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Galectin-3 as a marker for clinical
prognosis and cardiac
remodeling in acute heart failure

Heart failure is a complex syndrome
characterized by loss of pumping capac-
ity due to myocardial insult, exaggerated
neurohormonal activation, hemody-
namic loading, and active inflammation
that lead to changes in the architecture
of the myocardium. Heart failure is
responsible for high mortality rates each
year and is the leading cause of hospital-
ization in people older than 65 years. To
improve survival and to reduce health-
care expenditure it is essential to identify
heart failure patients with the highest
risk. The challenging task is to assess
accurately the prognosis in this burden-
ing disease, and therefore new strategies,
such as the biomarker approach, have
been developed. A prospective reliable
gauge when assessing heart failure pa-
tients is the galectin-3 molecule, a beta-
galactoside binding protein [1].

Galectin-3 is mainly expressed intra-
cellularly (at the level of the nucleus, cy-
toplasm, and mitochondria) by inflam-
matory cells such as macrophages, neu-
trophils, mast cells, or fibroblasts [2, 3].
It can also be found on the cell surface or
extracellularly, where it binds to numer-
ous matrix proteins (tenascin, laminin,
fibronectin) thanks to its collagen-spe-
cific protein sequence [4], and it per-
forms a whole range of functions, such
as cell proliferation and cell cycle pro-
gression, or apoptosis, which can be ex-
plained by its nuclear expression or by
direct interaction with transcription fac-
tors [5, 6]. Other functions such as cell
differentiation, cell adhesion, chemo-at-
traction, andpro-inflammatoryfactor in-

ducement are possible through cell sig-
naling, generated by the interaction of
the molecule’s C domain with carbohy-
drate ligands that are found on the sur-
face of inflammatory cells [6–8]. Amajor
focus has been on the role of galectin-
3 in promoting fibrosis, and it has al-
ready been proven to be up-regulated in
diseases such as liver cirrhosis, renal fail-
ure, and idiopathic pulmonary fibrosis,
all of which have fibrosis as the under-
lying pathological mechanism [9–11].

Inflammation and fibrosis are cru-
cial mechanisms in cardiac remodeling
and development of heart failure [1,
12], while galectin-3 over-expression
by macrophages has been observed in
the failing heart [13]. The increased
presence of the molecule promotes aug-
mentation of the tumor growth factor
(TGF)-beta/Smad3 signaling pathway,
which in turn determines cardiac fibrob-
last activation and proliferation leading
to excessive secretion of collagen type I
with extracellular deposition and conse-
quent ventricular dysfunction [13, 14].
Clinical studies have reported both the
presence of this molecule in high plasma
concentrations of patients with chronic
heart failure and its baseline level as
predictors of mortality [15–17].

The aim of this study was to ex-
plore the survival prognostic value of
galectin-3 in patients with acute heart
failure (AHF). We planned to deter-
mine galectin-3 at baseline and again
during the follow-up, based on data
provided by Chun et al. [18], who
described a specific three-phase pattern

with a lower rate of events between 4 and
14 months. We aimed to examine the
galectin-3 changes as a prognostic factor
for those patients who would experience
worsening heart failure. In addition, we
investigatedwhether changes ingalectin-
3 concentrations were associated with
left ventricular remodeling parameters
assessed echocardiographically and elec-
trocardiographically.

Patients andmethods

Patient population and study
design

The study included 69 consecutive pa-
tients hospitalized in theCardiologyUnit
ofAradClinical EmergencyCountyHos-
pital, with a primary diagnosis of AHF.
Framingham criteria were applied to
establish the diagnosis of heart failure,
which require either the simultaneous
presence of two major factors or a min-
imum of one major and two minor
factors. Patients were included in the
study based on the following AHF cri-
teria: (a) dyspnea at rest or minimal
effort, (b) pulmonary congestion visible
on chest X-ray, (c) ultrasound signs of
interstitial edema or pleural effusion,
and (d) need for ≥40mg intravenous
furosemide within 16 h of hospital ad-
mission.

Based on the established literature,
a prior estimation of the necessary sam-
ple size was made, resulting in a total
of 102 subjects (hazard ration [HR] =
2.7; 0.25 proportion of exposed sub-
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Fig. 18 Kaplan–Meiercurves for18-monthcumulativesurvival inrelationtothehighvaluesofgalect-
in-3,with the log-rank testapplied(p=0.017).Theobservedsurvival time (inmonths)was13.91±1.81
with four events (i. e., patients deceased) for the groupwith galectin-3 uppermost quintile values vs.
17.36 ± 0.38 and four events for the rest of the subjects

jects; 0.06 baseline event rate; 18-month
planned follow-up; 12-month median
survival time; 0.1 censoring rate; al-
pha = 0.05; beta = 0.2). Between March
and November 2014, 103 consecutive
patients meeting the inclusion criteria
were enrolled in the study. Each patient
underwent clinical evaluation followed
by additional investigations during their
period of hospitalization. After dis-
charge, all contact was lost with 34 of
them, hence there was no information on
the course of their disease. The medical
team decided to continue the planned
prospective study with the remaining
69 subjects. These early drop-out sub-
jects were not included in the analysis, as
no survival data were available for them.
The remaining patients were clinically
assessed and further re-investigated after
a 6-month follow-up, on a scheduled
outpatient medical visit. On both occa-
sions, serum galectin-3 was determined.
For all 69 patients in the study, the over-

all follow-up time was 18 months. The
primary outcome was all-cause mortal-
ity, and the secondary outcome was re-
hospitalization due to aggravated heart
failure. The study was approved by the
hospital’s Medical Ethics Committee and
complied with the Helsinki Declaration.
Written informed consent was obtained
from all patients.

