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Cut-off value for interleukin-34 as an kA
additional potential inflammatory biomarker
for estimation of slow coronary flow risk
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Abstract

Background Inflammatory markers may provide insights into the underlying mechanisms of slow coronary flow
(SCF), including subclinical atherosclerosis and endothelial dysfunction. Interleukin-34 (IL-34), known for its role

in immuno-inflammatory diseases, might hold significance in SCF. We aimed to explore the potential association
between IL-34 and SCF in patients undergoing diagnostic elective coronary angiography.

Methods This observational, cross-sectional study enrolled 256 participants: 124 with SCF and 132 with normal
coronary flow (NCF). All participants had undergone outpatient coronary angiography for suspected coronary artery
disease. SCF assessment employed the TIMI frame count (TFC) for quantifying coronary flow rate.

Results SCF patients exhibited significantly elevated TFC in all three major coronary arteries compared to controls
(p<0.05). IL-34 displayed a noteworthy positive correlation with average TFC [for all participants: r=0.514, p<0.001; for
SCF patients: r=0.526, p <0.001; for normal controls: r = -0.288, p>0.05]. Similarly, high-sensitivity C-reactive protein
(hsCRP) showed a significant and positive relationship with average TFC [for all participants: r=0.504, p <0.001; for SCF
patients: r=0.558, p <0.001; for normal controls: r =-0.148, p>0.05]. SCF patients presented coronary arteries of larger
size compared to controls.

Conclusion Mean coronary diameter and IL-34 emerged as independent predictors of SCF. Additionally, hsCRP,
mean coronary diameter, and IL-34 exhibited a positive correlation with mean TFC values. IL-34 appears to be a more
effective indicator than hsCRP in SCF patients.
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Introduction

Slow coronary flow (SCEF), initially defined by Tambe et
al. through visual assessment of angiographic images,
refers to the delayed perfusion of distal vessels despite
the absence of organic heart disease and overt coro-
nary artery stenosis. SCF can manifest in a single ves-
sel or involve multiple vessels simultaneously [1-3].
It is reported in the literature that approximately 7% of
patients undergoing coronary angiography exhibit SCF
[4]. Notably, SCF holds clinical significance beyond man-
ifesting as chest pain, as it can progress to complications
such as acute coronary syndrome, fatal arrhythmias, and
sudden death [1, 5-8].

Despite numerous studies investigating potential
underlying causes—ranging from subclinical athero-
sclerosis and endothelial damage to microvascular
dysfunction, inflammation, and abnormal blood cell dis-
tribution—the etiopathogenesis of SCF remains incom-
pletely understood [2, 9].

Inflammatory markers’ aberrations might shed light on
mechanisms contributing to SCEF, including subclinical
atherosclerosis and endothelial dysfunction. Inflamma-
tion plays a pivotal role across all stages of atherosclerosis
[10]. Components like high-sensitivity C-reactive protein
(hsCRP), albumin, uric acid, endothelial damage-asso-
ciated adhesion molecules, and peripheral blood cells
actively involved in inflammation have shown associa-
tions with SCF [11-14].

Interleukin-34 (IL-34), originally linked to macrophage
colony-stimulating factor (M-CSF), exerts influence on
the inflammatory process by modulating monocyte and
macrophage life cycles [15, 16]. Notably, IL-34 plays
crucial roles in various immuno-inflammatory diseases,
including Sjogren’s syndrome, rheumatoid arthritis, and
inflammatory bowel diseases [17-19].

Increased IL-34 levels have been significantly linked
to ischemic cardiomyopathy and may serve as an indi-
cator for cardiovascular death, decompensation-related
hospitalization, and all-cause mortality in heart failure
patients [20, 21]. Elevated IL-34 levels also correlate with
heightened heart failure presence and severity in acute
myocardial infarction patients, along with increased car-
diovascular mortality [22]. Despite these insights, the
relationship between IL-34 and SCF remains unclarified.
Consequently, our study aims to explore the potential
association between IL-34 and SCF in patients undergo-
ing diagnostic elective coronary angiography.

