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A b s t r a c t

Introduction: The current investigation intended to evaluate the correlation 
between eosinophil-to-lymphocyte ratio (ELR) and the coronary slow-flow 
phenomenon (CSFP) in patients undergoing elective coronary angiography.
Material and methods: A case-control investigation was conducted on 200 
individual CSFP patients and another 200 individuals with normal coronary 
arteries and who were matched for age, gender, and body mass index. ELR 
was computed by dividing the number of eosinophils by the number of lym-
phocytes. Thrombolysis in myocardial infarction frame count was used to 
determine the CSFP.
Results: The ELR in the CSFP group was substantially greater than in the con-
trol group [0.38 (0.28–0.50)] and [0.22 (0.17–0.35)], p < 0.001, respectively). 
With the help of multivariable logistic regression analysis, ELR independent-
ly predicted the CSFP presence (odds ratio = 1.040, 95% CI: 1.026–1.053),  
p < 0.001). The effective cutoff point of ELR in predicting CSFP presence was 
> 0.29 with sensitivity of 77% and specificity of 70%. ELR had better diag-
nostic accuracy to predict CSFP than either lymphocyte or eosinophil count 
alone [AUC = 0.746 vs. AUC = 0.687 vs. AUC = 0.687, respectively].
Conclusions: To our knowledge, this was the first investigation to determine 
the connection between ELR and CSFP. We discovered that individuals with 
CSFP had higher ELR than those with normal coronary arteries in the control 
group.
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Introduction

During routine coronary angiography (CAG), slow filling of the epicar-
dial coronary artery is frequently observed with a lack of significant ste-
nosis. This finding is termed the coronary slow-flow phenomenon (CSFP), 
and it was first documented by Tambe in 1972 in six individuals suffering 
from angina pectoris [1]. Roughly, one percent of the individuals under-
going elective CAG are diagnosed with CSFP [2]. The precise mechanisms 
causing CSFP remain obscure. However, the CSFP has been suggested 
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to be linked to inflammation, oxidative stress, and 
endothelial dysfunction [3, 4].

Eosinophils and lymphocytes have been impli-
cated in inflammation, atherosclerosis, and endo-
thelial dysfunction in previous investigations [5]. 
The eosinophil-to-lymphocyte ratio (ELR) is a new 
inflammatory bioindex that takes into account 
both eosinophil and lymphocyte levels [6]. In re-
cent studies, the relationship between the ELR 
and adverse events in patients with malignancy 
has been demonstrated [6, 7]. Besides that, the 
predictive value of this index has been investi-
gated for isolated coronary artery ectasia pres-
ence and severity [8]. Moreover, a  recent study 
revealed that the ELR, simply derived from the 
complete blood count (CBC), has greater diagnos-
tic and prognostic power than either lymphocyte 
or eosinophil alone [9]. With respect to the current 
knowledge, however, there are no existing data 
about the relationship between ELR and CSFP. Be-
cause an increased ELR was closely related to in-
flammation and atherosclerosis, we hypothesized 
that there may be an association between ELR 
and CSFP. Consequently, we aimed to determine 
the link between CSFP and ELR in subjects under-
going elective CAG.

Material and methods

Study population

In this retrospective, case-control investigation, 
a total of 16,000 subjects who underwent elective 
CAG between June 2014 and July 2020 were iden-
tified by scanning their electronic medical reports. 
Patients who were accepted as having typical an-
gina or with a suspected or positive finding in one 
of the non-invasive methods that was performed 
for detection of coronary ischemia underwent 
elective CAG. Patients who were diagnosed with 
acute coronary syndrome, who had an acute or 
chronic infection, who used any glucocorticoid 
treatments or anti-allergic drugs within 3 months, 
had a hematologic and auto-immune disease, un-
dergoing chronic peritoneal dialysis or hemodial-
ysis treatment were eliminated from the study. In 
addition, patients with a history of previous myo-
cardial infarction, liver and gallbladder diseases, 
severe coronary artery disease, and those who 
had a  decision for coronary artery bypass graft-
ing and stent implantation were excluded from 
the study. After assessment regarding elimination 
criteria, 200 (1.2%) individuals were found to have 
CSFP. The control group consisted of 200 cases 
with a normal coronary artery that matched with 
age, gender, and body mass index (BMI). Baseline 
demographic characteristics along with related 
clinical information were retrieved from the hos-
pital’s electronic database. The local ethics com-

mittee reviewed and approved our study protocol 
(decision number 448 dated 21/04/2021).

