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AbstractAbstract

Introduction:Introduction:  Epidemiological studies indicated that patients suffe-
ring from coronary slow flow phenomenon (CSFP) are predispo-
sed to dyslipidemia. However, there are limited studies evaluating 
the relationship between atherogenic index of plasma (AIP), whi-
ch is a novel indicator of atherogenic dyslipidemia, and CSFP. This 
study aimed to investigate the prognostic role of the AIP in predic-
ting CSFP among patients with undergoing coronary angiography.
Methods: Methods: This retrospective study included 110 patients with CSFP diag-
nosed by methods of Thrombolysis in Myocardial Infarction (TIMI)-fra-
me count (TFC) and 110 controls with normal coronary flow (NCF). AIP 
obtained as the base 10 logarithm of the ratio of triglycerides to HDL.
Results: Results: Mean AIP level was higher in the CSFP group than NCF 
group (0.6 ± 0.2 vs. 0.4 ± 0.2, p < 0.001). Multivariable regressi-
on analysis showed that AIP level (OR = 15.33, 95% CI = 4.11-
57.18, p < 0.001), as well as neutrophil and platelets levels, were 
independent predictor of CSFP. The threshold value of the AIP 
in predicting CSFP was >0.7 with 64.5% sensitivity and 69.8% 
specificity (Area under the curve [AUC] = 0.714, p < 0.001).
Conclusion: Conclusion: API was higher in CSFP patients and was determined as an in-
dependent predictor of CSFP. Prior to planned diagnostic coronary angiog-
raphy, API exhibits significant diagnostic performance in predicting CSFP. 
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Introduction Introduction 
 Coronary slow flow phenomenon (CSFP) is 
characterized by late opacification of contrast media 
into distal segment of one or more coronary arteries 
in patients with normal or near-normal coronary 
arteries during angiography.1 There is still no clear 
consensus on the pathophysiology of CSFP. Howe-
ver, growing evidence suggested that some mec-
hanisms, such as impaired lipid metabolism, athe-
rosclerosis, endothelial or microvascular coronary 
dysfunction, platelet aggregation and inflammation, 
may play a role in the pathophysiology of CSFP.2 
Epidemiological studies indicated that patients 
suffering from CSFP are predisposed to dyslipi-
demia.3-4 It is known that lipid metabolism is clo-
sely related to other mechanisms of CSFP such as 
atherosclerosis.5 This is associated with the role 
of lipid metabolism in nitric oxide synthase acti-
vation, endothelial cell function, and induction of 
cytokines and coagulation factors.6 Atherogenic 
dyslipidemia is characterized by elevated low-den-
sity lipoprotein cholesterol (LDL), apolipoprotein 
B and triglyceride levels and decreased high-den-
sity lipoprotein cholesterol (HDL) levels.7 Athe-
rogenic index of plasma (AIP) is a novel indicator 
of atherogenic dyslipidemia, and it is obtained as 
the base 10 logarithm of the ratio of triglycerides 
to HDL.8 Meta-analysis studies indicated that AIP 
is an important predictor of cardiovascular disea-
ses and events.9-10 However, there are limited stu-
dies evaluating the relationship between AIP and 
CSFP.11-12 These studies differ in the diagnostic 
performance of AIP in predicting CSFP. Therefore, 
more research is needed on the role of AIP on CSFP.
Considering the relationship between lipid metabo-
lism and other mechanisms of CSFP 13, we hypothe-
sized that the AIP could be an important prognostic 
marker of CSFP. This study aimed to investigate the 
prognostic role of the AIP in predicting CSFP among 
patients with undergoing coronary angiography.