Methods

The methodology employed in this research was obser-
vational and cross-sectional in nature. A total of 256
participants were involved, comprising 124 individu-
als with SCF (slow coronary flow) and 132 controls with
NCF (normal coronary flow). These participants had
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undergone outpatient coronary angiography between
January 2022 and May 2023 at our facilities due to sus-
pected coronary artery disease (CAD). All participants
exhibited normal coronary arteries as confirmed by angi-
ography, varying in their coronary flow rates, and none
displayed atherosclerotic lesions.

All individuals included in the study experienced chest
pain or symptoms suggestive of angina, verified through
myocardial perfusion studies or treadmill tests. They
met the criteria for cardiac syndrome-X, demonstrating:
[1] angina primarily triggered by exertion, suggestive of
CAD; [2] instances of randomly occurring or induced
angina associated with anomalies in coronary blood flow
or myocardial ischemia; [3] angiographically normal
coronary arteries; [4] absence of other definitive cardiac
diseases. Each patient underwent a comprehensive physi-
cal examination by a cardiology physician, their medical
history was documented, and cardiac catheterization was
performed during a clinic visit, with data recorded and
filed in the hospital’s coronary angiography laboratory.

Exclusion criteria encompassed pre-existing diseases
(e.g., peripheral vascular or coronary), ectatic coronary
arteries, non-ischemic dilated cardiomyopathy, renal or
hepatic dysfunctions, ongoing inflammation or infection,
hematological abnormalities, and malignancies. Impor-
tantly, none of the participants were under vasoactive
prescription drugs during the study period.

All patients were informed about the aims of the study
and their Written/verbal informed consent for participa-
tion was obtained. This study was approved by Firat Uni-
versity Ethics Committee(06.2022-8744) in accordance
with the International Code of Ethics and the Declaration
of Helsinki.

Evaluating biochemical parameters

Blood was collected from each patient’s femoral artery at
the time of femoral puncture, just before coronary angi-
ography, following a fasting period of 12 h. After cen-
trifugation at 4000 x g for 10 min, serum was separated
and stored at -80°C until required. Complete blood count
and differentials were analyzed from the collected blood
using an automated analyzer. High sensitivity C-reactive
protein (hsCRP), total cholesterol, triglycerides, cre-
atinine, low-density lipoprotein (LDL) cholesterol, and
high-density lipoprotein (HDL) cholesterol were mea-
sured using an automated analyzer. Additionally, plasma
IL-34 levels were assessed using ELISA.

Coronary angiography was performed using the Jud-
kins method through the femoral approach, with iopro-
mide as the contrast medium. The study participants
underwent coronary flow assessment for SCF using the
Thrombolysis In Myocardial Infarction (TIMI) frame
count (TFC) method. Two independent clinicians,
blinded to clinical data, quantified coronary flow using
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TEC. The TEC involved determining the number of
cine frames required for contrast to reach specific dis-
tal coronary landmarks in the left circumflex (LCX), left
anterior descending (LAD), and right coronary arteries
(RCA). Normal TFC averages are reported as 22.2+4.1
frames for LCX, 36.2+2.6 frames for LAD, and 20.4+3
frames for RCA. Corrected TFC (cTFC) for LAD was cal-
culated by dividing by 1.7, resulting in 21.1+1.5 frames.
SCF diagnosis was based on cTFC exceeding 2 standard
deviations from the reported range for each vessel. Vessel
lengths and ostial diameters were measured using quan-
titative coronary angiography (QCA).

Statistics

The statistical analysis was performed using SPSS soft-
ware (version 20.0 for Windows). Continuous variables
were represented as means with standard deviations,
while categorical variables were depicted as percentages

Table 1 Demographic and clinical characteristics of study
participants

Variables SCF (n=124) NCF (n=132) *p
Age, years 52+10 54+13 0.54
Male gender, n 59 (%49) 66 (%50) 0.82
BMI, kg/m2 30281 31.7+4.2 0.66
Hypertension, n 37 (%30) 42 (%32) 0.86
Diabetes mellitus, n 50 (%40) 50 (%38) 0.77
Hyperlipidemia, n 27 (%22) 32 (%24) 0.68
Cigarette smoking, n 37 (%30) 35 (%27) 0.24
Family history of CAD, n 74 (%60) 77 (%58) 0.82
Fasting glucose, mg/DlI 111£34 101+£28 0.54
Total cholesterol, mg/dL 198+42 192+33 0.68
Triglycerides, mg/dL 154£76 148+58 0.18
HDL cholesterol, mg/dL 40412 44+14 0.12
LDL cholesterol, mg/dL 168 +33 144+28 0.16
hsCRR, mg/dL 3.8+04 1.1+02 0.008
IL-34, pg/mL 388+4.4 103+4.2 <0.001
TIMI frame count measurements

