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Background: Coronary slow flow (CSF) is a microvascular disease characterized by delayed opacification of the

epicardial coronary arteries during angiography. The main pathogenesis of CSF is endothelial dysfunction caused

by diffuse atherosclerosis. Dyslipidemia is one of the primary factors raising the risk of atherosclerosis. Compared

to conventional lipid profiles, non-traditional lipid profiles more accurately reflect dyslipidemic status. In this work,

we compared the non-high density lipoprotein-cholesterol (HDL-C)/HDL-C ratio (NHHR) with other conventional

and non-conventional lipid profiles in order to determine its impact on CSF.

Methods: A total of 9112 subjects who underwent coronary angiography were screened retrospectively, of whom

130 subjects with CSF and 130 subjects with normal CF were included. Multivariate regression analysis was used to

identify independent predictors of CSF. Additionally, in order to predict CSF, the diagnostic accuracies of NHHR and

other non-traditional lipid profiles were examined.

Results: There were significantly higher non-traditional lipid profiles in the CSF group (all p < 0.001). Compared to

other non-traditional lipid profiles, NHHR had a stronger association with thrombolysis in myocardial infarction

frame count (r = 0.3593, p < 0.0001). In addition to NHHR, non-HDL-C, Castelli’s risk index-II, atherogenic index of

plasma, plasma glucose, dyslipidemia, smoking, and body mass index were identified as independent predictors of

CSF. The ability of NHHR to detect CSF was superior to other non-traditional lipid profiles (area under the curve:

0.785; confidence interval: 0.730-0.840; p < 0.001).

Conclusion: NHHR was found to be a potent and reliable predictor of CSF. This indicates that NHHR can be used as a

reliable biomarker for risk stratification of CSF.

Key Words: Coronary slow flow � Non-HDL-C/HDL-C ratio � Non-traditional lipid markers

INTRODUCTION

The epicardial coronary arteries do not have severe

mechanical stenosis, and perfusion of the distal vascula-

ture is delayed by forward flow, according to the defini-

tion of the coronary slow flow (CSF) phenomenon.
1

There

is mounting evidence from intravascular ultrasound im-

aging data that CSF is a diffuse form of atherosclerosis

affecting the epicardial coronary arteries as well as the

microvascular system.
2,3

Considerable interactions be-

tween morphological and functional alterations in the

epicardial coronary arteries and microvascular circula-

tion have been demonstrated, and they can be seen as

two distinct but related manifestations of the same athe-

rosclerotic process.
4,5

In the early stage of the atherosc-
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lerotic process, luminal irregularity is not observed in

coronary angiography despite the presence of athero-

sclerotic plaques due to positive coronary remodeling.
6

Endothelial dysfunction, which occurs before obstruc-

tive lesions reduce coronary blood flow, is an early sign

of atherosclerosis.
7,8

Even if diffuse subclinical coronary

atherosclerosis does not cause stenotic lesions, it causes

functional and structural microvascular changes that may

cause ischemia by lowering the myocardial perfusion

pressure along the epicardial coronary artery.
9,10

Coro-

nary microvascular dysfunction also induces athero-

sclerotic plaque development in epicardial coronary ar-

teries by slowing coronary blood flow and reducing wall

shear stress.
11,12

It has been shown that microvascular

resistance, which is an indicator of the deterioration of

microvascular circulation, is also increased in CSF.
13

In

addition, those who have slower blood flow in their epi-

cardial coronary arteries have been demonstrated to be

more likely to develop obstructive coronary artery dis-

ease (CAD) and have negative cardiovascular clinical

outcomes.
14,15

Taken together, these data suggest that

CSF may represent different stages of endothelial dys-

function and the development of coronary atherosclero-

sis in epicardial coronary arteries and coronary micro-

circulation. Therefore, CSF may be an early microvas-

cular component of CAD development. In this context,

implementing risk stratification by determining the indi-

cators of CSF development in these patients would ap-

pear to be beneficial in both primary and secondary pre-

vention.

The development of atherosclerotic plaques is sig-

nificantly influenced by atherogenic dyslipidemia, which

comprises elevated blood triglycerides (TGs), apolipo-

protein B, tiny, dense low-density lipoprotein (LDL-C)

particles, and decreased high density lipoprotein-choles-

terol (HDL-C) particles.
16

In addition to contributing sig-

nificantly to the etiopathogenesis of coronary endothe-

lial and microvascular dysfunction, atherogenic dyslipi-

demia causes atherosclerosis.
17

While oxidized LDL par-

ticles and TGs cause endothelial dysfunction with a pro-

atherogenic effect, HDL particles show antiatherogenic

effects and exert a protective effect on the endothe-

lium.
16,17

Studies have shown that formulations obtained

by combining these traditional lipid profiles (TGs, LDL-C,

HDL-C) in various fractions [non-HDL-C, non-HDL-C/

HDL-C ratio (NHHR) and Castelli’s risk indexes I and II

(CRI-I, CRI-II), atherogenic index of plasma (AIP), lipo-

protein combined index (LCI)] show a stronger correla-

tion with cardiovascular diseases and have better pre-

dictive and diagnostic ability for cardiovascular events,

and thus they may more accurately depict the equilib-

rium between proatherogenic and antiatherogenic lipid

profiles.
18-23

This study focuses on CSF, a particular microvas-

cular condition marked by delayed distal vasculature

perfusion without severe epicardial coronary artery ste-

nosis. The novelty lies in the investigation of the rela-

tionship between non-traditional lipid profiles, particu-

larly NHHR, and CSF. Few studies have investigated the

comparative effect of NHHR and other traditional and

non-traditional lipid profiles on CSF. Clarifying the cor-

relation between CSF and lipid profiles will help guide

further research into the prognosis and management
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Abbreviations

