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Background: As a major inflammatory pathway in coronary artery disease (CAD), IL-6 trans-signaling
is activated by the IL-6: sIL-6Ra binary complex (B) and inhibited by sgp130 through forming the IL-
6: sIL-6Ra: sgp130 ternary complex (T). The aim of the present study was to examine the possible
relationship between biomarkers mirroring the IL-6-neutralizing sIL-6R-sgp130 buffer system and CAD in
postmenopausal women.

Methods: Our study recruited 155 CAD patients and 181 controls among postmenopausal women.
Circulating levels of IL-6, sIL-6Ra and sgp130 were detected using an enzyme-linked immunosorbent assay,
and the B/T ratio was calculated by the specific formulas.

Results: CAD patients showed significantly higher circulating levels of IL-6 and sIL-6Ro, significantly
higher B/T ratio, and significantly lower sgp130 levels than controls (all P<0.05). Spearman’s correlation
analysis indicated that IL-6 levels (r=0.185, P<0.01) and B/T ratio (r=0.319, P<0.01) were positively related
to Gensini scores, while elevated sgp130 levels were significantly associated with decreased Gensini scores
(r=-0.565, P<0.001). In addition, multiple regression analysis showed that Gensini scores were negatively
associated with serum sgp130 levels (B-coefficient =-0.318, P<0.001) and had a positive association with
IL-6 levels (B-coefficient =0.138, P<0.05). Multivariate logistic regression analysis identified that after
adjusting for confounding factors, higher sgp130 remained an independent predictor of lower incidence of
CAD in women after menopause (OR =0.904; 95% CI: 0.837-0.976, P=0.010). Moreover, sgp130 levels at
136.01 ng/mL (AUC =0.957, 95% CI: 0.928-0.986, P<0.001) and B/T ratio at 1.51 (AUC =0.765; 95% CI:
0.702-0.828, P<0.001) were effective cut-off points to determine the presence of CAD based on receiver
operating characteristic curves.

Conclusions: Based on this small case-control study, sgp130 and B/T ratio in the IL-6-neutralizing sIL-
6R-sgp130 buffer system may be promising biomarkers for CAD diagnosis and assessments of coronary

stenosis severity in postmenopausal women.
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Introduction

Coronary artery disease (CAD) is recognized to be one of
the leading causes of death among postmenopausal women
due to the lack of estrogen that protects the cardiovascular
system (1). Therefore, it is important for women after
menopause to understand potential biomarkers, which
would greatly contribute to the prevention, diagnosis and
treatment of CAD.

Inflammation can induce plaque instability and rupture,
which can help trigger and drive atherosclerosis and
eventually CAD. Interleukin 6 (IL-6) is an upstream pro-
inflammatory cytokine abundant in human atherosclerotic
plaques and has been considered an independent risk factor
for CAD (2,3). Circulating IL-6 and the soluble form of the
membrane bound alpha IL-6 receptor (sIL-6Ra) can form
the heterodimer IL-6: sIL-6Ra (hereafter termed “B” for
binary complex), which binds directly to the ubiquitously
expressed membrane bound beta IL-6 receptor, also called
glycoprotein 130 (gp130), and transduces a pro-inflammatory
cascade known as the trans-signaling pathway (4).

There is ample evidence to support the potential
involvement of IL-6-trans signaling in the pathogenesis of
atherosclerosis. A zoological study has shown that hepatic-
specific gpl130-/- mice are resistant to atherosclerosis,
probably owing to macrophage infiltration of atherosclerotic
plaques and reduction of acute phase protein levels (5).
Another study has identified that the IL-6 trans-signaling
pathway plays a critical role in maintaining chronic
inflammation in atherosclerosis (6).

Interestingly, the soluble form of gp130 (sgp130) suggests
a potential therapeutic paradigm because it selectively
inhibits the pro-inflammatory IL-6 trans-signaling pathway,
through competitively binding to B with gp130, forming the
ternary complex IL-6: sIL-6Ra: sgp130 (hereafter termed
“T”) (7). A specific antagonist (sgpl130Fc) constructed by
dimerizing two extracellular domains of sgp130 with a
human IgG1-Fc has been developed recently (8). An animal
study has demonstrated that low density lipoprotein (LDL)-
/- mice treated with sgp130Fc attenuate atherosclerotic
lesion progression by decreasing endothelial activation and
monocyte recruitment, indicating a protective effect of
sgp130 on atherosclerosis (9).

