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Background: The relationship between galectin-3 (Gal-3) and coronary artery disease

(CAD) has not been fully elucidated.

Aim: This study aimed to determine the relationship between the presence and severity

of CAD and serum Gal-3 levels.

Patients and Methods: Three-hundred thirty-one consecutive CAD patients were

enrolled as the study group. An additional 62 patients without CAD were enrolled as the

control group. Serum Gal-3 levels were separately compared between the non-CAD and

CAD groups, among the stable CAD and Acute coronary syndrome (ACS) groups, and

between CAD patients with low and high SYNTAX scores (SSs). The 1-year cumulative

rate of major adverse cardiac events (MACEs) was also compared among ACS patients

by Gal-3 levels.

Results: Serum Gal-3 was significantly higher in the CAD group than in the non-CAD

group 3.89 (0.16–63.67) vs. 2.07 (0.23–9.38) ng/ml, P < 0.001. Furthermore, serum

Gal-3 was significantly higher in the non-ST-segment elevation ACS (NSTE-ACS) group

than that in the stable CAD group, 4.72 (1.0–16.14) vs. 2.23 (0.65–23.8) ng/ml, P = 0.04

and higher in the ST-segment elevation myocardial infarction (STEMI) group than that in

the stable CAD group 7.87 (0.59–63.67) vs. 2.23 (0.65–23.8) ng/ml, P < 0.001. Serum

Gal-3 level was an independent predictor of ACS compared with stable CAD group (OR

= 1.131, 95% CI: 1.051–1.217, P = 0.001) as well as high SS (OR = 1.030, 95% CI:

1.021–1.047, P = 0.038) after adjust other confounding risk factors. Acute coronary

syndrome patients with Gal-3 levels above the median (gal-3 = 4.78 ng/ml) showed

a higher cumulative MACE rate than those with Gal-3 levels below the median. After

adjusting other confounding risk factors, Gal-3 remained an independent risk factor for

the cumulative rate of MACEs in ACS patients (6% higher rate of MACEs incidence per

1 ng/ml increment of Gal-3).

Conclusion: Galectin-3 correlated with the presence of CAD as well as coronary

stability and complexity. Galectin-3 may be valuable in predicting mid-term prognosis

in ACS patients.
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INTRODUCTION

Cardiovascular diseases (CVDs) remain the leading cause of
death worldwide (1). Atherosclerosis is a major cause of stroke
and CVDs (2) and is characterized by the excessive accumulation
of lipoprotein in macrophages, monocyte chemo-attraction in
vascular lesions, and the infiltration of vascular smooth muscle
cells (VSMCs) into the sub-endothelial space (3). Inflammation
mediated by macrophages plays an important role in the
initiation and progression of atherosclerosis (3, 4).

Galectin-3 (Gal-3) is a pro-inflammatory cytokine that is
mainly secreted by activated macrophages (5). It is a circulating
35 kDa β-galactosidase-binding lectin and the unique chimera-
like galectin member of the vertebrate family (6). It has one C-
terminal carbohydrate recognition domain connected to a long
N-terminal domain, and in the human genome, it is encoded
solely by LGALS3, located on chromosome 14, locus q21-22
(5, 6). Galectin-3 has several biological functions, including
intracellular and short-distance signaling, regulation of gene
expression, cell-to-cell interaction, and exchanges between cells
and the extracellular matrix (ECM) (7, 8). Over-expression
of Gal-3 has been observed in patients with decompensated
congestive heart failure (CHF). In addition, Gal-3 may play an
important role in the inflammatory response, fibrosis and scar
formation, cardiac remodeling, and heart failure in the clinical
setting of acute myocardial infarction (AMI) (9).

Recently, clinical data have suggested that Gal-3 is closely
correlated with coronary atherosclerosis (9–13). However, the
precise role of Gal-3 in coronary artery disease (CAD) has
not yet been fully elucidated, and more data are needed to
systemically explore the association between serum Gal-3 levels
and atherosclerotic plaque burden and stability. We therefore
performed a retrospective cohort clinical study to explore the
relationship between peripheral Gal-3 levels and the presence of
CAD as well as plaque burden and stability. The value of Gal-
3 in predicting mid-term prognosis in acute coronary syndrome
(ACS) patients was also evaluated.

PATIENTS AND METHODS

Study Population
This is a single-center, retrospective cohort study. From January
1 to December 1, 2018, we continuously enrolled 393 consecutive
patients who underwent coronary angiography due to suspected
coronary heart disease. Patients who met one of the following
criteria were excluded: (1) patients with acute or chronic
infectious diseases or autoimmune diseases or recently used
drugs that affect the immune response; (2) patients with
severe heart failure, liver or kidney dysfunction; (3) patients
complicated with any kind of tumor; and (4) patients who refused
to sign the informed consent form and did not want to participate
in this research.

