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Vitamin D is a predictor of ST segment resolution and infarct size 
following thrombolysis in patients with acute ST elevation 

myocardial infarction
D vitamini akut ST yükselmeli miyokart enfarktüsü olan hastalarda tromboliz sonrasında 
ST segment çözünürlüğünün ve enfarktüs boyutunun öngörülmesini sağlamaktadır
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Objective: Vitamin D (VitD) insufficiency is linked to various 
chronic conditions, including cardiovascular disease. Aim of 
the present study was to examine role of serum VitD in resolu-
tion of ST segment elevation (STR) in response to thrombo-
lytic therapy following acute ST elevation myocardial infarc-
tion (STEMI).
Methods: VitD was measured prospectively in all consecu-
tive patients who were admitted with STEMI and received 
thrombolysis during the calendar year of 2014. STR was 
defined as ≥50% decrease in initial magnitude of STR 90 
minutes after treatment. Multivariate binary logistic regres-
sion analysis was performed to identify effect of confounding 
variables on STR.
Results: Average age was 58±14 years in 227 patients (41 
female and 186 male). Total of 24.7% of patients had suffi-
cient VitD (>30 ng/mL), whereas 46.2% had VitD insufficiency 
(10–30 ng/mL), and remaining 29.1% had VitD deficiency (<10 
ng/mL). Significant STR occurred in 57.3% of the patients. In 
a nonlinear pattern, serum VitD concentration directly corre-
lated with likelihood of STR (p=0.012). VitD deficient patients 
had larger enzymatic infarct size compared with those with 
sufficient VitD (p=0.026). In multivariate logistic regression 
analysis, while diabetes doubled (p=0.033) and involvement 
of anterior wall created 2.7-fold increase in probability of non-
resolution (p=0.001), for every unit increase in serum VitD, 
likelihood of STR increased by 2.1% (p=0.023).
Conclusion: VitD deficiency in patients with STEMI was as-
sociated with lower occurrence of STR and larger enzymatic 
infarct size in response to thrombolytic therapy.

Amaç: D vitamin (VitD) yetersizliği kalp-damar hastalıklarını 
da içeren birçok kronik hastalıkla bağlantılıdır. Akut ST yük-
selmeli miyokart enfarktüsü (STYMİ) sonrasında trombolitik 
tedaviye yanıt olarak gelişen ST segment yükselmesinin çö-
zünürlüğünde (STR) serumdaki D vitamininin rolünü incele-
meyi amaçladık.
Yöntemler: 2014 takvim yılı içerisinde STYMİ geçirerek baş-
vurmuş ve tromboliz tedavisi almış olan her bir hastanın has-
talık geçirdikleri sıradaki VitD seviyeleri ileriye yönelik olarak 
ölçüldü. STR, tedavi sonrasındaki ilk 90 dakikadaki ST yük-
selmesi ≥%50 azalma olarak tanımlandı. Çelişkili (kompleks) 
değişkenlerin STR üzerindeki etkisini belirlemek için çok de-
ğişkenli ikili lojistik regresyon analizi yapıldı.
Bulgular: Çalışmaya dahil edilen 227 hastanın (41 kadın ve 
186 erkek) yaş ortalamaları 58±14 idi. Hastalardan %24.7’si 
yeterli miktarda VitD (>30 ng/mL) sahipken,%46.2’sında VitD 
yetersizliği (<10 ng/mL), geriye kalan hastalarda ise (%29.1) 
VitD eksikliği vardı (<10 ng/mL). Hastaların %57.3’ünde belir-
gin STR meydana gelmişti. Doğrusal olmayan bir modele göre, 
serum VitD konsantrasyonu doğrudan STR gerçekleşme ola-
sılığı ile korelasyon gösterdi (p=0.012). VitD eksikliği olan has-
talarda enzimatik enfarktüs büyüklüğü, yeterli miktarda VitD 
olan hastalara göre daha büyüktü (p=0.026). Çok değişkenli 
lojistik regresyon analizine göre, diyabet çözünmezlik olasılı-
ğını iki katına çıkarırken (p=0.033), ön duvardaki tutulumu ise 
çözünmezlik olasılığını 2.7 kat artırmaktaydı (p=0.001). Serum 
VitD düzeylerindeki her bir birimlik artış ST segment çözünür-
lüğü olasılığını %2.1 (p=0.023) oranında arırmaktaydı.
Sonuç: ST yükselmeli miyokart enfarktüsü geçirmiş hasta-
lardaki VitD eksikliği trombolitik tedaviye yanıt olarak daha 
düşük STR frekansı ve daha geniş enzimatik enfarktüs bo-
yutlarıyla ilişkilidir.
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In a d e q u a t e 
vitamin D 