Material and Methods Material and Methods 
 This retrospective study included patients 
who had undergone diagnostic coronary angiograph 
in Ankara City Hospital Cardiology Clinic between 
January 2020 and January 2022. The study initiated 
with the approval of the Ankara City Hospital Et-

hics Committee (Date: 22.02.2023, Decision No: 
E1-23-3326) and was carried out in accordance 
with relevant ethical guidelines and the Declarati-
on of Helsinki (revised in 2013, Brazil). The need 
for informed consent was waived by the local et-
hics committee due to the retrospective design. 
Based on a previous study, we determined the ef-
fect size of AIP as 0.74 in patients with and wit-
hout CSFP (CSFP (+) = 0.70 ± 0.22 vs. CSFP (-) 
= 0.53 ± 0.24; p< 0.001).11 Accordingly, it was de-
termined by the G*Power program that the sample 
size should be at least 82 patients for each group 
with 5% alpha, 95% power, and 0.74% effect size.

Study population 
 A total of 4518 patients admitted to the hos-
pital with stable or unstable angina pectoris and 
referred for diagnostic coronary angiography were 
evaluated retrospectively. The indication for diag-
nostic coronary angiography was positive ischemia 
in the exercise treadmill test or myocardial perfu-
sion scintigraphy. Exclusion criteria were a history 
of heart failure, systemic inflammatory or autoim-
mune disease, thyroid dysfunction, coronary exta-
sia, coronary artery stenosis (≥50%), valvular heart 
diseases, liver diseases, active hepatitis, malignan-
cy, renal failure, lipid lowering drugs, and missing 
clinical data. After the exclusion process, a total 
of 225 CSFP patients with no stenosis in the main 
coronary arteries or their lateral branches greater 
than 2.0 mm were detected on coronary angiog-
raphy results. For the control group, 250 subje-
cts with normal coronary flow (NCF) findings on 
coronary angiography were selected. The groups 
were matched with the propensity match score 
using the 1:1 nearest neighbor matching method. 
The parameters used for matching were: age, gen-
der, body mass index, comorbidities. Thus, 110 pa-
tients for each group were included in the analysis. 

Analysis of patient data
 The hospital’s electronic information system 
and patient files were used to gather demographic 
and clinical data. In repeated measurements, blood 
pressure of >140/90 mmHg or use of antihyperten-
sive drugs was defined as hypertension, and a fas-
ting plasma glucose level of ≥126 mg/dL or use of 
antidiabetic drugs was defined as diabetes mellitus. 
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 Blood samples were taken at the time of ad-
mission were measured using a Beckman Coulter 
LH 780 device (Mervue, Galway, Ireland). Levels 
of hemoglobin (photometrically), platelets (impe-
dance method), C-reactive protein (immunotur-
bidimetric method), albumin (bromocresol green 
artery were evaluated. First side branch of right 
posterolateral artery for RCA, distal bifurcation 
for LAD, method), triglycerides and total choles-
terol (enzymatic colorimetric method), and hi-
gh-density lipoprotein (homogeneous enzymatic 
colorimetric method) were determined. The Frie-
dewald formula was used to determine low-den-
sity lipoprotein levels. The AIP was calculated as 
follows: AIP = log10 (triglyceride / HDL ratio).

Coronary angiography
 Angiographic data were analyzed in the car-
diac catheterization laboratory by 2 cardiologists 
blinded to the clinical data of the patients. Patients 
underwent coronary angiograph through the femo-
ral artery using the Judkins technique and were gi-
ven an iopromide contrast medium (GE Healthcare, 
Cork, Ireland). Thrombolysis in myocardial infar-
ction frame count (TFC) was used to evaluate co-
ronary flow. In a nutshell, the cine frames number 
was recorded at 25 frames/s needed for the contrast 
to reach the standard distal coronary border point in 
the right coronary artery (RCA), left anterior des-
cending (LAD) artery and left circumflex (LCX) 
artery were evaluated. First side branch of right 
posterolateral artery for RCA, distal bifurcation 
for LAD, and distal bifurcation of the major bran-
ch for LCX were defined as the distal ends of the 
coronary vessels. TFC is usually higher for LAD, 
which is longer compared to other main coronary 
arteries. Therefore, the TFC correction (cTFC) for 
LAD, obtained by dividing TFC by 1.7, was used.14 
The standard mean values of TFCs required for 
filling the coronary arteries have been previously 
defined.14 In at least one coronary artery, CSFP was 
defined as ≥2 standard deviation of TFC values 
than published mean values.14 The κ value for int-
ra-observer and inter-observer variability between 
the two cardiologists was above 0.90 (p < 0.001).

