Page 736 VOJNOSANITETSKI PREGLED Vojnosanit Pregl 2021; 78(7): 736-744.

TET
! 5 &

ORIGINAL ARTICLE
(CCBY-SA) 284

UDC: 577.1:616.12
DOI: https://doi.org/10.2298/VVSP190916129D

Hyperhomocysteinemia and inflammatory biomarkers are associated
with higher clinical SYNTAX score in patients with stable coronary
artery disease

Hiperhomocisteinemija i biomarkeri inflamacije povezani su sa visim klini¢kim
SINTAKS skorom kod bolesnika sa stabilnom koronarnom arterijskom boles¢u

Predrag Djuri¢*', Zorica Mladenovi¢*', Marijan Spasi¢*, Zoran Jovié¢*,
Jelena Mari¢-Kocijanéi¢*, Djordje Prokié¢*, Vesna Subota$, Zoran Radoji¢i¢',
Dragan Djurié"

Military Medical Academy, *Clinic of Cardiology and Emergency Internal Medicine,
*Institute of Radiology, SInstitute of Biochemistry, Belgrade, Serbia; TUniversity of
Defence, Faculty of Medicine of the Military Medical Academy, Belgrade, Serbia;
University of Belgrade, 'Faculty of Organizational Sciences, "Faculty of Medicine,

Belgrade, Serbia

Abstract

Background/Aim. Previous studies have confirmed a pos-
itive correlation between homocysteine levels and a greater
risk for acute coronary syndrome and stroke, but there are
no available data to support an association between homo-
cysteine and inflammatory markers and the severity of cor-
onary artery disease according to the clinical SYNTAX
score in patients with stable angina. The aim was to deter-
mine the association between homocysteine and inflamma-
tory biomarker levels: interleukin (IL)-6, high sensitive C-
reactive protein (hs-CRP), fibrinogen, erythrocyte sedimen-
tation rate (ESR) and the severity of coronary artery disease
according to clinical SYNTAX score. Methods. Eighty-two
patients with stable angina pectoris (average age 65 = 8
years, 28.9% females) underwent coronary angiography and
were divided into three groups according to the clinical
SYNTAX score: the group I < 22 (39 patients), the group
II' 23-32 (16 patients), the group III > 33 (27 patients). The
severity and complexity of coronary artery disease were cal-
culated by clinical SYNTAX score, multiplying the SYN-
TAX score with the modified ACEF score, based on the pa-
tients’ left ventricular ejection fraction, age and creatinine
clearance (derived with Cockcroft—Gault equation). Re-

Apstrakt

Uvod/Cilj. Prethodne studije potvrdile su pozitivhu korela-
ciju izmedu nivoa homocisteina i veceg tizika od nastanka
akutnog koronarnog sindroma i mozdanog udara, ali nije bilo
istrazivanja koja su ispitivala povezanost izmedu vrednosti
homocisteina i inflamacijskih markera i teZzine koronarne ar-

sults. Homocysteine levels were significantly higher in pa-
tients with high clinical SYNTAX score [the group I: medi-
an (interquartile range — IQR): 10.20 (3.97), the group II:
10.45 (5.77), the group I1I: 14.70 (7.50), p = 0.005]. Patients
in the group III had significantly higher homocysteine levels
compared to the group I (p = 0.001). We also found a posi-
tive association between inflaimmatory biomarkers (IL-6,
hsCRP, fibrinogen, ESR) and the severity of coronary artery
disease according to the clinical SYNTAX score (p = 0.017,
0.001, 0.032, 0.049 respectively). We detected significantly
lower plasma levels of vitamin B12 in the group III and
group II in comparison with the group I (the group I: medi-
an (IQR): 238 (160), the group II: 171 (160), the group III:
172 (102), p = 0.022), which indicates its important role in
homocysteine metabolism. Conclusion. The elevated plas-
ma levels of homocysteine, IL.-6, hsCRP, fibrinogen, ESR
were detected in patients with high clinical SYNTAX score
(> 33). Our results showed that hyperhomocysteinemia and
some inflammatory biomarkers can predict more severe and
extensive coronary artery disease in stable angina patients.

Key words:
coronary disease; inflammation mediators;
homocysteine; angina, stable.

terijske bolesti prema klinickom SINTAKS skoru kod
bolesnika sa stabilnom anginom pektoris. Cilj ovog istrazivan-
ja bio je da se utvrdi povezanost izmedu koncentracije homo-
cisteina i inflamacijskih biomarkera: intetleukina (IL)-6, vi-
soko senzitivnog C-reaktivnog proteina (hs-RCP), fibrinogena
i sedimentacije eritrocita (SE) i stepena tezine koronarne ar-
terijske bolesti prema klinickom SINTAKS skoru. Metod.
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Kod 82 bolesnika sa stabilnom anginom pektoris (prosecne
starosti 65 * 8 godina, 28,9% Zzena) uradena je koronarografi-
ja, nakon Cega su podeljeni u tri grupe prema klinickom SIN-
TAKS skoru: I grupa < 22 (39 bolesnika), II grupa 23-32 (16
bolesnika), III grupa > 33 (27 bolesnika). Stepen tezine kot-
onarne artetijske bolesti odreden je prema klinickom SIN-
TAKS skoru, mnozenjem SINTAKS I skora i modifikovanog
ACEEF skora, koji uzima u obzir ejekcionu frakciju leve ko-
more, starost bolesnika i klirens kreatinina (izvedenog
pomocu Cockcroft-Gault-ove jednacine). Rezultati. Vred-
nosti homocisteina bile su znacajno vise kod bolesnika sa vi-
sokim klinickim SINTAKS skorom [I grupa: medijana (inter-
kvartilini raspon — IQR): 10,20 (3,97), II grupa: 10,45 (5,77),
IIT grupa: 14,70 (7,50), p = 0,005]. Bolesnici III grupe imali su
znacajno vise vrednosti homocisteina u poredenju sa I
grupom (p = 0,001). Takode smo detektovali pozitivau korel-
aciju izmedu inflamacijskih markera (IL-6, hs-CRP, fibrino-

gena i SE) 1 tezine koronarne arterijske bolesti prema klin-
ickom SINTAKS skoru (p = 0.017, 0.001, 0.032, 0.049 re-
dom). Detektovali smo znacajno nize vrednosti vitamina B12
u grupama III i II u odnosu na grupu I (I grupa: medijana
(IQR): 238 (160), II grupa: 171 (160), 11 grupa: 172 (102), p
= 0,022) sto ukazuje na njegovu vaznu ulogu u metabolizmu
homocisteina. Zaklju¢ak. Povisene koncentracije homocis-
teina, II.-6, hsCRP, fibrinogena i SE u plazmi detektovane su
kod pacijenata sa visokim klinickim SINTAKS skorom (>
33). Nasi rezultatd pokazali su da hiperhomocisteinemija i po-
jedini inflamacijski biomarkeri mogu ukazati na prisustvo
ozbiljnije 1 ekstenzivnije koronarne arterijske bolesti kod
bolesnika sa stabilnom anginom pektoris.

