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Abstract
Patients with heart failure (HF) are at a higher risk of rehospitalisation. In this study, we investigated the prognostic utility 
of galectin-3 (Gal-3) and NT-proBNP fragments (1-76aa and 13-71aa) as biomarkers to predict outcomes for patients with 
HF. We collected blood samples from patients with HF (n = 101). Gal-3 and NT-proBNP fragments (1–76aa and 13–71aa) 
concentrations were measured by immunoassay. Survival analysis and Cox proportional regression models were used to deter-
mine the prognostic utility of Gal-3 and NT-proBNP fragments. In patients with increased baseline levels of NT-proBNP1-76 
the time to primary endpoint (cardiovascular death or re-hospitalisation) was significantly shorter (p = 0.0058), but not in 
patient with increased baseline levels of Gal-3 or NTproBNP13-71. Patients with increased levels of NT-proBNP13-71aa at 
1 month showed reduced time to the primary endpoint (p = 0.0123). Our findings demonstrated that Gal-3 and NT-proBNP 
can be used as prognostic biomarkers to stratify patients with HF.
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Introduction

Heart failure (HF) is a major global health problem, affect-
ing more than 64.3 million people worldwide [1]. Patients 
with HF have a relatively higher risk of repeated hospitalisa-
tions, which is associated with a considerable loss of quality 

of life and accounts for most of the healthcare costs associ-
ated with HF. Nearly a quarter of patients with HF over the 
age of 65 years are re-hospitalised within a month of being 
discharged [2]. Whilst there are clear benefits of HF manage-
ment services, these services are resource-intensive, and are 
not universally available, especially to those patients from 
rural and remote communities where the disease burden is 
high. Hence outcomes remain poorer and 20% of patients 
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with HF dye within 1 year of hospitalisation [3]. One of 
the reasons for adverse outcomes and reliance on repeated 
hospitalisations is the lack of accurate biomarkers to stratify 
the risk in patients with HF.

Prognostic biomarkers for HF play a crucial role in pre-
dicting disease outcomes and aiding in patient management 
strategies. Cardiac troponins (Troponin T and I) signify myo-
cardial injury and are particularly relevant in acute decom-
pensated heart failure [4]. ST2, a marker of cardiac stretch or 
stress, provide further insight into heart damage at a minute 
level [5]. Additionally, C-reactive protein (CRP) serves as 
a general indicator of body-wide inflammation which can 
exacerbate heart failure [6]. Cystatin C is a vital marker of 
renal function, its deterioration often accompanies advanced 
heart failure. Furthermore, adrenomedullin (ADM) and Mid-
regional pro-adrenomedullin (MR-proADM), linked with 
vasodilation and myocardial structure alteration, provide 
valuable information regarding the physiological status of 
the heart [7]. Some of these biomarkers can be elevated in 
conditions other than heart failure, such as kidney disease, 
lung diseases, sepsis, and even intense physical exercise. For 
a precise prognosis prediction in patients with HF, there is a 
need for more specific biomarkers. Galectin-3 (Gal-3) causes 
progressive fibrosis, and probably plays a mechanistic role 
in the inexorable progression of HF [8]. The measurement 
of Gal-3 levels in blood is part of routine clinical practice 
in some parts of the world and has shown to be clinically 
useful in identifying patients at an increased risk of undergo-
ing adverse outcomes [9]. Repeated measurements of Gal-3 
levels have demonstrated superior clinical utility than single 
measurements of serum Gal-3 [10, 11]. In the coordinat-
ing study evaluating outcomes of advising and counselling 
in HF, higher levels of serum Gal-3 levels were associated 
with a greater risk of death or hospitalisation due to HF 
[10]. Similarly, the Deventer- Alkmaar Heart Failure study 
[11] evaluated 232 patients with HF and found that serum 
Gal-3 was a significant predictor of mortality (follow-up up 
to 6.5 years) even after adjusting for other variables. How-
ever, a limitation of the Deventer study was that the blood 
sampling was carried out at hospital discharge and 6 months, 
by which time 40–50% of patients would have either died or 
been rehospitalised, limiting its clinical utility.