Echocardiography

Transthoracic echocardiography was
performed on each patient at both of
the medical assessments. Of the total of
69 patients, five died before the planned
6-month echocardiography. Structural
parameters were determined: left ven-
tricular end-diastolic volumes (LVEDV)
and diameters (LVEDD), the relative
wall thickness index (RWT), and left
atrium indexed volume (LAvol). Left
ventricular ejection fraction (EF) was
determined using the biplane modified

Simpson’s method. Diastolic param-
eters, i. e., transmitral peak velocities
(E, A), early deceleration time (DTE),
septal proto-diastolic velocity (e′), E/A
and E/e′ diastolic ratios, were deter-
mined using spectral and tissue Doppler.
A Siemens Acuson X300 ultrasound sys-
tem (Siemens Medical Solutions USA,
Inc. Mountain View, CA 94043, USA
Model, Made in Korea) was employed
and two independent investigators ana-
lyzed the echocardiographic data.

Galectin-3 analysis

Bloodsampleswere collected intoserum-
separating tubes, centrifuged, and stored
at –80 °C for later analyses. Serum
galectin-3 levels were determined us-
ing an optimized enzyme-linked im-
munosorbent assay kit (Human galectin-
3 NBP1-91275; Novus Biologicals, R&D
Systems Europe, Germany) and were
measuredonaTecanSunrise (TecanAus-
tria GmbH Untersbergstr. 1A, A-5082
Grodig, Austria) microplate reader. This
immunoassay uses a biotin-conjugated
anti-human galectin-3. Calibration and
standardization of the assay were per-
formed according to the manufacturer’s
protocol.

Statistical analysis

Descriptive statistical analysis was per-
formed as follows: For numerical vari-
ables, the Shapiro–Wilk test for normal-
ity was applied; descriptive statistics are
given as mean ± SD for normally dis-
tributed values andmedian (interquartile
range [IQR]) for non-normally dis-
tributed data; for categorical variables,
the observed frequency counts (percent)
are provided. The galectin-3 values were
non-normally distributed, and therefore
they were described as median (IQR).
When comparing categorical variables,
a chi-square test was applied (either
the asymptotic version or Monte Carlo
simulation with 10,000 replicates). For
stratified analysis of categorical variables,
the Cochran–Mantel–Haenszel test was
employed. Further, to enable compar-
isons and facilitate interpretation, the
galectin-3 values were log-transformed
and then standardized as z-values; in-
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Abstract
Background. Galectin-3 has been reported as
a mediator of heart failure (HF) development
and progression. Most studies, however, have
been conducted on patients with chronic HF
rather than acute HF (AHF).
The aim of this study was to confirm galectin-
3 as a prognostic marker in subjects with AHF
and to investigate its possible relationship
with left ventricular (LV) remodeling.
Methods. A total of 69 patients hospitalized
with a primary diagnosis of AHF were
followed up for 18 months. Galectin-3
and echocardiographic parameters were
measured at baseline and after 6 months.
Survival analysis and exploratory analysis of
LV remodeling were performed.

Results. Patients with high baseline galectin-
3 values (>16.5 ng/ml) had a significantly
worse survival profile over the 18-month
follow-up (log-rank test, p = 0.017), with Cox
proportional hazards modeling showing a
crude hazard ratio (HR) of 4.66 (95% CI =
1.16–18.67; likelihood-ratio test, p = 0.037)
for all-causemortality. Changes in galectin-3
levels (1 SD increase over 6 months) proved
to be a significant explanatory factor for HF
hospital re-admission in the short term when
compared with quasi-stationary galectin-3
levels: worse Kaplan–Meier survival curves
(log-rank test, p = 0.001) and a crude HR of
4.44 (95% CI = 1.76–11.18; likelihood-ratio
test, p = 0.004). A significant associationwas

found between the pathological evolution
of relative wall thickness, LV end-diastolic
diameter, LV end-diastolic volume, and
increasing levels of galectin-3 in the short
term (Cochran–Mantel–Haenszel test, p <
0.01).
Conclusion. Galectin-3 can predict long-term
mortality in patients with AHF. The results of
our study suggest a possible relation between
left ventricular remodeling and increasing
galectin-3 levels.

Keywords
Galectin-3 biomarker · Heart failure · Cardiac
remodeling, ventricular · Prognostic factor ·
Survival

Galektin-3 als Marker der klinischen Prognose und des kardialen Remodeling bei akuter
Herzinsuffizienz

Zusammenfassung
Hintergrund. Galektin-3 wurde als Mediator
der Entstehung und Progression einer
Herzinsuffizienz beschrieben. Jedoch wurden
die meisten Studien eher bei Patientenmit
chronischer als mit akuter Herzinsuffizienz
durchgeführt. Ziel der vorliegenden Studie
war es, Galektin-3 als prognostischen
Marker bei akuter Herzinsuffizienz zu
bestätigen und seine mögliche Beziehung
zum linksventrikulären (LV-)Remodeling zu
untersuchen.
Methoden. Insgesamt wurden 69 Patienten
mit primärer Diagnose einer akuten Herzinsuf-
fizienz bis zu 18 Monate nachbeobachtet. Zu
Beginn und nach 6 Monatenwurden Galektin-
3 und echokardiographische Parameter
gemessen. Es erfolgte eine Analyse des
Überlebens sowie eine exploratorische
Analyse des LV-Remodeling.