Kljucne reci:
koronarna bolest; zapaljenje, medijatori; homocistein;
angina, stabilna.

Introduction

Amino acid homocysteine (HCy), participates in the
initiation of endothelial dysfunction, and increases oxidative
stress 1 2, leading to accelerated atherosclerosis. HCy has
been associated with hypercoagulability state and increased
thrombus burden * 4and it has been recognized as a risk fac-
tor for acute coronary syndrome and ischemic stroke 5 ©. Re-
cent studies " & concluded that hyperhomocysteinemia may
develop as a consequence of chronic immune activation,
which implies the importance of simultaneous measurement
of both inflammatory markers and homocysteine levels, as
well as vitamin B12 and folic acid.

Coronary artery disease (CAD) is mostly caused by ath-
erosclerosis, which is considered to be an inflammatory dis-
ease 0, Inflammatory factors have a substantial role in the in-
itiation and progression of CAD !, and circulating markers re-
flect the inflammatory process within the coronary artery wall.
During clinical practice, we have found that a certain number
of patients without traditional risk factors for CAD had signifi-
cant changes in coronary arteries. Thus, it is necessary to de-
termine if some other risk factors may contribute to the for-
mation and progression of CAD. Several studies have shown
that fibrinogen is related to the increased cardiovascular (CV)
risk *2 and plaque progression in patients with acute coronary
syndrome and stable angina *-15. The AtheroGene study ¢,
which investigated 1,806 patients with documented CAD and
stable angina pectoris, concluded that high fibrinogen and C-
reactive protein (CRP) values were predictive for future CV
risk, but did not provide additional information on top of tradi-
tional risk factors. CRP has been studied in patients with un-
stable and stable angina pectoris ¥’. Very recent study *¢ found
a positive association between CRP levels and intrahospital
mortality in patients with ST-elevation myocardial infarction.
Another important inflammatory marker, interleukin (IL)-6, is
engaged in pathogenesis of CAD, participating in plaque for-
mation and its destabilization *°. High levels of IL-6 have been
detected in patients with unstable CAD, in comparison with
stable angina patients .
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The assessment of CAD severity can be done by using
different scores, and according to the number of the diseased
coronary arteries. The clinical SYNTAX (Synergy Between
Percutaneous Coronary Intervention With Taxus and Cardiac
Surgery) score (CSS), which combines SYNTAX | and mod-
ified the ACEF (age, creatinine, ejection fraction) score pro-
vides additional clinical characteristics based on the patients’
left ventricular ejection fraction (LVEF), age and creatinine
clearance (CrCl) derived using the Cockcroft-Gault % equa-
tion. It has been shown that CSS has predictive ability for
adverse clinical outcome after percutaneous coronary inter-
vention (PCI) 72 by incorporating clinical variables, but it
also can be used in the assessment of the severity of CAD.

The aim of this clinical study was to investigate and de-
termine the correlation between inflammation markers and
metabolism of homocysteine and CAD and its severity in pa-
tients with stable angina pectoris.

Methods

The study included 82 patients with stable angina pec-
toris, and all had positive myocardial ischemia noninvasive
tests, either on a treadmill exercise test or pharmacological
echocardiography dobutamine stress test. Patients with acute
coronary syndrome, active inflammatory diseases, infections
and malignant diseases, as well as with previous myocardial
infarction, history of coronary revascularization and severe
valvular disorders were excluded. Several standard laborato-
ry parameters were measured: fasting glucose, total and low
density lipoprotein (LDL) cholesterol, triglycerides, creati-
nine, erythrocyte sedimentation rate (ESR), leukocyte count
(Le), high sensitive C-reactive protein (hs-CRP) and fibrino-
gen.

The homocysteine level, expressed in pmol/L, was de-
termined using a commercially available test on System
Siemens nephelometric analyzer by immunonephelometry
method in EDTA plasma samples. Sample coefficient of var-
iation (CV) was 4.2%, and reference range 4.995-15.000
umol/L. For serum IL-6 measurement we used DPC Immu-
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lite 2000, Siemens analyzer by chemiluminescence im-
munometric assay. Sample coefficient of variation (CV) was
4.0%, and reference range 0.0-5.9 pg/mL.

Subjects assessed as positive for ischemic heart disease
underwent coronary angiography in order to determine the
severity of CAD according to the CSS 22 2, According to the
severity of CAD, we divided all the patients into the three
groups regarding the CSS: the group | (< 22 points), the
group 1l (23-32 points), and the group 11 (> 33). We, also,
estimated the severity of CAD according to the number of
the affected coronary vessels (1-vessel, 2-vessel and 3-vessel
disease). For the assessment of CAD severity, we used CSS,
calculated multiplying the value of SYNTAX I score and
modified ACEF score 2% based on the patients’ left ventric-
ular ejection fraction (LVEF), age and CrCl derived using
the Cockcroft-Gault equation.

Statistical analysis was done using SPSS statistical
software 25.0. Average values and standard deviation were
used for data with a normal distribution. The median and in-
terquartile range (IQR) were used for the data without nor-
mal distribution. A significant difference between the groups
was measured using the Mann Whitney test for two inde-
pendent groups and K independent samples (Kruskal Wallis)
and categorical variables were compared by the chi-square
test ().

The association between HCy serum levels and the se-
verity of angina, clinical and anatomic SYNTAX score was
estimated with logistic regression analysis. The results be-
tween groups were described as odds ratios (OR) (Mantel-
Haenszel current OR) with a 95% confidence interval (CI).
Cluster analysis with Ward’s method was used for finding
the cut-off points. For statistically significant differences we
used p < 0.05.