Methods
First, the enrolled patients were divided into the control (non-
CAD group, n = 62) and CAD groups (n = 331). Serum
Gal-3 levels were compared between the two groups. Then,

we did subgroup analysis and all the enrolled CAD patients
were further divided into the stable CAD, non-ST-segment
elevation ACS (NSTE-ACS) group and ST-segment elevation
myocardial infarction (STEMI) group. Serum Gal-3 levels were
compared among the three groups. The SYNTAX score (SS)
was then calculated for all CAD patients, and the serum Gal-3
level was also compared between the low SS (<22) group and
the high SS (≥22) group. We performed multivariate logistic
regression analysis to explore the correlation between serumGal-
3 and ACS compared with stable CAD and high SS compared
with low SS.

Clinical Data Collection
The patient’s medical history, sex, age, body mass index (BMI),
and laboratory test results such as white blood cell (WBC)
count, the serum creatinine (CR), fasting glucose (FG) level,
glycosylated hemoglobin level, hs-CRP, left atrial diameter,
and left ventricular ejection fraction (LVEF) according to
echocardiography, Killip grades, medication treatment during
hospitalization were obtained and collected from the hospital
medical record system.

Definitions
Coronary artery disease was defined as ≥50% luminal diameter
stenosis of at least one major epicardial coronary artery. ST-
segment elevation myocardial infarction was defined as follows:
(i) There is evidence of myocardial injury which is defined
as an elevation of cardiac troponin values with at least one
value above the 99th percentile upper reference limit. (ii)
Patients with persistent chest discomfort or other symptoms
suggestive of ischemia. (iii) ST-segment elevation in at least
two contiguous leads (14). Non-ST-segment elevation ACS was
defined according to 2020 European Society of Cardiology (ESC)
Guidelines (15) and was stated as follows: patients with acute
chest discomfort but no persistent ST-segment elevation. ECG
changes may include transient ST-segment elevation, persistent
or transient ST-segment depression, T-wave inversion, flat T
waves, or pseudonormalization of T waves; or the ECG may
be normal.

Stable CAD was defined according to the 2013 ESC guidelines
recommended (16).

Galectin-3 Detection
The blood sample was collected from the cubital vein in
an ethylene diaminetetraacetic acid (EDTA) vacuum tube,
placed in a 4◦C refrigerator, allowed to stand for 4 h, and
centrifuged at 1,000 × g for 15min. Then, the supernatant was
collected and placed in a −80◦C refrigerator for later inspection.
The assay was performed and calibrated according to the
manufacturer’s protocol using an enzyme-linked immunosorbent
assay.Measurements were performed in duplicate, and the results
were averaged. The standard curve ranged between 0.47 and
30.0 ng/ml. The limit of detection was 0.29 ng/ml, and the intra-
and inter-assay reproducibility coefficients of variation were 7.5
and 5.4%, respectively.
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TABLE 1 | The baseline clinical and biochemical characteristics of the study with CAD or no-CAD.

