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Introduction 

Coronary artery disease (CAD) remains a major 
contributor to mortality and morbidity on a global 
scale. (1). However, the cardiac effects of CAD vary 
among patients, influenced by traditional risk factors 
and the presence of coronary collaterals (2,3). 

Coronary collaterals provide an alternative flow path 
by enlarging in response to the pressure gradient 
caused by a flow-restricting narrowing in the coronary 
arteries. Well-developed coronary collateral 
circulation (CCC) reduces myocardial ischemia, 
underscoring the importance of investigating these 
vessels at the molecular level (3,4). This has led to 
increased research aimed at promoting collateral 
development when adequate coronary 

revascularization cannot be achieved medically or 
invasively. 

Collateral development occurs either through 
angiogenesis, the budding of new capillaries from 
existing blood vessels following chronic ischemia or 
hypoxia, or through arteriogenesis, the enlargement 
and maturation of pre-existing intracoronary 
anastomoses from birth (5-7). Literature suggests that 
androgens contribute to angiogenesis, a key 
mechanism of CCC, at the microvascular level 
through the androgen receptor (8). Additionally, 
androgens are proposed to activate vascular repair 
and neovascularization (9). 

While some recent studies have investigated the 
relationship between coronary collateral development 
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Coronary collateral circulation (CCC) comprises vascular pathways that activate in severe coronary stenosis to preserve 
perfusion. This study investigates the relationship between CCC development and male sex steroids.  
A retrospective analysis was performed on 149 male patients with ≥ 95% stenosis in epicardial coronary arteries and 29 
with normal coronaries, identified via coronary angiography between January 2017 and December 2023. The cohort 
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24.8 ± 6.9 nmol/L, p<0.001). Multiple logistic regression revealed that DM [OR = 1.923, 95% CI (1.041–4.092), p = 
0.012] directly predicted PCF, whereas free testosterone [OR = 0.689, 95% CI (0.557–0.851), p < 0.001] and SHBG [OR = 
0.903, 95% CI (0.849–0.960), p = 0.001] were inversely predictors. 
The study highlights the important role of sex steroids in coronary collateral development, with free testoster one and 
SHBG as key predictors of CCC levels in men with coronary occlusion.  
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and sex steroids (8,9), most have concentrated on 
atherosclerosis (10,11). Testosterone is thought to 
potentially play a protective role in the development 
and progression of CAD (12). Several studies have 
demonstrated an inverse correlation between 
angiographically confirmed CAD and testosterone 
levels, with CAD patients exhibiting lower 
testosterone levels compared to those with normal 
coronary arteries (13,14). Additionally, low free 
testosterone levels have been associated with an 
increased risk of mortality (15). Sex hormone-binding 
globulin (SHBG), a protein that regulates testosterone 
bioavailability, is also linked to metabolic effects. Low 
levels of both testosterone and SHBG have been 
inversely related to the prevalence of metabolic 
disease in men (16). 

Despite these findings, there is a need for studies 
specifically explaining the relationship between the 
degree of CCC and sex steroids. In this study, we aim 
to contribute to this area of research by clinically 
investigating the relationship between sex steroids, 
which have a significant relationship with CAD, and 
coronary collateral flow. 

Materials and Methods 

This retrospective, multicenter observational study 
was conducted at the Department of Cardiology, 
Kosuyolu Training and Research Hospital, and 
Cam&Sakura City Hospital. The study included a 
cohort of 149 consecutive patients with at least one 
vessel having ≥ 95% critical stenosis and 29 normal 
coronary who underwent coronary angiography 
between January 2017 and December 2023.  Patients 
were excluded if they met any of the following 
criteria: diagnosed with acute coronary syndrome, 
history of coronary bypass surgery, stent restenosis, 
undergoing hormone therapy, active cancer, 
endocrine disorders, left ventricular ejection fraction 
(LVEF) below 45% as determined by 
echocardiography, regular hemodialysis therapy, and 
those with missing data. After these exclusions, the 
final analysis included a total of 178 subjects. 

Demographic, laboratory, and clinical data were 
collected from the hospital's medical database. This 
study was conducted following the principles outlined 
in the Declaration of Helsinki. The study protocol 
was approved by the ethics committee of 
Cam&Sakura City Hospital (approval date: 
24/07/2024, decision number: 1147). 

