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Abstract

Galectin-3 (Gal-3) is a biomarker of fibrosis that has been associ-
ated with atrial remodeling. Acknowledging the presence of a bio-
marker in patients with atrial fibrillation (AF) can allow for a better 
clinical treatment. The aim of this study was to assess the associa-
tion of Gal-3 with atrial fibrosis in patients with AF. This is a sys-
tematic review study. From the total number of studies analyzed, 12 
demonstrated a relation between atrial fibrosis and Gal-3 in patients 
with AF and presented statistically significant association values. 
We conclude that Gal-3 is associated with atrial fibrosis in patients 
with AF in all types, as well as after the arrhythmia treatment by 
ablation.
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Introduction

Atrial fibrillation (AF) is the most prevalent sustained cardiac 
arrhythmia in the world [1]. Its prevalence is almost twice as 
high as the observed in the past decade, but data about AF may 

be underestimated because the asymptomatic form is not diag-
nosed frequently [2]. AF is associated with a mortality increase 
of approximately two times that observed among patients with 
sinus rhythm [3].

AF genesis is related to electrophysiological alterations in 
the atrial tissue that foster and propagate the abnormal electric 
impulse. Many clinical conditions are considered risk factors 
for the development of AF, and possibly influence in the preva-
lence rise observed in the last decades [2].

Atrial fibrosis is an induction factor of cardiac structural 
remodeling, which can create arrhythmogenic substrate for the 
emergence of AF [4, 5]. Studies performed with humans and 
animals show that left atrial fibrosis is involved with this ar-
rhythmia physiopathology [6-8]. Better understanding of the 
relation between atrial fibrosis and AF can allow for the iden-
tification of a higher-risk subgroup, and may have an impact in 
the management of those patients (rhythm control, frequency or 
ablation control) [6].

The exact mechanism leading to atrial fibrosis still re-
mains undefined, however, some studies demonstrated that 
the activation of the immune system and inflammatory re-
sponse play a role in the physiopathology of atrial fibrosis[1, 
5]. In this scenario, galectin-3 (Gal-3) has been considered 
one of the possible substances contributing to cardiac fibrosis 
[5].

The role of Gal-3 in the pathogenesis of cardiac fibrosis 
involves macrophages and fibroblasts recruitment in the myo-
card, resulting in cell proliferation and collagen accumulation 
[5, 9, 10], and it plays a role in the electric atrial activity and 
structural remodeling [1]. Studies showed that high circulat-
ing Gal-3 concentrations were associated with an increased 
risk of developing AF [1, 5, 9, 10]. Despite of inferences 
that point to Gal-3 playing a role in the atrial fibrosis and AF 
physiopathology, there is still a need for further understand-
ing of the molecular basis and clinical associations of it [11, 
12] (Fig. 1).

Better understanding of Gal-3 association with atrial fi-
brosis in patients with AF will allow for progress in the un-
derstanding of this arrhythmia physiopathology and contribute 
for a more appropriate clinical management of carrier patients 
or those with high risk for the development of AF. The present 
study aimed at assessing the association of Gal-3 with atrial 
fibrosis in patients with AF.
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Methods

The present study is a systematic review of literature follow-
ing the guidelines of Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) statement [13]. 
The question asked in this review was: “What is the relation 
between Gal-3 and atrial fibrosis in patients with AF?” Using 
PICOS [14] search strategy, we considered eligible studies 
in which the population was composed of patients with AF, 
where Gal-3 had been assessed as a possible marker for car-
diac fibrosis and those studies that were clinical, observational 
or experimental studies.

The following databases were searched up until April 
2020: Cochrane Library, British Medical Journal (BMJ) Best 
Practice, National Library of Medicine National Institutes of 
Health (PubMed/MEDLINE), World Wide Science, Science 
Direct, Literatura Latino-Americana e do Caribe em Ciencias 
da Saude (LILACS), and Directory of Open Access Journal e 
University of Alberta Library. Search strategy was guided by 
the use of controlled vocabulary according to Descritores em 
Ciencias da Saude (DeCs) as an extended translation of Medi-
cal Subject Headings (MeSH). In DeCs, the search was carried 
out in Portuguese and keywords were obtained in English, and 
their combination was done using the boolean operators “and” 
and “or”. Keywords used in this study were: “galactin-3”, 
“atrial fibrosis”, “atrial fibrillation”, “cardiovascular disease”, 
“clinical studies”, “observational studies”, and “experimental 
studies”.