LAD 62+26 28+5 <0.001
LAD(corrected) 37+16 16+2 <0.001
LCx 28+10 19+4 <0.001
RCA 40+22 18+7 <0.001
Mean 37+11 18+5 <0.001
The length of epicardial coronary arteries

LADmm 168£21 171£18 0.86
LCx,mm 124+32 121+£26 0.74
RCA,mm 180+37 168+33 0.44
Diameters of coronary arteries

LAD,mm 3.86+0.46 348+0.52 0.022
LCx,mm 3.52+062 3.24£0.72 0.046
RCAmm 3.66+0.62 3.12+£0.56 0.009
Coronary flow velocities

LAD,mm/s 101.7 £44.0 184.6+57.8 <0.001
LCx,mm/s 150.9+57.6 201.7+61.2 <0.001
RCAmm/s 167.6+70.9 279.1+764 <0.001
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and evaluated using the Chi-square test. The normality of
data distribution was assessed through the Kolmogorov-
Smirnov test.

For normally distributed continuous variables, a two-
sample T-test was employed in the univariate analysis.
Non-normally distributed variables underwent analysis
using the Mann-Whitney U test. Logistic regression anal-
ysis was utilized to identify independent risk factors
associated with SCE.

Throughout the analysis, significance was determined
at a threshold of p<0.05 for all statistical tests conducted.

Results
Table 1 in the study outlines the crucial clinical parame-
ters of all participants. Notably, there were no significant
variations observed between the SCF and control groups
concerning gender, age, presence of hypertension, history
of smoking, or diabetes incidence (p>0.05). Furthermore,
there were no disparities detected in lipid parameters or
fasting glucose levels between the two groups (p>0.05).
The data are displayed in three formats: mean*SD,
median (interquartile range), and as numbers with per-
centages. Statistical analysis was performed using Stu-
dent’s t-test, Mann-Whitney U test, and Chi-square test
as appropriate. The abbreviations used are as follows:
BMI (body mass index), HDL (high-density lipoprotein),
LAD (left anterior descending artery), LCx (left circum-
flex artery), LDL (low-density lipoprotein), NCF (normal
coronary flow), NS (not significant), RCA (right coronary
artery), SCF (slow coronary flow), hsCRP (high sensitiv-
ity C-reactive protein), and IL-34 (interleukin-34).

TFC

The patients diagnosed with SCF exhibited significantly
elevated TFC levels across all three major coronary arter-
ies compared to the control group (p <0.05). Interestingly,
vessel lengths did not differ between the SCF and control
groups. However, the SCF patients displayed significantly
larger coronary artery sizes, whereas the control group
showcased notably higher coronary flow rates (p<0.05).

Notably, IL-34 demonstrated a significant positive cor-
relation with average TFC levels: among all participants
(r=0.514, p<0.001), within the SCF patients (r=0.526,
»<0.001), and for normal controls (r = -0.288, p>0.05)
(refer to Fig. 1). Additionally, hsCRP also exhibited a
significant positive association with average TFC levels:
across all participants (r=0.504, p<0.001), within SCF
patients (r=0.558, p<0.001), and for normal controls (r
=-0.148, p>0.05).

Individuals diagnosed with SCF showed signifi-
cantly higher average serum levels of hsCRP and IL-34
compared to the control group (hsCRP: 3.8+0.4 vs.
1.1+£0.2 mg/dL, p=0.008; IL-34: 38.8+4.4 vs. 10.3+4.2
pg/mL, p<0.001, respectively). Through logistic
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Fig. 1 The correlation of IL-34 levels with TIMI frame count in patients with SCF.