CAG

CAG was performed via either the femoral or 
radial artery according to Judkins’s approach. All 
of the coronary angiograms were documented in 
DICOM digital media with a  rate of 25 frames/
ms. Patients who were diagnosed with CSFP were 
also reevaluated by two skilled physicians who 
did not have access to the patient’s medical re-
cords. The thrombolysis in myocardial infarction 
frame count (TFC) was used to calculate the CSFP 
[10]. The cine frames required for the contrast to 
reach a conventional distal coronary landmark in 
the left anterior descending (LAD), left circum-
flex (LCX), and right coronary artery (RCA) at 30 
frames/s were calculated. The LAD distal bifurca-
tion, the LCX distal bifurcation with the segment 
having the longest total distance, and the RCA’s 
first branch of the posterolateral artery were all 
predefined distal landmarks. Participants with 
a TFC of more than 2 standard deviations beyond 
the usual reported range for any of the three 
coronary arteries (> 40.6 frames for LAD, > 29.8 
frames for LCX, and > 27.3 frames for RCA) were 
considered to have a CSFP.

Laboratory analysis

Prior to the CAG, all blood samples were tak-
en from the ante-cubital vein and delivered to the 
laboratory for examination within an hour of col-
lection. A hematology analyzer was used to evalu-
ate the hematologic indices. The ELR was calculat-
ed from the same blood sample and is defined by 
dividing the number of eosinophils by the number 
of lymphocytes.

Statistical analysis

Continuous parameters that were normally dis-
tributed were presented as means and standard 
deviations. In case of a non-normal distribution, 
continuous parameters were provided as medi-
ans [interquartile ranges (IQRs)]. The percentages 
for categorical variables were used. To compare 
categorical parameters between the groups, the 
chi-squared (χ²) test was utilized. To evaluate 
whether the variables were normally distributed, 
the Kolmogorov–Smirnov test was applied. The 
Mann-Whitney U test or Student’s t-test was ap-
plied to evaluate continuous parameters between 
the groups based on whether or not they were 
regularly distributed. Parameters that yielded 
a p-value < 0.05 in the univariable logistic regres-
sion analysis were entered in the multivariable 
logistic regression analysis to evaluate the inde-
pendent predictors of CSFP. The area under the 
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curve (AUC), which represented the accuracy of 
each value in discriminating individuals with CSFP 
from those without it, was calculated to assess 
the diagnostic accuracy and discriminatory pow-
er of the lymphocyte count, eosinophil count, and 
ELR. If the AUC was more than 0.70, it was rated 
as ‘good,’ and if it was less than 0.70, it was la-
beled as ‘inadequate’. The ideal cutoff value was 
calculated using Youden’s index from the point 

of maximum sensitivity and specificity. The effect 
size (Cohen’s d) and power value (1 – β) of the 
study were calculated using G*Power software 
(version 3.1.9.2) The effect size and power val-
ue were 0.74 and 99%, respectively. A p-value of  
< 0.05 was accepted as the statistical significance 
level. SPSS Statistics, version 24.0, was used to 
conduct all statistical analyses (IBM Corp., Ar-
monk, NY, USA). By using the MEDCALC software 

Table I. Demographic characteristics, laboratory and angiographic data of all cases

Parameter Coronary slow-flow phe-
nomenon (–) (n = 200)

Coronary slow-flow phe-
nomenon (+) (n = 200)

P-value

Risk factors:

 Male gender, n (%) 125 (62.5) 119 (59.5) 0.539

 Age, mean ± SD 52.9 ±6.6 53.4 ±6.4 0.362

 BMI, mean ± SD 26.2 ±1.1 27.4 ±1.3 0.235

 Hypertension, n (%) 53 (26.5) 84 (42) 0.001

 Diabetes, n (%) 59 (29.5) 64 (32) 0.588

 Smoking, n (%) 57 (28.5) 53 (26.5) 0.654

 Hyperlipidemia, n (%) 104 (52) 113 (56.5) 0.366

Medications, n (%):