Salah et al. found that NT-proBNP is also predictive of 
all-cause mortality and HF hospitalisations in patients with 
HF with preserved and reduced ejection fractions [12]. How-
ever, most studies have only measured the blood biomarkers 
either at a single time point or multiple time points which 
may miss the opportunity for intervention (after many events 
have happened). While these studies reported significant 
prognostic value of the biomarkers, the performance char-
acteristics of these biomarkers were found to be suboptimal 
(overall accuracy ranged from 61% to 72%) [11, 13]. Studies 
have also shown that circulating NT-proBNP has truncated 

forms of endogenous NT-proBNP and are glycosylated 
which may cause inaccuracies and assay-dependent varia-
tions in the measurement [14, 15]. Studies have also shown 
variability in results when using the full-length NT-proBNP 
fragment either as a diagnostic or prognostic biomarker [16].

We hypothesise that quantifying Gal-3 and NT-proBNP 
(NT-proBNP1-76aa and NT-proBNP13-71aa) concentrations 
in blood samples collected from HF patients can identify 
those patients at a higher risk of all-cause mortality and/or 
re-hospitalisations. The aims of this study are three-folds: 
firstly to develop an assay that can accurately measure NT-
proBNP 13-71aa levels in serum samples from patients with 
HF; secondly, to investigate whether frequent measurements 
of Gal-3 and or NT-proBNP concentrations following hospi-
talisation improves risk stratification; and finally to develop 
a Gal-3 and NT-proBNP driven stratification method (in 
addition to clinical predictors) to identify patients with HF at 
a higher risk of all-cause mortality and/or rehospitalisation.

Material and methods

Study design and participants

This is a longitudinal, propective follow-up study with ini-
tial sampling at hospital discharge (baseline, time 1) and 
repeat sampling during subsequent clinical visits at 1 month 
(time 2) to establish the prognostic utility of repeated sam-
pling of NT-proBNP1-76aa, NT-proBNP13-71aa and Gal-3 to 
predict cardiovascular death or rehospitalisation (primary 
outcomes) for up to 4.5 years. We selected 1-month post 
hospital discharge as a time point because 1 in 4 HF patients 
are readmitted to hospital within 1 month [17–20]. Clini-
cal information at baseline was collected during hospital 
stay and subsequent clinical visits. The follow-up clinical 
outcomes were obtained through hospital records and by 
contacting the patients’ general practitioner.

Participants

This study complies with the 2013 Declaration of Helsinki 
[21] and the Australian Code for Responsible Conduct of 
Research [22]. Research ethics approval for sample col-
lection was obtained from the Human Research Ethics 
Committee of the Mater Adult Hospital (approval number: 
HREC/13/MHS/142 (1806QA). Informed consent was 
obtained from all participants.

HF was determined by the treating cardiologist in accord-
ance with the most recent clinical guidelines [23]. Patients 
who were hospitalised for acute decompensated HF and 
those who met the inclusion criteria was approached by the 
clinical coordinator to consent for the study. We did not keep 
a screening log of the patients, as this was an observational 
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study. The inclusion criteria for the patients included the 
following: a left ventricular ejection fraction (LVEF, deter-
mined by echocardiogram) ≤ 40%, age between 18 and 
100 years, willingness to participate for the duration of the 
trial period, and provision of written informed consent to 
participate in our study. Patients were recruited from the 
cardiology departments from the Mater Adult Hospital, the 
Prince Charles Hospital and the Royal Brisbane and Wom-
en’s Hospitals, in Brisbane, Australia. HF severity in these 
patients was determined using the New York Heart Associa-
tion (NYHA) Functional Class based on clinical symptoms 
[24] identified by the treating cardiologists. The parameters 
collected are summarised in supplementary Table 1. The 
primary clinical endpoint was defined as cardiovascular 
death or cardiovascular hospitalisation within 4.5 years of 
collection of the samples (see Supplementary Table 1). The 
clinical endpoint of each patient was adjudicated by the 
cardiologists blinded to the biomarker measurement data 
using the patients’ clinical records. The follow-up ceased 
once patients experienced their first primary endpoint event 
or experienced no event after 4.5 years. We lost patients due 
to Covid-19 restriction to accessing hospitals.

