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Galectin-3, Acute Kidney Injury and Myocardial Damage in
Patients With Acute Heart Failure
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La Jolla, San Diego, California, USA,; Tokyo, Japan; Groningen, The Netherlands; Basel, Switzerland; Athens, Greece; Detroit, Michigan,
USA; Richmond, Virginia, USA; Kansas City, Kansas, USA; Géttingen, Germany; New York, New York, USA; Dublin, Ireland; Valencia,
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ABSTRACT

Background: Galectin-3, a biomarker of inflammation and fibrosis, can be associated with
renal and myocardial damage and dysfunction in patients with acute heart failure (AHF).
Methods and Results: We retrospectively analyzed 790 patients with AHF who were enrolled
in the AKINESIS study. During hospitalization, patients with galectin-3 elevation (> 25.9 ng/
mL) on admission more commonly had acute kidney injury (assessed by KDIGO criteria), renal
tubular damage (peak urine neutrophil gelatinase-associated lipocalin [uUNGAL] > 150 ng/dL)
and myocardial injury (= 20% increase in the peak high-sensitivity cardiac troponin I [hs-cTnl]
values compared to admission). They less commonly had > 30% reduction in B-type natriuretic
peptide from admission to last measured value. In multivariable linear regression analysis,
galectin-3 was negatively associated with estimated glomerular filtration rate and positively
associated with uNGAL and hs-cTnl. Higher galectin-3 was associated with renal replacement
therapy, inotrope use and mortality during hospitalization. In univariable Cox regression anal-
ysis, higher galectin-3 was associated with increased risk for the composite of death or rehos-
pitalization due to HF and death alone at 1 year. After multivariable adjustment, higher
galectin-3 levels were associated only with death.

Conclusions: In patients with AHF, higher galectin-3 values were associated with renal dys-
function, renal tubular damage and myocardial injury, and they predicted worse outcomes. (J
Cardiac Fail 2022;00:1—9)

Key Words: acute heart failure, galectin-3, acute kidney injury, renal tubular damage, myo-
cardial injury, prognosis.

From the "Division of Cardiovascular Medicine, University of California San Diego, La Jolla, CA, USA; ?Division of Cardiology, Mitsui
Memorial Hospital, Tokyo, Japan; 3Division of Cardiovascular Medicine, San Diego Veterans Affairs Medical Center, San Diego, CA;
“Department of Cardiology, University Medical Centre Groningen, University of Groningen, Groningen, The Netherlands; *Cardiovascular
Research Institute Basel, Department of Cardiology, University Hospital Basel, University of Basel, Basel, Switzerland; °Department of Car-
diology, Athens University Hospital Attikon, University of Athens, Athens, Greece; “Department of Emergency Medicine, Henry Ford Hos-
pital System, Detroit, MI, USA; Division of Emergency Medicine and Acute Care Surgical Services, VCU Medical Center, Virginia
Commonwealth University, Richmond, VA, USA; °Division of Cardiology, VCU Medical Center, Virginia Commonwealth University, Rich-
mond, VA, USA; "°Department of Emergency Medicine, University of Kansas Medical Center, Kansas City, KS, USA; "' Department of
Nephrology and Rheumatology, University Medical Centre Gottingen, University of Gottingen, Gottingen, Germany; '?Department of
Emergency Medicine, New York Methodist Hospital, New York, NY, USA; "*Department of Emergency Medicine, University of California
San Diego, La Jolla, CA, USA; *Department of Cardiology, School of Medicine, University College Dublin, Dublin, Ireland; *Department of
Cardiologfv, St Vincent’s University Hospital, Dublin, Ireland; '®Department of Cardiology, Mater Misericordiae University Hospital, Dublin,
Ireland; "/ Department of Cardiology, Hospital Clinico Universitario, INCLIVA, Valencia, Spain; '®Centro de Investigacién Biomédica en Red
(CIBER) in Cardiovascular Diseases, Madrid, Spain; "°Department of Cardiology, Mediterranea Cardiocentro, Naples, Italy; ?°Department of
Cardiology and Cardiovascular Medicine, Fondazione Gabriele Monasterio, Pisa, Italy and 2! Department of Medicine, School of Medicine,
University College Dublin, Dublin, Ireland.

Manuscript received May 28, 2022; revised manuscript received September 28, 2022; revised manuscript accepted September 28, 2022.

