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Abstract
Background: Fibrosis is a pivotal event in infarct repair and progressive remodeling after myocardial infarction (MI). Biomarkers may be used to monitor fibrosis, and therefore
we evaluated the predictive value of galectin-3 and sST2 for cardiac remodeling after MI.
Methods: Plasma galectin-3 and sST2 were measured in patients admitted with primary
percutaneous coronary intervention (PCI) for acute MI, at baseline and at 4 months. Left
ventricular ejection fraction (LVEF) and infarct size were measured after 4 months with
cardiac MRI (CMR).
Results: In total, 247 patients had blood samples and CMR data available (mean age
57.7 ± 11.6 years; 79.8% male). Increased baseline galectin-3 (≥ 17.8 ng/mL) identified
patients with lower LVEF (50.3% (± 9.1) vs. non-elevated galectin-3 55.0% (± 8.0); P <
0.001), and larger infarct size (13.8 g. (± 12.9) vs. 8.6 g. (± 8.7); P = 0.002) after 4 months.
Elevated sST2 (≥ 35.0 ng/mL) did not predict decreased LVEF or larger infarct size. Furthermore we showed that at baseline, galectin-3 was an independent predictor for LVEF
(β = − 0.18; P = 0.005) and infarct size (β = 0.18; P = 0.004). We repeated the analyses
using median values of galectin-3 (13.4 ng/mL) and sST2 (30.3 ng/mL) as a cut point, and
this validated our results.
Conclusion: The fibrosis biomarker galectin-3, but not sST2, taken immediately after MI,
predicts LVEF and infarct size after 4 months. We hypothesize that galectin-3 may play a
role in the pathophysiology of cardiac remodeling after acute MI.
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Acute myocardial infarction (MI) is one of the most important causes of heart failure (HF)
[1]. Due to improved treatment, more patients survive MI, but as a consequence, HF incidence is rising [2]. After MI, cardiac remodeling plays a crucial role in the deterioration of
cardiac function and development of heart failure [1]. Therefore, it is of great importance
to identify patients who are at risk of adverse cardiac remodeling and development of
HF, who have a poor prognosis, and for whom treatment should be intensified at early
stage. In risk stratification for development of heart failure, biomarkers can be used [3].
Biomarkers that reflect myocardial damage, like troponin and creatine kinase (CK) can
be used to estimate infarct size early after MI [4], but their sensitivity to detect other
processes in cardiac remodeling is limited.
Fibrosis plays a pivotal role in cardiac remodeling after MI [1]. Galectin-3 and soluble
ST2 (sST2) are emerging fibrotic biomarkers that are thought to be causally involved
in the development of heart failure [5]. Galectin-3 is a beta-galactoside binding lectin
that is produced by macrophages during myocardial stress and activates fibroblasts
[6]. Besides its roles in inflammation and in cellular adhesion [7], galectin-3 plays an
important role in (cardiac) fibrosis [8]. Furthermore, galectin-3 has an established role as
a modulator in tumor progression [9]. Galectin-3 is released in the circulation, and can
be measured reliably, and has been shown to independently predict outcomes in HF
patients [10], [11], [12] and [13] and in the general population [14] and [15]. However,
galectin-3 is not cardiac specific, but is expressed in several fibrotic and inflammatory
diseases [7].
sST2 is another fibrotic biomarker and is a member of the interleukin (IL)-1 receptor
family [16]. The ST2 gene in rats is induced upon stretch in cardiomyocytes and fibroblasts and ST2 ligands bind the anti-hypertrophic and anti-fibrotic interleukin-33. The
primary source of human sST2 has not yet been identified, however there are several
indications that vascular endothelial cells might be an important source of sST2 [17], [18]
and [19]. sST2 blocks the favorable influence of IL-33 [20]. Elevated levels of sST2 have
been associated with cardiac fibrosis and hypertrophy, and provide robust prognostic
information in patients with acute heart failure [21]. Moreover, in 810 patients enrolled
in the TIMI 14 and (ENTIRE)-TIMI 23 trials, sST2 levels were associated with an increased
risk of mortality or HF in patients after acute MI [22]. Like galectin-3, sST2 is not only
involved in fibrosis, but also plays an important role in inflammation and immunological
diseases [23].
Galectin-3 and sST2 have recently received AHA recommendation for risk stratification
in heart failure [24], but few data are available regarding their prognostic value in the
post-MI setting. The role of these biomarkers in post-MI remodeling has been studied in a
cohort of 100 patients enrolling patients with a baseline left ventricular ejection fraction
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(LVEF) below 40%, and the authors concluded that no definite relationships between the
markers and left ventricular (LV) remodeling could be identified [25] and [26]. Therefore
we evaluated, for the first time head-to-head in a larger cohort, if galectin-3 and sST2
are associated with cardiac remodeling and development of left ventricular dysfunction.

Material and methods
Patient population
The subjects of this study were enrolled in the GIPS-III trial [NCT01217307] (n = 380)
[27]. The GIPS-III trial was a double-blind, placebo-controlled study that investigated
the effect of metformin on LVEF in non-diabetic subjects with a first MI. All subjects
underwent primary percutaneous coronary intervention (PCI). The design and outcomes of this trial have been published elsewhere [27] and [28]. The study protocol was
approved by the local ethics committee (Groningen, The Netherlands) and the study
protocol conforms to the ethical guidelines outlined in the 1964 Declaration of Helsinki
and its later amendments. All patients provided written consent, except for 1 patient
who verbally withdrew informed consent and therefore this patient was excluded from
analysis. Of the 379 patients, cardiac MRI (CMR) data at 4 months, and blood samples
at baseline and 4 months follow-up were available of 247 subjects, and these were the
current study sample.