To sum up, IL-6 trans-signaling is tightly regulated
by active B and inactive T. Because IL-6 cannot function
without its two soluble receptors (and vice versa), we
managed to assess the concentrations of the two functional
complexes by determining serum IL-6, sIL-6Ra and sgp130
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levels, and to calculate B/T ratio, which can indirectly
mirror IL-6 trans-signaling. Then we asked whether
these parameters of the IL-6-neutralizing sIL-6R-sgp130
buffer system can predict the risk and severity of CAD in
postmenopausal women.

Methods
Study population

A total of 336 postmenopausal women who had symptoms
of chest tightness and pain were recruited from December
2018 to September 2019 to the Department of Cardiology
at Renmin Hospital of Wuhan University. As determined
by coronary angiography, individuals with more than 50%
stenotic lesions in at least one of the 15 coronary segments
in the three major coronary arteries were diagnosed
with CAD (10). While control subjects showed less than
50% occlusion in all coronary arteries defined as free
of significant stenosis, or completely normal coronary
arteries (11). All subjects receiving thrombolytic therapy and
hypolipidemic drugs, or those with other severe diseases,
such as tumor, infection, autoimmune disease, hematopathy,
chronic hepatic dysfunction and acute kidney injury, were
excluded. Based on these inclusion and exclusion criteria,
155 CAD patients and 181 controls were enrolled.

This study was approved by the Medical Ethics Review
Committee of Renmin Hospital, Wuhan University,
China. All participants signed written informed consent in
conformity to policies of the Renmin Hospital of Wuhan
University Ethics Committee.

Quantitative assessment of the severity of coronary artery
stenosis

The severity of CAD was quantitatively evaluated based on
Gensini scores according to coronary angiography results,
including lesion location, degree of stenosis and numbers
of vascular stenosis. Stenosis location was scored as follows:
5 points for the left main coronary artery (LM), 2.5 points
for the proximal left anterior descending artery (LAD) or
proximal left circumflex artery (LCX), 1.5 points for the
mid LAD, and 1 point for the distal LAD and mid or distal
LCX. Severity of stenosis was scored as follows: 1 point for
<25% stenosis, 2 points for 26-50% stenosis, 4 points for
51-75% stenosis, 8 points for 76-90% stenosis, 16 points
for 91-99% stenosis, and 32 points for total occlusion. Each
lesion was given a score calculated by multiplying the lesion
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location by severity of stenosis. The total score for each
patient was the sum of all lesion scores (12,13).

Definition of risk factors

Hypertension was diagnosed based on the use of
antihypertensive drugs or the measurements of systolic/
diastolic blood pressure >140/90 mmHg. Type 2
diabetes mellitus was defined as the use of insulin or oral
hypoglycemic drugs, or a fasting glucose level >126 mg/dL
with symptoms of hyperglycemia. Hyperlipidemia was
diagnosed based on fasting total cholesterol concentration
>200 mg/dL, triglyceride concentration >150 mg/dL or the
use of lipid-lowering agents. Hyperuricemia was defined as
a fasting uric acid level >360 pmol/L (in women) or use of
drugs to lower uric acid. Smoking/drinking was defined as
current smoking/drinking, or cessation of smoking/drinking
within the 6 months prior to study enrollment.

Sample collection

Before pharmacotherapy, venous blood samples were
collected within 24 hours after hospitalization. Samples
were collected in the morning after fasting for at least 8
hours. Serum samples were obtained by centrifugation
at 3,500 rpm for 5 minutes and stored at -80 °C until
detection.