Ergebnisse. Patienten mit anfänglichen
hohen Galektin-3-Werten (>16,5 ng/ml)
wiesen ein signifikant schlechteres Über-
lebensprofil während der 18-monatigen
Nachbeobachtung auf (Log-Rank-Test, p =
0,017), dabei ergab das Cox-Proportional-
Hazards-Modell eine rohe Hazard Ratio (HR)
von 4,66 (95%-Konfidenzintervall, 95%-KI:
1,16–18,67; Likelihood-Ratio-Test, p = 0,037)
für die Mortalität aus sämtlichen Ursachen.
Die Veränderungen der Galektin-3-Werte
(Anstieg von 1 Standardabweichung, SD,
über 6 Monate) erwiesen sich auf kurze
Sicht als signifikanter erklärender Faktor für
die erneute stationäre Aufnahme wegen
Herzinsuffizienz im Vergleich zu quasi-
stationären Galektin-3-Werten: schlechtere
Kaplan-Meier-Überlebenskurven (Log-
Rank-Test, p = 0,001) und eine rohe HR
von 4,44 (95%-KI: 1,76–11,18; Likelihood-

Ratio-Test, p = 0,004). Ein signifikanter
Zusammenhang stellte sich kurzfristig
zwischen pathologischen Befunden bei der
relativen Wanddicke, LV enddiastolischem
Durchmesser, LV enddiastolischemVolumen
und ansteigenden Galektin-3-Werten heraus
(Cochran–Mantel–Haenszel test, p < 0,01).
Schlussfolgerung. Galektin-3 ermöglicht
die Vorhersage der Langzeitmortalität bei
Patienten mit akuter Herzinsuffizienz. Die
Ergebnisse der vorliegenden Studie weisen
auf eine mögliche Beziehung zwischen LV-
Remodeling und ansteigenden Galektin-3-
Werten hin.

Schlüsselwörter
Galektin-3-Biomarker · Herzinsuffizienz ·
Kardiales Remodeling, ventrikuläres ·
Prognostischer Faktor · Überleben

creasing by 1 SD was considered for the
analysis of galectin-3 change over the
first 6-month follow-up. Some of the
clinical and echocardiographic indices
(numerical variables) were transformed
into binary (normal vs. abnormal/
pathological) or rank variables (e. g.,
early deceleration time DTE, or E/A
and E/e′ ratios), as appropriate. Survival
analysis was conducted to investigate the
relationship between elevated levels of

galectin-3 and the time to event, scru-
tinizing the Kaplan–Meier curves and
applying the log-rank test. To calculate
HRs, Cox proportional hazards (PH)
modeling was used, starting with crude
models and fitting sequential models
with a focus on galectin-3 or its change
over time, while controlling for possible
confounders related to age, degree of
disease, HF etiology, and associated co-
morbidities. The PH assumptions were

evaluated employing both graphic and
goodness-of-fit approaches (i. e., both
log-log plots and correlation testing for
the Schoenfeld residuals to ranked fail-
ure times). The regression models were
compared using likelihood ratio (LR)
statistics and the chi-square test.

All reported probability values were
two-tailed and a 0.05 level of signifi-
cance was considered, while marking the
very significant and marginally signifi-
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Table 1 Cox proportional hazards regression formortality over 18-month period

Modela HR (95%CI) –2LogL LR significancea

Baseline galectin-3 (upper
quintile): Model 1

4.66 (1.16–18.67) 62.575 0.037*

Model 1 adjusted for age and
NYHA class at admission

6.062 (1.51–24.41) 55.261 0.026*

Model 1 adjusted for age, NYHA
class at admission, and comor-
bidities (diabetes, COPD, AF)

9.81 (1.67–57.79) 48.572 0.08**

*p < 0.05 (statistically significant), **p 0.1–0.05 (marginally significant)
aModel 1 is the crude model to which possible confounders were subsequently added; the propor-
tional hazards assumptions were evaluated and were met for the baseline galectin-3 and all the
covariates; successive models were compared using the LR statistic and applying the chi-square test;
only the models adding significant information to previous ones are included in the table
AF atrial fibrillation, CI confidence interval, COPD chronic obstructive pulmonary disease, HR
hazards ratio, LR likelihood ratio, NYHA New York Heart Association

Table 2 Cox proportional hazards regression for hospital re-admission over 18-month period

Modela HR (95%CI) –2LogL LR significancea

Galectin-3 increase (1 SD over
6 months): Model 1

3.79 (1.55–9.26) 175.475 0.008**

Model 1 adjusted for age 4.32 (1.75–10.71) 169.019 0.011*

Model 1 adjusted for age and co-
morbidities (diabetes, COPD, AF)

8.18 (2.75–24.34) 158.41 0.014*

*p < 0.05 (statistically significant), **p < 0.01 (highly significant)
aModel 1 is the crude model to which possible confounders were subsequently added; the propor-
tional hazards assumptions were evaluated and were met for the 1-SD increase in galectin-3 and all
the covariates; successive models were compared using the LR statistic and applying the chi-square
test; only the models adding significant information to previous ones are included in the table
AF atrial fibrillation, CI confidence interval, COPD chronic obstructive pulmonary disease, HR
hazards ratio, LR likelihood ratio, NYHA New York Heart Association

cant values as well. Statistical analysis
was conducted using SPSS v.17 and the
R v.3.2.3 software packages (including
survival and powerSurvEpi).

