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Abstract

Inflammation has been implicated in the pathogenesis of endothelial dysfunction, atherosclerosis, and microvascular coronary
dysfunction. In this context, it is thought that fibrinogen, high-sensitive C-reactive protein (hsCRP), and albumin may be associated
with the pathogenesis of coronary slow flow (CSF). We aimed to evaluate the ratios of fibrinogen-to-albumin and hsCRP-to-
albumin in patients with CSF compared to patients with angiographically normal coronary arteries and stable coronary artery
disease (CAD). In all, 65 patients with CSF, 65 patients with newly diagnosed stable CAD, and 65 control participants with
angiographically normal coronary arteries were included. The coronary flow rates of all patients were determined by the
Thrombolysis in Myocardial Infarction frame count method. Fibrinogen, hsCRP, and albumin levels were analyzed in all patients,
and the fibrinogen-to-albumin and hsCRP-to-albumin ratios were calculated. The baseline characteristics of the 3 groups were
similar. The plasma albumin level was significantly lower, whereas the fibrinogen and the hsCRP levels were significantly higher, in
the CSF and CAD groups compared to the controls. The fibrinogen-to-albumin and hsCRP-to-albumin ratios were significantly
higher in both the CSF and the CAD groups compared to the control group. The hsCRP-to-albumin ratio was positively cor-
related with the mean Thrombolysis in Myocardial Infarction frame count in the whole study population. According to the
receiver—operating characteristic analysis, the efficacies of the fibrinogen-to-albumin and hsCRP-to-albumin ratios in predicting
CSF were significant. The fibrinogen-to-albumin and hsCRP-to-albumin ratios, which were increased by a reciprocal change,
suggest that inflammation may play a role in the pathogenesis of CSF.
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role in pathogenesis of CSF.** Since vascular inflammatory
changes may not always be evaluated using cardiac imaging
methods, the importance of measuring inflammation-related
biomarkers in peripheral blood is increasing.

Introduction

Coronary slow flow (CSF) is a coronary disorder characterized
angiographically by delayed contrast opacification of the distal
coronary arteries in the absence of obstructive coronary artery
disease (CAD)."? The prevalence of CSF is 1% to 3% among
patients undergoing coronary angiography. Histopathological
studies have shown the presence of coronary microvascular
dysfunction; however, the underlying cause remains unclear.”
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Albumin, the major blood protein found in the extracellular
liquid compartment, plays multiple significant physiological
functions.® It has been proposed that the plasma albumin con-
centration is related to inflammatory and hemostatic pro-
cesses.””® Albumin is a significant inhibitor of platelet
activation and aggregation and a significant mediator of
platelet-induced coronary artery vasoconstriction.® Low serum
albumin levels have been associated with increased cardiovas-
cular mortality and morbidity in several studies conducted at
different times.”'° Moreover, a recent study found low albumin
levels in patients with CSF."'

Fibrinogen is a plasma protein produced in the liver which
serves as an indicator of thrombotic status and plays a role in
inflammatory processes at various levels.'? The baseline
plasma fibrinogen level may predict cardiovascular events in
the general population.’® Additionally, a recent study showed
that an elevated fibrinogen level is related to the presence and
severity of CAD.'

High-sensitive C-reactive protein (hsCRP) is the most
well-investigated inflammatory biomarker in cardiovascular
diseases. Numerous prospective studies have revealed a rela-
tionship between increased hsCRP levels and the incidence of
cardiovascular disease in individuals at risk of atherosclerosis.
In the event of chronic low-grade inflammation, CRP damages
the glycocalyx of the vascular endothelium, causing its dys-
function and increasing its vulnerability to proatherogenic
effects. Furthermore, the processes of endothelium-dependent
vasodilation and endothelial stem cell adhesion and migration
are disrupted, and endothelial apoptosis is induced, thereby
resulting in endothelial dysfunction.'®

Although many studies have investigated and focused on the
relationships among hypoalbuminemia, high fibrinogen levels,
high hsCRP levels, and CAD, there are insufficient data on CSF,
arelatively common cause of nonobstructive CAD. Moreover, to
our knowledge, there are no data on the reciprocal usage of these
inflammation-related biomarkers in patients with CSF. From this
point of view, we aimed to investigate whether the fibrinogen-to-
albumin ratio (FAR) and hsCRP-to-albumin ratio (CAR) are
associated with CSF compared to patients with angiographically
normal coronary arteries and those with stable CAD.