Laboratory measurements and calculation of B/T ratio

Serum levels of alanine aminotransferase (ALT), aspartate
aminotransferase (AST), creatinine (Cr), uric acid (UA),
glucose (Glu), total cholesterol (T'C), triglyceride (TG),
high-density lipoprotein cholesterol (HDL-C), low-density
lipoprotein cholesterol (LDL-C), small dense low-density
lipoprotein cholesterol (sdLDL-C) and high-sensitivity C
reactive protein (hs-CRP) were determined using a Siemens
ADVIA 2400 automatic biochemistry analyzer (Erlangen,
Germany). White blood cell (WBC) and red blood cell
(RBC) counts were determined using the SysmexXN-20
system (Kobe, Japan). Fibrinogen (FIB) and D-dimer were
detected using the SysmexCA-7000 system (Kobe, Japan).
Serum levels of human IL-6, sIL-6Ra and sgp130 were
measured using commercial enzyme-linked immunosorbent
assay (ELISA) kits that were specific for human antigens
(Quantikine DY206, DY227, DY228, and DY008; R&D
Systems, Minneapolis, MN, USA) (14). Serum samples
were undiluted to measure IL-6 and diluted 1:100 to
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measure sIL-6Ra or sgp130. All experiments were carried
out in accordance with the manufacturer’s instructions. The
concentrations of B (IL-6: sIL-6Ra) and T (IL-6: sIL-6Ra:
sgpl30) were estimated using the formulas originally raised
by Miiller-Newen and Garbers (15), then the B/T ratio was
calculated (16).

Statistical analysis

All statistical analysis was performed using IBM SPSS
Statistics 23.0 and Graphpad Prism 6.0. Continuous data
with a Gaussian distribution were expressed as mean
+ SEM, while continuous data with a non-Gaussian
distribution were presented as median (interquartile range,
IQR). The Student’s independent z-test as well as one-way
ANOVA and post hoc test (S-N-K test or Games-Howell
test) were used to assess the significance of differences in
continuous, normally distributed variables. The Mann-
Whitney U test was used to assess differences in continuous,
skewed variables. Categorical data were presented as
percentage (%) and compared using the chi-squared test.
The association of 1L-6, sIL-6Ra, sgp130 levels and B/
T ratio with cardiovascular risk factors and Gensini scores
were evaluated using Spearman’s correlation analysis.
Multivariate linear regression was performed to test the
relationship between markers in the IL-6-neutralizing sIL-
6R-sgp130 buffer system and Gensini scores. IL-6, sIL-
6R, sgp130 and B/T ratio data were log,-transformed.
Potential associations between the measured parameters
and the incidence of CAD were analyzed using multivariate
logistic regression. Receiver operating characteristic (ROC)
curves were used to determine optimum cut-off values for
Gensini scores and markers in the IL-6-neutralizing sIL-
6R-sgp130 buffer system for predicting CAD. Differences
were considered statistically significant at P value <0.05.

Results
Characteristics of the study population

Baseline characteristics of controls and postmenopausal
women with CAD are summarized in 7able 1. CAD patients
had a larger frequency of hypertension (P<0.05) and
higher Gensini scores (P<0.001) than controls. Age, heart
rate and most other cardiovascular risk factors, including
smoking, drinking, diabetes mellitus, hyperlipidemia, and
hyperuricemia were not significantly different between the
groups. With regard to the analysis of lipid parameters,
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Table 1 Baseline characteristics between controls and CAD patients

Zhou et al. The IL-6-neutralizing sIL-6R-sgp130 buffer system in postmenopausal women with CAD

Characteristic Controls (n=181) CAD (n=155) P value
Clinical variables
Age (years) 64.00 (60.00-67.00) 65.00 (60.00-69.00) 0.146
HR (beats/min) 74.00 (68.00-81.00) 72.00 (67.00-79.00) 0.163
Smoking (%) 2.08 1.94 0.935
Drinking (%) 0.00 1.29 0.264
Hypertension (%) 51.04 67.10 0.011
Diabetes mellitus (%) 16.67 27.10 0.057
Hyperlipidemia (%) 41.67 34.19 0.233
Hyperuricemia (%) 8.33 16.13 0.076
Gensini scores 1.50 (0.00-2.50) 35.00 (10.00-67.00) <0.001
Laboratory variables
ALT (U/L) 17.00 (13.00-23.00) 17.00 (12.00-25.00) 0.785
AST (U/L) 21.00 (19.00-25.00) 23.00 (18.00-30.00) 0.033
ALT/AST 0.82 (0.71-0.96) 0.73 (0.61-0.89) 0.001
Cr (umol/L) 55.00 (49.50-60.00) 58.00 (51.00-67.00) 0.004
UA (umol/L) 290.00 (258.25-333.00) 306.00 (269.50-383.00) 0.002
Glu (mmol/L) 4.82 (4.41-5.19) 5.10 (4.48-6.26) 0.003
TC (mmol/L) 4.53 (3.95-5.01) 4.30 (3.47-4.96) 0.020
TG (mmol/L) 1.20 (0.93-1.49) 1.51 (1.09-2.36) <0.001
HDL-C (mmol/L) 1.29 (1.12-1.56) 1.06 (0.93-1.24) <0.001
LDL-C (mmol/L) 2.47+0.05 2.36+0.07 0.192
sdLDL-C (mmol/L) 0.73 (0.56-0.92) 0.88 (0.59-1.13) 0.005
TC/HDL-C 3.42 (2.97-3.91) 3.89 (3.25-4.70) <0.001
hs-CRP (mg/L) 0.67 (0.20-1.57) 1.23 (0.33-4.58) 0.001
FIB (g/L) 2.80 (2.40-3.26) 3.02 (2.64-3.60) 0.002
D-dimer (mg/L) 0.26 (0.17-0.41) 0.34 (0.23-0.61) 0.001
WBC (10°/L) 5.29 (4.63-6.13) 5.87 (4.92-7.70) <0.001
RBC (10"/L) 4.36+0.03 4.16+0.04 <0.001
IL-6 system
IL-6 (pg/mL) 5.94 (4.31-7.59) 6.31 (4.92-10.07) 0.018
sIL-6Ra (ng/mL) 16.05 (13.28-19.33) 17.90 (15.11-22.44) 0.001
sgp130 (ng/mL) 179.13 (152.03-204.76) 105.52 (87.79-121.58) <0.001
B/T ratio 1.46 (1.40-1.52) 1.54 (1.48-1.62) <0.001