Galectin‑3 ELISA assay

To determine the Gal-3 concentrations in the serum samples, 
we purchased the R&D® human Galectin-3 Duoset ELISA 
kit (cat#: DY1154) (R&D Systems, Minneapolis, Minnesota, 
United State) and measured Gal-3 levels following manu-
facturer’s recommendations as published previously by our 
team [25, 26]. In short, a pair of anti-Gal-3 antibodies were 
used in a sandwiched format to capture Gal-3 in the serum 
samples. The serum samples were diluted fourfold with 1% 
BSA in PBS. Colorimetric detection was achieved by using 
tetramethylbenzidine liquid substrate system.

Development of NT‑proBNP1–76aa 
and NT‑proBNP13–71aa AlphaLISA assays

AlphaLISA immunoassays are bead-based homogene-
ous assays designed to study biomolecular interactions in a 
microplate format [15, 27]. We have previously validated the 
NT-proBNP1-76aa AlphaLISA assay against a commercially 
available NT-proBNP1-76aa diagnostic assay (Roche Diag-
nostics, USA) [28]. We found an agreement of r2 = 0.78 and 
p < 0.001. For quantification of the full-length NT-proBNP 
1-76aa, we have biotinylated mAB 5B61-12 and conjugated mAb 
24E1167-76 to acceptor beads (Product-No: 6772003, Perkin 
Elmer®, Waltham, MA, USA). Similarly, for quantifying NT-
proBNP13–71aa we have biotinylated mAb 15C463-71 and con-
jugated mAb 18H513-20 onto acceptor beads. Conjugation of 

antibodies to acceptor beads and the biotinylation of antibodies 
were carried out as previously published by us [15].

For the quantification of NT-proBNP full -length fragment 
and the NT-proBNP 13-71aa, 12-point standard curves were 
generated by titrating NT-proBNP analyte (Product-No: 8NT2, 
Hytest Ltd, Finland) in 1 × high block immunoassay buffer. In 
brief, 1 μL of either the analyte or sample was loaded in tripli-
cates in a 384 well ProxiPlates™ (Perkin Elmer®, Waltham, 
MA, USA) and incubated with 5 μL of reagent containing 
acceptor beads (50 µg/mL) and biotinylated antibodies (5 nM) 
for 1.5 h at RT. Streptavidin Donor beads volume of 4 µL 
(80 µg/mL, Cat No.676002, Perkin Elmer®, Waltham, MA, 
USA) was added to the reaction mixture and incubated for 
30-min at room temperature in the dark. The plates were read 
on EnVison™ plate reader (Perkin Elmer®, Waltham, MA, 
USA). The in-house AlphaLISA assays were previously vali-
dated against a commercial platform [28].

Statistical analysis

Statistical analyses were performed with JMP Pro (V15.2.1, 
SAS Institute, Cary, NC, USA) and GraphPad Prism 8 (Graph-
Pad Software Inc., La Jolla, California, USA). Graphpad was 
used to generate standard curves for Gal-3 by plotting the raw 
absorbance values on the Y-axis with the corresponding ana-
lyte concentrations. JMP was used for all other analyses. The 
analyte concentrations were deduced from the standard curves 
using four parameter logistic regression equation. Paired 
t-tests and correlations on log-transformed biomarkers were 
used to compare baseline and 1 month results. The primary 
endpoint, time to cardiovascular death or hospitalisation, was 
analysed using Cox proportional hazards regressions. Median 
splits on the biomarkers were used to display survival using 
Kaplan–Meier plots.

