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Chapter 6

Abstract

Aims - Galectin-3 plays an important role in fibrogenesis. Furthermore, increased galectin-3
levels are associated with poor survival in patients with heart failure (HF). We examined the
correlation of plasma galectin-3 levels with cardiopulmonary aerobic capacity and renal
function in patients with chronic HF.

Methods and results - We measured plasma galectin-3 in 99 patients with stable chronic HF
with New York Heart Association (NYHA) class II-IV. All patients had left ventricular
ejection fraction (LVEF) <45% and an ability to undergo cardiopulmonary exercise testing. In
the present HF cohort, plasma galectin-3 levels were divided in quartiles (quartile 1: <12.65
ng/mL; quartile 2: 12.65-14.34 ng/mL; quartile 3: 14.35-18.67 ng/mL; quartile 4: >18.67
ng/ml). High galectin-3 levels were associated with poor renal function (consisted of
increased creatinin (p=0.026); increased urea (p=0.01); decreased eGFR (p=0.01), increased
NT-proBNP (p=0.008), and decreased peak VO, (p=0.038). Linear regression analysis
showed a correlation between the plasma galectin-3 levels and peak oxygen uptake (VO, max),
p=0.016; and renal function (p=0.002). However, after adjustment for age and gender, the
correlation between galectin-3 and VO, max and renal function was lost.

Conclusions - high plasma galectin-3 levels are associated with poor renal function and lower
aerobic capacity in patients with chronic HF.

Key words
Chronic heart failure, Galectin-3, renal function, VO, max, cardiopulmonary aerobic capacity.
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Introduction

Heart failure (HF) is a serious medical disease and an epidemiological problem. It is
characterized by high morbidity and mortality [1-3]. The pathophysiologic mechanisms of HF
appear to be the results of interaction between cardiac remodeling, neurohormonal peptides
(e.g. N-terminal pro brain natriuretic peptide (NT-proBNP)), inflammation, and different
biomarkers [4-6]. Accumulated experimental studies reported that macrophage-derived
galectin-3 plays important regulatory roles in inflammation and fibrotic processes in the
development cardiac remodeling and chronic HF [4-6]. Additionally, clinical evidence
showed that plasma galectin-3 levels are increased in patients with acute and chronic HF [7-
14]. The PRIDE study revealed that plasma galectin-3 was a superior predictor for 60-day
mortality compared to NT-proBNP [11]. Subsequently, high plasma galectin-3 levels were
associated with left ventricular filling and diastolic function [7]. Furthermore, in patients with
chronic stable and acute decompensated HF, increased plasma galectin-3 levels were linked to
renal dysfunction and lower peak oxygen uptake (VO, max) [8, 11, 15]. In the DEAL-HF
study, plasma galectin-3 levels were increased in patients with higher NT-proBNP levels,
which were in turn correlated with lower estimated glomerular filtration rate (eGFR) and
lower VO, max [13]. Furthermore, higher levels of galectin-3 were found in patients with
renal dysfunction as compared to patients with normal renal function. As a substantial part of
chronic HF patients have decreased renal function, we examined the correlation of plasma
galectin-3 levels on cardiopulmonary aerobic capacity and renal function in patients with
chronic HF.

Methods

Patients and study design

The data described and used in this manuscript is derived from the BENEFICIAL study
(Effects of alagebrium, an advanced glycation end product breaker, on exercise tolerance and
cardiac function in patients with chronic heart failure, NTC00516646) [16-18]. The study
design, baseline characteristics, inclusion and exclusion criteria have been published
previously [16-18]. Data of all 99 patients who were recruited from the University Medical
Center Groningen, the Netherlands and three other regional affiliated hospitals were analyzed
in this sub study. Briefly, patients with New York Heart Association (NYHA) class II-IV had
to have stable chronic HF for at least three months, and a documented left ventricular ejection
fraction (LVEF) <45%. Main exclusion criteria were the inability of patients to undergo
exercise testing, cardiac resynchronization therapy, pacemaker therapy, active and/or treated
malignancies within 12 months prior to inclusion, and clinically significant renal dysfunction.
The efficacy measurements included echocardiography and cardiopulmonary aerobic capacity
testing. The BENEFICIAL study was approved by the Medical Ethical Committee of the
University Medical Center Groningen and all subjects gave written informed consent.
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Echocardiography

Two-dimensional echocardiography was performed by experienced cardiac technicians
using a General Electric VIVID 7 system with a 2.5-3.5 MHz probe (Horton, Norway). Left
ventricular dimensions were measured. Diastolic function was evaluated with peak early (E)
and late (A) diastolic filling velocities, isovolumetric relaxation time (IVRT) and deceleration
time (Dct) of the early peak filling. Early diastolic tissue velocity (E') was measured on the
lateral and septal wall areas, using color-coded tissue Doppler imaging (CC-TDI). E/E' was
calculated by dividing the peak early diastolic filling (E) by the average E'. Diastolic
dysfunction was defined as an E/E' >10. Systolic dysfunction was determined by Simpson’s
LVEF and defined as a LVEF <45%. If Simpson’s LVEF could not be determined, LVEF was
estimated by eyeballing [16-18].