AIP Atherogenic index of plasma

ARB Angiotensin receptor blockers

BMI Body mass index

BP Blood pressure

CAD Coronary artery disease

CCB Calcium channel blocker

CI Confidence interval

CRI-I Castelli’s risk index-I

CRI-II Castelli’s risk index-II

CSF Coronary slow flow

DM Diabetes mellitus

e-GFR Estimated glomerular filtration rate

HDL-C High-density lipoprotein cholesterol

LAD Left anterior descending coronary artery

LCI Lipoprotein combined index

LCX Left circumflex coronary artery

LDL-C Low-density lipoprotein cholesterol

LVEF Left ventricular ejection fraction

MPV Mean platelet volume

NCF Normal coronary flow

NHHR Non-HDL-C/HDL-C ratio

OR Odds ratio

RCA Right coronary artery

RDW Red cell distribution width

ROC Receiver operating characteristic

TC Total cholesterol

TFC TIMI frame count

TG Triglyceride

TIMI Thrombolysis in myocardial infarction

T2DM Type 2 diabetes mellitus



of individuals affected by this entity. For this purpose,

we aimed to investigate the possible effects of NHHR

and other non-traditional and traditional lipid profiles

on CSF in order to improve risk prediction and imple-

ment primary and secondary preventive measures in pa-

tients with CSF.

METHODS

Study population

In this retrospective cross-sectional and observa-

tional study, the angiographic results of 9112 individuals

who underwent coronary angiography between January

2020 and April 2023 were reviewed. Of these patients,

478 had CSF in their coronary angiography results. After

applying the exclusion criteria, 130 patients were in-

cluded in the study, along with 130 consecutive subjects

with normal coronary flow (NCF) and normal coronary

arteries as the control group (Figure 1). Those with ad-

vanced liver and/or kidney failure, acute or chronic in-

fectious diseases, rheumatological or autoimmune dis-

eases, history of cancer, hematological and/or endo-

crine diseases including anemia, CAD, including CAD

with > 50% stenosis, acute coronary syndrome, history

of coronary intervention and coronary ectasia, signifi-

cant valvular heart disease, hemodynamically unstable,

decompensated heart failure, taking lipid-lowering med-

ications, and patients with incomplete data were ex-

cluded from the study. The local ethics committee ap-

proved the study, which was carried out in conformity

with the Declaration of Helsinki.

Data gathering and laboratory evaluations

From the hospital’s patient database, we gathered in-

formation on the participants’ demographics, clinical and

comorbid features, and laboratory results. Laboratory pa-

rameters obtained from peripheral venous blood of the

participants after at least 8 hours of fasting were used for

data analysis. HDL-C, total cholesterol (TC), LDL-C, and

triglyceride (TG) levels were measured using the direct

enzymatic colorimetric method with a Roche Diagnostics

Cobas analyzer Cobas 6000, c501 module (Roche, Mann-

heim, Germany). The estimated glomerular filtration

rate (e-GFR) was calculated using a formula devised by

the Chronic Kidney Disease Epidemiology Collaboration.
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Figure 1. Flowchart of study population inclusion.



Calculation of non-traditional lipid profiles

HDL-C was subtracted from TC to determine non-

HDL-C values. The atherogenic coefficient, also known

as the NHHR, was calculated by dividing non-HDL-C by

HDL-C. Log10(TG/HDL-C) was used to compute the AIP.

The formula LCI = TC * TG * LDL-C/HDL-C was used to

calculate the LCI. CRI-I was calculated as TC/HDL-C, and

CRI-II as LDL-C/HDL-C.

Clinical definitions and measurements

The definition of hypertension was previously diag-

nosed hypertension or at least two office blood pressure

(BP) measurements with a repeat systolic BP of � 140

mmHg and/or a diastolic BP of � 90 mmHg. A history of

taking cholesterol-lowering medications or the presence

of one of the following four lipid profile measures was

considered to indicate dyslipidemia: (1) TGs > 150

mg/dl, (2) TC > 200 mg/dl, (3) LDL-C > 130 mg/dl, (4)

HDL-C > 40 mg/dl in men and > 50 mg/dl in women. He-

moglobin A1c � 6.5%, anti-diabetic medication use, or

fasting blood glucose � 126 mg/dL were all considered

indicators of diabetes mellitus (DM). The body mass in-

dex (BMI) was calculated by dividing body weight (kg) by

height squared (m
2
). e-GFR < 60 ml/min was defined as

renal failure. During hospitalization, the left ventricular

ejection fraction (LVEF) was assessed by two skilled car-

diologists using echocardiography and the modified Simp-

son method (Philips Epiq 7 equipment, Andover, MA,

USA).