Results

Study population

The mean age of the subjects in this
study was 64.67 ± 11 years, and 48
(69.6%) were male patients. They were
evaluated over a period of 18 months
from their discharge and re-assessed at
6 months. The median galectin-3 level
was 6 ng/ml (IQR, 2.9–14.5) at baseline
and 10.25 ng/ml (IQR, 8.15–13.4) at the
6-month follow-up.

During the 18-month follow-up pe-
riod, eight patients reached the primary
outcome (i. e., all-cause death) and 23 the
secondary outcome (i. e., re-hospitaliza-
tion for worsening heart failure).

The distribution of galectin-3 val-
ues was positively skewed (skewness =

0.835 ± 0.29), with a high degree of
heterogeneity between the four groups
delimited by the quartiles, especially on
the high end, for which the range was
14.5–25 ng/ml (quite large, especially in
contrast to the 1.35–2.89 ng/ml range
for the low end, i. e., the first group).
This issue, combined with the relatively
small size cohort, led us to reconsider
granularity when dividing the patients
according to the levels of galectin-3
[19]. Consequently, we decided to use
quintile-defined groups, both for the
baseline and the 6-month re-assessment.
The detailed results of the two medical
assessments are described in . Tables 5
and 6 in the Appendix.

Baseline galectin-3 as prognostic
marker

We considered the upper quintile (i. e.,
the upper two deciles) as being the group
of patients potentially at risk. The actual

upper quintile cut-off value for baseline
galectin-3 was 16.5 ng/ml.

. Fig. 1 shows the Kaplan–Meier sur-
vival curves for the 18-month follow-up
for all-cause mortality. The Cox pro-
portional hazards regression models are
presented in . Table 1, starting with the
crude model and including only the up-
per quintile status for baseline galectin-
3, and subsequently adjusting for poten-
tial confounders. Only models found as
adding statistically significant informa-
tion are included in . Table 1.

The high level of baseline galectin-3
was also studied as a potential explana-
tory marker for the secondary outcome
in the study, which is hospital re-admis-
sion. The survivor functions and Ka-
plan–Meier curves showed no difference
with regard to the hazard of re-hospi-
talization: On the contrary, the curves
crossed each other multiple times in the
course of the 18-month follow-up. No
significant resultswereobtainedwhen in-
vestigating the relationship between all-
cause mortality and increasing galectin-
3 over the 6-month follow-up.

Increasing galectin-3 level and
hospital re-admission

. Fig. 2 shows the Kaplan–Meier survival
curves on the basis of the galectin-3 1-SD
increase over the 6-month period. On
the left, the curves for the 18-month fol-
low-up can be observed and a plateau in
the risk group is evident after a period
of approximately 6 months. Cox propor-
tional hazards regression modeling was
conducted for the 18-month follow-up
(. Table 2) and the 6-month follow-up
(. Table 3), with a similar approach for
the successive regression models, as in
the previous section.

Possible link to cardiac remodeling

Following the association of the rising
galectin-3 values to the hazard of hos-
pital re-admission in the short term, we
further investigated whether these val-
ues were also related to cardiac remod-
eling parameters. . Table 4 summarizes
the results for the stratified analysis of
the changes in pathological patterns for
QRS, RWT, LVEDD, and LVEDV in the
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Fig. 28 Kaplan–Meier curves for cumulative survival free of hospital re-admission in relation to the galectin-3 increase from
baseline to the 6-month follow-up,with log-rank test applied (p=0.002 and p=0.001 for 18-month and 6-month follow-up,
respectively). The observed survival time (inmonths) over the 18-month follow-upwas 6.93± 2.33with seven events (i.e.,
hospital re-admission) in the groupof 10 patients at risk forwith 1-SD increase in galectin-3 vs. 13.96±0.89 and16 events for
the rest of the 54 patients.On the other hand, over 6months the observed survival time (inmonths)was 3.36 ±0.7with the
samesevenevents inthegroupof10patientsat risk forwith1-SDincrease ingalectin-3vs. 5.24±0.21and13events fortherest
of the54 subjects. Themedian survival time for the10patients in the riskgroupwas1.97months, irrespectiveof the follow-up
time

6 months between the two medical as-
sessments. The strata were defined by
a 1-SD increase in galectin-3 level status.

Discussion

In the current study we found that
baseline serum galectin-3 levels over
16.5 ng/ml were a significant explana-
tory factor for all-cause mortality over
the subsequent 18-month period in pa-
tients admitted with AHF. Repeating
galectin-3 measurements at 6 months
proved significant in assessing the haz-
ard for the secondary outcome (i. e., re-
hospitalization due to heart failure).

Well-established studies such as
CORONA and CARE-HF have de-
scribed the potential utility of galectin-
3 in predicting mortality, both of them
with reference to patients with chronic
stable heart failure. The hazard ratio for
cardiovascular mortality was 1.70 (95%
CI = 1.19–2.42; p = 0.003) in the former
study, and the odds ratio for death was

2.98 (95% CI = 1.43–6.22; p = 0.004)
in the latter, with a cut-off value over
30 ng/ml [20, 21]. In the DEAL-HF sub-
study, plasma galectin-3 was evaluated
as a long-term prognostic factor in stable
chronic heart failure [16].

