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Abstract

Cardiovascular diseases (CVD) have become increasingly life-threatening during recent 
decades. Several studies have shown that matrix metalloproteinase-9 (MMP-9) plays an 
important role in the process of atherosclerosis and heart remodeling. On the other hand, Vitamin 
D deficiency has been recognized as a risk factor for CVD. According to the prevalence of 
vitamin D deficiency in our country, Iran, we aimed to evaluate the relationship between vitamin 
D status and the level of MMP-9 in patients undergoing percutaneous coronary intervention. In 
this prospective cross-sectional study, the patients who were candidates for elective coronary 
angioplasty were included. Baseline serum MMP-9 and vitamin D levels were measured before 
intervention. The patients were categorized into three groups: Vitamin D-severely deficient (≤ 10 
ng/mL), vitamin D-moderately deficient (11-20 ng/mL), and vitamin D-insufficient/sufficient (> 
21 ng/mL). Totally, 150 patients were assessed. The analysis showed that serum MMP-9 levels 
were higher in patients with lower vitamin-D concentrations. A significant inverse correlation 
was found between MMP-9 concentration and 25 (OH) vitamin D level (P = 0.039). According 
to our results, it may be concluded that low levels of vitamin D may lead to more vulnerable 
atherosclerotic plaques and consequently more cardiovascular adverse effects in post-PCI 
patients.
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Introduction

Cardiovascular diseases (CVD) are one 
of the main causes of death worldwide and 
an important threat to human well-being in 
the twentieth century. According to third 
Sustainable Development Goal, preventing 
CVD can reduce one third of premature 
mortality due to noncommunicable diseases (1, 
2). Atherosclerosis is defined as a progressive 
disease in which lipids and fibrous elements 

accumulate in the large arteries (3). This 
chronic inflammatory condition is the dominant 
cause of CVD including myocardial infraction 
(MI), stroke, heart failure, and claudication 
(4). Although atherosclerosis can induce 
CVD through arterial stenosis and reduction 
in blood flow, it is though that the major 
mechanism associated with CVD involves 
the inflammation which affects the stability 
of atherosclerotic plaques and facilitates their 
rupture (5). Studies have shown that agents 
with anti-inflammatory properties, such as 
omega-3 polyunsaturated fatty acids can be 
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considered as an effective adjunctive therapy 
to the standard drug regimen used before PCI 
to decrease cardiovascular events after PCI (6, 
7). Coronary plaque disruption followed by 
platelet aggregation and thrombosis, finally 
results in acute coronary syndromes and its 
complications (8).

Matrix metalloproteinases (MMPs), 
a family of zinc and calcium dependent 
endopeptidases, are known to have major 
role in cellular migration, cytokine activation, 
growth factor availability, angiogenesis, and 
extracellular matrix (ECM) degradation (9). 
MMPs, as well as other proteinases, trigger 
destruction of the vascular ECM in late stage 
atherosclerosis (10). MMPs have a dual role 
in intimal thickening which involves net 
matrix deposition, and plaque rupture, which 
involves net matrix destruction. Intimal 
thickening is defined as a physiological 
response to mechanical injury, increased 
wall stress, or chemical insult, such as 
atherosclerosis while plaque rupture is caused 
by remodeling failure of intima. It seems that 
the dysregulation of MMP activity mediates 
the transition from physiologic remodeling to 
matrix destruction (11). Among this family, 
MMP-9, also known as gelatinase B, is mainly 
responsible for the degradation of elastin and 
collagen IV and is produced by various cell 
types, including keratinocytes, monocytes, 
tissue macrophages, and polymorphonuclear 
leukocytes (neutrophils), as well as by a 
variety of malignant cells (12, 13). It has 
been demonstrated that serum MMP-9 levels 
are significantly elevated in ACS patients 
compared to the control subjects (14). 
Furthermore, mounting proof shows that 
MMPs play an important role in restenosis 
after angioplasty and the occlusion of venous 
artery bypass grafts through enhancing the 
proliferation and migration of endothelial and 
vascular smooth muscle cells (VSMC) (10, 
15). 