Results

A total of 82 patients with the symptoms of stable angi-
na (average age 65 * 8 years, 28.9% females) underwent
coronary angiography and were divided into three groups ac-
cording to CSS: the group | (< 22; n = 39), the group Il (23—
32; n = 16), the group Il (> 33; n = 27).

Patients’ clinical characteristics and laboratory parame-
ters from all the three groups are summarized in Table 1.
There were significant differences between all three groups
regarding age, physical activity, triglycerides, creatinine
clearance and diastolic blood pressure on the admission to
the hospital (p < 0.05). On the other hand, there was no sta-
tistically significant correlation between gender, active
smoking, hypertension, family history, diabetes mellitus,
fasting glucose, total and LDL cholesterol, atherosclerosis
index, body mass index (BMI), acidum uricum, LVEF, end-
diastolic, end-systolic diameter of left ventricular and the se-
verity of CAD according to CSS. Homocysteine, inflamma-
tory biomarkers (IL-6, hs-CRP, fibrinogen, ESR, leuko-
cytes), folic acid, vitamin B12, prothrombin time (PT), acti-
vated partial thromboplastin time (APTT), as well as the
number of affected and treated coronary arteries in all 3
groups are presented in Table 2.

There was a statistically significant positive correlation
between homocysteine levels and the severity of CAD ac-
cording to clinical SYNTAX score. Homocysteine levels
were significantly higher in patients with high Clinical
SYNTAX (> 33). Patients in group Il had significantly
higher HCy levels compared to group | (the group I: median
(IQR): 10.20 (3.97), the group II: 10.45 (5.77), the group I1I:
14.70 (7.50), Kruskal Wallis test, p = 0.005); (Figure 1).

Then, we evaluated the odds ratio (OR) for CCS according
to HCy values (I group HCy < 15 pmol/L, II group > 15
pmol/L) using multivariable logistic regression analysis (Man-
tel-Haenszel common OR with 95% confidence intervals). The
patients with HCy > 15 pmol/L had more severe CAD accord-
ing to CSS. We found that the OR between group 111 and group
I was 8.125 with 95% CI (2.258-29.241, p = 0.001), and the rel-
ative risk was 4.695 (1.715-12.821). The high-risk patients for
CAD were in the group with HCy values > 15 umol/L (Figure
2). In multiple logistic regression analysis, where the Clinical
SYNTAX score was a dependent variable, and homocysteine
levels were independent variables we found statistically signifi-
cant differences in HCy levels between group Il ( > 33) and
group | (< 22); (Odds ratio = 1.230, 95% CI = 1.079-1.403, p =
0.002 and Odds ratio = 1.153, 95% CI = 1.015-1.309, p = 0.028,
respectively). In multiple logistic regression analysis, where the
multivessel disease was a dependent variable, and homocysteine
levels were independent variables we found significant differ-
ences in HCy levels between 3-vessel and 2-vessel disease
(Odds ratio = 1.217, 95% CI = 1.041-1.422, p = 0.014).

We detected significantly lower plasma levels of Vitamin
B12 in group Il compared to group I, which indicates its im-
portant role in HCy metabolism (the group I: median (IQR):
238 (160), the group 1I: 171 (160), the group IlI: 172 (102),
Kruskal Wallis test, p = 0.022). Our results showed that HCy
values were significantly higher in groups Il and Ill, where
vitamin B12 values were significantly lower. On the other
hand, we did not find differences in folic acid values between
all three groups (Table 2). We found that the inflammatory bi-
omarkers (IL-6, hs-CRP, fibrinogen, ESR) were all in positive
correlation with the severity of coronary artery disease accord-
ing to CSS (Table 2). The presence of CAD was associated
with higher values of IL-6 [the group I: median (IQR): 2.49
(2.67), the group II: 3.10 (3.91), the group IlI: 4.80 (4.52),
Kruskal Wallis test, p = 0.017]; (Figure 3).

We detected significant differences in hs-CRP values
between 3 groups, and additional statistical analysis showed
differences between group Il and group I, and group Il and
group Il [the group I: median (IQR): 2.75 (5.77), the group
11: 1.01 (2.78), the group I11: 5.17 (8.84), Kruskal Wallis test,
p = 0.001]. Comparison of the groups demonstrated signifi-
cant differences in fibrinogen (Figure 4) and ESR values be-
tween group 111 and group I.

Fibrinogen in the group Il was higher than in the
groups | and 11, which was statistically significant [the group
I: median (IQR): 3.30 (0.90), the group Il: 3.55 (0.85), the
group I1I: 3.70 (0.60), Kruskal Wallis test; p = 0.032]. Pa-
tients with higher CSS had higher values of ESR [the group
I: median (IQR): 18 (25), the group II: 22.5 (30), the group
111: 26 (29), Kruskal Wallis test; p = 0.049].
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Table 1

Patients’ clinical characteristics and laboratory parameters from all the three groups
according to the clinical SYNTAX score

Clinical SYNTAX score

Parameters I (n=239) Il (n=16) I (n=27)
<22 2332 >33 p (test

Gender, n (%)

female 8 (20.5) 1(6.3) 10 (37.0) 2

male 31(795)  15(93.7) 17 (63.0) >0.05(x)
Age (years), median (IQR) 62.0 (13.0) 68.5(11.5) 71.0 (9.0) 0.001 (KW)
Active smoking, n (%) 31 (79.49) 11 (68.75) 14 (51.85) >0.05 (x?)
Hypertension, n (%) 38 (97.4) 13 (81.25) 26 (96.30) >0.05 (x?)
Family history, n (%) 27 (69.23) 12 (75.00) 21 (77.78) 0.731 (x?)
Diabetes mellitus, n (%) 13 (33.33) 3 (18.75) 11 (40.74) 0.332 (x?)
Physical activity, n (%) 17 (43.59) 7 (43.75) 2 (7.41) 0.008 (x?)
Glucose (fasting) (mmol/L),

median (IQR) 6.00 (2.40)  5.60 (1.05) 6.40 (2.50) > 0.05 (KW)
Triglycerides (mmol/L),

median (IQR) 1.84 (1.21) 1.44(0.86) 1.46 (0.75) 0.036 (KW)
Cholesterol (mmol/L),

median (IOR) 5.24 (1.79)  5.29(1.99) 4.74 (1.58) > 0.05 (KW)
HDL cholesterol (mmol/L),

median (IQR) 1.14 (0.31) 1.18 (0.23) 1.10 (0.36) > 0.05 (KW)
LDL cholesterol (mmol/L),

median (IQR) 3.00 (1.70)  3.00(1.36) 2.92 (1.26) > 0.05 (KW)
Atherosclerosis index,

median (IOR) 2.98(1.34) 259 (1.19) 2.32 (1.19) > 0.05 (KW)
Atherogenic index of plasma,

median (IOR) 0.22 (0.34) 0.17 (0.24) 0.11 (0.35) > 0.05 (KW)
Body mass index (kg/m?)