Measurement of biomarkers
Blood samples were obtained on hospital admission (baseline) and 4 months after
acute STEMI. Blood was anticoagulated with EDTA. Blood was spun down and plasma
was stored at − 80 °C until further assaying. Plasma galectin-3 levels were measured
with the FDA-cleared galectin-3 ELISA kit (BG Medicine, Waltham, MA). Intra- and interassay coefficient of variability of this assay is 3.2% and 5.6% respectively [29]. Further
characteristics of this assay have been described in detail earlier [30]. Plasma sST2 was
measured with the FDA-cleared Presage® ST2 Assay (Critical Diagnostics, San Diego, CA).
Intra- and inter-assay coefficient of variability of this assay is 5.1% and 5.2% respectively.
Further characteristics have been published elsewhere [31]. The FDA-cleared threshold
values of 17.8 ng/mL for galectin-3 and 35.0 ng/mL for sST2 were used to categorize
patients in groups of elevated versus non-elevated plasma level. Delta biomarker levels
were calculated as the 4-month level minus the baseline level. All other samples were
measured in a routine setting. Creatinine (enzymatic), CK and CK-MB activity was measured on a Roche Modular P platform (Roche, Mannheim, Germany). NT-proBNP and
Troponin T were measured on a Roche Modular E system (Roche, Mannheim, Germany).
Troponin T was determined using either a fourth or a fifth-generation troponin assay.
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Measurements of outcomes

Statistical analysis
Normally distributed, continuous data are expressed as mean values (± SD). In comparisons of baseline characteristics, differences between mean values of continuous data
were calculated using the two-sample t-test. Non-normally distributed continuous
data are expressed as median values (IQR), and differences were calculated using the
Mann–Whitney U test. Differences in categorical values were calculated using Pearson’s
chi-square test.
Biomarker concentrations at baseline and 4 months were compared using a Wilcoxon
signed-rank test. Furthermore, the association between biomarker levels and CMR parameters was studied. First, an univariable linear regression analysis was performed for
all CMR parameters. Biomarker values were log transformed to correct for skewed distributions. Covariates that were univariably associated with the outcomes (p < 0.10) were
included in the multivariable models. Second, multivariable linear regression analysis
with backward elimination of predictors was performed to assess the independent
predictive value of biomarkers (single measurement and delta) for LV function at both
time points. Associations were reported as standardized betas.
The predictive value of galectin-3 (per doubling) for reduced LVEF (< 50%) was obtained
via multivariable logistic regression analysis and adjusted for covariates that were determined by backward elimination – as used in linear regression analysis – and reported by
odds ratios and the corresponding 95% confidence interval. All statistical analyses were
performed at a significance level of 0.05. Analyses were performed with STATA/MP, version
13.1 (StataCorp LP, College Station, TX) and with GraphPad Prism (La Jolla, CA).
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The primary endpoint of our study was LVEF after 4 months. Secondary endpoints included
infarct size, LV volumes (end-systolic and end-diastolic) and LV (end-diastolic) mass. LV
systolic dysfunction was defined as LVEF < 50%. These parameters were measured by CMR,
4 months after acute STEMI. A 3.0 Tesla whole-body MRI scanner (Achieva; Philips) was
used for imaging. Electrocardiogram-gated cine steady state, free precession CMR images
were obtained during repeated breath holds in contiguous short-axis slices of 1 cm. Late
gadolinium enhanced (LGE) images were acquired in the corresponding slice position as
the cine imaging, 10–15 min after contrast injection, to identify the size and extent of
myocardial infarction. Images were acquired covering the entire left ventricle. All images
were analyzed with QMass ES Cardiovascular Imaging Software (Medis, Leiden, The Netherlands). LV end-systolic and end-diastolic volumes were calculated with the summation
of slice method, and were multiplied by slice thickness. Total infarct size was expressed
in grams. An independent core lab (Image Analysis Center, VU University Medical Center,
Amsterdam, The Netherlands) evaluated the CMR measures that were blinded for treatment allocation and clinical patient data, including the biomarker data.
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Results
Study population
Baseline characteristics of the patient population are shown in Table 1. The mean age
of the study participants was 57.7 years. The majority of the patients were male (79.8%).
Baseline characteristics are also presented based on LVEF after 4 months (cut point
50%). Patients with LV systolic dysfunction after 4 months had higher baseline CK, CKMB, troponin T, NT-proBNP and galectin-3, compared to patients with preserved ejection
fraction. Patients with elevated plasma levels of galectin-3 at baseline were older and
had higher CK-MB levels (Supplemental Table 1). Patients with elevated plasma levels
of sST2 were predominantly male, had longer ischemic time, were less likely to smoke,
and had higher levels of CK, CK-MB, troponin T and NT-proBNP (Supplemental Table 2).
The use of metformin did not affect the primary outcome in GIPS-III [27]; further, the use
of metformin or placebo did not affect biomarker levels or deltas over time (data not
shown).

