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Background: Coronary Artery Disease (CAD) is the leading non-infectious cause of
mortality in Iran. Inflammation plays an important role in CAD. Additionally, vitamin
D deficiency is linked to a higher risk of cardiovascular mortality.

Objectives: This study aimed to evaluate the prevalence of hypovitaminosis D in patients
with CAD and to determine the level of high-sensitivity C-Reactive Protein (hs-CRP) as
the main inflammatory marker.

Methods: In this cross-sectional study, the prevalence of hypovitaminosis D was assessed
in patients with CAD during 14 months. The study was approved by the Ethics Committee
of Shiraz University of Medical Sciences. The patients were evaluated regarding the level
of 25-OH cholecalciferol via high-performance liquid chromatography and hs-CRP level
via enzyme linked immunosorbent assay. The related demographics, medical history,
and lipid profile were evaluated, as well. Insufficient and deficient levels of 25-OH
vitamin D were defined as < 30 ng/mL and < 12 ng/mL, respectively. The patients with
insufficient vitamin D levels were evaluated regarding the hs-CRP level, as the cardiac
inflammatory marker. The correlation between vitamin D level and hs-CRP was also
determined using a bivariate method reporting Pearson’s correlation coefficient in the
SPSS software (IBM Corp., version 25).

Results: In this study, hypovitaminosis D was reported in 257 (65.1%) out of the 395
patients with CAD. The mean age of the patients was 62.54 + 8.81 years, and 77 ones
(55.0%) were female. Vitamin D deficiency was more prevalent in the patients with
hs-CRP levels > 3 mg/L (P = 0.003). In addition, a significant negative correlation was
observed between vitamin D serum level and hs-CRP (R = -0.601, P < 0.001).
Conclusions: Vitamin D deficiency was prevalent in the patients with CAD, and
decreased vitamin D levels were associated with increased hs-CRP levels. Hence, CAD
patients should be evaluated regarding the vitamin D status.

1. Background

with increased mortality from CVD (4). Vitamin D

Cardiovascular Diseases (CVD) are the leading cause
of death and disability in Iran (1). Although nutritional
modifications and vitamins administration have been
recommended to decrease the CVD risk, data in this regard
are controversial (2). Vitamin D Receptors (VDR) are
involved in the pathogenesis of Coronary Artery Disease
(CAD) (3), and vitamin D deficiency may be associated
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deficiency has been found to be associated with increased
inflammation (5, 6), and systemic inflammation has a role in
developing CAD (7). C-Reactive Protein (CRP) is the main
inflammatory mediator in CAD (8), which is linked to an
increase in the risk of adverse cardiovascular events and
mortality (9). With regard to the immunomodulatory effects
of vitamin D, studies have been performed to evaluate the
link between vitamin D deficiency and CRP level (10), but
the results have not been definitive. In particular, VDR
polymorphisms have been shown to result in the variation
in the effect of vitamin D in different populations (11).
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Table 1. Baseline demographics and clinical characteristics of the patients with Coronary Artery Disease (CAD) and hypovitaminosis D

Variable Vitamin D deficiency ~ Vitamin D insufficiency ~ P-value
(n=26) (n=114)
Age (years) 64.9+8.8 61.9+8.8 0.126
Gender Male 10 (38.5%) 53 (46.5%) 0.458
Female 16 (61.5%) 61 (53.5%)

BMI (kg/m?) 25.9+2.3 26.9+2.8 0.073

Past medical history Hypertension 15 (57.7%) 56 (49.1%) 0.430
Diabetes mellitus 11 (42.3%) 43 (37.7%) 0.664
Dyslipidemia 9 (34.6%) 61 (53.5%) 0.082
Positive family history of CVD 11 (42.3%) 42 (36.8%) 0.604

Habits Smoking 8 (30.8%) 38 (33.3%) 0.802

Medication history Statins 15 (57.7%) 77 (67.5%) 0.340
Antiplatelet 21 (80.8%) 80 (70.2%) 0.277

Laboratory parameters Cholesterol (mg/dL) 182.0+28.9 173.7+32.9 0.237
LDL (mg/dL) 124.9+28.8 116.2+30.9 0.193
HDL (mg/dL) 40.3+£7.2 40.6+7.7 0.847
Vit D (ng/mL) 8.3+1.9 19.1+£3.6 <0.001

Abbreviations: BMI, body mass index; CVD, cardiovascular disease; LDL, low density lipoprotein; HDL, high density lipoprotein; Vit D, vitamin D.