Thrombolysis in myocardial infarction (TIMI) frame

count (TFC) and coronary angiography assessments

All coronary angiographic interventions were percu-

taneously performed by experienced invasive cardiolo-

gists using the standard Judkins technique (Philips Allura

Xper FD10 cardiovascular X-ray system). Iopromide was

used as a radiocontrast agent in coronary angiography

(Omnipaque; GE Healthcare, Cork, Ireland). Epicardial

coronary arteries were imaged at 30 frames per second

(fps) by angling from the right and left oblique projec-

tions and in the cranial and caudal planes. For visualiza-

tion of the lumen during coronary angiography, intra-

coronary contrast medium was administered manually,

with at least 10 ml for the left system and at least 6 ml

for the right system. All angiographic images were digi-

tally recorded in accordance with Digital Imaging and

Communications in Medicine standards for quantitative

analysis. At least two skilled invasive cardiologists who

were not aware of the patients’ demographic and medi-

cal features evaluated angiographic TIMI frame counts

(TFCs) to categorize the study participants according to

coronary flow. TFCs were measured in order to quantita-

tively analyze the flow in the coronary arteries, as previ-

ously described by Gibson et al.
24

The first frame was

considered to be the one in which antegrade filling re-

sulted in lumen opacification of greater than 70%. The

point where the dye opacification reached the distal

landmark of the coronary arteries was defined as the fi-

nal frame. The left circumflex artery’s (LCX) most distal

bifurcation of the obtuse marginal branch, the right cor-

onary artery’s (RCA) first lateral branch of the postero-

lateral artery, and the left anterior descending artery’s

(LAD) distal bifurcation (also known as a “whale tail” or

“mustache” or “hay fork”) were all identified as the dis-

tal landmarks. The corrected LAD TFC (cTFC) was ob-

tained by dividing the frame counts of the LAD by a co-

efficient of 1.7 to maintain the proportional balance be-

tween the epicardial coronary arteries, because the LAD

has a longer course than the LCX and RCA. The TFCs of

three arteries were summed and divided by three to ob-

tain the mean TFC. According to the recommendations

of Gibson et al., coronary flows with a TFC greater than

27 were considered CSF.
24

The intraobserver and inter-

observer coefficients of variance were 4.5% and 8%, re-

spectively.

Statistical analysis

The statistical analyses were carried out using SPSS

26.0 (SPSS Inc, Chicago, IL, USA) software. The analytical

process encompassed various techniques to comprehen-

sively explore the data. To ascertain if the distribution of

continuous variables was normal, the Kolmogorov-Smirnov

test was utilized. This test scrutinizes whether the data

follows a Gaussian distribution. For continuous variables,

two descriptive statistical methods were used: 1) mean

� standard deviation; and 2) median with the interquar-

tile range, which provides a robust description for non-

normally distributed data. Continuous variables were

compared using two distinct methods depending on the

data distribution: 1) Student’s t-test for normally distri-

buted data; and 2) Mann-Whitney U test for non-nor-

mally distributed data. Categorical variables were pre-
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sented as percentages and raw counts. To compare dif-

ferences between categorical variables, two statistical

tests were applied: 1) the chi-square (�
2
) test for larger

sample sizes; and 2) Fisher’s exact test for smaller sam-

ple sizes, ensuring robust analysis. Relationships between

NHHR and other non-traditional lipid profiles with TFC

were explored using the Spearman rank correlation test.

This test captures monotonic relationships and offers

valuable insights into associations between variables. To

identify independent predictors of CSF, both univariate

and multivariate logistic regression analyses were con-

ducted. Variables that exhibited significance between

the CSF and NCF groups were included in the initial uni-

variate regression analysis. Variables that remained sta-

tistically significant (p < 0.05) in the univariate regres-

sion analysis were included in the multivariate regres-

sion models. Odds ratios (ORs) with corresponding 95%

confidence intervals (CIs) were then calculated to quan-

tify the strength and precision of the associations. The

Hosmer-Lemeshow test was used to assess the good-

ness-of-fit of the logistic regression models, ensuring

that they accurately represented the data. Receiver op-

erating characteristic (ROC) curve analysis was done to

see how well the independent predictors could distin-

guish between CSF and other conditions. This graphical

tool provides insights into the trade-off between sensi-

tivity and specificity. The optimal cut-off value for NHHR

for the detection and prediction of CSF was derived from

the point of maximum sensitivity and specificity based

on Youden’s J index. This precision-driven approach en-

sured the best balance between true positive and true

negative predictions. To gauge the predictive performance

and discriminative power of NHHR and other non-tradi-

tional lipid profiles (non-HDL-C, AIP, LCI, CRI-I, CRI-II)

concerning CSF, the DeLong test was utilized. This statis-

tical test allows for rigorous comparisons of the predic-

tive abilities of different variables. A significance level of

p < 0.05 was adopted for all statistical tests, denoting

statistical significance.

