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Significance of the Study

o Increased galectin-3 levels are found in patients with atrial fibrillation on the third day after myocar-
dial infarction. Galectin-3 could be a useful prognostic biomarker in acute myocardial infarction.
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Abstract

Objective: Atrial fibrillation (AF) is common in acute myocar-
dial infarction (AMI), and galectin-3 is possibly involved in its
occurrence. Galectin-3 has been shown to play a central role
in fibrosis and tissue remodeling and has a role in inflamma-
tory and proliferative responses. The aim of our study was to
measure galectin-3 levels in patients with myocardial infarc-
tion and to compare its levels in patients with or without AF,
in order to investigate the potential predictive role of galec-
tin-3 in this setting. Subjects and Methods: The study includ-
ed 51 consecutive AMI patients with AF; 27 AMI patients
(52.9%) had permanent/persistent AF, and 24 patients
(47.1%) had paroxysmal AF. Thirty-eight consecutive AMI pa-
tients without AF were used as a control group. Blood sam-

ples were obtained from venous blood on the third day after
reperfusion. Results: Patients with AF had higher levels of
C-reactive protein (p < 0.01) and galectin-3 (p < 0.05) than
those without AF. Patients with high galectin-3 had 4.4 times
greater odds of having AF. Galectin-3 levels were lower in
patients without AF (p < 0.01) than in those with permanent/
persistent AF. Conclusion: AMI patients with AF had higher
levels of galectin-3 than those without this arrhythmia. This
biomarker of inflammation and fibrosis could be a potential
target for treating AMI patients at high risk.
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Introduction
Atrial fibrillation (AF) is one of the most common ar-

rhythmias today. The prevalence of AF is approximately
3% in the adult population, and it is independently asso-
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ciated with a 2-fold increased risk of all-cause mortality.
Its prevalence increases with age, and AF is frequently as-
sociated with coronary artery disease [1, 2].

Acute myocardial infarction (AMI) is the leading
cause of death worldwide [3-5]; the most frequent supra-
ventricular arrhythmia in AMI is AF. Patients with any
type of AF (preexisting, first time detected, new-onset
AF) in AMI have more comorbidities and are at higher
risk of reinfarction, strokes, heart failure, and sudden car-
diac death [5].

Galectin-3 may be involved in the occurrence of AF [6,
7]. Galectin-3 is a member of the galectin family which
comprises -galactoside lectins; it is normally expressed
in several cytotypes, e.g. in endothelial cells, epithelial
cells, activated microglia, inflammatory cells (mainly
macrophages) and various tissues including the heart [7,
8]. Multiple studies have demonstrated that serum galec-
tin-3 levels rise immediately after AMI and decrease sig-
nificantly within 5 days after the acute event [8]. Galec-
tin-3 has been shown to be involved in ventricle remodel-
ing and prognosis early after AMI [9].

Fibrosis is a fundamental component of adverse struc-
tural remodeling in the myocardium which is triggered
by various risk factors (like those present in AMI). Galec-
tin-3 stimulates myofibroblast proliferation and procol-
lagen-1 deposition, which eventually contributes to car-
diac fibrosis, structural remodeling, and to further car-
diomyocyte dysfunction, and thus formsanideal substrate
for the onset and persistence of AF [10, 11].

The aim of our study was to compare galectin-3 levels
in AMI patients with and without AF in order to investi-
gate the potential predictive role of galectin-3 in this set-
ting. The actual role of galectin-3 in ACS has not been
fully elucidated. Fibrosis, inflammation, and myocardial
dysfunction are closely related and involved in the occur-
rence of AF in AMI [12]. Therefore, the secondary goal of
this study was to investigate the relationship between ga-
lectin-3, high-sensitivity-C-reactive protein (hs-CRP), B-
type natriuretic peptide (BNP) and high-sensitivity tro-
ponin I (hs-Tnl) in AMI patients with and without AF, as
well as their potential role in prognosis of AF.

Subjects and Methods

Data were collected from patient medical records, the results of
standard laboratory analyses, and invasive and noninvasive diag-
nostic procedures.