Reprint requests: Patrick T. Murray, MD, University College Dublin Clinical Research Centre, UCD Catherine McAuley Education &
Research Centre, Nelson Street, Dublin 7, Ireland. Ph.: +01 716 4587. E-mail: patrick.murray@ucd.ie

1071-9164/$ - see front matter

© 2022 Elsevier Inc. All rights reserved.

https://doi.org/10.1016/j.cardfail.2022.09.017

1

Downloaded for Anonymous User (n/a) at Henry Ford Hospital / Henry Ford Health System (CS North America) from ClinicalKey.com by
Elsevier on December 15, 2022. For personal use only. No other uses without permission. Copyright ©2022. Elsevier Inc. All rights reserved.


mailto:patrick.murray@ucd.ie
https://doi.org/10.1016/j.cardfail.2022.09.017
https://doi.org/10.1016/j.cardfail.2022.09.017

2 Journal of Cardiac Failure Vol. 00 No. 00 2022

Renal dysfunction is 1 of the most common comor-
bidities for patients with heart failure (HF). An acute
deterioration in kidney function is commonly
observed in patients with acutely decompensated
HF (AHF) and may portend poor prognoses.’ Con-
versely, acute kidney injury (AKI) can induce cardiac
dysfunction and damage through several pathways,
such as volume overload, neurohormonal activation,
inflammation, fibrosis, and oxidative stress.”* This
cross-talk between the heart and kidney is termed
cardiorenal syndrome (CRS), and there is growing
evidence that circulating cytokines involved in
inflammation and fibrosis play a crucial role."*
Galectin-3 (Gal-3) is a biomarker produced by macro-
phages after organ injury.” Mouse models have
shown that following AKI, Gal-3 is produced in the
kidney and promotes local inflammation and fibro-
sis and is released into the systemic circulation,
inducing cardiac dysfunction and injury.®’ There-
fore, the Gal-3 pathway may be associated with
both renal and cardiac dysfunction or damage in
patients with AHF. However, relationships between
Gal-3 and CRS have not been fully investigated in
patients with AHF.

The Acute Kidney Injury Neutrophil gelatinase-
associated lipocalin (NGAL) Evaluation of Symptom-
atic Heart Fallure Study (AKINESIS) was a prospective
observational study of patients with AHF and
included repeated sampling of biomarkers of renal
glomerular function (creatinine), renal tubular
injury (NGAL), inflammation and fibrosis (Gal-3),
and myocardial congestion and damage (B-type
natriuretic damage [BNP] and high-sensitivity car-
diac troponin | [hs-cTnl]).? In this analysis, we aimed
to investigate whether Gal-3 expression is associated
with renal and myocardial dysfunction and portends
worse outcomes in patients with AHF.

Methods
Study Population

This is a post hoc analysis of AKINESIS, which
enrolled 927 patients with AHF at 16 sites in the
United States and Europe from January 2011
through September 2013.% Each center's institu-
tional review board approved the study. Patients
must have received or planned treatment with intra-
venous diuretics. Patients with acute coronary syn-
drome were excluded. Among the 927 patients
enrolled in the original AKINESIS study, 24, 93, 13, 3,
and 4 lacked measurements of Gal-3, uNGAL, hs-
cTnl, BNP, and estimated glomerular filtration rate
(eGFR) on admission, respectively, leaving 790
patients in the current analysis.

Supplementary Table 1 shows the comparison of
patients included in and excluded by the study.
Male sex was more common in included patients
than in excluded patients (63% vs 54%; P=0.046).
Other variables were not significantly different.

Specimen Collection

Serum specimens for Gal-3, BNP and hs-cTnl
measurements and urine specimens for NGAL and
creatinine measurements were collected at 6 time
points during hospitalization. The first specimen
was collected on the day of enrolment within 2
hours of the first intravenous diuretic dose. The
second specimen was collected 2—6 hours later.
The 3rd, 4th and 5th specimens were collected on
hospital days 1, 2 and 3, respectively. The last spec-
imen was collected on the day of hospital dis-
charge. Specimens were analyzed at the core
laboratory with the ARCHITECT platform (Abbott
Laboratories, Abbott Park, IL). Details of the assay
performance are described elsewhere.? Serum cre-
atinine was measured each day during hospitaliza-
tion at each institution's respective laboratory
facility.