RESULTS

A total of 130 consecutively selected patients with

CSF and 130 consecutively selected subjects with NCF as

the control group were included in this study. The base-

line demographic, clinical, and laboratory data of both

groups are shown in Table 1. In the CSF group, the pre-

valence rates of male gender, diabetes mellitus, smok-

ing, and dyslipidemia were substantially greater com-

pared to the NCF group (all p < 0.05). Also, the CSF

group had a higher BMI. There were no significant dif-

ferences in hemodynamic characteristics, including BP,

heart rate, LVEF, and pre-procedural medicines between

the two groups (all p > 0.05). Compared to the NCF group,

the fasting plasma glucose, uric acid, and CRP levels were

all noticeably higher, but albumin level was lower in the

CSF group (all p < 0.05). Regarding traditional lipid pro-

files, the HDL-C level was lower and TG, TC, and LDL-C

levels were all significantly higher in the CSF group than

in the NCF group (all p < 0.05). Regarding non-tradi-

tional lipid profiles, the non-HDL-C, NHHR, AIP, LCI, CRI-

I, and CRI-II values were significantly higher in the CSF

group than in the NCF group (all p < 0.001) (Figure 2).

Table 2 shows the angiographical information of the

study population. CSF was observed in the LAD in 69.6%,

LCX in 59.3%, and RCA in 61.6% of the study population.

In addition, CSF was observed in 1 vessel in 37.7%, in 2

vessels in 33.1%, and in 3 vessels in 29.2% of the study

population. As expected, the TFCs of coronary arteries in

the CSF group were significantly higher than those in the

NCF group (all p < 0.001). NHHR (r: 0.3593, p < 0.0001),

non-HDL-C (r: 0.1645, p = 0.0078), AIP (r: 0.2029, p =

0.0007), LCI (r: 0.2537, p = 0.00019), CRI-I (r: 0.2116, p =

0.0006) and CRI-II (r: 0.2551, p < 0.0001) were positively

correlated with TFC. However, the strongest correlation

was with NHHR (Figure 3). Univariate and multivariate lo-

gistic regression analyzes were performed to identify in-

dependent predictors of CSF. After adjustment for tradi-

tional confounders, NHHR (OR: 1.054, CI: 1.037-1.071, p

< 0.001), non-HDL-C (OR: 0.984, CI: 0.972-0.997, p =

0.015), AIP (OR: 1.049, CI: 1.025-1.074, p < 0.001), CRI-II

(OR: 1.157, CI: 1.061-1.458, p < 0.001), dyslipidemia

(OR: 1.090, CI: 1.072-1.922, p < 0.001), smoking (OR:

1.163, CI: 1.031-1.693, p = 0.011) and BMI (OR: 1.100,

CI: 1.005-1.205, p = 0.039) remained significantly and in-

dependently associated with CSF (Table 3, Table 4, Fig-

ure 4). ROC curve analysis showed no significant differ-

ence between the traditional lipid profiles TG, TC, HDL-C

and LDL-C in terms of their CSF discriminating capability

(Figure 5). In addition, NHHR predicted the presence of

CSF with 74% sensitivity and 72% specificity at the opti-
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Table 1. Basic demographic, clinical characteristics, and laboratory findings of the study population

Variables Normal coronary flow (n = 130) Coronary slow flow (n = 130) p value

Demographics and medical history

Age, years 057.3 � 12.7 58. 0 � 13.0 0.676

Gender-male (n, %) 77 (59.2) 94 (72.3) 0.026

BMI, kg/m
2

26.7 � 4.2 27.8 � 3.9 0.034

Diabetes mellitus (n, %) 23 (8.8)0 37 (14.2) 0.039

Hypertension (n, %) 66 (50.8) 62 (47.7) 0.620

Dyslipidemia (n, %) 78 (60.0) 50 (38.5) 0.001

Smoking (n, %) 21 (16.2) 38 (29.2) 0.012

Hemodynamic properties

Systolic blood pressure, mmHg 146 � 19 144 � 18 0.363

Diastolic blood pressure, mmHg 079 � 15 080 � 14 0.506

Heart rate, bpm 81 � 7 82 � 7 0.135

LVEF (%) 56 � 6 57 � 6 0.556

Pre-procedural medications (%)

