) sys-
tem with a tandem mass detector system,34 which was 
made up of Waters Quattro Premier XE tandem mass 
spectrometer (Waters Corporation, USA).

Regarding the diagnosis and categorization of serum 
levels of 25(OH)D deficiency that was based on the United 
States Endocrine Society guideline, 25(OH)D deficiency 
was serum level ≤20 ng/mL, and 25(OH)D insufficiency 
with serum level between 20 and 29.99 ng/mL, while the 
normal values were ≥30 ng/mL.35

Ethical Considerations
This work was done and accepted by the research ethics 
committee of the faculty of Medicine, Taibah University, 
Al-Madinah Al-Munawara, Saudi Arabia. All patients who 
were enrolled in the study agreed on written informed 
consent. Patients were told that their details would be 
confidential. The current study was conducted in accor-
dance with the World Medical Association Declaration of 
Helsinki.

Statistical Analysis
SPSS 21.0 software was used for data analysis (SPSS Inc. 
Chicago, USA). All quantitative data were presented by 
the mean and standard deviation (SD), and they were 
compared by Student’s t-test when data were normally 
distributed, while the Mann–Whitney test has been used 
when data were not normally distributed. Additionally, all 
qualitative data were expressed as frequency and per cent, 
and they were compared by Chi-square test. Pearson’s 
correlation was used to determine the correlation between 
two quantitative variables with normally distributed data. 
Meanwhile, Spearman correlation was used to test the 
correlation between two quantitative variables having 
non-normally distributed data. Moreover, multiple logistic 
regression models (the enter mode) have been used to give 
an adjusted odds ratio and 95% confidence interval of the 
effect of different risk factors for ACS. A statistical sig-
nificance was considered when the p-value was 
below 0.05.

Results
The current study included 73 cases with ACS compared 
to 50 volunteers without a history of ACS as a control 
group. Overall, the participants’ age ranged from 30 to 83 
years old, with an overall mean±SD of 56.7±11.5. The 
baseline characteristics of our study population were 
reported in Table 1. In this study, statistically significant 
differences have been found between cases and controls 
regarding the medical history of diabetes and hypertension 
(p<0.001) (Table 1).

In Table 2, there were statistically significant differ-
ences between the ACS cases and the controls regarding 
the systolic blood pressure (p=0.002). In addition, blood 
glucose was significantly higher in the ACS than in the 
controls. Notably, lipid profile results were also signifi-
cantly different between the two groups (p<0.001). 
Haematological parameters such as haemoglobin, white 
blood cell count, and platelet count showed a significant 
difference between the ACS and the control groups 
(p<0.001).

To assess the possible association between vitamin 
D and the development of ACS, we measured vitamin 
D2, D3 and the metabolites and found that the mean±SD 
of all measured vitamin D forms and the metabolites were 
significantly lower in the ACS group than in the control 
group with a p-value <0.001 (Table 3). In addition, the 
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study showed that 25(OH)D was either deficient or insuf-
ficient in all ACS cases (Figure 1).

In the current study, all variables significantly (p<0.05) 
associated with ACS in univariate analysis were included 

in multivariate regression analysis models in addition to 
age and gender. High systolic blood pressure and high total 
cholesterol level were independently associated with ACS 
among participants (OR=1.128, 95% CI=1.007–1.264) and 
(OR=8.286, 95% CI=1.073–63.972), respectively. While 
the lower levels of high-density lipoprotein cholesterol 
(HDL-C), 25(OH)D, and 1,25(OH)2D were independently 
associated with ACS among participants (OR=0.001, 95% 
CI=<0.001–0.040; OR=0.218, 95% CI= 0.065–0.732; 
OR=0.545, 95% CI=0.311–0.956), respectively (Table 4).

As shown in Figure 2, more than half of the ACS 
cases (65.8%) presented with single-vessel CAD. While 
the frequencies of different affected coronary arteries; 
left main (LM), left anterior descending (LAD), left 
circumflex (LCX), and right coronary artery (RCA), 
were 11.0%, 54.8%, 34.2%, and 47.9%, respectively 
among the studied ACS cases. Moreover, the mean±SD 
of the left ventricular ejection fraction was 36.59±12.46 
in the ACS group. Interestingly, no significant correla-
tions (p>0.05) have been found between all the vitamin 
forms and metabolites and the number of affected ves-
sels (it was ranging from 1 to 3 vessels) and the left 
ventricular ejection fraction among the studied group of 
ACS cases (Table 5). Meanwhile, a statistically signifi-
cant correlation has been found between 25-hydroxyvita-
min D and 1,25-dihydroxyvitamin D (p<0.001, r=0.88) 
among the same group of patients (Figure 3).