Materials and Methods
Study Population

The present study was an observational, case—control, and
comparative study. The relationship between the FAR and the
presence of CSF was investigated. Approximately 2500 parti-
cipants who underwent elective diagnostic coronary angiogra-
phy at our institution were scanned to identify patients with
apparent CSF. The indications for coronary angiography were
either the presence of typical angina pectoris or positive or
equivocal results from noninvasive screening tests for myocar-
dial ischemia. We selected 65 consecutive patients (24 males
and 39 females; mean age, 57.6 + 10.2 years) diagnosed with
CSF without any obstructive atherosclerotic lesions (CSF

group), 65 consecutive patients (27 males and 34 females;
mean age, 55.1 4+ 10.7 years) with completely normal coronary
arteries (control group), and 65 consecutive patients (44 males
and 21 females; mean age, 59.6 + 10.5 years) who were cathe-
terized during the same study period and who had >50% ste-
notic lesions on coronary angiogram (CAD group).

The following patients were excluded: those who developed
secondary CSF following percutaneous coronary angioplasty,
those who experienced myocardial infarction or had coronary
artery bypass grafting surgery, those with significant organic
valvular heart disease, congestive heart failure, congenital
heart disease, atrial fibrillation, hypo/hyperthyroidism, any
known collagen vascular disease, any known hematologic dis-
ease including anemia (hemoglobin level <12 g/dL in women
or <13 g/dL in men according to World Health Organization
criteria), any autoimmune or neoplastic disease, chronic kidney
(creatinine >1.5 mg/dL) or hepatic failure (aspartate transami-
nase or alanine transaminase levels more than 3 times the nor-
mal value) or actively infectious diseases (history of any acute
infection in the last 10 days), and those receiving active treat-
ment with any antithrombocyte drugs except for acetylsalicylic
acid, anticoagulants, or steroids. Patients with plasma p-dimer
levels above the normal range were also excluded.

All cases with CSF included in the study were patients with
primary CSF. Patients with secondary CSF were excluded from
the study. In this context, cases with slow flow due to Percuta-
neous Coronary Intervention (PCI) (including no-reflow cases),
cases with CSF due to coronary thromboembolism (including
cases with microbubble during coronary angiography), cases
with CSF due to coronary ectasia, patients with visible coronary
atherosclerotic plaques, and patients with a history of substance
use that may cause coronary spasm (eg, cocaine) were excluded
from the study.'® In addition, cases with secondary CSF associ-
ated with bradycardia and / or hypotension were excluded from
the study. All patients who were hypotensive or bradycardic
during coronary angiography were excluded from the study.

The study protocol was approved by the local ethics com-
mittee, and written informed consent was obtained from all
patients. The study was conducted in accordance with the
Declaration of Helsinki, Good Clinical Practice and Interna-
tional Conference on Harmonization guidelines.

Cardiac Catheterization and Documentation of
Participants

Coronary angiograms were performed by a femoral approach
using the Judkins technique without the use of nitroglycerin,
adenosine, or a calcium-channel blocker. All angiography pro-
cedures were performed by 2 experienced interventional cardi-
ologists blinded to the clinical characteristics of the patients.
Iohexol was used as a nonionic contrast agent during coronary
angiography in all patients and controls. During coronary angio-
graphy, approximately 6 to 10 mL of contrast agent was manu-
ally injected at each position. Coronary arteries were visualized
in standard planes. The coronary flow rates of all participants
were documented using the Thrombolysis in Myocardial
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Infarction (TIMI) frame count (TFC) method described by Gib-
son et al.'® The TFCs of the left anterior descending (LAD) and
circumflex (Cx) arteries were assessed in either the right anterior
oblique projection with caudal angulations or the left anterior
oblique projection with cranial angulations, and the right coron-
ary artery (RCA) was usually assessed in the straight left anterior
oblique projection. The initial frame was defined as the frame in
which concentrated contrast medium occupied the full width of
the proximal coronary artery lumen, touching both borders of the
lumen, and forward motion down the artery. The final frame was
designated when the leading edge of the contrast column initially
arrived at the distal end. The last frames used for the LAD artery,
Cx artery, and RCA were those in which the contrast medium first
entered the mustache segment, distal bifurcation segment, and
first branch of the posterolateral artery, respectively. The final
count was then subtracted from the initial count, and the exact
TFC was calculated for the given artery. The TFC of the LAD
artery was corrected by dividing the final count by 1.7. Due to the
different durations required for normal visualization of coronary
arteries, the corrected cutoff values were 36.2 4+ 2.6 frames for
the LAD artery, 22.2 + 4.1 frames for the Cx artery, and 20.4 +
3.0 frames for the RCA, as reported previously.'” Patients with a
TFC greater than 2 standard deviations (SDs) from the normal
published range for any 1 of the 3 vessels were diagnosed with
CSF. The mean TFC for each patient and control was calculated
by adding the TFCs for the LAD artery, Cx artery, and RCA and
then dividing the obtained value by 3. The evaluation of all cor-
onary angiograms and TFC counting were performed by 2 other
interventional cardiologists blinded to the clinical status and
laboratory measurements. The intra- and interobserver variabil-
ities for TFC were 0.975 and 0.966, respectively.