To assess the effect of covariates on the relationship 
between the biomarkers and the primary endpoint, a Cox 
regression model was used which included the covariates: 
NYHA functional class, presence of comorbidities (hyperten-
sion, diabetes, ischaemic heart disease (IHD), chronic obstruc-
tive pulmonary disease (COPD) or stroke), past history of HF, 
use of beta blockers, loop diuretics, digoxin and implantable 
cardioverter defibrillator in addition to the biomarkers, Gal-3 
and NT-proBNP concentrations (Figs. 2). A Lasso penalised 
regression was applied to determine which covariates and pre-
dictors were most important for the cox model.

Results

Participants

A total of 101 patients with a primary diagnosis of HF 
were recruited to this observational, prospective study 
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(Supplementary Table 1). We collected 101 samples at base-
line and 48 samples at 1 month after the initial sampling 
(loss due to global Covid-19 pandemic lock-downs). Of 
these, 29 patients had events and 72 were censored, with a 
median follow up of 2.74 years (max 4.5 years). The major-
ity of the patients were classified as NYHA class 2 and 3 
patients (n = 89), with only 8 patients classified as NYHA 
class 1 and none was classified as NYHA class 4.

The Gal‑3 ELISA assay performance

We quantified the recovery of Gal-3 analyte using the in-
house developed assay by spiking in Gal-3 at a concentra-
tions of 1250 pg/mL and 350 pg/mL with recovery efficien-
cies of 97.6% and 101.8%, respectively. This recovery is 
acceptable for clinical studies [29]. The inter-assay varia-
tion was determined by repeated measurements of the same 
sample across three assays and was found to be 8.6% and 
the intra-assay variation was 1.5%. Both the intra- and inter-
assay coefficient of variations are acceptable in a clinical 
diagnostic setting [30].

The plasma NT‑proBNP AlphaLISA® immunoassays 
performance

We determined the NT-proBNP1-76aa and NTproBNP13-71aa 
assay recoveries by spiking two known concentrations 
(100 pg/mL and 3000 pg/mL) of NT-proBNP analyte into 
pooled plasma samples. The spiked-in recovery was calcu-
lated by dividing the measured analyte concentration by the 
spiked in concentration. For NT-proBNP1-76aa assay, the 
recovery was 73.20% and 92.79%, respectively, at 100 pg/
mL and at 3000 pg/mL of spiked-in NT-proBNP. Similarly, 
the recoveries at 100 pg/mL was 94.31% and at 3000 pg/mL 
was 110.04% for NTproBNP13-71aa assay. The lower limit of 
detection for the two assays were 5.79 pg/mL and 31.21 pg/
mL, respectively. Both intra-and inter-assay coefficients of 
variations (%CV) were below 10%.

The plasma concentrations of NT‑proBNP1‑76aa 
and NT‑proBNP13‑71aa in patients with HF

The baseline plasma concentrations of NT-proBNP1-76aa 
and NTproBNP13-71aa in patients with HF ranged between 
0.45 and 2306 pg/mL with a median of 285.4 pg/mL (25% 
and 75% percentile: 99.05, 660.9 pg/mL, respectively) and 
0–23,616 pg/mL with a median of 423.4 pg/mL (25% and 
75% percentile: 112.2, 1120 pg/mL), respectively. The base-
line concentrations of NTproBNP13-71aa was significantly 
higher than NT-proBNP1-76aa (paired t-test, p = 0.0033). 
The correlation coefficient between NTproBNP13-71aa and 
NTproBNP13-71aa using baseline samples indicated a moder-
ate association (r = 0.57) (p < 0.0001).

At 1-month post-discharge, plasma NT-proBNP1-76aa con-
centrations ranged from 0.91–2306 pg/mL with a median of 
285.4 pg/mL (25% and 75% percentile: 58.37–669.6 pg/mL) 
at baseline versus 0–1769 pg/mL with a median of 182.7 pg/
mL (25% and 75% percentile: 63.34–463 pg/mL) at 1 month; 
similarly, plasma NT-proBNP13-71aa concentrations ranged 
from 0 to 3119 pg/mL with a median of 325.4 pg/mL (25% 
and 75% percentile: 112.2–1091 pg/mL) at baseline versus 
0–9490 pg/mL with a median of 563.2 pg/mL (25% and 
75% percentile: 103.1–1468 pg/mL) at 1 month. The con-
centrations of NTproBNP13-71aa was significantly higher 
(paired t-test, p < 0.0001) than the concentrations of NT-
proBNP1-76aa at the 1-month follow-up. The correlation coef-
ficient between NTproBNP13-71aa and NTproBNP13-71aa at 
1 month showed a strong association (r = 0.81) (p < 0.001).