Statistical analysis
 All statistical analyses were performed using 

IBM SPSS Statistics for Windows 20.0 (IBM 
Corp., Armonk, NY, USA). Based on the results 
of the Kolmogorov-Smirnov test, normally dist-
ributed numerical data were presented as mean ± 
standard deviation and non-normally distributed 
variables were presented as median values (25th-
75th quartiles). For comparisons between groups, 
the Student t-test and Mann-Whitney U test were 
used according to the normality of the distribution. 
Categorical variables were expressed as numbers 
and percentages, and comparisons between groups 
were evaluated with Chi-square and Fisher exa-
ct tests. Multivariable logistic regression analysis 
was performed to identify any possible indepen-
dent predictors of CSFP. Receiver operating cha-
racteristic (ROC) curve analysis was performed 
to evaluate diagnostic performance. Youden index 
method was used for threshold values. Values of 
p < 0.05 were considered statistically significant.

Results Results 
  The mean age of the 110  CSFP patients inc-
luded in this study was 56.2 ± 8.3 years, the majo-
rity of them were male (70%). The baseline charac-
teristics of the patients are reported in Table 1. The 
distributions of age, gender, and comorbidities were 
similar between the CSFP and NCF groups. Mean 
blood pressures and mean left ventricular ejection 
fraction did not differ significantly between the 
CSFP and NCF groups. Mean LAD-TFC (46.4 ± 
2.5 vs. 22.4 ± 2.2, p < 0.001), mean LCX-TFC (34.5 
± 2.4 vs. 16.1 ± 2.1, p < 0.001) and mean RCA-
TFC (31.3 ± 2.4 vs. 14.7 ± 2.2, p < 0.001) were hi-
gher in the CSFP group than NCF group (Table 1).
The median neutrophil count (5.7 vs. 4.1 ×103 μL, 
p < 0.001), mean platelets count (256.5 ± 56.2 vs. 
203.6 ± 42.4 ×103 μL, p < 0.001) and mean mo-
nocyte count (0.6 ± 0.2 vs. 0.5 ± 0.1×103 μL, p < 
0.001) was higher in the CSFP group than NCF 
group, while mean lymphocyte count was lower 
(2.1 ± 0.6 vs. 2.3 ± 0.7 ×103 μL, p = 0.024). The 
levels of lipid profile also significantly differed 
between the groups (p < 0.05). Mean AIP level 
was higher in the CSFP group than NCF group 
(0.6 ± 0.2 vs. 0.4 ± 0.2, p < 0.001) (Table 2). 
Variables associated with CSFP (Tables 1 and 2) 
were considered as potential confounding fac-
tors. Among these factors, the components of the 
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AIP were not included in the regression analysis 
due to multicollinearity. Multivariable regressi-
on analysis showed that AIP level (OR = 15.33, 
95% CI = 4.11-57.18, p < 0.001), as well as neut-
rophil and platelets levels, were independent pre-
dictor of CSFP. Accordingly, it was determined 
that a 1-unit increase in AIP level increased the 
probability of CSFP by 15.33-folds (Table 3). 
The diagnostic performance of AIP in predicting 
CSFP is shown in Figure 1. The threshold va-
lue of the AIP in predicting CSFP was >0.7 with 
64.5% sensitivity and 69.8% specificity (Area 
under the curve = 0.714, p < 0.001) (Figure 1). 