Variable no-CAD, n = 62 CAD, n = 331 P

Age, years 60.35 ± 10.36 60.81 ± 11.78 0.601

Gender male sex, % (n) 49 (79.0) 268 (80.9) 0.833

BMI, kg/m2 24.51 ± 2.22 24.10 ± 2.58 0.248

Hypertension, % (n) 26 (41.9) 195 (58.9) 0.013*

DM, % (n) 8 (12.9) 65 (19.6) 0.285

History of hyperlipidemia, % (n) 1 (1.6) 12 (3.6) 0.701

Smoking, % (n) 23 (37.1) 136 (41.1) 0.330

Family history of CAD, % (n) 0 (0) 9 (2.7) 0.365

Systolic blood pressure, mm Hg 134.87 ± 22.83 142.32 ± 23.33 0.420

WBC, 109/L 7.33 ± 1.74 9.51 ± 4.91 <0.001*

Hb, g/L 139.27 ± 15.48 140.31 ± 21.89 0.704

Fasting blood glucose, mmol/L 5.53 ± 1.18 6.55 ± 2.29 <0.001*

Hb A1c, % 6.11 ± 1.51 6.35 ± 1.41 0.026*

Creatinine, µmol/l 71 (43–131) 85 (33–187) <0.001*

hs-CRP, mg/L 5.16 ± 1.72 8.22 ± 1.13 0.029*

Total cholesterol, mmol/L 4.26 ± 0.94 4.52 ± 1.23 0.119

HDL cholesterol, mmol/L 0.68–1.99 0.27–4.62 0.829

LDL cholesterol, mmol/L 2.45 ± 0.74 2.81 ± 1.08 0.028*

Triglycerides, mmol/L 1.7 (0.56–5.82) 1.52 (0.49–7.93) 0.176

ApoA1, mg/dl 1.09 ± 0.17 1.11 ± 0.25 0.747

ApoB100, mg/dl 0.84 ± 0.22 1.02 ± 0.39 0.001*

Lpa, mg/dl 176 (0–885) 168 (0–3,440) 0.334

LV diameter, mm 45.5 (31–59) 46.5 (28–69) 0.082

LVEF,% 65 (50–75) 59 (22–80) 0.016*

Serum Gal-3, ng/ml 2.07 (0.23–9.38) 3.89 (0.16–63.67) <0.001*

CAD, coronary artery disease; BMI, body mass index; DM, diabetic mellitus; WBC, white blood cell; Hb, hemoglobin; HbA1C, hemoglobin A1C; CRP, C-reactive protein; TC,

total cholesterol; HDL-C, high density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TG, triglyceride; ApoA1, apolipoprotein A1; ApoB, apolipoprotein B; LP(a),

Lipoprotein(a); LVEF, left venticular ejection fraction.

*P< 0.05.

TABLE 2 | Association between serum Gal-3 and presence of CAD.

Gal-3 Incident rate Model 1 Model 2 Model 3

OR (95%CI) P-value OR (95%CI) P-value OR (95%CI) P-value

Per ng/ml 331/393 1.30 (1.13, 1.50) <0.001 1.21 (1.07, 1.37) 0.002 1.21 (1.07, 1.38) 0.003

Model 1, adjusted for age, gender; Model 2, further adjusted for SBP, WBC, Cr, LDL-c, apoB 100; Model 3, further adjusted for fasting glucose, ejection fraction.

Coronary Angiography and SYNTAX Score
All patients underwent coronary angiography in the catheter
lab of the Department of Cardiology in our hospital. Coronary
arteriography was conducted using the standard Judkins
technique (17). The results of the angiography were judged by
two experienced specialists. The SS of each of the selected patients
in this study was calculated by the online SS calculator version
2.1 (www.syntaxscore.com).

Follow-Up
All enrolled ACS patients were followed up for 12 months.
Major adverse cardiac events (MACEs) are defined as re-
infarction, worsening heart failure, or recurrent angina. The

survival time without a MACE is the time before the first MACE
during follow-up. Data were obtained through outpatient or
telephone interviews.

Statistical Analysis
Statistical analysis was performed using the SPSS package,
version 17.0 (Chicago, Illinois, USA). To test differences between
the groups, the Student’s t-test was used for numerical variables
with a regular distribution, and the Mann–Whitney U-test was
employed if there was an irregular distribution. Categorical
variables were analyzed with the chi-squared and Fisher’s exact
tests. Logistic regressions were used to assess the relationship
between serum gal-3 andACS, high SS. The initial model adjusted
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TABLE 3 | The baseline clinical and biochemical characteristics of STEMI vs NSTE-ACS vs Stable CAD vs. non-CAD in the study.

No CAD Stable CAD NSTE-ACS STEMI P-value

n = 62 n = 95 n = 97 n = 139

Age, years 60.35 ± 10.36 61.00 ± 10.61 61.95 ± 10.17 58.49 ± 13.19 0.058

Gender male sex, % (n) 39 (62.9) 57 (60) 82 (84.5) 120 (89.4) <0.001

BMI, kg/m2 24.51 ± 2.22 24.18 ± 2.53 24.17 ± 2.50 24.00 ± 2.67 0.483

Hypertension, % (n) 26 (41.9) 59 (62.1) 60 (75.9) 76 (54.6) 0.026

DM, % (n) 8 (12.9) 21 (21.1) 22 (22.7) 22 (15.8) 0.292

History of hyperlipidemia, % (n) 1 (1.6) 6 (6.3) 3 (3.1) 3 (2.2) 0.096

Smoking, % (n) 23 (37.1) 29 (30.5) 37 (38.1) 70 (50.4) 0.014

Family history of CAD, % (n) 0 (0) 3 (3.1) 4 (4.1) 2 (1.4) 0.507

Systolic blood pressure, mm Hg 142.32 ± 23.33 137.93 ± 20.50 136.06 ± 22.84 131.94 ± 24.12 0.020

Total cholesterol, mmol/L 4.26 ± 0.94 4.23 ± 1.13 4.26 ± 1.09 4.84 ± 1.33 0.042

HDL cholesterol, mmol/L 1.05 (0.68–1.99) 1.12 (0.48–2.89) 1.10 (0.07–4.62) 1.02 (0.26–3.4) 0.692