Definitions and Risk Factors: Before the 
procedure, detailed baseline laboratory parameters 
were recorded for each patient. Renal function was 
evaluated with the validated formula (17). Diabetes 
mellitus (DM) was identified by fasting glucose levels 

of 126 mg/dL or higher, postprandial glucose levels 
of 200 mg/dL or more, or the use of antidiabetic 
medication (17). Hypertension (HT) was defined as 
having a systolic blood pressure over 140 mm Hg 
and/or diastolic blood pressure exceeding 90 mm Hg 
or being on antihypertensive medication (18). 
Dyslipidemia was diagnosed according to the 
following criteria: total cholesterol ≥240 mg/dL, LDL 
cholesterol ≥130 mg/dL, HDL cholesterol <40 
mg/dL for men or <50 mg/dL for women, and 
triglycerides ≥150 mg/dL (19). Body mass index 
(BMI) was calculated by dividing the weight in 
kilograms by the square of the height in meters 
(kg/m²). Smoking status was defined as current 
smoking if a participant smoked regularly or had 
smoked within the month preceding the study.  

Coronary Angiography: Selective coronary 
angiography was performed on all patients using a 6F 
diagnostic catheter via the right or left femoral, 
brachial, or radial artery with the Judkins technique. 
The angiography devices used were the ‘Philips 
Medical Systems Integris H 5000, Netherlands’ and 
‘Siemens Artis Zee Medical Systeme’.  Iopromide 
(Ultravist-370) or Iohexol (Omnipaque 350 mg/ml) 
was used as the contrast agent. The coronary arteries 
were imaged in right and left oblique positions using 
cranial and caudal angulations. Measurements for all 
patients were taken at the end of diastole in the 
position where the coronary lesion was best visualized 
and caused the greatest lumen narrowing. The 
angiographic grading of the collaterals supplying the 
occluded coronary artery was performed according to 
the Rentrop classification (20). 

According to the Rentrop classification: Rentrop 0: 
No collateral filling, Rentrop 1: very weak collateral 
flow is observed, but epicardial arteries do not fill, 
Rentrop 2: partial perfusion; epicardial arteries are 
opacified but not filled, Rentrop 3: complete 
perfusion; the contrast medium fills the epicardial 
vessels. Based on the Rentrop classification, grades 0 
and 1 were considered poor collateral development, 
while grades 2 and 3 were considered good collateral 
development. 

Statistical Analysis: The distribution of the data was 
assessed using both analytical methods, such as the 
Kolmogorov–Smirnov test, and visual methods, 
including histograms and probability plots. 
Continuous variables were presented as mean ± 
standard deviation (SD) or median with interquartile 
range (25th–75th percentiles), while categorical 
variables were reported as numbers with 
corresponding percentages. For comparison of 
continuous variables, one-way analysis of variance 
(ANOVA) and Kruskal-Wallis tests were employed, 
depending on data distribution.  Categorical variables  
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Fig. 1. Receiver operating characteristic (ROC) analysis was 
performed to compare the discriminatory abilities of free 
testosterone and SHBG predicting WCF 
 

were compared using Chi-square or Fisher's exact 
tests. Ordinal logistic regression was used to identify 
independent predictors of collateral flow compared to 
the control group. Binary logistic regression was 
conducted to determine the independent parameters 
associated with the degree of CCC in the patient 
population. Receiver operating characteristic (ROC) 
curve analysis was performed to identify the cut-off 
value of free testosterone for predicting well coronary 
flow (WCF) using the Youden index. Pairwise 
comparison of ROC curves for parameters 
independently associated with collateral circulation 
was carried out using the DeLong method. A two-
tailed p-value of less than 0.05 was considered 
statistically significant. All statistical analyses were 
performed using R statistical software (version 4.3.2, 
Vienna, Austria) 

