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Abstract

Changes of serum galectin-3 have been associated with the pathogenesis of many cardiovascular diseases. The aim of the study
was to evaluate the prognostic role of serum galectin-3 in patients with acute heart failure (AHF) in a meta-analysis. Follow-up
studies evaluating the association between serum galectin-3 on admission and clinical outcomes in AHF patients were identified
via search of PubMed and Embase databases. A random effects or a fixed effects model was applied to pool the results depending
on the heterogeneity. Subgroup analysis was used to evaluate the influences of study characteristics on the outcomes. Overall,
7057 AHF patients from eighteen follow-up studies were included. Higher serum galectin-3 was associated with higher risks of
all-cause mortality (adjusted risk ratio [RR], 1.58; p < 0.001), mortality/HF rehospitalization (RR, 1.68; p < 0.001), and
cardiovascular mortality (RR, 1.29; p = 0.04), but not HF rehospitalization (RR, 1.24; p = 0.25) in AHF patients. Subgroup
analyses showed that study characteristics including study design, sample size, age, gender, left ventricular ejection fraction,
galectin-3 variable type, follow-up duration, and adjustment of type B natriuretic peptide did not significantly impact the results.
Significant heterogeneities were detected for the outcomes of all-cause mortality and mortality/HF rehospitalization. However,
trim-and-fill analyses by including the imputed studies to generate symmetrical funnel plots showed similar significant meta-
analysis results. These results suggested that higher serum galectin-3 may be associated with poor prognosis in AHF patients.

Further studies are needed to determine the mechanisms underlying the potential prognostic role of galectin-3 in AHF.
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Introduction

Despite significant improvements in the diagnostic and treatment
strategies for heart failure (HF) in recent decades, this disease
remains one of the most important causes of morbidity and mor-
tality for people all over the world [1]. Acute HF (AHF) refers to
the decompensated status of the cardiac function, which is char-
acterized by the symptom of volume overload and pulmonary
edema [2, 3]. Pathologically, AHF could be resulted from acute
cardiac events such as myocardial infarction or severe myocar-
ditis, or following the deterioration of cardiac function in chronic
HF (CHF) patients induced by risk factors such as infection,
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arrhythmia, or myocardial ischemia [3-5]. The prognosis in pa-
tients with AHF is very poor despite intensive treatments during
hospitalization, with a reported composite outcome of mortality
or rehospitalization of up to 50% within 3 months after discharge
[4, 6]. Therefore, improving the risk stratification strategies for
the early identification of AHF patients at higher risk for adverse
clinical outcome is important in clinical practice.
Accumulating evidence indicated that galectin-3, a marker
of fibrosis, immune response, and inflammation, is involved
in the pathogenesis and progression of HF [7, 8]. Clinical
studies in patients with CHF showed that higher serum
galectin-3 is correlated with poor cardiac systolic function
and severity of ventricular remodeling in CHF [7, 8].
Interestingly, epidemiological studies indicated that higher se-
rum galectin-3 may predict poor prognosis in HF patients,
mostly in CHF patients [9, 10]. Some studies have been per-
formed to evaluate the association between serum galectin-3
and clinical outcomes in AHF patients, but results of these
studies were inconsistent [11-28]. To the best of our knowl-
edge, only one meta-analysis focusing on the prognostic role
of serum galectin-3 in AHF patients was performed to date
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[29]. However, only four studies published before 2013 were
included in this meta-analysis, and only mortality outcome
was reported [29]. Many relevant studies published since then
were not included [15-28]. Therefore, an updated meta-
analysis was performed in this study to systematically evalu-
ate the potential prognostic role of serum galectin-3 on admis-
sion in AHF patients.

Methods

This study was performed in accordance with the MOOSE
(Meta-analysis of Observational Studies in Epidemiology)
[30] and Cochrane’s Handbook [31] guidelines.

Database search

We searched the databases of PubMed and Embase for rele-
vant records, using the combination of the following terms:
(1) “galectin-3” OR “galectin 3”; (2) “heart failure” OR
“cardiac failure” OR “cardiac dysfunction” OR “cardiac
insufficiency”; and (3) “acute” OR “decompensated”. We
limited the search to human studies published in English. A
manual analysis of the reference lists of original and review
articles was performed as a supplementation. The final search
was performed on May 19, 2019.