LDL cholesterol, mmol/L 2.45 ± 0.74 2.48 ± 0.90 2.49 ± 0.91 3.27 ± 1.14 <0.001

Triglycerides, mmol/L 1.7 (0.56–5.82) 1.32 (0.54–6.51) 1.46 (0.56–7.93) 1. 63 (0.49–6.87) 0.140

ApoA1, mg/dl 1.09 ± 0.17 1.04 ± 0.24 1.08 ± 0.27 1.15 ± 0.24 0.026

ApoB100, mg/dl 0.77 (0.51–1.39) 0.82 (0.33–2.58) 0.88 (0.36–2.58) 1.10 (0.26–2.91) 0.031

Lpa, mg/dl 176 (0–885) 128 (4–1,334) 173 (1.5–1,546) 188 (4–3,440) 0.007

WBC, 109/L 7.33 ± 1.74 7.02 ± 1.72 8.45 ± 2.39 11.94 ± 6.37 <0.001

Hb, g/L 136 (116–169) 136 (69–172) 144 (75–274) 142 (69–274) 0.005

Fasting blood glucose, mmol/L 5.31 (4.15–10.28) 5.36 (4.02–12.79) 5.91 (4.36–15.9) 6.04 (3.7–18.79) <0.001

Hemoglobin A1c, % 5.85 (5–11) 5.9 (3.46–11.1) 6.1 (4.4–11.1) 6.0 (5.0–14.5) 0.008

Creatinine, mmol/l 71 (43–131) 75 (43–131) 92 (48–187) 81 (42–401) <0.001

hs-CRP, mg/l 1 (0–67.6) 0.7 (0–12.4)* 2.1 (0–54.2) 5.8 (0–183.2) <0.001

Troponin T, ng/L 40 (3–89) 40 (3–48) 40 (3–2000) 108 (40–3,650) <0.001

Pro-BNP, pg/ml 60 (24–560) 60 (5–892) 165 (17–9000) 514 (24–11,232) <0.001

LV diameter, mm 45 (31–59) 45 (28–61) 47 (38–64) 46 (35–69) 0.006

LVEF, % 65 (48–75) 65 (42–79) 62 (30–80) 58 (22–74) <0.001

Number of lesion vessels – 1 (1–3) 3 (1–3) 3 (1–3) <0.001

Antiplatelet therapy 6 (9.6) 86 (93.4) 94 (97) 136 (98) <0.001

Statins use,% (n) 10 (16.1) 94 (98.9) 94 (97) 137 (98.6) 0.187

β blocker use,% (n) 14 (22.6) 53 (55.8) 81 (83.5) 115 (82.7) <0.001

ACEI/ARB use,% (n) 10 (15.1) 62 (65.3) 71 (73.2) 97 (69.8) <0.001

Diuretics use,% (n) 6 (9.7) 19 (20) 40 (41.2) 57 (41) <0.001

Gal-3, ng/ml 2.07 (0.23–9.38) 2.23 (0.65–23.8)* 4.47 (0.16–27.1)N 7.87 (0.59–63.67)※ <0.001

CAD, coronary artery disease; BMI, body mass index; DM, Diabetic mellitus; WBC, white blood cell; HbA1C, hemoglobin A1C; CRP, C-reactive protein; TC, total chelosterol; HDL-C, high

density lipoprotenchlesterol; LDL-C, low density lipoprotein cholesterol; TG, triglyceride; ApoA1, apolipoprotein A1; ApoB, apolipoprotein B; LP(a), Lipoprotein (a); LVEF, left venticular

ejection fraction; Gal-3, galectin-3.

* means Stable CAD group vs. no CAD group, P = 0.035.

※ means STEMI group vs. Stable CAD group, P < 0.001.

N means NSTE-ACS group vs. Stable CAD group, P = 0.04.

for age and gender. A second model additionally adjusted for
SBP, WBC, Cr, LDL-c, apoB 100, FG, and LVEF. Kaplan-Meier
analysis was used to compare the cumulative rate of MACEs.
We used the median Gal-3 level as the cut-off value to divide
the ACS patients into a high Gal-3 (>4.78 ng/ml, n = 118) and
low Gal-3 (≤4.78 ng/ml, n = 118) group. The 1-year cumulative
rate of MACEs was compared between ACS patients whose Gal-3
level was above and below the median level. Multivariate logistic
regression analysis was performed to explore the correlation
between Gal-3 and 1 year ofMACEs in ACS patients in this study.
A p-value of < 0.05 was regarded as statistically significant.