Coronary angiograms were evaluated for smooth appear-
ance, luminal wall irregularities, epicardial local or diffuse
caliber reduction, and stenosis. Coronary arteries were classi-
fied as normal in the absence of any lumen irregularity on
visual evaluation.

Patients with coronary lesions with a stenosis diameter >
50% in >1.5-mm vessels were diagnosed with CAD. The com-
plexity of CAD was evaluated using the SYNergy between
percutaneous coronary intervention with TAXus and cardiac
surgery (SYNTAX) score. Coronary lesions with a stenosis
diameter >50% in >1.5-mm vessels were scored separately
and added together to provide the cumulative SYNTAX score,
which was prospectively calculated using the SYNTAX score
algorithm on the baseline diagnostic angiogram.'®

Two experienced interventional cardiologists analyzed the
SYNTAX score, and the final evaluation was determined by
consensus in cases of disagreement. The final score was calcu-
lated from the individual lesion scores by analysts who were
blinded to the procedural data and clinical outcomes.

Blood Sampling and Biochemical Measurements

Blood samples for biochemical analyses were taken from the
antecubital vein of all individuals following an overnight fast just
after coronary angiography. All biochemical tests and complete

blood counts were performed using an automatic hematology
analyzer (Beckman Coulter AU5800, Brea, California) within 1
hour after venous puncture. The plasma albumin level was mea-
sured by the bromocresol method, and the plasma hsCRP level by
the nephelometric method using commercially available kits.
Plasma fibrinogen levels were measured by the Clauss method
with Stago Compact (Diagnostica Stago, Asnieres sur Seine,
France) and a coagulation autoanalyzer (Diagnostica Stago Inc,
Paris, France). Fasting blood glucose, total cholesterol, high-
density lipoprotein, triglyceride, and low-density lipoprotein lev-
els were measured by the hexokinase method, enzymatic method,
accelerator selective detergent method, glycerol phosphate oxi-
dase method, and Friedewald formula, respectively, using the
Beckman Coulter AU5800 autoanalyzer. Urea and creatinine lev-
els were measured by the spectrophotometric method. The esti-
mated glomerular filtration rate was calculated according to the
modification of diet in renal disease formula.'”

Statistical Analyses

Variables were investigated for a normal distribution using
visual (histograms and probability plots) and analytical
(Shapiro-Wilk test) methods. Descriptive analyses are presented
as means (SD) for normally distributed variables. Means, SDs,
lowest median value, highest frequency value, and ratios were
used. The Kolmogorov-Smirnov test was used to assess data
distribution. Analysis of variance followed by Tukey post hoc
method, Kruskal-Wallis test, and Mann-Whitney U test were
used to analyze quantitative data. The y” test was used to analyze
qualitative data. A P value <.05 was considered significant. The
ability to predict the presence of CSF based on the FAR was
analyzed using receiver—operating characteristic analysis. Sensi-
tivity and specificity values were determined if a significant
cutoff value was observed. A 5% type 1 error level was signif-
icantly predictive of the test variables when evaluating the area
under the curve. Statistical analyses were performed using SPSS
software version 20 (SPSS Inc., Chicago, Illinois).

Results
Baseline Characteristics

A total of 195 patients were included in the study. The demo-
graphic, clinical, and angiographic data of the study population
are summarized in Tables 1 and 2. No differences in age or
body mass index were observed among the 3 groups (all P >
.05). However, there were significantly more males in the CAD
group than in the control and CSF groups (means: 44, 27, and
24, respectively; P = .002). There was no significant difference
between the CSF and control groups according to sex (P > .05).
Clinical data are also summarized in Table 1. No differences
in cardiovascular risk factors, such as hyperlipidemia, hyperten-
sion, diabetes mellitus, and family history, were detected among
the groups (all P > .05). However, there were significantly more
smokers in the CSF and CAD groups than in the control group
(means: 32, 28 and 19, respectively; P = .007), but no significant
difference between the CSF and CAD groups (P > .05).
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Table |I. Demographic and Clinical Characteristics of the Study Population.