Although most studies were carried
out in chronic heart failure patients,
AHF has also been investigated. Nunez
et al. showed the correlation of galectin-
3 with long-term mortality and its re-
lation to increased levels of CA125
(above 67U/ml), a glycoprotein associ-
ated with fluid overload and exacerbated
inflammatory status [22]. The PRIDE
study investigated the association of
high galectin-3 levels with mortality for
60-day follow-up (12.9–16.5 ng/ml vs.
9.0–11.6 ng/ml, p = 0.001) [23]. The
COACH trial and subsequent investi-
gations by de Boer et al. found ele-
vated levels of galectin-3 associated with
a higher risk of death (25.9–66.6 ng/ml
vs. 5.0–15.2 ng/ml; HR = 3.34, 95%
CI = 2.23–5.01; p < 0.001) [15, 24]. The

role of galectin-3 as a complementary
biomarker in AHF with comorbidities,
such as renal dysfunction [25], has also
been investigated. Lower HR values
were found by Carasco-Sanchez et al. in
a model of AHF patients with preserved
ejection fraction, proving that galectin-
3 levels in the upper two quartiles are
associated with a composite unfavorable
outcome over a 1-year follow-up, when
adjusting for comorbidities (HR = 1.43,
95% CI = 1.07–1.91; p = 0.015) [26].

While de Boer et al. [15] claimed that
changes in galectin-3 after a 6-month fol-
low-updidnot add anyprognostic signif-
icance to baseline values, van der Velde
et al. [27] concluded that a galectin-3 in-
crease over time (either over a threshold
of 17.8 ng/ml, or equivalent tomore than
15% above the baseline) was associated
with high rates of hospital re-admission
and mortality in heart failure patients
compared with patients with galectin-3
levels that decreased or remained stable
over time. The Val-Heft trial for patients
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Table 3 Cox proportional hazards regression for hospital re-admission over 6-month period

Modela HR (95%CI) –2LogL LR significancea

Galectin-3 increase (1 SD over
6 months): Model 1

4.44 (1.76–11.18) 151.531 0.004**

Model 1 adjusted for age 5.1 (1.99–13.03) 146.201 0.021*

Model 1 adjusted for age and co-
morbidities (diabetes, COPD, AF)

8.47 (2.77–25.84) 137.6 0.035*

*p < 0.05 (statistically significant), **p < 0.01 (highly significant)
aModel 1 is the crude model to which possible confounders were subsequently added; the propor-
tional hazards assumptions were evaluated and were met for the 1-SD increase in galectin-3 and all
the covariates; successive models were compared using the LR statistic and applying the chi-square
test; for comparison reasons, the models similar to the re-admission over the 18-month analysis are
also included in this table
AF atrial fibrillation, CI confidence interval, COPD chronic obstructive pulmonary disease, HR
hazards ratio, LR likelihood ratio, NYHA New York Heart Association

with stable chronic heart failure found el-
evated galectin-3 levels at 4 months (me-
dian change of 1 ng/ml from baseline) to
be a risk factor for a composite outcome
of all-cause mortality, first morbid event,
and heart failure admission [28], and the
review of Peacock [29] showed the value
of elevated galectin-3 at identifying pa-
tients with a very high risk for short-term
adverse outcomes.

Ourpresent resultsof survival analysis
for baseline galectin-3 levels confirmed
previous reports, with values in the up-
perquintile (i. e., more than16.5 ng/ml in
the study population) signaling a higher
risk of all-cause mortality over the 18-
month follow-up. The crude hazard ra-
tio (HR = 4.66) was comparable to pre-
viously reported values for patients with
chronic disease, but when adjusting for
age, NYHA class, and comorbidities the
value increasedconsiderably toHR=9.81
(95%CI = 1.67–57.79). At the same time,
the large 95% CI in our results certainly
leaves room for further, more precise,
determination.

Right from the planning phase, we
chose not to combine mortality and hos-
pital re-admissionas studyoutcomes, but
to consider themseparately. On theother
hand, increasing galectin-3 levels proved
to be of evident prognostic value for re-
hospitalization over the short term, with
the Kaplan–Meier survival curves dis-
playing important differences between
the groups defined by a 1-SD increase
status. When scrutinizing the survival
curves, the prognostic value is apparent
only in the short term: In fact, there
were no events in the risk group after the

6-month second medical assessment, al-
though later eventsdidoccur in thegroup
with quasi-stationary galactin-3 levels.
Interestingly, events in the risk group
were concentrated in the 6-month time
window for which galectin-3 change was
assessed, with a survival curve plateau
afterwards, thus confirming the findings
of Peacock [29]. The high hazard ratio
forhospital readmission in the short term
(HR = 8.47; 95% CI = 2.77–25.84) after
adjusting for age, NYHA class, and co-
morbidities, isanimportantargument for
repeating the determination of galectin-
3 in patients with heart failure.

We found significant differences
between the two strata delimited by
galectin-3 1-SD increases regarding the
patterns in changes for QRS, RWT,
LVEDD, and LVEDV. The relationship
between galectin-3 and the parameters of
ventricular function and structure might
be plausible given the fact that it mod-
ulates fibrosis as well as inflammatory
and immunological responses, which
are crucial underlying pathophysiolog-
ical mechanisms of cardiac remodeling
[1, 13, 24]. At the same time, QRS delay
with subsequent intraventricular asyn-
chrony leads to structural remodeling by
increasing LVEDV, redistribution of my-
ocardial shortening, and bloodflow from
the septum to the left ventricular lateral
wall [30, 31]. The MADIT-CRT trial
investigated the relationship between
galectin-3 concentration and medical
outcome in heart failure patients under-
going cardiac resynchronization therapy
[32]. Other authors have also suggested
a relationship between high galectin-3