Endpoints

We evaluated the relationships between Gal-3 on
admission and biomarker-defined in-hospital end-
points. According to the Kidney Disease: Improving
Global Outcomes criteria, AKI stages were defined
as the following: stage 1, increase in serum creati-
nine by > 0.3 mg/dL or 1.5-2 times, compared to
the admission value; stage 2, increase in creatinine
to 2—3 times compared to admission; and stage 3,
increase in creatinine to > 3 times compared to
admission, increase in serum creatinine to > 4.0 mg/
dL or initiation of renal replacement therapy
(RRT).""" Acute renal tubular damage was defined
as peak UNGAL value of > 150 ng/dL.'? Deconges-
tion was defined by a > 30% reduction in the last
measured BNP compared to the admission BNP.'*
Myocardial injury was defined by a > 20% increase
in the peak value of hs-cTnl compared to the admis-
sion value."” We also evaluated other in-hospital
clinical endpoints, such as inotrope use, mechanical
ventilation, initiation of RRT, and mortality. One-
year mortality and HF readmission were evaluated
as a composite endpoint and also analyzed individu-
ally.

Statistical Analysis

Continuous variables were described as means
with standard deviations or medians with 1st
and 3rd quartiles if non-normally distributed.
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Categorical variables were described as counts and
percentages. The Student t test, Mann-Whitney
test and? test were used for group comparison, as
appropriate. Patients were classified by admission
Gal-3 > 25.9 ng/mL or < 25.9 ng/mL, based on the
previous reports.'>'® Relationships between Gal-3
elevation and eGFR, uNGAL, BNP, and hs-cTnl
were analyzed by using a multivariable linear
regression model. These biomarkers were evalu-
ated as area under the curves (AUC) of change dur-
ing the first 3 days of hospital admission. To
evaluate AUGs, individual changes in biomarkers
were virtually visualized as a curve where the x-
axis shows day of admission to day 3, and y-axis
shows the value of the biomarker. Using this
approach, the AUC between each sample mea-
surement can be calculated and added together,
resulting in an overall AUC score (unit of each
biomarker x hour) that can be compared
across treatment groups.'’ '? Baseline characteris-
tics, such as demographics, medical histories,

medications before admission, and admission lab-
oratory data were tested in a univariable model,
and factors with a Pvalue < 0.05 in univariable
analysis were included in the multivariable linear
regression model. Standardized beta-coefficients
(B), 95% confidence intervals (Cls) and variance
inflation factors (VIFs) of biomarkers were evalu-
ated. Log-rank, Kaplan-Meier and Cox regression
analyses were used for 1-year clinical outcomes.
For HF readmission, the Fine-Gray model was used,
and death was treated as a competing risk. Multi-
variable analysis included age, race, history of
chronic obstructive pulmonary disease, systolic
blood pressure, heart rate, sodium, hemoglobin,
and blood urea nitrogen as well as biomarkers,
based on prior studies.?’ ?* Biomarkers were not
normally distributed, and they were log-2 trans-
formed in regression analysis so that associations
represent the impact of a doubling in the bio-
marker. All statistical analyses were performed
using R x64 4.1.0 for Windows.

Table 1. Baseline Characteristics of Patients Grouped by More Than or Less Than and Equal to Admission Galectin-3 Levels
of 25.9 ng/mL

Gal-3>259ng/mL Gal-3<259ng/mL Pvalue

Variables

Age (years), mean (SD)

Male sex, n (%)

White, n (%)

BMI (kg/m?), mean (SD)

History of coronary artery disease, n (%)
History of myocardial infarction, n (%)
History of PCl, n (%)

History of CABG, n (%)

History of hypertension, n (%)
History of hyperlipidemia, n (%)
History of diabetes mellitus, n (%)
History of atrial fibrillation, n (%)
History of COPD, n (%)

Tobacco use, n (%)

ACE-I, n (%)

ARB, n (%)

B-blocker, n (%)

Diuretics, n (%)

Shortness of breath, n (%)

Rales, n (%)

Edema, n (%)

Jugular vein distension, n (%)
Systolic BP (mmHg), mean (SD)
Heart rate (bpm), mean (SD)
Sodium (mEqg/l), mean (SD)
Hemoglobin (g/dL), mean (SD)
eGFR (mL/min/1.73m?), mean (SD)
BNP (ng/L), median [IQR]

hs-cTnl (ng/L), median [IQR]
UNGAL (ng/dL), median [IQR]
Urine creatinine (mg/dL), median [IQR]