median (IQR) 29.41 (5.07) 26.49 (4.74) 27.76 (4.80) > 0.05 (KW)
Creatinine clearance (mL/min),

median (IQR) 89.2 (15.4) 85.8(21.3) 75.3 (29.8) 0.029 (KW)
Creatinine (umol/L),

median (IOR) 89.2 (15.4)  80.5(18.0) 84.0 (29.0) > 0.05 (KW)
Acidum uricum (umol/L),

median (IQR) 342 (136) 333 (120) 331 (147) > 0.05 (KW)
Systolic blood pressure (mmHg),

median (IQR) 140 (30) 130 (28) 140 (30) 0.004 (KW)
Diastolic blood pressure (mmHg),

median (IQR) 80 (10) 80 (10) 80 (10) > 0.05 (KW)
LVEF (%), median (IQR) 60.00 (2.00) 57.00 (5.00) 58.00 (5.00) > 0.05 (KW)
End diastolic diameter (mm),

median (IQR) 53.00 (5.00) 56.00 (4.25) 54.00 (9.00) > 0.05 (KW)
End systolic diameter (mm),

median (IQR) 34.00 (7.00) 35.50 (4.50) 35.00 (7.00) > 0.05 (KW)

x? — chi-square test; KW — Kruskal Wallis test; IQR — interquartile range; HDL — high density
lipoprotein; LDL — low density lipoprotein; LVEF — left ventricular ejection fraction.
p — values < 0.05 indicate significant differences regarding parameters among all 3 groups.

Table 2

Laboratory parameters across the three groups of the clinical SYNTAX score

Parameter

Clinical SYNTAX score group

(< 22) 11 (23-32) 11 (> 33)

p
(Kruskal Wallis test)

Leukocytes (x 10°%), median (IQR)

ESR (mm/h), median (IQR)

C-reactive protein (mg/L), median (IQR)
Fibrinogen (g/L), median (IQR)
Interleukin-6 (pg/mL), median (IQR)
Homocysteine (umol/L), median (IQR)
Folic acid (nmol/L), median (IQR)
Vitamin B12 (pmol/L), median (IQR)
Prothrombin time (second), median (IQR)

7.03(141) 671253  7.32(2.74)
18.0(25.00) 22.5(33.00) 26.0 (29.00)
2.75(5.77) 1.01(2.78)  5.17 (8.84)
3.30(0.90) 3.55(0.85)  3.70 (0.60)
249 (267) 3.10(3.91)  4.80 (4.52)
10.20 (3.97) 10.45(5.77)  14.70 (7.50)
146 (14.23) 13.1(1357) 14.02 (14.72)
238(160)  171(160) 172 (102)
1.05(0.08) 1.01(0.07)  1.02(0.12)

Activated prothrombin time (second), median (IQR) 31.62 (5.77) 30.77 (5.28) 33.82 (9.70)

>0.05
0.049
0.001
0.032
0.017
0.005
>0.05
0.022
> (0.05
>0.05

IQR - interquartile range; ESR - erythrocytes sedimentation rate;
p — values < 0.05 indicate significant differences regarding parameters among all 3 groups.
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Fig. 1 — The correlation between plasma levels of homocysteine and the severity of
coronary artery disease according to the clinical SYNTAX score.
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Fig. 2 — Odds ratio with 95% confidence intervals for the clinical SYNTAX score (CSS)
according to the homocysteine (HCy) levels (HCy < 15 pmol/L, HCy > 15 pmol/L) in
the study groups. Group | CSS < 22; Group Il CSS 23-32; Group 111 CSS > 33.
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Fig. 3 — The correlation between plasma levels of interleukin-6 and the severity
of coronary artery disease according to the clinical SYNTAX score.
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Fig. 4 — The correlation between plasma levels of fibrinogen and the severity of
coronary artery disease according to the clinical SYNTAX score.

Discussion

The results of our study showed a significant correla-
tion between the severity of CAD represented by the CSS
and the levels of HCy and inflammatory markers (hs-CRP,
ESR, IL-6, fibrinogen).

HCy reduces the production of nitric oxide (NO) and
increases the proliferation of smooth muscle cells 2% 2. HCy
levels are influenced by vitamin B12 and folic acid, but also
by a chronic immune response and renal function 2. Unlike a
recent study 2 in which a positive correlation between hy-
perhomocysteinemia and SYNTAX | score was found in pa-
tients with the acute coronary syndrome (ACS), we conduct-
ed the study where we found an association between the val-
ues of HCy and the CSS, but in stable angina patients. Two
separate studies 3% 3 have shown that HCy levels were higher
in patients with the three-vessel disease compared to those
with single-vessel CAD. A positive correlation between hy-
perhomocysteinemia and acute coronary syndrome can be
explained by its role in oxidative stress, endothelial dysfunc-
tion, and his prothromboatic activity, inducing the progression
of stable to unstable atherosclerotic plaque ** 4. McCully
has shown that hyperhomocysteinemia can lead to accelerat-
ed atherosclerosis in the general population. The study we
have done showed a positive correlation between HCy levels
and the severity of CAD according to the CSS in patients
with stable angina pectoris.