Table 2 The independent relationship of IL-34 with slow
coronary flow phenomenon

Variables Slow coronary flow (Dependent
variable)
OR (95%Cl) *p
IL-34, pg/mL 1.044 (1.006-1.084) 0.018
Mean coronary diameter 7.364 (1.988-28.64) 0.004

regression analysis (as displayed in Table 2), it was evi-
dent that the average coronary diameter was a robust pre-
dictor of SCF (OR: 7.364, 95% CI: 1.988-28.64, p=0.004).
Conversely, IL-34 demonstrated a weaker association
with SCF prediction (OR: 1.044, 95% CI: 1.006—1.084,
p=0.018).

The utilization of a receiver operating characteristic
(ROC) curve allowed us to evaluate the sensitivity and
specificity of IL-34 and hsCRP in detecting SCF within
the study participants. The results presented in Fig. 2
highlighted that plasma IL-34 levels exhibited a sig-
nificant predictive capacity in distinguishing individuals
with SCF from those with NCF (AUC=0.804, 95% CI:
0.735-0.872, p<0.001). Notably, this predictive ability
surpassed that of plasma hsCRP (AUC=0.617, 95% CIL:
0.533-0.702, p=0.010).

Moreover, our findings suggest that a cutoff value of
29.95 pg/mL for plasma IL-34 could effectively differenti-
ate individuals with SCF from those with NCF, demon-
strating a specificity of 74.2% and a sensitivity of 90.7%.

Discussion

To the best of our knowledge, this is the first study to
establish an association between interleukin-34 (IL-34)
and slow coronary flow (SCF). Our investigation revealed
that mean coronary diameter and IL-34 emerged as inde-
pendent predictors of SCF. Furthermore, we observed a

positive correlation between high-sensitivity C-reactive
protein (hsCRP), mean coronary diameter, IL-34, and
mean TIMI frame count (TFC) values. Notably, 1L-34
exhibited superior predictive potential compared to
hsCRP in patients with SCF.

In contrast to the commonly used TIMI flow velocity
assessment [23], the corrected TIMI frame count (TFC)
[24] offers an objective measure that standardizes flow
evaluation. As such, we adopted TFC in o ur study.

Microvascular degeneration, implicated in SCF etiol-
ogy, is characterized by myointimal thickening and endo-
thelial edema [3, 25]. The endothelium plays a pivotal
role in regulating vascular tone, platelet activity, leuko-
cyte adhesion, and vascular smooth muscle proliferation.
Endothelial dysfunction’s role in SCF is underscored
by Sezgin AT et al’s findings of reduced endothelium-
dependent brachial artery dilation in SCF patients [26].
Cin et al. [27] demonstrated diffuse intimal thickening,
calcification, and non-obstructive atheromatous changes
along coronary vessel walls in SCF patients. A study by
Askin et al. examined the carotid flow rate in patients
with slow coronary flow, demonstrating that endothelial
dysfunction, microvascular resistance, and small vessel
disease similarly influenced both carotid flow rate and
slow coronary flow [28]. Another study conducted by
Askin demonstrated an association between coronary
slow flow and the heart rate recovery index, known as a
predictor of cardiovascular diseases [29].

Recent years have seen the frequent use of peripheral
blood cells and related indices to explore the inflam-
mation-cardiovascular disease nexus. Neutrophil-lym-
phocyte ratio, platelet-lymphocyte ratio, and systemic
immune-inflammatory index have linked to coronary
artery disease, acute coronary syndromes, heart failure,
valve diseases, hypertension, and SCF [30-33]. SCF’s
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Fig. 2 ROC curve analyses of the predictive power of plasma IL-34 and hs-CRP levels