Loop diuretic dose within the first 3 days of hospitalization (mg/day), median

[IQR]

n=375 n=415

72(13) 66 (14) <0.001
223 (60) 278 (67) 0.034
258 (69) 247 (60) 0.008
31.2(8.8) 31.8(8.8) 0.413
190 (51) 173 (42) 0.014
113 (30) 99 (23.9) 0.056
92 (25) 83 (20.0) 0.148
78 (21) 57 (14) 0.011
307 (82) 331 (80) 0.509
207 (55) 203 (49) 0.09
183 (49) 163 (39) 0.009
120 (32) 97 (23) 0.008
99 (26) 104 (25) 0.727
41 (11) 87 (21) <0.001
161 (43) 186 (45) 0.644
69 (18) 82 (20) 0.693
275 (73) 284 (68) 0.152
279 (74) 280 (68) 0.039
267 (71) 272 (66) 0.103
180 (48) 157 (38) 0.005
295 (79) 293 (71) 0.012
107 (29) 101 (24) 0.209
137 (30) 144 (29) 0.001
85 (22) 90 (23) 0.004
138 (5) 139 (8) 0.069
11.4(2.2) 11.9(2.5) 0.001
49 (25) 73 (26) <0.001
650 [245, 1265] 439 [202, 992] <0.001
30.0[14.0, 66.4] 23.1[12.0,51.3] 0.009
16.4[5.2, 50.4] 9.7 (3.8, 22.7] <0.001
16.4[5.2, 50.4] 9.7 [3.8,22.7] <0.001
67 [40, 113] 53 [27, 80] 0.001

ACE-Il, angiotensin-converting-enzyme inhibitor; ARB, angiotensin Il receptor blocker; BMI, body mass index; BNP, B-type natri-
uretic peptide; BP, blood pressure; bpm, beats per minute; CABG, coronary artery bypass grafting; COPD, chronic obstructive pulmo-
nary disease; eGFR, estimated glomerular filtration rate; Gal-3, galectin 3; hs-cTnl, high sensitivity cardiac troponin I; IQR,
interquartile range; PCl, percutaneous coronary intervention; SD, standard deviation; uNGAL, urine neutrophil gelatinase-associated

lipocalin.
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Results

Of the 790 patients included in the study, the
mean age was 69 + 14 years, 63% were male, 46%
had coronary artery disease, and 44% had diabetes
mellitus. The mean eGFR on admission was 61 + 28
mL/min/1.73m?. The completeness of biomarkers at
each time point is shown in Supplementary Table 2.
In brief, the completeness at the 1°*—5th collection
time points were 100%, 83%—89%, 80%-86%,
78%-88% and 76%—-84%, respectively (Supplemen-
tary Table 2). Patients with admission Gal-3 > 25.9
ng/mL (375 patients, 47%) were older and more
likely to be female and less likely to be white
(Table 1). Coronary artery disease, coronary artery
bypass grafting, diabetes mellitus, and atrial fibrilla-
tion were more prevalent, and tobacco use was less
prevalent in patients with Gal-3 > 25.9 ng/mL. They
were more likely have been treated previously with
diuretics and had rales and edema at hospital admis-
sion. Systolic blood pressure, heart rate, hemoglo-
bin, and eGFR were lower in patients with higher
Gal-3. BNP, hs-cTnl, uNGAL, and urine creatinine
were higher in patients with higher Gal-3. These
patients received a higher total dosage of loop diu-
retics during the first 3 hospital days.

During hospitalization, patients with Gal-3 >
25.9 ng/mL on admission less commonly had a

A. Gal-3 and biomarker-defined endpoints
60%
40%

20%

0% .

BNP decrease 230%  hs-cTnlincrease = 20% Peak uNGAL > 150 ng/dI

H Galectin-3 > 25.9 ng/ml Galectin-3 < 25.9 ng/ml

C. Gal-3 and in-hospital clinical endpoints
15%

10%

w B

Renal Inotrope use Mechainical In-hospital
replacement ventilation mortality
therapy

® Galectin-3 > 25.9 ng/ml Galectin-3 < 25.9 ng/ml

decrease in BNP > 30% and more commonly had
an increase in hs-cTnl > 20% and peak uNGAL val-
ues > 150 ng/dL (Fig. 1A). The incidences of AKI
stage 1, 2 and 3 were 23% (181 patients), 2% (15
patients) and 3% (26 patient), respectively, in all
patients. Patients with Gal-3 > 25.9 ng/mL more
commonly had AKI (Fig. 1B). RRT and inotrope use
were more common, and in-hospital mortality
was higher in those with Gal-3 > 25.9 ng/mL
(Fig. 1Q).