Galectin-3 and sST2 concentrations at baseline and follow-up
Plasma levels of the fibrotic biomarkers of patients with a first STEMI were relatively
stable over time (Fig. 1). Median levels of galectin-3 at baseline were 13.4 (11.4–16.2) ng/
mL and were moderately increased after 4 months (13.9 ng/mL (12.0–16.2); P = 0.02).
Galectin-3 levels were elevated (≥ 17.8 ng/mL) in 40 (16.2%) patients at baseline and in
41 (16.6%) patients at follow-up. Median levels of sST2 at baseline were 30.3 (24.9–40.5)
ng/mL and decreased numerically (P < 0.0001), but not substantially to 29.5 (23.6–35.0)
ng/mL at 4 months. sST2 levels were elevated (≥ 35.0 ng/mL) in 85 (34.4%) patients at
baseline and 61 (24.7%) at follow-up.




  










 

 




  











 

 
Figure 1: Changes
in median biomarker
levels over time after acute
MI.
Changes in median serum galectin-3 (A) and median serum sST2 (B) levels over time after acute MI are
shown. Whiskers represent interquartile ranges.
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Table 1: Baseline characteristics of all patients, and baseline characteristics stratified to LVEF (4 months
after acute MI).
P-value

Total

LVEF > 50%

LVEF < 50%

(n=247)*

(n=186)

(n=61)

Age (years), mean (SD) †

57.7 (11.6)

57.5 (11.3)

58.4 (12.6)

0.57

Male gender (%)

197 (79.8%)

145 (78.0%)

52 (85.2%)

0.22

Hypertension at baseline (%)

68 (27.5%)

53 (28.5%)

15 (24.6%)

0.55

Hypercholesterolemia at baseline (%)

149 (60.3%)

114 (61.3%)

35 (57.4%)

0.59

Cerebrovascular accident at baseline (%)

1 (0.4%)

1 (0.5%)

0 (0.0%)

0.57

Active smoker at randomisation (%)

126 (51.0%)

96 (51.6%)

30 (49.2%)

0.74

Heart rate (bpm), mean (SD)

76.0 (16.0)

75.7 (15.6)

77.0 (17.2)

0.57

Systolic blood pressure (mmHg), mean (SD)

132.9 (22.4)

133.4 (23.0)

131.4 (20.4)

0.54

Diastolic blood pressure (mmHg), mean (SD) 84.5 (14.9)

84.3 (15.0)

85.0 (14.9)

0.76

Total ischemic time (min), mean (SD)

197.7 (141.5)

193.1 (140.7)

211.7 (144.1)

0.37

TIMI flow

0

138 (55.9%)

94 (50.5%)

44 (72.1%)

0.007

1

20 (8.1%)

14 (7.5%)

6 (9.8%)

2

43 (17.4%)

36 (19.4%)

7 (11.5%)

3

46 (18.6%)

42 (22.6%)

4 (6.6%)

Culprit vessel

LAD

100 (40.5%)

66 (35.5%)

34 (55.7%)

LCX

41 (16.6%)

27 (14.5%)

14 (23.0%)

RCA

106 (42.9%)

93 (50.0%)

13 (21.3%)

2

<0.001

eGFR (mL/min/1.73 ), median [IQR] ‡

95.6 [86.0-103.0] 96.0 [86.5-103.0] 91.8 [84.5-102.9]

0.32

HBA1c (%), median [IQR]

5.8 [5.6-6.0]

0.50

CK total (U/L), median [IQR]

134.0 [92.0-215.0] 124.0 [86.0-188.0] 162.0 [114.0-310.0] <0.001

CK-MB (U/L), median [IQR]

16.0 [13.0-25.0]

15.0 [13.0-22.0]

20.0 [15.0-43.0]

0.002

Glucose (mmol/L), median [IQR]

8.2 [7.0-9.5]

8.2 [7.0-9.3]

8.5 [7.0-9.7]

0.52

Troponin T (ng/L), median [IQR]

46.0 [21.0-144.0] 39.0 [20.0-130.0] 57.5 [31.5-188.0]

0.024

NT-proBNP (ng/L), median [IQR]

79.0 [37.0-179.0] 67.0 [36.0-156.0] 94.0 [56.0-257.0]

0.020

Galectin-3 (ng/ml), median [IQR]

13.4 [11.4-16.1]

13.0 [11.2-15.4]

14.8 [12.5-18.2]

0.004

sST2 (ng/ml), median [IQR]

30.3 [24.9-40.5]

29.9 [24.8-39.2]

32.7 [26.1-50.8]

0.066

5.8 [5.6-6.0]

5.8 [5.6-6.0]

* ‘n’ means number (count of subjects);
† ‘SD’ means standard deviation;
‡ ‘IQR’ means interquartile range (25th to 75th percentile range).
Abbreviations: eGFR: estimated Glomerular Filtration Rate; HBA1c: Glycated hemoglobin; CK total: Total
level of creatine kinase; CK-MB: Creatine kinase isoenzyme MB; NT-proBNP: N-terminal pro-B-type natriuretic peptide.

