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Background and Objectives: Hyperinsulinemia impaired cardiovascular system and endothelial function in the population. The 
purpose of this study was to explore the relationship between hyperinsulinemia and coronary collateral circulation in patients with 
chronic total coronary occlusion.
Methods: Patients with stable angina and at least one total coronary occlusion were enrolled in this study. Collateral grade was 
determined according to Rentrop’s classification. Patients were divided into a good coronary collateral circulation (CCC) group (grade 
2 or 3 collateral vessels, n = 223) and a poor CCC group (grade 0 or 1 collateral vessels, n = 115). Fasting insulin level (FINS) and 
fasting glucose level (FBS) were measured. Endothelial function evaluated by flow-mediated dilation (FMD).
Results: Serum FINS level was significantly increased in the poor CCC group (P < 0.01). Patients in the poor CCC group had higher 
levels of FBS, HbA1C, and homeostasis model assessment for insulin resistance (HOMA-IR) than patients in the good CCC group. 
The poor CCC group also had lower levels of FMD, lower LVEF and higher syntax scores than the good CCC group. 
Hyperinsulinemia (T3, FINS ≥15.22 μIU/mL) increased OR for the incidence of the poor CCC group (OR 2.419, 95% CI 1.780– 
3.287) in multivariate analysis. Multivariate logistic regression also revealed that diabetes, HbA1c, HOMA-IR, HDL-C and Syntax 
score were independent predictors of poor CCC (all P < 0.05).
Conclusion: Hyperinsulinemia is a valuable predictor of poor collateral formation in patients with chronic total coronary occlusion.
Keywords: coronary collateral, hyperinsulinemia, arteriogenesis, endothelial function

Introduction
Chronic total coronary occlusion (CTO) refers to a coronary artery occlusion with complete cessation of antegrade blood 
flow for more than 3 months.1 The presence of CTO could induce myocardial ischemia and increase risk of cardiac 
mortality.2 Coronary collaterals are collateral anastomosis between major coronary arteries. These collaterals exist in 
a normal heart from embryogenesis.3 When a major coronary artery is obstructed, the collaterals will open and develop 
by the mechanism of arteriogenesis.4 Well-developed coronary collateral circulation is a self adaptation mechanism and it 
can preserve cardiac function, rescue ischemic myocardium and reduce the risk of death in patients with CTO.5

Stimulation of coronary collateral circulation is a potential therapy for patients with severe coronary artery disease 
who could not receive revascularization. However, many factors restrain collateral development, such as diabetes and 
metabolic syndrome which are prevalent worldwide.6 Insulin resistance and accompanied hyperinsulinemia are common 
in these patients.7 Previous researches have indicated that hyperinsulinemia is an independent etiological factor in many 
diseases, for instance, hypertension, atherosclerosis and diabetes.8,9 Our previous studies also demonstrated that 
hyperinsulinemia impaired the angiogenesis ability of endothelial progenitor cells and increased adverse cardiovascular 
events in patients with performed percutaneous coronary intervention (PCI).9,10 However, the association between 
hyperinsulinemia and collateral development has not been explored.
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The aim of this current study is to investigate the association of hyperinsulinemia and collateral circulation in patients 
with CTO.

Methods
Study Population
This was a prospective observational study. Between May 2018 and September 2022, patients scheduled for coronary 
angiography in Qinhuangdao first hospital were recruited. The following were Inclusion criteria: 1) patients at least 18 
years old who had coronary artery disease; 2) patients who had at least one total occlusion of a major coronary vessel; 3) 
the history of coronary occlusion was no less than 3 months. The exclusion criteria of the study: 1) patients with a history 
of a coronary artery bypass graft; 2) patients with acute myocardial infarction; 3) patients who had taken insulin 
sensitizer or injected insulin in last three months.

This study complies with the Declaration of Helsinki. Qinhuangdao First Hospital ethics committee has approved this 
study, and written informed consents were obtained from the enrolled patients.