RESULTS

Serum Galectin-3 Expression in Patients
With CAD vs. No CAD
The baseline characteristics of the patients in CAD and control
groups are shown in Table 1. Compared with that in the no-CAD
group, a higher proportion of the patients in the CAD group
had a history of hypertension. The biochemical results showed
that the WBC count and fasting blood glucose, glycosylated
hemoglobin, CR, and hs-CRP levels were higher in the CAD
group than in the non-CAD group. The levels of low-density
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TABLE 4 | Logistic regression analysis for risk factors attributing to ACS presence in the study.

Univariate analysis Multivariate analysis

Variable OR (95% CI) P-value OR (95% CI) P-value

Gender male sex, % (n) 3.784 (2.379–6.018) <0.001 1.648 (0.599–4.532) 0.333

Smoking, % (n) 1.688 (1.109–2.569) 0.015 0.991 (0.455–2.154) 0.981

Systolic blood pressure, mm Hg 0.989 (0.980–0.997) 0.012 0.979 (0.962–0.996) 0.015 *

WBC, 109/L 1.630 (1.448–1.835) <0.001 1.523 (1.286–1.803) <0.001*

Hb, g/L 1.012 (1.002–1.023) 0.022 1.019 (0.999–1.038) 0.056

Fasting blood glucose, mmol/L 1.338 (1.168–1.532) 0.001 1.313 (1.062–1.623) 0.012 *

Creatinine, µmol/L 1.023 (1.013–1.033) <0.001 1.017 (0.999–1.035) 0.057

hs-CRP, mg/L 1.082 (1.041–1.124) <0.001 1.009 (0.976–1.043) 0.602

Totalcholesterol, mmol/L 1.124 (1.047–1.487) 0.013 0.983 (0.515–1.873) 0.957

HDL cholesterol, mmol/L 0.802 (0.487–1.320) 0.386

LDLcholesterol, mmol/L 1.631 (1.305–2.391) <0.001 0.959 (0.439–2.096) 0.916

Triglycerides, mmol/L 1.139 (0.944–1.373) 0.174

ApoA1, mg/dl 3.027 (1.226–7.472) 0.016 4.321 (0.713–26.086) 0.112

ApoB100, mg/dl 7.062 (3.363–14.831) <0.001 1.907 (0.555–6.549) 0.733

Lpa, mg/dl 1.001 (1.000–1.002) 0.001 1.001 (0.999–1.002) 0.380

LVEF, % 0.000 (0.000–0.004) <0.001 0.851 (0.804–0.902) 0.006 *

Gal-3, ng/ml 1.141 (1.081–1.204) <0.001 1.131 (1.051–1.217) 0.001*

CAD, coronary artery disease; BMI, body mass index; DM, Diabetic mellitus; WBC, white blood cell; Hb, hemoglobin; HbA1C, hemoglobin A1C; CRP, C-reactive protein; TC,

total chelosterol; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; TG, triglyceride; ApoA1, apolipoprotein A1; ApoB, apolipoprotein B; LP(a),

Lipoprotein(a); LVEF, leftventicular ejection fraction; Gal-3, galectin-3; *P<0.05.

FIGURE 1 | Receiver operating characteristic (ROC) plot of serum level of

galetcin-3 predicting presence of ACS. Area under the curve was 0.746, 95%

CI (0.696–0.797), P < 0.001. When the cut-off value of galectin-3 was

3.93 ng/ml, the sensitivity was 60% with specificity 79% for predicting the

presence of ACS.

lipoprotein cholesterol (LDL-C) and ApoB100 were also higher
in the CAD group. The level of serum Gal-3 in the CAD group
was significantly higher than that in the non-CAD group, 3.89
(0.16–63.67) vs. 2.07 (0.23–9.38) ng/ml, P < 0.001. To further
clarify the relationship, we subsequently adjusted confounding
risk factors such as age, gender, SBP, WBC, Cr, LDL-c, apoB
100, FG, and LVEF. Serum Gal-3 remained an independent risk

factor for CAD with an increase of 1 ng/ml in Gal-3 associated
with a 21% higher rate of presence of CAD (OR = 1.21, 95% CI:
1.07–1.38, P = 0.003, Table 2).

Serum Galectin-3 Expression in Patients
With STEMI vs. NSTE-ACS vs. Stable CAD
We further divided the CAD patients into the stable coronary
heart disease group (stable-CAD, n = 95), Non-ST segment
elevation myocardial infarction (NSTE-ACS, n= 97) and STEMI
(n = 139). The serum Gal-3 level in the NSTE-ACS group
was higher than those in the stable CAD group, 4.72 (1.0–
16.14) vs. 2.23 (0.65–23.8) ng/ml, P = 0.04. The same trend
was found in the STEMI group compared with the stable-CAD
group 7.87 (0.59–63.67) vs. 2.23 (0.65–23.8) ng/ml, P < 0.001
see in Table 3. Univariate and multivariate logistic regression
analysis showed that after adjusting for other risk factors, Gal-
3 was an independent risk factor for ACS, with an OR = 1.131
(95% CI: 1.051–1.217, P = 0.001) (Table 4). Receiver operator
characteristic (ROC) analysis showed that the area under the
curve for serum Gal-3 level predicting ACS was 0.746 (95% CI:
0.696–0.797) and the best cut-off value was 3.93 ng/ml, with a
specificity of 79% and a sensitivity of 60% (Figure 1).