The search for the studies was guided by the research 
question and the combination of the keywords in the database, 
aiming to find the term in the article title, abstract and key-
words. There were no restrictions with language but articles 
from 2010 to 2020 were given priority. Excluded studies en-
compassed review articles, systematic reviews, meta-analysis 
and grey literature. Keywords were combined two by two in 
each database, and when necessary, we chose to use a triple 
combination.

First, titles and abstracts were read and each researcher 

registered the agreement or not to the inclusion of the study 
(the first step). Disagreeing cases were discussed and submit-
ted to a third evaluation performed by a more experienced re-
searcher (the second step). Second, selected articles were fully 
read aiming to find the answer to the research question of the 
review (the third step). Figure 2 describes the flow for the iden-
tification, selection, eligibility and inclusion of studies.

Data extraction was carried out independently by two re-
searchers with the aid of an electronic form built using Mi-
crosoft Excel®, and a data compatibility assessment was per-
formed by a third researcher, in order to evaluate consistency 
and cleanliness of data. Kappa coefficient was used to assess 
the inter-observer reliability. Critical review of studies’ quality 
of data was carried out using Oxford Centre Evidence Based 
Medicine [15], as well as the methodology quality of studies 
was evaluated using GRADE [16] guidelines, using a check 
list with questions (Supplementary Material 1, www.jocmr.
org) in order to assess the scientific inference and significance. 
Study data synthesis was guided by PRISMA, following the 
structure rationale IMRaD (Introduction, Methods, Results 
and Discussion).

Results

A total of 12 studies fulfilled the eligibility criteria estab-
lished and their main information is listed in Table 1 [5, 10-
12, 17-24]. Inter-observer reliability of the study relevance 
was considered substantial (Kappa = 0.67), and it pointed 
to the homogeneity of the articles included in the study. As 
shown here (Supplementary Material 1, www.jocmr.org), 
with regard to the relevance of the outcomes presented, there 
was an agreement that 100% (n = 12) of studies analyzed 
present scientific relevant results, as well as 100% of studies 
presented a clear methodology and in accordance to the main 
outcome.

Articles were analyzed with regard to quality and catego-
rized by degree of recommendation and level of evidence [15]. 
It was observed that 91.66% (n = 11) of the articles were classi-

Figure 1. Potential mechanistic roles of galectin-3 in tissue fibrogenesis.
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fied as grade B of recommendation (moderate), and one article 
(8.34%) as grade A of recommendation (high). Cohort studies 
were the most frequent type 62.5% (n = 10). Case-control stud-
ies were 58.3 % (n = 7), 33.3% (n = 4) were prospective cohort 
and 8.4% (n = 1) were ecological studies (Table 1).

Discussion

Twelve studies that fit the inclusion criteria were included in 
the present review [5, 10-12, 17-24], comprising a total of 
9,470 individuals. Age of study subjects ranged from 46.1 to 
70 years old. All studies demonstrated that Gal-3 levels are 
higher in patients with AF non-valvular and that it can be con-
sidered a marker for fibrosis in this population (Table 1).

Stanojevic et al (2019) [17] compared levels of Gal-3 in 
patients with acute myocardial infarction (AMI) and AF in or-
der to investigate the role of Gal-3, and they found that pa-
tients with AMI and AF had higher levels of Gal-3 than those 
without AF (P < 0.05), and that Gal-3 can be considered and 
independent predictive factor for the emergence of AF.

Fashanu et al (2017) [12] in the ARIC study, analyzed if 
Gal-3 was associated with AF incidence in a cohort of 8,436 
individuals, and found out that subjects with elevated Gal-3 
levels presented higher risk of developing AF (P < 0.0001). 
The association of Gal-3 with AF incidence was very strong in 
the first year of follow-up, and it can be explained by the role 
Gal-3 plays in myocardial fibrosis. The association between 
plasma Gal-3 and AF was moderately strong and independ-
ent of baseline AF risk factors. This association was accounted 
for by participants with high Gal-3 levels having developed 
more heart failure (HF) during follow-up of AF. Gal-3 may 
increase AF risk via pathways involving HF [12]. Most articles 
excluded patients with HF.

