
7015

Abstract. – OBJECTIVE: Clinical studies de-
tecting the increase in thrombotic events with 
vitamin D deficiency note the relationship be-
tween vitamin D and thrombosis. This study 
aims at evaluating the relationship between se-
rum vitamin D levels and coronary thrombus 
burden.

PATIENTS AND METHODS: We retrospec-
tively evaluated 77 patients with ST-elevated 
myocardial infarction (STEMI). Serum vitamin D 
levels, degree of coronary thrombus, Thrombol-
ysis in Myocardial Infarction (TIMI) frame count 
and the extent and severity of atherosclerosis in 
coronary arteries were also measured in all cas-
es. Patients were divided into 2 groups, accord-
ing to thrombus load.

RESULTS: The rate of vitamin D deficiency 
in the study population was 79.22% (< 20 ng/
mL). Vitamin D levels were significantly high-
er in patients with a mild thrombus load than 
in patients with a severe thrombus load (16 vs. 
13.95 p = 0.018). Gensini scores were signifi-
cantly higher in patients with a severe throm-
bus burden than in patients with a mild throm-
bus burden (42 vs. 54.5 p = 0.014). There was a 
low negative correlation between vitamin D lev-
els and thrombus burden classification grades 
(r = -0.304, p = 0.007), Cx TIMI frame counts (r = 
-0.402, p < 0.001), and RCA TIMI frame counts (r = 
-0.479, p < 0.001). There was a moderate nega-
tive correlation between serum vitamin D lev-
els and LAD TIMI frame count (r = -0.507, p < 
0.001).

CONCLUSIONS: The results of our study 
showed that low 25(OH)D3 levels are an in-
dependent predictor of high coronary artery 
thrombus load and post-procedural TIMI frame 
count increase in patients with STEMI under-
going primary percutaneous coronary interven-
tion.
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Introduction

ST elevation acute myocardial infarction con-
tinues to be the primary cause of mortality and 
morbidity worldwide, despite advances in phar-
macological therapy and mechanical reperfusion 
therapy1. The main cause of STEMI is coronary 
thrombus that results from atherosclerotic plaque 
rupture and the consequent cessation of coronary 
blood flow. Infarct-related coronary artery throm-
bus load determines the clinical presentation of 
the patient with acute coronary syndrome, from 
unstable angina to STEMI2. Primary percutane-
ous coronary intervention (PCI) is the therapy 
of choice for patients with STEMI. In the early 
revascularization and responsible lesion, TIMI 
III degree flow is the main goal for survival. The 
presence of thrombus in patients with STEMI 
undergoing PCI has been reported to increase the 
incidence of major adverse cardiac and cerebro-
vascular events (MACCE), and a high thrombus 
load has been reported to be independently asso-
ciated with stent thrombosis, distal embolization, 
and no-reflow3.

Vitamin D is a steroid hormone. A prominent 
form of vitamin D, which circulates in the blood 
is 25(OH)D3. Vitamin D receptors are present 
in a wide variety of tissues, including vascular 
endothelium, cardiomyocytes, and lymphocytes. 
25(OH)D3 deficiency plays a very important 
role in both chronic inflammatory diseases and 
in the cardiovascular system3. Vitamin D sup-
presses the renin-angiotensin system, improves 
endothelial function, and causes anticoagulant 
effects by increasing the level of thrombomod-
ulin and decreasing the tissue factor4. Intracor-
onary thrombus and the amount of thrombus 
load are important prognostic determinants in 
STEMI5. Clinical studies6 detecting the increase 
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in thrombotic events with vitamin D deficiency 
have noted the relationship between vitamin D 
and thrombosis.

This study aims at evaluating the relationship 
between serum Vitamin D levels, the degree 
of coronary thrombus, the TIMI frame count, 
and the extent and severity of atherosclerosis in 
coronary arteries in patients with acute STEMI 
undergoing PCI.

Patients and Methods

Study Population
In this retrospective study, patients who were 

admitted within the first 12 hours after the onset 
of chest pain between July 2019 and October 
2019, having no history of thrombolytic therapy, 
and at least a 1 mm (2 mm for V1-V3) ST-segment 
elevation in two or more consecutive leads on 
electrocardiography (ECG) were included in this 
retrospective study. We included 77 patients with 
acute STEMI, 17 of whom were women, who 
underwent PCI. All patients were informed about 
the study and their written consent was obtained. 
The research was conducted in accordance with 
the principles set out by the Declaration of Hel-
sinki, the International Good Clinical Practice 
guidelines and all applicable legal requirements. 
The study protocol was approved by the Bursa 
City Hospital Medical Ethics Committee (No. 
2021-1/25).