The role of vitamin D in bone metabolism 
and maintenance of calcium hemostasis 
is well described (16). The deficiency of 
this fat soluble vitamin can lead to rickets 
and osteomalacia in pediatrics and adults, 
respectively (17). In recent years, it has 
been recognized that vitamin D deficiency 
is associated with several chronic medical 

conditions such as osteoporosis, cancers, 
autoimmune diseases, diabetes mellites, 
hypertension, and cardiovascular disease. 
Several studies suggest that the hormonal 
derivative of vitamin D, 1,25 dihydroxy 
vitamin D, directly affects cardiac muscle, 
regulates secretion of parathyroid hormone, 
regulates the renin angiotensin aldosterone 
system, and modulates the immune system 
(18). Although vitamin D deficiency is 
considered as an independent risk factor 
for CVD, it is not clear whether vitamin D 
supplementation can reduce the occurrence of 
CVD or improve its outcome (19).

There is evidence that suggests that 
vitamin D can positively affect MMP-9 serum 
level and reduces its production (20). With 
this background in mind, we aimed to evaluate 
the correlation between serum vitamin D 
concentration status and MMP-9, as an early 
cardiac remodeling biomarker, in the patients 
who were candidates for elective percutaneous 
coronary intervention.

Experimental

In this prospective, cross-sectional study, 
150 patients undergoing elective coronary 
intervention in a tertiary care heart hospital, 
Kosar hospital, affiliated to Shiraz University 
of Medical Sciences (SUMS) were evaluated 
during the study period, between January 2017 
and July 2017. 

This study was approved by the Ethics 
Committee of SUMS. A written informed 
consent was obtained from all participants 
before enrollment to the study. 

Patients aged 18-80 years old, who has had 
a successful PCI and were willing to participate 
in the study were eligible to be enrolled. 
The exclusion criteria were as follows: 
administration of vitamin D supplement 
during last month, bypass surgery during three 
months prior to the study, STEMI patients, 
age above 80 or below 18 years old, and the 
patients unwilling to continue the study.

The patients’ demographic and clinical 
data, including sex, age, and risk factors for 
cardiac events such as history of smoking 
or past history of smoking, hypertension, 
hyperlipidemia, diabetes mellitus, myocardial 
infarction, acute coronary syndrome, 
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percutaneous coronary intervention, and 
coronary artery bypass grafting (CABG) 
surgery were recorded.

Peripheral venous blood samples (10 
mL) were collected from each patient before 
PCI, to determine 25-hydroxyvitamin D (25-
OH D) and MMP-9 serum level. In order to 
separate serum from blood, the samples were 
centrifuged at 3,000 rpm for 10 min, then the 
samples were frozen and stored at -80 ℃ until 
measurement.

Serum level of vitamin D was measured 
by means of high-performance liquid 
chromatography (HPLC) while serum level 
of MMP-9 was determined by 96-well 
enzyme-linked immunosorbent assay (21) 
kit manufactured by Bioassay Technology 
Laboratory, Shanghai, China (E0936Hu).

Based on the objective of the study, the 
patients were stratified into three groups 
according to their vitamin D serum level 
as follows: Vitamin D-severely deficient (≤ 
10 ng/mL), vitamin D-moderately deficient 
(11-20 ng/mL), and vitamin D-insufficient/
sufficient (> 21 ng/mL) (18).

The data obtained were analyzed using 
the Statistical Package for Social Sciences 
(SPSS) (version 21 SPSS Inc., Chicago, Ill, 
USA). Categorical variables were presented as 
absolute and relative (percentage) frequencies. 
Continuous variables were expressed as 
mean ± standard deviation (SD). Due to the 
abnormal distribution of data, Kruskal-Wallis 
test was performed to examine the relationship 
between vitamin D level categories and serum 
concentration of MMP-9. Mann-Whitney test 
was also applied to determine any possible 
correlations between MMP-9 level and the 
patients’ gender. Pairwise comparison tests 
were conducted to determine which groups 
differ significantly from the other group by 
its MMP-9 level, using Mann-Whitney test. 
For all tests, P-value < 0.05 was considered as 
significance level.

Results and Discussion

During the study period, a total number 
of 150 patients undergoing elective coronary 
intervention in Kosar hospital were recruited 
in the study. The average age of participants 
was 60.92 ± 10.07 years. The majority of the 

patients were male (57.3%). The mean serum 
vitamin D and MMP-9 levels were 17.40 ± 
10.26 ng/mL and 3497.43 ± 3210.49 ng/mL, 
respectively. The participants’ demographic, 
clinical, and biochemical variables are 
reported in Table 1. 