Table 4 Galectin-3 increase and cardiac
remodeling over the 6-month follow-up of
64 subjects

Change over the
6-month follow-upa

Cochran–
Mantel–
Haenszel testb

QRS normal/pathological <0.001**

RWTcc absent/present <0.001**

LVEDD normal/
pathological

0.001**

LVEDV normal/
pathological

0.007**

**Highly significant heterogeneity between
strata
a2 × 2 concordance tables
bTwo strata defined by the 1-SD increase in
galectin-3 levels over 6-month follow-up;
Monte-Carlo simulation with 10,000 repli-
cates

levels and ventricular remodeling and
dysfunction, diastolic parameters, and
the first stages of cardiac stiffness [13,
30, 32–38]. The important role of lower
galectin-3 concentration in a favorable
medical prognosis has also been reported
[39, 40].

Galectin-3dynamicsmayhave impor-
tant consequences in heart failure phar-
macology by the potential targeting of
this molecule for pharmacologic inhibi-
tion; however, the expression of its fi-
brotic properties in the pathophysiolog-
ical chain of heart failure needs to be
further explored in experimental stud-
ies.

Limitations

The potential limitations of our study
are twofold. First, the unexpectedly high
rate of drop-out and the subsequent re-
duction in statistical power restricted the
granularity in both the survival analysis
and the investigation of the relation be-
tween echocardiographic variables and
galectin-3 levels. Therefore, the statis-
tical analysis was kept focused on the
evidence for rejecting the initial null hy-
potheses. Second, the echocardiographic
follow-up would have benefitted from an
extension beyond the 6-month period,
as the remodeling process usually works
over longer periods, and thus the profile
of its relation to the increase in galectin-
3 needs to be confirmed and investigated
further.
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Conclusion

In this study, we found evidence that
galectin-3 can predict long-term mor-
tality in patients with AHF. Serial mea-
surements of galectin-3 are important in
the prediction of secondary outcomes,
such as hospital re-admission for heart
failure. This study and the comprehen-
sive discussion provide new insight into
the acute phase and early follow-up of
the disease, after the first hospitalization,
and suggest a possible relation between
left ventricular remodeling and increas-
ing galectin-3 levels.
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Appendix

Table 5 Baseline descriptive statistics according to quintiles (i.e., 20%quintiles) of galectin-3
Median (IQR)a

Mean ± SDa

n (%)a

Baseline galectin-3 (ng/ml): 6.0 (2.9–14.5)a

Quintiles of baseline galectin-3

Variable Overall summary Min–Q1
(1.35–2.25 )

Q1–Q2
(2.5–4.5)

Q2–Q3
(4.75–9.6)

Q3–Q4
(10.2–16.35)

Q5–max
(16.5–25)

N total = 69 N1 = 13 N2 = 14 N3 = 14 N4 = 14 N5 = 14

Age (years) 64.67 ± 11.75 66.15 ± 13.48 65.64 ± 9.48 63.71 ± 13.15 60.71 ± 10.19 67.21 ± 12.62

Sex (males) 48 (70%) 10 (70%) 10 (71.4%) 8 (57%) 11 (78.6%) 9 (64%)

NYHAi IV 49 (71%) 10 (77%) 11 (78.6%) 10 (71.4%) 9 (64.3%) 9 (64.3%)

NYHAi III 15 (22%) 2 (15.4%) 3 (21.4%) 3 (21.4%) 4 (28.6%) 3 (21.4%)

Heart failure etiology

Ischemic 38 (55%) 9 (69%) 6 (44%) 6 (44%) 5 (36%) 12 (86%)

Hypertensive 36 (52%) 9 (69%) 4(28.6%) 9 (69%) 7 (50%) 7 (50%)

Valvular 6 (8.7%) – 1 (7.1%) 1 (7.1%) 2 (14.3%) 2 (14.3%)

Idiopathic 18 (26%) 3 (23%) 5 (35.7%) 4 (28.6%) 5 (35.7%) 1 (7%)

Associated comorbidities

Diabetes 31(45%) 8 (61.5%) 4 (28.6%) 5 (35.7%) 7 (50%) 7 (50%)

COPD 8 (11.6%) – 1 (7.1%) 3 (21.4) 3 (21.4) 1 (7.1%)

Atrial fibrillation 15 (21.7%) 2 (15.4%) 5 (35.7%) 3 (21.4) 2 (14.3%) 3 (21.4)

Clinical signs

Orthopnea 46 (66.7%) 11 (84.6%) 8 (57%) 10 (71.4%) 8 (57%) 9 (64.3%)

Peripheral edema 28(40.6%) 6 (46%) 5 (35.7%) 5 (35.7%) 7 (50%) 5 (35.7%)

Increased JVP 18 (26%) 2 (15.4%) 4 (28.6%) 5 (35.7%) 4 (28.6%) 3 (21.4%)

Rales 38 (55%) 10 (77%) 7 (50%) 6 (43%) 8 (57%) 7 (50%)

Pleurisy 5 (7.2%) – 3 (21.4%) – 2 (14.3%) –

Systolic BP admission 130 (120–160) 160 (130–180) 137.5 (120–150) 130 (120–155) 127.5 (125–170) 130 (115–140)

Diastolic BP admission 85 (75–100) 100 (90–110) 80 (75–100) 85 (70–100) 90 (80–105) 77.5 (70–80)

Heart rate admission 92 (76–114) 85 (79–110) 90(70–101) 109 (75–120) 103 (74–119) 92.5 (76–108)