Association of galectin-3 and sST2 concentrations with LV parameters
Mean (SD) LVEF at 4 months after acute MI was 54.3% (± 8.4) (Table 2). Patients with
elevated plasma galectin-3 levels at baseline had on average significantly lower LVEF
(50.3 (± 9.1) vs. 55.0 (± 8.0); P < 0.001), higher LV end-systolic volume (104.7 (± 48.7)
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vs. 87.5 (± 31.4) mL; P = 0.004) and larger infarct size (13.8 (± 12.9) vs. 8.6 (± 8.7) g; P =
0.002) 4 months after MI, compared to patients with non-elevated galectin-3 plasma
levels (Table 2a). LV end-diastolic mass and LV end-diastolic volume did not differ between elevated vs. non-elevated galectin-3 groups (Table 2a). In patients with elevated
sST2 levels, CMR parameters at 4 months were not significantly different compared to
patients with non-elevated sST2 levels (Table 2b; Fig. 2). Furthermore, as a sensitivity
analysis, the median of both biomarkers was used as cut point. Using the median values
of galectin-3 (13.4 ng/mL) and sST2 (30.3 ng/mL) as cut point, resulting in equal sized
groups, yielded similar results.
Table 2: Cardiac function 4 months after acute MI, and cardiac function stratified by galectin-3 (A) and
sST2 (B) level
A
Variables

Total

Galectin-3 < 17.8

Galectin-3 > 17.8

(n=247)*

(n=207)

(n=40)

P-value

LVEF (%), mean (SD) †

54.3 (8.4)

55.0 (8.0)

50.3 (9.1)

<0.001

LVEDM (g), mean (SD)

101.8 (24.2)

101.8 (23.6)

102.1 (27.3)

0.93

LVEDV ml, mean (SD)

193.1 (45.1)

191.2 (41.6)

203.1 (60.0)

0.13

LVESV (ml), mean (SD)

90.3 (35.2)

87.5 (31.4)

104.7 (48.7)

0.004

Infarct size (g), mean (SD)

9.4 (9.7)

8.6 (8.7)

13.8 (12.9)

0.002

P-value

B
Variables

Total

sST2 < 35.0

sST2 > 35.0

(n=247) *

(n=162)

(n=85)

LVEF (%), mean (SD) †

54.3 (8.4)

54.8 (8.3)

53.3 (8.5)

0.20

LVEDM (g), mean (SD)

101.8 (24.2)

101.5 (23.9)

102.4 (25.0)

0.80

LVEDV ml, mean (SD)

193.1 (45.1)

192.4 (47.0)

194.4 (41.5)

0.74

LVESV (ml), mean (SD)

90.3 (35.2)

89.1 (36.6)

92.5 (32.6)

0.47

Infarct size (g), mean (SD)

9.4 (9.7)

9.1 (10.2)

10.0 (8.6)

0.53

* ‘n’ means number (count of subjects);
† ‘SD’ means standard deviation;
Abbreviations: LVEF: left ventricular ejection fraction; LVEDM: left ventricular end-diastolic mass; LVEDV: left
ventricular end-diastolic volume; LVESV: left ventricular end-systolic volume.

Galectin-3 and sST2 as predictors for LVEF and infarct size
Multivariable linear regression analysis revealed that plasma galectin-3 level at baseline
was associated with LVEF (β = − 0.18; P = 0.005) infarct size (β = 0.18; P = 0.004) and
LVESV (β = 0.16; P = 0.009), reported by standardized betas, and after adjusting for age,
sex, TIMI flow, culprit vessel, troponin T, CK, NT-proBNP and eGFR (Table 3; Supplemental
Table 3). Baseline sST2 levels did not predict LVEF (β = − 0.01; P = 0.92), infarct size (β =
142
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Figure 2: Left ventricular ejection fraction and infarct size, 4 months after acute MI, and stratified by baseline galectin-3 and ST2 level.
LVEF after 4 months was stratified to non-elevated and elevated galectin-3 (A) and infarct size was also stratified by galectin-3 (B). LVEF after 4 months was also stratified by sST2 levels (C) and infarct size was also stratified by sST2 levels (D). Boxes represent interquartile ranges and whiskers represent 95% confidence interval.

− 0.04; P = 0.52) or LVESV (β = − 0.09; P = 0.20). However, at 4-months follow-up, plasma
galectin-3 levels did no longer predict LVEF or infarct size (β = − 0.02; P = 0.77, β = 0.01;
P = 0.91 respectively). Like at baseline, 4 months’ sST2 also did not predict LVEF (β = 0.02;
P = 0.78, β = − 0.08; P = 0.17). We furthermore ascertained that ischemic time (mean:
197.7 ± 141.4 min) did not affect the multivariable models (data not shown). Correction
for baseline galectin-3 did not affect the outcomes for sST2, while correction for baseline
sST2 did not affect the outcomes for galectin-3. Addition of hs-CRP to the multivariable
analysis did not substantially affect the results for both galectin-3 and sST2. Furthermore,
after adjustment for the use of ACE-inhibitor or ARB, beta-blocker, statin, aspirin, diuretic
and MRA during 4 months, galectin-3 was still associated with LVEF and infarct size.
Finally, we evaluated if galectin-3 and sST2 were able to predict reduced LVEF. Logistic regression analysis showed that baseline galectin-3 (per doubling) significantly
predicted LVEF < 50% 4 months after MI, after adjustment for age, sex, TIMI flow, culprit
143

Chapter 6

Table 3: Multivariable linear regression analysis for LVEF and infarct size.
LVEF (%)

Infarct size (g)

β*

P-value

β

P-value

Galectin-3

-0.20

0.002

0.21

0.001

sST2

-0.12

0.05

0.10

0.14

Baseline, crude:

