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Introduction: In patients with coronary chronic total occlusion (CTO), adequate coronary collateral circulation 
(CCC) supports myocardial tissue versus ischemia. Vitamin D deficiency is a risk factor for osteoporosis and other 
chronic diseases, including type 1 diabetes, hypertension, metabolic syndrome and ischemic heart disease.
Objectives: In this study, we evaluated whether coronary CTO is associated with serum levels of vitamin D and 
CCC.
Patients and Methods: Around 216 patients with coronary CTO at coronary angiography were incorporated in 
this investigation. Serum 25(OH)D level and low-density lipoprotein (LDL-C), triglyceride (TG), total cholesterol, 
fasting blood sugar (FBS), serum creatinine, high-density lipoprotein (HDL-C), were assessed before angiography. 
Patients were divided into a poor coronary collateral circulation group (Rentrop grades 0-1) or good coronary 
collateral circulation group (Rentrop grades 2-3).
Results: A total of 216 patients (mean age 61.48±9.5 years) were included in this study. Regression analysis 
results displayed that serum 25(OH)D level had a significant correlation with CCC according to Rentrop scoring 
system (P <  0.0001). We also found that variables such as gender (P =  0.05), HDL-C (P =  0.01) and serum creatinine 
(P =  0.05) were a predictor for CCC. This model described 33% of the CCC’s variance in the study patients. 
Besides, in the analysis of  clinical levels of vitamin D, it can be stated that the probability of having a high degree 
of Rentrop criterion in the patients with adequate level of vitamin D is 24.5 times higher than the patients with 
vitamin D deficiency (P <  0.001).
Conclusion: The results of this study emphasize the importance of informing patients with CTO commonly 
associated with serum vitamin D level.
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Introduction
Coronary artery disease is the single largest 
reason for mortality in developed countries (1). 
The interest in coronary collateral circulation 
(CCC) as “natural bypasses” is growing, 
especially in patients with severe coronary 
atherosclerosis that leading to conventional 
revascularization (2, 3). Collateral arteries, 
therefore, provide an alternative source 
of blood supply to myocardium that has 
been jeopardized by occlusive coronary 
artery disease and they can help to preserve 
myocardial function in the setting of coronary 
artery disease (4).

Recent research shows that the presence of 
sufficient CCC following coronary occlusion 
may help to keep myocardial function via 
restricting the infarct area (5) and may have a 
remarkable effect on survival rate (6). However, 
the fundamental physiologic and pathologic 
factors influencing the development of CCC 

Key point 

In a cross-sectional study on 216 patients with 
coronary chronic total occlusion at coronary 
angiography, we found low serum 25-hydroxyvitamin 
D (25[OH]D) levels may be a valuable prognosis 
for poor coronary collateral circulation related to 
defective collaterals. 

remain unknown.
In fact, the presence of chronic total 

occlusion (CTO) is another valuable process 
that leads to coronary collateral growth. 
These chronically occurring collaterals to 
CTO also have different protective effects 
on myocardial viability, renovation and 
cardiovascular consequences (7). A prior 
investigation demonstrated that 18.4% of 
patients with coronary artery disease who are 
referred for angiography suffered from CTO 
(8).

Vitamin D has a close association with 
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cardiovascular health (9). It is synthesized in the skin from 
7-dehydrocholestrol through the activity of UV radiation 
and is converted to its active form of 1,25-dihydroxy 
vitamin D in the kidneys (10,11). Recent studies 
have shown that vitamin D has receptors on vascular 
endothelium, smooth and cardiac muscles (12). Vitamin D 
functions as a protective factor versus cardiac hypertrophy 
and myocardial dysfunction. Vitamin D insufficiency 
has been detected in various diseases, such as high blood 
pressure, diabetes and metabolic syndrome (13-15).

Additionally, the evidence suggests a positive 
relationship between serum vitamin D levels and the 
development of collateral vessels in a totally obstructed 
artery (16). Moreover, the effect of serum vitamin D 
levels on collateralization grade of CTO artery has been 
shown and also a positive correlation was observed (5,16). 
Figure 1 indicates that the 1, 25-dihydroxyvitamin D plays 
a pro-angiogenic role on endothelial and endothelial 
progenitor cells.

There is evidence that supports a positive correlation of 
vitamin D with arteriogenesis and angiogenesis, however 
its association with CCC has been regarded by few studies 
(5).

Objectives
Because of limited data regarding the role of vitamin D level 
in development of CCC in patients with CTO, we aimed to 
investigate whether there is a relationship between serum 
25-hydroxy-vitamin D levels and development of CCC in 
patients with coronary CTO.

Patients and Methods 
Study design 
A total of 216 subjects with CTO and stenosis in at least 
one coronary artery undergoing coronary angiography 
between March 2018 and July 2019 were studied at Dr. 
Heshmat teaching and therapeutic center in Rasht.