Severe vitamin D deficiency was present in 
37 (24.66%). Moderate vitamin D deficiency 
was reported in 66 (44%) of the participants 
while 66 patients (44%) had normal or 
insufficient vitamin D level. There was no 
significant difference regarding demographic 
and clinical characteristics amongst groups 
except for sex (P-value = 0.017) and previous 
history of PCI (P-value = 0.040). 

Further analysis showed no significant 
difference in the serum MMP-9 level in males 
and females (P-value = 0.682). The correlation 
of vitamin D level with MMP-9 is depicted 
in Figure 1 there was a significant inverse 
relationship between the level of vitamin D 
and the level of MMP-9 (P-value = 0.013). 
Evaluating the difference of MMP-9 level 
between three groups, it turned out that MMP-
9 level was statistically different only between 
group 2 and group 3 (P-value = 9.024) but not 
between group 1 and 2 (P-value = 0.194) as 
well as group 1 and 3 (P-value = 0.067).

Our findings revealed that the serum 
concentration of vitamin D was low in 
the majority of the patients who were 
candidates for PCI. In other words, 103 out 
of 150 participants (approximately 70%) 
were suffering from severe or intermediate 
vitamin D deficiency. Several studies have 
proven that patients with serum level of 1, 
25 dihydroxy vitamin D3 above 30 ng/mL, 
the cutoff defined as vitamin D sufficiency, 
are at lower risk of developing CVD (22, 
23). Vitamin D deficiency is associated with 
arterial hypertension, obesity, impaired 
glucose metabolism and diabetes type 2, 
abnormal lipid profile, chronic kidney disease, 
endothelial dysfunction and atherosclerosis 
(24). Although the history of previous PCI was 
reported statistically significant between three 
vitamin D groups, this difference was seen 
between group 1 and group 3 and also group 
1 and group 2. With regard to the definition 
of vitamin D deficiency (25 (OH) D < 20 
ng/mL), there is no significant differences 
between vitamin D deficient patients and 
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vitamin D sufficient cases based on this item. 
Based on the Framingham Offspring Study, 
severe vitamin D deficient patients (25 (OH) 
D < 10 ng/mL) who had never experienced 

CVD events, were more prone to develop 
a first CVD event after 5 years of follow-up 
compared to subjects with higher levels of 
vitamin D (25 (OH) D > 15 ng/mL) (25). 

Table 1. Comparison between demographic and clinical characteristics of patients with severely deficient, moderately deficient and 

insufficient/sufficient vitamin D levels. 

 

Abbreviations: MI, Myocardial infarction; PCI, Percutaneous coronary intervention; CABG, coronary artery bypass grafting; ACS, Acute coronary 

syndrome; GFR, Glomerular filtration rate. 

 

 

 Vitamin D3  

P-value 
Group 3 

(x > 20 ng/mL) 

Group 2 

(10 < x ≤ 20 ng/mL) 

Group 1 

(x ≤ 10 ng/mL) 
Variable 

 47 (31.3) 66 (44) 37 (24.7) N (%) 

0.017 20 (23) 45 (50) 24 (27) Sex (male), N (%) 

0.077 63.00 ± 8. 25 60.86 ± 11.91 58. 40 ± 7.58 Age, yrs, (mean ± SD) 

0.175 17 (34) 17 (34) 16 (32) Diabetes mellitus, N (%) 

0.433 37 (35) 45 (42) 25 (23) Hypertension, N (%) 

0.587 21 (33) 30 (47) 13 (20) Dyslipidemia, N (%) 

0.212 6 16 (50) 10 (31) Smoker, N (%) 

0.376 3 (60) 2 (40) 0 Previous MI, N (%) 

0.462 8 (22) 17 (49) 10 (29) Previous smoker, N (%) 

0.040 7 (58) 5 (42) 0 Previous PCI, N (%) 

0.790 3 (43) 3 (43) 1 (14) Previous CABG, N (%) 

0.720 1 (20) 2 (40) 2 (40) ACS, N (%) 

0.103 65.55 ± 33.13 71.58 ± 29.14 79.61 ± 64.16 GFR, mL/min, mean ± SD 

0.182 1.23 ± 1.03 1.08 ± 0.22 1.15 ± 0.28 Creatinine, mg/dL, mean ± SD  

 

Figure 1. The association between serum vitamin D level with MMP-9. 