Antiplatelet 22 (16.9) 18 (13.8) 0.492

�-blocker 18 (13.8) 28 (21.5) 0.104

CCB 17 (13.1) 22 (16.9) 0.385

ACEI/ARB 36 (27.79 39 (30.0) 0.681

Laboratory results

FPG (mg/dL) 115 � 32 126 � 39 0.018

Creatinine (mg/dL) 0.79 � 0.14 00.78 � 0.19 0.531

Uric acid (mg/dL) 5.4 � 0.7 05.6 � 0.5 0.019

Albumin (mg/dL) 03.2 � 1.0 2.9 � 0.9 0.018

CRP (mg/dL) 0.40 (0.10-0.74) 0.50 (0.21-1.26) 0.011

eGFR (ml/min) 92 � 19 94 � 19 0.390

WBC (�1000/mm
3
) 9.2 � 3.7 9.9 � 4.1 0.154

Lymphocyte (�1000/mm
3
) 2.1 � 0.8 2.0 � 0.7 0.091

Monocytes (�1000/mm
3
) 0.60 (0.50-0.90) 0.70 (0.50-0.98) 0.127

Neutrophil (�1000/mm
3
) 6.5 � 2.5 7.1 � 3.0 0.057

RDW, fL 12.6 � 1.5 13.0 � 1.6 0.051

MPV, fL 08.1 � 1.6 08.4 � 1.2 0.117

Hemoglobin (mg/dL) 14.2 � 1.9 13.8 � 1.7 0.084

Hematocrit (%) 42.8 � 4.9 41.8 � 5.6 0.129

Platelet count (�1000/mm
3
) 259 (224-303) 278 (223-332) 0.114

Traditional lipid profiles

Triglyceride (mg/dL) 166 (117-220) .177 (141-227) 0.027

TC (mg/dL) 0146 (113-179) .156 (188-129) 0.019

HDL-C (mg/dL) 38 (36-42) 37 (35-41). 0.009

LDL-C (mg/dL) 109 (73-133) 116 (97-139). 0.030

Non-traditional lipid profiles

Non-HDL-C (mg/dL) 107 (78-144) 131 (97-159). < 0.001 <

NHHR 0.2.90 (2.48-3.45) 03.83 (3.38-4.32) < 0.001 <

AIP 0.0.14 (0.07-0.29) 00.26 (0.16-0.39) < 0.001 <

LCI (�10
-4

) 0.6.7 (4.4-10.7) 10.0 (6.1-13.9) < 0.001 <

Castelli’s risk index-I .3.9 (3.0-5.5) 4.8 (3.8-6.0) < 0.001 <

Castelli’s risk index-II .3.0 (2.0-3.8) 3.3 (2.6-4.1) < 0.001 <

Values are mean � SD, n (%), or median (interquartile range) unless otherwise stated.

ACEI, angiotensin-converting enzyme inhibitors; AIP, atherogenic index of plasma; ARB, angiotensin receptor blockers; BMI, body

mass index; CCB, calcium channel blocker; CRP, C-reactive protein; eGFR, estimated glomerular filtration rate; FPG, fasting plasma

glucose; HDL-C, high-density lipoprotein cholesterol; LCI, lipoprotein combined index; LDL-C, low-density lipoprotein cholesterol;

LVEF, left ventricular ejection fraction; MPV, mean platelet volume; NHHR, non-HDL-C/HDL-C ratio; RDW, red cell distribution

width; TC, total cholesterol; WBC, white blood cell.



mal cut-off value of 3.3 (area under the curve: 0.785;

95% CI: 0.730-0.840; p < 0.001) (Figure 6). Furthermore,

when the ability of non-traditional lipid profiles to detect

and predict CSF was pairwise compared with ROC analy-

sis, the ability of NHHR to discriminate CSF was superior

to all other non-traditional lipid profiles (p < 0.05, for all

Acta Cardiol Sin 2024;40:388�401 394

Kenan Toprak et al.

Table 2. Angiographic data of study population

Normal coronary flow (n = 130) Coronary slow flow (n = 130) p value

Coronary arteries with slow flow

LAD (%) 69.6

LCX (%) 59.3

RCA (%) 61.6

Number of coronary arteries with slow flow

One-vessel, n (%) 49 (37.7)

Two-vessel, n (%) 43 (33.1)

Three-vessel, n (%) 38 (29.2)

TIMI frame count

Corrected LAD 20.2 � 4.1 35.9 � 6.4 < 0.001

LCX 20.4 � 4.2 33.9 � 4.5 < 0.001

RCA 19.5 � 3.2 32.5 � 6.1 < 0.001

Mean TFC 20.0 � 3.8 34.5 � 6.1 < 0.001

Values are mean � SD or (%), unless otherwise stated.

LAD, left anterior descending coronary artery; LCX, left circumflex coronary artery; RCA, right coronary artery; TIMI, thrombolysis in

myocardial infarction.

Figure 2. Level differences of non-traditional lipid profiles between coronary slow flow group and normal coronary flow. AIP, atherogenic index of

plasma; CRI-I, Castelli’s risk index I; CRI-II, Castelli’s risk index II; CSF, coronary slow flow; LCI, lipoprotein combined index; NCF, normal coronary flow;

NHHR, non-HDL-C/HDL-C ratio.



comparisons) (Figure 6). Taken together, these results in-

dicated that NHHR, which is an indicator of atherogenic

dyslipidemia and may be involved in the pathophysiology

of CSF, a type of atherosclerotic vascular disease, could

probably better reflect the proatherogenic and antiathe-

rogenic balance between the measured lipid profiles.

DISCUSSION

In this study, we investigated the correlations be-

tween CSF, a type of atherosclerotic microvascular dis-

ease, and traditional and nontraditional lipid profiles.