The concentrations of NT-proBNP1-76aa at 1  month 
was significantly reduced from baseline (paired t-test, 
p = 0.0356), but the concentration of NT-proBNP13-71aa frag-
ments did not have statistically significant changes (paired 
t-test, p = 0.94). There was a strong correlation between 
baseline and 1-month NT-proBNP1-76aa concentrations 
(r = 0.77, p < 0.0001) and for NTproBNP13-71aa (r = 0.69, 
p < 0.0001).

Gal‑3 and NT‑proBNP concentrations in patients 
with HF

The primary endpoint, cardiovascular death or re-hos-
pitalisations, occurred in 29 out of the 101 patients with 
HF within the follow up period (up to 4.5 years). When 
comparing patients with HF based on the median levels 
of baseline Gal-3, NT-proBNP1-76 and NT-proBNP13-71, 
we found that patients with events have significantly 
higher NT-proBNP1-76aa concentrations when compared to 
patients without events (p < 0.01, Fig. 1B). While patients 
with higher Gal-3 and NT-proBNP13-71, this was not sig-
nificant (Fig. 1A, C). The delta concentration changes (at 
baseline and at 1 month) of Gal-3, NT-proBNP1-76aa and NT-
proBNP13-71aa, we found no statistical differences between 
patients with or without events (Fig. 1D, E, F). Time to 
cardiovascular death or re-hospitalisation is significantly 
shorter with increasing baseline NT-proBNP1-76aa con-
centrations (Cox ph, Range HR = 12.1 95% CI (2.1, 58.8), 
p = 0.0058). Similarly, baseline NT-proBNP13-71aa concen-
trations were also associated with shorter time to the pri-
mary endpoint (events), although this association was not 
significant (Cox PH, Range HR = 5.45, 95% CI 0.34, 32.32, 
p = 0.19). Similarly, baseline Gal-3 concentrations was also 
not associated with the primary endpoint (Cox PH, Range 
HR = 1.10, 95% CI 0.20, 5.59, p = 0.91).

We have also considered whether changes from baseline 
to 1-month follow-up would predict the time to the pri-
mary outcome using Gal-3 and NT-proBNP two fragments. 
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However, at 1 month only 48 samples were available, com-
prising 13 patients with primary endpoint events and 35 
patients with censored observations. Still, increase in NT-
proBNP13-71aa concentrations was associated with reduced 
time to the primary endpoint (HR = 64.2, 95% CI 2.47, 
1671.5, p = 0.0123). The time to primary endpoint was 
not significantly associated with changes in Gal-3 or NT-
proBNP1-76aa (p = 0.18 and p = 0.24, respectively). To visu-
alise this relationships, we present Kaplan–Meier plots of 
time to the primary endpoint versus median splits of the 
biomarkers (Fig. 2).

The prognostic utility of Gal‑3 and NT‑proBNP 
concentrations based on Cox‑regression analysis

The Cox proportional-hazard regression with double lasso 
model selection analysis was performed to evaluate the 
association between Gal-3, NT-proBNP fragments and 
time to the primary endpoint, controlling for covariates. The 

algorithm eliminates variables that do not contribute to the 
fit to Cox survival model. Covariates included in the model 
were age, sex, NYHA class, medical history, use of beta 
blockers, loop diuretics, or Digoxin, presence of comorbidi-
ties, including atrial fibrillation, hypertension, diabetes mel-
litus, IHD, COPD, and Stroke. The final model retained only 
Gal-3, NT-proBNP1-76aa and NT-proBNP13-71aa (Table 1).