Baseline, adjusted for age and sex:
Galectin-3

-0.20

0.002

0.21

0.001

sST2

-0.10

0.13

0.07

0.28

Baseline, adjusted for age, sex, TIMI flow, culprit vessel, troponin T, CK , NT-proBNP and eGFR:
Galectin-3

-0.18

0.005

0.18

0.004

sST2

-0.01

0.92

-0.04

0.52

4 months, crude:
Galectin-3

-0.04

0.52

0.04

0.52

sST2

0.002

0.98

-0.07

0.26

4 months, adjusted for age and sex:
Galectin-3

-0.04

0.51

0.05

0.47

sST2

0.03

0.68

-0.10

0.13

4 months, adjusted for age, sex, TIMI flow, culprit vessel, troponin T, CK, NT-proBNP and eGFR:
Galectin-3

-0.02

0.77

0.01

0.91

sST2

0.02

0.78

-0.08

0.17

* ‘ β ‘ means standardized beta coefficient. Abbreviations: LVEF: left ventricular ejection fraction; CK: Creatine
kinase; NT-proBNP: N-terminal pro-B-type natriuretic peptide; eGFR: estimated Glomerular Filtration Rate..

   



 

   

 

  

 



 

   

 

  

 





 



Figure 3: Associations of galectin-3 (per doubling) with reduced LVEF (<50%). Odds ratios were reported
and adjusted for age and sex or fully adjusted for age, sex, TIMI flow, culprit vessel, troponin T, CK, NTproBNP and eGFR. Whiskers represent 95% confidence interval.
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vessel, troponin T, CK, NT-proBNP and eGFR (Odds ratio (OR): 3.15 (1.32–7.56); P < 0.01)
(Fig. 3). Baseline sST2 (per doubling) did not predict LVEF < 50% after adjustment for
covariates (OR: 1.17 (0.70–1.98); P = 0.55).

Changes of galectin-3 and sST2 levels and LVEF
The change over time in biomarker levels and their association with outcome after 4
months was also calculated (Table 4) and reported by standardized betas after adjusting
for univariable predictors. Increasing galectin-3 levels were associated with higher LVEF
(β = 0.20; P = 0.002). Changes in sST2 were not associated with LVEF (β = 0.03; P = 0.71).
These results were comparable for infarct size and LV end-systolic volume. Moreover,
changes in biomarker levels were not associated with LV mass.
Table 4: Multivariable linear regression analysis (delta biomarker) for LVEF, infarct size, LVESV, LVEDV and
LV mass.
LVEF (%)

Infarct size (g)

LVESV (ml)

LVEDV (ml)

LV mass (g)

β*

P-value

β*

P-value

β*

P-value

β*

P-value

β†

P-value

Galectin-3

0.20

0.002

-0.21

0.001

-0.16

0.009

-0.11

0.06

-0.04

0.49

sST2

0.03

0.71

-0.03

0.63

0.07

0.29

0.13

0.04

0.03

0.61

Timepoint
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Δ Baseline - 4 Months:

* ‘ β ‘ means standardized beta coefficient and is adjusted for age, sex, TIMI flow, culprit vessel, troponin T,
CK, NT-proBNP and eGFR.
† β is adjusted for age, systolic and diastolic blood pressure, heart rate, TIMI flow, CK and eGFR.
Abbreviations : eGFR: estimated Glomerular Filtration Rate; LVEF: left ventricular ejection fraction; LVESV:
left ventricular end-systolic volume; LVEDV: left ventricular end-diastolic volume; LVEDM: left ventricular
end-diastolic mass; NT-proBNP: N-terminal pro-B-type natriuretic peptide.

Use of cardiovascular drugs and biomarker levels
In an exploratory analysis, we evaluated if the use of common cardiovascular drugs was
associated with a rise or fall in galectin-3 and/or sST2 (Supplemental Table 4). There were
no differences in biomarker levels in treated versus non-treated groups for Angiotensin
Converting Enzyme inhibitors (or Angiotensin Receptor Blockers), beta-blockers, and diuretics. Since aldosterone is a pivotal hormone in fibrosis formation, we also conducted
an exploratory analysis to link changes in fibrotic markers to the use of mineralocorticoid
receptor antagonists (MRAs). Median plasma galectin-3 level at baseline of patients who
received MRA therapy was 15.3 ng/mL and in patients without MRA therapy this was
13.2 ng/mL. Patients who received MRA therapy, showed a decrease of galectin-3 over
4 months (− 2.1 ng/mL), versus an increase of galectin-3 in patients who did not receive
MRA therapy (+ 0.7 ng/mL; difference between the groups P < 0.001). In both the MRA
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treated and non-MRA treated groups, there was a decrease of sST2, but there was no
significant difference between these groups (− 3.6 versus − 1.1; P = 0.27).