Our results emphasize the role of atherogenic dyslipi-
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Figure 3. Representation of the relationship between thrombolysis in myocardial infarction (TIMI) frame count and non-traditional lipid profiles in

scatter diagram with heat map; non-HDL-C/HDL-C ratio shows a stronger positive correlation with TIMI frame count than other non-traditional lipid

profiles [correlation coefficient [r = 0.3593, p < 0.0001)]. HDL-C, high-density lipoprotein cholesterol.



demia, which includes increased TG, small, dense LDL-C

particle, and decreased HDL-C particle levels, in the de-

velopment of CSF. The results further showed how com-

bining traditional lipid profiles in different formulations

(e.g., NHHR, AIP) may provide a deeper understanding

of the risk factors for CSF. The key conclusion is that high

NHHR levels are highly and independently linked with

the presence of CSF. In addition, we found that NHHR

showed a stronger positive correlation with TFC, which

is a quantitative analysis of CSF, compared to other non-

traditional lipid profiles. Furthermore, NHHR had better

predictive power for CSF than non-traditional and single

lipid measurements.

CSF is defined as slowing of forward flow in the

epicardial coronary arteries without any flow-limiting

causes such as macroscopic spasm, dissection, signifi-

cant luminal stenosis or thrombus. Although the exact

etiology of CSF is still unknown, there is mounting evi-

dence that subclinical atherosclerosis, which causes en-

dothelial and microvascular insufficiency, is the funda-

mental underlying cause of this entity.
1-3

Atherogenic

dyslipidemia, which is known to occur when the ratio of

pro- to anti-atherogenic lipid particles shifts in the athe-

rogenic direction, is one of the major risk factors for athe-

rosclerosis.
7,8,25

Ding et al. demonstrated that indivi-

duals with CSF had considerably greater levels of the

dyslipidemic enzyme lipoprotein-associated phospholi-

pase A2 than those with NCF.
26

In addition, Cin et al. ob-

served extensive atherosclerotic plaques in the micro-

vascular bed and epicardial coronary arteries that did

not cause negative vascular remodeling in subjects with

CSF detected in their epicardial coronary arteries on in-

travascular ultrasonography.
2

Similar findings were re-

ported by Pekdemir et al. in patients with CSF in epicar-

dial coronary arteries, where they discovered diffuse in-

timal thickening and calcification along the coronary ar-

tery lumen.
3

Additionally, Signori et al. demonstrated
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Table 3. Univariable logistic regression analysis for identifying

independent predictors of coronary slow flow

Univariable analyses
Variables

OR (95% CI) p value

Gender, male 1.797 (1.069-3.022) 0.027

Body mass index 1.067 (1.004-1.134) 0.036

Diabetes mellitus 1.851 (1.026-3.339) 0.041

Dyslipidemia 2.400 (1.459-3.949) 0.001

Smoking 2.144 (1.176-3.910) 0.013

Fasting plasma glucose 1.008 (1.001-1.015) 0.019

Uric acid 1.579 (1.068-2.335) 0.022

Albumin 0.741 (0.576-0.952) 0.019

CRP 1.348 (1.041-1.744) 0.023

Triglyceride 1.002 (1.000-1.005) 0.106

Total cholesterol 1.004 (0.999-1.009) 0.153

HDL-C 0.939 (0.889-0.993) 0.026

LDL-C 1.007 (1.000-1.015) 0.048

Non-HDL-C 1.010 (1.004-1.015) 0.001

Non-HDL-C/HDL-C ratio 1.031 (1.022-1.041) < 0.001

Atherogenic index of plasma 1.040 (1.023-1.057) < 0.001

Lipoprotein combined index 1.146 (1.084-1.211) < 0.001

Castelli’s risk index-I 1.375 (1.167-1.622) < 0.001

Castelli’s risk index-II 1.767 (1.360-2.296) < 0.001 <

CI, confidence interval; CRP, C-reactive protein; HDL-C, high-

density lipoprotein cholesterol; LDL-C, low-density lipoprotein

cholesterol; OR, odds ratio.

Table 4. Multivariate logistic regression analysis of coronary slow flow risk with non-traditional lipid profiles

Model 1 Model 2
Variables

OR (95% CI) p OR (95% CI) p

NHHR 1.058 (1.040-1.076) < 0.001 < 1.054 (1.037-1.071) < 0.001

Non-HDL-C 0.968 (0.949-0.989) 0.002 0.984 (0.972-0.997) < 0.015

AIP 1.040 (1.018-1.063) < 0.001 < 1.049 (1.025-1.074) < 0.001

LCI 1.035 (0.935-1.146) 0.502 - -

CRI-I 1.511 (0.929-2.456) 0.096 - -

CRI-II 1.074 (1.386-2.102) < 0.001 < 1.157 (1.061-1.458) < 0.001

Odds ratio (OR) and 95% confidence intervals (CI) were obtained by the multivariate logistic regression model: Model 1: After

adjustment the gender, body mass index, dyslipidemia, diabetes mellitus and smoking; Model 2: Model 1 + further adjusted for

fasting plasma glucose, uric acid, albumin and CRP.