Patients with a prior history of ischemic heart 
diseases, such as acute myocardial infarction, 
coronary intervention or coronary artery bypass 
grafting, chronic liver (aminotransferase activity 
> 40 IU/L), and kidney failure (glomerular filtra-
tion rate [GFR] < 60 mL/min/1.72 m2), patients 
with a history of active infection or malignancy, 
patients with known bleeding, coagulation and 
platelet dysfunction, patients with chronic sys-
temic and inflammatory diseases, patients with a 
history of anticoagulant and antithrombotic drug 
use, patients with known vitamin D metabolism 
disease, patients who had received thrombolytic 
therapy prior to coronary angiography and who 
had undergone thrombus aspiration and Glyco-
protein IIb/IIIa inhibitors in coronary angiogra-
phy were excluded from the study. 

Study Protocol
The demographic information and cardiovas-

cular risk factors of all patients were recorded. 
The left ventricular ejection fraction was mea-

sured in the first 24 hours after primary PCI with 
the modified Simpson method using an echocar-
diography device (Vivid 7, GE VingmedSound 
Horten, Norway), according to the recommenda-
tions of the American Society of Echocardiogra-
phy7. 

Gensini scores, TIMI frame rates and serum 
25(OH)D levels were measured for all cases. 
The angiographic severity of coronary artery 
disease was determined according to the Gensi-
ni score. We divided the patients into two groups 
according to the thrombus burden classification 
as mild thrombogenicity (Grade 2 and 3) - group 
A, and severe thrombogenicity (Grade 4 and 5) 
- group B. 

Angiographic Analysis
Emergency coronary angiography and PCI 

were performed by an experienced interventional 
cardiologist using a monoplane Innova GS 330 
cardiac angiography system (GE Company, USA) 
with a 6 or 7-F guiding catheter and a femoral ap-
proach. Iopromide (Ultravist 370, Schering AG, 
Berlin, Germany) was used as a contrast agent 
during the coronary angiography in all patients. 
Coronary angiograms were recorded in the right 
and left oblique planes at a rate of 30 frames/s 
using cranial and caudal angulations. 

All patients were administered a 300 mg ace-
tylsalicylic acid, 600 mg clopidogrel loading 
dose, and an intravenous bolus of heparin (100 U/
kg) during coronary angiography to homogenize 
antiplatelet efficacy in accordance with the 2017 
guidelines of the European Society of Cardiology 
in relation to STEMI management8.

Routine stenting was done in relation to the ar-
tery responsible for the acute myocardial infarc-
tion using a drug-eluting stent following direct or 
balloon angioplasty using various guide-wires.

Coronary angiographic analysis was per-
formed by two expert invasive cardiologists, who 
did not know the patient’s identity and clinical 
and laboratory characteristics. The evaluation of 
angiographic thrombus burden was performed 
according to the classification obtained from the 
TIMI-14 study (Table I)9.

Gensini Score
In this method, narrowing of the coronary 

artery lumen is 1 for 1% to 25% stenosis, 2 for 
26% to 50% stenosis, 4 for 51% to 75% stenosis, 
8 for 76% to 90% stenosis, and 16 for 91% to 
99% stenosis. and scored 32 for complete occlu-
sion. The calculated score is then multiplied by a 
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factor representing the importance of the location 
of the lesion in the coronary artery system. The 
multiplication factor for the left main coronary 
lesion is 5; it is 2.5 for the proximal left anterior 
descending artery (LAD) and proximal circum-
flex artery (LCX) lesions; 1.5 for middle LAD 
lesions; and 1 for lesions of the distal LAD, mid-
dle/distal circumflex artery, and right coronary 
artery (RCA). The multiplication factor for other 
branches is 0.510.

TIMI Frame Count
The TIMI frame number is determined as the 

sum of the cineangiographic frames during the 
staining period from the ostium to the distal level 
of the coronary artery. The corrected TIMI frame 
count in the responsible artery and other coro-
nary arteries after PCI was calculated for each 
patient. The TIMI frame count was calculated by 
dividing the value by 1.7, since the LAD is longer 
compared to either the RCA or the LCX. The pro-
posed normal TIMI frame count levels were 21 ± 
2 for LAD, 22 ± 4 for LCX, and 20 ± 3 for RCA11.