Serum Galectin-3 Expression in Patients
With High vs. Low SYNTAX Scores
To explore the correlation between the level of serum Gal-3 and
the plaque burden of CAD, we calculated the coronary SS of
each CAD patient and divided the patients into a low SS (<22,
n = 248) and a high SS group (≥22, n = 83). The serum Gal-3
expression of the high SS group was significantly higher than that
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TABLE 5 | The baseline clinical and biochemical characteristics of the low SS group and High SS group.

Variable SS < 22, n = 280 SS ≥ 22, n = 51 P-value

Age, years 60.49 ± 11.88 62.49 ± 11.20 0.198

Gender male sex, % (n) 222 (79.3) 46 (90.2) 0.048

BMI, kg/m2 24.16 ± 2.51 23.81 ± 2.93 0.137

Hypertension, % (n) 164 (58.6) 31 (60.7) 0.887

DM, % (n) 56 (20) 9 (17.6) 0.848

History of hyperlipidemia, % (n) 12 (4.28) 0 (0) 0.225

Smoking, % (n) 117 (41.8) 18 (35.3) 0.389

Systolic blood pressure, mm Hg 135.36 ± 22.65 132.19 ± 23.89 0.364

WBC, 109/L 10.03 (4.01–28.7) 11.25 (6.39–21.25) 0.752

Hb, g/L 141 (69–274) 140 (84–223) 0.482

Creatinine, µmol/l 84.72 ± 24.70 90.62 ± 25.70 0.152

hs-CRP, mg/l 2.3 (0–183) 2.25 (0–50) 0.384

Fasting blood glucose, mmol/L 5.8 (3.70–15.24) 6.0 (4.03–18.79) 0.697

Hemoglobin A1c, % 6 (4.6–14.5) 6.0 (4.5–13) 0.325

Total cholesterol, mmol/L 4.52 ± 1.21 4.49 ± 1.35 0.872

HDL cholesterol, mmol/L 1.029 (0.07–4.62) 1.05 (0.17–2.46) 0.159

LDL cholesterol, mmol/L 2.82 ± 1.06 2.80 ± 1.19 0.923

Triglycerides, mmol/L 1.54 (0.49–7.93) 1.38 (0.54–6.87) 0.591

ApoA1, mg/dl 1.07 (0.46–1.99) 1.06 (0.74–1.74) 0.683

ApoB100, mg/dl 0.96 (0.26–2.91) 0.95 (0.41–2.21) 0.864

Lpa, mg/dl 175 (0–3,440) 253 (0–1,961) 0.116

LA diameter, mm 33.28 ± 4.31 33.03 ± 3.06 0.705

LV diameter, mm 46 (35–69) 46 (40–58) 0.592

LVEF,% 57 (31–87) 62 (35–85) 0.595

Gal-3, ng/ml 3.48 (0.16–63.67) 5.62 (1.64–60.15) 0.037

CAD, coronary artery disease; WBC, white blood cell; Hb, hemoglobin; HbA1C, hemoglobin A1C; CRP, C-reactive protein; TC, total chelosterol; HDL-C, high density lipoprotein

cholesterol; LDL-C, low density lipoprotein cholesterol; TG, triglyceride; ApoA1, apolipoprotein A1; ApoB, apolipoprotein B; LP(a), Lipoprotein (a); LVEF, left venticular ejection fraction;

Gal-3, galectin-3.

*P < 0.05.

FIGURE 2 | Positive correlation of serum Gal-3 with Syntax Score (SS),

r = 0.397, P < 0.001.

of the low SS group 5.62 (1.64–60.15) vs. 3.48 (0.16–63.67) ng/ml,
P = 0.037, see in Table 5. Spearman correlation analysis showed
that the serum Gal-3 levels were positively correlated with SS (r
= 0.397, P < 0.001) (Figure 2). Multivariate logistic regression
analysis showed that after adjusting for other risk factors, serum
Gal-3 level remained a risk factor for high SS (OR = 1.030, 95%
CI: 1.021–1.047, P = 0.038) (Table 6).