2. Objectives

Since the prevalence of vitamin D deficiency in Iran
has been reported to vary from 30% to 90% in different
populations (12), the present study aims to evaluate the
prevalence of hypovitaminosis D in patients with coronary
artery stenosis and to determine the effect of Vitamin D
status on the level of high-sensitivity CRP (hs-CRP).

3. Patients and Methods

This cross-sectional study was conducted on the patients
aged >18 years diagnosed with CAD who were admitted
to Al-Zahra Heart Center, a tertiary educational hospital
affiliated to Shiraz University of Medical Sciences, from
October 2019 to November 2020. The study was performed
in accordance with the declaration of Helsinki and was
approved by the board of Ethics Committee.

The diagnosis of CAD was confirmed by coronary
angiography. Then, the patients were evaluated in
terms of the 25-OH cholecalciferol level using High-
Performance Liquid Chromatography (HPLC). The 25-OH
cholecalciferol levels >30 ng/mL, <30 ng/mL, and <12 ng/
mL were categorized as sufficient, insufficient (13), and
deficient (14), respectively. The exclusion criteria for hs-
CRP evaluation were 1) sufficient 25-OH cholecalciferol
levels, 2) vitamin D supplementation in the previous
month, 3) having a history of coronary artery bypass
graft surgery or myocardial infarction in the previous
three months, autoimmune diseases, chronic kidney
disease (creatinine clearance <60 mL/min/1.73 m2), and
liver failure (child-Pugh class C), and 4) receiving anti-
inflammatory medications, except for aspirin and statins.
Demographics, laboratory parameters regarding the lipid
profile, history of comorbidities, habitual history, and past
medication history were recorded. The level of hs-CRP
was measured by the Enzyme Linked Immunosorbent
Assay (ELISA) method (Pars Azmun, Private held,
Tehran, Iran).

The statistical analysis was done using the SPSS software
(IBM Corp., version 25, NY: IBM Corp). Categorical
variables were reported as frequency (percentage) and
were analyzed using chi-square test. Continuous variables

120

were reported as mean = Standard Deviation (SD) and
were analyzed using independent sample t-test and
Mann-Whitney U test for parametric and non-parametric
variables, respectively. A bivariate correlation model using
Pearson’s correlation coefficient, reporting R and p-value,
was used to evaluate the potential correlation between the
levels of vitamin D and hs-CRP. A p-value less than 0.05
was considered statistically significant. The reverse power
calculation for the significance of the difference in increased
hs-CRP levels in patients with vitamin D insufficiency
and deficiency was performed using Pearson’s chi-squared
test (two-sided) via STATA, version 14 (StataCorp, Texan,
USA).

4. Results

In this study, 14 months after the evaluation of 395 patients
with confirmed coronary stenosis, hypovitaminosis D was
observed in 257 patients (65.1%). From the 257 patients with
hypovitaminosis D, 140 were included. The mean age of the
patients was 62.54+8.81 years, and 77 ones (55.0%) were
female. Besides, 53 patients (37.9%) had a positive family
history of CAD. Other related baseline demographics and
clinical characteristics have been presented in Table 1.

Considering the laboratory evaluations, the mean vitamin
D level was 17.10 + 5.38 ng/mL. The vitamin D level was
less than 12 ng/mL in 26 patients (18.6%). Additionally,
the mean hs-CRP level was 3.4 + 0.9 mg/L, and 88 patients
(62.9%) had hs-CRP levels > 3 mg/L. Increased level of
hs-CRP was more prevalent in the patients with vitamin D
deficiency. In this regard, 23 patients (88.5%) with elevated
hs-CRP levels had vitamin D deficiency compared to 65
ones (57%) without elevation in hs-CRP levels (P = 0.003).
The results also indicated that vitamin D serum level had a
significant reverse correlation with the increase in hs-CRP
levels (R =-0.601, P < 0.001).