Exclusion criteria were including; having a history 
of acute coronary syndromes within the previous three 
months, coronary bypass surgery and chronic renal failure 
(creatinine >1.4 mg/dL), chronic pulmonary disease, 
chronic inflammatory disease, severe cardiac valvular 
diseases and also known malignity and patients with active 
infection.

All subjects were screened for hypertension, diabetes and 
smoking history (current or former smoker). Moreover, 
patients who were taking antihypertensive medication 
were considered to have high blood pressure. 

To collect the data, Judkins technique was used in 
coronary angiography on all patients. Two experienced 
cardiologists were examined the angiograms and 
evaluation of CCC. Patients were divided into a poor CCC 
group (Rentrop grades 0-1) or good coronary collateral 
circulation group (Rentrop grades 2-3). Serum 25(OH)
D levels were measured with a high performance liquid 
chromatography (HPLC) device using the chromatographic 

method (Shimadzu LC 20AD/T, Kyoto, Japan). Serum 
creatinine, high-density lipoprotein (HDL-C), low-density 
lipoprotein (LDL-C), TG, total cholesterol, fasting blood 
sugar (FBS) levels were also measured in blood samples 
drawn by standard kits.

Ethical issues 
The research followed the tenets of the Declaration 
of Helsinki. The study was approved by the ethics 
committee of this university (#IR.GUMS.REC.1397.155). 
Accordingly, informed consent was obtained from all 
the patients. Additionally, this paper was extracted from 
the residential thesis of Nazila Ghoreishi, department of 
cardiology, Heshmat hospital, school of medicine, Guilan 
University of Medical Sciences.

Statistical analysis
The collected data were analyzed by SPSS software. To 
compare the relationship between serum 25 D level, 
Rentrop score the Pearson’s and Spearman’s correlation 
coefficient was used. Chi-square test was used to contrast 
classification data between two groups and odds ratios 
were calculated using multivariate logistic regression. A P 
value lower than 0.05 was considered as significance level.

Results
A total of 216 patients (mean age 61.48±9.5 years) were 
included in this study. Mean age, gender, body mass index 
(BMI), smoking history, ejection fraction, presence of 
diabetes mellitus and hypertension were similar in the 
two groups. According to the findings of angiography, 
the most common coronary artery involvement (21.9%) 
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Figure 1. Frequency of different levels of coronary collateral circulation 
(Based on Rentrop criteria) and different levels of vitamin D in the studied 
patients.
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was three vessels. Around 38% of patients had grade one 
cardiovascular lateral branch filling and 63% of patients 
had 25(OH) D levels in the range of 11 to 30 (ng/mL).

According to Table 1 and Figure 1, a significant 
relationship between the amount of CCC and serum 
25(OH)D level was detected (P < 0.001). There were 
significant relationships between the amount of filling 
of the lateral branches of the heart vessels with gender 
(P = 0.05), serum HDL-C (P = 0.01) and creatinine 
(P = 0.05). We also found, a lower degree of filling of the 
lateral branches of the cardiovascular system in women 
(P = 0.099); however, the magnitude of the correlation 
coefficient indicates the strength of the association was 
weak (r = -0.101) and was not significant. Likewise, a weak 
linear relationship between the branches of the coronary 
circulation and serum creatinine levels was found (r = 
0.122, P = 0.073). In addition, patients with grade one 
myocardial infarction had a higher mean serum creatinine 
level than patients with grade three cardiac myocardial 
infarction (P = 0.008; Tables 1-3).

There were significant relationships between serum 
25(OH) D level and gender (P = 0.024), systolic blood 
pressure (P = 0.04), fasting blood sugar (P = 0.051) and 

hemoglobin levels (P = 0.005). The data analysis showed 
that women had a significantly lower level of vitamin D 
than men (P < 0.05). We found patients with higher levels 
of vitamin D had lower systolic blood pressure, higher 
hemoglobin levels and lower fasting blood sugar (Tables 
2 and 3).

Regression analysis results displayed that plasma 
vitamin D had significant correlation with CCC according 
to the Rentrop scoring system (P < 0.001). 

Accordingly, in the regression model with only the 
presence of variable vitamin D, a picomole per liter 
increase in vitamin D increased the odds of having a 
greater filling of lateral branches of the cardiovascular 
system by 1.13 times (95% CI: 1.10-1.16). In other words, 
an increase in vitamin D level would increase the chance 
of filling most of the lateral branches of the cardiovascular 
system by 13%.