In a study assessing whether Gal-3 was involved in the 
evolution and in the progress of coronary cardiac disease and 

in the progress of AF, Gal-3 was considered a biomarker of se-
verity and/or atherosclerotic plaque instability. It was observed 
that elevated levels of Gal-3 are significantly associated with 
AF patients (P < 0.05). Elevated levels of Gal-3 can stimulate 
macrophage migration, proliferation of fibroblasts and fibrosis 
development, being the last one as an important factor affect-
ing the process of myocardial fibrosis [18]. When the type of 
AF was compared, levels of Gal-3 were significantly higher in 
patients with persistent AF than in those with paroxysmal AF 
(P < 0.001).

Gurses et al (2015) [10] also observed that elevated lev-
els of Gal-3 are associated with AF (P < 0.001), and it can 
be considered an independent AF predictor in a multivariate 
analysis (P < 0.001). When the relation was assessed compar-
ing the type of AF, levels of Gal-3 were significantly higher in 
patients with persistent AF than in those with paroxysmal AF 
(P < 0.001). These results suggest that Gal-3 is involved in the 
structural remodeling process in those patients.

Berger and colleagues, in 2017 [19] aimed at assessing the 
levels of serum Gal-3 and in the left atrial tissue in patients to 
be submitted to thoracoscopic surgery for AF, and investigated 
if the baseline levels of Gal-3 or its alteration had any impact 
in the fibrotic process that contribute to the arrhythmogenic 
substrate after AF modification to the sinus rhythm. As a re-
sult, they observed that an increase in the levels of Gal-3 was 
significantly associated with a higher recurrence of AF after its 
correction by surgical procedure (P = 0.014).

Clementy et al (2016) also verified that patients with an el-
evated level of Gal-3 presented more frequently AF recurrence 
after ablation (P = 0.0006). In a univariate analysis, Gal-3 was 
an AF recurrence predictor (P = 0.02), and in a multivariate 
analysis it was an independent predictor of new AF events (P = 
0.02). Thus, they concluded that high levels of Gal-3 are strong 
predictors of AF recurrence after ablation, independently of its 
type [22]. As a limitation, Clementy et al (2016) [22] showed 
that patients with HF were also included in the study, despite 

Figure 2. Results flowchart of studies search and selection strategy.
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the bias that Gal-3 levels are greater in this population. In ad-
dition, Gal-3 remained an independent predictor of AF recur-
rence even after removing HF patients from the population.

Furthermore, the findings of Berger and colleagues sug-
gest that the increase in the levels of Gal-3 is determined by 
the presence of AF, reflecting a process that can cause the dis-
ease. In those patients, the increase in the levels of Gal-3 oc-
curs with time and it leads to a fibrotic process, increasing the 
risk of arrhythmogenic substrate development that remains or 
develops further, independently of AF modification to sinus 
rhythm. In a multivariate analysis, it was observed that Gal-3 
is an independent AF recurrence predictor (P = 0.035) [19]. As 
a conclusion of their study, Gal-3 is an independent variable 
for predicting risk in patients with AF, playing an important 
role as a potential marker for structural remodeling. Fibrosis 
is an important component of the arrhythmogenic substrate, 
and patients with AF have an increase in the load of fibrosis 
[19].

In some studies, females presented higher levels of Gal-3 
when compared to males (P < 0.0001) [12], (P = 0.03) [21], (P 
= 0.046) [19], however, Stanojevic et al (2019) [17] and Selco-
ki et al (2016) [5] found out that males presented elevated lev-
els of Gal-3 in univariate and multivariate analysis (P < 0.001 
[17] and P = 0.047 [5], respectively). Black patients presented 
higher levels of Gal-3 when compared to white patients (P < 
0.00001) [12].