Normal Coronary Artery, n = 65 Coronary Slow Flow, n = 65 Coronary Artery Disease, n = 65 P Value
Age, years, mean (SD) 55.1 (10.7) 57.6 (10.2) 59.6 + 10.5 .056 (NS)
Gender Female 34 (55.7%) 39 (61.9%) 21 (32.3%) .002
Male 27 (44.3%) 24 (38.1%) 44 (67.7%)
BMI, kg/m?, mean (SD) 244 (3.7) 28.5 (3.8) 27.5 (3.8) 091 (NS)
Hypertension, n 30 (49.2%) 31 (49.2%) 37 (56.9%) .600 (NS)
Diabetes Mellitus 11 (18.0%) 16 (25.4%) 21 (32.3%) .184 (NS)
Dyslipidemia 9 (14.8%) 10 (15.9%) 19 (29.2%) .076 (NS)
Smoker 19 31.1%) 32 (50.8%) 28 (58.2%) .007
Family History of CAD 12 (19.7%) 7 (11.1%) 15 (23.1%) .194 (NS)
Abbreviations: BMI, body mass index; CAD, coronary artery disease
Bold-italic values in tables signifies p value of <0.05.
Table 2. Angiographic Characteristics of the Study Population.
Normal Coronary Coronary Slow Coronary Artery
Artery, n = 65 Flow, n = 65 Disease, n = 65 P Value
TFC of Coronary Arteries
LAD-TFC 200 + 7.5 456 + 149 20.1 + 6.9 .000
Cx-TFC 162 + 5.2 31.0 + 10.1 16.5 + 5.5 .000
RCA-TFC 158 + 5.6 378 + 9.3 150 + 43 .000
Mean-TFC 175 + 54 381 + 93 17.3 + 5.1 .000
CSF distribution
LAD - 44 (32.3%) - -
Cx - 36 (26.4%) - -
RCA - 56 (41.1%) - -
Number of Coronary Artery
Affected by CSF
| coronary - 20 (30.7%) - -
2 coronaries - 17 (26.1%) - -
3 coronaries - 28 (43.07% - -
SYNTAX Score - - 148 + 9.9 -

Abbreviations: CSF, coronary slow flow; Cx, circumflex artery; LAD, anterior descending artery; RCA, right coronary artery; TFC, TIMI frame counts.

Bold-italic values in tables signifies p value of <0.05.

The angiographic data are summarized in Table 2. The TFCs
for all coronary arteries of the patients were significantly higher
in the CSF group than in the CAD and control groups (all P <
.001 for each artery; Table 2). The mean TFC was also signif-
icantly higher in the CSF group than in the control and CAD
groups (all P <.001). The CSF involved the LAD artery in 44
(32.3%), left Cx artery in 36 (26.4%), and RCA in 56 (41.1%)
patients. Of the patients with CSF, 20 (30.7%) were affected by a
single coronary artery, 17 (26.1%) were affected by 2 coronary
arteries, and 28 (43.07%) were affected by 3 coronary arteries. In
the CAD group, the average SYNTAX score was 14.8 + 9.9.

The biochemical and hematologic measurements are sum-
marized in Table 3. There was no significant difference in any
biochemical or hematologic measurement among the groups
(all P> .05).

Associations of Inflammation-Related Biomarker Levels
With CSF and CAD

Inflammation-related biomarker levels and their reciprocal
exchanges are summarized in Table 4. The hsCRP and

fibrinogen levels were significantly higher in the patients with
CSF and CAD than in the controls (all P < .001) and also
significantly higher in patients with CAD than patients with
CSF (all P <.001). As shown in Figures 1 and 2, the FAR and
CAR were significantly higher in patients with CSF and CAD
than controls. In addition, both the FAR and the CAR were
significantly higher in patients with CAD patients than patients
with CSF. The albumin level was significantly lower in the
CSF and CAD groups than in the control group. However, there
was no significant difference in the albumin level between the
CSF and CAD groups.

The results of correlation analyses are summarized in Table
5. There was a significant positive correlation between mean
TFC and hsCRP level (r = .144, P = .048; Table 5) and a
significant negative correlation between mean TFC and albu-
min level (r = —.260, P < .001; Table 5). Furthermore, there
were significant positive correlations between the CAR and
mean TFC (» = .173, P = .017; Table 5), between the number
of epicardial coronary arteries affected by slow flow and both
the fibrinogen level and the FAR (» = .305, P = .015 and r =
.047, P = .047, respectively; Table 5), and between the
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Table 3. Laboratory Findings of the Study Population, Mean (Standard Deviation).