 

Table 1. Comparison between demographic and clinical characteristics of patients with severely deficient, moderately deficient and 
insufficient/sufficient vitamin D levels.

Abbreviations: MI, Myocardial infarction; PCI, Percutaneous coronary intervention; CABG, coronary artery bypass grafting; ACS, 
Acute coronary syndrome; GFR, Glomerular filtration rate.

Figure 1. The association between serum vitamin D level with MMP-9.
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A few randomized clinical studies have 
focused on the cardiovascular outcomes of 
vitamin D supplementation (24). Some studies 
failed to demonstrate any benefits of vitamin 
D supplementation on the prevalence of CVD 
or its mortality rate (26, 27). Also, there are 
metanalyses reporting non-significant trends 
for reduced cardiovascular events in the 
patients receiving vitamin D compared to the 
control groups (28, 29). On the other hand, the 
positive effect of vitamin D supplementation 
on the reduction of mortality rate has been 
reported in several other studies (28, 30). 
Therefore, the positive effect of administration 
of this supplement in the prevention of 
cardiovascular events has been remained 
controversial in recent years.

Our results indicate that the serum level of 
MMP-9 is inversely associated with vitamin D 
concentration among the patients undergoing 
PCI. This finding is consistent with the study of 
Khalili et al. in which an inverse relationship 
between 25 (OH) D level and MMP-9, as early 
biomarker of remodeling, was observed in the 
patients following myocardial infarction (31). 
In another study which was conducted on 
Iranian population, the association of vitamin 
D receptor gene polymorphism, serum levels 
of 25 (OH) vitamin D, and MMP-9 with 
coronary artery diseases (CAD) was evaluated. 
It was shown that vitamin D deficiency was 
associated with increase of serum MMP-9 level 
in the patients with coronary arterial disease. 
Moreover, the patients with ff genotype of 
FokI polymorphism had higher MMP-9 levels 
and lower vitamin D concentrations (32). 
Timms and his colleagues also demonstrated 
that vitamin D deficiency was associated 
with abnormal increases in circulating MMP-
9 and MMP-2, as well as C-reactive protein 
(CRP). Interestingly, these abnormalities 
were corrected through receiving vitamin D 
supplementation for one year (33).

Furthermore, the impact of vitamin D 
level on the serum level of MMP-9 has been 
determined in other diseases, such as end stage 
renal disease, pulmonary tuberculosis, chronic 
rhinosinusitis with nasal polyposis, diabetic 
foot ulcer, etc. (34-37).

The exact mechanism behind the inhibition 
of MMP-9 production by vitamin D is unclear. 
It seems that activation of vitamin D receptor 

by its ligand can induce binding of activating 
protein-1 (AP-1) to its response elements 
existing on the MMP-9 gene promotors. For 
example, calcitriol or vitamin D3 increases 
the AP-1 binding activity and this process is 
dependent on binding of c-fos/c-jun elements 
vitamin D response element (VDRE) and AP-1 
in the regulatory region of c-jun (38, 39). Also, 
vitamin D may inhibit MMP-9 production 
via suppressing tumor necrosis factor alpha 
(TNF-α) (37).

Several studies have shown that high level 
of MMP-9 is associated with higher risk of 
CVD, ACS, left ventricular remodeling post 
MI, and coronary artery in-stent restenosis 
(40, 41). Hence, serum MMP-9 level can be 
utilized as a specific and sensitive biomarker 
in clinical practice in identification of 
patients with high risk of CVD, diagnosis of 
atherosclerotic plaque rupture, and ischemia 
at early stages, and prevention of post MI 
remodeling (40).

Despite randomization, in our study, gender 
was statistically different between groups 
(P-value = 0.017). To remove the cofounding 
effect of gender, the Mann-Whitney test was 
used. Our analysis reported that the difference 
regarding gender distribution between the 
groups did not have any significant effect 
on serum level of MMP-9 (P-value = 0.68). 
In addition, it was revealed that most of our 
vitamin D deficient patients were male. With 
regard to the inverse relationship between 
vitamin D and MMP-9 levels in our results, 
it may be postulated that males with vitamin 
D deficiency are more prone to cardiovascular 
diseases than females. This finding is 
consistent with the Framingham heart study 
claiming that males with elevated plasma level 
of MMP-9 may be at greater risk for cardiac 
diseases, such as cardiac wall thickness and 
large end-diastolic left ventricular size (42).  