DiscussionDiscussion
 The mechanism of CSFP, which has a wide 
presentation from mild chest pain to acute coronary 
syndrome, has not yet been elucidated.15 The main 
mechanisms proposed for CSFP are thrombosis 
tendency, microvascular injury or disease, endot-
helial dysfunction and atherosclerosis.2 Previous 
studies have shown that male gender, high body 
mass index, smoking, diabetes, hypertension and 
hyperlipidemia increase the risk of CSFP.16- 17 To 
more objectively assess the relationship between 
AIP and CSFP, we aimed to adjust for the effects 
of these potential confounding factors by creating 
a control group paired with propensity match sco-
re analysis. The main findings of the study were 
as follows: 1) AIP levels were higher in patients 
with CSFP. 2) Increased AIP was an independent 
predictor of CSFP. 3) The AIP score exhibited su-
perior diagnostic performance in predicting CSFP. 
 In the present study, CSFP patients had lower 
HDL levels and higher triglyceride and LDL levels. 
This is consistent with the findings of epidemio-
logical studies that patients with CSFP had a wor-
sened lipid profile.17 It has been shown that there 
is a significant correlation between hypertriglyce-
ridemia and impaired coronary vasodilation in the 
absence of significant coronary stenosis.18 Trigly-
ceride-rich lipoproteins affect HDL levels and par-
ticle sizes, resulting in rapid catabolization of rich 
triglyceride and poor HDL-cholesterol ester partic-
les. This atherogenic property contributes to athe-
rosclerosis.19 Dyslipidemia may cause in decreased 
aortic elastic properties. This result in impaired co-
ronary blood flow. Increased reactive oxygen spe-
cies and oxidized LDL induce vascular dysfunction 

and endothelial cell apoptosis.20 Small HDL and 
small dense LDL particles, which are more athe-
rogenic than plasma LDL cholesterol, have limited 
use in clinical practice because of their cost and 
measurement complexity.21 AIP is an indirect in-
dicator of small dense LDL levels. It has also been 
shown to be an important predictor of atheroscle-
rosis and cardiovascular diseases and events.9-10
 Previous rare studies have shown that the 
non-logarithmic triglyceride/HDL ratio is higher 
in patients with CSFP.22-23 However, the logarith-
mic transformation of the triglyceride/HDL ratio is 
thought to better reflect atherogenic dyslipidemia.8 
In the present study, AIP was higher in patients 
with CSFP compared to the NCF group, despite 
similar demographic characteristics. The results of 
this study both support and extend the findings of 
previous limited studies that examined the relati-
onship between AIP and CSFP. To the best of our 
knowledge, there were only two studies that inves-
tigated the relationship between AIP and NCFP. 
Afsin et al.11 reported that patients with stable or 
unstable angina pectoris with CSFP had higher AIP 
compared to the NCF group. In a study conducted 
by Adalı et al.12 on patients undergoing coronary 
angiography, AIP was approximately 2-folds hig-
her in patients with CSFP than NCF patients. In 
these studies, confounding factors such as male 
gender, age, proportion of smokers, and presence 
of hypertension were higher in the CSFP group.11- 
12 These confounding factors may have contribu-
ted in favor of CSFP, as they may be associated 
with a worse lipid profile.24 The main difference 
between the present study and these studies is 
that the potential effects of these confounding fa-
ctors were adjusted with a matched control group. 
On the other hand, consistent with the results of 
the studies mentioned above, AIP was identi-
fied as an independent predictor of CSFP. Cur-
rent evidence supported that patients with CSFP 
may be predisposed to atherogenic dyslipidemia.
 The AIP showed significant diagnostic per-
formance in distinguishing patients with CSFP. 
The threshold value of AIP classified approxi-
mately 65% of patients with CSFP as true po-
sitive, while approximately 70% of individuals 
with NCF classified them as true negative. Afsin 
et al.11  reported the threshold value of AIP as 
0.66 with 59% sensitivity and 73% specificity, 
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Table 1.   Demographic and clinical findings in patients with and without slow coronary flow phenomenon.