Laboratory Analyses
After a 12-h overnight fast, venous blood sam-

ples were taken and collected. The serum 25(OH)
D levels were measured by radioimmunoassay, 
and vitamin D deficiency was defined as a blood 
25(OH)D3 level < 20 ng/mL. All inter- and in-
tra-assay coefficients of variation were lower 
than 5%.

Statistical Analysis
All analyses were performed on SPSS v. 21 

(IBM Corp., Armonk, NY, USA). The Shap-
iro-Wilk’s test was used to determine whether 

variables were normally distributed. Data were 
given as mean ± standard deviation or median 
(minimum-maximum) for continuous variables, 
according to normality of distribution and fre-
quency (percentage) for categorical variables. 
Normally distributed variables were analyzed 
with the Independent Samples t-test. Non-nor-
mally distributed variables were analyzed with 
the Mann-Whitney U test. Categorical variables 
were analyzed with the Chi-Square test or Fish-
er’s exact test. Spearman correlation coefficients 
were calculated to evaluate relationships between 
variables. Two-tailed p-values lower than 0.05 
were considered statistically significant.

Results

77 patients (60 males and 17 females) were in-
cluded in the study; mean age was 56.00 ± 11.11 
(38-82). A summary of patients’ characteristics, 
biochemical measurements, echocardiography 
measurements and a summary of coronary artery 
disease scores and biochemical measurements 
with regard to thrombus severity are shown re-
spectively in Tables II, III, and IV. 

The thrombus loads of patients, who under-
went primary PCI, were evaluated. Accord-
ing to the thrombus burden classification, 30 
(38.96%) patients were grade 5, 18 (23.38%) 
patients were grade 4, 17 (22.08%) patients were 
grade 3 and 12 (15.58%) patients were grade 2. 
Patients were divided into 2 groups according 
to thrombus load. Vitamin D levels between 
group A (Grade 2 and 3) with mild thromboge-
nicity (48 patients), and group B (Grade 4 and 
5) with severe thrombogenicity (29 patients); 

Table I. The TIMI thrombus burden classification.

Grade 0 No angiographic evidence of thrombus
Grade 1 Angiographic features suggestive of thrombus (decreased contrast density, haziness of contrast,
 irregular lesion contour, a smooth convex meniscus at the site of a total occlusion, suggestive, 
 but not firmly diagnostic of thrombus)
Grade 2 Definite thrombi present in multiple angiographic projections (marked irregular lesion contour 
 with a significant filling defect – the greatest dimension of thrombus is < 1/2 vessel diameter)
Grade 3 Definite thrombus appears in multiple angiographic views (greatest dimension from > 1/2 to
 < 2 vessel diameters)
Grade 4 Definite large size thrombus present (greatest dimension > 2 vessel diameters)
Grade 5 Definite complete thrombotic occlusion of a vessel (a convex margin that stains with contrast,
 persisting for several cardiac cycles); angiographic detection of a grade 5 TIMI thrombus leads to
 further exploration of the occlusive thrombotic content. Either a PCI guidewire or a small balloon 
 is advanced across the thrombotic total occlusion. Crossing the thrombus results in restoration of
 antegrade flow in the treated vessel. Consequently, the ensuing coronary angiogram enables 
 restratification of the underlying residual thrombus (final TIMI thrombus grade).
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a comparison of post-procedural TIMI frame 
count and Gensini score for each coronary ar-
tery is shown in Table V.

The rate of vitamin D deficiency in the study 
population was 79.22% (< 20 ng/mL, 61 patients). 
Vitamin D levels were significantly higher in pa-
tients with a mild thrombus load than in patients 

with a severe thrombus load (16 vs. 13.95, p = 
0.018). In addition, Gensini scores were signifi-
cantly higher in patients with a severe thrombus 
burden than in patients with a mild thrombus 
burden (42 vs. 54.5, p = 0.014) (Table VI).

There was a low negative correlation between 
vitamin D levels and thrombus burden classifi-

Data are given as mean ± standard deviation for continuous variables according to normality of distribution and as frequency 
(percentage) for categorical variables.

Table II. Summary of patients’ characteristics.