Discussion

To the best of our knowledge, this is one of the first stud-
ies to investigate the relationship between repeated meas-
urements of Gal-3 and two fragment of NT-proBNP (NT-
proBNP1-76 and NT-proBNP13-71) to predict cardiovascular 
deaths or rehospitalizations in HF patients. Our results 
demonstrated that HF patients with relatively high baseline 
NT-proBNP1-76aa concentrations were 11 times more likely 
to reach the primary endpoint (cardiovascular deaths or 

Fig. 1   Median and Interquartile ranges with individual values of A 
baseline Gal-3 concentrations, B baseline NT-proBNP1-76aa concen-
tration, C baseline NT-proBNP13-71aa concentration, D the changes of 
Gal-3 concentrations between 1 month post discharge and baseline, E 

the changes of NT-proBNP1-76aa concentration between 1 month post 
discharge and baseline, F the changes of NT-proBNP13-71aa concentra-
tion between 1 month post discharge and baseline in patients with and 
without primary endpoints
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rehospitalizations) even after adjusting for other covariates. 
Similarly, HF patients with relatively high baseline Gal-3 
and NT-proBNP13-71aa concentrations showed a worse prog-
nosis, though not significant. We have chosen to investigate 
the concentrations of NT-proBNP fragments and Gal-3 as 
the former is involved during cardiac chamber dilation/
stretch, and Gal-3 is a protein directly inducing pathologic 
remodelling of the heart, leading to cardiac fibrosis.

Our results demonstrated that baseline NT-proBNP1-76aa 
concentrations was able to predict cardiovascular death or 
hospitalisation during the follow-up period. This is consist-
ent with previous findings [31, 32], which reported that the 
natriuretic peptides are powerful predictors of all-cause mor-
tality in patients with both chronic and acute HF. The find-
ings from this study, along with previously published work 
from our group [15, 33] and others [34, 35] have demon-
strated that there is molecular heterogeneity of NT-proBNP 

in plasma samples from patients with HF [36]. NT-proBNP 
antibodies used in some assays were often produced by rais-
ing against synthetic fragments of NT-proBNP with no post-
translational modification, therefore, limiting the assay’s ina-
bility to detect endogenous forms. In addition, NT-proBNP 
could also be truncated at the glycosylation sites.

To improve current analytical challenges with full-length 
NT-proBNP assay, we investigated two different epitopes of 
the NT-proBNP molecule to stratify patients with HF. We 
have demonstrated that the diagnostic performance of the 
NT-proBNP13-71aa immunoassay showed improvements over 
the commercial NT-proBNP1-76aa assay based on previously 
published literature (pooled sensitivity and specificity 80% 
and 61% respectively [12]). This is because we have chosen 
antibodies directed away from the N and C termini (trun-
cated) as well as avoiding the glycosylated regions within 
the NT-ProBNP molecule [15, 16]. We have found that we 

Fig. 2   The Kaplan–Meier plot and the 95% confidence intervals 
(solid lines and dotted lines, respectively) for survival based on the 
median spilt of A Baseline Gal-3 concentrations, B Baseline NT-
proBNP1-76aa concentrations, C Baseline NT-proBNP13-71aa concen-
trations, D the changes of Gal-3 concentrations between 1 month post 
discharge and baseline, E the changes of NT-proBNP1-76aa concentra-
tions between 1 month post discharge and baseline, F the changes of 

NT-proBNP13-71aa concentrations between 1  month post discharge 
and baseline in patients. Patients with high biomarker levels are 
represented in red lines and patients with low biomarkers levels are 
represented with blue lines. Significant differences in survival were 
observed at baseline NT-proBNP1-76aa concentrations and the changes 
of NT-proBNP13-71aa concentrations between 1 month post discharge 
and baseline in patients with HF

Table 1   Parameter estimates for Gal-3, NT-proBNP1-76 and NT-proBNP13-71 at baseline in the cox survival analysis

Parameters Estimate Std. error Wald Chi-square Prob > Chi-square Lower 95% Upper 95%

Baseline Gal-3 8.0413e−5 7.6723e−5 1.0985085 0.2946 −0.00007 0.0002308
Baseline NT-proBNP1-76aa 0.0010137 0.0003012 11.330821 0.0008* 0.0004235 0.001604
Baseline NT-proBNP13-71aa 2.0023e−5 4.9437e−5 0.1640469 0.6855 −7.687e−5 0.0001169
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can detect NT-proBNP13-71aa in a much higher abundance in 
comparison to NT-proBNP1-76aa, which indicated the high 
frequency of endogenous cleavage of threonine at 71 a.a. 
The utilization of NT-proBNP13-71aa potentially can improve 
the prognostic utility of NT-proBNP as it is more sensitive 
than the standard assay and may therefore more reliably 
reflect disease severity.