Discussion
This study demonstrates that patients with elevated galectin-3 levels at the time of
acute MI have lower LVEF after 4 months, when compared to patients with non-elevated
baseline galectin-3 levels. Elevated baseline sST2 levels were not associated with a
lower LVEF, or infarct size compared to non-elevated sST2 levels. Baseline galectin-3 was
an independent predictor for LVEF and infarct size at baseline. However, at 4 months,
galectin-3 losts its predictive value.
A previous study by Weir et al. also concluded that high baseline galectin-3 concentrations are associated with lower LVEF at 24-weeks follow-up, in patients admitted with
acute MI and LV dysfunction [25]. The present study confirms these findings by demonstrating that high galectin-3 levels were associated with lower LVEF at 4 months followup, and extends these results by reporting an association between elevated levels of
galectin-3 and larger infarct size and LVESV. In contrast to our study, Weir and colleagues
also showed a clear association between baseline sST2 and LVEF after 24 weeks [26].
We could not confirm the associations between sST2 levels (at baseline, at 4 months, or
change over time) with cardiac function measured by MRI. Several differences between
our studies exist, however, that may explain this. First, Weir et al. only included patients
with LV dysfunction (LVEF < 40% on echocardiogram), which were then subsequently
enrolled. So, patients with relatively preserved LVEF were not part of the study by Weir et
al., whereas the large majority in our trial had relatively preserved LVEF — in our study,
we did not select for LV dysfunction as a criterion for enrollment. Further, in the study
by Weir et al., blood was drawn after (a mean) period of 46 h after enrollment, while
CMR was done at 97 h post enrollment and another CMR was performed after 24 weeks.
Our baseline sampling was done immediately at hospital admission. Since sST2 concentrations increase steadily after MI with maximum expression in 12–18 h after onset of
symptoms [16] and [32], this may in part explain the differences in results. Additionally,
our study had a shorter follow-up period — 16 weeks instead of 24 weeks. Finally, we
studied a larger population (N = 247) cohort than Weir et al. (N = 100) [26].
We observe that galectin-3 levels slightly increase after MI, while sST2 levels decrease
over a 4 months’ time period. These differences in biomarker levels could be related to
differences in pathophysiology in cardiac remodeling, suggesting that sST2 plays a more
acute role as a pro-inflammatory cytokine, whereas galectin-3 has a more persistent role
in patients with cardiac remodeling. This is supported by a recent study that concluded
that galectin-3 was among the most stable biomarkers measured in patients after PCI
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following MI [33]. sST2 levels have the tendency to be higher shortly after MI, and decrease again over time, as was observed in another cohort [26]. Recent experimental
data obtained from an animal experiment, showed that galectin-3 mRNA expression in
the infarcted myocardium is increased after permanent left anterior descending coronary artery ligation and reaches its maximum level after 1 week [34]. Our results are not
conclusive as to the question if galectin-3 is stable over time, as we assume, or if a peak
exists after ~ 1 week, we would have missed.
In contrast with the profound adverse prognostic consequence of increasing galectin-3 levels in patients with heart failure [35], we observed in this post-MI cohort that
patients with increasing galectin-3 levels, have a better LVEF than patients with decreasing galectin-3 levels. A similar trend was observed in a previous study [25]. This suggests
that the presence of galectin-3 could be beneficial during the first initial period after MI.
Possibly, increased galectin-3 levels could reflect an attempt to restore LV function during the process of inflammation and fibrogenesis. One might speculate that galectin-3
is upregulated to form stiffer collagen in order to prevent LV dilatation and preserve
LV ejection fraction. Nevertheless, sustained high baseline galectin-3 levels remain an
adverse signal.
Biomarker targeted treatment has attracted strong attention. It is interesting to speculate that targeted treatment aimed to lower galectin-3 or sST2 perhaps could improve
prognosis of patients after acute MI. In experimental models, genetic disruption and
pharmacological inhibition of galectin-3 has been shown to attenuate cardiac fibrosis
[36]. Other recent experimental data showed that MRA treatment after MI strongly reduced galectin-3 and sST2 expression in the infarcted myocardium and improved LVEF
[37]. Our current results suggest that patients with elevated levels of galectin-3 are at
risk to develop LV dysfunction. Whether MRAs are beneficial in patients with elevated
concentrations of fibrotic biomarkers remains unknown. Our post-hoc analysis suggests
that MRA therapy might be used to lower galectin-3 levels. sST2 levels were not significantly lower after MRA therapy, as was already identified earlier [26]. However, this is a
post-hoc analysis, and bias (e.g. due to bias by indication) must be considered in the
interpretation of these outcomes.

Study limitations
Limitations of this study are inherent to secondary analyses. They include a potential
lack of power- the GIPS-III study was not powered for the current substudy, although the
present sample is substantially larger than other post-MI studies that addressed the role
of biomarkers in predicting cardiac remodeling. In clinical practice, it is most common to
use baseline samples; we also measured at the 4-month time point but not in between.
After categorizing patients, there turned out to be fewer subjects with elevated galectin-3 levels compared to patients with elevated sST2 subjects — high galectin-3 levels
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apparently identify a smaller part of the population and hence an unequal number of
subjects were compared; however, we felt that adhering to the FDA-cleared and the
strongly advocated cut-off values methodologically provides the best approach. To corroborate our findings, we used median values as cut point which showed similar results.
Additionally, in this study, no CMR measurement was available at baseline; we assumed
that all subjects had a normal LVEF before their first MI and subsequent cardiac remodeling, but we cannot exclude that some subjects had LV dysfunction before enrollment
in the trial. To overcome this lack of baseline measurement of infarct size, we corrected
for troponin as well as CK’s in the multivariable model – both established measures of
severity of myocardial infarction. Finally, our findings are only applicable to patients
without known diabetes mellitus and therefore our results cannot be extrapolated to all
patients with acute MI.