                                          Thrombus burden classification severity  

 Mild (grade 2 Severe (grade 4 
 and 3) (n = 29) and 5) (n = 48) Total p-value

Age 56.31 ± 9.72 55.81 ± 11.97 56.00 ± 11.11 0.617
Gender    0.735
  Male 22 (75.9%) 32 (79.2%) 60 (77.92%) 
  Female 7 (24.1%) 8 (20.8%) 17 (22.08%) 
Heredity 18 (62.07%) 39 (81.25%) 20 (25.97%) 0.063
Smoking 22 (75.86%) 29 (60.41%) 51 (66.23%) 0.627
Diabetes Mellitus 8 (27.58%) 14 (29.16%) 22 (28.57%) 0.165
Hypertension 13 (44.82%) 18 (37.5%) 31 (40.26%) 0.525
Hyperlipidemia 7 (24.13%) 8 (16.66%) 15 (19.48%) 0.423
Chronic Renal Failure 0 (0.00%) 0 (0.00%) 0 (0.00%) N/A
Drugs    
  Acetylsalicylic acid 14 (48.27%) 20 (41.66%) 34 (44.16%) 0.571
  Beta-blocker 5 (17.24%) 4 (8.33%) 9 (11.69%) 0.238
  ACE Inhibitor 9 (31.03%) 14 (29.16%) 23 (29.87%) 0.862
  Spironolactone 0 (0.00%) 0 (0.00%) 0 (0.00%) N/A

Data are given as mean ± standard deviation or median (minimum-maximum) for continuous variables according to normality 
of distribution and as frequency (percentage) for categorical variables.

Table III. Summary of biochemical measurements.

                                        MI type  

 Anterior (n = 37) Inferior (n = 40) Total p-value

B12 311 (100-2,000) 288 (100-623) 292 (100-2,000) 0.494
Folate 7.36 (3.27-15.7) 5.81 (1.79-14.5) 6.27 (1.79-15.7) 0.028
Homocysteine 12.75 (5.7-62.3) 14.6 (6.9-49) 13 (5.7-62.3) 0.356
Vitamin D 17 (5.4-47.4) 13.9 (5.14-27.9) 15.1 (5.14-47.4) 0.082
WBC (×1000) 11 (5.76-24.25) 11.3 (7.7-15.5) 11.1 (5.76-24.25) 0.943
Hemoglobin 14.5 (9.7-16.9) 13.75 (8.1-16.4) 14 (8.1-16.9) 0.227
Platelet (×1000) 259 (185-441) 261.5 (154-474) 261 (154-474) 0.585
Glucose 164 (87-395) 133 (86-446) 152 (86-446) 0.383
Urea 28.12 ± 8.43 26.38 ± 12.15 27.22 ± 10.50 0.469
Creatinine 0.89 (0.61-2) 0.83 (0.56-1.52) 0.85 (0.56-2) 0.414
Sodium 136.76 ± 3.52 137.80 ± 3.09 137.30 ± 3.32 0.170
Potassium 4.12 ± 0.43 4.11 ± 0.36 4.11 ± 0.39 0.945
Total Cholesterol 182.91 ± 39.30 188.56 ± 40.46 185.77 ± 39.71 0.553
LDL 115.95 ± 37.18 123.34 ± 33.64 119.70 ± 35.37 0.383
HDL 42 (25-70) 39.5 (28-68) 40 (25-70) 0.162
Triglyceride 105 (36-254) 115.5 (29-356) 106 (29-356) 0.469
TSH 1.26 (0.46-3.83) 1.23 (0.42-2.66) 1.26 (0.42-3.83) 0.942
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cation grades (r = -0.304, p = 0.007), Cx TIMI 
frame counts (r = -0.402, p < 0.001), and RCA 
TIMI frame counts (r = -0.479, p < 0.001). In ad-
dition, there was a moderate negative correlation 
between serum vitamin D levels and LAD TIMI 
frame count (r = -0.507, p < 0.001) (Figures 1-4). 
All TIMI frame counts (LAD, Cx and RCA) were 
significantly correlated to each other. There was 
a significant positive correlation between Gensini 
scores and thrombus burden classification grades 
(r = 0.279, p = 0.014), LAD TIMI frame count (r 
= 0.267, p = 0.020), and RCA TIMI trame count 
(r = 0.233, p = 0.043) (Table VI).

Discussion

The results of our study showed that low 
25(OH)D3 levels are an independent predictor of 
high coronary artery thrombus load and post-pro-
cedural TIMI frame count increase in patients 
with STEMI undergoing PCI, although there was 
a negative correlation between vitamin D level 
and Gensini score, with which we evaluated the 
relationship between the extent and severity of 
atherosclerosis in the coronary arteries. 

The low vitamin D (< 20 ng/mL) level in the 
general population is approximately 50%12. In our 

Data are given as median (minimum - maximum) for continuous variables according to normality of distribution and as frequency 
(percentage) for categorical variables.

Table IV. Summary of echocardiography measurements.