Inclusion and exclusion criteria

Studies were included if they met the following criteria: (1)
full-length article in English; (2) designed as longitudinal
follow-up studies; (3) included AHF patients (de novo AHF
or worsening CHF requiring hospitalization); (4) serum
galectin-3 was measured on admission as exposure of interest;
(5) documented the incidences of at least one of the outcomes:
all-cause mortality (ACM), all-cause mortality or HF rehospi-
talization (ACM/HFR), HF rehospitalization (HFR), or car-
diovascular mortality (CVM); and (6) reported the multivari-
able adjusted risk ratios (RRs) and their corresponding 95%
confidence intervals (CIs) for the above outcomes in patients
with higher versus lower galectin-3 at baseline. The clinical
outcomes were defined in accordance with the definitions
used in the original articles. For repeated reports of the same
cohort, latest studies with the longest follow-up duration were
included.

Data extraction and quality evaluation

Database search, data extraction, and quality assessment were
independently performed by two authors, and discrepancies
were resolved by consultation with the corresponding author.
Data extracted include (1) first author, location, and design of
the study; (2) patient characteristics: number, mean age,
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gender, proportions of HF with reduced ejection fraction
(HFrEF), and baseline left ventricular ejection fraction
(LVEF) of the patients; (3) assays for galectin and variable
types of galectin presentation; and (4) follow-up durations,
outcomes reported, and variables adjusted. Study quality eval-
uation was performed with the Newcastle-Ottawa Scale [32],
which ranges from 1 to 9 stars and judges each study regard-
ing three aspects: the selection of the study groups, the com-
parability of the groups, and the ascertainment of the outcome
of interest.

Statistical analyses

Data of RRs and their corresponding standard errors (SEs)
were calculated from 95% Cls or p values, and were logarith-
mically transformed to stabilize variance and normalized the
distribution [31]. The Cochran’s Q test and I test were per-
formed to evaluate the heterogeneity among studies [33]. An
P test, > 50% indicates significant heterogeneity. A fixed ef-
fects model was applied if no significant heterogeneity was
detected; otherwise, a random effects model was applied.
Sensitivity analyses by removing individual study one at a
time were performed to evaluate the stability of the results
[34]. Predefined subgroup analyses were performed to evalu-
ate the study characteristics on the results (study design, sam-
ple size, age, male proportion, LVEF, galectin-3 variable type,
follow-up duration, and adjustment of type B natriuretic pep-
tide [BNP]). For continuous variables, the median was used as
cutoff for stratification. Potential publication bias was
assessed by funnel plots with the Egger regression asymmetry
test [35]. If the funnel plots were asymmetrical, a “trim-and-
fill” analysis was performed [31]. To achieve symmetrical
funnel plots, this method assumes the existence of the hypo-
thetically unpublished studies with negative results, estimates
their RRs, and recalculates the pooled RR after incorporating
this “missing” study [31]. RevMan (Version 5.1; Cochrane
Collaboration, Oxford, UK) and STATA software (Version
12.0; Stata Corporation, College Station, TX) were used for
the statistical analyses.

Results
Results of literature search

The process of database search and study identification is
presented in Fig. 1. Briefly, 752 studies were obtained via
initial literature search, and 719 were excluded based on title
and abstract because they were irrelevant to the study purpose.
The remaining 33 studies underwent full-text review. Of them,
fifteen were further excluded because one of them was not a
follow-up study, three did not include patients with CHF, four
did not report outcomes of interest, five were not with
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Fig. 1 Flowchart of database
search and study identification

Studies identified through database search (n =752)

A 4

A 4

Studies excluded based on title and abstract (n=719)
Not relevant studies
Not follow-up studies
Review articles or preclinical studies

Potentially relevant studies (n = 33)

\ 4

Studies excluded based on full-text review (n = 15)
Not follow-up studies(n=1)
Include patients with CHF (n=3)
Outcomes of interestnot reported (n=4)
Outcome data not available (n =5)
Repeated reports of included cohorts (n = 2)

Studies included in systematic review (n=18)

\ 4

Studies included in meta-analysis (n=18)
Galectin-3 on admission and the prognosis of AHF patients

available outcome data, and the other two were repeated re-
ports of the included cohorts. Finally, eighteen studies [11-28]
were included.