(VitD) level is 
considered to be 
a global health 
problem, as it 
currently affects 
over 1 billion 
people, world-
wide.[1] With the 
identification of 
VitD receptors on 
almost all cells 
of various human tissues, including vascular smooth 
muscle, endothelium, and cardiomyocytes, a pluripo-
tential function has been described for VitD, in addi-
tion to its main role in bone-mineral metabolism.[2] An 
association between VitD insufficiency (serum level 
<30 ng/mL) and various chronic conditions, such as 
neoplasms, autoimmune disorders, hypertension, dia-
betes, coronary artery disease, and heart failure has 
been reported.[3,4] In a large prospective cohort, after 
controlling for traditional contributing factors, risk 
of ST elevation myocardial infarction (STEMI) was 
higher among men with insufficient levels of VitD.[5] 
In a fairly recent meta-analysis, there was graded in-
verse relationship between VitD and risk of coronary 
heart disease.[6] Though an exact cause-effect corre-
lation has yet to be shown between hypovitamino-
sis D and atherosclerosis, there are several plausible 
mechanisms, including dysregulation of renin-angio-
tensin-aldosterone system (RAAS). As negative regu-
lation of renin gene transcription by VitD is reduced, 
elevated RAAS activity leads to progression of ath-
erogenic processes and negative myocardial remod-
eling.[7] Moreover, development of insulin resistance, 
inflammatory cytokine proliferation, and associated 
increased thrombogenicity may be potential contribu-
tors to higher cardiovascular risk in individuals with 
low VitD level.[2,8] 

Significant resolution of ST segment elevation 
(STR) in patients with acute STEMI has been associ-
ated with smaller infarct size, better preservation of 
left ventricular function, and favorable clinical out-
come.[9] STR is considered a surrogate for reperfusion 
of cardiac myocytes.[10,11] Although enough evidence 
exists to support higher probability of acute STEMI 
in clinically VitD deficient patients, to our knowl-
edge, there has been no study examining the effica-

cy of thrombolytic therapy and clinical outcome of 
patients following an established STEMI in relation 
to their serum VitD concentration. Objective of this 
study was to evaluate association between serum VitD 
level and outcome of acute STEMI in patients treated 
with thrombolysis. Primary endpoint of this research 
was STR. It was hypothesized that patients with in-
sufficient or deficient levels of VitD would demon-
strate less likelihood for STR following thrombolytic 
therapy for acute STEMI.

METHODS

Study design 

This was a prospective, observational study examin-
ing VitD level and its association with STR in patients 
with STEMI. The study protocol was reviewed by the 
institutional ethics committee at Tabriz University of 
Medical Sciences and scientific merits were approved. 
The study was conducted between January 2014 and 
January 2015 at university-affiliated heart hospital. 
Patients presenting with acute STEMI within 12 hours 
of onset of their symptoms who received thrombolyt-
ic as reperfusion strategy were considered for enroll-
ment. Decision to administer thrombolytic was made 
by the managing cardiologist. Patients with chronic 
kidney disease and estimated glomerular filtration 
rate of less than 60 mL/min/1.73 m2, those with paced 
rhythm and pre-existing left bundle branch block, and 
those taking VitD supplement were excluded from the 
study. Additionally, patients were not considered if 
they were younger than 18 years of age, if they pre-
sented more than 12 hours from symptom onset, or 
if they had contraindication to receive thrombolytic. 
The study was performed in compliance with the 
Declaration of Helsinki and informed consent was 
obtained from participants upon enrollment. Demo-
graphic details; comorbidities; electrocardiography 
(ECG), laboratory, and echocardiography findings; as 
well as coronary angiography findings (if performed 
during the course of index hospitalization) were re-
corded for each case.