Variables      CSFP group      NCF group   p
          n = 110         n = 110   

Demographic findings   
Gender, n (%)    
 Female        33 (30.0)        34 (30.9)   0.884
 Male        77 (70.0)        76 (69.1) 
 Age, years       56.2 ± 8.3        55.6 ± 7.8   0.581
 BMI, kg/m2       29.1 ± 3.8        28.9 ± 3.4   0.681
 Smoking, n (%)                    59 (53.6)        54 (49.1)   0.500
Diabetes mellitus, n (%)                    40 (36.4)        33 (30.0)   0.316
Hypertension, n (%)       59 (53.6)        55 (50.0)   0.589
Dyslipidemia, n (%)       51 (46.4)        43 (39.1)   0.275
Clinical findings   
 Systolic BP, mmHg    130.2 ± 24.3       128.1 ± 22.8   0.509
 Diastolic BP, mmHg      78.3 ± 14.5         76.2 ± 13.3   0.264
 LVEF, %       66.4 ± 7.8          67.8 ± 7.1    0.165
TFC, frame   
 LAD        46.4 ± 2.5          22.4 ± 2.2   <0.001*
 CX        34.5 ± 2.4          16.1 ± 2.1   <0.001*
 RCA        31.3 ± 2.4          14.7 ± 2.2   <0.001*
Values are mean±SD or median (IQR) or number (%). * p<0.05 indicates statistical significance. 
Abbreviations: BMI: Body Mass Index; BP: Blood Pressure; CSFP: Slow Coronary Flow Phenomenon; 
Cx: Left Circumflex Coronary Artery; LAD: Left Anterior Coronary Artery; LVEF: Left Ventricular 
Ejection Fraction; NCF: Normal Coronary Flow; RCA: Right Coronary Artery; TFC: Thrombolysis in 
Myocardial Infarction Frame Count.

whereas Adalı et al.12  reported 0.68 with 72% 
sensitivity and 42% specificity. Similar diagnos-
tic performance has been reported in rare studies 
evaluating the non-logarithmic triglyceride/HDL 
ratio.22-23 When the findings of this study are eva-
luated in the light of the existing literature, AIP 
may be an important indicator of CSFP. Thres-
hold values in the 0.6-0.7 range of AIP in distin-
guishing CSFP are consistent across studies. The-
refore, AIP before coronary angiography can be 
an important screening tool for estimating CSFP.
 Another important finding of this study was 
that elevated neutrophil and platelet levels were 
an independent risk factor for CSFP in addition to 
AIP. Besides, higher monocyte levels were found 
in CSFP patients. This could be due to the relati-
onship between atherogenic lipids and inflamma-
tion. It is postulated that HDL protects endothelial 
cells against the undesirable effects of LDL and 
exhibits both anti-inflammatory and antioxidant 
effects by preventing the oxidation of LDL mole-
cules.25 Atherogenic lipids, which cause low-grade 

inflammation in endothelial cells, may contribute 
to endothelial damage and acceleration of athe-
rosclerosis.5 Triglyceride-rich lipoproteins, which 
easily accumulate in the arterial wall, play a role 
in the accumulation of macrophages by causing en-
dothelial damage and leukocyte activation.19 Plate-
lets play a key role in thrombotic events and blood 
rheology. The tendency to thrombogenicity causes 
slowing of blood flow and development of CSFP.26 
Some studies have indicated that platelet dysfunc-
tion associated with the development of CSFP.27-28 
In thromboinflammatory conditions, platelet-neut-
rophil interaction occurs and they regulate each 
other's functions.29 An experimental study showed 
that activated polymorphonuclear neutrophils cau-
se vasoconstriction and endothelial dysfunction in 
coronary arteries isolated from low-flow perfusion 
reperfused hearts.30 Consistent with these findin-
gs, increased neutrophil and platelet levels were 
identified as an independent predictor of CSFP.
 This study has some limitations. In addition 
to the small sample size, it had a single-center and
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Values are mean±SD or median (IQR). * p<0.05 indicates statistical significance.
Abbreviations: AIP:Atherogenic Index of Plazma; CSFP: Slow Coronary Flow Phenomenon; FBG: 
Fasting Blood Glucose; HDL: High-Density Lipoprotein Cholesterol; LDL: Low-Density Lipoprotein 
Cholesterol; NCF: Normal Coronary Flow; RDW: Red Distribution Width;  WBC: White Blood Cell.