The reverse power was calculated for 140 patients (114
patients with vitamin D insufficiency and 26 ones with
vitamin D deficiency) assuming 0=0.05 and increased hs-
CRP proportion of 0.570 and 0.885 in the patients with
vitamin D insufficiency and deficiency, respectively. The
power was reported as 0.919.
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5. Discussion

Previous studies have demonstrated that patients with vitamin
D deficiency are at an increased risk of adverse cardiac events
(15, 16). In the present study, the prevalence of hypovitaminosis
D was 65%. Considering such a high prevalence, this population
is at risk and should be evaluated in this regard. Previously, the
prevalence of vitamin D insufficiency and severe deficiency
was found to be even higher in patients with CAD in Iran (98%)
(17). By recognizing the importance of screening for vitamin
D deficiency and increasing supplementation during the past
decade, the prevalence of hypovitaminosis D has decreased.
Nonetheless, as the prevalence of hypovitaminosis D is still
high amongst patients, they should be evaluated and provided
with a sufficient amount of vitamin D.

The current study findings demonstrated that decreased
vitamin D levels were significantly linked to an elevation
in hs-CRP levels. Additionally, elevated hs-CRP levels
were considerably more prevalent in patients with
vitamin D levels less than 12 ng/mL. This finding is more
interesting when taking the previous findings into account.
Accordingly, in patients with CAD and increased levels of
hs-CRP >3 mg/L, there was a higher risk of cardiac events
in future (18) as well as a 2.4-fold increase in the risk of
peri-procedural myocardial infarction (19).

In conclusion, vitamin D deficiency was associated with
a higher inflammatory state, which could increase the risk
of adverse cardiac events. Thus, all patients with CAD are
recommended to be examined regarding the vitamin D
status. Supplementation should also be considered as needed.

5.1. Ethical Approval
IR.SUMS.REC.1398.513.

5.2. Informed Consent
Written informed consent forms were obtained from the
patients.

Acknowledgements
There is no acknowledgement.

Authors’ Contribution

LM: administration, study concept and design, acquisition
of data, critical revision of the manuscript for important
intellectual content, and study supervision; SA: statistical
analysis, drafting of the manuscript, and acquisition of
data; AM: technical support and critical revision of the
manuscript for important intellectual content; OM: drafting
of the manuscript and statistical analysis; PI: study concept
and design, acquisition of data, administrative and material
support, critical revision of the manuscript for important
intellectual content, and study supervision.

Funding/Support

The study was supported by the Vice-chancellor of
Research and Technology, Shiraz University of Medical
Sciences, Shiraz, Iran. No external funding or support was
received from secondary institutes.

Financial Disclosure
The author(s) declare that they have no conflict of interests

Int Cardiovasc Res J. 2021;15(3)

and have received no financial support for the research,
authorship, and/or publication of this article.

References

1. Sarrafzadegan N, Mohammmadifard N. Cardiovascular Disease
in Iran in the Last 40 Years: Prevalence, Mortality, Morbidity,
Challenges and Strategies for Cardiovascular Prevention. Arch Iran
Med. 2019 Apr 1;22(4):204-10. PMID: 31126179.

2. Casas R, Castro-Barquero S, Estruch R, Sacanella E. Nutrition
and Cardiovascular Health. Int J Mol Sci. 2018 Dec 11;19(12):3988.
PMID: 30544955. doi: 10.3390/ijms19123988.

3. Yusuf S, Reddy S, Ounpuu S, Anand SJC. Global burden of
cardiovascular diseases: part I: general considerations, the
epidemiologic transition, risk factors, and impact of urbanization.
Circulation. 2001 Nov 27;104(22):2746-53. PMID: 11723030. doi:
10.1161/hc4601.099487.

4. Kunadian V, Ford G, Bawamia B, Qiu W, Manson J. Vitamin D
deficiency and coronary artery disease: A review of the evidence.
Am Heart J. 2014 Mar;167(3):283-91. PMID: 24576510. doi: 10.1016/j.
ahj.2013.11.012.

5. Quyyumi A. Prognostic value of endothelial function. Am J
Cardiol. 2003 Jun 19;91(12):19-24. PMID: 12818731. doi: 10.1016/
$0002-9149(03)00430-2.

6.  Zittermann A, Schleithoff S, Koerfer R. Putting cardiovascular
disease and vitamin D insufficiency into perspective. Br J Nutr.
2005 Oct;94(4):483-92. PMID: 16197570. doi: 10.1079/bjn20051544.