Electrocardiographic analysis 

Initial ECG was recorded upon arrival to the emer-
gency room and was considered baseline ECG. STE-
MI was defined according to universal definition of 
myocardial infarction[12] in the presence of new ST 
elevation from J point in 2 contiguous leads of ≥0.1 
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Abbreviations:

ECG Electrocardiography
CK Creatine kinase (CK) 
CK-MB Creatine kinase MB fraction
cTnI Cardiac troponin I
HsCRP High sensitivity C-reactive protein
MACCE Major adverse cardiac and
 cerebrovascular event 
MMP Matrix metalloproteinase
PAI-1 Plasminogen activator inhibitor-1 
RAAS Renin-angiotensin-aldosterone system
ROC Receiver operating characteristic
STEMI ST elevation myocardial infarction
STR ST segment elevation
VitD Vitamin D



Turk Kardiyol Dern Ars326

mm in all leads except for leads V2 and V3 for which 
≥0.2 was considered significant. Lead with maximal 
ST elevation was identified and extent of ST eleva-
tion was measured and used as reference to evaluate 
STR. amount of ST elevation in the same lead was 
assessed 90 minutes after administering thrombolytic 
treatment. STR was calculated. Patients with ≥50% 
resolution of initial maximal ST elevation were as-
signed to (+)STR group, and those with <50% resolu-
tion of initial maximal ST elevation were allocated to 
(-)STR group.

Laboratory analyses 

Venous blood was drawn upon presentation before 
receiving any treatment. After blood was collected, 
samples were centrifuged, and extracted serum stored 
at -70°C until 25-hydroxy vitamin D concentrations 
(VitD) was measured with fully automated chemilu-
minescent immunoassay (LIASON 25 OH Vitamin 
D TOTAL Assay; DiaSorin SpA, Saluggia, Italy) on 
the automated LIAISON analyzer (DiaSorin SpA, 
Saluggia, Italy). Cardiac enzymes, including total 
creatine kinase (CK) (IU/L), creatine kinase MB frac-
tion (CK-MB) (IU/L), and cardiac troponin-I (cTnI) 
(μg/L) were measured upon presentation. Serial mea-
surement of cardiac enzymes was performed. Second 
set of cardiac enzymes was measured 8 to 12 hours 
after presentation, and third set was measured after 
24 hours for CK-MB and after 48 hours for cTnI. All 
blood samples were analyzed at central core labora-
tory. Area under the curve for serial measurements of 
CK-MB using standard trapezoidal method was con-
sidered surrogate for enzymatic infarct size.

Definitions

Hypertension was defined as systolic blood pressure 
≥140 mmHg, diastolic blood pressure of ≥90 mmHg, 
or current use of antihypertensive medications. Dia-
betes was defined as fasting blood glucose of ≥126 
mg/dL or current use of glucose-lowering medica-
tions. Hyperlipidemia was defined as total cholesterol 
of ≥200 mg/dL in the previous 6 months prior to ad-
mission. Family history of premature ischemic heart 
disease was accepted if there was history of coronary 
heart disease at age of onset <55 years for men and 
<65 years for women in first-degree family members. 
VitD level below 10 ng/mL was considered deficient, 
whereas level of 10 to 30 ng/mL was considered in-
sufficient. VitD level above 30 ng/mL was considered 

sufficient. Major adverse cardiac and cerebrovascular 
event (MACCE) was defined as composite rate of re-
current ischemia, stroke, heart failure, or death during 
hospitalization.

Sample size determination 

Since there was no similar previous study examining 
VitD level and STR, first 100 patients were used as 
pilot project for sample size determination. Mean dif-
ference in VitD level was 8 ng/mL in patients with and 
without STR. Therefore, required sample size with al-
pha error of 0.05 and power of 0.80 was 56 patients 
in each group. With 227 patients enrolled, power of 
0.96 with 95% confidence interval was achieved in 
the present study.