Normal Coronary Artery, n = 65 Coronary Slow Flow, n = 65 Coronary Artery Disease, n = 65 P Value
WBC, 10% uL 6.3 (1.5) 6.7 (1.6) 6.3 (1.3) .309 (NS)
Hemaglobulin, 103/ uL 13.1 (1.2) 13.2 (1.7) 13.6 (1.5) 792 (NS)
Hematocrit 40.0 (4.0) 40.3 (4.7) 40.8 (4.8) .055 (NS)
Platelet, 10/ pL 237.2 (64.6) 225.4 (66.7) 264.3 (57.0) .064 (NS)
Urea, mg/dL 23.4 (10.1) 224 (11.9) 24.7 (12.3) .745 (NS)
Creatinine, mg/dL 0.81 (0.35) 0.78 (1.2) 0.91 (I.1) .167 (NS)
eGFR, mL/dk/1.73 m? 100.1 (12.8) 96.9 (12.4) 94.7 (15.6) .098 (NS)
FBG, mg/dL 104.5 (37.5) 103.3 (29.4) 109.4 (41.1) .106 (NS)
HgbA,., % 6.3 (1.0 6.2 (0.9) 6.3 (1.6) .399 (NS)
AST, U/L 24.2 (1.7) 249 (2.2) 23.1 (1.7) .758 (NS)
ALT, U/L 21.2 (7.8) 21.8 (8.3) 22.4 (9.4) .289 (NS)
GGT, U/L 23.3 (10.6) 27.3 (14.5) 29.1 (11.5) .160 (NS)
Total-C, mg/dL 186.3 (43.13) 176.3 (37.1) 193 (43.2) .052 (NS)
LDL-C, mg/dL 113.9 (35.9) 104.3 (32.2) 114.5 (37.6) .079 (NS)
HDL-C, mg/dL 45.5 (12.1) 423 (9.2) 44.7 9.7) 312 (NS)
Triglyceride, mg/dL 139.1 (64.5) 147.5 (99.3) 158 (80.9) .070 (NS)

Abbreviations: ALT, alanine transaminase; AST, aspartate transaminase; eGFR, estimation glomerular filtration rate; FBG, fasting blood glucose; HbA ., hemo-
globin Alc; HDL-C, high-density lipoprotein cholesterol; hs-CRP, high-sensitive C-reactive protein; LDL-C, low-density lipoprotein cholesterol; NS, not signif-

icant; Total-C, total cholesterol; WBC, white blood cell.

Table 4. Plasma Inflammation-Related Biomarker Levels of the Study Population, Mean (Standard Deviation).

Normal Coronary Artery, n = 65 Coronary Slow Flow, n = 65 Coronary Artery Disease, n = 65 P Value

Fibrinogen, mg/dL 162.9 (57.2)
Albumin, g/dL 4.4 (0.3)
hs-CRP, mg/dL 1.2 (0.6)
Fibrinogen—Albumin Ratio 37.0 (13.4)
hs-CRP-Albumin Ratio 0.27 (0.14)

283.0 (69.3) 375.9 (49.8) .000
3.9(02) 3.9 (02) .000
2.7 (0.9) 3.2 (0.9) .000

73.6 (18.7) 97.3 (13.5) 0.000
0.70 (0.26) 0.80 (0.27) .000

Abbreviation: hsCRP, high sensitive C-reactive protein.
Bold-italic values in tables signifies p value of <0.05.

SYNTAX score and both the fibrinogen level and FAR (mean:
r=.307, P = .013 and » = .291, P = .019, respectively).

Predictors of CSF

Receiver—operating characteristic analysis was performed in the
CSF, CAD, and control groups to determine the value of the
reciprocal exchange of inflammation-related biomarkers in pre-
dicting CSF. The results are presented in Figure 3 and Table 6.

There FAR and CAR showed significant efficacy in predict-
ing CSF between the control and the patients with CSF (mean
area under the curve: 0.936 [0.890-0.982] and 0.945 [0907-
0.982], respectively) and between the control and the patients
with CAD (mean area under the curve: 0.996 [0.990-1.000] and
0.967 [0.941-0.992], respectively).

On the other hand, according to univariate logistic regression
analyses, male sex, smoking, LAD-TFC, Cx-TFC, RCA-TFC,
mean-TFC, hsCRP, fibrinogen, albumin, CAR, and FAR were
all significantly associated with CSF. When these 11 parameters
were included in multivariate logistic regression analyses, CAR
and RCA-TFC were independently and significantly associated
with CSF. Results from the multivariate logistic regression anal-
ysis are presented in Table 7. In the multivariate model, the CAR

had significant and independent efficacy in predicting CSF
between control and patients with CSF and the FAR in predict-
ing CSF between control and patients with CAD.