The study included 51 consecutive patients with AMI (ST-ele-
vation myocardial infarction [STEMI] and non-ST-elevation
myocardial infarction [NSTEMI]) and AF, treated at the Clinic for
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Cardiovascular Diseases, Nis, Serbia. AMI and AF were diagnosed
according to current ESC guidelines [4-6]. Over a period of 14
months (mid-2016 to mid-2017), patients with their first AMI,
without prior revascularization, were recruited for the study. The
exclusion criterion was previously diagnosed decreased global
contractile function of the left ventricle (LVEF <50%). Twenty-
seven of the patients (52.9%) had permanent/persistent AF that
was diagnosed and treated prior to hospitalization, and 24 of the
patients (47.1%) had paroxysmal AF diagnosed during hospital-
ization. Thirty-eight consecutive AMI patients without AF were
used as a control group. There were no statistically significant dif-
ferences in STEMI/NSTEMI distribution between the study and
control groups (37.3 vs. 32.4%, x* = 0.058, p = 0.809).

All patients underwent percutaneous coronary intervention
(PCI). Venous blood was obtained on the third day after AMI,
when PCI was carried out in both STEMI and NSTEMI patients.
Plasma was separated from whole blood by centrifugation at a tem-
perature of 25°C for 10 min at 3,000 g and stored at -80 °C for
subsequent analysis. Plasma levels of galectin-3, as well as BNP,
hs-CRP, and hs-Tnl levels were measured using commercially
available enzyme-linked immunosorbent assays (ELISA) accord-
ing to the manufacturer’s instructions (Galectin-3 [ELISA, R&D
Biosystems, USA], BNP [ARCHITECT Assay, Abbott, USA], hs-
CRP [Beckman Coulter, USA], hs-Tnl [ARCHITECT STAT High
sensitive Troponin-I assay, Abbott Diagnostics, USA]). For the ga-
lectin-3 ELISA assay, the CV was 30.72 ng/mL and mean mini-
mum detectable dose was 0.016 ng/mL. Echocardiography was
performed with an ultrasonic device system (Vivid 4, GE, Chicago,
IL, USA) within 24 h after hospital admission. We measured the
left atrial and ventricular diameters, and they were indexed by
body surface area (BSA) according to the guidelines of the Ameri-
can Society of Echocardiography; the LVEF was calculated from
apical 2- and 4-chamber views using the Simpson’s biplane meth-
od [13].

Statistical Analysis

The data obtained were analyzed using the Statistical Package
for Social Sciences (SPSS 21.0; Chicago, IL, USA). The baseline
characteristics are presented as frequencies or means with SDs or
medians with the interquartile range for the variables deviating
greatly from normal distribution. A contingent of distributional
characteristics (i.e., skewness, presence of extreme values, Shapiro-
Wilk test) was used to determine the variables’ normality of distri-
bution, and therefore the use of parametric or nonparametric tests.
The quantitative variables were analyzed using parametric meth-
ods (Student’s ¢ test, Pearson’s r test of correlation) or nonpara-
metric methods (Mann-Whitney U test, Jonckheere-Terpstra test,
Spearman’s test of correlation). The association between qualita-
tive variables was evaluated by Fisher’s exact test or x* test. Stan-
dard linear or binary logistic regression modeling was performed
to identify significant variance predictors for the dependent vari-
able. All independent variables were tested for significance using
univariate regression modeling, and later, all the statistically sig-
nificant variables were included in the multivariate analysis to de-
termine the actual predictive value of the model and of each sig-
nificant independent variable. Receiver operating characteristic
(ROC) curve analyses were performed in order to determine the
optimal cut-off values of galectin-3 and BNP, with the highest sen-
sitivity and specificity. A p value of less than 0.05 was considered
to be a measure of statistical significance.
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Table 1. Baseline characteristics of the patients