Cardiopulmonary aerobic capacity testing

Cardiopulmonary aerobic capacity testing was performed using a care fusion, Master
screen CPX (Houten, The Netherlands) according to a modified Bruce protocol [19], which
increases the workload more gradually than the Bruce protocol [20]. The first stage was
performed at 1.7 mph and 0% grade, the second stage at 1.7 mph and 5% grade, and the third
stage corresponds to the first stage of the Bruce protocol. A standard 12 lead
electrocardiogram was recorded continuously during exercise testing. Blood pressure was
registered on a regulatory basis using a manual cuff sphygmomanometer. Patients were
encouraged to continue the exercise until their peak oxygen uptake (denoted as VO, max) was
reached or when they became symptomatic, or discontinuation was indicated for safety
reasons. Oxygen uptake, carbon dioxide production, and minute ventilation were measured
using breath-by-breath gas analysis. Peak VO, was determined as an average value of the two
highest VO, values at peak performance, data were expressed as mL/kg/min [16-18].

Biochemical measurements

Plasma Galectin-3 levels were determined by an enzyme-linked immunosorbent assay
(ELISA) developed by BG Medicine (Galectin-3 assayTM, BG Medicine, Inc., Waltham, USA).
The assay quantitatively measures the concentration of human galectin-3 levels in EDTA
plasma. This assay has a high sensitivity (lower limit of detection 1.13 ng/mL) and exhibits no
cross-reactivity with collagens or other members of the galectin family. Calibration of the
assay was performed according to the manufacturer’s recommendation and values were
normalized to a standard curve [9, 10]. NT-proBNP levels were measured by an immuno-
electro-chemiluminesence method (Elecsys, Roche Diagnostics, Basel, Switzerland) [21]. The
eGFR was estimated using the simplified modification of Diet in Renal Disease (sMDRD)
formula [22].

Statistical analysis
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Data are expressed as mean + standard deviation (SD) when normally distributed. Data
are expressed as medians with lower and upper quartiles when non-normally distributed.

Categorial variables are expressed as frequencies and percentages. Baseline
characteristics were divided into quartiles of plasma galectin-3 levels. Differences between
groups were compared using the 1-way analysis of variance test, Kruskal-Wallis test or Chi-
square test where appropriate. For further analyses, logarithmic transformation was performed
to achieve a normal distribution for skewed variables. The Pearson correlation coefficient was
employed to test correlations between galectin-3 and other variables.

All tests were two-sided and a p-value <0.05 was considered statistically significant. All
statistical analyses were performed using STATA version 11.0 (StataCorp LP) and SPSS
version 18.0 (SPSS Inc).

Results

Patient characteristics

Baseline characteristics of all patients, according to quartiles of plasma galectin-3, are
described in table 1. Overall, mean age of the study population was 61+11 years, and 80%
were males. Around 40% patients had NYHA-class Il and IV. Mean LVEF was 32+9%.
Mean eGFR was 80+21 mL/min/1.73m2, mean NT-proBNP value was 388 (154-823) ng/L,
mean VO, max was 21.7£6.1 mL/kg/min. All patients were on standard medication for HF,
including an ACE inhibitor (ACEi) or angiotensin II receptor blocker (ARB), beta-blocker
(BB), and diuretics.

Galectin-3 and parameters of disease severity and renal function

Plasma galectin-3 levels displayed a moderately significant correlation with levels of NT-
proBNP (R=0.26; p=0.009; figure 1A), but not with NYHA-class (R=0.13; p=0.230).
Furthermore, galectin-3 levels also showed a correlation with creatinin levels (R=0.24;
p=0.014) and with levels of plasma urea (R=0.33; p=0.001). In addition, linear regression
analysis showed a significant association between plasma galectin-3 levels and eGFR (R=-
0.30; p=0.002; figure 1B). When adjusted for age and gender plasma galectin-3 levels are not
correlated with eGFR, suggesting that some of the prognostic power of galectin-3 may be
associated with age and gender.

Correlation between plasma galectin-3 levels and exercise capacity

At baseline, VO, max correlated with increasing galectin-3 levels (R=-0.24; p=0.016;
figure 1C). In contrast, the level of plasma galectin-3 is not associated with the resting oxygen
uptake (R=-0.11; p=0.285). Furthermore, linear regression analysis showed a correlation
between the plasma galectin-3 levels and the VO, max (p=0.016). However, when corrected
for age and gender, plasma galectin-3 is no longer correlated with VO, max (figure 1).