Variables    Univariable      Multivariable
   OR   95% CI  p  OR    95% CI        p
              lower  upper      lower  upper 

Neutrophil  1.21  1.09 1.35       <0.001*   1.15 1.02 1.29     0.011*
Lymphocyte  0.97  0.94 0.99         0.024*    -    -    -         -
Platelets  1.07  1.03 1.11       <0.001* 1.05 1.01 1.10     0.030*
Monocyte  1.03  1.01 1.08       <0.001*    -    -    -         -
Total cholesterol 1.06  1.01 1.12         0.026*    -    -    -         -
LDL   1.08  1.02 1.15         0.030*    -    -    -         -
AIP   17.0  4.91 58.97       <0.001* 15.33 4.11 57.18   <0.001*
                         Nagelkerke R2: 0.326, p<0.001*

Components of AIP were not included in the regression analysis. * p<0.05 indicates statistical significan-

ce.
Abbreviations: AIP: Atherogenic Index of Plazma; CI: Confidence Interval; LDL: Low-Density Lipoprote-
in Cholesterol; OR: Odds Ratio.

Variables   CSFP group   NCF group       p
       n = 110      n = 110 
FBG, mg/dL   92.1 ± 20.4   88.7 ± 19.4   0.207
Hemoglobin, g/dL    13.1 ± 2.3   13.5 ± 2.5   0.218
WBC, ×103/mm3   7.6 ± 2.3    7.3 ± 2.0    0.303
Neutrophil, ×103 μL  5.7 (3.4-8.1)   4.1 (2.3-6.0)   <0.001*
Lymphocyte, ×103 μL  2.1 ± 0.6    2.3 ± 0.7    0.024*
Platelets, ×103 μL               256.5 ± 56.2   203.6 ± 42.4   <0.001*
Monocyte, ×103 μL  0.6 ± 0.2    0.5 ± 0.1    <0.001*
RDW, %   13.8 ± 2.5   13.5 ± 1.8   0.308
Total cholesterol, mg/dL               200.4 ± 43.5   188.2 ± 37.1   0.026*
LDL, mg/dL                123.1 ± 28.0   115.2 ± 25.6   0.030*
HDL, mg/dL    39.1 ± 8.5   42.4 ± 9.2   0.006*
Triglyceride, mg/dL               145 (108-185)   122 (81-145)   0.010*
AIP    0.6 ± 0.2    0.4 ± 0.2    <0.001*
  

Table 2.  Laboratory findings in patients with and without slow coronary flow phenomenon.

Atherogenic lipids and coronary slow flow

Table 3. Independent predictors of slow coronary flow phenomenon.



Figure 1. Diagnostic performance of the AIP in predicting slow coronary flow phenomenon.
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retrospective design. The fact that the majority of 
patients were male may have contributed to the 
deterioration of homogeneity. Atherosclerosis-rela-
ted inflammatory markers such as high-sensitivity 
C-reactive protein and interleukin-6 could not be 
studied due to the retrospective design. This limited 
the importance of the relationship between CSFP 
and inflammation. Apolipoprotein B and small 
dense LDL levels, which better reflect atheroge-
nic dyslipidemia, could not be evaluated. In addi-
tion, endothelial dysfunction, which is involved in 
the pathology of CSFP, could not be evaluated by 
flow-mediated dilatation or pulse wave velocity. 