Clinical Data Collection
Clinical data, such as family history, smoking history, diabetes, hypertension, CCS (Canadian Cardiovascular Society) angina 
class and medicine history were obtained. CCS class of angina was obtained in all subjects. Overnight fast blood samples were 
collected. Total cholesterol, triglyceride, low-density lipoprotein cholesterol, high-density lipoprotein, creatinine, homocys-
teine and fast blood sugar (FBS) were measured. Immunoassay methods (Elecsys1010, Roche) was used to determine fasting 
insulin (FINS). Insulin resistance was assessed by homeostasis model assessment for insulin resistance (HOMA-IR). The 
formula is as follows: HOMA-IR (mmol/L×µU/mL) = fasting glucose (mmol/L)×fasting insulin (µU/mL)/22.5.10

Angiography Procedure and Coronary Collaterals Grading
Enrolled patients underwent coronary angiography and the angiographic images were assayed by two interventional cardiolo-
gists who did not know other data about the patients. SYNTAX score was obtained based on the findings of the coronary 
angiography. Coronary collateral circulation (CCC) was evaluated by the Rentrop classification method. 11 The criterias of this 
method are as follows: grade 0, no filling of contrast; grade one, filling of side branches of collateral with no epicardial perfusion; 
grade two, partial filling of epicardial artery by collateral; grade three, fully filling of epicardial artery.11 Good coronary collateral 
circulation (CCC) was delineated as grade two or grade three collateral, poor CCC was delineated as grade 0 or grade one 
collateral.

Assessment of FMD
An ultrasound system (VIVID 8, GE) was used to assess flow-mediated dilation (FMD). The protocol of FMD 
measurement followed the methods we established before.12 The value of FMD was expressed as the formula ([{max-
imum diameter − baseline diameter}/baseline diameter] × 100).12

Statistics Analysis
All data were analyzed by SPSS19. Continuous variables with normal distribution were described as mean ± standard 
deviation. Non-normal distribution data were described as median and interquartile range. Categorical variables were 
described by numbers and percentages. One-way ANOVA or the Kruskal–Wallis H-test were used in comparison of the 
continuous variables. Chi-square test was used in categorical variables.

Multiple logistic regression was performed to estimate the odds ratio (OR) and their 95% confidence intervals (CI) of 
poor CCC. A probability value <0.05 was considered statistically significant.
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Results
Clinical Characteristics of Poor and Good CCC Groups
734 patients had at least one CTO lesion in the 10,328 cases who underwent coronary angiography between May 2018 and 
September 2022. 521 patients meet the inclusion and exclusion criteria. DATA of FINS were not available in 186 patients. 
Finally, 335 patients were enrolled in this study (Figure 1) and allocated into the good CCC group or the poor CCC group by 
Rentrop classification (good.CCC group, Rentrop classification grade two or grade three; poor CCC group, Rentrop 
classification grade 0 or grade one). The results in Table 1 indicated that both groups had no differences of age, gender, 
family history, hypertension, prior MI and the use of major medicines. But the poor CCC group had a higher rate of smoking 
and diabetes. The levels of total cholesterol, triglyceride, low-density lipoprotein cholesterol had no statistical differences in 

Figure 1 Study flowchart (figure title) Flowchart of enrolled patients.
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both groups. However, patients in the poor CCC group had higher levels of FBS, FINS, HbA1C, HOMA-IR and lower 
levels of high-density lipoprotein cholesterol than patients in the good CCC group (P < 0.05). Patients of the poor CCC group 
also had lower LVEF and higher syntax scores than patients of the good CCC group. Values of FMD were lower in the poor 
CCC group (5.07 ±4.63%) compared with the good CCC group (7.37 ±5.43%) (P < 0.05). Patients in the poor CCC group also 
had higher levels of CCS angina class than patients of the good CCC group.

Table 1 Clinical and Angiographic Characteristics of Poor and Good CCC Groups.