No AF Permanent/persistent AF Paroxysmal AF AF vs. AF vs. permanent/
no AF, persistent AF vs.
p paroxysmal AF, p
Age, years 64.30+11.85 69.30+9.96 66.13+11.73 0.153 0.220°
BMI 26.62+3.89 26.96+5.25 25.70+4.67 0.787° 0.594¢
Body surface area, m? 1.96+0.18 1.92+0.23 1.92+0.20 0.404* 0.706°
LVEF, % 51.46+9.51 49.52+13.55 54.33+13.47 0.947° 0.389¢
EDD, mm 51.73+7.08 56.70+8.49 50.95+5.74 0.264% 0.028¢
EDDI, mm/m? 26.39+3.85 29.01+3.93 26.76+4.04 0.143% 0.073¢
ESD, mm 35.96+7.15 39.98+8.69 33.95+6.93 0.622° 0.050°
ESDI, mm/m? 18.32+3.61 20.42+4.03 17.90+4.37 0.426* 0.114¢
LA, mm 40.81+4.14 49.55+7.16 40.32+7.28 0.087° 0.001¢
LAIL mm/m? 20.90+2.51 25.97+5.12 21.79+4.72 0.035a  0.007¢
CHADSVASC score 4.24+1.46 4.30+1.23 3.71£0.95 0.402% 0.191¢
RBC, 10'%/L 4.48+0.67 4.42+0.51 4.38+0.65 0.533° 0.801¢
Hb, g/L 146.0 (127.0-157.0)  137.0 (131.0-149.0) 129.5 (121.2-146.0)  0.122° 0.130¢
HCT, L/L 40.32+5.64 40.44+4.29 39.64%5.21 0.817% 0.205¢
WBC, 10°/L 9.3 (7.2-11.0) 8.7 (7.0-12.1) 10.0 (7.3-12.9) 0.666" 0.661¢
PLT, 10°/L 213.0 (166.5-261.5)  232.0 (183.0-273.0) 235.0 (186.5-327.8)  0.219° 0.333¢
Glucose, mmol/L 7.2 (5.6-9.4) 6.8 (5.8-9.2) 6.9 (5.5-8.5) 0.829" 0.936¢
Creatinine, pmol/L 96.2 (83.0-140.0) 104.1 (90.5-132.4) 92.4 (82.7-121.8)  0.993° 0.644¢
Urea, mmol/L 6.0 (4.7-10.4) 7.4 (5.6-10.4) 6.8 (5.0-10.8) 0.128° 0.285¢
Cholesterol, mmol/L 5.1 (4.1-6.2) 5.3 (4.3-6.1) 5.5 (4.8-6.1) 0.956" 0.8014
LDL, mmol/L 3.38+1.18 3.27+1.12 3.49+1.11 0.998* 0.789°
HDL, mmol/L 1.0 (0.9-1.2) 1.0 (0.8-1.2) 1.0 (0.9-1.3) 0.719° 0.799¢
Triglycerides, mmol/L 1.5 (1.2-2.5) 1.3 (1.2-2.0) 1.5 (1.2-2.0) 0.429° 0.6664
AST, U/L 28.0 (19.0-55.5) 23.0 (19.0-37.0) 23.5(20.2-43.2) 0.402° 0.685¢
ALT, U/L 23.0 (16.5-34.0) 20.0 (16.0-37.0) 20.0 (12.0-40.2) 0.507° 0.675¢
hs-troponin I, ng/L 0.6 (0.1-5.5) 0.1 (0.1-0.4) 0.6 (0.3-4.0) 0.296" 0.018¢
hs-CRP, mg/L 4.0 (2.1-10.0) 10.0 (4.7-23.2) 7.6 (2.2-40.4) 0.007b  0.022¢
Fibrinogen, g/L 4.02+1.02 3.30+1.32 5.40+1.91 0.711% 0.197¢
BNP, pg/mL 93.3 (38.7-334.0) 159.9 (92.1-524.1) 144.7 (68.8-838.9)  0.098" 0.223¢
Galectin-3, ng/mL 8.41+2.76 10.53+2.79 9.33+2.68 0.011a  0.012°

Data are presented as mean * SD or median (interquartile range). BMI, body mass index; LVEF, left ventricle ejection fraction; EDD,
left ventricle end-diastolic diameter; EDDI, EDD index; ESD, left ventricle end-systolic diameter; ESDI, ESD index; LA, left atrium
diameter; LAI, LA index; RBC, red blood cell count; WBC, white blood cell count; PLT, platelet count; LDL, low-density lipoprotein;
HDL, high-density lipoprotein; AST, aspartate aminotransferase; ALT, alanine aminotransferase. * Student’s ¢ test. ® Mann-Whitney U

test, * ANOVA, 9 Kruskal-Wallis test.