This model described 33% of the CCC’s variance in 
the study patients. Besides, if clinical levels of vitamin D 
are considered in the analysis, it can be stated that the 
probability of having a high degree of Rentrop criterion 
in the patients with adequate level of vitamin D is 24.5 
times higher than the patients with vitamin D deficiency 

Table 1. Demographic and clinical characteristics of patients under study, by degree of filling of lateral branches of the cardiovascular system (n = 216)

Variable
Rentrop criteria

P value**

0 (n=31) 1 (n=59) 2 (n=83) 3 (n=43)

Gender (male), No. (%) 18 (14.2) 45 (35.4) 31 (24.4) 33 (26) 0.05

LDL-C (mg/dL)* 79 (68-130) 78 (62.6-104.5) 95 (70.2-125) 94.5 (66.8-111) 0.31

HDL-C (mg/dL)* 36 (32-43) 42 (37-45) 40 (36-45) 40 (33-44) 0.01

Hemoglobin (g/dL)* 13 (11-13.4) 12.4 (11.4-13.7) 12.8 (11.3-13.8) 12.7 (10.8-14.1) 0.9

Creatinine (mg/dL)* 0.91 (0.86-0.99) 0.88 (0.78-1.01) 0.9 (0.81-1.01) 0.98 (0.85-1.1) 0.05

Cholesterol (mg/dL)* 157 (131-209 151 (131-193) 167 (140-200) 168 (132-180) 0.67

Triglyceride (mg/dL)* 146 (121-231) 141 (98-195) 148 (116-194) 137 (104-194) 0.656

Systolic blood pressure (mm Hg)* 120 (110-130) 125 (110-130) 120 (115-130) 120 (110-130) 0.611

Diastolic blood pressure (mm Hg)* 80 (60-80) 80 (70-80) 80 (70-80) 80 (70-80) 0.524

FBS (mg/dL)* 109 (100-175) 131 (100-194) 120 (94-206) 122 (107-172) 0.435

* Median values (25th and 75th percentile); ** Chi-square. 

Table 2. Demographic and clinical characteristics of the patients under study according to vitamin D level (n = 216)

Variable
Vitamin D levels (ng/mL)

P value**

Deficiency (n=20) Inadequate (n=136) Enough (n=60)

Gender (male), Ni. (%) 8 (6.3) 76 (59.8) 43 (33.9) 0.024

LDL-c (mg/dL)* 89.1 (74.5-119.15) 82.1 (64.25-116) 92.7 (63.75-111.8) 0.494

HDL-c (mg/dL)* 44 (26.25-47.25) 40.5 (35-45) 40 (33-44) 0.369

Hemoglobin (g/dL)* 12.3 (11.38-13.175) 12.2 (10.93-13.5) 13.05 (12.2-14.2) 0.011

Creatinine (mg/dL)* 0.91 (0.81-1.0925) 0.91 (0.81-1.01) 0.9 (1.0775-0.8) 0.885

Cholesterol (mg/dL)* 162 (133-208.5) 159 (132-194.75) 163 (138.5-180.75) 0.92

Triglyceride (mg/dL)* 140.5 (100.5-172.25) 143 (104.75-182.75) 151 (121.25-216) 0.38

Systolic blood pressure (mm Hg)* 120 (120-140) 120 (110-130) 120 (110-130) 0.112

Diastolic blood pressure (mm Hg)* 80 (70-80) 80 (70-80) 80 (70-80) 0.379

Fasting blood sugar (mg/dL)* 126 (103-218) 130 (100-194) 117.5 (151.75-98) 0.23

 * Median values (25th and 75th percentile); ** Chi-square.
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(P =<0.001, 95% CI: 8.748-68.57; Table 4).

Discussion
Coronary collateral vessels play essential roles in the 
coronary artery disease (CAD) patients who do not have 
eligibility for revascularization. In patients with acute 
myocardial infarction, good collateral development can be 
beneficial by restriction of infarct area and subsequently 
increased survival rate (6). Related research shows that 
some factors could be helpful to coronary collateral 
development such as degree of coronary artery stenosis, 
myocardial ischemia, presence of total occlusion, physical 
exercise, body mass index, smoking, hyperlipidemia, 
diabetes mellitus, age and genetic factors (16). However, 
the exact physiologic and pathologic mechanisms affecting 
the development of CCC have not yet been known.

Several studies reported the vascular endothelial cells 
have fundamental roles in the maturation of coronary 
collaterals (17,18). It seems that vitamin D deficiency 
plays a pivotal role in CCC development via abnormalities 
in leukocyte adhesion, proliferation of vascular smooth 
muscle cells and vascular endothelial development factor 
(19). 

When myocardial tissue becomes ischemic via 
stenosis or occlusion, mitotic activity and proliferation 
of endothelial and smooth muscle cells are started, then 
the collaterals actively progress (20). In sum, a perfect 
vascular endothelial function is mandatory for the 
process of collateral development adaptation and vascular 
endothelial dysfunction can disturb this system (19).