Poor CCC Group  
(n = 115)

Good CCC Group  
(n = 223)

F or χ2 P value

Age 60.22 ± 10.34 61.10 ±10.17 0.752 0.453

Gender (M/F) 87/28 156/67 1.219 0.270

Current smoker 59 (51.30%) 83 (37.21%) 6.771 0.009
Family history 30 (26.08%) 42 (18.83%) 2.513 0.123

Hypertension 79 (68.69%) 150 (67.26%) 0.071 0.807

Prior MI 37 (32.17%) 64 (28.69%) 0.437 0.532
Diabetes 43 (37.39%) 53 (23.76%) 6.926 0.008

Duration of pectoris 21.11 ± 16.83 25.54 ± 13.26 2.223 0.025
TC (mmol/L) 4.11 ± 1.56 3.98 ± 1.67 0.663 0.508

TG (mmol/L) 1.98 ± 1.51 1.72 ± 1.30 1.574 0.117

LDL-C (mmol/L) 2.41 ± 0.96 2.44 ± 0.85 0.288 0.773
HDL-C (mmol/L) 0.85 ± 0.31 0.96 ± 0.44 2.221 0.027

FBS (mmol/L) 6.13 ± 1.84 5.57 ± 0.89 3.809 0.002

HbA1c (%) 6.51 ± 1.24 6.11 ± 0.59 3.146 0.009
FINS (uIU/mL) 15.65 ± 10.10 10.78 ± 6.03 4.744 0.000

HOMA-IR 3.73 ± 1.99 2.63 ± 1.58 5.541 0.000

Creatinine (μmol/L) 73.19 ± 20.46 72.81 ± 24.21 0.073 0.942
HCY (mmol/L) 15.33 ± 8.56 14.17 ± 7.69 2.458 0.014

Uric acid (mmol/L) 336.52 ± 114.30 327.99 ± 129.84 2.607 0.009

BMI 25.79 ± 4.79 25.69 ± 4.12 0.188 0.851
LVD (mm) 53.62 ± 5.62 50.26 ± 5.43 2.021 0.044

LAD (mm) 41.69 ± 5.88 40.35 ± 5.78 1.476 0.141

LVEF (%) 46.38 ±12.72 53.71 ± 12.51 4.766 0.000
Occluded artery
Left main artery 1 1 0.229 0.632

Left anterior descending 62 135 1.370 0.242
Left circumflex artery 24 38 0.743 0.458

Right coronary artery 28 49 0.243 0.682

Syntax score 18.36 ± 8.16 14.98 ± 7.28 3.734 0.000
Number of diseased vessels 2.68 ± 0.77 2.71 ± 0.68 0.267 0.790

Rentrop score 0.71 ± 0.45 2.76 ± 0.44 40.05 0.000

FMD (%) 5.07 ± 4.63 7.37 ± 6.43 3.773 0.000
CCS angina class 3.01 ± 0.92 2.67 ± 1.13 2.027 0.043

Statins 112 (97.39%) 219 (98.21%) 0.248 0.693

β-blocker 72 (62.61%) 157 (70.40%) 2.110 0.177
ACEI/ARB 54 (46.95%) 131 (58.74%) 3.793 0.051

CCB 52 (45.21%) 126 (56.50%) 3.436 0.064

Aspirin 109 (94.78%) 213 (95.51%) 0.090 0.790
Ezetimibe 43 82 0.013 0.911

Evolucumab 21 37 1.018 0.313

Sacubitril/valsartan 31 72 0.149 0.700

Abbreviations: MI, myocardial infarction; TC, cholesterol; TG, triglyceride; LDL-C, low density lipoprotein-cholesterol; HDL-C, high- 
density lipoprotein cholesterol; FBS, fasting blood sugar; FINS, fasting insulin; BMI, body mass index; HCY, homocysteine; HOMA-IR, 
homeostasis model assessment for insulin resistance; LVEF, left ventricular ejection fraction; LVD, left ventricular diameter; LA, left atrial 
diameter; CCS, Canadian Cardiovascular Society. Syntax score, a unique tool to score complexity of coronary artery disease.
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FINS Level and Coronary Collateral Circulation
The subjects were allocated into T1, T2, or T3 groups by tertiles of FINS level (T1, low-insulin group: FINS < 7.91 μIU/ 
mL; T2, medium-insulin group: 7.91 μIU/mL ≤ FINS < 15.22 μIU/mL; T3, high-insulin group: FINS ≥ 15.22 μIU/mL). 
The results in Table 2 show that the clinical characteristics had no statistical differences among the three groups. 
Triglyceride, HOMA-IR, and BMI were higher in the high insulin group than the other groups. Patients in the high insulin 
group had lower Rentrop grades of collateral circulation and lower levels of FMD than patients in other groups (Figure 2).