association with adhesion molecules like intercellular
adhesion molecule-1, vascular cell adhesion molecule-1,
and E-selectin is documented [13]. Other markers such
as erythrocyte distribution width and serum uric acid
levels also correlate with SCF [34, 35]. Li et al. [36]
revealed elevated plasma high-sensitivity C-reactive pro-
tein and interleukin-6 concentrations in SCF patients.
IL-34, a proinflammatory cytokine, stimulates chemo-
kines and cytokines like monocyte chemoattractant pro-
tein, IL-6, and IL-8 [16]. It plays roles in inflammatory
cell differentiation and migration, including macrophages
and monocytes [37]. Preisser L et al. linked IL-34 to pro-
fibrotic macrophages, releasing transforming growth
factor P, platelet-derived growth factor, and galectin-3—
factors impacting heart failure development [38]. Xi R
et al. [21] demonstrated significantly increased serum
IL-34 in ischemic cardiomyopathy, correlating with isch-
emic heart failure presence and severity. Fan Q et al. [39]
associated IL-34 with coronary artery disease presence

and severity. Li Z et al. [40] noted elevated IL-34 in
CAD patients, correlating positively with hs-CRP levels.
Zorena K et al. [41] underscored IL-34’s enhanced dis-
crimination over C-reactive protein for vascular diabetes
complications.

Similarly, our findings revealed elevated IL-34 levels in
SCF patients compared to those with normal coronary
flow, accompanied by greater mean coronary diameter.
Both IL-34 and mean coronary diameter independently
predicted SCF in our study. Moreover, hsCRP exhibited
a significant positive correlation with average TFC. ROC
curve analysis highlighted IL-34’s potential superiority to
hsCRP as an indicator in SCF patients.(AUC=0.804 vs.
AUC=0.617).

Study limitations

Several limitations are associated with the present study.
Primarily, the study’s single-center, cross-sectional, and
observational nature, coupled with a relatively modest
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sample size, may limit the generalizability of the find-
ings. The diagnosis of slow coronary flow (SCF) relied
solely on angiographic observations, potentially omit-
ting additional diagnostic nuances. Furthermore, our
study did not investigate the potential normalization of
SCF following dipyridamole or nitroglycerin infusion. An
absence of follow-up prevented the assessment of clini-
cal outcomes within the study population. As a result,
larger-scale prospective randomized controlled trials are
imperative to substantiate the relationship between inter-
leukin-34: (IL-34) and SCF.

Conclusion

Elevated levels of IL-34 signal the involvement of inflam-
mation, microvascular dysfunction, subclinical athero-
sclerosis, and endothelial damage in the pathogenesis of
slow coronary flow (SCF). Moreover, heightened IL-34
levels could potentially serve as an early indicator of
compromised coronary blood flow.

Author contributions

H.AB researched the literature and designed the study. M.K. and H.A.B. were
involved in protocol development, ethical approval, patient recruitment and
data analysis. M.K. wrote the first draft of the manuscript. All authors reviewed
and edited the article and approved the final version of the article.

Funding
No.

Data availability
All needed data can be obtained from corresponding author.

Declarations

Conflict of interest
None.

Competing interests
The authors declare no competing interests.

Received: 24 August 2023 / Accepted: 17 December 2023
Published online: 02 January 2024

References

1. Beltrame JF. Defining the coronary slow flow phenomenon. Circ J.
2012,76(4):818-20.

2. Wang X, Nie SP.The coronary slow flow phenomenon: characteristics, mecha-
nisms and implications. Cardiovasc Diagn Ther. 2011;1(1):37-43.

3. Tambe AA, Demany MA, Zimmerman HA, et al. Angina Pectoris and slow flow
velocity of dye in coronary arteries—a new angiographic finding. Am Heart J.
1972,84:66-71.

4. Mangieri E, Macchiarelli G, Ciavolella M, et al. Slow coronary flow: clinical
and histopathological features in patients with otherwise normal epicardial
coronary arteries. Cathet Cardiovasc Diagn. 1996;37(4):375-81.

5. Beltrame JF, Limaye SB, Horowitz JD. The coronary slow flow phenomenon- a
new coronary microvascular disorder. Cardiology. 2002;97(4):197-202.

6. Ayhan E, Uyarel H, Isik T, et al. Slow coronary flow in patients undergoing
urgent coronary angiography for ST elevation Myocardial Infarction. Int J
Cardiol. 2012;156(1):106-8.