Treatment protocol 

Accelerated streptokinase regimen was administered 
as described previously: 1,500,000 units of strepto-
kinase was dissolved in 50 mL of saline and infused 
over 30 minutes using infusion pump through periph-
eral vein.[13]

Statistical analysis

All data obtained were analyzed using IBM SPSS 
Statistics for Windows, Version 22.0 software (IBM 
Corp., Armonk, NY, USA). Kolmogorov-Smirnov 
test was performed to test normality of distribution for 
continuous variables. If normality was rejected, data 
were analyzed using non-parametric test of Mann-
Whitney U test when comparing 2 groups, and Krus-
kal-Wallis one-way analysis of variance (ANOVA) 
(k samples) for 3 groups. Continuous variables were 
reported as mean±SD in case of normal distribution, 
or median and interquartile range when normality 
was not present. Categorical variables were presented 
as frequency (percentage), and Fisher’s exact test or 
chi-square test with Yates’s correction was used for 
comparison, as appropriate. Comparison of continu-
ous variables between study groups was performed 
with use of independent t-test or ANOVA as needed. 
Multivariate binary logistic regression model was de-
signed to study independent predictors of STR using 
variables with p value of less than 0.10 in univariate 
analysis. Additionally, receiver operating characteris-
tic (ROC) curve was plotted to establish cut-off value 
for vitamin D in predicting STR. P<0.05 was regarded 
as statistically significant.



sufficiency, and 66 (29.1%) patients had VitD defi-
ciency. Mean VitD was 22.9±18.3 ng/mL. STR >50% 
(primary outcome variable) occurred in 130 (57.3%) 
members of the study population and MACCE (sec-
ondary outcome variable) occurred in 36 (15.9%) of 
the patients. One patient died during hospitalization. 
Table 1 illustrates characteristics of (+)STR group in 
comparison with (-)STR group. VitD level was sig-
nificantly lower in patients in (-)STR group.

Table 2 provides characteristics of patients accord-
ing to status of serum VitD level. Patients with VitD 
deficiency were comparable to the rest of the study 
population in terms of comorbidities, yet they had sig-
nificantly lower percentage of STR following throm-
bolysis. They also had larger infarct size, as assessed 
by cardiac enzyme release. Dunn-Bonferroni post hoc 
analysis indicated that for enzymatic infarct size based 
on CK-MB, there was significant difference between 
patients with normal VitD level and those with level 

RESULTS

Total of 227 patients (41 women) were enrolled in 
this study. Mean age of the study group was 58±14 
years, and ranged between 31 and 87 years. In all, 
121 (53.3%) patients had anterior STEMI, whereas 
remaining 106 (46.7%) had inferior STEMI. In terms 
of comorbidities, 18.9% were diabetic, 37.9% were 
hypertensive, 15.4% had hyperlipidemia, and 46.7% 
were current/past smokers. Coronary angiography 
was performed in 175 (77.1%) of patients during the 
course of index hospitalization. Among these patients, 
7 (4%) had non-significant coronary artery obstruc-
tion, 85 (48.6%) patients had significant stenosis in 
single coronary artery, 45 (25.7%) had significant ste-
nosis in 2 coronary arteries, and 38 (21.7%) patients 
had significant stenosis in all 3 coronary arteries.

Serum VitD level was sufficient in 56 (24.7%) 
patients, whereas 105 (46.2%) patients had VitD in-

Table 1. Patient characteristics according to occurrence of ST resolution on electrocardiogram

 STR (+) STR (–) p
 (n=130) (n=97)