Table 2 Comparison of Clinical and Angiographic Characteristics According to FINS Status

Low Insulin  
(n = 112)

Medium Insulin  
(n = 113)

High Insulin  
(n = 113)

F or χ2 P value

Age 62.32 ± 9.06 62.15 ± 9.87 61.86 ± 11.89 0.255 0.775
Gender (M/F) 78/34 79/34 84/39 2.576 0.276

Current smoker 46 (41.07%) 45 (39.82%) 61 (48.41%) 6.744 0.034

Family history 20 (17.85%) 28 (24.77%) 24 (21.23%) 0.239 0.887
Hypertension 76 (67.85%) 76 (67.25%) 77 (68.14%) 0.406 0.816

Prior MI 33 (29.46%) 32 (28.31%) 36 (31.85%) 0.352 0.839

Diabetes 29 (25.85%) 28 (24.77%) 39 (34.51%) 4.337 0.036
TC (mmol/L) 3.87 ± 1.68 3.98 ± 1.73 4.24 ± 1.46 1.395 0.249

TG (mmol/L) 1.59 ± 1.21 1.66 ± 1.13 2.21 ± 1.69**## 6.206 0.002

LDL-C (mmol/L) 2.43 ± 0.82 2.49 ± 0.93 2.38 ± 0.91 0.406 0.667
HDL-C (mmol/L) 0.93 ± 0.41 0.89 ± 0.38 0.95 ± 0.41 0.508 0.602

Glucose (mmol/L) 5.56 ± 0.81 5.84 ± 1.26 5.87 ± 1.72 1.831 0.162

HbA1c (%) 6.13 ± 0.86 6.23 ± 0.87 6.39 ± 0.92* 2.325 0.099
Insulin (uIU/mL) 5.76 ± 1.57 10.90 ± 2.14** 20.77 ± 8.39**## 1.161 0.314

HOMA-IR 1.71 ± 1.11 2.75 ± 0.91** 4.59 ± 1.87**## 128.310 0.000

Creatinine (μmol/L) 70.94 ± 18.10 68.70 ± 13.65 79.36 ± 23.08 1.658 0.192
HCY (mmol/L) 14.97 ± 6.35 13.81 ± 6.49 14.94 ± 8.77 0.779 0.460

Urid acid (mmol/L) 327.29 ± 131.93 319.28 ± 127.83 347.82 ± 111.51 1.192 0.305

BMI 24.50 ± 2.56 25.92 ± 4.38 26.77 ±5.37* 7.476 0.001
LVD (mm) 48.74 ±4.63 50.75 ±5.48 52.57 ± 5.74** 13.031 0.000

LAD (mm) 40.58 ± 5.93 41.74 ± 4.27 42.11 ± 5.16 1.198 0.549

LVEF (%) 52.61 ± 11.97 52.36 ± 9.14 50.61 ± 10.01 1.941 0. 145
Occluded artery 0.306

Left main 1 1 0 1.010 0.603
Left anterior descending 63 68 66 0.460 0.794

Left circumflex artery 18 21 23 0.695 0.706

Right coronary artery 30 23 24 1.552 0.460
Number of diseased vessel 2.77 ± 0.74 2.60 ±0.68 2.73 ± 0.76 0.735 0.481

Syntax Score 15.34 ± 8.36 15.22 ± 6.82 17.87 ± 7.79*# 4.243 0.015

Rentrop grade 2.37 ± 0.93 2.14 ± 1.01 1.68 ± 1.13**## 12.986 0.000
FMD (%) 8.48 ± 5.67 6.41 ± 5.50** 4.87 ± 3.79**## 10.817 0.000

CCS class 2.24 ± 0.63 2.46 ± 0.87 2.61 ± 1.03 0.283 0.785

Statins 109 (97.32%) 110 (97.34%) 111 (98.23%) 0.262 0.877
ACEI/ARB 59 (52.67%) 62 (54.86%) 64 (56.63%) 1.619 0.445

CCB 61 (54.46%) 55 (48.67%) 62 (54.86%) 1.088 0.580

Aspirin 105 (93.75%) 108 (95.57%) 109 (96.46%) 0.459 0.795
Ezetimibe 37 39 49 3.018 0.221