Continuous data were presented as mean + SEM or median (interquartile range, IQR) and compared using Student’s independent t-test or
Mann-Whitney U test, while categorical data were presented as percentage (%) and compared using Chi-Square test. CAD, coronary artery
disease; HR, heart rate; ALT, alanine aminotransferase; AST, aspartate aminotransferase; Cr, creatinine; UA, uric acid; Glu, glucose; TC, total
cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; sdLDL-C, small dense
low-density lipoprotein cholesterol; hs-CRP, high-sensitivity C-reactive protein; FIB, fibrinogen; WBC, white blood cell; RBC, red blood cell;
IL-6, interleukin-6; sIL-6Ro, soluble interleukin-6 receptor a; sgp130, soluble glycoprotein 130; B/T ratio, binary/ternary complex ratio.
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Table 2 Correlations of IL-6, sIL-6R, sgp130 levels, and B/T ratio with cardiovascular risk factors in postmenopausal women with CAD

IL-6 slL-6Ra sgp130 B/T ratio
Risk factor
r P r P r P r P

Age 0.058 0.510 0.136 0.125 0.110 0.214 0.079 0.371
Cr 0.040 0.655 0.294 0.001 0.177 0.048 0.254 0.004
UA -0.009 0.923 0.347 <0.001 0.125 0.169 0.315 <0.001
Glu 0.253 0.005 0.135 0.139 0.104 0.253 0.105 0.248
TC 0.015 0.873 0.025 0.784 -0.017 0.850 0.030 0.740
TG 0.120 0.189 0.169 0.063 0.030 0.744 0.183 0.045
HDL-C -0.152 0.096 -0.038 0.677 0.026 0.777 -0.086 0.347
LDL-C 0.037 0.690 -0.043 0.642 -0.040 0.663 -0.029 0.749
sdLDL-C 0.140 0.132 0.103 0.268 -0.025 0.791 0.141 0.130
TC/HDL-C 0177 0.051 0.118 0.197 -0.026 0.781 0.154 0.091
hs-CRP 0.336 <0.001 0.087 0.352 -0.015 0.871 0.138 0.138
FIB 0.246 0.006 0.179 0.045 0.068 0.451 0.178 0.047
D-dimer 0.220 0.013 0.046 0.612 0.036 0.688 0.048 0.592
WBC 0.478 <0.001 0.057 0.527 -0.111 0.216 0.128 0.155

CAD, coronary artery disease; Cr, creatinine; UA, uric acid; Glu, glucose; TC, total cholesterol; TG, triglyceride; HDL-C, high-density
lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; sdLDL-C, small dense low-density lipoprotein cholesterol; hs-CRP,
high-sensitivity C-reactive protein; FIB, fibrinogen; WBC, white blood cell; IL-6, interleukin-6; sIL-6Ra, soluble interleukin-6 receptor o;
sgp130, soluble glycoprotein 130; B/T ratio, binary/ternary complex ratio.