Age (years) 59±14 57±13 0.273
Gender (female/male) 23/107 18/79 0.867
Myocardial infarction location (anterior/inferior) 57/73 64/33 0.001
Familial history of premature coronary artery disease, n (%) 7 (5.4) 3 (3.1) 0.522
Diabetes mellitus, n (%) 19 (14.6) 24 (24.7) 0.043
Hypertension, n (%) 49 (37.7) 37 (38.1) 0.945
Hyperlipidemia, n (%) 24 (18.5) 11 (11.3) 0.199
Smoking (current or past), n (%) 59 (45.4) 47 (48.5) 0.745
Prior coronary artery disease, n (%) 5 (3.8) 1 (1.0) 0.242
Creatine kinase-MB 1 (U/L) 33 (28) 46 (49) 0.028
Creatine kinase-MB 2 (U/L) 107 (145) 145 (182) 0.040
Creatine kinase-MB 3 (U/L)  54 (55) 78 (66) 0.006
Cardiac troponin-I 1 (µg/L)  0.2 (1.6) 0.2 (2.6) 0.897
Cardiac troponin-I 2 (µg/L)  8.9 (16.7) 13.5 (23.5) 0.005
Cardiac troponin-I 3 (µg/L)  4.7 (6.5)  7.4 (13.2) 0.001
Vitamin D (ng/mL) 21.4 (22.7)   17.1 (19.2) 0.037
Area under the curve creatine kinase-MB (U/L *24 hour)  2038 (2382)  2728 (2872) 0.013
Area under the curve cardiac troponin-I (ng/mL *24 hour) 158 (252)  327(371) 0.008
Left ventricular ejection fraction (%)  43.2±7.4  38.8±7.7 <0.001
Length of stay (days) 5.0±1.3  5.5±2.0 0.023
Major adverse cardiac and cerebrovascular events, n (%) 17 (13.1) 19 (19.6) 0.252
STR: ST-segment elevation.

Vitamin D and ST resolution 327



below 10 ng/mL (p=0.026). However, difference be-
tween patients with normal VitD level and those with 
VitD insufficiency, or those with insufficient versus 
deficient VitD level was not statistically significant 
(p=0.463 and 0.083, respectively).

As for cumulative release of cTn-I, there was sig-
nificant difference between patients with normal VitD 
level and those with level below 10 ng/mL (p=0.003), 
and also between patients with normal VitD level and 
those with VitD insufficiency (p=0.010). However, 
difference between those with insufficient versus 
deficient VitD level was not statistically significant 
(p=0.146).

Left ventricular ejection fraction and hospital 

length of stay were not affected by VitD level. Mul-
tivariate binary logistic regression model was con-
structed to identify independent contributors to lack 
of STR, including all variables with p value less than 
0.10 in univariate analyses. Consequently, involve-
ment of the anterior wall in myocardial infarction 
zone (p=0.001) and diabetes mellitus (p=0.033) were 
included in this model in addition to serum VitD level 
as the only covariates (Table 3). According to this 
model, for every 1 ng/mL increment of VitD, there 
was 2.1% increase in likelihood of positive response 
to thrombolytic therapy. In order to examine pre-
dictive value of serum VitD for STR in response to 
post-STEMI thrombolysis, ROC curves were plotted 
with appropriate coordinates (Figure 1). Area under 

Table 2. Characteristics of each group according to vitamin D status

 Vitamin D  Vitamin D Vitamin D  p
 >30 ng/mL 10–30 ng/mL <10 ng/mL
 (n=57) (n=104) n=66