Results

The clinical and biochemical characteristics of the
study and control groups are shown in Table 1. There
were 32 male (36.4%) and 56 female subjects (63.6%). The
youngest patient was 38 years old, while the oldest was 91
(mean age 66.33 = 11.34 years). Patients with AF had
higher levels of hs-CRP (p < 0.01) and galectin-3 (p <
0.05) than those without AF. Pharmacotherapy was pre-
scribed according to the current guidelines of the Euro-
pean Society of Cardiology [4-6]. Besides the difference
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in the frequency of amiodarone prescription (54.9% of
patients with AF vs. 8.1% of patients without AF, p <
0.001), other medications were prescribed in a similar
manner. There were no differences between the preva-
lence of diabetes mellitus (DM) in patients with AF
(19.6%) and those without AF (37.8%). Also, arterial hy-
pertension had a similar frequency in patients with AF
(92.2%) and those without AF (89.2%). All other param-
eters, including gender and smoking habit were equally
distributed between these two groups. Patients were clas-
sified as smokers (43.2%), nonsmokers (45.5%), and for-
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BNP: AUC = 0.604, p = 0.098
Galectin-3: AUC = 0.656, p < 0.05,
sensitivity 86.3%, specificity 48.6%, cut-off value 7.57 ng/mL
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Fig. 1. The receiver operating characteristic curve for the ability of
galectin-3 and BNP to predict AF in patients with acute myocar-
dial infarction.

mer smokers (11.4%); the average time as a smoker was
16.80 + 16.92 years, and 21 smokers (35.0%) consumed
more than 20 cigarettes per day.

The average plasma level of galectin-3 was 9.31 + 2.86
ng/mL. None of the patients had a galectin-3 concentra-
tion >17.8 ng/mL.

The galectin-3 concentration had a negative correla-
tion with the total body height, total body weight, BSA,
hemoglobin, low-density lipoprotein cholesterol, and hs-
TnlI levels. It was found to be directly and significantly
proportional to the following variables: age, left ventricu-
lar end-diastolic diameter index (EDDI), platelet count
(PLT), urea, hs-CRP, and BNP.

Higher galectin-3 levels were observed in male pa-
tients (p < 0.001), patients with DM (p < 0.05) and arte-
rial hypertension (p < 0.05), and patients treated with ti-
cagrelor, compared to those treated with clopidogrel (p <
0.01).

Using standard linear regression, we developed a sta-
tistically significant model which included gender, the
presence of DM, the use of ticagrelor, and EDDI. Inde-
pendent covariates were gender (p < 0.01) and EDDI (p <
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0.05). The odds of having elevated galectin-3 levels were
higher in males by 69.3% and for every increase in EDDI
(by 1 mm/m?) by 74.8%.

An ROC curve analysis was performed to determine
the optimal cut-off values of galectin-3 and BNP concen-
tration cut-off value for predicting AF in patients with
AMI (Fig. 1). For galectin-3, the optimal cut-off value was
7.57 ng/mL (AUC = 0.656, 95% CI: 0.540-0.772, sensitiv-
ity 86.3%, specificity 48.6%, p < 0.05). In contrast to ga-
lectin-3, the AUC of the ROC curve for BNP was not sta-
tistically significant (p = 0.098).

Patients with AF were classified into two groups ac-
cording to the previously determined cut-off value for
galectin-3. Seven patients (13.7%) had AF and low ga-
lectin-3 concentrations. Patients with low levels of ga-
lectin-3 and AF had higher hemoglobin (p < 0.05), hema-
tocrit - HCT (p < 0.05), cholesterol (p < 0.05) and low-
density lipoprotein levels (p < 0.05), which may have
contributed to the occurrence of AF in spite of low galec-
tin-3 levels. In addition, a galectin-3 concentration below
7.57 ng/mL was associated with lower urea (p < 0.05), hs-
Tnl (p <0.05), hs-CRP (p < 0.05),and BNP (p < 0.01). No
association was found between the galectin-3 level (below
and above the cut-off value) and the frequency of comor-
bidities (diabetes mellitus, arterial hypertension), medi-
cations prescribed or smoking habit.