The results of our research are consistent with the re-
sults of the previous one, but a positive correlation was
found, not only with HCy levels but also with the concentra-
tions of the investigated inflammatory markers. Additional
statistical analysis of the groups according to the CSS
showed that the levels of the inflammatory markers (hs-CRP,
ESR, IL-6, fibrinogen) were in correlation with the serum
HCy levels and that a significant difference was detected be-
tween the group Il and the group I. One explanation could
be the synergistic action of HCy and inflammatory markers

Djuri¢ P, et al. Vojnosanit Pregl 2021; 78(7): 736-744.

on the inflammation process in the blood vessel wall, which
was the conclusion of the recent study ° that detected the as-
sociation of moderate hyperhomocysteinemia and cellular
immune-mediated activity. Another assumption of the study
was that the accumulation of HCy in the vessel wall might be
due to a deficiency of vitamin B 12 which is related to chron-
ic activation of the immune system. The results of a recent
study ¥ have shown that hyperhomocysteinemia in older pa-
tients with ACS is a significant predictor of total mortality
and major adverse cardiovascular events (MACE). Our study
included patients with stable angina pectoris, and it has
shown the average age of 70 years, in the group Il that had
significantly higher levels of HCy than the group I, with an
average age of 62 years, which is consistent with the fact that
HCy levels raise with aging. We detected significantly lower
plasma levels of vitamin B12 in the group Il and the group
Il in comparison with the group I, which indicates its im-
portant role in HCy metabolism.

It is well known that inflammation is the initial step in
atherosclerotic plaque formation, progression, and develop-
ment of arterial thrombus burden 34, Inflammatory mediators
have an essential role in plaque destabilization and conse-
quence rupture *.

Some cohort studies % revealed that patients with mul-
tiple traditional risk factors did not have CAD, and that is
one of the reasons why we conducted a study where we in-
vestigated traditional risk factors on one side, and HCy levels
and the inflammatory markers on the other. Patients with
more severe CAD (CSS > 33) were older, which can be ex-
plained by the cumulative effects of different CV risk factors
in an extended period. Elderly patients have a high incidence
of CAD and worse cardiovascular prognosis .

The results of our study showed significant correlation
between inflammatory markers (hsCRP, ESR, IL-6, fibrino-
gen) and the severity of CAD according to the CSS (p < 0.05).

CRP is a biomarker of systemic inflammation, and ele-
vated levels are detected in different conditions, such as in-
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fection, injury and other inflammatory stimuli *8. Recent
study 8 involved patients with ST-elevation acute myo-
cardial infarction (STEMI), and detected higher intrahos-
pital mortality in those with higher CRP levels on admis-
sion to hospital. Other study *° also showed a positive cor-
relation between CRP and recurrent coronary events in
ACS patients, but our study, to the best of our knowledge,
was the first conducted to establish an association be-
tween CRP levels and the severity of CAD according to
the CSS in patients with stable angina pectoris. In the ear-
ly stage of inflammation, CRP provokes endothelial dys-
function, and therefore accelerates atherosclerosis by re-
ducing NO release. Some studies ** #! have shown that
high CRP levels are associated with future cardiovascular
events in patients with unstable and stable coronary dis-
ease, but this is the first study in which the CSS was used
for the severity assessment of CAD.

ESR has a positive association with traditional risk
factors: gender, age, total cholesterol, body mass index
(BMI), diabetes, and active smoking *2. Reykjavik Study
43 has shown that ESR was an independent long-term pre-
dictor of CAD in both men and women. The results of our
study are consistent with the study ** in which ESR was
related to the extent of atherosclerosis of coronary artery,
but, unlike this study, we found an association with the
extent of CAD according to the more accurate CSS.

IL-6 plays an important role in the pathogenesis of
CAD *, directly, leading to endothelial dysfunction, mac-
rophage/ monocyte initiation, extracellular matrix degra-
dation, and indirectly, stimulating the synthesis of coagu-
lation factors. IL-6 also initiates the synthesis of other in-
flammatory markers in the liver “¢. The MESA study
(Multi-Ethnic Study of Atherosclerosis) #” with 6,617 par-
ticipants without CV disease after 13.2 years of follow-up
revealed a strong association and predictive value of IL-6
in the development of CV disease, heart failure, and total
mortality. A large meta-analysis “8, which included 17
studies with 5,730 patients with CAD and 19,038 subjects
in the control group, detected a strong association be-
tween IL-6 concentrations and CAD. Our results indicated
that the elevated IL-6 values in the highest tercile were in
positive correlation with CAD severity, and the CSS val-
ues were consistent with these findings. The elevated
concentrations of IL-6 are detected at the very beginning
of the inflammation in response to tissue damage and are
a “warning signal” for the entire organism *°. Concentra-
tions of IL-6 correlate with obesity, which can explain the
increased risk of CAD in obese patients. Our results are
consistent with the previous study °° because we found
that 57.32% of patients were overweight (BMI 25-29.9
kg/m?), and 26.83% were obese (BMI > 30 kg/m?). Also,
IL-6 stimulates the synthesis of the CRP %!, which can ex-
plain the results of our study where patients with a more
severe CAD (CSS > 33), with high values of IL-6, also
had elevated CRP values. The results of our study are en-
tirely consistent with a recent study %2, which detected the
elevated values in 100 patients with coronary angiography
proven CAD, but we found a positive association with

CAD severity according to CSS (p < 0.05). An explana-
tion for the above may be the fact that the CSS takes into
account the patients' age, renal function, and left ventricu-
lar ejection fraction.

A meta-analysis % comprising 31 studies with
154,211 subjects detected the correlation between fibrin-
ogen concentration and the risk of CAD, stroke and other
vascular mortality. A recent study % on 3,545 patients
with stable angina pectoris during 7.3-10.2 years of fol-
low-up showed that fibrinogen is a long-lasting independ-
ent marker of acute myocardial infarction and total mor-
tality, and fibrinogen concentrations were the highest in
patients with coronary angiographically most complex
CAD, but not according to more sensitive CSS. Tabakci et
al. % detected the severity and complexity of CAD in 134
patients, but patients were divided into three groups ac-
cording to the values of SYNTAX score (SS control
group = 0, SS intermediate group < 22, SS high-risk
group > 22). In our study, we detected significantly higher
fibrinogen values in the group of patients with the CSS >
33. De Luca et al. % detected a correlation between the
severity of CAD by the number of affected blood vessels
and the elevated fibrinogen levels. Very recent study %
with 440 patients with acute myocardial infarction in
whom 36 (8.2%) were identified as myocardial infarction
with nonobstructive coronary arteries (MINOCA) and
compared with myocardial infarction patients with ob-
structive CAD (MICAD), showed a significant increased
fibrinogen concentration in both groups, which may be
due to a myocardial infarction. Fibrinogen, as a precursor
of fibrin, increases plasma viscosity, erythrocyte aggrega-
tion and has a thrombogenic potential because it connects
thrombocytes in the formation of thrombus 8. By compar-
ing fibrinogen values among three groups, we found the
highest values in patients with the CSS > 33, compared to
small and intermediate-scale groups (< 32). A study of
Cappelletti et al. % on 574 subjects, who performed coro-
nary angiography, found that the elevated fibrinogen lev-
els were associated with a critical narrowing of the main
tree of the left coronary artery and the proximal segment
of the left anterior descending artery (LAD). The results
of our study was shown that there was a correlation be-
tween the concentration of fibrinogen and other investi-
gated markers (ESR, CRP, IL-6) with significant stenosis
(> 50%) of coronary arteries when we divided the sub-
jects according to the CSS. The results of our study are in
agreement with the results of other studies %% !, which
have shown that baseline fibrinogen values may indicate
the existence of a significant CAD and have the prognos-
tic significance of future CV diseases.