Discussion
Deficiency of vitamin D is a worldwide health problem with 
a high prevalence among the general population.36 Most 

Table 1 General Characteristics of Study Participants

Variables Participants (n=123) p-valuea

ACS 
Cases* 
(n=73)

Control 
(n=50)

No % No %

Age:
<45 6 8.2 9 18.0 0.103
≥45 67 91.8 41 82.0

Gender:
Male 57 78.1 38 76.0 0.78
Female 16 21.9 12 24.0

History of Diabetes:
No 27 37.0 42 84.0 <0.001*
Yes 46 63.0 8 16.0

History of hypertension:
No 31 42.5 41 82.0 <0.001*
Yes 42 57.5 9 18.0

Smoking:
No 47 64.4 37 74.0 0.26
Yes 26 35.6 13 26.0

BMI:
Underweight or normal 26 35.6 16 32.0 0.67
Overweight or obese 47 64.4 34 68.0

Notes: aChi square test. *P-value < 0.05 is considered statistically significant. 
Abbreviations: ACS, acute coronary syndrome; BMI, body mass index; no, 
number.

Table 2 Clinical Parameters, Blood Glucose, Lipid Profile, and Hematological Tests Among Participants

Parameters Participants (n=123) P-value

ACS Cases (n=73) Mean±SD Controls (n=50) Mean±SD

Systolic BP (mmHg) 129.60±21.72 118.48±13.29 0.002**
Diastolic BP (mmHg) 75.42±10.64 77.54±10.29 0.275**

Glucose Level (mg/dL) 168.86±63.39 125.75±25.58 <0.001**
TC (mmol/L) 4.48±1.41 3.05±0.44 <0.001**
LDL-C (mmol/L) 2.90±1.24 1.92±0.69 <0.001*
HDL-C (mmol/L) 1.00±0.25 1.18±0.12 <0.001**
Triglycerides (mmol/L) 1.24±0.77 1.21±0.81 0.361*

Hb (g/dL) 13.21±1.99 11.25±0.89 <0.001**
RBCs (106/uL) 4.63±0.63 4.69±0.64 0.653**
Total WBCs (103/uL) 10.55±3.29 7.18±1.29 <0.001**
Platelets (103/uL) 267.98±75.36 215.10±25.37 <0.001**

Notes: *P-value of Mann Whitney test. **P-value of Student’s t-test. P-value < 0.05 is considered statistically significant, and is bolded. 
Abbreviations: ACS, acute coronary syndrome; BP, blood pressure; TC, total cholesterol; LDL-C, low-density lipoproteins cholesterol; HDL-C, high-density lipoproteins 
cholesterol; Hb, haemoglobin; RBC, red blood cells; WBC, white blood cells.
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studies were conducted on the association between 25(OH) 
D and myocardial infarction. The current study was a single- 
centre study conducted in Saudi Arabia, compared serum 
vitamin D2, D3, their metabolites in ACS patients, and age 
and gender-matched controls without CVD.

Our main finding was a highly significant difference 
between the ACS cases and the controls regarding all 
forms of vitamin D and the two metabolites. The mean 
vitamin D2, D3, 25(OH)D, and 1,25(OH)2D were signifi-
cantly lower in the ACS cases compared to the controls 
(Table 3). Moreover, the 25(OH)D deficiency was signifi-
cantly prevalent in our cohort, and there was 
a significantly higher prevalence in ACS patients (91.4%) 
compared to the control group (14%).

The regression analysis demonstrated the strongly 
associated predictors with ACS. Low serum levels of 25 
(OH)D and 1,25(OH)2D significantly predicted ACS 
occurrence. Moreover, high total cholesterol (TC) and 
HDL-C significantly predicted ACS, as did high systolic 
BP. Conversely, the D2 and D3 did not significantly predict 
the occurrence of ACS.