Study characteristics and quality evaluation

The characteristics of the included studies are presented in
Table 1. Overall, our meta-analysis included 7057 AHF pa-
tients from eighteen follow-up studies, of which twelve were
prospective cohort studies [11-13, 15-17, 21-23, 25, 26, 28],
and the other six were retrospective cohorts or post hoc anal-
yses [14, 18-20, 24, 27]. One study included two datasets of
patients with HFrEF and HFpEF [19], and another study in-
cluded two datasets of patients with ischemic HF and non-
ischemic HF [28], which were included separately. The mean
age of the patients varied between 59 and 79 years, and the
proportion of male varied from 39 to 93%. The mean LVEF at
baseline varied from 30 to 51%. The follow-up durations var-
ied from 1 to 60 months. When presenting the association
between serum galectin-3 and clinical outcomes, demographic
factors including age and gender were adjusted for all of the
included studies. Besides, cardiovascular risk factors, comor-
bidities, HF medications, and BNP or N-terminal pro-brain
natriuretic peptide (NT-proBNP) were also adjusted to a

various extent. The Newcastle-Ottawa scale varied from 7 to
9 for the included studies.

Association between galectin-3 and ACM in AHF
patients

Thirteen studies [11-13, 15-17, 19, 21, 24-28] includ-
ing fifteen datasets reported the association between se-
rum galectin-3 and risk of ACM. Significant heteroge-
neity was detected (> = 51%, p for Cochran’s O test =
0.01). Pooled results with a random effects model
showed that higher serum galectin-3 on admission was
independently associated with higher risk of ACM in
AHF patients (adjusted RR, 1.58; 95% CI, 1.33 to
1.88; p < 0.001; Fig. 2a). Sensitivity analyses by ex-
cluding one study at a time retrieved similar results
(data not shown). Subgroup analyses indicated that the
association between higher serum galectin-3 on admis-
sion and higher risk of ACM in AHF patients was not
significantly affected by study characteristics including
study design, sample size, age, gender, baseline LVEF,
variable type of galectin-3, follow-up duration, and ad-
justment of BNP or NT-proBNP (Table 2).
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Fig. 2 Forest plots for the meta-analyses of the association between serum galectin-3 and clinical outcomes in AHF patients. a Risk of ACM. b Risk of

ACM/HFR

Discussion

In this meta-analysis, by pooling the results of all available
follow-up studies, we found that higher serum galectin-3 on
admission is independently associated with higher incidence
of ACM, ACM/HFR, and CVM. Subsequent sensitivity anal-
yses by omitting one study at a time did not significantly affect
the results. Moreover, subgroup analyses further confirmed
that study characteristics, including study design, sample size,
age, gender, LVEF, galectin-3 variable type, follow-up dura-
tion, and adjustment of BNP did not significantly influence
the results, suggesting the robustness of the findings.
Although high risks of publication biases were detected for
outcomes of ACM and ACM/HFR, trim-and-fill analyses by
incorporating the imputed studies to generate symmetrical
funnel plots also showed significant associations between
higher serum galectin-3 on admission and higher risk of
ACM and ACM/HFR. Taken together, these results indicated
that higher serum galectin-3 may be associated with poor
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prognosis in AHF patients. Further studies are needed to de-
termine the mechanisms underlying the potential prognostic
role of galectin-3 in AHF.