There were some limitations in the present 
study that should be considered: The major 
limitation was the relatively small sample size 
of the patients that has limited the statistical 
power. In addition, only one sample was taken 
from each patient and the patients were not 
followed up after PCI. Further studies with 
larger sample size considering measurement of 
serum MMP-9 and vitamin D level before and 
after PCI are required to confirm the impact of 
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serum level of vitamin D and MMP-9 on CVD 
events and the outcomes of the treatment.

Conclusion

Given the importance of remodeling in the 
patients undergoing PCI, it can be suggested 
that identification and management of the 
patients with vitamin D deficiency prior 
to PCI, may prevent or decrease post-PCI 
cardiovascular adverse effects and in-stent 
restenosis. However, further studies are 
required to confirm the effect of vitamin D 
supplementation in preventing cardiovascular 
events after PCI. 

Acknowledgments 

The authors would like to express their 
gratitude to Center for Development of 
Clinical Research of Nemazee Hospital and 
Dr. Peyman Jafari for statistical assistance 
and also to managers and staffs of Kowsar and 
Alzahra Hospitals for their support.

Funding

This research was financially supported 
by Pharmaceutical Sciences Research Center, 
Shiraz University of Medical Sciences (grant 
number: 15485).

References 

(1) Roth GA, Johnson C, Abajobir A, Abd-Allah F, 
Abera SF, Abyu G, Ahmed M, Aksut B, Alam T, 
Alam K, Alla F, Alvis-Guzman N, Amrock S, Ansari 
H, Arnlov J, Asayesh H, Atey TM, Avila-Burgos L, 
Awasthi A, Banerjee A, Barac A, Barnighausen T, 
Barregard L, Bedi N, Belay Ketema E, Bennett D, 
Berhe G, Bhutta Z, Bitew S, Carapetis J, Carrero JJ, 
Malta DC, Castaneda-Orjuela CA, Castillo-Rivas J, 
Catala-Lopez F, Choi JY, Christensen H, Cirillo M, 
Cooper L, Jr., Criqui M, Cundiff D, Damasceno A, 
Dandona L, Dandona R, Davletov K, Dharmaratne S, 
Dorairaj P, Dubey M, Ehrenkranz R, El Sayed Zaki 
M, Faraon EJA, Esteghamati A, Farid T, Farvid M, 
Feigin V, Ding EL, Fowkes G, Gebrehiwot T, Gillum 
R, Gold A, Gona P, Gupta R, Habtewold TD, Hafezi-
Nejad N, Hailu T, Hailu GB, Hankey G, Hassen HY, 
Abate KH, Havmoeller R, Hay SI, Horino M, Hotez 
PJ, Jacobsen K, James S, Javanbakht M, Jeemon 
P, John D, Jonas J, Kalkonde Y, Karimkhani C, 
Kasaeian A, Khader Y, Khan A, Khang YH, Khera 
S, Khoja AT, Khubchandani J, Kim D, Kolte D, 
Kosen S, Krohn KJ, Kumar GA, Kwan GF, Lal DK, 

Larsson A, Linn S, Lopez A, Lotufo PA, El Razek 
HMA, Malekzadeh R, Mazidi M, Meier T, Meles 
KG, Mensah G, Meretoja A, Mezgebe H, Miller T, 
Mirrakhimov E, Mohammed S, Moran AE, Musa KI, 
Narula J, Neal B, Ngalesoni F, Nguyen G, Obermeyer 
CM, Owolabi M, Patton G, Pedro J, Qato D, Qorbani 
M, Rahimi K, Rai RK, Rawaf S, Ribeiro A, Safiri S, 
Salomon JA, Santos I, Santric Milicevic M, Sartorius 
B, Schutte A, Sepanlou S, Shaikh MA, Shin MJ, 
Shishehbor M, Shore H, Silva DAS, Sobngwi E, 
Stranges S, Swaminathan S, Tabares-Seisdedos 
R, Tadele Atnafu N, Tesfay F, Thakur JS, Thrift A, 
Topor-Madry R, Truelsen T, Tyrovolas S, Ukwaja 
KN, Uthman O, Vasankari T, Vlassov V, Vollset SE, 
Wakayo T, Watkins D, Weintraub R, Werdecker A, 
Westerman R, Wiysonge CS, Wolfe C, Workicho A, 
Xu G, Yano Y, Yip P, Yonemoto N, Younis M, Yu C, 
Vos T, Naghavi M and Murray C. Global, Regional, 
and National Burden of Cardiovascular Diseases for 
10 Causes, 1990 to 2015. J. Am. Coll Cardiol. (2017) 
70: 1-25.