 Acetylsalicylic acid 54 (27) 68 (34) 0.128

 Beta-blockers 21 (10.5) 32 (16) 0.105

 RAS blockers 40 (20) 52 (26) 0.154

Dihydropyridine CCBs 22 (11) 30 (15) 0.234

 Statins 42 (21) 52 (26) 0.238

Laboratory parameters:

 Creatinine [mg/dl] mean ± SD 0.80 ±0.22 0.85 ±0.25 0.051

 TC [mg/dl] mean ± SD 207 ±48 206 ±48 0.928

 LDL-C [mg/dl] mean ± SD 129 ±45 131 ±46 0.562

 HDL-C [mg/dl] mean ± SD 46 ±4 39 ±9 < 0.001

 Triglyceride [mg/dl] IQR 165 [115–248] 165 [114–245] 0.961

 CRP [mg/dl] IQR 0.5 [0.4–0.8] 0.8 [0.5–0.8] 0.003

 Hemoglobin [g/dl] mean ± SD 14 ±1.2 14 ±1.1 0.716

 WBC count [cells/µl] IQR 7.6 [6.9–8.3] 8.2 [7.3–8.8] < 0.001

 Neutrophil count [cells/µl] IQR 5.1 [4.1–5.9] 5.2 [4.3–6.0] 0.043

 Lymphocyte count [cells/µl] IQR 1.5 [0.99–1.90] 1.2 [0.70–1.40] < 0.001

 Eosinophil count [cells/µl] IQR 0.35 [0.27–0.41] 0.44 [0.33–0.47] < 0.001

 Platelet count [cells/µl] mean ± SD 284 ±52 299 ±55 0.007

 ELR [IQR] 0.22 [0.17–0.35] 0.38 [0.28–0.50] < 0.001

Angiographic parameters:

 LAD, n (%) 0 (0) 102 (51)

 Cx, n (%) 0 (0) 53 (26.5) –

 RCA, n (%) 0 (0) 45 (22.5)

 LAD TFC, mean ± SD 24.3 ±3.3 45.7 ±8.2 < 0.01

 CX TFC, mean ± SD 22.1±2.2 27.7 ±9.4 < 0.01

 RCA TFC, mean ± SD 18.7 ±2.3 29.6 ±9.9 < 0.01

Continuous variables are presented as mean ± SD or interquartile ranges (IQRs), nominal variables are presented as frequency (%). BMI – body 
mass index, RAS – renin-angiotensin-system, CCBs – calcium channel blockers, TC – total cholesterol, LDL-C – low-density lipoprotein cholesterol, 
HDL-C – high-density lipoprotein cholesterol, CRP – C-reactive protein, ELR – eosinophil/lymphocyte ratio, WBC – white blood cell, RCA – right 
coronary artery, Cx – circumflex artery, LAD – left anterior descending artery, TFC – thrombolysis in myocardial infarction frame count.
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tool, the models’ receiver operating characteristic 
(ROC) curves were compared (Software BVBA 13, 
Ostend, Belgium).

Results

Basal characteristics and laboratory and angio-
graphic findings of all patients are summarized 
in Table I. There were no notable differences be-
tween the two groups in terms of diabetes, hy-
perlipidemia, and smoking. In the CSFP, however, 
hypertension was considerably greater. Addition-
ally, the medications were not different across the 
groups. In regard to laboratory results, the CSFP 
group had greater white blood cell and eosinophil 
counts, while the control group had a higher lym-
phocyte count. When compared to the non-CSFP 
group, the ELR and serum C-reactive protein (CRP) 
levels were considerably higher in the CSFP group, 
but lymphocyte count and high-density lipopro-
tein cholesterol (HDL-C) levels were significantly 
lower in this group. Both groups had equal hemo-
globin, neutrophil, and platelet levels. The CSFP 
group also had considerably higher median TFC 
values for all epicardial coronary arteries than the 
non-CSFP group. The CSFP was most commonly 
detected in the LAD (51%), later CX (25.5%), and 
with the RCA appearing less frequently (13.3%).