Our results demonstrated that the median Gal-3 concen-
trations in patients with HF who reached the primary end-
points was 3237 pg/mL while the patients without a primary 
endpoint had a medium Gal-3 concentration of 2946 pg/mL 
(not significant). We were unable to find a significant cor-
relation between rehospitalisation and Gal-3 concentrations, 
however the Cox Proportional Hazards analysis with step-
wise double lasso validation suggested that Gal-3 concen-
trations still played an important role in developing a model 
to discriminate patients with and without adverse events. 
Similarly, the Coordinating study evaluating Outcomes of 
Advising and Counselling in HF (COACH) revealed that 
the higher levels of Gal-3 in blood were associated with a 
greater risk of death or re-hospitalisation due to HF [10]. 
In their study, blood Gal-3 levels demonstrated an added 
prognostic power over B-type natriuretic peptide (BNP). 
Furthermore, the Deventer-Alkmaar HF (DEAL-HF) study 
that followed patients with chronic HF for up to 6.5 years, 
demonstrated that blood Gal-3 levels were a significant 
predictor of mortality even after adjusting for age, sex and 
the known risk factors [11]. However, this study’s analysis 
was limited to mortality, and did not take into account re-
hospitalisation due to HF. The TRIple Pill vs. Usual care 
Management for Patients with mild- to- moderate Hyper-
tension (TRIUMPH) study evaluated 496 patients with HF 
over 325 days and found a weak association between single 
blood Gal-3 measurements and subsequent death or HF hos-
pitalisation [37]. In contrast, when repeated measures were 
considered, the adjusted hazard ratio was 1.67 (95% confi-
dence interval (CI) 1.24—2.23, p < 0.001) per one standard 
deviation increase in Gal-3, which remained significant after 
adjusting for NTproBNP [38].

There are number of limitations to this study. In this study, 
we have only included cardiovascular rehospitalisation and 
death as the primary endpoints. We chose not to use heart 
failure rehospitalisation as a primary endpoint due to lower 
rates of rehospitalisation compared to cardiovascular rehospi-
talisation in our study cohort. Physiologically, Gal-3 is relevant 
to cardiovascular heath in general rather than specific to HF 
and investigating whether Gal-3 can be used to predict the 
cardiovascular rehospitalisation is more relevant in the current 
clinical setting. We also did not use all-cause mortality as an 
endpoint to increase the specificity and clinical relevance of 
our findings to identify patients at high risk of cardiovascular 
events. We were also unable to collect sample from half of the 
recruited patient at the follow-up time point due to Covid-19 

lock downs in Australia. Future larger studies could investigate 
whether Gal-3 is associated with non-cardiovascular events 
(e.g. infection-related adverse events). Due to the differences 
in routine clinical management and collection of clinical data 
across the three collection sites, the clinical observation and 
clinical tests were not collected uniformly throughout the 
study. This limited the number of cofounding factors that we 
could investigate in this study. In addition, future studies will 
need to determine whether repeated sampling of serum Gal-3 
can improve its prognostic utility as well as to include both 
HFpEF and HFrEF patients.

Conclusion

In summary, we have demonstrated that Gal-3 and NT-
proBNP concentrations can be used as prognostic biomark-
ers to stratify patients with HF even after adjusting for other 
confounding variables. While these findings require confir-
mation in larger multi-centred clinical studies, the long-term 
monitoring of the combination of these biomarkers could 
potentially improve the management of HF in a community 
setting.
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