(2) Pagidipati NJ and Gaziano TA. Estimating Deaths 
From Cardiovascular Disease: A Review of 
Global Methodologies of Mortality Measurement. 
Circulation (2013) 127: 749-56.

(3) Lusis AJ. Atherosclerosis. Nature (2000) 407: 233.
(4) Frostegård J. Immunity, atherosclerosis and 

cardiovascular disease. BMC. Med. (2013) 11: 117.
(5) Libby P, Ridker PM and Hansson GK. Progress 

and challenges in translating the biology of 
atherosclerosis. Nature (2011) 473: 317.

(6) Foroughinia F, Salamzadeh J and Namazi MH. 
Protection from procedural myocardial injury by 
omega-3 polyunsaturated fatty acids (PUFAs): is 
related with lower levels of creatine kinase-MB 
(CK-MB) and troponin I? Cardiovasc Ther. (2013) 
31: 268-73.

(7) Foroughinia F, Movahed Nouri B, Kojuri J and 
Ostovan MA. Impact of Omega-3 Supplementation 
on High Sensitive C-Reactive Protein Level and 
30-Day Major Adverse Cardiac Events After the 
Implementation of Coronary Stent in Patients with 
Chronic Kidney Disease: A Randomized Clinical 
Study. Adv. Pharm. Bull. (2018) 8: 471-8.

(8) Mulvihill N, Foley J. Inflammation in acute coronary 
syndromes. Heart (2002) 87: 201-4.

(9) Luttun A, Dewerchin M, Collen D and Carmeliet 
P. The role of proteinases in angiogenesis, heart 
development, restenosis, atherosclerosis, myocardial 
ischemia, and stroke: insights from genetic studies. 
Curr. Atheroscler Rep. (2000) 2: 407-16.

(10) Newby AC. Metalloproteinases promote plaque 
rupture and myocardial infarction: A persuasive 
concept waiting for clinical translation. Matrix Biol. 



141

Association between Serum Vitamin D and MMP-9 

(2015) 44: 157-66.
(11) Newby AC. Dual role of matrix metalloproteinases 

(matrixins) in intimal thickening and atherosclerotic 
plaque rupture. Physiol. Rev. (2005) 85: 1-31.

(12) Van den Steen PE, Dubois B, Nelissen I, Rudd 
PM, Dwek RA and Opdenakker G. Biochemistry 
and molecular biology of gelatinase B or matrix 
metalloproteinase-9 (MMP-9). Crit Rev Biochem 
Mol Biol. (2002) 37: 375-536.

(13) Van Doren SR. Matrix metalloproteinase 
interactions with collagen and elastin. Matrix Biol. 
(2015) 44-46: 224-31.

(14) Inokubo Y, Hanada H, Ishizaka H, Fukushi T, 
Kamada T and Okumura K. Plasma levels of 
matrix metalloproteinase-9 and tissue inhibitor of 
metalloproteinase-1 are increased in the coronary 
circulation in patients with acute coronary syndrome. 
Am Heart J. (2001) 141: 211-7.

(15) Pleva L, Kusnierova P, Plevova P, Zapletalova J, 
Karpisek M, Faldynova L, Kovarova P and Kukla 
P. Increased levels of MMP-3, MMP-9 and MPO 
represent predictors of in-stent restenosis, while 
increased levels of ADMA, LCAT, ApoE and ApoD 
predict bare metal stent patency. Biomed Pap Med 
Fac Univ Palacky Olomouc Czech Repub. (2015) 
159: 586-94.

(16) Bouillon R, Carmeliet G, Verlinden L, van Etten E, 
Verstuyf A, Luderer HF, Lieben L, Mathieu C and 
Demay M. Vitamin D and human health: lessons 
from vitamin D receptor null mice. Endocr Rev. 
(2008) 29: 726-76.