Discussion

To our knowledge, this study is the first to show that CSF is
associated with FAR and CAR. Patients with CSF had a sig-
nificantly higher FAR and CAR than patients with angiogra-
phically normal coronary arteries. In addition, the FAR and
CAR were similar between patients with CSF and those with
CAD. We also found that FAR and CAR were significantly
related to the TIMI frame count of CSF severity.
Microvascular dysfunction has been associated with the
pathophysiology of CSF, but the causes leading to this have
not been fully elucidated.'? Potential mechanisms, such as
vasoactive autacoids, diffuse atherosclerosis, platelet dysfunc-
tion, and impaired endothelial function, have been suggested in
the development of CSF. These can all lead to microvascular
coronary dysfunction and thus require further consideration. In
addition, numerous studies have reported that inflammation is
involved in the pathophysiology of CSF and manifests differ-
ently depending on the conditions."** Moreover, CSF may be
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Figure |. Graph showing fibrinogen—albumin ratio values of the
groups. Control indicates angiographically normal patients; CSF,
patients with coronary slow flow; CAD, patients with obstructive
coronary artery disease.

a systemic phenomenon rather than limited to coronary arteries
and is caused by the interplay between local features of cor-
onary arteries and systemic pathophysiological factors.>*

There is evidence that inflammation plays a role in the
pathophysiology of CSF as in many other cardiovascular dis-
eases. Turhan et al*® evaluated plasma-soluble adhesion mole-
cules, intercellular adhesion molecule-1 (ICAM-1), vascular
cell adhesion molecule-1 (VCAM-1), and E-selectin, as poten-
tial indicators of endothelial activation or inflammation in
patients with CSF with angiographically proven normal coron-
ary arteries. The authors showed that serum ICAM-1, VCAM-
1, and E-selectin levels were significantly higher in patients
with CSF than in controls with normal coronary flow, suggest-
ing the presence of more severe and extensive systemic chronic
inflammation in the coronary circulation of these patients.
Additionally, Dogan et al*' showed the distribution of leuko-
cyte count changes in favor of neutrophils in relation to sys-
temic inflammation in patients with CSF. The present study
supports the results of these previous studies and demonstrated
a relationship between CSF and inflammation. Moreover, we
evaluated the relationship between systemic inflammatory load
and CSF. For this purpose, we used inflammatory biomarkers
that are easily accessible, relatively low cost, and frequently
used in routine daily clinical practice. Unlike previous studies,
we used these biomarkers by combining them instead of using
them alone. Our aim in doing so was to use the reciprocal
relationship between these biomarkers to examine the relation-
ship between systemic inflammation and CSF and to demon-
strate this relationship more significantly and more powerfully.
We also assessed whether we could achieve better predictive
values using a combination of these biomarkers.

Albumin is not only the basic protein regulating plasma onco-
tic pressure but also a transporter of various substances and
involved in both acute and chronic inflammatory processes. In
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Figure 2. Graph showing hsCRP—albumin ratio values of the groups.
hsCRP indicates high-sensitive C-reactive protein; Control, angiogra-
phically normal patients; CSF, patients with coronary slow flow; CAD,
patients with obstructive coronary artery disease.

cases of malabsorption or malnutrition, increased capillary loss
(especially renal), decreased hepatic synthesis, inflammatory
processes (acute or chronic), and increased plasma volume can
lead to hypoalbuminemia.?* Normal physiological levels of
serum albumin selectively inhibit TNFa-induced VCAM-1
expression, nuclear factor-kB activation, and monocyte cell
adhesion in aortic endothelial cells, suggesting albumin to be
an anti-inflammatory and antiatherogenic biomarker.*?
Decreased serum albumin levels are associated with increased
systemic inflammatory load. A decreased albumin level has been
ascribed to the presence of proinflammatory cytokines. Inflam-
matory processes have been associated with increased albumin
catabolism and decreased albumin synthesis.** In a recent study,
Cetin et al found lower serum albumin levels in patients with
CSF than in those with normal coronary arteries.'" In support of
these results, we found that serum albumin levels were lower in
patients with CSF than in those with normal coronary arteries.
Furthermore, serum albumin levels were statistically similar
between patients with CSF and patients with CAD. We believe
that lower serum albumin levels in patients with CSF may be
associated with inflammatory load. We know from previous
studies that albumin is an important inhibitor of platelet aggre-
gation that enhances the production of PGD2, an effective anti-
aggregant, from cyclic endoperoxides.®** Furthermore, platelet
dysfunction is one possible cause of CSF.>> An alternative cause
of CSF could be that a systemic proinflammatory status activates
platelets and enhances aggregation, which impairs the coronary
microcirculation, thereby causing CSF. Another explanation for
this complex relationship between serum albumin levels and
CSF may be related to endothelial dysfunction. Hypoalbumine-
mia may increase blood viscosity and disturb endothelial func-
tions because of an increased level of free
lysophosphatidylcholine.?® In the current study, decreased serum
albumin levels due to systemic inflammatory load may have
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Table 5. Correlation Analysis.