Results 

Baseline Characteristics and Serum Sex 
Steroid Levels in Study Groups: In the final 
analysis, the study included 178 participants.  The 
mean age was higher in the WCF group compared 
to the poor collateral flow (PCF) and control 
groups [58.9 ± 6.4 vs 57.1 ± 7.8 and 57.2±3.81 
p<0.05]. The PCF group also showed a 
statistically higher prevalence of DM (56% vs. 
17.2% and 23.2%, p<0.001) and smoking (60% vs 
24.1% and 28.3%, p<0.001) than both control 
subjects and patients with WCF. Also, patients 
with PCF had significantly lower values for total 
testosterone (273.8 ± 59.9 vs 350.6 ± 78.5 and 
382±56.8 ng/dL, p<0.001), free testosterone (7.2 
± 2.0 vs. 11.6±3.86 and 12.1 ± 3.3 pg/mL, 
p<0.001), dehydroepiandrosterone sulfate 
(DHEA-S) (131.9 ± 87.9 vs. 180.5 ± 69.5 and 
205±72.4 μg/dL, p<0.001), and SHBG (24.8±6.9 
vs. 34.5±9.2 and 35.3±11.0 nmol/L, p<0.001 for 
each) as compared with both control subjects and 
patients with WFC. Other factors such as the 

family history of CAD, BMI, creatinine, total 
cholesterol, LDL cholesterol, HDL cholesterol, 
triglycerides, haemoglobin, leukocyte count, 
platelet count, and LVEF were similar between 
the all groups. A detailed overview of the 
demographic, clinical, and laboratory 
characteristics by CCC status is provided in Table 
1.  

Independent Predictors of Well Coronary 
Collateral Flow in Binary Logistic Regression: 
We performed ordinal logistic regression analysis as a 
supplementary sensitivity analysis. Ordinal logistic 
regression analysis showed that only free testosterone 
[OR = 0.870, 95% CI (0.794–0.951), p =0.002] and 
total testosteron [OR = 0.992, 95% CI (0.987–0.997), 
p=0.002] were independent precitors of well or poor 
collateral flow compared to control group (Table 2). 
Additionally, binary logistic regression analysis 
identified DM, free testosterone, and SHBG levels as 
potential predictors of collateral flow in patient group. 
Multiple logistic regression analysis showed that DM 
[OR = 1.923, 95% CI (1.041–4.092), p = 0.012] was 
directly associated with PCF, whereas free 
testosterone levels [OR = 0.689, 95% CI (0.557–
0.851), p < 0.001] and SHBG [OR = 0.903, 95% CI 
(0.849–0.960), p = 0.001] were independent inverse 
predictors (Table 3).  

Diagnostic performance of free testosterone for 
prediction well coronary collateral flow: Receiver 
operating characteristic (ROC) curve analysis was 
conducted to establish the cut-off value for free 
testosterone using the Youden index and assess its 
diagnostic performance. The area under the curve 
(AUC) demonstrated that free testosterone is a strong 
diagnostic marker for predicting WCF. At the optimal 
cut-off of 9.31, free testosterone predicted WCF with 
77% sensitivity and 86% specificity (AUC 0.81, 95% 
CI 0.744–0.880, p<0.001 (Figure 1). 

Discussion 

Our study demonstrates a significant association 
between high serum sex steroid levels and well CCC 
in male patients with coronary artery occlusion. This 
finding adds to the growing body of evidence 
emphasizing the critical role of androgens, particularly 
free testosterone, in cardiovascular health and disease 
progression. 

The observed decrease in serum total testosterone 
and DHEA-S levels in patients with coronary 
occlusion and poor CCC is consistent with previous 
studies that identified low androgen levels as 
important predictors of CAD severity (21,22). 
Sensitivity analyses in our study highlighted free 
testosterone as the most important predictor of the  
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Table 1 : Demographic Features and Laboratory Tests of The Study Population 

 Control 
Group 

(n=29) 

(A) 

Group PCF 

(n=50) 

(B) 

Group WCF 

(n=99) 

(C) 

p 
value* 

Pairwise Comparison 

A-B                A-C            
B-C 

Age, years; Mean±SD 57.2±3.81 57.1 ± 7.8 58.9 ± 6.4 0.040 0.162 0.983 0.061 

Hip circumference, 
cm; Mean±SD 

9.9±6.72 102.8 ± 8.8 102.7 ± 9.2 0.795 NS NS NS 

Waist circumference, 
cm; Mean±SD 

104±17.9 100.3 ± 
11.8 

101.7 ± 11.1 0.813 NS NS NS 

BMI, kg/m2; Median 
[IQR] 