7. CutriN, Zeitz C, Kucia AM, et al. ST/T wave changes during acute coronary
syndrome presentation in patients with the coronary slow flow phenom-
enon. Int J Cardiol. 2011;146(3):457-8.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Page 6 of 7

Saya S, Hennebry TA, Lozano P, et al. Coronary slow flow phenomenon and
risk for Sudden Cardiac Death due to ventricular arrhythmias: a case report
and review of literature. Clin Cardiol. 2008;31(8):352-5.

Zhu Q,Wang S, Huang X, et al. Understanding the pathogenesis of coronary
slow flow: recent advances. Trends Cardiovasc Med. 2022. https://doi.
0rg/10.1016/j.tcm.2022.12.001. indexed in Pubmed: 36516963.

Madak N, Nazli Y, Mergen H, et al. Acute phase reactants in patients

with coronary slow flow phenomenon. Anadolu Kardiyoloji Dergisi.
2010;10(5):416-20.

Barutcu |, Sezgin AT, Sezgin N, et al. Increased high sensitive CRP level

and its significance in pathogenesis of slow coronary flow. Angiology.
2007;58(4):401-7.

Yang Z, Yuan J, Cui J, Guan H, Qiao S. Association of the lymphocyte-to-
monocyte ratio, mean diameter of coronary arteries, and uric acid level

with coronary slow flow in isolated coronary artery ectasia. BMC Cardiovasc
Disord. 2021;21(1):156.

Turhan H, Saydam GS, Erbay AR, et al. Increased plasma soluble adhesion
molecules; ICAM-1,VCAM-1, and E-selectin levels in patients with slow coro-
nary flow. Int J Cardiol. 2006;108:224-30.

Canga A, Kocaman SA, Cetin M, Cicek Y, Cet M, Emre MD. Relationship
between leukocyte and subtype counts, low-grade inflammation and slow
coronary flow phenomenon in patients with angiographically normal coro-
nary arteries. Acta Cardiol Sinica. 2012;28:306-14.

Lin H, Lee E, Hestir K, et al. Discovery of a cytokine and its receptor by func-
tional screening of the extracellular proteome. Science. 2008;320:807-11.
Masteller EL, Wong BR. Targeting IL-34 in chronic inflammation. Drug Discov
Today. 2014,19:1212-6.

Park HE, Oh H, Baek JH. Interleukin-34-regulated T-cell responses in rheuma-
toid arthritis. Front Med (Lausanne). 2022,;9:1078350. Published 2022 Nov 30.
Ciccia F, Alessandro R, Rodolico V, et al. IL-34 is overexpressed in the inflamed
salivary glands of patients with Sjogren’s syndrome and is associated with
the local expansion of pro-inflammatory CD14(bright)CD16+monocytes.
Rheumatology (Oxford). 2013;52(6):1009-17.

Zwicker S, Martinez GL, Bosma M, et al. Interleukin 34: a new modulator

of human and experimental inflammatory bowel Disease. Clin Sci (Lond).
2015;129(3):281-90.

Tao R, Fan Q, Zhang H, et al. Prognostic significance of interleukin-34 (IL-34) in
patients with chronic Heart Failure with or without renal insufficiency. J Am
Heart Assoc. 2017,6:piie004911.

Xi R, Fan Q,Yan X, et al. Increased serum Interleukin-34 levels are related to
the presence and severity of cardiac dysfunction in patients with ischemic
cardiomyopathy. Front Physiol. 2018;9:904.

Fan Q,Tao R, Zhang H, et al. Interleukin-34 levels were Associated with
Prognosis in patients with Acute Myocardial Infarction. Int Heart J.
2019;60(6):1259-67.

Chesebro JH, Knatterud G, Roberts R, et al. Thrombolysis in Myocardial
Infarction (TIMI) Trial, Phase I: a comparison between intravenous tissue plas-
minogen activator and intravenous Streptokinase. Clinical findings through
hospital discharge. Circulation. 1987,76:142-54.

Gibson CM, Cannon CP, Daley WL, et al. TIMI frame count: a quantitative
method of assessing coronary artery flow. Circulation. 1996,93:879-88.
Mosseri M, Yarom R, Gotsman MS, et al. Histologic evidence for small-vessel
coronary artery Disease in patients with Angina Pectoris and patent large
coronary arteries. Circulation. 1986;74:964-72.