QRS (ms) 120.5 (98–141) 103 (94–136) 113.5 (99–130) 115 (105–134) 127.5 (96–147) 128 (104–163)

QT (ms) 425 (389–454) 423 (407–438) 417 (364–432) 427 (388–455) 426 (390–456) 433 (390–454)

Hemoglobin (mg/dl) 13.6 (12.45–15.15) 13.6 (12.9–15.3) 12.84 (12–15.1) 13.7 (12.9–14.7) 14.9 (13.5–15.4) 13.2 (11.7–14.2)

Glycemia (mg/dl) 132 (100–189) 151 (101–238) 116 (96–155) 114.5(91–155) 166 (99–201) 130 (104–245)

Creatinine (mg/dl) 1.05 (0.9–1.3) 1.08 (0.88–1.25) 0.945 (0.84–1.3) 1.05 (0.9–1.46) 1.045 (0.94–1.16) 1.13 (0.95–1.5)

eGFR 67.23 ± 22.8 68.28 ± 25.23 72.05 ± 23.5 64.04 ± 22.6 71.06 ± 20.26 60.28 ± 23.63

LVEDD (mm) 58.43 ± 8.74 58.69 ± 9.18 60.57 ± 9.07 60.43 ± 7.9 60 ± 10.45 57.23 ± 7.56

LVESD (mm) 51.04 ± 9.27 50.77 ± 11.08 51 ± 7.42 52.14 ± 7.79 51.86 ± 11.05 49.31 ± 9.7

RWT 0.37 (0.32–0.46) 0.4 (0.36–0.46) 0.35 (0.32–0.47) 0.35 (0.32–0.41) 0.35 (0.29–0.42) 0.4 (0.34–0.5)

EF % 30 (24–36) 30 (20–44) 28 (25–33) 29 (25–35) 27 (18–40) 30.5 (26–40)

LVEDV (ml) 157 (119–190) 138 (103–171) 156 (120–220) 164 (105–207) 177 (122–216) 142.5 (130–180)

LVESV (ml) 110 (75–148) 87 (59–126) 108 (96–146) 108 (67–158) 122 (71–170) 99 (80–130)

LA vol (ml/m²) 37.43 (27.6–45.3) 37.9(32.2–47.1) 34.8 (25–42.9) 38.6 (30.9–45.6) 39.2 (36.7–50.3) 36.7 (24.4–45.3)

E peak velocity (cm/s) 83.54 ± 25.12 81.08 ± 22.86 90.79 ± 28.25 90.86 ± 16.65 87.29 ± 30.91 66.31 ± 18.22

A peak velocity (cm/s) 58 (40–90) 57 (26.5–73.5) 50 (43–72) 49 (40–80.5) 62 (55–102) 68 (49–104)

e′ Peak velocity (cm/s) 6 (5–7.3) 6 (4.9–6.9) 7 (6.9–7.3) 6 (4.9–6.75) 5.6 (4.8–7.8) 6 (5–7.6)

E/e′ ratio 13.2 (9.2–15.9) 12.68 (9.8–15.13) 12.77 (7.8–14.7) 14.67 (13.4–17) 14.33 (10.5–17) 11.5
(8.05–13.15)

E/A ratio 1.41 (0.75–2.55) 1.46 (0.99–3.04) 1.62 (1.17–2.73) 1.42 (1.13–2.65) 1.36 (0.69–1.73) 0.69 (0.54–1.63)
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Table 5 Baseline descriptive statistics according to quintiles (i.e., 20%quintiles) of galectin-3 (Continued)
Median (IQR)a

Mean ± SDa

n (%)a

Baseline galectin-3 (ng/ml): 6.0 (2.9–14.5)a

Quintiles of baseline galectin-3

Variable Overall summary Min–Q1
(1.35–2.25 )

Q1–Q2
(2.5–4.5)

Q2–Q3
(4.75–9.6)

Q3–Q4
(10.2–16.35)

Q5–max
(16.5–25)

N total = 69 N1 = 13 N2 = 14 N3 = 14 N4 = 14 N5 = 14

PASP 28 (20–40) 22(20–32) 20 (15–42) 35 (27.5–41) 34 (28–46) 20 (18–28)

DTE 167 (128–206) 167 (140–214) 183 (150–200) 150 (130.5–180.5) 150 (111–200) 128 (128–280)

BPblood pressure,COPD chronic obstructive pulmonary disease,DTEdeceleration time, EF ejection fraction,GFR glomerular filtration rate, IQR interquartile
range, JVP jugular venous pressure, LA left atrial, LVEDD left ventricular end-diastolic diameter, LVESD left ventricular end-systolic diameter, LVEDV left
ventricular end-diastolic volume, LVESV left ventricular end-systolic volume, NYHA New York Heart Association, PASP pulmonary artery systolic pressure,
RWT relative wall thickness
aFor numerical variables, the Shapiro–Wilk test for normality was applied; descriptive statistics are given as mean ± SD for normally distributed values and
median (IQR) for non-normally distributed data; for categorical variables, the observed frequency counts (percent) are provided

Table 6 Six-month follow-up descriptive statistics according to quintiles (i.e., 20%quintiles) of galectin-3
Median (IQR)a

Mean ± SDa

n (%)a

6-Month follow-up galectin-3 (ng/ml): 10.25 (8.15–13.4)a

Quintiles of 6-month follow-up galectin-3

Variable Overall summary Min–Q1 (6.2–7.7) Q1–Q2 (7.8–9.1) Q2–Q3
(9.3–11.4)