To our knowledge, this is the first study where a sig-
nificant difference in HCy and inflammatory marker lev-
els were found between three groups according to the
CSS. The results obtained in this study are consistent with
previous studies, but we used the CSS for the assessment
of the severity of CAD which included patients' clinical
features like left ventricular ejection fraction, age, and
creatinine clearance, besides anatomical variables.

Djuri¢ P, et al. Vojnosanit Pregl 2021; 78(7): 736-744.
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Conclusion

The elevated plasma levels of homocysteine, IL-6,

CRP, fibrinogen, ESR were detected in patients with high
CSS (> 33), which confirmed previous findings that long-
term, chronic inflammation of the coronary wall arteries pre-
ceded the formation of atherosclerotic plaques. We detected

10.
11.

12.

13.

14.

15.

16.

17.

significantly lower plasma levels of vitamin B12 in the group
111 and the group Il in comparison to the group I. Our results
showed that both hyperhomocysteinemia and some inflam-
matory biomarkers could predict more severe and extensive
CAD in stable angina patients. Higher values of tested pa-
rameters can be a useful prognostic indicator of the devel-
opment of more severe clinical picture in patients with CAD.

REFERENCES

Weiss N, Heydrick S|, Postea O, Keller C, Keaney |F r, Loscalzo J.
Influence of hyperhomocysteinemia on the cellular redox
state—impact on homocysteine-induced endothelial dysfunc-
tion. Clin Chem Lab Med 2003; 41(11): 1455-61.

Tyagi N, Sedoris KC, Steed M, Ovechkin AV, Moshal KS, Tyagi SC.
Mechanisms of homocysteine-induced oxidative stress. Am ]
Physiol Heart Circ Physiol 2005; 289(6): H2649-56.

Malinow MR. Hyperhomocyst(e)inemia. A common and easily
reversible risk factor for occlusive atherosclerosis. Circulation
1990; 81(6): 2004-6.

Abraham R, John M], Calton R, Dhanoa J. Raised serum homo-
cysteine levels in patients of coronary artery disease and the ef-
fect of vitamin B12 and folate on its concentration. Indian J
Clin Biochem 2006; 21: 95-100.

Stampfer MJ, MalinowMR, Willett WC, Newcomer LM, Upson B,
Ullpann D, et al. A prospective study of plasma homocysteine
and risk of myocardial infarction in US physicians. JAMA
1992; 268(7): 877-81.

Tanne D, Haim M, Goldbourt U, Boyko 1/, Doolpan R, Adler Y, et
al. A prospective study of serum homocysteine and risk of is-
chemic stroke among patients with preexisting coronary heart
disease. Stroke 2003; 34(3): 632-6.

Schroecksnadel K, Grammer TB, Boebm BO, Mdrz W, Fuchs D.
Homocysteine and inflammatory markers. Total homocysteine
in patients with angiographic coronary artery disease correlates
with inflaimmation markers. Thromb Haemost 2010; 103(5):
926-35.

Schroecksnadel K, Frick B, Wirleitner B, Schennach H, Fuchs D.
Homocysteine accumulates in supernatants of stimulated hu-
man peripheral blood mononuclear cells. Clin Exp Immunol
2003; 134(1): 53-6.

Libby P. Inflammation in atherosclerosis. Nature 2002;
420(6917): 868-74.

Lusis AJ. Atherosclerosis. Nature 2000; 407(6801): 233—41.
Pricea DT, Loscalzo |. Cellular adhesion molecules and athero-
genesis. Am | Med 1999; 107(1): 85-97.

Kannel WB, Wolf PA, Castelli WP, D’Agostino RB. Fibtrinogen
and risk of cardiovascular disease. The Framingham Study.
JAMA 1987; 258(9): 1183—0.

Shojaie M, Pourabmad M, Eshraghian A, Izadi HR, Naghshvar F.
Fibrinogen as a risk factor for premature myocardial infarction
in Iranian patients: a case-control study. Vasc Health Risk
Manag 2009; 5: 673—6.

Green D, Foiles N, Chan C, Schreiner PJ, Lin K. Elevated fibrino-
gen levels and subsequent subclinical atherosclerosis: the
CARDIA Study. Atherosclerosis 2009; 202(2): 623-31.

Ragino 11, Banm VA, Polonskaia 1V, Baum SR, Nikitin IP. Oxi-
dized fibrinogen and its relationship with hemostasis disturb-
ances and endothelial dysfunction during coronary heart dis-
ease and myocardial infarction. Kardiologiia 2009; 49(9) 4-8.
Sinning JM, Bickel C, Messow CM, Schnabel R, Lubos E, Rupprecht
H]J, et al. Impact of C-reactive protein and fibrinogen on car-
diovascular prognosis in patients with stable angina pectoris:
the AtheroGene study. Eur Heart ] 2006; 27(24): 2962-8.
Haverkate F, Thompson SG, Pyke SD, Gallimore |R, Pepys MB.
Production of C-reactive protein and risk of coronary events

Djuri¢ P, et al. Vojnosanit Pregl 2021; 78(7): 736-744.

18.

19.

20.

21.

22.

23.

24.

25.

26.

C

27.

28.

29.

30.

in stable and unstable angina. European Concerted Action on
Thrombosis and Disabilities Angina Pectoris Study Group.
Lancet 1997; 349(9050): 462—6.

Milano SS, de Moura Jinior OV, Bordin AAS, Marques GL.. C-
reactive protein as a predictor of mortality in STEMI. Int |
Cardiovasc Sci 2019; 32(2): 118-24.