When relationships between the AUCs of Gal-3
and other biomarkers were evaluated by multiple
linear regression models, Gal-3 was significantly and
negatively associated with eGFR and positively asso-
ciated with uUNGAL and hs-cTnl (Fig. 2). There was no
significant association between Gal-3 and BNP. VIFs
of biomarkers in each model were < 1.27 for eGFR,
< 1.64 for uNGAL, < 1.66 for BNP, and < 1.74 for hs-
cTnl.

The composite endpoint was observed in 261
patients (33%); 140 patients died (18%), and 154
patients (19%) were readmitted due to HF within 1
year. Patients with admission Gal-3 > 25.9 ng/mL
had higher incidences of the composite endpoint
and mortality than those with Gal-3 < 25.9 ng/mL,
whereas the incidence of HF readmission was not
different between the groups (Fig. 3). Higher Gal-3
was associated with an increased risk for the

B. Gal-3 and acute kidney injury

o [
20%
10%

0%

Galectin-3 > 25.9 ng/ml Galectin-3 < 25.9 ng/ml

AKl stagel AKl stage2 m AKlstage3

Fig. 1. Levels of galectin-3 and adverse events. A, Galectin-3 and biomarker defined endpoints. Patients with admission val-
ues of Gal-3 > 25.9 ng/mL less commonly had BNP > 30% decrease and more commonly had hs-cTnl > 20% increase and
peak uNGAL > 150 ng/dL than those with Gal-3 < 25.9 ng/mL (P < 0.05 for all). B, Galectin-3 and acute kidney injury. The
incidence of AKI was higher in patients with Gal-3 > 25.9 ng/mL than those with Gal-3 < 25.9 ng/mL (P < 0.05). C, Galectin-
3 and in-hospital clinical endpoints. Renal-replacement therapy, inotrope use and in-hospital death were more frequently
observed in patients with Gal-3 > 25.9 ng/mL (P < 0.05). AKI, acute kidney injury; BNP, B-type natriuretic peptide; Gal-3,
galectin 3; hs-cTnl, high-sensitivity cardiac troponin I; uNGAL, urine neutrophil gelatinase-associated lipocalin.
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A. B coefficient for eGFR B. B coefficient for uNGAL

B (95% ClI) B (95% CI)
Gal-3 - -0.47 (-0.54, -0.41) Gal-3 R ——— 0.42 (0.20, 0.65)
uNGAL . -0.06 (-0.08, -0.04) BNP 0.02 (-0.05, 0.09)
BNP - -0.07 (-0.09, -0.04) hs-cTnl 0.03 (-0.04, 0.09)
hs-cTnl -0.01 (-0.03, 0.02) eGFR — -0.58 (-0.79, -0.38)
-1 -0.5 0 0.5 1(B) -1 -0.5 0 0.5 1(B)
C. B coefficient for BNP D. B coefficient for hs-cTnl
B (95% CI) B (95% Cl)
Gal-3 —_— -0.13 (-0.35, 0.10) Gal-3 —_— 0.34 (0.07, 0.62)
uNGAL - 0.03 (-0.04, 0.10) uNGAL re— 0.06 (-0.01, 0.14)
Hs-cTnl - 0.25 (0.20, 0.31) BNP —— 0.35 (0.27, 0.44)
eGFR —— -0.49 (-0.69, -0.30) eGFR —_—— 0.02 (-0.23, 0.27)
-1 -0.5 0 0.5 1(B) -1 -0.5 0 0.5 1(B)