AIP, atherogenic index of plasma; CRI-I, Castelli’s risk index-I; CRI-II, Castelli’s risk index-II; HDL-C, high-density lipoprotein

cholesterol; LCI, lipoprotein combined index; NHHR, non-HDL-C/HDL-C ratio.



that individuals with CSF had compromised endothelial

functioning, as evidenced by elevated TG and low HDL-C

values.
27

These findings support the role of the athero-

sclerotic process in CSF, since statins have been demon-

strated to enhance coronary microvascular performance

in patients with CSF.
28,29

These studies suggest that CSF

represents a type of endothelial dysfunction and micro-

vascular CAD associated with atherogenic dyslipidemia

before negative remodeling.

Many clinical studies have shown that non-tradi-

tional atherogenic lipid profiles such as AIP, LCI, non-

HDL-C, CRI-I, CRI-II and NHHR obtained by combining

traditional lipid profiles, TG, HDL, LDL, and TC particles

in various fractions have superior predictive value to sin-

gle lipid parameters in many cardiovascular diseases,

possibly because they better reflect the pro-atherogenic

and anti-atherogenic balance.
18-23

Aciksari et al. reported

that the TG/HDL-C ratio was a reliable indicator of CSF.
30

Kaplangoray et al. showed a close relationship between

TG-glucose index and CSF.
31

In our study, although NHHR, non-HDL-C, AIP and

CRI-II were found to be independent predictors of CSF,

the correlation of NHHR with CSF was higher than for

the other non-traditional lipid profiles, and the ability of

NHHR to discriminate CSF was superior to the other

non-traditional lipid profiles. Non-HDL-C contains many

atherogenic lipid particles such as lipoprotein(a), inter-
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Figure 4. Forest plot of independent predictors of coronary slow flow detected in multivariate analysis. CI, confidence interval; HDL-C, high-density

lipoprotein cholesterol.

Figure 5. Pairwise comparison of traditional lipid profiles with ROC

analysis to predict CSF. There is no significant difference between the

CSF separability performances of traditional lipid profiles. AUC, area

under the curve; CI, confidence interval; CSF, coronary slow flow;

HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipopro-

tein cholesterol; ROC, receiver operating characteristic; TC, total cho-

lesterol; TG, triglyceride; �AUC, differences between areas under the

curve.



mediate-density lipoprotein cholesterol, very-low-den-

sity lipoprotein cholesterol and LDL-C, indicating that it

carries a higher atherogenic load than LDL-C.
32

Increas-

ing evidence has shown that non-HDL-C is a stronger

predictor of the development of microvascular and en-

dothelial dysfunction due to atherosclerosis than LDL-C,

and therefore it is recommended as a primary treat-

ment target by current guidelines.
33-35

Wang et al. re-

ported that non-HDL-C levels in people with type 2 dia-

betes were associated with CRP levels, and that they

were accurate predictors of vascular inflammation.
36

An-

other study found that patients with type 2 diabetes

who did not have non-HDL-C as a treatment goal had a

considerably higher risk of microvascular events.
37

In ad-

dition, non-HDL-C was more strongly related with subcli-

nical atherosclerosis than any other conventional lipid

profile in the study by Orakzai et al.
38

Karasek et al. found

a strong correlation between ApoB and non-HDL-C, and

that correlations of ApoB and non-HDL-C with hemo-

static endothelial markers such as von Willebrand factor,

plasminogen activator inhibitor-1 and carotid intima-

media thickness, a morphological marker of atherosc-

lerotic vascular disease were very similar.
39

Non-HDL-C

levels have been found to be positively associated with

proinflammatory macrophages CD-14, CD-16, and CD-36

in visceral adipose tissue.
40

For predicting future cardio-

vascular risk in children with type 1 diabetes, Proda et

al. hypothesized that non-HDL-C may be more accurate

than hsCRP.
41

Kanda et al. reported that a non-HDL-C

level � 100 mg/dL was an independent risk factor for the

development of new lesions in patients using high-dose

statins after a percutaneous coronary intervention.
42

Non-HDL-C has been shown to be a robust predictor of

CVD, and particularly coronary events, in both men and

women with diabetes.
43

HDL-C is the body’s primary anti-atherogenic lipid

particle, in contrast to the powerful atherogenic charac-

teristics of non-HDL-C.
44

Combining the atherogenic

properties of non-HDL-C and the antiatherogenic pro-

perties of HDL-C in a single parameter may better reflect

the lipid balance in the body through a synergistic inter-

action, and it has been reported that the ability of the

resulting formulation (NHHR) to predict cardiovascular

events associated with atherogenic dyslipidemia may be

superior to single lipid parameters. Mao et al. reported

that patients with acute coronary syndrome and high

NHHR levels had considerably worse cardiovascular prog-

noses and more severe coronary artery disease.
18

Wang

et al. demonstrated a substantial correlation between

NHHR and carotid plaque stability.
19

In postmenopausal

women, Iannuzzi et al. found a substantial correlation

between NHHR and both carotid atherosclerosis and

very-low-density lipoprotein levels.
45

In addition, Han et

al. found that high NHHR levels were linked to an ele-

vated incidence of type 2 diabetes mellitus (T2DM).
46

Wang et al. observed that NHHR was closely related to

the emergence of nonalcoholic steatohepatitis, which is
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Figure 6. The non-HDL-C/HDL-C ratio (NHHR) predicts the CSF with