CAD patients also had higher levels of unfavorable lipids,
such as TG, sdLDL-C and TC/HDL-C, but lower levels of
TC and HDL-C (all P<0.05). Furthermore, CAD patients
showed higher levels of AST, Cr, UA, and Glu (all P<0.05),
as well as higher levels of WBC, FIB and D-dimer (all
P<0.01). Concerning the IL-6-neutralizing sIL-6R-sgp130
buffer system, serum levels of IL-6 and sIL-6a as well as the
B/T ratio were significantly higher in CAD patients than
in controls (all P<0.05), whereas CAD patients had lower
serum sgp130 levels (P<0.001).

Correlations of IL-6, sIL-6R, sgp130 levels, and B/T ratio
with cardiovascular risk factors in postmenopausal women
with CAD

As described in Table 2, high levels of IL-6 had close relations
to high levels of hs-CRP (r=0.336, P<0.001), WBC (r=0.478,
P<0.001), FIB (r=0.246, P=0.006) and D-dimer (r=0.220,
P=0.013), indicating a more unfavorable inflammatory

reaction and hypercoagulable state. Meanwhile, IL-6
correlated positively with Glu (r=0.253, P=0.005). Moreover,
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sIL-6Ra showed positive correlations with Cr (r=0.294,
P=0.001), UA (r=0.347, P<0.001), and FIB (r=0.179,
P=0.045). Similarly, B/T ratio had positive correlations with
the levels of Cr (r=0.254, P=0.004), UA (r=0.315, P<0.001),
TG (r=0.183, P=0.045) and FIB (r=0.178, P=0.047).

Correlations of circulating levels of IL-6, sIL-6Ra, and
sgp130 as well as B/T ratio with angiographic findings

According to the coronary angiographic results in
Table 3, 89 of the 155 CAD patients had 1-vessel stenosis,
28 had 2-vessel stenosis and 38 had 3-vessel stenosis. No
statistically significant differences in the IL-6-neutralizing
sIL-6R-sgp130 buffer system were detected among the
three vessel groups. To further evaluate correlations of
IL-6, sIL-6Ra, sgp130, and B/T ratio with the severity of
coronary artery stenosis, Spearman’s correlation analysis
was performed. As shown in Figure I, increased Gensini
scores were significantly associated with elevated IL-6
levels (r=0.185, P=0.007) and B/T ratio (r=0.319, P<0.001)

in postmenopausal women. Moreover, the circulating
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Table 3 Characteristics of the IL-6-neutralizing sIL-6R-sgp130 buffer system in CAD patients stratified by number of stenotic vessels

Characteristic 1-vessel (n=89) 2-vessel (n=28) 3-vessel (n=38) P value
IL-6 (pg/mL) 5.84 (4.78-10.61) 6.61 (5.47-9.33) 6.29 (5.00-11.00) 0.753
slL-6Ra (ng/mL) 17.85 (15.47-22.35) 18.08 (14.84-24.33) 18.38 (14.73-22.14) 0.937
sgp130 (ng/mL) 99.53 (85.25-121.14) 108.80 (92.61-129.24) 106.39 (94.60-121.19) 0.432
B/T ratio 1.55 (1.50-1.62) 1.54 (1.47-1.62) 1.55 (1.47-1.61) 0.852

Data were presented as median (interquartile range, IQR) and differences among groups were compared using Mann-Whitney U test.
CAD, coronary artery disease; IL-6, interleukin-6; sIL-6Ra, soluble interleukin-6 receptor o; sgp130, soluble glycoprotein 130; B/T ratio,

binary/ternary complex ratio.

r=0.185, P=0.007
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Figure 1 Correlations of IL-6, sIL-6Ra, sgp130, and B/T ratio with Gensini scores. Scatter diagrams illustrate correlations of circulating

levels of IL-6 (A), sIL-6Ra (B), sgp130 (C), and B/T ratio (D) with the severity of coronary artery stenosis in postmenopausal women. IL-6,

interleukin-6; sIL-6Ra, soluble interleukin-6 receptor a; sgp130, soluble glycoprotein 130; B/T ratio, binary/ternary complex ratio.