Age (years), Mean±SD 62±15* 58±13 55±14* 0.048
Percentage of ST resolution 63 (42) 50 (43) 43 (47) 0.126
Creatine Kinase-MB on admission (IU/L) 31 (38) 36 (33) 35 (40) 0.745
Cardiac troponin-I on admission (ng/mL) 0.2 (1.1) 0.2 (2.8) 0.3 (1.3) 0.285
Creatine kinase total on admission (IU/L) 232 (312) 222 (390) 225 (332) 0.986
Maximal ST elevation on admission (mm)  4 (4) 4 (12) 4 (11) 0.567
Maximal ST elevation after thrombolysis (mm) 1.5 (3.0) 2.0 (2.0) 2.0 (3.0) 0.417
Area under the curve for creatine kinase-MB (IU/L*24 hrs) 1780 (2186) 2326 (2321) 2734 (3168) 0.030
Area under the curve for cardiac troponin-I (µg/L*48 hrs) 133 (242) 203 (323) 318 (321) 0.007
Left ventricular ejection fraction (Percent) 42±8 42±8 40±8 0.137
Length of stay (days) 5.5±1.7 5.2±1.9 5.1±1.1 0.404
Gender (M/F) 44/13 88/16 54/12 0.561
Diabetes mellitus, n (%) 7 (12.3) 24 (23.1) 12 (18.2) 0.243
Hypertension, n (%) 27 (47.4) 39 (37.5) 20 (30.3) 0.150
Smoking, n (%) 21 (36.8) 49 (47.1) 36 (54.5) 0.145
Hyperlipidemia, n (%) 6 (11.8) 21 (20.2) 8 (12.1) 0.181
Family history of premature CAD, n (%) 4 (7.0) 4 (3.8) 2 (3.0) 0.523
Prior coronary artery disease, n (%) 2 (3.5) 4 (3.8) 0 (0) 0.280
Normal coronary, n (%) 2  (4.9) 5 (6.3) 0 (0) 
1 vessel disease, n (%) 28 (68.3) 26 (32.5) 31 (57.4) 
2 vessel disease, n (%) 4 (9.8) 27 (33.8) 14 (25.9) 0.459
3 vessel disease, n (%) 7 (17.1) 22 (27.5) 9 (16.7) 
Major adverse cardiac and cerebrovascular events, n (%) 12 (21.0) 15 (14.4) 9 (13.6) 0.115
Lack of ST resolution, n (%) 19 (33.3) 43 (41.3) 35 (53.0) 0.082
Asterisks denote variables that were significant in post hoc analysis. SD: Standard deviation.
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VitD level is associated with greater risk of failure to 
respond to thrombolysis, and thereby results in larger 
enzymatic infarct size in patients admitted with STE-
MI. To the best of our knowledge, this is the first study 
to address links between low VitD level and less re-
sponse to thrombolytic therapy in STEMI. Lower re-
sponse rate to thrombolysis translates into larger myo-
cardial loss, and subsequently, less favorable outcome 
in follow-up. In this study, we have reported greater 
enzymatic release in patients with deficient level of 
VitD compared with patients with normal VitD level 
following STEMI event.

VitD deficiency is an emerging risk factor for car-
diovascular disease and it is implicated in maintaining 
vascular health. Over a period of 10 years in a longi-
tudinal study, men with VitD insufficiency developed 
myocardial infarction more frequently than those 
whose vitamin level was normal. The association ex-
ists even after adjusting for traditional risk factors.[5] 
It has been reported that after acute myocardial infarc-
tion, heart failure is more frequently seen in patients 
with VitD deficiency than in those with adequate level 
of VitD.[14] That study included both STEMI and non-
STEMI, and did not comment on reperfusion strate-
gies.

Among proposed mechanisms that may explain 
the association between low level of VitD and cardio-
vascular disease, one may name the anti-inflammato-
ry properties of this vitamin and its regulatory effects 
on renin expression.[8,16] Modulatory effects of VitD 
on RAAS are mediated through calcium-independent 
suppression of renin gene transcription. Moreover, 
studies show that in knockout mice for VitD recep-
tors, renin expression increases and subsequently aug-
ments angiotensin II level, which subsequently leads 
to hypertension and left ventricular hypertrophy.[16] 

the curve for this plot was 0.59±0.04 with p value of 
0.017. Cut-off value of serum VitD concentration in 
predicting STR was 20 ng/mL. However, sensitivity 
of serum VitD level of 20 ng/mL in predicting STR 
was 55% and specificity was 62%.

DISCUSSION

Prevalence of VitD insufficiency/deficiency is very 
high in our patient population with STEMI, with fre-
quency comparable to that of previous studies.[14,15] 
In the present study, results demonstrated that lower 

Table 3. Multivariate binary logistic regression for the lack of  ST resolution with the effect of confounding variables 
of diabetes mellitus, location of myocardial infarction, and serum vitamin D concentration

  Coefficient SE P value Odds ratio 95% Confidence interval

     Lower Upper

Diabetes mellitus 0.771 0.362 0.033 2.16 1.064 4.396
Serum vitamin D level -0.021 0.009 0.023 0.98 0.961 0.997
Anterior/inferior wall MI 0.987 0.289 0.001 2.68 1.524 4.725
Constant -0.518 0.304 0.088 0.596    
MI: Myocardial infarction; SE: Standard error.