(17) Holick MF. Vitamin D deficiency. N Engl J Med. 
(2007) 357: 266-81.

(18) Nemerovski CW, Dorsch MP, Simpson RU, Bone 
HG, Aaronson KD, Bleske BE. Vitamin D and 
cardiovascular disease. Pharmacotherapy. (2009) 
29: 691-708.

(19) Kienreich K, Tomaschitz A, Verheyen N, Pieber T, 
Gaksch M, Grubler MR and Pilz S. Vitamin D and 
cardiovascular disease. Nutrients. (2013) 5: 3005-21.

(20) Kim SH, Baek MS, Yoon DS, Park JS, Yoon BW, 
Oh BS, Park J and Kim HJ. Vitamin D Inhibits 
Expression and Activity of Matrix Metalloproteinase 
in Human Lung Fibroblasts (HFL-1) Cells. Tuberc 
Respir Dis (Seoul). (2014) 77: 73-80.

(21) Raschetti R, Morgutti M, Menniti-Ippolito F, 
Belisari A, Rossignoli A, Longhini P and La 
Guidara C. Suspected adverse drug events requiring 
emergency department visits or hospital admissions. 
Eur J Clin Pharmacol. (1999) 54: 959-63.

(22) Giovannucci E, Liu Y, Hollis BW and Rimm 
EB. 25-hydroxyvitamin D and risk of myocardial 
infarction in men: a prospective study. Arch. Intern. 
Med. (2008) 168: 1174-80.

(23) Dobnig H, Pilz S, Scharnagl H, Renner W, Seelhorst 
U, Wellnitz B, Kinkeldei J, Boehm BO, Weihrauch G 
and Maerz W. Independent association of low serum 
25-hydroxyvitamin d and 1,25-dihydroxyvitamin d 
levels with all-cause and cardiovascular mortality. 
Arch Intern Med. (2008) 168: 1340-9.

(24) Kienreich K, Tomaschitz A, Verheyen N, Pieber T, 
Gaksch M, Grübler MR and Pilz S. Vitamin D and 
cardiovascular disease. Nutrients. (2013) 5: 3005-21.

(25) Wang TJ, Pencina MJ, Booth SL, Jacques PF, 
Ingelsson E, Lanier K, Benjamin EJ, D’Agostino 
RB, Wolf M and Vasan RS. Vitamin D deficiency 
and risk of cardiovascular disease. Circulation. 
(2008) 117: 503-11.

(26) Hsia J, Heiss G, Ren H, Allison M, Dolan NC, 
Greenland P, Heckbert SR, Johnson KC, Manson 
JE, Sidney S andTrevisan M. Calcium/vitamin 
D supplementation and cardiovascular events. 
Circulation (2007) 115: 846-54.

(27) LaCroix AZ, Kotchen J, Anderson G, Brzyski 
R, Cauley JA, Cummings SR, Gass M, Johnson 
KC, Ko M, Larson J, Manson JE, Stefanick ML 
and Wactawski Wende J. Calcium plus vitamin D 
supplementation and mortality in postmenopausal 
women: the Women’s Health Initiative calcium-
vitamin D randomized controlled trial. J. Gerontol A 
Biol. Sci. Med. Sci. (2009) 64: 559-67.

(28) Wang L, Manson JE, Song Y and Sesso HD. 
Systematic review: Vitamin D and calcium 
supplementation in prevention of cardiovascular 
events. Ann..Intern. Med. (2010) 152: 315-23.

(29) Avenell A, MacLennan GS, Jenkinson DJ, 
McPherson GC, McDonald AM, Pant PR, Grant AM, 
Campbell MK, Anderson FH, Cooper C, Francis 
RM, Gillespie WJ, Robinson CM, Torgerson DJ 
and Wallace WA. Long-term follow-up for mortality 
and cancer in a randomized placebo-controlled trial 
of vitamin D(3) and/or calcium (RECORD trial). J. 
Clin. Endocrinol. Metab. (2012) 97: 614-22.

(30) Autier P and Gandini S. Vitamin D supplementation 
and total mortality: a meta-analysis of randomized 
controlled trials. Arch .Intern. Med. (2007) 167: 
1730-7.