Using binary logistic regression, a model including
four variables was developed. Independent variables
were: age, CHADSVASC score, hs-CRP levels, and an in-
creased galectin-3 concentration above the previously de-
termined cut-off of 7.57 ng/mL. Patients with high galec-
tin-3 have 4.4 times higher odds of having AF.

After dividing patients into three groups (without AF,
with permanent/persistent AF and with paroxysmal AF),
the quantitative characteristics of each group of patients
are shown in Table 1. Levels of galectin-3 were lower in
patients without AF (p < 0.01) than in patients with per-
manent/persistent AF, while the difference between pa-
tients with paroxysmal AF and each of the other two
groups was not significant. Moreover, these two groups
differed in the diameters of the left atrium and left ven-
tricle. The left ventricle and atrial echocardiographic pa-
rameters were lower in patients without AF (left ventricle
end-diastolic diameter [EDD], p = 0.028; left ventricle
end-systolic diameter, p = 0.05; left atrial diameter (LA),
p=0.001; LA index, p = 0.007). Additionally, hs-TnlI con-
centrations were lower (p = 0.0018), while the hs-CRP
concentration was higher (p = 0.022) in patients with per-
manent/persistent AF compared with those without AF.
Paroxysmal AF was associated with lower EDD, ESD, and

Med Princ Pract 2019;28:284-290
DOI: 10.1159/000497611

287



LA, while lower levels of hs-Tnl were seen in permanent/
persistent AF.

The distribution of gender, comorbidities, and smok-
ing habit was similar in each pair of groups according to
the AF status. Left ventricular dilatation was more fre-
quent among patients with permanent/persistent AF
than in patients without AF (p < 0.05).

Discussion

The primary aim of this study was to compare the lev-
els of galectin-3 in AMI patients with or without AF. We
found that patients with AF had significantly higher levels
of galectin-3 and hs-CRP than those without this arrhyth-
mia. Patients with galectin-3 >7.57 ng/mL had 4.4 times
higher odds of having AF. The levels of galectin-3 posi-
tively correlated with hs-CRP and BNP. Also, patients
with different types of AF (paroxysmal/persistent/perma-
nent) did not have significantly different galectin-3 levels.
Higher levels of galectin-3 were more likely to be found
in males and in patients with a dilated left ventricle.

AF is very frequent in AMI patients, and these patients
face an increased risk of severe complications, including
heart failure, stroke, and premature death. Namely,
pathophysiological mechanisms that lead to remodeling
of the atrial structure and development of AF also under-
lie cardiac remodeling and heart failure [14, 15]. A num-
ber of studies have shown an association between high
circulating levels of galectin-3 and increased risk of devel-
oping AF [14].