In order to identify potential CSFP predictors, 
multivariable logistic regression examination with 
two models was performed. In univariable anal-
ysis, hypertension, ELR, neutrophil count, eosino-
phil count, lymphocyte count, platelet count, and 
HDL-C were predictors of CSFP (Table II). To pre-
vent multi-collinearity between eosinophil count 
and lymphocyte count and ELR, model 2 was im-
plemented to identify the independent predictors 
of CSFP. According to this analysis, hypertension, 
HDL-C, platelet count, and ELR were independent 
predictors of CSFP.

We performed ROC analysis in order to test the 
diagnostic accuracy and discrimination power of 
lymphocyte count, eosinophil count, and ELR. In 
a ROC curve analysis, ELR > 0.29 was established 
as an appropriate cutoff point for the presence or 
absence of CSFP with 77% sensitivity and 70% 
specificity (AUC = 0.746, 95% CI: 0.697–0.796, p < 
0.001). The AUC of the ELR value was ≥ 0.70, and 
it had better diagnostic accuracy and discrimina-
tion power than the other two parameters (AUC = 
0.687 for lymphocyte count and AUC = 0.687 for 
eosinophil count) (Figure 1).

Discussion

To our knowledge, this was the first investiga-
tion to determine the connection between ELR 
and CSFP. We discovered that individuals with 
CSFP had higher ELR than those with normal coro-
nary arteries in the control group.

Based on the previous data, CSFP existed in 1% 
of patients undergoing CAG studies [2]. We found 
a comparable 1.2% incidence of CSFP among indi-
viduals who had CAG for chest discomfort or had 
objective indications of ischemia in this research. 
The pathophysiological mechanisms underlying 
the CSFP condition have not been clearly defined 
yet. CSFP has been hypothesized as a  variant 
form of early atherosclerosis and microvascular 
dysfunction, among other theories. Besides that, 
inflammation has been shown to be involved in 
the development of CSFP [11]. Thus, inflamma-
tory biomarkers have been extensively employed 
to investigate CSF [12–14]. Moreover, Li et al. dis-
covered that plasma CRP and interleukin 6 levels 
were considerably elevated in individuals with 
CSFP in a recent study [15]. Elevated hs-CRP levels 
might reveal that the inflammation and microvas-
cular abnormalities may be linked to the etiology 
of CSFP, and that it might be a  sign of poor en-

Table II. Two different adjusted multivariable logistic regression analysis models to determine the predictors of 
coronary slow-flow phenomenon

Parameter Model 1*
Multivariable

Model 2*
Multivariable

OR (95% CI) P-value OR (95% CI) P-value

Hypertension 2.428 (1.404–4.197) < 0.001 2.438 (1.435–4.142) 0.001

HDL 0.876 (0.843–0.910) < 0.001 0.866 (0.833–0.900) < 0.001

CRP 1.530 (0.809–2.893) 0.280 1.649 (0.854–3.183) 0.136

Neutrophil 1.134 (0.919–1.400) 0.240 1.041 (0.850–1.275) 0.699

Platelet 1.008 (1.003–1.013) 0.003 1.008 (1.002–1.013) 0.004

Eosinophil 1.077 (1.047–1.107) < 0.001 –

Lymphocyte 0.235 (0.148–0.371) < 0.001 –

ELR – – 1.040 (1.026–1.053) < 0.001

*Logistic regression analyses using the backward LR method were used for multivariable analysis of independent variables that were 
included if they were significantly different in univariable analyses (p < 0.05). OR – odds ratio, CI – confidence interval, HT – hypertension, 
HDL-C – high-density lipoprotein cholesterol, CRP – C-reactive protein, ELR – eosinophil/lymphocyte ratio.
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dothelial function in these individuals [16]. Also, 
Turhan et al. discovered that individuals with CSFP 
had higher levels of E-selectin, the vascular cel-
lular adhesion molecule, and the intercellular ad-
hesion molecule 1 [17]. In our investigation, even 
though some inflammatory markers, such as CRP 
levels and white blood cell counts, were consider-
ably higher in the CSFP group than the non-CSFP 
group, these parameters were not independently 
associated with CSFP.