                                        MI type  

 Anterior (n = 37) Inferior (n = 40) Total p-value

Left Ventricle (in diastole) 4.6 (4.1-5.5) 4.5 (4.1-5.2) 4.5 (4.1-5.5) 0.124
Left Ventricle (in systole) 3.1 (2.1-4.3) 3 (2.1-4.1) 3 (2.1-4.3) 0.102
Interventricular septum 1 (0.9-1.1) 1 (0.8-1.2) 1 (0.8-1.2) 0.190
Posterior Wall 1 (0.9-1.1) 1 (0.8-1.2) 1 (0.8-1.2) 0.070
Left Atrium 3.9 (3.1-4.9) 3.7 (3.1-4.4) 3.9 (3.1-4.9) 0.635
Mitral Insufficiency 11 (29.73%) 11 (27.50%) 22 (28.57%) 1.000
Tricuspid Insufficiency 17 (45.95%) 19 (47.50%) 36 (46.75%) 1.000
Aortic Insufficiency 15 (40.54%) 11 (27.50%) 26 (33.77%) 0.333
Ejection Fractional 40 (20-60) 45 (35-60) 45 (20-60) < 0.001
E wave 0.9 (0.5-1) 1 (0.6-1.2) 0.9 (0.5-1.2) 0.161
A wave 0.9 (0.5-1.2) 0.9 (0.5-1.3) 0.9 (0.5-1.3) 0.929
E/A Ratio 0.9 (0.67-2) 1.11 (0.64-2) 0.91 (0.64-2) 0.311

Data are given as median (minimum-maximum) for continuous variables according to normality of distribution and as frequency 
(percentage) for categorical variables.

Table V. Summary of coronary artery disease scores and biochemical measurements with regard to thrombus severity.

                                             Thrombus burden classification severity  

 Mild (grade 2 and 3) Severe (grade 4 and 5) 
 (n = 29) (n = 48) p-value

TIMI Frame Count   
LAD 32 (24-38) 32 (24-48) 0.131
Cx 24 (16-38) 23 (16-46) 0.992
RCA 20 (16-28) 22 (14-48) 0.271
Gensini Score 42 (18-86) 54.5 (24-144) 0.014
SYNTAX Score I 11 (3-21.5) 13.75 (3-24.5) 0.160
SYNTAX Score II 24 (11.8-42.7) 24.85 (11.7-51.7) 0.549
B12 290 (100-2,000) 293 (100-492) 0.862
Folate 6.92 (4.62-15.6) 6.06 (1.79-15.7) 0.024
Homocysteine 12.75 (6.9-37.9) 13.3 (5.7-62.3) 0.102
Vitamin D 16 (5.14-47.4) 13.95 (5.4-24.8) 0.018
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study population, the rate of patients with low 
vitamin D levels was 79.22%. In patients with 
STEMI, a higher proportion with low vitamin D 
levels compared to the general population was 
found. In the study of Ng et al4 in 2013, the rate 
of low vitamin D was found to be approximately 
74% in patients who had had acute myocardial 
infarction.

In acute STEMI that develops as a result of 
complete thrombotic occlusion of the coronary 
artery, the aim of PCI is to provide TIMI III de-
gree flow early, to maximize myocardial salvage 
and to improve the outcomes of patients after 
STEMI1. However, PCI does not always provide 
a good result. One of the most common complica-
tions of PCI is the no-reflow phenomenon. More-
over, intracoronary thrombus and the density of 

the thrombus burden are important prognostic de-
terminants in STEMI6. Vitamin D receptors are 
found in a wide variety of tissues, including the 
vascular endothelium, cardiomyocytes, and lym-
phocytes3. Literature examining the increase in 
thrombotic events where vitamin D deficiency is 
present indicate the relationship between vitamin 
D and thrombosis. Although thrombosis can be in 
the arterial or venous system, it can cause many 
serious complications, including myocardial in-
farction, stroke, ischemia, and venous thrombo-
embolism5. In the study of Jorde et al13, a negative 
correlation was found between serum 25(OH) 
vitamin D and Plasminogen activator inhibitor 1 
(PAI-1), tissue type plasminogen activator (tPA 
Ag) and hs-CRP. According to the results of this 
study, the serum level of vitamin D appears to be 

r: Spearman correlation coefficient. *: Correlation is significant at the 0.05 level (2-tailed).

Table VI. Correlations between coronary artery disease scores and biochemical measurements.