Conclusion
We studied for the first time head-to-head two emerging and licensed fibrotic biomarkers, galectin-3 and sST2, in a post-MI cohort to determine whether they might be associated with cardiac remodeling. We show that in patients with high baseline galectin-3
levels, LVEF is significantly lower at 4 months. In patients with elevated sST2 this trends
to show decreased LVEF. In further analysis we observed that baseline galectin-3, but
not sST2, was independently associated with the development of LV dysfunction and
infarct size. After 4 months, the level of fibrotic biomarkers was not associated with
cardiac function anymore. We conclude that baseline galectin-3 has strong association
with progressive cardiac remodeling after MI, while sST2 has not, and hypothesize that
elevated galectin-3 in subjects at the time of MI may predispose to accelerated tissue
damage. Possibly, MRA therapy might be used to lower galectin-3 levels.
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Supplemental Table 1: Baseline characteristics for all patients, and stratified by baseline galectin-3 level.
Variables

Total

Galectin-3 < 17.8 Galectin-3 > 17.8 P-value

(n=247)*

(n=207)

(n=40)

Age (years), mean (SD)†

57.7 (11.6)

57.0 (11.0)

61.4 (13.9)

0.028

Male gender (%)

197 (79.8%)

165 (79.7%)

32 (80.0%)

0.97

Hypertension at baseline (%)

68 (27.5%)

57 (27.5%)

11 (27.5%)

1.00

Hypercholesterolemia at baseline (%)

149 (60.3%)

121 (58.5%)

28 (70.0%)

0.17

Cerebrovascular accident at baseline (%)

1 (0.4%)

0 (0.0%)

1 (2.5%)

0.023

Active smoker at randomisation (%)

126 (51.0%)

111 (53.6%)

15 (37.5%)

0.062

Heart rate (bpm), mean (SD)

76.0 (16.0)

75.5 (16.1)

78.7 (15.4)

0.24

Systolic blood pressure (mmHg), mean (SD)

132.9 (22.4)

132.8 (22.8)

133.8 (20.4)

0.79

Diastolic blood pressure (mmHg), mean (SD) 84.5 (14.9)

83.8 (15.0)

88.2 (13.9)

0.090

Total ischemic time (min), mean (SD)

197.7 (141.5)

202.5 (141.9)

172.9 (138.2)

0.23

TIMI flow

0

138 (55.9%)

115 (55.6%)

23 (57.5%)

0.81

1

20 (8.1%)

16 (7.7%)

4 (10.0%)

2

43 (17.4%)

38 (18.4%)

5 (12.5%)

3

46 (18.6%)

38 (18.4%)

8 (20.0%)

LAD

100 (40.5%)

80 (38.6%)

20 (50.0%)

LCX

41 (16.6%)

34 (16.4%)

7 (17.5%)

RCA

Culprit vessel

0.32

106 (42.9%)

93 (44.9%)

13 (32.5%)

eGFR (mL/min/1.732), median (IQR)‡

95.6 [86.0-103.0]

96.5 [86.4-104.0]

89.2 [77.8-97.1]

0.009

HBA1c (%), median (IQR)

5.8 (5.6, 6.0)

5.8 (5.6, 6.0)

5.7 (5.6, 6.0)

0.43

CK total (U/L), median (IQR)

134.0 (92.0, 215.0) 133.0 (90.0, 210.0) 140.0 (97.0, 295.5) 0.64

CK-MB (U/L), median (IQR)

16.0 (13.0, 25.0)

16.0 (13.0, 24.0)

19.5 (15.0, 31.5)

0.043

Glucose (mmol/L), median (IQR)

8.2 (7.0, 9.5)

8.2 (7.0, 9.6)

8.6 (7.0, 9.3)

0.81

Troponin T (ng/L), median (IQR)

46.0 (21.0, 144.0) 46.5 (20.0, 144.0) 44.0 (24.0, 152.0) 0.74

NT-proBNP (ng/L), median (IQR)

79.0 (37.0, 179.0) 79.0 (37.0, 178.0) 68.0 (37.0, 213.5) 0.90

Galectin-3 (ng/ml), median (IQR)

13.4 (11.4, 16.1)

12.7 (11.0, 14.5)

20.8 (19.4, 24.2)

<0.001

ST2 (ng/ml), median (IQR)

30.3 (24.9, 40.5)

30.1 (24.9, 39.5)

33.2 (26.9, 46.1)

0.18

* ‘n’ means number (count of subjects);
† ‘SD’ means standard deviation;
‡ ‘IQR’ means interquartile range (25th to 75th percentile range).
Abbreviations: eGFR: estimated Glomerular Filtration Rate; HBA1c: Glycated hemoglobin; CK total: Total
level of creatine kinase; CK-MB: Creatine kinase isoenzyme MB; NT-proBNP: N-terminal pro-B-type natriuretic peptide.
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Supplemental Table 2: Baseline characteristics for all patients, and stratified by baseline sST2 level.
Variables

Total

ST2 < 35.0

ST2 > 35.0

P-value

(n=247)*

(n=162)

(n=85)

Age (years), mean (SD)†

57.7 (11.6)

57.3 (11.6)

58.6 (11.6)

0.40

Male gender (%)

197 (79.8%)

123 (75.9%)

74 (87.1%)

0.039

Hypertension at baseline (%)

68 (27.5%)

46 (28.4%)

22 (25.9%)

0.67

Hypercholesterolemia at baseline (%)

149 (60.3%)