Eosinophils can trigger activation of the coagu-
lation system and platelets and they can also lead 
to inflammation and aneurysm. Additionally, eo-
sinophils also play an important role in vascular 
damage and they can enhance the risk of throm-
bosis by stimulating leukocytes and platelets, as 
well as releasing tissue factor [18–20]. Coronary 
artery ectasia is most likely an extreme type of 
expansive vascular remodeling in response to 
the development of atherosclerotic plaques [21]. 

In a prior study, Demir et al. observed significant 
differences in eosinophil count between the coro-
nary artery ectasia (CAE) and control groups [22]. 
Their findings may help to explain the etiopatho-
geneses of CAE by linking higher eosinophil con-
centrations to vascular damage, endothelial dys-
function, and thrombosis in CAE cases.

It has been discovered that leukopenia is linked 
to cardiovascular complications [23]. Additionally, 
increased eosinophil count and decreased lym-
phocyte count can indicate systemic inflammation 
and physiologic stress, which can both contribute 
to cardiovascular disease development [24]. Con-
sequently, ELR has been considered as a systemic 
inflammatory indicator. Prior studies reported that 
there was a significant relationship between ELR 
and adverse events in patients with malignancy 
[6, 7]. Moreover, Yılmaz et al. recently found that 
subjects with angiographic isolated CAE had sig-
nificantly greater ELR values [8]. However, the pre-

Figure 1. Receiver operating characteristic curves 
of eosinophil (A), lymphocyte (B), and eosinophil- 
to-lymphocyte ratio (ELR) (C) for detecting pres-
ence of the coronary slow-flow phenomenon
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dictive value of ELR in patients with CSFP has not 
been evaluated yet. According to our data, the ELR 
values were significantly higher in individuals with 
CSFP, and ELR was also independently associated 
with CSFP. In a ROC curve analysis, we found that 
the optimal cutoff point of ELR for the presence or 
absence of CSFP was > 0.29 with 77% sensitivity 
and 70% specificity (AUC = 0.746). The AUC value 
of ELR value was ≥ 0.70, and it had better diag-
nostic accuracy and discrimination power than its 
components, including lymphocyte and eosinophil 
counts (AUC = 0.687 for lymphocyte and AUC = 
0.687 for eosinophil count). Based on our data, it 
is possible to conclude that elevated ELR may play 
a role in CSFP pathogenesis. In other words, higher 
ELR in CSFP patients may be a sign of an elevated 
inflammatory state. Nonetheless, further research 
is needed to determine the precise involvement of 
ELR in CSFP.

In addition to its protective effect against 
low-density lipoprotein cholesterol (LDL-C) oxi-
dation, HDL-C inhibits monocyte activation and 
transmigration to the subendothelium [25]. It has 
been suggested that circulating HDL-C levels are 
important for the development, progression, and 
severity of atherosclerotic disease [26]. In our in-
vestigation, low HDL-C levels were also indepen-
dent predictor of CSFP. This finding might suggest 
that HDL-C levels might have an important role in 
the pathogenesis of CSFP. In the present study, 
systemic hypertension and platelet count also 
predicted CSFP. Microvascular alterations in hy-
pertensive individuals may lead to CSFP, and Aksit 
et al. found a link between non-dipper hyperten-
sion and CSFP in hypertensive patients who had 
normal coronary angiograms [27]. Besides that, 
Seyyed Mohammadzad et al. found that men, 
smokers, hypertensive individuals, and those with 
a high BMI had considerably higher rates of CSFP. 
Furthermore, the platelet count of these individu-
als was substantially higher [28].

There were several limitations regarding this 
research. First, the research was a  retrospective 
investigation that did not include the prognostic 
data in terms of ELR with cardiac complications. 
Second, we simply looked at a  single ELR value, 
not its temporal values. Third, we unfortunately 
did not have data regarding intravascular ultra-
sound, which might provide a good tomographic 
image of the lumen area and composition. Fourth, 
despite the use of multivariable analysis to deter-
mine independent predictors of CSFP, some un-
measured confounders might be present, which 
might affect the results of the study. Finally, ad-
ditional prospective studies with a larger sample 
size are needed to confirm the relationship be-
tween CSFP and ELR.

In conclusion, the current investigation clearly 
demonstrated that the ELR was elevated in cases 

of CSFP and that it was associated with this phe-
nomenon independently.
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