Hernandez-Romero and colleagues (2017) evaluated the 
role of Gal-3 in atrial remodeling and they found out that there 
are differences in the increase of serum levels of Gal-3 be-
tween patients with and without AF (P = 0.02); besides that, 
they found association between elevated levels of Gal-3 and 
fibrosis (P = 0.015). Atrial remodeling evaluated as tissue atrial 
fibrosis remained an independent factor for AF development (P 
= 0.022) [20].

Study results indicate that the pro-fibrotic effects of Gal-
3 and interstitial atrial remodeling are converging processes 
in fibrosis development and consequently in the emergence of 
AF. Atrial fibrosis is an independent predictor of post-opera-
tive AF occurrence (P = 0.022) [20].

With the goal of determining if Gal-3 is related to atrial 
remodeling markers and fibrosis extension, the study carried 
out by Yalcin et al (2015) showed that the increase in Gal-3 is 
related to cardiac fibrosis in patients with AF (P < 0.001), and 
it is independently correlated to the fibrosis extension in the 
left atrium (P < 0.001), suggesting a possible mechanical role 
of Gal-3 in atrial electrical and structural remodeling [11].

When estimating whether the extension of Gal-3 circula-
tion varied between patients with new onset AF and chronic 
AF, Chen and colleagues (2016) found out that Gal-3 is inde-
pendently related to new onset AF, that is, to the early stage of 
AF (P = 0.05). Thus, researchers suggest that Gal-3 can be a 
chronicity biomarker for AF, which could be used to ease the 
diagnosis of the early stage of the disease in high-risk patients, 
because elevated levels of Gal-3 can stratify the risk of devel-
oping AF [21].

Sonmez et al (2014), found significant results in patients 
with AF and elevation in the levels of Gal-3 (P = 0.001), sug-
gesting that Gal-3 can be used as a new target to lower the 
level of atrial fibrosis and inflammation in patients with AF. In-

creased Gal-3 leads to an increased number of monocytes and 
macrophages involved in cell interactions during atrial remod-
eling. Gal-3 and other fibrosis markers can predict the onset 
of the atrial remodeling process and contribute to the clinical 
and therapeutic treatment of AF, with a new target aiming at 
decreasing atrial fibrosis and inflammation [24].

Selcoki et al (2016) reported that serum levels of Gal-3 
and left atrial diameter (LAD) were significantly elevated in 
patients with paroxysmal AF (P < 0.001 and P = 0.02, respec-
tively), as well as the association of elevated levels of Gal-3 
and an increase in the LAD (P < 0.001). Elevated levels of 
Gal-3 predicted 89.7% of patients with paroxysmal AF (P < 
0.001). These results strongly suggest that the levels of Gal-3 
can be AF markers and can reflect structural remodeling of the 
left atrium in patients with paroxysmal AF [5].

Wu et al (2015) also verified that the concentration of 
Gal-3 in patients with AF was elevated (P = 0.001). Patients 
with AF recurrence presented elevated circulating Gal-3 (P 
= 0.007), being an independent predictor for the occurrence 
of AF after arrhythmia circuit ablation by radiofrequency in 
a multivariate analysis (p=0.007), thus providing diagnostic 
value. Patients with persistent AF presented higher LAD (P 
< 0.001). LAD and Gal-3 were independent predictors for the 
occurrence of AF after ablation (P = 0.02 and P = 0.03, respec-
tively). However, Gal-3 cannot be described as a cause or a 
consequence of AF [23].

Fibrosis is an important component of the AF arrhythmo-
genic substrate, and patients with the disease show an increase 
in the fibrosis. A study showed that the presence of thick fi-
brotic strands in atrial tissue can harness the re-entry activation 
and contribute to the AF arrhythmogenic substrate [25].

Conclusions

Studies demonstrated an association between elevated serum 
levels of Gal-3 and the presence of AF, either in the persistent 
or permanent paroxysmal form, or in the recurrence of this 
arrhythmia after the ablation procedure. This association can 
be explained by the interaction of Gal-3 with cardiac fibrosis 
when we consider that these patients are more likely to present 
atrial fibrosis.

Supplementary Material

Suppl 1. Quality Assessment of Study Methodology Accord-
ing to GRADE.
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