Evolucumab 17 18 23 1.538 0.538

Sacubitril/valsartan 31 32 39 1.815 0.421

Notes: Number of diseased vessel, number of diseased coronary artery (stenosis more than 50%). *P<0.05 compared with low insulin group; 
**P<0.01 compared with low insulin group; #P<0.05 compared with medium insulin group; ##P<0.01 compared with medium insulin group. 
Abbreviations: MI, myocardial infarction; TC, cholesterol; TG, triglyceride; LDL-C, low density lipoprotein-cholesterol; HDL-C, high-density 
lipoprotein cholesterol; FBS, fasting blood sugar; FINS, fasting insulin; BMI, body mass index; HCY, homocysteine; HOMA-IR, homeostasis 
model assessment for insulin resistance; LVEF, left ventricular ejection fraction; LVD, left ventricular diameter; LA, left atrial diameter.
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Predictors of Coronary Collateral Circulation
Table 3 shows the results of multivariate logistic regression for the association between the incidence of poor CCC and 
tertiles of FINS. Being a category variable, hyperinsulinemia (T3, FINS ≥15.22 μIU/mL) raised OR for the incidence of 
poor CCC (OR 2.419, 95% CI 1.780–3.287) in multivariate analysis.

Figure 2 Comparison of coronary collateral among patients with different insulin level (figure title). Patients in the high insulin group had lower Rentrop grade of collateral 
circulation than patients in other groups. * P<0.05 compared with high insulin group.

Table 3 Logistic Regression

Univariate Analysis Multiple Analysis

Coefficient (95% CI) P value Coefficient (95% CI) P value

Diabetes 1.916 (1.176–3.119) 0.009 1.407 (1.033–2.667) 0.024

FBS 1.445 (1.166–1.790) 0.001 1.138 (1.039–1.489) 0.341

Hyperinsulinemia 2.419 (1.780–3.287) 0.000 1.793 (1.015–3.067) 0.044
FINS 1.094 (1.056–1.134) 0.000 1.008 (0.948–1.071) 0.079

HbA1c 1.704 (1.273–2.280) 0.000 1.379 (1.011–1.880) 0.043

HOMA-IR 1.426 (1.239–1.641) 0.000 1.136 (0.919–1.406) 0.023
BMI 1.005 (0.951–1.062) 0.850 — —

Smoking 1.473 (0.9371–2.315) 0.009 1.386 (0.790–2.430) 0.255
Hypertension 1.068 (0.956–1.732) 0.790 — —

HDL-C 0.494 (0.263–0.927) 0.028 0.425 (0.206–0.878) 0.021

LDL-C 0.960 (0.729–1.265) 0.773 — —
FMD 0.923 (0.880–0.968) 0.001 0.965 (0.915–1.013) 0.146

Syntax Score 1.058 (1.027–1.089) 0.000 1.036 (1.001–1.073) 0.049

Duration of pectoris 1.533 (0.936–2.511) 0.090 — —
Age 0.992(0.970–1.014) 0.452 — —

Abbreviations: LDL-C, low density lipoprotein-cholesterol; HDL-C, high-density lipoprotein cholesterol; FBS, 
fasting blood sugar; FINS, fasting insulin; BMI, body mass index; HCY, homocysteine; HOMA-IR, homeostasis model 
assessment for insulin resistance; CI, confidence interval. Syntax score, a unique tool to score complexity of 
coronary artery disease.
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In univariate analysis, the FINS level was associated with poor CCC (95% CI 1.056–1.134, P < 0.05). However, in 
multivariate analysis, the association between FINS level and poor CCC had no statistical significance (OR 1.008, 95% 
CI 0.948–1.071, P = 0.079).

Multivariate regression also revealed that diabetes (OR 1.407, 95% CI 1.033–2.667), HbA1c (OR 1.379, 95% CI 
1.011–1.880), HOMA-IR (OR 1.136, 95% CI 0.919–1.406), HDL-C (OR 0.425, 95% CI 0.206–0.878) and SYNTAX 
score (OR 1.036, 95% CI 1.001–1.073) were independent factors of poor CCC (all P < 0.05).

Discussion
The main finding of this study is that a higher fasting insulin concentration was associated with poor coronary collateral 
circulation. Hyperinsulinemia impaired endothelial function and collateral development in patients with chronic total 
coronary occlusion.