93 (57.4%)

56 (65.9%)

0.20

Cerebrovascular accident at baseline (%)

1 (0.4%)

1 (0.6%)

0 (0.0%)

0.47

Active smoker at randomisation (%)

126 (51.0%)

90 (55.6%)

36 (42.4%)

0.049

Heart rate (bpm), mean (SD)

76.0 (16.0)

75.8 (14.9)

76.3 (18.0)

0.81

Systolic blood pressure (mmHg), mean (SD)

132.9 (22.4)

132.4 (22.2)

134.0 (22.8)

0.59

Diastolic blood pressure (mmHg), mean (SD) 84.5 (14.9)

83.6 (14.7)

86.2 (15.3)

0.19

Total ischemic time (min), mean (SD)

197.7 (141.5)

170.7 (116.8)

249.3 (168.5)

<0.001

TIMI flow

0

138 (55.9%)

85 (52.5%)

53 (62.4%)

0.49

1

20 (8.1%)

15 (9.3%)

5 (5.9%)

2

43 (17.4%)

30 (18.5%)

13 (15.3%)

3

46 (18.6%)

32 (19.8%)

14 (16.5%)

LAD

100 (40.5%)

66 (40.7%)

34 (40.0%)

LCX

41 (16.6%)

28 (17.3%)

13 (15.3%)

RCA

0.89
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Culprit vessel

106 (42.9%)

68 (42.0%)

38 (44.7%)

eGFR (mL/min/1.732), median (IQR)‡

95.6 [86.0-103.0]

95.6 [84.7-103.0]

95.8 [88.7-102.0]

0.52

HBA1c (%), median (IQR)

5.8 (5.6, 6.0)

5.7 (5.6, 6.0)

5.8 (5.6, 6.1)

0.12

CK total (U/L), median (IQR)

134.0 (92.0, 215.0) 127.0 (86.0, 192.0) 152.0 (98.0, 280.0) 0.025

CK-MB (U/L), median (IQR)

16.0 (13.0, 25.0)

15.0 (13.0, 22.0)

19.0 (15.0, 33.0)

0.002

Glucose (mmol/L), median (IQR)

8.2 (7.0, 9.5)

8.3 (6.9, 9.4)

8.1 (7.0, 9.6)

0.71

Troponin T (ng/L), median (IQR)

46.0 (21.0, 144.0) 36.0 (20.0, 87.0)

NT-proBNP (ng/L), median (IQR)

79.0 (37.0, 179.0) 73.5 (33.0, 136.0) 112.0 (48.0, 314.0) 0.016

Galectin-3 (ng/ml), median (IQR)

13.4 (11.4, 16.1)

13.0 (11.2, 15.7)

13.9 (11.6, 16.7)

0.27

ST2 (ng/ml), median (IQR)

30.3 (24.9, 40.5)

26.6 (22.3, 30.1)

46.0 (39.7, 58.0)

<0.001

77.0 (26.0, 220.0) 0.002

* ‘n’ means number (count of subjects);
† ‘SD’ means standard deviation;
‡ ‘IQR’ means interquartile range (25th to 75th percentile range).
Abbreviations: eGFR: estimated Glomerular Filtration Rate; HBA1c: Glycated hemoglobin; CK total: Total
level of creatine kinase; CK-MB: Creatine kinase isoenzyme MB; NT-proBNP: N-terminal pro-B-type natriuretic peptide.

153

Chapter 6

Supplemental Table 3: Multivariable linear regression analysis for LVESV, LVEDV and LV mass.
LVESV (ml)
Timepoint

LVEDV (ml)

LV mass (g)

β*

P-value

β*

P-value

β**

P-value

Baseline:
Galectin-3

Baseline

0.16

0.009

0.10

0.11

0.01

0.89

sST2

Baseline

-0.09

0.20

-0.13

0.05

-0.01

0.94

Galectin-3

4 months

0.03

0.63

0.001

0.99

-0.04

0.61

sST2

4 months

-0.03

0.60

-0.02

0.74

0.03

0.64

Follow-up:

* ‘ β ‘ means standardized beta coefficient and is adjusted for age, sex, TIMI flow, culprit vessel, troponin T,
CK , NT-proBNP and eGFR.
** β is adjusted for age, systolic and diastolic blood pressure, heart rate, TIMI flow, CK total (baseline) and
eGFR.
Abbreviations: LVESV: left ventricular end-systolic volume; LVEDV: left ventricular end-diastolic volume;
LVEDM: left ventricular end-diastolic mass; NT-proBNP: N-terminal pro-B-type natriuretic peptide.

Supplemental Table 4: Effect of medical therapy at discharge on biomarker levels
P-value

Therapy

No therapy

Δ Biomarker

Δ Biomarker

ACE/ARB therapy:

(n=197)

(n=50)

Δ Galectin-3

0.6

0.8

0.29

Δ sST2

-1.3

-1.1

0.95

Beta blocker therapy

(n=239)

(n=8)

Δ Galectin-3

0.6

2.0

0.36

Δ sST2

-1.2

-6.2

0.89

Diuretic therapy

(n=3)

(n=244)

Δ Galectin-3

-0.7

0.6

0.17

Δ sST2

-2.9

-1.3

0.98

MRA therapy

(n=24)

(n=223)

Δ Galectin-3

-2.1

0.7

<0.001

Δ sST2

-3.6

-1.1

0.27
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