levels of sgp130 showed a significant negative correlation
with the severity of coronary artery stenosis as defined by
Gensini scores (r=-0.565, P<0.001). In contrast, there was
no statistically significant association between sIL-6Ra
levels and Gensini scores (r=0.092, P=0.183). Moreover,
multivariate linear regression was performed to identify
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associations of levels of IL-6, sIL-6Ra, and sgp130 levels
as well as B/T ratio with Gensini scores. As summarized
in Table 4, in postmenopausal women, Gensini scores were
negatively associated with serum sgp130 levels (B-coefficient
=-0.318, P<0.001) and had a positive association with IL-6
levels (B-coefficient =0.138, P=0.036).
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Table 4 Multivariate linear regression to identify associations of IL-6, sIL-6Ra, sgp130, and B/T ratio with Gensini scores
Parameter (Constant) IL-6 slL-6Ro sgp130 B/T ratio
Standardized B-coefficient® 0.138 0.065 -0.318 0.045
t 4.997 2.114 0.960 -4.851 0.659
P <0.001 0.036 0.338 <0.001 0.511

?, dependent variable (Gensini scores). IL-6, interleukin-6; sIL-6Ra, soluble interleukin-6 receptor a; sgp130, soluble glycoprotein 130; B/T
ratio, binary/ternary complex ratio.

Table 5 Multivariate logistic regression analysis of Gensini scores and parameters of the IL-6-neutralizing sIL-6R-sgp130 buffer system to
identify independent predictors of CAD

Adjusted, OR, P value (95% ClI)

Parameter Unadjusted, OR, P value (95% CI)

Model 1 Model 2

Gensini scores 1.450, 0.016 (1.073-1.959) 1.483, 0.035 (1.029-2.138) 2.492, 0.040 (1.043-5.952)

IL-6 1.035, 0.769 (0.823-1.301) 1.034, 0.821 (0.774-1.382) 0.927, 0.582 (0.708-1.214)
sIL-6Ra 0.939, 0.719 (0.666-1.324) 0.955, 0.863 (0.568-1.607) 0.375, 0.118 (0.110-1.281)
sgp130 0.934, <0.001 (0.901-0.967) 0.930, <0.001 (0.895-0.965) 0.904, 0.010 (0.837-0.976)
B/T ratio 1.848*10°, 0.182 (0.000-2.572*10%)  9.547*10°, 0.266 (0.000-6.297*10*)  1.642*10%, 0.071 (0.002-1.504*10%)

Model 1: after adjustment for age, HR, hypertension, diabetes mellitus, hyperlipidemia and hyperuricemia. Model 2: after adjustment as
in Model 1 + Glu, TC, TG, LDL-C, sdLDL-C and hs-CRP. OR, odds ratio; 95% ClI, 95% confidence interval; CAD, coronary artery disease;
HR, heart rate; Glu, glucose; TC, total cholesterol; TG, triglyceride; LDL-C, low-density lipoprotein cholesterol; sdLDL-C, small dense
low-density lipoprotein cholesterol; hs-CRP, high-sensitivity C-reactive protein; IL-6, interleukin-6; sIL-6Ra, soluble interleukin-6 receptor o;
sgp130, soluble glycoprotein 130; B/T ratio, binary/ternary complex ratio.

Association of Gensini scores and parameters of the IL-
6-neutralizing sIL-6R-sgp130 buffer system with the
presence of CAD

To identify factors that may predict the incidence of CAD
in postmenopausal women, we performed multivariate
logistic regression involving Gensini scores, IL-6, sIL-
6Ra, sgp130 and B/T ratio. As shown in Table 5, before
adjustment, independent predictors were Gensini scores
(OR =1.450; 95% CI: 1.073-1.959, P=0.016) and levels of
sgp130 (OR =0.934; 95% CI: 0.901-0.967, P<0.001). More
importantly, these relevancies persisted after adjusting
for some conventional risk factors of CAD, such as age,
heart rate, hypertension, diabetes mellitus, hyperlipidemia,
hyperuricemia, Glu, TC, TG, LDL-C, sdLDL-C and hs-
CRP. For every unit increase in each covariate, the OR for
CAD incidence increased by 2.492 in the case of Gensini
scores (95% CI: 1.043-5.952, P=0.040) and decreased by
0.904 in the case of sgp130 levels (95% CI: 0.837-0.976,
P=0.010). These results indicate the unfavorable role of
Gensini scores and the protective effect of sgp130 on CAD
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incidence. In contrast, the levels of IL-6, sIL.-6Ra and B/T
ratio showed no relationships with the presence of CAD in
any of the three logistic regression models.