Su D, LiZ, 1iX, Chen Y, Zhang Y, Ding D, et al. Association
between serum interleukin-6 concentration and mortality in
patients with coronary artery disease. Mediators Inflamm 2013;
2013: 726178.

Apnderson DR, Poterncha J'T, Mikuls TR, Duryee M], Garvin RP,
Kiassen 1.W, et al. 11.-6 and its receptors in coronary artery dis-
case and acute myocardial infarction. Cytokine 2013; 62(3):
395-400.

Cockeroft DW, Ganlt MH. Prediction of creatinine clearance
from serum creatinine. Nephron 1976; 16(1): 31-41.

Capodanno D, Caggegi A, Miano M, Cincotta G, Dipasqua F, Giac-
chi G, et al. Global risk classification and clinical SYNTAX
(synergy between percutaneous coronatry intervention with
TAXUS and cardiac surgery) score in patients undergoing per-
cutaneous or surgical left main revascularization. JACC Cardi-
ovasc Interv 2011; 4(3): 287-97.

Garg S, Serruys PW, Silber S, Wykrzykowska |, van Geuns R], Rich-
ardt G, et al. The Prognostic Utility of the SYNTAX Score on
1-Year Outcomes After Revascularization With Zotarolimus-
and Everolimus-Eluting Stents A Substudy of the RESO-
LUTE All Comers Trial. JACC Cardiovasc Interv 2011; 4:
432-41.

Garg S, Sarmo G, Garcia-Garcia HM, Girasis C, Wykrzykowska |,
Dawkins KD, et al. A new tool for the tisk stratification of pa-
tients with complex coronary artery disease: the Clinical SYN-
TAX Score. Circ Cardiovasc Interv 2010; 3(4): 317-26.

Ranueci M, Castelvecchio S, Menicanti 1, Frigiola A, Pelissero G.
Risk of assessing mortality risk in elective cardiac operations:
age, creatinine, ejection fraction, and the law of parsimony.
Circulation 2009; 119(24): 3053—61.

Bilsborough W, Green D], Mamotte CD, van Bockxmeer FM, O'Dris-
coll GJ, Taylor RR. Endothelial nitric oxide synthase gene poly-
morphism, homocysteine, cholesterol and vascular endothelial
function. Atherosclerosis 2003; 169(1): 131-8.

Cavalea V', Cighetti G, Bamonti F, Loaldi A, Bortone L, Novembrino
G, et al. Oxidative stress and homocysteine in coronary artery
disease. Clin Chem 2001; 47(5): 887-92.

Frick B, Rudgite V', Schroecksnadel K, Kalnins U, Erglis A,
Trusinskis K, et al. Homocysteine, B vitamins and immune
activation in coronary heart disease. Pteridines 2003; 14:
82-7.

Raradeniz M, Sarak T, Duran M, Alp C, Kandemir H, Etem Celik
I, et al. Hyperhomocysteinemia Predicts the Severity of Coro-
naty Artery Disease as Determined by the SYNTAX Score in
Patients with Acute Coronary Syndrome. Acta Cardiol Sin
2018; 34(6): 458—63.

Wu'Y, Yang L, Zhong L. Decteased serum levels of thioredoxin
in patients with coronary artery disease plus hyperhomocyste-
inemia is strongly associated with the disease severity. Athero-
sclerosis 2010; 212(1): 351-5.



Page 744

VOJNOSANITETSKI PREGLED

Vol. 78, No 7

31

32.

33.

34.

35.

30.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Joubran R, Asmi M, Bugjahn A, Vergoponlos A, Luft FC, Jonma M.
Homocysteine levels and coronary heart disease in Syria. |
Cardiovasc Risk 1998; 5(4): 257-61.

McCully KS. Homocysteine and the pathogenesis of atheroscle-
rosis. Expert Rev Clin Pharmacol 2015; 8(2): 211-9.

Fu Z, Qian G, Xue H, Gno ], Chen L, Yang X, et al. Hyperho-
mocysteinemia is an independent predictor of long-term clini-
cal outcomes in Chinese octogenarians with acute coronary
syndrome. Clin Interv Aging 2015; 10: 1467-74.

Libby P. Inflammation in atherosclerosis. Arterioscler Thromb
Vasc Biol 2012; 32(9): 2045-51.

Poredos P, Spirkoska A, Lezaic L, Mijovski MB, Jezovnik MK. Pa-
tients with an Inflamed Atherosclerotic Plaque have Increased
Levels of Circulating Inflammatory Markers. ] Atheroscler
Thromb 2017; 24(1): 39—46.

Ridker PM, Rifai N, Rose L, Buring JE, Cook NR. Compatrison
of C—reactive protein and low—density lipoprotein cholesterol
levels in the prediction of first cardiovascular events. N Engl J
Med 2002; 347(20): 1557—65.

Alexcander KP, Newby LK, Cannon CP, Armstrong PW, Gibler WB,
Rich MW, et al. Acute coronary care in the elderly, part
I:NonST-segment-elevation acute coronary syndromes: a sci-
entific statement for healthcare professionals from the Ameri-
canHeart Association Council on Clinical Cardiology: in col-
laboration with the Society of Geriatric Cardiology. Circulation
2007; 115(19): 2549-69.

Wu'Y, Potempa 1.4, El Kebir D, Filep ]JG. C-reactive protein and
inflammation: conformational changes affect function. Biol
Chem 2015; 396(11): 1181-97.

Correia 1.C, Esteves |P. C-Reactive protein and outcomes in
acute coronary syndromes: a systematic review and meta-
analysis. Arq Bras Cardiol. 2011; 97(1): 76-85. (English, Por-
tuguese, Spanish)

Bickel C, Rupprecht HJ, Blankenberg S, Espinola-Klein C, Schlitt A,
Rippin G, et al. Relation of markers of inflammation (C-
reactive protein, fibrinogen, von Willebrand factor, and leuko-
cyte count) and statin therapy to long-term mortality in pa-
tients with angiographically proven coronary artery disease.
Am J Cardiol 2002; 89(8): 901-8.

Haverkate F, Thompson SG, Pyke SD, Gallimore |R, Pepys MB.
Production of C-reactive protein and risk of coronary events
in stable and unstable angina. European Concerted Action on
Thrombosis and Disabilities Angina Pectoris Study Group.
Lancet 1997; 349(9050): 462—6.