Fig. 2. Relationship between galectin-3 and other biomarkers. Standardized beta-coefficient (8) of biomarkers for eGFR,
uNGAL, BNP, and hs-cTnl in multivariable linear regression models are shown. AUCs of the first 3 days of hospitalization
were used for biomarkers (eGFR, uNGAL, BNP, hs-cTnl, and urine creatinine). For eGFR, factors included in the model were
age, gender, race, heart rate, systolic blood pressure, history of CAD, PCl, CABG, and dyslipidemia, smoking, ACE inhibitors,
hemoglobin, edema, rales, furosemide dose during the first 3 days of hospitalization, Gal-3, uNGAL, BNP, and hs-cTnl. For
uNGAL, factors included in the model were age, gender, history of PCl, hemoglobin, edema, furosemide dose during the
first 3 days, Gal-3, BNP, hs-cTnl, eGFR, and urine creatinine. For BNP, factors included in the model were age, gender, sys-
tolic blood pressure, body mass index, history of CAD, CABG, COPD, and diabetes mellitus, beta-blocker, hemoglobin, rales,
jugular vein distention, Gal-3, uNGAL, hs-cTnl, eGFR, and urine creatinine. For hs-cTnl, factors included in the model were
age, gender, heart rate, body mass index, history of CAD and COPD, diuretics use on admission, rales, hemoglobin, furose-
mide dose during the first 3 days, Gal-3, uNGAL, BNP, and eGFR. In multivariable linear regression analysis for eGFR, VIFs of
Gal3, uNGAL, BNP and hs-cTnl were 1.23, 1.17, 1.24, and 1.27, respectively. For uNGAL, VIFs of Gal3, BNP, hs-cTnl and eGFR
were 1.51, 1.26, 1.21, and 1.64, respectively. For BNP, VIFs of Gal3, uNGAL, hs-cTnl, and eGFR were 1.61, 1.56, 1.12, and
1.66, respectively. For hs-cTnl, VIFs of Gal3, uNGAL, BNP, and eGFR were 1.55, 1.20, 1.29, and 1.74, respectively. ACE-I,
angiotensin-converting-enzyme inhibitor; BNP, B-type natriuretic peptide; CABG, coronary artery bypass grafting; CAD,
coronary artery disease; COPD, chronic obstructive pulmonary disease; eGFR, estimated glomerular filtration rate; Gal-3,
galectin 3; hs-cTnl, high sensitivity cardiac troponin I; PCl, percutaneous coronary intervention; uNGAL, urine neutrophil
gelatinase-associated lipocalin; VIF, variance inflation factor.

composite endpoint (hazard ratio [HR] of log2 Gal-3 Gal-3 elevation also predicated worse 1-year out-

1.36, 95% Cl 1.16-1.60; P < 0.001) and mortality (HR
1.87, 95% Cl 1.55-2.25; P < 0.001) in univariable
analysis and for mortality in multivariable analysis
(adjusted HR 1.61, 95% Cl 1.27- 2.04; P < 0.001)
Table 2. Gal-3 was not associated with HF rehospital-
ization (HR 0.97, 95% Cl1 0.77-1.23; P=0.803).

Discussion

In this analysis of patients with AHF, we investi-
gated a relationship between Gal-3 and cardiorenal
biomarkers and adverse events. We found that
patients with higher Gal-3 levels more commonly
had lower eGFRs and renal tubular injuries, conges-
tion and myocardial damage. Gal-3 values were sig-
nificantly related to renal glomerular dysfunction,
tubular injury and myocardial damage, independent
of possible confounding factors. Further, Gal-3 ele-
vation was associated with in-hospital adverse
events, including RRT, inotrope use and mortality.

comes, especially mortality.

Gal-3 has been reported to be associated with
fibrosis of the kidney, and elevated Gal-3 values
predicted rapid decline of renal glomerular func-
tion and progressive renal impairment.”* In the
current analysis, higher Gal-3 values may reflect
progressive glomerular dysfunction; patients with
higher Gal-3 values had worse renal function on
admission and were more likely to have AKI after
hospitalization. Moreover, Gal-3 elevation was
also associated with renal tubular damage,
defined by an elevation in UNGAL, a known bio-
marker of acute renal tubular damage. In patients
with AHF, a decrease in GFR with treatment after
hospitalization is not generally associated with
actual renal tubular injury and can be a functional
and hemodynamic change in renal function.?”
Therefore, the association of Gal-3 with both renal
functional deterioration and tubular injury is of
significant importance. Values of Gal-3 and uNGAL
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A. Gal-3 values on admission and death or
HF rehospitalization within one year
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0 50 100 150 200 250 300 350 (days)

Number at risk

Gal-3 <25.9 ng/ml 1415 384 361 345 334 320 308 297
Gal-3>25.9ng/ml 1375 328 303 285 274 266 254 239
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B. Gal-3 values on admission and
mortality within one year

Cumulative event
o
Ny

0 50 100 150 200 250 300 350 (days)

Number at risk

Gal-3525.9ng/ml {415 405 396 387 383 380 373 365
Gal-3>25.9ng/ml 1375 339 35 313 307 301 296 288

0 50 100 150 200 250 300 350 (days)

Fig. 3. Galectin-3 and clinical outcomes. Patients with Gal-3 > 25.9 ng/mL on admission had higher incidence of the
composite of death or readmission due to heart failure and mortality within 1 year (P=0.01 for the composite endpoint;

P < 0.01 for mortality; P=0.875 for HF rehospitalization).