28.5±2.48 28.7 ± 2.9 29.9 ± 4.1 0.078 NS NS NS 

Total occlusion; n (%)  

   LAD 

   Cx 

   RCA 

  

17 (34) 

14 (28) 

25 (50) 

 

40 (40.0) 

19 (19.1) 

34  (34.3) 

 

 

0.690 

   

Diabetes mellitus; n 
(%) 

5 (17.2) 28 (56) 23 (23.2) <0.001 <0.001 0.043 <0.001 

Hypertension;n (%) 6 (20.6) 17 (34) 26 (26.3) 0.428 NS NS NS 

Smoking; n (%) 7 (24.1) 30 (60) 28 (28.3) <0.001 <0.001 0.054 <0.001 

Family history of 
CVD; n (%) 

8 (13.79 19 (38) 26 (26.3) 0.199    

Creatinine, mg/dl; 
Median [IQR] 

0.9 (0.8-1.1) 0.9 [0.8 - 
1.0] 

0.9 [0.8 - 
1.0] 

0.161 NS NS NS 

Total cholesterol, 
mg/dl; Mean±SD 

226.2±36.9 221.9 ± 
41.1 

219.0 ± 37.0 0.650 NS NS NS 

LDL-cholesterol, 
mg/dl;  Mean±SD 

121.1±26.1 120.1  ± 
34.6 

118.3 ± 30.3 0.796 NS NS NS 

HDL-cholesterol, 
mg/dl;  Mean±SD 

49.3±6.2 47.2 ± 7.4 48.1 ± 7.3 0.506 NS NS NS 

Triglyceride, mg/dl; 
Median [IQR] 

232.1[191.1-
367.6] 

240.0 [181.2 
- 327.5] 

220.0 [132.5 
- 375.0] 

0.425 NS NS NS 

Hemoglobin, g/dl;  
Mean±SD 

12.9±1.4 12.5 ±  1.2 13.1 ± 1.2 0.059 NS NS NS 

Leukocyte count, 
*1000/dl;  Mean±SD 

7.6±1.5 7.8 ± 1.1 7.9 ±  0.8 0.925 NS NS NS 

Platelet count, 
*1000/dl; Median 
[IQR] 

300.0[175.1-
355.0] 

252.5 
[190.5-
288.0] 

274.0 [193.0 
- 364.5] 

0.800 NS NS NS 

LVEF; %;  Mean±SD 60±5.0 59.5 ± 5. 58.3  ±  6.6 0.282 NS NS NS 

Total testosterone, 
ng/dl; Mean±SD  

382±56.8 273.8 ± 
59.9 

350.6 ± 78.5 <0.001 <0.001 0.038 <0.001 

Free testosterone, 
pg/ml; Mean±SD  

11.6±3.81 7.2 ± 2.0 12 .1  ± 3.3 <0.001 <0.001 0.861 <0.001 

DHEAS, µg/dl;  
Mean±SD  

205±72.4 131.9 ± 
87.9 

180.5 ± 69.5 <0.001 <0.001 0.228 0.003 

SHBG, nmol/L; 
Mean±SD  

34.5±9.2 24.8 ± 6.9 35.3 ± 11.0 <0.001 <0.001 0.849 <0.001 

p<0.05 was considered statistical significant. Abbreviations: BMI, body mass index; Cx, circumflex artery; CVD, 
cardiovascular disease; DHEAS, dihydroxy-epiandrostenedione sulfat; IQR25-75, interquartile range; LAD, left anterior 
descending artery; LVEF, left ventricular ejection fraction; NS, nonsignificant; RCA, right coronary artery; SD, standard 
deviation; SHBG, sex-hormone-binding globuline; PCF, poor collateral function; WCF, well collateral function 
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Table 2. Results of The Ordinal Logistic Regression Analyses Conducted to Identify Variables That May 
Predict the Presence of Coronary Collateral Flow 