ROC curve analysis to assess bow well Gensini scores and
parameters of the IL-6-neutvalizing sIL-6R-sgp130 buffer
system can predict CAD

The results of ROC curve analysis of Gensini scores, B/T
ratio, and IL-6, sIL-6Ra and sgp130 levels to predict
CAD in postmenopausal women were shown in Figure 2.
Levels of sgp130 were found to have the highest area under
the ROC curve (AUC) of 0.957 (95% CI: 0.928-0.986,
P<0.001). In addition, the most discriminating cut-off
value of sgp130 levels was 136.01 ng/mL, which offered a
sensitivity of 95.3% and a specificity of 87.4%. Similarly,
using a cut-off value of 5.63, Gensini scores predicted
CAD with a sensitivity of 81.1% and a specificity of 96.5%
(AUC =0.937; 95% CI: 0.905-0.969, P<0.001), followed
by B/T ratio with an AUC of 0.765 (95% CI: 0.702-0.828,
P<0.001). However, the AUC values of IL-6 and sIL-6Ra
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Gensini scores >5.63 0.811 0.965 0.937 | 0.905-0.969 | <0.001
IL-6 (pg/mL) >8.73 0.331 0.884 0.622 0.547-0.698 0.002
sIL-6Ra (ng/mL) >16.11 0.701 0.465 0.583 | 0.506-0.661 0.040
sgp130 (ng/mL) <136.01 0.953 0.874 0.957 | 0.928-0.986 | <0.001
B/T ratio >1.51 0.693 0.721 0.765 | 0.702-0.828 | <0.001

Figure 2 Receiver operating characteristic (ROC) curve analysis to assess how well Gensini scores and parameters of the IL-6-neutralizing

sIL-6R-sgp130 buffer system can predict coronary artery disease in postmenopausal women. AUC, area under the receiver operating

characteristic curve; 95% CI, 95% confidence interval; IL-6, interleukin-6; sIL-6Ra, soluble interleukin-6 receptor o; sgp130, soluble

glycoprotein 130; B/T ratio, binary/ternary complex ratio.

were less than 0.650.

Discussion

Cardiovascular events are the most frequent cause of
death among women after menopause (17). The present
study reports evidence of associations between biomarkers
involved in the IL-6-neutralizing sIL-6R-sgp130 buffer
system and postmenopausal women with CAD in China.
First, the circulating levels of IL-6, sIL-6Ra, and B/T ratio
were found to be higher in the CAD population, whereas
sgp130 levels were significantly lower. Second, IL-6 levels
and B/T ratio were positively related to Gensini scores,
while elevated sgp130 levels were significantly associated
with decreased Gensini scores. Third, Gensini scores and
sgpl30 levels were identified to be independent predictors
of CAD. Fourth, levels of sgp130 had the highest AUC
among all markers, with an optimal cut-off value of

© Annals of Translational Medicine. All rights reserved.

136.01 ng/mL. These findings suggest that it may be
possible to predict CAD and severity of coronary stenosis
based on straightforward assays of the IL-6-neutralizing
sIL-6R-sgp130 buffer system.

Consistent with previous studies (18,19), we found
significantly increased circulating IL-6 levels in
postmenopausal women with CAD. Moreover, our results
indicated that IL-6 levels were positively associated with
the severity of coronary artery stenosis. IL-6 is regarded
as a pro-atherogenic cytokine. The atherosclerotic lesion
size in IL-6-treated apoE-/- mice has been significantly
larger than in apoE-/- mice (20), and increased IL-6 levels
have been associated with increased risk of cardiovascular
events in an observational clinical study (21). As a response
to inflammatory stimulation by IL-6, hs-CRP is associated
with cardiovascular risk in elderly population (22). Based
on our screen of widely used inflammatory biomarkers, we
found close associations among the levels of IL-6, hs-CRP,
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FIB, D-dimer and WBC.

In our study, significantly increased levels of sIL-6Ra
were detected in CAD patients. As a key molecule for
IL-6 trans-signaling, sIL-6Ra may regulate the effect of
IL-6 on endothelial cells, which is crucial for the initiation
and development of atherosclerosis (14). Another study
has linked increased sIL-6Ra levels in myocardium with
cardiovascular complications of myocardial infarction,
raising the possibility that cardiovascular adverse events may
be linked to the induction of IL-6 trans-signaling during
cardiac ischemia (23). In addition, Mendelian randomization
experiments have indicated that circulating levels of sIL-6R
are genetically determined and are causally associated with
CAD (24,25).