Correlation between plasma galectin-3 and echocardiographic parameters
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Chapter 6

We analyzed the relation between plasma galectin-3 and different echocardiographic
parameters. The interactions are described in table 1. The results show that increased plasma
galectin-3 levels are not associated with parameters of diastolic function (E/A, p=0.872; E/E/,
p=0.351; IVRT, p=0.332; Dct, p=0.662) or systolic function (Simpson LVEF%, p=0.373)
(table 1). Linear regression analysis showed that there is no correlation between plasma
galectin-3 and LVEF (R=-0.21; p=0.105; figure 1D).
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Figure 1 Univariate relation (and 95% confidence intervals) between log galectin-3 in HF patients and renal
function (A), NT-proBNP (B), VO, max (C) and LVEF (D)

Discussion

The present data shows that if galectin-3 levels in patients with chronic HF are high at
baseline, this is strongly associated with increased creatinin, increased urea and decreased
eGFR. Furthermore, high galectin-3 levels at baseline are associated with increased levels of
NT-proBNP. However, when corrected for age and gender, plasma galectin-3 shows no
significant relation with eGFR.
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We observed a strongly correlation between plasma galectin-3 and VO, max, however,
this correlation is abrogated after correction for age and gender. Finally, no correlation was
found between increased levels of galectin-3 and echocardiographic measurements of cardiac
function in chronic HF.

Galectin-3 was discovered around ten years ago. It is widely distributed throughout the
entire body, including heart, lung, liver and kidney [23]. The role of galectin-3 in fibrosis and
inflammation has been elucidated in recent years. The first experimental evidence showing
involvement of galectin-3 in chronic HF stems from a landmark study of Sharma and
colleagues [4]. They demonstrated that galectin-3 could be used as a new target for
intervention in chronic HF. Since then, clinical trials have consistently shown potential
clinical usefulness of galectin-3 as a prognostic biomarker for chronic HF. Herein, van
Kimmenade et al. were the first to evaluate the prognostic and predictive value of galectin-3
as a biomarker in acute and chronic HF [11].

The PRIDE study revealed that plasma galectin-3 was a superior predictor when
compared to NT-proBNP. High plasma galectin-3 levels are associated with left ventricular
filling and decreased diastolic function [7]. In contrast, in our study we found no relation
between plasma galectin-3 levels and echocardiographic parameters for diastolic and systolic
function in this cohort of patients with chronic HF. We argue that the discrepancy between
previous reports and our study is due to fact that the patient’s population in the PRIDE study
is different from our present study (acutely decompensated HF in PRIDE vs. well defined
stable chronic HF in the present study).

In the DEAL-HF study, plasma galectin-3 levels were increased in patients with higher
NT-proBNP levels. Furthermore high galectin-3 levels were associated with decreased eGFR.
Additionally, in the PRIDE and the PREVEND studies, our group showed a correlation
between increased plasma galectin-3 levels and cardiovascular risk factors and renal
dysfunction. Notably, growing evidence shows that renal dysfunction is frequently observed in
cardiovascular disease [25, 26], being one of the most powerful predictors in chronic HF
prognosis and plays an important role in the pathophysiologic process of HF [27]. Taken
together, evidence is accumulating that increased plasma galectin-3 levels are associated with
cardiovascular disease and renal dysfunction. We confirm these observations in our present
study.

Interestingly, in a recently published paper by Gopal et al. plasma galectin-3 is inversely
related to renal function in patients with and without clinical HF [28]. They showed that
galectin-3 correlated strongly with eGFR, both in patients with HF and in patients without HF,
and this relationship was unaffected by the presence or absence of clinical HF. They
concluded that concentrations of plasma galectin-3 do not seem to depend on the level of
compensation or type of HF. Furthermore, the relationship between galectin-3 and renal
function seems to be affected little or not at all by the presence or absence of clinical HF.

Cardiopulmonary aerobic capacity testing is one of the diagnostic tools for chronic HF.
Decreased peak exercise capacity is associated with poor prognostic and decreased patient
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survival. In the HF-ACTION study, plasma galectin-3 levels were measured in 895 subjects
with chronic HF from a randomized controlled trial of exercise training in patients with
chronic HF (NYHA class II, III or IV). Galectin-3 was associated with increased NYHA-class,
and lower VO, max [13]. The present data confirms that increased plasma galectin-3 levels
are associated with decreased VO, max.

Some limitations apply to this study. This is a sub study of the BENEFICIAL study and
the BENEFICIAL study was not powered for the current analyses. After correction for age and
gender, plasma galectin-3 shows no significant relation with eGFR, VO, max and
echocardiographic measurements of cardiac function, where previous studies do. This is
probably due to the low number of subjects participating in this study.

As a multifunctional biomarker, galectin-3 promotes macrophage migration,
myofibroblast activation and collagen synthesis, all involved in organ fibrogenesis process.
The relationship of galectin-3 with other cardiovascular markers (e.g.: LVEF, NT-proBNP),
renal function and VO, max suggests a role of galectin-3 in integrating these mechanisms in
the progression of HF. However, still much is unknown about the role of galectin-3 in
cardiovascular disease. Well-designed studies are needed to further elucidate its role in
chronic HF.

Conclusions

This study demonstrates that high plasma galectin-3 levels are correlated with poor renal
function and lower aerobic capacity in patients with chronic HF. No significant relation was
observed between plasma galectin-3 levels and echocardiographic parameters for chronic HF.
Although much about the details of galectin-3 in HF remains vague, continued efforts at
increasing precision may uncover a new chapter in our understanding of HF pathophysiology.
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