Coronary collateral circulation is a channel of artery to artery connection in the heart. Because of their tiny caliber, 
collateral arteries could not offer enough blood flow in their native state.13,However, well-developed collateral circulation 
protected ischemic myocardium and reduced cardiovascular death in severe stenosis of the coronary artery. Previous studies 
have demonstrated that metabolic diseases, such as diabetes and metabolic syndrome restrained collateral formation in patients 
with coronary heart disease.11,14 In an observational study which included 1653 patients with CTO, Liu et al found that MetS 
was inversely correlated with coronary collateral growth.1 A meta-analysis which included 18 studies and 4746 enrolled 
patients, revealed that diabetes inhibited formation of coronary collaterals (OR = 0.50, 95% CI: 0.38–0.67, p = 0.00001).13

A normal level of insulin plays a protective role in the cardiovascular system. However, hyperinsulinemia can cause 
a variety of diseases.15,16 The traditional view believed that hyperinsulinemia was secondary to insulin resistance. Recently, 
a new concept suggested that hyperinsulinemia is primary and causes insulin resistance.15 Until now, there was no research to 
explore the influence of hyperinsulinemia on coronary collateral circulation. In the current study, we, for the first time, found 
that hyperinsulinemia impaired collateral development in patients with CTO. It is recognized that angiogenesis and 
arteriogenesis are both involved in collateral development. Angiogenesis refers to the formation of capillaries from existing 
vessels to expand the microvascular system.13 However, angiogenesis could not provide enough blood flow to the ischemic 
area. Arteriogenesis is an adaptive remodeling of existing collateral arteries. Unlike angiogenesis, arteriogenesis results in an 
increased flow capacity of the artery.17 The mechanism of collateral development is complex. Several cytokines and factors 
involved in this process include vascular endothelial growth factor, nitric oxide, shear forces, inflammation and endothelial 
progenitor cells (EPCs).18–20 EPCs play a vital role in angiogenesis and collateral formation. Flores-Umanzor et al found that 
patients with Rentrop grade 3 collateral circulation exhibited higher EPC activity at baseline and at 1-year follow-up 
compared with those who had poor collateral circulation.21 In a previous cell-culture based study, we found that hyper-
insulinemia decreased proliferation and tube formation abilities of EPCs by disturbing the balance of the PI3K/ AKT/eNOS 
pathway and p38 MAPK pathway.8 The results of this study indicate that hyperinsulinemia impaired endothelial function is 
evaluated by FMD. Mackesy et al’s study demonstrated that hyperinsulinemia induced oxidative stress and inflammation in 
macrophages and endothelial cells.22 Mahmoud et al found that hyperinsulinemia increased endothelin-1 protein expression 
and impaired vasodilation of human skeletal muscle arterioles.23 The mechanism underlying the association of hyperinsu-
linemia and poor collateral circulation has not been elucidated, But the above investigation proposes that endothelial 
dysfunction, inflammation and cytokine secretion may take part in it.

Limitations
There were some limitations in the study. First, the number of enrolled patients was relatively small. Second, we did not 
explore whether decreasing insulin level could restore collateral flow. We still need further investigations to testify this 
hypothesis.

Conclusions
The results of this study demonstrated that hyperinsulinemia is associated with poorly developed collateral circulation in 
patients with CTO. Hyperinsulinemia might impair endothelial function and collateral formation in patients with severe 
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coronary artery disease. The findings of this study indicate that reducing hyperinsulinemia can be a candidate of 
therapeutic target for patients with ischemic cardiovascular diseases.

Abbreviation
MI, myocardial infarction; TC, cholesterol; TG, triglyceride; LDL-C, low density lipoprotein-cholesterol; HCY, homo-
cysteine; HDL-C, high-density lipoprotein cholesterol; FBS, fasting blood sugar; FINS, fasting insulin; BMI, body mass 
index; HOMA-IR, homeostasis model assessment for insulin resistance; LVEF, left ventricular ejection fraction; LVD, 
left ventricular diameter; LA, left atrial diameter; CCS, Canadian Cardiovascular Society; FMD, flow-mediated dilation; 
CI, confidence interval.
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