74% sensitivity and 72% specificity at the best cut-off value (3.3). When

non-traditional lipid profiles were pairwise compared with ROC analysis

to predict the CSF, the NHHR was superior to all other non-traditional

lipid profiles in predicting CSF. AIP, atherogenic index of plasma; AUC,

area under the curve; CI, confidence interval; CRI-I, Castelli’s risk index-I;

CRI-II, Castelli’s risk index-II; CSF, coronary slow flow; HDL-C, high-den-

sity lipoprotein cholesterol; LCI, lipoprotein combined index; ROC, re-

ceiver operating characteristic; TC, total cholesterol; �AUC, differences

between areas under the curve.



recognized to be a risk factor for cardiovascular issues

and T2DM.
47

NHRR was demonstrated to be a useful

marker of the incidence of CAD in subjects with chronic

renal disease in a study by Lamprea-Montealegre et

al.
48

Kim et al. suggested that NHRR may be a more ac-

curate measure for detecting metabolic syndrome and

insulin resistance than the apoB/apoA1 ratio.
49

Reynoso-

Villalpando et al. also reported that NHHR could predict

metabolic syndrome better than its components alone

in T2DM subjects.
50

Taken together, these results suggest that NHHR is

significantly and strongly associated with CAD and its pre-

disposing comorbid diseases. In this context, consider-

ing that CSF is a type of diffuse subclinical atheroscle-

rotic vascular disease, the superiority of the relationship

between NHHR and CSF over other traditional and non-

traditional lipid profiles can be attributed to its broad

and powerful influence on endothelial and microvascu-

lar functions.

Limitations

Some limitations to our investigation should be noted.

First, our research was retrospective and observational.

Second, a small number of people participated in our

study. Third, because of the retrospective design, inva-

sive imaging results such as intravascular ultrasonogra-

phy or optical coherence tomography, which provide bet-

ter information about subclinical diffuse atherosclerosis,

and measurement results that can better evaluate en-

dothelial function such as flow-mediated dilatation and

pulse wave analysis were not available. Fourth, as this is

a cross-sectional study, a definitive causal relationship

between NHHR and CSF cannot be concluded. Fifth, de-

spite the fact that known confounders were incorpo-

rated into the regression analysis to identify the inde-

pendent predictors of CSF, selection bias and the impact

of unaccounted confounders on study outcomes cannot

be completely ruled out due to the retrospective study

design. Sixth, because there was insufficient information,

ApoB and small dense LDL-C levels, which can more ac-

curately reflect the total load of atherogenic particles than

LDL-C, were also excluded from the analysis. Addition-

ally, data on the study population that could have af-

fected lipid profiles, such as diet and exercise, could not

be recorded due to the retrospective design. Finally, the

short- and long-term clinical results of the study popula-

tion were unavailable. To validate the findings of our in-

vestigation, prospective randomized controlled trials in-

volving larger cohorts are required.

Investigating how these markers interact with each

other in the context of CSF is essential. A more in-depth

analysis of these interactions could provide a more com-

prehensive understanding of the pathophysiological me-

chanisms underlying CSF. Additionally, the identification

of potential therapeutic interventions derived from our

findings is a valuable area for further research. We be-

lieve that considering lifestyle modifications, pharmaco-

logical interventions, or other treatments aimed at mo-

dulating the identified biochemical markers could be a

promising avenue for improving outcomes in individuals

at risk of CSF.

New knowledge gained

� Non-traditional lipid profiles have a higher predictive

value than single lipid profiles, especially in cardiovas-

cular diseases.

� CSF is a microvascular disease in which diffuse sub-

clinical atherosclerosis plays a fundamental role in the

pathogenesis.

� The power of the non-HDL-C/HDL-C ratio to predict

CSF was superior to other non-traditional lipid profiles

and self-containing lipid profiles.

� The non-HDL-C/HDL-C ratio can be used as a primary

therapeutic target in patients with CSF.

CONCLUSIONS

Our results showed that NHHR is a more potent and

independent predictor of CSF than other non-traditional

lipid profiles. Therefore, NHHR may be a useful biomar-

ker both in shedding light on the pathophysiology of

CSF and in predicting the presence of CSF. Additionally,

NHHR may be an inexpensive and readily accessible

biomarker that can be used as a treatment target for

risk assessment of CSF patients and enable long-term

follow-up of these patients in clinical practice. As a re-

sult, this study emphasizes the importance of NHHR as

a potential biomarker for risk stratification of patients

with CSF compared to other non-traditional lipid pro-

files. It also identifies NHHR as a particularly significant

predictor of CSF.
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