ReferencesReferences
1. Alvarez C, Siu H. Coronary Slow-Flow 
Phenomenon as an Underrecognized and Tre-
atable Source of Chest Pain: Case Series and 
Literature Review. J Investig Med High Im-
pact Case Rep.  2018; 6: 2324709618789194.
2. Wang X, Nie SP. The coronary slow flow phe-
nomenon: characteristics, mechanisms and impli-
cations. Cardiovasc Diagn Ther.  2011; 1(1): 37-43.

3. Hawkins BM, Stavrakis S, Rou-
san TA, Abu-Fadel M, Schechter E. Co-
ronary slow flow--prevalence and clinical 
correlations. Circ J.  2012; 76(4): 936-42.
4. Zhu X, Shen H, Gao F, Wu S, Ma Q, Jia 
S, et al. Clinical Profile and Outcome in Pa-
tients with Coronary Slow Flow Phenome-
non. Cardiol Res Pract.  2019; 2019: 9168153.
5. Malekmohammad K, Bezsonov EE, 
Rafieian-Kopaei M. Role of Lipid Accumu-
lation and Inflammation in Atherosclerosis: 
Focus on Molecular and Cellular Mechanis-
ms. Front Cardiovasc Med.  2021; 8: 707529.
6. Niu H, Wei Z, Zhang Y, He J, Jia D. Ator-
vastatin improves coronary flow and endot-
helial function in patients with coronary slow 
flow. Exp Ther Med.  2018; 15(1): 904-08.
7. Manjunath CN, Rawal JR, Irani PM, 
Madhu K. Atherogenic dyslipidemia. Indi-
an J Endocrinol Metab.  2013; 17(6): 969-76.
8. Dobiasova M, Frohlich J. The plasma para-
meter log (TG/HDL-C) as an atherogenic index: 
correlation with lipoprotein particle size and esteri-
fication rate in apoB-lipoprotein-depleted plasma 
(FER(HDL)). Clin Biochem.  2001; 34(7): 583-8.



Atherogenic lipids and coronary slow flow

83

9. Wu J, Zhou Q, Wei Z, Wei J, Cui M. At-
herogenic Index of Plasma and Coronary Artery 
Disease in the Adult Population: A Meta-Analy-
sis. Front Cardiovasc Med.  2021; 8: 817441.
10. Ulloque-Badaracco JR, Hernandez-Bus-
tamante EA, Alarcon-Braga EA, Mosqu-
era-Rojas MD, Campos-Aspajo A, Sala-
zar-Valdivia FE, et al. Atherogenic index of 
plasma and coronary artery disease: A systematic 
review. Open Med (Wars).  2022; 17(1): 1915-26.
11. Afsin A, Kaya H, Suner A, Uzel KE, Bur-
sa N, Hosoglu Y, et al. Plasma atherogenic indi-
ces are independent predictors of slow coronary 
flow. BMC Cardiovasc Disord.  2021; 21(1): 608.
12. ADALI MK, Büber İ, Türköz A, Ayşen 
T. Koroner yavaş akım fenomeni olan hasta-
larda plazma aterojenik indeksinin incelenme-
si. Pamukkale Tıp Dergisi.  2022; 15(3): 9-9.
13. Wei X, Chen H, You Z, Yang J, He H, 
He C, et al. Nutritional status and risk of cont-
rast-associated acute kidney injury in elderly pa-
tients undergoing percutaneous coronary inter-
vention. Clin Exp Nephrol.  2021; 25(9): 953-62.
14. Gibson CM, Cannon CP, Daley WL, Dodge 
JT, Jr., Alexander B, Jr., Marble SJ, et al. TIMI fra-
me count: a quantitative method of assessing coro-
nary artery flow. Circulation.  1996; 93(5): 879-88.
15. Arjmand N, Dehghani MR. Complete blood 
cell count components and coronary slow-flow phe-
nomenon. Ther Clin Risk Manag.  2016; 12: 1827-29.
16. Seyyed Mohammadzad MH, Khademvata-
ni K, Gardeshkhah S, Sedokani A. Echocardiog-
raphic and laboratory findings in coronary slow 
flow phenomenon: cross-sectional study and re-
view. BMC Cardiovasc Disord.  2021; 21(1): 230.
17. Sanati H, Kiani R, Shakerian F, Firouzi A, 
Zahedmehr A, Peighambari M, et al. Coronary 
Slow Flow Phenomenon Clinical Findings and Pre-
dictors. Res Cardiovasc Med.  2016; 5(1): e30296.
18. Yokoyama I, Ohtake T, Momomura S, Yone-
kura K, Kobayakawa N, Aoyagi T, et al. Altered myo-
cardial vasodilatation in patients with hypertrigly-
ceridemia in anatomically normal coronary arteries. 
Arterioscler Thromb Vasc Biol.  1998; 18(2): 294-9.
19. Peng J, Luo F, Ruan G, Peng R, Li 
X. Hypertriglyceridemia and atherosclero-
sis. Lipids Health Dis.  2017; 16(1): 233.
20. Semerdzhieva NE, Denchev S. Associati-
on of High Density Cholesterol With Hyperemic 