Figure 1. Receiver operating characteristic curve was plot-
ted to establish the cut-off point for vitamin D in predicting 
ST segment elevation (STR) in response to thrombolysis in 
acute ST elevation myocardial infarction. Vitamin D with a 
cut-off value of 20 ng/mL predicted STR with sensitivity of 
55% and specificity of 62%. (Area under curve 0.59±0.04).
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which VitD may have affected process of thrombol-
ysis in the current study. Such observations call for 
further studies focused on hemostatic abnormalities 
observed in patients with VitD deficiency.[26]

Furthermore, VitD level inversely correlates with 
burden of vascular calcification.[27] In another in vitro 
study, effect of VitD on reducing platelet activation 
was demonstrated.[28] Greater degree of plaque calci-
fication can potentially affect efficacy of thrombolytic 
in restoring coronary flow. All these factors may con-
tribute to observed relative resistance to thrombolytic 
therapy in STEMI patients with reduced VitD level. 
Frequency and extent of STR in the present study are 
similar to those previously reported by our center.[29,30] 
STR after reperfusion treatment by primary percuta-
neous coronary intervention or thrombolysis offers 
crucial prognostic information in the setting of STE-
MI,[31] and has been shown to be of significant utility 
in both clinical practice and research.[32] The findings 
of the current study have clinical implications, as pa-
tients with known VitD inadequacy may not benefit 
as much from thrombolytic treatment in the setting 
of STEMI. Further studies addressing the outcome of 
primary percutaneous intervention in patients with vi-
tamin D inadequacy are warranted. 

The study is subject to some limitations. U-shaped 
relationship between VitD and outcome has been pro-
posed, with both higher and lower levels associated 
with higher mortality.[33] However, there were only 
5 patients in this series with VitD exceeding normal 
level, which is too few to examine this concept. We 
do not correlate extent of coronary artery disease or 
plaque burden with serum concentration of this vita-
min. Additional confounding factors, which could af-
fect occurrence of STR, may have been overlooked. 
Additionally, this study lacks any follow-up informa-
tion post discharge from hospital. 

Conclusion

VitD deficiency in patients with STEMI is associated 
with lower frequency of STR and larger enzymatic in-
farct size in response to thrombolytic therapy. Though 
lower VitD level is associated with lower efficacy of 
thrombolytic therapy in this study, whether vitamin D 
supplements could affect the outcome, and whether 
lower VitD level would correlate with long-term ad-
verse events following episode of STEMI remain ar-
eas for further research.

Ventricular remodeling secondary to excessive RAAS 
activity particularly predisposes the myocardium to 
ischemia. 

VitD has anti-inflammatory role, and deficiency 
promotes systemic and vascular inflammation. Bal-
ance between matrix metalloproteinases (MMPs) 
and their inhibitors, tissue inhibitors of metallopro-
teinases, is a major contributor to local inflammatory 
reaction and initiation of coagulation cascade. Ad-
ditionally, imbalance between proinflammatory and 
anti-inflammatory proteins in the myocardium is be-
lieved to play major role in ventricular remodeling.[17] 
Plasma concentration of MMP9 and high sensitivity 
C-reactive protein (hs-CRP) have been higher in pa-
tients with coronary artery disease than that of con-
trols with no coronary atherosclerotic diseases.[18] Re-
markably, VitD has been identified as an independent 
determinant of serum levels of hs-CRP and MMP9, 
which may provide an explanation for presence of lo-
cal inflammation at the level of intima, tissue damage, 
and progression of atherogenesis.[19]

The net effect of VitD in homeostasis between pro-
coagulant and anticoagulant states favors inhibition of 
clot formation and lysis of the formed clot. Thrombo-
modulin is an endogenous antithrombotic protein. Its 
expression is upregulated by VitD, while expression 
of tissue factor in monocytes (major coagulation fac-
tor that initiates the extrinsic pathway) is reduced by 
VitD.[20] Positive correlation has also been described 
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