Q3–Q4
(11.5–14.2)

Q5–max
(14.3–18.2)

N total = 64 N1= 12 N2 = 14 N3 = 12 N4 = 14 N5 = 12

NYHA III 33 (36%) 4 (33.3%) 5 (35.7%) 3 (25%) 5 (35.7%) 6 (50%)

NYHA II 41 (64%) 8(67%) 9 (64.3%) 9 (75%) 9 (64.3%) 6 (50%)

Systolic BP 130 (120–12.5) 132.5 (115–147.5) 127.5 (120–140) 130 (120–142.5) 130 (120–150) 125 (107.5–140)

Diastolic BP 80 (70–82.50) 80 (72.5–85) 80 (70–80) 80 (75–90) 80 (80–85) 80 (70–80)

Heart rate 72 (64–83) 78 (63–85) 72(64–96) 70 (67–79) 75.5(61–88) 69 (64–72)

QRS (ms) 113 (96.5–146) 125 (104–145) 102 (96–128) 119 (97–139) 144 (108–159) 90 (82.5–116)

QT (ms) 447 (427–468) 454 (440–469) 432 (412–458) 451 (438–465) 470 (433–496) 432 (411–446)

Hemoglobin (mg/dl) 13.5 (12.4–14.6) 13.8 (12.4–14.4) 13.7 (12.6–15.4) 14.1(13–15.25) 13.4 (12.7–14.1) 13.1 (10.8–13.3)

Glycemia (mg/dl) 110 (97–125) 112 (106–149) 121 (98–151) 104 (94–111) 113 (104–122) 97 (96–105)

Creatinine (mg/dl) 1.1 (0.89–1.26) 1.02 (0.99–1.17) 1.16 (0.91–1.21) 1.11 (0.85–1.5) 1.08 (0.93–1.25) 1.1 (0.82–1.62)

eGFR 67.85 ± 23.38 71.4 ± 20.76 68.96 ± 20.54 68.9 ± 24.56 66.99 ± 20.39 62.63 ± 33.8

LVEDD (mm) 59.02 ± 8.47 59.4 ± 11.95 55.64 ± 6.98 61 ± 5.26 63.23 ± 6.35 55.5 ± 9.97

LVESD (mm) 5029 ± 9.52 52.2 ± 8.37 45.86 ± 8.37 51.75 ± 6.69 54.77 ± 7.56 47 ± 11.08

RWT 0.38 (0.32–0.46) 0.45 (0.3–0.52) 0.4 (0.37–0.43) 0.37 (0.34–0.43) 0.35 (0.32–0.4) 0.37 (0.29–0.49)

EF % 31 (25–40) 32.5 (24.5–39) 36 (30–43) 35 (27–42.5) 27.5 (24–35) 35.5(22.5–44)

LVEDV (ml) 148 (118–175) 143 (97–255) 139.5 (112–167) 155 (123–185) 148 (140–185) 151.5 (94–172)

LVESV (ml) 98 (66–124) 87.5 (62–194.5) 81.5 (68–120) 102 (65.5–129) 106.5 (90–130) 82 (51.5–118)

LA vol (ml/m²) 34.9 (26.85–45.5) 32.82 (28.2–45.8) 32.82 (21.26–38.27) 35.57
(23.52–41.98)

37.95
(30.76–46.89)

36.75 (24.6–45.7)

E peak velocity (cm/s) 75.5 ± 27.09 65.08 ± 32.89 78 ± 26.97 75.83 ± 22.89 72.5 ± 22.71 86.17 ± 29.41

A peak velocity (cm/s) 64 (52–90) 61.5 (55–72) 78 (63–86.5) 63 (39–103) 63 (35–81) 61 (49–92)

e′ peak velocity (cm/s) 7 (5.95–7.95) 6.15 (5.8–7.65) 7.8 (5.7–8.1) 7.4 (6.5–8.45) 6.8 (6.3–7.8) 7 (5.9–7.65)

E/e′ ratio 9.68 (7.1–15.04) 7.52 (5.4–15.7) 10.36 (7.3–15.3) 9.35 (8.1–14.2) 9.67 (6.8–14.4) 13.1(7.3–15.5)

E/A ratio 0.92 (0.67–1.72) 0.54 (0.46–1.95) 0.92 (0.68–1.15) 0.93 (0.69–1.72) 1.14 (0.71–2) 1.49 (0.73–1.67)

PASP 23 (17–29.5) 20 (15.5–26.5) 20 (15–28) 21.5 (17–27) 25(20–35) 25 (20–32.5)

DTE 167 (150–210) 213 (161–244) 167 (158–210) 161.5 (150–244) 167 (120–206) 155 (128–294.5)

BPblood pressure,COPD chronic obstructive pulmonary disease,DTEdeceleration time, EF ejection fraction,GFR glomerular filtration rate, IQR interquartile
range, JVP jugular venous pressure, LA left atrial, LVEDD left ventricular end-diastolic diameter, LVESD left ventricular end-systolic diameter, LVEDV left
ventricular end-diastolic volume, LVESV left ventricular end-systolic volume, NYHA New York Heart Association, PASP pulmonary artery systolic pressure,
RWT relative wall thickness
aFor numerical variables, the Shapiro–Wilk test for normality was applied; descriptive statistics are given as mean ± SD for normally distributed values and
median (IQR) for non-normally distributed data; for categorical variables, the observed frequency counts (percent) are provided
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