In our study, decreased circulating levels of sgp130 were
related with an increased risk of CAD in postmenopausal
women, independently of other conventional risk factors.
However, there was no relationship between sgp130 levels
and the numbers of diseased vessels. As a controlling factor
for IL-6 trans-signaling, sgp130 can modify the progression
of IL-6-associated pathology (26). In the literature, the
association between sgpl130 levels and cardiovascular
diseases is controversial. A study of an elderly population
with heart failure has shown that increased levels of sgp130
are related to all-cause and cardiovascular mortality (27).
Another study has reported that high sgp130 levels predict
poor prognosis in patients with a history of myocardial
infarction (28). On the other hand, case-control research
based on a much larger population has proposed that
high sgp130 levels have protective effects against the
occurrence of myocardial infarction (29). A serological
study has indicated that both patients with CAD in an
unstable condition and proportion to advancing CAD have
significantly declined levels of endogenous sgp130 and
exhibit reinforced IL-6 trans-signaling (9). A recent study
has demonstrated that sgp130 levels in patients with unstable
or progressive CAD are significantly lower than in controls
and negatively correlate with the number of affected
arteries and the severity of coronary atherosclerosis (30).
Furthermore, we found that a sgp130 level of 136.01 ng/mL
was an effective cut-off point to predict CAD, suggesting
that sgp130 levels could be useful biomarkers for CAD
identification. Indeed, endogenous sgp130 levels are
influenced by disease genotype and state and vary
considerably among different populations (31). Therefore,
research on sgp130-based specific inhibition of IL-6 trans-
signaling in different populations and in different types and
stages of disease may guide personalized CAD treatments.

© Annals of Translational Medicine. All rights reserved.
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As a specific blocker of IL-6 trans-signaling, sgp130Fc
is already in phase I clinical trials for treating chronic
inflammatory diseases (32).

Our results showed that CAD patients had significantly
higher B/T ratios than controls, and a cut-off ratio of 1.51
was a good diagnosis index of CAD in our study. IL-6-
induced inflammatory responses appear to be regulated
by two soluble proteins: sIL-6Ra, the agonist of IL-6
trans-signaling; and sgp130, identified as an endogenous
antagonist of B (33). These two proteins form a systemic
buffer system, in which excess sIL-6Ra favors IL-6 trans-
signaling by forming B, while excess sgp130 inhibits trans
signaling by forming T (34). Thus, the B/T ratio may
reflect the overall level of inflammatory response (16), with
a higher ratio linked to higher risk of first cardiovascular
events such as CAD, myocardial infarction and ischemic
stroke (15). Moreover, as a promising inflammatory
biomarker, the B/T ratio can predict cardiovascular
events in middle-aged individuals defined as having low-
intermediate cardiovascular risk (16).

The type and extent of damage to major coronary
arteries are valuable parameters for CAD diagnosis and
therapy. Gensini scores based on coronary angiography
are simple to determine and widely used to evaluate the
complexity and severity of coronary stenosis (35), which
is why we applied them to our sample. However, the
relationship between the IL-6-neutralizing sIL-6R-sgp130
buffer system and severity of plaque lesions has been less
investigated. In the present study, we found that Gensini
scores had a positive association with IL-6 levels and were
negatively associated with serum sgp130 levels, based on
univariate and multivariate linear analysis.

The limitations in our study should also be considered.
First, it was a cross-sectional study of a relatively small
sample from a single center, which limited our statistical
power and eliminated the possibility of subgroup analysis.
In addition, we did not perform any follow-up analysis. Our
results were obtained with elderly postmenopausal women,
so they may not be generalizable to other groups of CAD
patients. Therefore, the observed association between
CAD and the IL-6-neutralizing sIL-6R-sgp130 buffer
system should be verified in a larger, more heterogeneous
population before advocate for implementing sgp130 and
B/T ratio as new biomarkers in clinical practice.

Despite these limitations, our study suggests that sgp130
in the IL-6-neutralizing sIL-6R-sgp130 buffer system
may have the potential to be a novel marker for predicting
incidence of CAD and assessing the severity of coronary
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stenosis in postmenopausal women.
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