According to the findings of our research, women had 
poorly developed CCC than men. Besides, they had a 
significantly lower level of vitamin D than men. In line 
with our findings, Nardin et al indicated that lower levels 

of vitamin D were correlated with female gender (21). 
The study by Sahin et al demonstrated that low vitamin D 
levels were correlated with growth of CCC in patients with 
stable CAD (17). These findings were in accordance with 
the results of our study

 Building on the finding of present study, it can be 
understood that Iranian women pay lower attention to 
their serum 25 D levels than men. Moreover, this can 
have an impact on the health of the women’s community, 
especially the cardiovascular system.

As well as, patients with grade one myocardial infarction 
had a higher mean creatinine level than patients with grade 
three cardiac myocardial infarction. Our findings are in 
accordance with the results of Dogan et al in 2015 (16).

In a study by Bhatt SP et al, exhibited that higher blood 
glucose values are associated with lower serum 25 D 
levels in Asian Indian women (22). Additionally, in 2013, 
according to Dutta et al, study subjects who had the highest 
level of insulin resistance had the lowest 25 D levels (<10 
ng/mL). Therefore this finding was consistent with the 
results of our investigation (23).

Kota, et al represented which vitamin D deficiency had 
elevated blood pressure and inadequacy of vitamin D is 
associated with renin-angiotensin-aldosterone system 
regulation (24). A comparable review study indicated that 
subjects with higher level of vitamin D had lower blood 
pressure and a lower risk of hypertension (25). Actually, 
these findings are similar to the results of the present study. 

Furthermore, in our investigation, patients with higher 
levels of hemoglobin possess higher levels of vitamin D. 
Of note, based on some studies, erythropoiesis can be 
stimulated by 1,252D in red blood cell precursor cells via 
improving erythropoietin sensitivity (26, 27). In this way, 
Ernst et al 2016 indicated that a daily vitamin D supplement 

Table 3. Correlation between quantitative characteristics of the patients with coronary collateral circulation (CCC) and vitamin D

Variable
CCC Vitamin D(ng/mL)

r* P value** r P value

LDL-C (mg/dL) 0.061 0.37 -0.01 0.886

HDL-C (mg/dL) 0.31 0.648 -0.066 0.38

Hemoglobin (g/dL) 0.035 0.611 0.191 0.005

Creatinine (mg/dL)* 0.122 0.073 0.000 0.998

Cholesterol (mg/dL) 0.036 0.602 0.022 0.751

Triglyceride (mg/dL) -0.047 0.496 0.059 0.389

Systolic blood pressure (mm Hg) -0.065 0.339 -0.119 0.04

Diastolic blood pressure (mm Hg) -0.05 0.461 -0.088 0.199

FBS (mg/dL) 0.01 0.888 -0.119 0.051

* Spearman’s correlation; ** P<0.05 significance level.

Table 4. Estimated regression coefficients of vitamin D level with cardiac vascular fillings risk

Model Vitamin D ( ng/mL) Odds ratio P value* 95% CI 

Model 1 Vitamin D 1.13 <0.001 1.98-1.161

Model 2 Adequate vitamin D levels to vitamin D deficiency levels 24.492 <0.001 8.748-68.57

Inadequate vitamin D levels to vitamin D deficiency levels 3.506 <0.007 1.417-8.677

* P<0.05 significance level.
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of 2800 IU for 8 weeks does not increase hemoglobin levels 
in hypertensive patients with anemic status with serum 25 
D levels <75 (ng/mL)(27).

Besides, if clinical levels of vitamin D are considered in 
the analysis, it can be stated that the probability of having 
a higher degree of Rentrop criterion in the patients with 
adequate level of vitamin D compared to the patients with 
vitamin D is 24.5 times. Additionally, inadequate vitamin 
D level was 3.5 times higher in patients with vitamin D 
deficiency. According to results of our study, we found that 
low vitamin D levels and CCC are correlated to each other 
and have stronger association with poor health status, 
which is closely related to inadequate vitamin D, may also 
be connected with poor CCC growth in CTO patients. In 
spite of the fact that we demonstrated this correlation, the 
exact mechanism of this relation is still unknown. Dogan 
et al showed that poor outcomes in patients with acute 
coronary syndromes may even be associated with visible 
coronary collateral vessels (16).

Conclusion
According to the present study, patients with CTO who 
had lower serum 25-hydroxyvitamin D (25(OH) D) levels 
had poor CCC. Therefore, low serum 25-hydroxyvitamin 
D (25(OH) D) levels may be a valuable prognosis for poor 
CCC. In addition, we found that one of the reasons of poor 
cardiovascular outcomes in patients with CAD may be 
defective collaterals.

Limitations of the study
The first limitation of our study is the cross-sectional design 
of the study that cannot provide any pathophysiological 
evidence on the association between low vitamin D status 
and CCC.
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