 OR CI 95% p value* 

Age 0.991 0.942-1.043 0.737 

Diabetes Mellitus 1.785 0.878-3.681 0.112 

Smoking 1.933 0.981-3.868 0.059 

Total testosterone 0.992 0.987-0.997 0.002 

Free testosterone 0.870 0.794-0.951 0.002 

DHEAS 0.996 0.991-1.000 0.054 

SHBG 0.977 0.944-1.040 0.171 

p<0.05 was considered statistical significant. Abbreviations CI; confidence interval; DHEAS, dihydroxy-
epiandrostenedione sulfat; OR, odds ratio; SHBG sex-hormone-binding  globuline 

 

Table 3: Results of the Binominal Regression Analyses Performed For Identifying The Variables That 
May Anticipate The Presence of Poor Collateral Flow  

 OR CI 95% p value* 

Age 0.917 0.842-1.02 0,056 

Diabetes Mellitus 1.923 1.041-4.092 0.012 

Smoking 1.740 0.660-4.588 0.263 

Total testosterone 0.997 0.990-1.004 0.401 

Free testosterone 0.689 0.557-0.851 <0.001 

DHEAS 0.998 0.991-1.004 0.500 

SHBG 0.903 0.849-0.960 0.001 

* p<0.05 was considered statistical significant. Abbreviations CI; confidence interval; DHEAS, dihydroxy-
epiandrostenedione sulfat; OR, odds ratio; SHBG sex-hormone-binding  globuline 

 

development of CCC. This is consistent with 
established data showing that testosterone facilitates 
epicardial coronary artery dilation and increases 
volumetric blood flow, suggesting a protective 
vascular role (23,24). Potential mechanisms by which 
low androgen levels contribute to the development of 
poor CCC may involve several physiological 
pathways. Testosterone and other androgens are 
known to affect endothelial function, inflammatory 
responses, and vascular smooth muscle cell activity 
(23-25). There are also studies showing that 
androgens play a role in angiogenesis and 
atherogenesis at the microvascular level. In particular, 
it contributes by triggering transcriptional control 
target genes controlled by androgen receptors and by 
enhancing the interaction of multiple signalling 
pathways (8,9). Testosterone, the primary androgen, 
improves endothelial function by increasing nitric 
oxide production, which promotes vasodilation and 
boosts blood flow, thereby generating shear stress 
that stimulates the formation of collateral vessels (27). 
Additionally, testosterone upregulates angiogenic 
factors like vascular endothelial growth factor and 
fibroblast growth factor, facilitating the growth of 
new blood vessels (26,27). It also modulates 

inflammation, reducing chronic inflammatory markers 
while supporting acute inflammatory responses 
crucial for vascular repair (28). These effects 
collectively explain why men, with higher endogenous 
testosterone levels, often exhibit more robust 
collateral vessel formation, highlighting the potential 
of androgen-based therapies to improve outcomes in 
patients with CAD (29,30). Understanding these 
mechanisms paves the way for developing targeted 
treatments that leverage the cardiovascular benefits of 
androgens while minimizing potential risks.  

Our findings also suggest that diabetes is an 
important risk factor for the development of poor 
CCC, which is confirmed by previous studies that 
have linked diabetes to impaired collateral vessel 
formation (31). However, in contrast to some studies, 
we did not find a significant association between HT, 
BMI and CCC. Additionally, we found no significant 
association between smoking and collateral 
development. This finding contrasts with other 
studies showing a significant association between 
smoking and collateral growth (32). However, 
variability in these findings may be due to differences 
in study populations and methodologies. 

Our study adds to the clinical evidence that low 
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serum sex steroid levels are a marker of poor CCC in 
men with coronary occlusion. This highlights the 
importance of considering sex steroid levels in the 
management and prognosis of CAD.  

Despite these important findings, our study has 
limitations. The relatively small sample size may limit 
the generalizability of our results, and the 
observational nature of the study cannot establish 
causality. Additionally, variability in hormone levels 
due to factors such as age, comorbidities, and lifestyle 
factors should be taken into account. Future larger 
and longer-term studies will confirm our findings and 
contribute to elucidating the mechanisms underlying 
the link between sex steroids and CCC. 

In conclusion, our study highlights the importance 
of sex steroids in coronary collateral development. 
High free testosterone and SHBG levels are 
significant predictors of well CCC in male patients 
with coronary occlusion. These findings highlight the 
need for further research to better understand the 
complex interactions between sex steroids and 
cardiovascular health, potentially leading to improved 
treatment strategies for CAD patients. 
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