Fibrinogen-to- hsCRP-to-

hsCRP, mg/dL Fibrinogen, mg/dL Albumin, g/dL Albumin Ratio Albumin Ratio
Mean-TFC r 144 .005 —.260 .031 173
P .048 .944 .000 671 017
The number of epicardialcoronary r .286 .305 .147 251 243
arteries affected by slow flow P .023 015 249 .047 .055
SYNTAX score r .013 .307 121 291 .046
P 917 .013 .338 019 719
Abbreviation: TFC, Thrombolysis in Myocardial Infarction frame count
Bold-italic values in tables signifies p value of <0.05.
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Figure 3. Receiver—operating characteristic curve analysis of fibrinogen—albumin ratio and hsCRP-albumin ratio for predicting CSF and CAD.
hsCRP indicates high-sensitive C-reactive protein; CAD, coronary artery disease; CSF, coronary slow flow.

caused CSF with endothelial dysfunction or increased platelet
activity and aggregation.

Fibrinogen represents an inflammatory marker implicated in
the pathophysiology, presence, severity, and prognosis of CAD.
Its presence contributes to the development and progression of
CAD and to the formation of acute coronary syndrome via its
interaction with other inflammatory cells, the endothelium, and
prothrombotic molecules.'**” In the current study, the fibrino-
gen level was higher in patients with CSF than in those with
angiographically normal coronary arteries. To our knowledge,
this is the first study to evaluate the association between fibrino-
gen and CSF. Several potential pathophysiological mechanisms
may explain the association between fibrinogen and CSF. Fibri-
nogen and its metabolites may lead to endothelial dysfunction.
Fibrinogen adhering to the endothelial surface leads to the
release of vasoactive molecules and disturbs endothelial perme-
ability, leading to fibrinogen deposition in the subendothelial
area, which provides a predisposing endothelial surface for the

extracellular accumulation of atherosclerotic aggregates.'?
Additionally, fibrinogen may stimulate endothelial cell dete-
rioration and disorganization and increase the release of
endothelial cell-derived growth factors.® All of these processes
suggest that fibrinogen plays a role in the stimulation of vascular
inflammation and is responsible for endothelial dysfunction.
Increased levels of fibrinogen, similar to decreased albumin lev-
els, may be associated with endothelial dysfunction. Independent
of an acute condition, as a consequence of a reciprocal interac-
tion, the high fibrinogen-to-albumin ratio appears to indicate a
chronic inflammatory load.

The CRP is a uniquely sensitive biomarker of systemic
inflammation. The hsCRP analysis has enabled the detection
of even low-grade chronic inflammation, which was previously
regarded as clinically not significant. Previous studies have
clearly indicated the predictive and prognostic roles of CRP in
cardiovascular diseases.”’° Li et al*' and Barutcu et al** found
that a higher serum level of hsCRP is associated with CSF. An
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Table 6. ROC Curve Analysis Results.

AUC AUC (%95 Cl) P Value

Control—CSF

Fibrinogen/Albumin ratio 0.936 0.890-0.982 .000

hsCRP/Albumin ratio 0.945 0.907-0.982 .000
Control—CAD

Fibrinogen/Albumin ratio 0.996 0.990-1.000 .000

hsCRP/Albumin ratio 0.967 0.941-0.992 .000
CSF—CAD

Fibrinogen/Albumin ratio 0.855 0.792-0919 .000

hsCRP/Albumin ratio 0.621 0.522-0.720 .018

Abbreviations: AUC, area of under curve; Cl, confidence interval; ROC, recei-
ver—operating characteristic.
Bold-italic values in tables signifies p value of <0.05.

association between hsCRP and endothelial dysfunction was
also demonstrated.’® Hein et al*®> showed that CRP reduces
endothelial NO synthase activity and inhibits endothelium-
dependent NO-mediated vasodilatation. Additionally, Devaraj
et al** suggested that CRP impairs the endothelial cell glycoca-
lyx (ie, the endothelial surface), which provides crucial protec-
tion of the endothelium, resulting in endothelial dysfunction. All
of these findings suggest that the increased hsCRP level in
patients with CSF may be another biomarker of endothelial
dysfunction and inflammation and is likely involved in the
pathophysiological process resulting in CSF. In the current
study, we evaluated the level of hsCRP, an essential inflamma-
tory biomarker associated with inflammatory load, in patients
with CSF. Moreover, in addition to previous studies, we also
found that the CAR was higher in patients with CSF than in
patients with angiographically normal coronary arteries. In the
current study, an increased hsCRP level and CAR suggested the
presence of inflammatory load and endothelial injury in the
pathogenesis of CSF. An increased hsCRP level may also be
an early indicator of slowed coronary blood flow.