The prognostic role of serum galectin-3 for HF patients has
been evaluated in three previous meta-analyses [9, 10, 29].
The first study published included eleven follow-up studies
of CHF or AHF patients and showed that higher serum
galectin-3 predicts CVM in overall HF population [9].
However, no subgroup analyses were performed in AHF pa-
tients [9]. Moreover, although high risk of publication bias
was detected, no further analyses were performed [9].
Similarly, another updated meta-analysis included thirteen
follow-up studies with patients of CHF or AHF also showing
the similar association between higher serum galectin-3 and
ACM in HF patients [10]. However, subgroup analyses focus-
ing on AHF patients were not performed, and significant pub-
lication bias was also detected [10]. The third meta-analysis is
the only study focusing on the prognostic role of serum
galectin-3 in AHF patients. However, only four studies
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published before 2014 were included, and the results need to
be validated and updated. Comparing with previous meta-
analyses, our study has significant strengths. Firstly, we in-
cluded up-to-date studies that included AHF patients only to
reduce the potential heterogeneity introduced by including
studies with CHF patients. Secondly, eighteen follow-up stud-
ies with more than 7000 AHF patients were included. The
large sample size of the overall population allows us to come
to a more reliable conclusion. Thirdly, we evaluated the pre-
dictive efficacy of serum galectin-3 for various clinical out-
comes in AHF patients, including HF rehospitalization and
CVM, which were rarely investigated in previous meta-anal-
yses. Fourthly, sensitivity analyses and subgroup analyses
were performed to evaluate the study characteristics on the
results, and consistent results were retrieved, indicating the
stability of the findings. Finally, we performed trim-and-fill
analyses to further analyze the influence of the publication
biases detected for outcomes of ACM or ACM/HFR. Since
the publication biases were probably due to missing unpub-
lished studies with negative results, the meta-analysis results
were not significantly affected by including the imputed stud-
ies into the meta-analysis, which further validate the findings.
Overall, the result of our study provided the state-of-the-art
evidence that higher serum galectin-3 is an independent pre-
dictor of poor prognosis in AHF patients.

Our study has some important clinical implications. Firstly,
we included studies in which serum galectin-3 was measured
on admission. Our findings supported use of serum galectin-3
measurement as a factor for AHF risk stratification. Secondly,
only multiple variable adjusted results were included, which
suggested the independent prognostic efficacy of serum
galectin-3 in AHF. Moreover, the prognostic role of BNP or
NT-proBNP in AHF patients has been well observed [36].
Interestingly, results of subgroup analyses showed that the
prognostic role of serum galectin-3 for AHF remained signif-
icant in studies that BNP or NT-proBNP were adjusted. These
findings indicated the serum galectin-3 has additional prog-
nostic value to BNP or NT-proBNP in AHF patients.
Currently, the potential mechanisms underlying the potential
prognostic role of galectin-3 in AHF remain unclear.
Pathophysiologically, galectin-3 is a beta-galactoside-binding
lectin that can be secreted by macrophages, monocytes, and
epithelial cells [37]. Galectin-3 has been confirmed to mediate
myocardial fibrosis, ventricular remodeling, and cardiac oxi-
dative stress and ischemia-related damages induced by hyper-
tension, diabetes, and coronary artery diseases [38—40]. In
cardiomyocytes and animal models of cardiovascular dis-
eases, inhibition of galectin-3 was shown to exert therapeutic
efficacy by attenuation of ventricular remodeling and myocar-
dial apoptosis [41, 42]. However, few of these experimental
studies were performed in models of AHF. Whether therapeu-
tic inhibition of galectin-3 has beneficial hemodynamic effect
in animal models of AHF deserves further investigation.

Our study has limitations which should be considered
when interpreting the results. Firstly, significant heterogeneity
remained underlying the meta-analyses for the outcomes of
ACM or ACM/HFR. Since data were limited regarding the
LVEF status and etiologies of HF, we were unable to deter-
mine whether the association between galectin-3 and progno-
sis was similar in AHF patients with reduced or preserved
LVEF, and in those with ischemic or non-ischemic AHF.
Secondly, although we pooled the multivariable adjusted
RR, due to the nature of meta-analysis of observational stud-
ies, we could not exclude the possibility of the influence of
potential confounding factors for the association between
galectin-3 and prognosis in AHF. Thirdly, a causative associ-
ation between higher galectin-3 and poor prognosis could not
be retrieved from the current study because this is a meta-
analysis of observational studies. Moreover, we only observed
the association between serum galectin-3 on admission and
prognosis in AHF patients. Further research is required to
assess the optimal cutoff points for galectin-3 on admission,
as well as the values of serial measurements, changes follow-
ing admission, and discharge levels of galectin-3 to improve
risk stratification in AHF patients.

In conclusion, higher serum galectin-3 may be associated
with poor prognosis in AHF patients. Further studies are need-
ed to determine the mechanisms underlying the potential
prognostic role of galectin-3 in AHF.
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