Sezgin AT, Sigirci A, Barutcu |, et al. Vascular endothelial function in patients
with slow coronary flow. Coron Artery Dis. 2003;14:155-61.

Cin VG, Pekdemir H, Camsar A, et al. Diffuse intimal thickening of coronary
arteries in slow coronary flow. Jpn Heart J. 2003;44:907-19.

- ASKIN L, CETIN M, TURKMEN S, TASOLAR MH, et al. Quantitative ultrasound
measurements of Common Carotid Artery Blood Flow velocity patterns in
patients with coronary slow Flow. J Hum Rhythm. 2018;4(2):117-25.

- Askin L. Evaluation of heart rate recovery index in patients with

coronary slow flow: preliminary results. Eur Rev Med Pharmacol Sci.
2021,25(24):7941-6.

Angkananard T, Anothaisintawee T, Ingsathit A, et al. Mediation effect of neu-
trophil lymphocyte ratio on cardiometabolic risk factors and cardiovascular
events. Sci Rep. 2019,9(1):2618.

LiW, Liu Q, Tang Y. Platelet to lymphocyte ratio in the prediction of adverse
outcomes after acute coronary syndrome: a meta-analysis. Sci Rep 2017;7(1).
Cetin M, Kiziltunc E, Elalmis OU, et al. Predictive value of neutrophil lympho-
cyte ratio and platelet lymphocyte ratio in patients with coronary slow flow.
Acta Cardiol Sinica. 2016;32(3):307-12.


https://doi.org/10.1016/j.tcm.2022.12.001
https://doi.org/10.1016/j.tcm.2022.12.001

Karasu and Bolayir BMC Cardiovascular Disorders

33.

34.

35.

36.

37.

38.

(2024) 24:2

Karauzum K, Karauzum |, Hanci K, et al. The systemic Immune-inflammation
index may predict the coronary slow Flow Better Than High-Sensitivity
C-Reactive protein in patients undergoing elective coronary angiography.
Cardiol Res Pract. 2022:2022:7344639.

Kalay N, Aytekin M, Kaya MG, et al. The relationship between inflammation
and slow coronary flow: increased red cell distribution width and serum uric
acid levels. Turk Kardiyol Dern Ars. 2011,39:463-8.

Yildiz A, Yilmaz R, Demirbag R, et al. Association of serum uric acid level and
coronary blood flow. Coron Artery Dis. 2007;18:607-13.

Li JJ, Qin XW, Li ZC, et al. Increased plasma C-reactive protein and interleu-
kin-6 concentrations in patients with slow coronary flow. Clin Chim Acta.
2007;385:43-7.

Robbins CS, Chudnovskiy A, Rauch PJ, et al. Extramedullary hematopoiesis
generates Ly-6 C(high) monocytes that infiltrate atherosclerotic lesions.
Circulation. 2012;125:364-74.

Preisser L, Miot C, Le Guillou-Guillemette H, et al. IL.-34 and macrophage
colony-stimulating factor are overexpressed in Hepatitis C virus fibrosis and

Page 7 of 7

induce profibrotic macrophages that promote collagen synthesis by hepatic
stellate cells. Hepatology. 2014;60:1879-90.

39. FanQYan X, Zhang H, et al. IL-34 is associated with the presence and sever-
ity of renal dysfunction and coronary artery Disease in patients with Heart
Failure. Sci Rep. 2016;6:39324.

40. LiZ JinD,WuY, et al. Increased serum interleukin-34 in patients with coro-
nary artery Disease. J Int Med Res. 2012,40(5):1866-70.

41, Zorena K, Jachimowicz-Duda O, Waz P. The cut-off value for interleukin 34 as
an additional potential inflammatory biomarker for the prediction of the risk
of diabetic Complications. Biomarkers. 2016;21(3):276-82.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Cut-off value for interleukin-34 as an additional potential inflammatory biomarker for estimation of slow coronary flow risk
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Evaluating biochemical parameters
	﻿Statistics

	﻿Results
	﻿TFC

	﻿Discussion
	﻿Study limitations

	﻿Conclusion
	﻿References