In line with our findings, several studies have shown 
the association between deficiency of 25-hydroxyvitamin 
D and the risk of CAD or AMI in multiple ethnicities.37–40 

Moreover, 25(OH)D deficiency has been associated with 
more severe CAD on coronary angiography.41 While sub-
jects with normal serum levels of 25(OH)D were at 
a lower risk for AMI compared to 25(OH)D deficient 
ones after adjustment for potential confounders.42

Additionally, several studies showed that low 25(OH)D 
prevalence was as high as 68–96% in ACS patients.43–46 

Of note, the median serum 25(OH)D was as low as 18 ng/ 
mL in 206 AMI patients.47

On the other side, the abnormally high 25(OH)D can 
be associated with high major adverse cardiac events and 
total mortality, that is, a U-shape curve.48 Rajasree et al 
enrolled 143 men with CAD and 70 male controls. High 
levels of 25(OH)D (>89ng/mL) were found in 59.4% of 
the CAD cases vs 40.6% in the controls. CAD patients 
with high serum 25(OH)D levels had more than a three- 
fold increase likelihood of having CAD, even after adjust-
ing with multivariate logistic regression.49

91.80%

8.20%
0.00%

14.00%

80.00%

6.00%

0%

20%

40%

60%

80%

100%

Deficiency of 25(OH)D Insufficiency of 25(OH)D Normal values of 25(OH)D

ACS Cases
Controls

Figure 1 Distribution of serum 25(OH)D among the study participants. 25(OH)D deficiency: serum level ≤20ng/mL, insufficiency: 20.01–29.99ng/mL, and normal values: 
>30ng/mL. 
Abbreviations: ACS, acute coronary syndrome; 25(OH)D, 25-hydroxyvitamin D.

Table 3 Serum Levels of Vitamin D2, D3, and the Metabolites Among Participants

Parameters Participants (n=123) P-value

ACS Cases* (n=73) Mean±SD Controls (n=50) Mean±SD

Vitamin D2 (ng/mL) 23.48±5.12 31.64±6.26 <0.001*
Vitamin D3 (ng/mL) 23.13±5.64 32.35±6.31 <0.001*
25(OH)D (ng/mL) 14.65±3.46 24.42±4.25 <0.001*
1,25(OH)2D (pg/mL) 45.56±8.85 65.15±7.15 <0.001*

Notes: Student’s t-test was used. *P-value < 0.05 is considered statistically significant, and is bolded. 
Abbreviations: ACS, acute coronary syndrome; 25(OH) D, 25-hydroxyvitamin D; 1,25(OH)2D, 1,25-dihydroxyvitamin D.
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Regarding 1,25(OH)2D or calcitriol status, we found that 
the active vitamin D metabolite calcitriol is directly corre-
lated to calcidiol. This finding agreed with the work of 
Dobing et al,50 as they showed a significant association 
between low calcidiol and calcitriol and cardiovascular and 
total mortality. Renal function is the main factor affecting the 
serum level of calcitriol.51 Renal impairment causes 
a defective renal hydroxylation of calcidiol; therefore, it 
was recommended to supplement calcitriol or one of its 
analogues to those patients to raise their blood level, resulting 
in increased survival.52 Notably, the active form of vitamin 
D has both cardioprotective and pleiotropic effects and 
increases thrombomodulin and decreases tissue factor.53

In line with our results on the systolic BP as a predictor 
of ACS, “The Third National Health and Nutrition 
Examination Survey” has reported a significant increase 
in the prevalence of hypertension [OR = 1.30, p < 0.001] 
in patients with low 25(OH)D (<21 ng/mL) compared to 
those patients with level more than 37 ng/mL.54 In addi-
tion, a study confirmed the relationship between the TC, 
low-density lipoprotein cholesterol (LDL-C), HDL-C, and 
non-HDL-C and ACS vs control group.55

Concerning LVEF by echocardiography, we did not find 
a statistical correlation between the LVEF and vitamin D2, 

D3, and metabolites [calcidiol and calcitriol]. In agreement 
with our finding, Pandit et al56 found no significant associa-
tion between LVEF and 25(OH)D despite adjustment by age 
and hypertension treatment. Conversely, Pilz et al57 have 
shown that vitamin D decreased with impaired LV function. 
Moreover, vitamin D deficiency was significantly associated 
with sudden cardiac death and death due to heart failure. This 
study was done on 3,299 patients who were referred for 
coronary angiography. They did not recruit ACS patients. 
Our study was on ACS patients and recruited a relatively 
small number of cases. Interestingly, the early LVEF few 
days after AMI did not predict the subsequent value. As 
demonstrated with the study of Chew et al in 2018, they 
studied 3 cohorts with AMI and found that LVEF showed 
a 25% to 37.5% increase from the baseline EF during the 
presentation of AMI to 2–8 weeks post-AMI.58

We did not find a statistically significant difference in 
the vitamin D level between one-vessel and three-vessel 
disease regarding the coronary angiography results. On the 
contrary, Syal et al found a significantly higher incidence 
of double- and triple-vessel CAD in patients with low 25 
(OH)D compared to those with a normal 25(OH)D level 
(53% and 38%, respectively).41 Of note, we do not have 
any ACS patients with an optimal range of 25(OH)D. 
Thus, all our patients were in the deficient and insufficient 
categories of 25(OH)D.