The Value of Serum Gal-3 Level in
Predicting 1-Year MACEs in ACS Patients
Four patients were lost during follow-up, three of which were
in the Gal-3 >4.78 ng/ml group while the other one was in the
Gal-3 ≤ 4.78 ng/ml. Kaplan-Meier analysis showed that 1-year
MACEs were significantly higher in the high Gal-3 group (Gal-3
>4.78 ng/ml) than in the low Gal-3 group (Gal-3 ≤ 4.78 ng/ml),
P = 0.036 (Figure 3). Logistic regressions showed that after
adjusting other confounding risk factors, Gal-3 remained an
independent risk factor for the cumulative rate of MACEs in ACS
patients. A 6% higher rate of presence of MACEs per 1 ng/ml
increment in Gal-3 level (Table 7).

Frontiers in Cardiovascular Medicine | www.frontiersin.org 6 February 2022 | Volume 9 | Article 818162

https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles


Li et al. Galectin-3 and Coronary Artery Disease

TABLE 6 | Univariate and multivaiate logistic regression analysis for risk factors attributing to high SS (SS>22) in the CAD patient.

Univariate analysis Multivariateanalysis

Variable OR (95% CI) P OR (95% CI) P

Gender male sex, % (n) 2.146 (1.055–4.367) 0.035 2.418 (1.013–5.773) 0.047*

WBC, 109/L 1.071 (1.001–1.146) 0.048 1.040 (0.957–1.130) 0.355

Fasting blood glucose, mmol/L 1.145 (1.031–1.271) 0.011 1.088 (0.951–1.245) 0.220

hs-CRP, mg/l 1.015 (1.001–1.030) 0.039 1.006 (0.991–1.021) 0.462

Total cholesterol, mmol/L 1.071 (0.861–1.333) 0.536

HDL cholesterol, mmol/L 0.588 (0.271–1.276) 0.179

LDL cholesterol, mmol/L 1.154 (0.903–1.475) 0.251

Triglycerides, mmol/L 0.927 (0.723–1.188) 0.548

ApoA1, mg/dl 0.914 (0.302–2.768) 0.874

ApoB100, mg/dl 1.641 (0.839–3.207) 0.148

Lpa, mg/dl 1.00 (1.000–1.001) 0.206

LV diameter, mm 1.063 (1.006–1.123) 0.030 1.027 (0.955–1.105) 0.470

LVEF,% 0.058 (0.006–0.604) 0.017 0.724 (0.026–20.300) 0.849

Gal-3, ng/ml 1.047 (1.020–1.076) 0.001 1.031 (1.021–1.047) 0.038*

CAD, coronary artery disease; WBC, white blood cell; Hb, hemoglobin; HbA1C, hemoglobin A1C; CRP, C-reactive protein; TC, total chelosterol; HDL-C, high density lipoprotein

cholesterol; LDL-C, low density lipoprotein cholesterol; TG, triglyceride; ApoA1, apolipoprotein A1; ApoB, apolipoprotein B; LP(a), lipoprotein(a); LVEF, left venticular ejection fraction;

Gal-3, galectin-3.

*P < 0.05.

FIGURE 3 | Kaplan-Meier’s curves for 1 year MACE according to levels above

or below median of serum Gal-3 in patients with ACS. One-year MACE events

were significantly higher in Gal-3 >4.78 ng/ml group than that in the Gal-3 =

4.78 ng/ml group, P = 0.036 (Breslow). ACS, acute coronary syndrome.

DISCUSSION

Themain findings of the present study were as follows. (1) Serum
Gal-3 was significantly higher in CAD patients than in non-
CAD patients and was higher in ACS patients than in stable
CAD patients. (2) Galectin-3 was an independent predictor of
the presence of CAD as well as the presence of non-stable CAD
(ACS). (3) Galectin-3 positively correlated with the complexity of
CAD and was an independent risk factor for a high SS. (4) A high
level of serum Gal-3 was associated with a higher rate of MACEs
in ACS patients over the 1 year of follow up.

Inflammation and oxidative stress play a key role in all stages
of atherosclerosis, from initiation to progression of atheromatous
plaque, finally leading to ACS (18). In recent years, the role
of many new inflammatory-related markers in CVD has been
explored, including secret frizzled related proteins (19, 20), gut
microbiota produced trimethylamine N-oxide (TMAO) (21),
Gal-3 (22), etc. Galectin-3 is a macrophage- and endothelium-
derived mediator actively involved in the regulation of many
aspects of inflammatory cell behavior (12). It has been found to be
involved in proliferation, macrophage chemotaxis, phagocytosis,
neutrophil extravasation, and deposition of type-1 collagen in
the ECM, resulting in adverse matrix remodeling (23). Clinically,
limited data have shown that plasma Gal-3 is significantly
higher in CAD patients than in non-CAD patients. However,
the precise role of Gal-3 in CAD remains unclear; more data
are needed to determine the association between circulating
Gal-3 and atherosclerosis. Abayomi Oyenuga et al. showed
that higher levels of Gal-3 were associated with greater carotid
atherosclerosis (24). In the present study, we found that serum
Gal-3 was significantly higher in CAD patients than in non-
CAD patients and that Gal-3 was an independent predictor of the
presence of CAD. Our data are consistent with previous results
(11). Furthermore, we found that Gal-3 levels were positively
correlated with WBC count and hs-CRP levels. Although this
correlation was weak, these data support the hypothesis that Gal-
3 is involved in inflammation and contributes to the formation
of atherosclerosis.