(31) Khalili H, Talasaz AH and Salarifar M. Serum 
vitamin D concentration status and its correlation 
with early biomarkers of remodeling following acute 
myocardial infarction. Clin. Res. Cardiol. (2012) 
101: 321-7.

(32) Moradi N, Fadaei R, Ahmadi R, Mohammad 
MH, Shahmohamadnejad S, Tavakoli Yaraki M, 
Aghajani H and Fallah S. Role of serum MMP-9 
levels and vitamin D receptor polymorphisms in 
the susceptibility to coronary artery disease: An 
association study in Iranian population. Gene (2017) 



142

Foroughinia F et al. / IJPR (2020), 19 (4): 135-142

628: 295-300.
(33) Timms PM, Mannan N, Hitman GA, Noonan K, 

Mills PG, Syndercombe-Court D, Aganna E, Price 
CP and Boucher BJ. Circulating MMP9, vitamin 
D and variation in the TIMP-1 response with VDR 
genotype: mechanisms for inflammatory damage in 
chronic disorders? Qjm (2002) 95: 787-96.

(34) Wasse H, Cardarelli F, De Staercke C, Hooper C, 
Veledar E and Guessous I. 25-hydroxyvitamin D 
concentration is inversely associated with serum 
MMP-9 in a cross-sectional study of African 
American ESRD patients. BMC. Nephrol. (2011) 12: 
24.

(35) Lopez-Lopez N, Gonzalez-Curiel I, Trevino Santa 
Cruz MB, Rivas Santiago B, Trujillo-Paez V, Enciso-
Moreno JA and Serrano CJ. Expression and vitamin 
D-mediated regulation of matrix metalloproteinases 
(MMPs) and tissue inhibitors of metalloproteinases 
(TIMPs) in healthy skin and in diabetic foot ulcers. 
Arch. Dermatol. Res. (2014) 306: 809-21.

(36) Anand SP and Selvaraj P. Effect of 1, 25 
dihydroxyvitamin D(3) on matrix metalloproteinases 
MMP-7, MMP-9 and the inhibitor TIMP-1 in 
pulmonary tuberculosis. Clin. Immunol. (2009) 133: 
126-31.

(37) Wang LF, Tai CF, Chien CY, Chiang FY and Chen 
JY. Vitamin D decreases the secretion of matrix 
metalloproteinase-2 and matrix metalloproteinase-9 
in fibroblasts derived from Taiwanese patients 
with chronic rhinosinusitis with nasal polyposis. 

Kaohsiung J. Med. Sci. (2015) 31: 235-40.
(38) Mittelstadt ML and Patel RC. AP-1 

mediated transcriptional repression of matrix 
metalloproteinase-9 by recruitment of histone 
deacetylase 1 in response to interferon β. PloS one. 
(2012) 7: e42152.

(39) Xiao XH, Liu ZL, Wang H, Sun Q, Li WH, Yang 
GH and Liu QY. Effects of vitamin D receptor gene 
polymorphisms on susceptibility to type 1 diabetes 
mellitus. Chin .Med. Sci. J. (2006) 21: 95-8.

(40) Lahdentausta L, Leskela J, Winkelmann A, 
Tervahartiala T, Sorsa T, Pesonen E and Pussinen 
PJ. Serum MMP-9 Diagnostics, Prognostics, and 
Activation in Acute Coronary Syndrome and Its 
Recurrence. J. Cardiovasc Transl Res. (2018) 11: 
210-20.

(41) Kelly D, Cockerill G, Ng LL, Thompson M, 
Khan S, Samani NJ and Squire IB. Plasma matrix 
metalloproteinase-9 and left ventricular remodelling 
after acute myocardial infarction in man: a 
prospective cohort study. Eur. Heart J. (2007) 28: 
711-8.

(42) Sundström J, Evans JC, Benjamin EJ, Levy D, 
Larson MG, Sawyer DB, Siwik DA, Colucci WS, 
Sutherland P, Wilson PW. Relations of plasma 
matrix metalloproteinase-9 to clinical cardiovascular 
risk factors and echocardiographic left ventricular 
measures: the Framingham Heart Study. Circulation 
(2004) 109: 2850-6.
This article is available online at http://www.ijpr.ir


	OLE_LINK4
	_Hlk4572543
	_Hlk4574582
	_Hlk4574543
	_Hlk4574702
	_GoBack