Though the deficiency of vitamin D was significantly 
associated with CAD and ACS in many studies, the role of 
vitamin D supplementation was investigated recently. In the 
large randomized trial for primary prevention, the Vitamin 
D and Omega-3 Trial (VITAL), a relatively large supple-
mental vitamin D (2000 IU) dose failed to reduce the com-
posite endpoint of major cardiovascular events.59

Conclusions
This study showed that vitamin D and all its metabolites 
were statistically significantly deficient in all patients with 

Table 4 Factors Associated with ACS Among the Study Participants

Variables P-value Adjusted (OR)** 95% CI

25(OH)D (ng/mL) 0.014* 0.218 0.065–0.732
1,25(OH)2D (pg/mL) 0.034* 0.545 0.311–0.956

Systolic BP 0.038* 1.128 1.007–1.264

TC 0.043* 8.286 1.073–63.972
HDL-C 0.011* 0.001 <0.001–0.040

Notes: *P-value < 0.05 is considered statistically significant, and is bolded. **Odds ratio has been adjusted by regression analysis for all possible confounders. 
Abbreviations: ACS, acute coronary syndrome; 25(OH) D, 25-hydroxyvitamin D; 1,25(OH)2D, 1,25-dihydroxyvitamin D; BP, blood pressure; TC, total cholesterol; HDL- 
C, high-density lipoproteins cholesterol.

65.80%

20.50%

13.70%

0% 10% 20% 30% 40% 50% 60% 70%

Single-vessel CAD

Double-vessel CAD

Triple-vessel CAD

Figure 2 Percentage of single, double and triple vessel CAD among the studied 
cases of ACS (n=73). 
Abbreviations: ACS, acute coronary syndrome; CAD, coronary artery disease.
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ACS compared with the controls. In addition, we demon-
strated that 25(OH)D, 1,25(OH)2D, high systolic BP, total 
cholesterol, and low HDL-C were statistically significant 
ACS predictors. Conversely, there was no association 
between the number of affected coronary vessels and 
vitamin D and its metabolites.

Future Research Perspectives
The clinical benefits of screening and treating vitamin 
D deficiency might reduce CVD morbidity and mortality. 
Thus, vitamin D supplementation is recognized as 
a potential therapeutic agent in patients with vitamin 

D insufficiency/deficiency and cardiovascular diseases. 
However, vitamin D administration has many challenges, 
including possible high toxicity levels and low bioavail-
ability. Thus, a potential new method such as using nano-
technologies to deliver the optimal amount of vitamin 
D either by incorporating into foods or therapies to 
enhance vitamin D bioavailability and effectiveness and 
overcome some of the drawbacks of the traditional way of 
administration.60 We suggest that acute administration of 
25(OH)D, or 1,25(OH)2D for admitted ACS patients in 
large interventional randomized clinically controlled trials 
might improve patients’ outcomes. However, further 

Table 5 Correlations of Vitamin D2, D3, and the Metabolites with the Number of Affected Coronary Arteries and LV Ejection 
Fraction Among ACS Cases (n=73)

Parameters Number of Affected Coronary Arteries (1–3) LVEF (%)

r p-value* r p-value*

Vitamin D2 (ng/mL) 0.075 0.529 0.087 0.467
Vitamin D3 (ng/mL) 0.035 0.771 0.161 0.327

25(OH)D (ng/mL) 0.044 0.710 0.155 0.190

1,25(OH)2D (pg/mL) 0.023 0.846 0.113 0.339

Notes: Spearman correlation was used. *P-value < 0.05 is considered statistically significant. 
Abbreviations: ACS, acute coronary syndrome; r, Spearman correlation coefficient; LVEF, left ventricular ejection fraction; 25(OH) D, 25-hydroxyvitamin D; 1,25(OH)2D, 
1,25-dihydroxyvitamin D.