Galectin-3 is not only involved in the formation of
atherosclerotic plaques but may also contribute to plaque
destabilization. To date, it hasn’t reached an agreement on
the role of Gal-3 on plaque stability, and clinical study and
experimental study showed conflicting results (12, 18, 25–29).
Current evidence has shown that Gal-3 may play a dual role in
plaque instability (22). Our study showed that serum Gal-3 was
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TABLE 7 | Association between serum Gal-3 and incident rate of MACEs.

Gal-3 Incident

rate

Model 1 Model 2 Model 3 Model 4

OR

(95%CI)

P-value OR

(95%CI)

P-value OR

(95%CI)

P-value OR

(95%CI)

P-value

Per ng/ml 26/236 1.051

(1.010,

1.094)

0.014 1.065

(1.018,

1.114)

0.007 1.058

(1.011,1.108)

0.015 1.060

(1.010,

1.112)

0.017

Model 1, adjusted for age, gender; Model 2, further adjusted for Cr, apoB 100; Model 3, further adjusted for fasting glucose, number of lesion vessels; Model 4, further adjusted for

N-Terminal Pro-Brain Natriuretic Peptide, Troponin T.

higher in ACS patients than in stable CAD and non-CADpatients
and was an independent predictor of the presence of ACS with a
specificity of 79% and a sensitivity of 60% for a cut-off value of
3.93 ng/ml. Our data was in favor of the conception that gal-3
was positively correlated with plaque destabilization. To date, no
firm conclusions about the action of Gal-3 (pro-inflammatory vs.
anti-inflammatory) during atherosclerosis evolution in rodents
have been drawn. More data are needed to clarify the relationship
between coronary plaque destabilization and plasma levels
of Gal-3.

The SS was developed as a tool to assess the complexity of
coronary lesions in the SYNTAX (Synergy between Percutaneous
Coronary Intervention with TAXUS and Cardiac Surgery) study.
This score adds many characteristics to the simple definition of
the number of diseased vessels related to the severity of CAD
and has also been indicated to have the prognostic ability (30).
To date, few studies have explored the correlation between Gal-3
and SS (18, 31). Aksan et al. found that the plasma concentration
of Gal-3 was higher in high SS CAD patients but was not an
independent risk factor for high SS after adjusting for other
confounding risk factors (19). Turan et al. found that Gal-3 was
independently associated with SS (31). In this study, we found
that Gal-3 levels were positively correlated with SS. The serum
Gal-3 level was shown to be a risk factor for high SS, even after
adjusting for other risk factors. The different number of samples
and high cut-off SS valuesmay have contributed to the differences
in the results. Our data indicated that Gal-3 could be used as a
valuable biomarker for the assessment of the severity of CAD.

In our study, we found that serum Gal-3 was positively
correlated with LDL-C and ApoB100. It is well known that the
interaction between dyslipidemia and inflammation is the basis
of atherosclerosis, and many inflammatory factors are involved
in the regulation of lipid metabolism disorders (3, 32). This may
be evidence that Gal-3 directly regulates cholesterol metabolism,
which is an interesting topic that deserves further exploration.

LIMITATIONS

This study has several limitations. First, it is a single center
retrospective cohort study and investigated only a relatively
small number of patients, further prospective studies with larger
sample sizes should be conducted to explore the relationship
between Gal-3 and CAD. Second, as it was an observational
study, we could not exclude residual confounding factors, despite
we had adjusted for potential covariates as much as possible.

Thirdly, timing of interventional treatment for ACS was an
important confounding risk factor that has an impact on the
prognosis. However, data were lacking in our study, which was
one of the limitations of the study. Finally, we did not assess serial
changes in circulating levels of Gal-3 among STEMI patients
and there was evidence that showed that Gal-3 was in dynamic
changes during acute phage.

CONCLUSION

Galectin-3 correlated with the presence of CAD as well as
coronary stability and complexity. Galectin-3 may be valuable in
predicting mid-term prognosis in ACS patients.
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