Epicardial Flow and Frame Count Reserve in Pa-
tients With Moderate Coronary Lesions and Slow 
Coronary Flow. Cureus.  2021; 13(3): e13985.
21. Ivanova EA, Myasoedova VA, Mel-
nichenko AA, Grechko AV, Orekhov AN. 
Small Dense Low-Density Lipoprotein as Bi-
omarker for Atherosclerotic Diseases. Oxid 
Med Cell Longev.  2017; 2017: 1273042.
22. Aciksari G, Cetinkal G, Kocak M, Atici A, 
Celik FB, Caliskan M. The relationship betwe-
en triglyceride/high-density lipoprotein choles-
terol ratio and coronary slow-flow phenomenon. 
Int J Cardiovasc Imaging.  2022; 38(1): 5-13.
23. Kalayci B, Kalayci S, Köktürk F. Pro-
portional serum lipid parameters in coronary 
slow flow phenomenon. Turkiye Klinikle-
ri Cardiovascular Sciences.  2019; 31: 21-8.
24. Gepner AD, Piper ME, Johnson HM, Fi-
ore MC, Baker TB, Stein JH. Effects of smo-
king and smoking cessation on lipids and 
lipoproteins: outcomes from a randomized cli-
nical trial. Am Heart J.  2011; 161(1): 145-51.
25. Hessler JR, Robertson AL, Jr., Chi-
solm GM, 3rd. LDL-induced cytotoxicity 
and its inhibition by HDL in human vascular 
smooth muscle and endothelial cells in cul-
ture. Atherosclerosis.  1979; 32(3): 213-29.
26. Nader E, Skinner S, Romana M, Fort 
R, Lemonne N, Guillot N, et al. Blood Rhe-
ology: Key Parameters, Impact on Blood 
Flow, Role in Sickle Cell Disease and Effe-
cts of Exercise. Front Physiol.  2019; 10: 1329.
27. Akboga MK, Canpolat U, Balci KG, Ak-
yel A, Sen F, Yayla C, et al. Increased Platelet 
to Lymphocyte Ratio is Related to Slow Co-
ronary Flow. Angiology.  2016; 67(1): 21-6.
28. Celik T, Yuksel UC, Bugan B, Iyisoy A, 
Celik M, Demirkol S, et al. Increased platelet 
activation in patients with slow coronary flow. 
J Thromb Thrombolysis.  2010; 29(3): 310-5.
29. Lisman T. Platelet-neutrophil interacti-
ons as drivers of inflammatory and thrombotic 
disease. Cell Tissue Res.  2018; 371(3): 567-76.
30. Ma XL, Tsao PS, Viehman GE, Lefer AM. 
Neutrophil-mediated vasoconstriction and endo-
thelial dysfunction in low-flow perfusion-reper-
fused cat coronary artery. Circ Res.  1991; 69(1): 
95-106.