In the present study, we compared the inflammatory load of
patients with CSF to not only angiographically normal patients
but also to patients with obstructive CAD. Plasma albumin levels
were similar between patients with CSF and CAD but were sig-
nificantly lower in these groups than in the control group. More-
over, both plasma hsCRP and plasma fibrinogen levels were
significantly higher in patients with CAD than in patients with
CSF. As expected, the FAR and CAR were also significantly
higher in cases with CAD than in cases with CSF. These results
suggest that systemic inflammatory load is associated with ather-
osclerotic obstructive CAD more strongly than with CSF. In the
current study, the plasma fibrinogen level was a strong indepen-
dent predictor of CAD, and the SYNTAX score was strongly and
positively correlated with the plasma fibrinogen level and FAR,
suggesting that the strong association between fibrinogen and
CAD may be related to another physiopathologic mechanism
other than systemic inflammatory load. Tabakg1 et al recently
showed a correlation between CAD and the plasma fibrinogen
level,'* supporting the results of the current study.

Table 7. Multiple Logistic Regression Analysis Showing Significant
Independent Predictors of Coronary Slow Flow and Coronary Artery
Disease.

95% Confidence

Interval

Variable P Value Odds Ratio Lower Upper
Control—CSF

hsCRP-Albumin ratio .036 >100 4.99 >100

RCA TFC .027 2.32 1.10 4.90
Control—CAD

Fibrinogen—Albumin ratio .000 1.22 1.09 1.36
CSF-CAD

RCA TFC .001 0.496 0.330 0.745

Abbreviations: CAD, obstructive coronary artery disease patients; Control,
angiographically normal patients; CSF, coronary slow flow patients; RCA, right
coronary artery; TFC, TIMI frame counts.

Bold-italic values in tables signifies p value of <0.05.

Demographic data on CSF are generally limited in the lit-
erature. Some clinical studies have reported male gender as a
predictor of CSF, while others have found no relationship
between gender and CSF.>>*® However; CSF usually tends to
be more common in young men.' Additionally, previous clin-
ical studies have clearly shown that within the age spectrum of
40 to 60 years, the incidence of atherosclerotic cardiovascular
disease is at least twice as high in men compared to women
(37). We observed male gender dominance in the CAD group
that was compatible with current literature.

Smoking has long been established as a risk factor for ather-
osclerotic vascular disease.’’ Smoking has a critical role in
both the aggravation and the development of atherosclerotic
vascular disease. Smoking is hypothesized to enforce its
adverse effects by facilitating endothelial dysfunction through
oxidative stress and proinflammatory effect, modifying the
lipids and inducing a highly prothrombotic status.*® Coronary
slow flow, which is thought to be associated with endothelial
dysfunction, is more common in smokers." In the present study,
the higher prevalence of smoking in both the CAD group and
the CSF group may be related to these effects of tobacco.

Study Limitations

Our study had some limitations, including the small number of
patients and the exclusively caucasian cohort. Second, the
observational and cross-sectional design of our study made it
difficult to interpret the causal relationships of inflammatory
biomarker levels with CSF and CAD. Third, none of the
patients underwent intravascular ultrasonography to detect sub-
clinical atherosclerosis in coronary arteries because an intra-
vascular ultrasound (IVUS) system is not available in our
clinic. However, patients with CSF do not routinely undergo
IVUS in clinical practice, and CSF is usually diagnosed only by
coronary angiography. Although no patient had a suspicious
image or coronary wall irregularity on angiographic evaluation,
an atherosclerotic lesion or plaque that can be detected only by
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IVUS examination could have gone unobserved and potentially
affected the plasma inflammatory biomarker levels.

Mangieri et al® suggested that CSF normalizes after intra-
coronary dipyridamole infusion. Another limitation of our
study is that we did not test whether CSF normalized after
infusion of an intracoronary vasoactive agent, such as dipirida-
mol. However, if only the patients in who CSF persisted after
dipyridamole infusion had been included, this would have been
more supportive of a role for inflammation over other func-
tional abnormalities. As a final limitation, some medical agents
already in use by patients included in the study may have
directly or indirectly affected the inflammatory status or clin-
ical process of CSF.**** However, we do not know their effects
on our results.

Conclusion

In conclusion, our study showed that a higher fibrinogen level,
FAR, and CAR were significantly and independently related to
the presence of CSF and CAD. In addition, hsCRP and CAR
were positively correlated, and the serum albumin level nega-
tively correlated with mean TIMI frame counts in patients with
CSF. These results suggest that a higher FAR and CAR may be
associated with impaired endothelial function and increased
inflammatory load in patients with CSF.
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