  TIMI TIMI TIMI   
  frame frame frame   
 Burden count count count Gensini SYNTAX SYNTAX
 classification (LAD) (Cx) (RCA) Score Score I Score II

Vitamin D r -0.304* -0.507* -0.402* -0.479* -0.176 -0.104 -0.007
 p 0.007 < 0.001 < 0.001 < 0.001 0.128 0.381 0.956
Burden Classification r   0.188 0.048 0.195 0.279* 0.194 0.091
 p   0.101 0.675 0.089 0.014 0.100 0.445
TIMI Frame Count (LAD) r     0.433* 0.333* 0.267* 0.198 0.098
 p     < 0.001 0.003 0.020 0.092 0.411
TIMI Frame Count (Cx) r       0.391* -0.034 0.045 0.066
 p       < 0.001 0.774 0.705 0.577
TIMI Frame Count (RCA) r         0.233* 0.167 0.047
 p         0.043 0.159 0.690
Gensini Score r           0.634* 0.334*
 p           < 0.001 0.004
SYNTAX Score I r             0.602*
 p             < 0.001

Figure 2. Scatter plot of Vitamin D levels and LAD TIMI 
frame counts.Figure 1. Vitamin D levels with regard to thrombogenicity.
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associated with fibrinolytic activity and the integ-
rity of the vascular endothelium. Thrombus for-
mation occurs when tissue factor released from 
damaged endothelial cells and factor VIIa initiate 
the coagulation cascade. In addition, decreased 
fibrinolysis and increased platelet adhesion facil-
itate thrombus formation. Experimental studies14 
have shown that vitamin D has anticoagulant ac-
tivity. A positive correlation was found between 
25(OH)D3 and the tissue factor pathway inhibitor 
(TFPI) in a study conducted by Topaloglu et al14. 
Therefore, severe deficiency of Vitamin D, which 
acts as an anticoagulant, may cause an increased 
thrombus load even in patients with no athero-
sclerotic burden.

Although the TIMI flow grade is a well-known 
technique for assessing epicardial blood flow, the 
TIMI frame count method plays an important 
role not only in understanding coronary artery 
blood flow, but also in understanding microvas-
cular function in the presence and absence of 
acute myocardial infarction. Detection of low 
TIMI frame counts in the responsible artery af-

ter acute myocardial infarction has been shown 
to be associated with a good prognosis15. In our 
study population, a moderate negative correlation 
between vitamin D levels and LAD TIMI frame 
counts and a low negative correlation between Cx 
TIMI frame counts and RCA TIMI frame counts 
were present. In their study, Gibson et al9 showed 
that TIMI frame count numbers could differ even 
in the presence of TIMI III flow in patients with 
acute myocardial infarction, and that lower TIMI 
frame counts were detected in patients with suc-
cessful reperfusion. 

Vitamin D deficiency may lead to worse out-
comes, even if patients who undergo angiograph-
ically successful percutaneous coronary inter-
vention. In a study conducted by Oz et al16, a 
strong correlation between vitamin D deficiency, 
coronary slow flow and endothelial dysfunction 
was found.

In one study17, vitamin D3 supplementation 
was found to have remarkable effects on inflam-
mation levels (mainly interlukin-6 levels) in hos-
pitalized patients with STEMI. In another study18, 
similar findings on CRP levels were shown in pa-
tients with non-ST-elevation acute coronary syn-
drome. A recent study19 has found a relationship 
between low vitamin D levels and atherosclerotic 
risk factors, plasma renin activity, hypertension, 
coronary artery calcification, and cardiovascular 
diseases. This study has also clarified the role of 
vitamin D in the pathogenesis of cardiovascular 
disease through its direct involvement in plaque 
formation and progression. 

In our study, the Gensini scoring system was 
used to evaluate the severity and extent of coro-
nary artery disease. The purpose of this was to 
test the relationship between the atherosclerotic 
burden and vitamin D deficiency. In our study, 
Gensini scores were found to be significantly 
higher in patients with STEMI with a severe 
thrombus load than in patients with a mild throm-
bus load, while there was a negative correlation 
between Gensini scores and vitamin D levels, but 
no statistically significant difference was found. 
However, vitamin D deficiency may contribute to 
the progression of atherosclerosis.   

Study Limitations
A few limitations need to be mentioned before 

interpreting the results of this study. Firstly, the 
study was mono-centric, the patient population 
was relatively small, and the study was not pro-
spective. It is also important to note that vitamin 
D levels can change due to a variety of factors, 

Figure 3. Scatter plot of Vitamin D levels and Cx TIMI 
frame counts.