Figure 3 Correlation between 25(OH) D and 1,25(OH)2D levels among the studied acute coronary syndrome cases (n=73). 
Notes: Pearson’s correlation was used. *P-value < 0.05 is considered statistically significant, and bolded. 
Abbreviations: ACS, acute coronary syndrome; r, Pearson’s correlation coefficient; 25(OH)D, 5-hydroxyvitamin D; 1,25(OH)2D, 1,25-dihydroxyvitamin D.
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factors should be considered with supplementation of vita-
min D. Those include but are not limited to parathormone, 
phosphate, renin, and fibroblast growth factor.

Dual actions of VDR in transcription and non-genomic 
activation of RhoA–Rho-associated coiled kinase (ROCK), 
p38 mitogen-activated protein kinase (p38MAPK), and mito-
gen- and stress-activated kinase 1 (MSK1) may be a useful 
molecular therapeutic target to develop novel cardioprotec-
tive drugs.61 It was reported that vitamin D mitigated cardi-
omyocyte apoptosis, mitochondrial fission, mitophagy, and 
their ultrastructural abnormalities. Targeting signalling net-
works of inflammation and oxidative stress may be helpful. 
However, multitargeting cardioprotective therapeutic strate-
gies should be adopted to tackle both inflammatory and non- 
inflammatory cardiac injury pathways consequent to ACS. 
Bio-intervention in complex structure one is suggested as 
a new therapeutic target. Mitophagy has dual beneficial and 
harmful effects for mitochondrial control, quality and cell 
survival. There are several creative multicenter approaches to 
hasten translational research for developing novel molecular 
therapy for cardioprotection and prevention of ACS. These 
include targeting mitochondrial damage, oxidative stress, 
and calcium overload, obstructed coronary microcirculation, 
activation of platelets and other critical pathways. Another 
innovative targeting includes engineered exosomal peptides 
that enhanced cardiomyocyte uptake, reduced apoptosis and 
high cardiac protection. Experimental intramyocardial 
microinjection opens a new arena for future gene therapy 
and improves the functional capacity of the heart. So, 
advances in nano-cardio medicine have huge potential future 
promising novel therapeutic agents for diagnosing, treating, 
and preventing acute coronary syndromes.

Strength and Limitations
Several studies were carried out on the association 
between the 25(OH)D levels and the ACS,37,39 yet, there 
is no single study, up to the best of our knowledge, on the 
association of different forms and metabolites of vitamin 
D and the occurrence of ACS on our population. 
Therefore, the strength of the current research is the 
study of the potential association between different 
forms and metabolites of vitamin D and ACS in our 
population. Our study has some limitations that need to 
be acknowledged. The sample of patients was only con-
ducted from a single centre at a single time point. A small 
study sample reduces the power of event-free survival 
analysis, and the results obtained thus cannot be general-
ized globally to all ACS patients. These data can only be 

used to generate hypotheses that can be used in the future 
for a confirmatory study, ie, a mega randomized clinical 
trial. Since this, an observational study, many different 
techniques that can be applied to prevent or control for 
confounding could not be used. The most commonly con-
founding factors that are hard to measure and adjust are 
limited physical activity, sun exposure, and diet. 
Moreover, the study did not consider the socioeconomic 
variables between the two groups that significantly influ-
ence vitamin D deficiency risk.

Abbreviations
ACS, acute coronary syndrome; AMI, acute myocardial 
infarction; BP, blood pressure; BMI, body mass index; 
CAD, coronary artery disease; CVD, cardiovascular dis-
ease; DM, diabetes mellitus; D2, vitamin D2; D3, vitamin 
D3; ECG, electrocardiogram; HbA1c, glycated haemoglo-
bin; HDL-C, high-density lipoprotein cholesterol; LDL-C, 
low-density lipoprotein cholesterol; LVEF, left ventricular 
ejection fraction; NF-κB, nuclear factor-κB; TC, total cho-
lesterol; VDRs, vitamin D receptors; VITAL, vitamin 
D and Omega-3 trial; 25(OH)D, 25-hydroxyvitamin D; 
1,25(OH)2D, 1,25-dihydroxyvitamin D; ROCK, RhoA– 
Rho-associated coiled kinase; p38MAPK, p38 mitogen- 
activated protein kinase; MSK1, mitogen- and stress- 
activated kinase 1.
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