Erikssen G, Liestol K, Bjornbolt ]V, Stormorken H, Thanlow E,
Eriksson J. Erythrocyte sedimentation rate: a possible marker
of atherosclerosis and a strong predictor of coronary heart dis-
case mortality. Eur Heart ] 2000; 21(19): 1614-20.

Andresdottir MB, Sigfusson N, Sigvaldason H, Gudnason 1. Exryth-
rocyte sedimentation rate, an independent predictor of coro-
nary heart disease in men and women: The Reykjavik Study.
Am ] Epidemiol 2003; 158(9): 844-51.

Natali A, 1.’Abbate A, Ferrannini E. Erythrocyte sedimentation
rate, coronary atherosclerosis, and cardiac mortality. Eur Heart
J 2003; 24(7): 639-48.

Anderson DR, Poterncha J'T, Mikuls TR, Duryee MJ, Garvin RP,
Kiassen LW, et al. IL-6 and its receptors in coronary artery dis-
case and acute myocardial infarction. Cytokine 2013; 62(3):
395-400.

Hartman ], Frishman WH. Inflammation and Atherosclerosis: A
review of the role of interleukin-6 in the development of ath-
erosclerosis and the potential for targeted drug therapy. Cardi-
ol Rev 2014; 22(3): 147-51.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Cainzos-Achirica M, Enjuanes C, Greenland P, McEvoy JW, Cush-
man M, Dardari Z, et al. The prognostic value of interleukin 6
in multiple chronic diseases and all-cause death: The Multi-
Ethnic Study of Atherosclerosis (MESA). Atherosclerosis
2018; 278: 217-25.

Danesh ], Kaptoge S, Mann AG, Sarwar N, Wood A, Angleman SB,
et al. Long-term interleukin-6 levels and subsequent risk of
coronary heart disease: two new prospective studies and a sys-
tematic review. PLoS Med 2008; 5(4): e78.

Tanaka T, Narazaki M, Kishimoto T. 11.-6 in Inflammation, Im-
munity, and Disease. Cold Spring Harb Perspect Biol 2014;
6(10): 2016295.

Eder K, Baffy N, Falus A, Fulop AK. The major inflammatory
mediator intetleukin-6 and obesity. Inflamm Res 2009; 58(11):
727-36.

Ridker PM. Targeting inflammatory pathways for the treatment
of cardiovascular disease. Eur Heart | 2014; 35(9): 540-3.

Jabir NR, Firoz CK, Kamal MA, Damanhonri GA, Alama MN,
Alzabrani AS, et al. Assessment of genetic diversity in IL-6 and
RANTES promoters and their level in Saudi coronary artery
disease patients. ] Clin TLab Anal 2017; 31(5): doi:
10.1002/jcla.22092.

Danesh |, Lewington S, Thompson SG, Lowe GD, Collins R, Kostis
JB, et al. Plasma fibrinogen level and the risk of major cardio-
vascular diseases and nonvascular mortality: an individual pat-
ticipant meta-analysis. JAMA 2005; 294(14): 1799-809.

Mjelva OR, Svingen GFT, Pedersen KR, Seifert R, Kvaloy | T, Midttun O,
et al. Fibrinogen, and Neopterin Is Associated with Future Myo-
cardial Infarction and Total Mortality in Patients with Stable Cor-
onary Artery Disease. Thromb Haemost 2018; 118(4): 778-90.
Tabaket MM, Gerin F, Sunbul M, Toprak C, Durmus HI, Demir S,
et al. Relation of plasma fibrinogenlevelwith the presence, se-
verity,and complexityofcoronary artery disease. Clin Appl
Thromb Hemost 2017; 23(6): 638—44.

De Luca G, Verdoia M, Cassetti E, Schaffer A, Cavallino C, Bolzani
I/, et al. High fibrinogen level is an independent predictor of
presence and extent of coronary artery disease among Italian
population. ] Thromb Thrombolysis 2011; 31(4): 458—63.
Pasupathy S, Rodgers S, Tavella R, McRae S, Beltrame JF. Risk of
Thrombosis in Patients Presenting with Myocardial Infarction
with Nonobstructive Coronary Arteries (MINOCA). TH
Open 2018; 2(2): e167—€72.

Lominadze D, Dean WL, Tyagi SC, Roberts AM. Mechanisms of
fibrinogen-induced microvascular dysfunction during cardio-
vascular disease. Acta Physiologica (Oxf) 2010; 198(1): 1-13.
Cappelletti A, Astore D, Godino C, Bellini B, Magni V', Mazzavillani
M, et al. Relationship between Syntax Score and prognostic lo-
calization of coronary artery lesions with conventional risk fac-
tors, plasma profile markers, and carotid atherosclerosis. Int
Cardiol 2018; 257: 306-11.

Willeit P, Thompson SG, Agewall S, Bergstrim G, Bickel H, Cata-
pano AL, et al. Inflammatory markers and extent and progres-
sion of early atherosclerosis: a meta-analysis of individual-
participant-data from 20 prospective studies of the PROGIMT
collaboration. Eur ] Prev Cardiol 2016; 23(2): 194-205.

Raproge S, Di Angelantonio E, Pennells L, Wood AM, White IR,
Gao P, et al. C reactive protein, fibrinogen, and cardiovascular
disease prediction. N Engl ] Med 2012; 367(14): 1310-20.

Received on September 16, 2019
Revised on November 5, 2019
Accepted November 6, 2019
Online First November, 2019

Djuri¢ P, et al. Vojnosanit Pregl 2021; 78(7): 736-744.


https://www.ncbi.nlm.nih.gov/pubmed/19543691
https://www.ncbi.nlm.nih.gov/pubmed/19543691
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jabir%20NR%5BAuthor%5D&cauthor=true&cauthor_uid=27862306
https://www.ncbi.nlm.nih.gov/pubmed/?term=Firoz%20CK%5BAuthor%5D&cauthor=true&cauthor_uid=27862306
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kamal%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=27862306
https://www.ncbi.nlm.nih.gov/pubmed/?term=Damanhouri%20GA%5BAuthor%5D&cauthor=true&cauthor_uid=27862306
https://www.ncbi.nlm.nih.gov/pubmed/?term=Alama%20MN%5BAuthor%5D&cauthor=true&cauthor_uid=27862306
https://www.ncbi.nlm.nih.gov/pubmed/?term=Alzahrani%20AS%5BAuthor%5D&cauthor=true&cauthor_uid=27862306