Figure 4. Scatter plot of Vitamin D levels and RCA TIMI 
frame counts.
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including seasonal variation, geographic loca-
tion, exposure to sunlight, dietary habits, and 
clothing style. In order to see the reflection of 
the results of our study in the clinic, prospective 
character studies based on thrombotic events as 
endpoints are needed and this study is a pioneer 
study for this.

Conclusions

Vitamin D deficiency is more common in 
patients with STEMI undergoing PCI than in a 
healthy population. Patients with low vitamin D 
levels have a higher thrombus burden and slow-
er coronary flow numbers after the procedure. 
This results in a worse microvascular perfor-
mance. This may be related to the prognosis 
of the patients. No statistical correlation was 
found between the severity and prevalence of 
coronary artery disease and vitamin D levels. 
Vitamin D may be the essential hormone for PCI 
procedural success in acute STEMI patients, and 
vitamin D deficiency appears to be a cause of 
poor prognosis in STEMI patients. Routine mea-
surement of vitamin D levels can be included in 
the routine laboratory examination of patients 
with coronary artery disease, and more attention 
should be paid to vitamin D replacement in cas-
es of deficiency.

Conflict of Interest
The Authors declare that they have no conflict of interests.

Funding
This study received no financial assistance.

Ethics Approval
The study protocol was approved by the Bursa City Hospi-
tal Medical Ethics Committee (No. 2021-1/25).

Authors’ Contribution
Concept – BU, AK; Design – BU, AK, DT, IZ, Supervision 
– SKT, MAY, DT,AK; Funding – BU, SCO, IZ, Materials 
– BU, SCO, IZ, DT, AK; Data Collection and/or processing 
– BU, AK, SKT, MAY; Analysis &/or interpretation – AK, 
BU, IZ, DT, SKT, Literature search – BU, IZ; Writing – BU, 
AK, SCO, DT; Critical review – BU, AK, SKT, MAY, DT.

ORCID ID
Berat Uguz: 0000-0002-4834-5572.

References

 1) Steg PG, James SK, Atar D, Badano LP, Lund-
qvist CB, Borger MA, Di Mario C, Dickstein K, Du-
crocq G, Fernandez AF, Gershlick AH, Giannuzzi 
P, Halvorsen S, Huber K, Juni P, Kastrati A, Knu-
uti J, Lenzen MJ, Mahaffey KW, Valgimigli M, Hof 
AV, Widimsky P, Zahger D. ESC Guidelines for 
the management of acute myocardial infarction 
in patients presenting with ST-segment elevation. 
Eur Heart J 2012; 33: 2569-2619.

 2) Sigirci S, Yildiz SS, Keskin K, Cetinkal G, Ak-
san G, Gurdal A, Cetin S, Kilci H, Kilickesmez 
KO. The predictive value of stress hyperglycemia 
on thrombus burden in nondiabetic patients with 
st-segment elevation myocardial infarction. Blood 
Coagul Fibrinolysis 2019; 30: 270-276.

  3)  Lee JH, O’Keefe JH, Bell D, Hensrud DD, Holick 
MF. Vitamin D deficiency an important, common, 
and easily treatable cardiovascular risk factor? J 
Am Coll Cardiol 2008; 52: 1949-1956.

 4) Ng LL, Sandhu JK, Squire IB, Davies JE, Jones 
DJ. Vitamin D and prognosis in acute myocardial 
infarction. Int J Cardiol 2013; 168: 2341-2346.

 5) Sianos G, Papafaklis MI, Daemen J, Vaina S, 
van Mieghem CA, van Domburg RT, Michalis LK, 
Serruys PW. Angiographic stent thrombosis after 
routine use of drug-eluting stents in ST-segment 
elevation myocardial infarction: the importance 
of thrombus burden. J Am Coll Cardiol 2007; 50: 
573-583.

 6) Mohammad S, Mishra A, Ashraf MZ. Emerging 
Role of Vitamin D and its Associated Molecules 
in Pathways Related to Pathogenesis of Throm-
bosis. Biomolecules 2019; 9: 649.

 7) Schiller NB, Shah PM, Crawford M, DeMaria A, 
Devereux R, Feigenbaum H, Gutgesell H, Re-
ichek N, Sahn D, Schnittger I, Silverman NH, Ta-
jik J. Recommendations for quantitation of the left 
ventricle by two-dimensional echocardiography. 
American Society of Echocardiography Commit-
tee on Standards, Subcommittee on Quantitation 
of Two-Dimensional Echocardiograms. J Am Soc 
Echocardiogr 1989; 2: 358-367.