7.  Legein B, Temmerman L, Biessen E, Lutgens E, Sciences M.
Inflammation and immune system interactions in atherosclerosis.
Cell Mol Life Sci. 2013 Oct;70(20):3847-69. PMID: 23430000. doi:
10.1007/s00018-013-1289-1.

8. Casas J, Shah T, Hingorani A, Danesh J, Pepys M. C-reactive
protein and coronary heart disease: a critical review. J
Intern Med. 2008 Oct;264(4):295-314. PMID:18823504. doi:
10.1111/5.1365-2796.2008.02015.x.

9.  Zebrack J, Muhlestein J, Horne B, Anderson J. C-reactive protein
and angiographic coronary artery disease: independent and
additive predictors of risk in subjects with angina. ] Am Coll
Cardiol. 2002 Feb 20;39(4):632-7. PMID:11849862. doi: 10.1016/
s0735-1097(01)01804-6.

10. de Ferranti S, Rifai N. C-reactive protein: a nontraditional serum
marker of cardiovascular risk. Cardiovasc Pathol. 2007 Feb;16(1):14-
21. PMID:17218210. Doi: 10.1016/j.carpath.2006.04.006.

11.  Raljevi¢ D, Persi¢ V, Markova-Car E, Cindri¢ L, Miskulin R, Zuvié
M, et al. Study of vitamin D receptor gene polymorphisms in a cohort
of myocardial infarction patients with coronary artery disease. BMC
Cardiovasc Disord. 2021 Apr 16;21(1):188. PMID: 33863283. Doi:
10.1186/812872-021-01959-x.

12. Bagherniya M, Khorasanchi Z, Bidokhti M, Ferns G, Rezaei
M, Ghayour-Mobarhan M, et al. The Prevalence of Vitamin D
Deficiency in Iran: A Literature Review. Curr Nutr Food Sci. 2020
Nov 7;16(7):1015-27. Doi: 10.2174/1573401316666200123100453.

13.  Pardes H. Normal Serum Vitamin D Levels. N Engl J Med.
2005 Feb 3;352(5):515-6. PMID:15689597. Doi: 10.1056/
NEJIM200502033520520

14.  EFSA Panel on Dietetic Products N, Journal AJE. Dietary reference
values for vitamin D. EFSA J. 2016 Oct;14(10):¢04547. Doi: 10.2903/j.
efsa.2016.4547.

15. Siasos G, Tousoulis D, Oikonomou E, Maniatis K, Kioufis S,
Kokkou E, et al. Vitamin D3, D2 and arterial wall properties in
coronary artery disease. Curr Pharm Des. 2014;20(37):5914-8.
PMID: 24947585. Doi: 10.2174/1381612820666140619122937.

16. Giovannucci E, Liu Y, Hollis BW, Rimm E. 25-hydroxyvitamin
D and risk of myocardial infarction in men: a prospective study.
Arch Intern Med. 2008 Jun 9;168(11):1174-80. PMID: 18541825.
Doi: 10.1001/archinte.168.11.1174.

17.  Hossein-Nezhad A, Eshaghi S, Maghbooli Z, Mirzaei K, Shirzad
M, Curletto B, et al. The role of vitamin D deficiency and
vitamin d receptor genotypes on the degree of collateralization in
patients with suspected coronary artery disease. Biomed Res Int.
2014;2014:304250. PMID: 24729966. Doi:10.1155/2014/304250.

18. Sabatine M, Morrow D, Jablonski K, Rice M, Warnica J, Domanski
M, et al. Prognostic significance of the Centers for Disease Control/
American Heart Association high-sensitivity C-reactive protein cut
points for cardiovascular and other outcomes in patients with stable

121



Mahmoudi L et al.

19.

122

coronary artery disease. Circulation. 2007 Mar 27;115(12):1528-36.
PMID:17372173. Doi:10.1161/circulationaha.106.649939.

Patti G, Mangiacapra F, Ricottini E, Cannata A, Cavallari I, Vizzi
V, et al. Correlation of platelet reactivity and C-reactive protein

levels to occurrence of peri-procedural myocardial infarction in
patients undergoing percutaneous coronary intervention (from the
ARMYDA-CRP study). Am J Cardiol. 2013 Jun 15;111(12):1739-44.
PMID: 23538022. Doi: 10.1016/j.amjcard.2013.02.028.

Int Cardiovasc Res J. 2021;15(3)