We examined the association between different risk
factors for AF, as well as coronary artery disease, and ga-
lectin-3 levels in AMI patients with AF. In a study con-
ducted on the Prevention of REnal and Vascular ENd-
stage Disease (PREVEND) in nondiabetic residents of
Groningen, galectin-3 values were higher in females than
in males and were elevated with increasing age [7]. In our
study, galectin-3 was higher in male patients. This could
be explained by diabetes being significantly more fre-
quent in our male patients (59.4 vs. 40.6%, p < 0.05), and
by the fact that our male participants were significantly
older (70.53 £ 10.2 vs. 63.93 + 11.33 years, p < 0.01). De
Boer et al. [7] showed that galectin-3 was higher in pa-
tients with arterial hypertension and diabetes mellitus,
which was also a finding in our study. However, recent
studies showed that higher circulating galectin-3 concen-
trations were found to be associated with an increased
risk of development of AF over the subsequent 10 years
in age- and gender-adjusted analyses [16].
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In other studies, galectin-3 has also been associated
with cardiovascular risk factors except current smoking
status, which was observed in our study [17]. Weigert et
al. [18] found that galectin-3 levels were lower in obese
patients with diabetes mellitus. Galectin-3 levels were
lower in our patients with lower BSA height and weight.
This could be a consequence of lower concentrations of
galectin-3 being secreted by adipocytes in obese individu-
als, irrespective of AMI. Galectin-3 and hs-TnI were neg-
atively correlated in our study. Moreover, any correlation
between galectin-3 and Tnl reported at admission was
lost before hospital discharge in other studies. Galectin-3
decreases immediately after necrosis, while TnlI decreases
over 15 days after the acute event [8]. We measured ga-
lectin-3 on the third day after admission when it was de-
creasing, while Tnl was in the “wash-out phase” after PCI
and possibly had a secondary peak [19]. Patients with
higher galectin-3 levels had ticagrelor more often than
clopidogrel in therapy, which could be explained by the
larger atherosclerotic burden in those patients, observed
in earlier studies [20]. The average levels of galectin-3 in
our patients were lower than those reported in younger
healthy individuals [21]. This could be the result of dy-
namic changes in galectin-3 concentrations in AMI and
the timing of measurement [8].

Very few studies have shown a correlation between
CRP, an established marker of inflammation, and galec-
tin-3 in AMI. One study showed that galectin-3 and hs-
CRP significantly increased in patients with NSTEMI
with preexisting AF, compared with patients without AF.
Also, hs-CRP, but not galectin-3, was a predictor of a
worse outcome during the 15-month follow-up [22].
Szadkowska et al. [23] found a weak relationship between
3 measured biomarkers: galectin-3, BNP and hs-CRP,
which supports the observations that these proteins re-
flect different pathways in the pathophysiology of cardiac
injury. Our results are in line with those findings.

Gurses et al. [24] showed that galectin-3 levels were
higher in patients with persistent AF than in those with
paroxysmal AF. The significant difference in galectin-3
levels between patients with persistent AF and those with
paroxysmal AF may be due to the prominent structural
remodeling of the left atrium in patients with persistent
AF. Similarly, in our cohort, paroxysmal AF was associ-
ated with significantly lower diameters of the left ventri-
cle and atria in comparison with those with permanent/
persistent AF. Also, increased EDDI was associated with
low plasma levels of galectin-3.

Considered together, age, CHADSVASC score, hs-
CRP levels and galectin-3 >7.57 ng/ml were independent
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predictors of the existence of AF in AMI, unlike BNP.
Therefore, galectin-3 may be considered as a predictor of
a worse outcome (possible development of heart failure)
in AMI patients and an independent marker of the pres-
ence of AF. This could indicate patients who will need
more aggressive treatment in this clinical setting.

A negative correlation between galectin-3 and LVEF
in AMI patients was previously noted by other authors
[25]. The independent predictors of high galectin-3 levels
were male gender and EDDI in our patients. Andrejic et
al. [26] found in NSTEMI patients that a left ventricular
ejection fraction below 45% was a good predictor of the
galectin-3 concentration in patients with acute coronary
syndrome and with already decreased LVEF. Presumably,
those patients with alow ejection fraction had an enlarged
left ventricle or EDDI.

Interestingly, galectin-3 has a different and controver-
sial role in the early and late phases of AMI. It contributes
to the reparative processes in the infarcted area, in the
early phase, which is essential for the maintenance of
LVEF. In the later phase, galectin-3 may support the tran-
sition from acute to chronic inflammation and trigger
cardiac fibrosis, leading to adverse ventricular remodel-
ing and, finally, heart failure and a decrease in LVEF [27].
With the aim of highlighting the important contribution
of galectin-3 to cardiac fibrosis and remodeling, a few re-
cent studies assessing the pharmacologic inhibition of ga-
lectin-3 have suggested that this may be a method for the
prevention of heart failure [28].

One of the limitations of this observational study is
that we included a small number of patients. Also, we do
not have the serial measurements of galectin-3 levels for
comparison. Patients were not followed up immediately
upon initial hospitalization. Therefore, we need more
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