 8) Ibanez B, James S, Agewall S, Antunes MJ, Buc-
ciarelli-Ducci C, Bueno H, Caforio ALP, Crea F, 
Goudevenos JA, Halvorsen S, Hindricks G, Kas-
trati A,  Lenzen MJ, Prescott E, Roffi M, Valgimi-
gli M, Varenhorst C, Vranckx P, Widimský P; ESC 
Scientific Document Group. 2017 ESC Guidelines 
for the management of acute myocardial infarc-
tion in patients presenting with ST-segment eleva-
tion: The Task Force for the management of acute 
myocardial infarction in patients presenting with 
ST-segment elevation of the European Society of 
Cardiology (ESC). Eur Heart J 2018; 39: 119-177. 

 9) Gibson CM, de Lemos JA, Murphy SA, Marble 
SJ, McCabe CH, Cannon CP, Antman EM, Braun-
wald E. Combination therapy with abciximab re-
duces angiographically evident thrombus in acute 
myocardial infarction: a TIMI 14 substudy. Circu-
lation 2001; 103: 2550-2554.



Relationship between vitamin D deficiency and thrombus load in patients with STEMI

7023

10) Gensini GG. A more meaningful scoring system 
for determining the severity of coronary heart dis-
ease. Am J Cardiol 1983; 51: 606.

11) Sahin M, Basoglu T, Canbaz F, Elcik M, Kosus A. 
The value of the TIMI frame count method in the 
diagnosis  of  coronary  no-reflow:  A  comparison 
with myocardial perfusion SPECT in patients with 
acute myocardial infarction. Nucl Med Commun 
2002; 23: 1205-1210.

12) Durup D, Jørgensen HL, Christensen J, Schwarz 
P, Heegaard AM, Lind B. A reverse J-shaped as-
sociation of all-cause mortality with serum 25-hy-
droxyvitamin D in general practice: the CopD 
study. J Clin Endocrinol Metab 2012; 97: 2644-
2652.

13) Jorde R, Haug E, Figenschau Y, Hansen JB. Se-
rum levels of vitamin D and haemostatic factors 
in healthy subjects: the Tromsø study. Acta Hae-
matol 2007; 117: 91-97.

14) Topaloglu O, Arslan MS, Karakose M, Ucan B, Gi-
nis Z, Cakir E, Akkaymak ET, Sahin M, Ozbek M, 
Cakal E, Delibasi T  Is there any association be-
tween thrombosis and tissue factor pathway in-
hibitor  levels  in patients with vitamin D deficien-
cy? Clin Appl Thromb Hemost 2015; 25: 428-433.

15) Kunadian V, Harrigan C, Zorkun C, Palmer AM, 
Ogando KJ, Biller LH, Lord EE, Williams SP, Lew 

ME, Ciaglo LN, Buros JL, Marble SJ, Gibson WJ, 
Gibson CM. Use of the TIMI frame count in the 
assessment  of  coronary  artery  blood  flow  and 
microvascular function over the past 15 years. J 
Thromb Thrombolysis 2009; 27: 316-328.

16)  Oz F, Cizgici AY, Oflaz H, Elitok A, Karaayvaz EB, 
Mercanoglu F, Bugra Z, Omer B, Adalet K, Oncul 
A. Impact of vitamin D insufficiency on the epicar-
dial  coronary flow velocity and endothelial  func-
tion. Coron Artery Dis 2013; 24: 392-397.

17)  Hussein MA, Hadi N, Salman R, AlZurfi A, Shaa-
lan H, Al-Aubaidy H. Does Vitamin D3 Supple-
mentation Affect the Outcome of Patients with 
Acute ST Segment Elevation Myocardial Infarc-
tion? WHJ 2022; 7; 41-47.

18) Jabeen S, Khan HF, Ali S, Siddique AH, Majeed 
S, Safder S, Shamshad F. Role of Vitamin D Sup-
plementation in Improving Cytokine Profile in Pa-
tients of Non-ST-Elevation Acute Coronary Syn-
drome. J Nutr Sci Vitaminol (Tokyo) 2022; 68: 1-7. 

19) Dobnig H, Pilz S, Scharnagl H, Renner W, Seel-
horst U, Wellnitz B, Kinkeldei J, Boehm BO, 
Weihrauch G, Maerz W. Independent association 
of low serum 25-hydroxyvitamin D and 1, 25-di-
hydroxyvitamin D levels with all-cause and car-
diovascular mortality. Arch Intern Med 2008; 168: 
1340-1349.