Table 2. Hazard Ratios for Clinical Events at 1 Year

Univariable Multivariable

HR 95% Cl Pvalue Adjusted HR 95% Cl Pvalue
Death or HF rehospitalization
log,Gal-3 1.36 1.16—1.60 < 0.001 1.09 0.89-1.32 0.397
Death
log,Gal-3 1.87 1.55-2.25 < 0.001 1.61 1.27-2.04 < 0.001
HF rehospitalization
log,Gal-3 0.97 0.77-1.23 0.803 0.80 0.58-1.10 0.160

Multivariable Cox regression analysis included age, race, history of chronic obstructive pulmonary disease, systolic blood pressure, heart
rate, sodium, hemoglobin, BUN, BNP, hscTnl and uNGAL. Values of Gal3, BNP, hs-cTnl and uNGAL were log-2 transformed.

BNP, B-type natriuretic peptide; BUN, blood urea nitrogen; Cl, confidence interval; Gal-3, galectin 3; hs-cTnl, high sensitivity cardiac tro-
ponin I; HR, hazard ratio; uNGAL, urine neutrophil gelatinase-associated lipocalin.

may be affected by changes in GFR because these
biomarkers are cleared by the kidney, but these
relationships remained significant after adjust-
ment for GFR and other possible confounders.?*%°
In the event of AKI, macrophage infiltration with
increased Gal-3 expression is observed in the renal
tubular cells, and that is associated with renal
inflammation and fibrosis.” Gal-3 may play an
important role in renal dysfunction and injury,
and its assessment may help to predict kidney-
related adverse events in patients with AHF.

We also showed that Gal-3 was independently
associated with an elevation in hs-cTnl. Hs-cTn eleva-
tion is commonly observed in patients with AHF and

is associated with worse prognoses.”* Proposed
mechanisms for troponin elevation and myocardial
injury in AHF include myocardial stretch from vol-
ume overload, subendocardial ischemia with left
ventricular hypertrophy, elevated intracardiac pres-
sures, and arrhythmia. Although systemic inflamma-
tion and fibrosis are also thought to induce
myocardial damage, that has not been fully eluci-
dated in a large-scale clinical cohort.?” In the current
study, Gal-3 was independently associated with hs-
cTnl after adjustment for possible confounders. The
confounding factors in the multivariable model
included older age, heart rate and hemoglobin, sug-
gesting that the association between hs-cTnl and
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Gal-3 was independent of known causes of acute
myocardial injury.”®> Moreover, this association can
also be independent of hemodynamic deterioration
due to AHF and CRS because the model included
diuretic dosage and eGFR and BNP levels. Further-
more, several studies have shown that AKI may
induce remote cardiac damage through the Gal-3
pathway.”?? 3" In a mouse model with AKI,
increased expression of Gal-3 in renal tubular cells
led to an increase in circulating Gal-3 levels, promot-
ing Gal-3 expression in the heart and resulting in
myocardial fibrosis and dysfunction.” Our study can-
not show as direct a link as this animal model shows,
but our findings are in line with the concept that
Gal-3 reflects or even induces adverse outcomes
when AKI occurs in AHF.

Additionally, multiple studies have shown that
Gal-3 levels are prognostic for cardiovascular out-
comes in patients with HF.">3?33 |n the current anal-
ysis, patients with elevated Gal-3 more commonly
had in-hospital adverse events, such as receiving RRT
and inotrope and death. Also, Gal-3 values predicted
1-year mortality, independent of BNP, hscTnl,
UNGAL, and other confounding factors. Our results
suggest that Gal-3 may help to identify patients at
increased risk for adverse cardiorenal events during
initial hospital admission and at high risk for mortal-
ity after hospitalization, independent of known pre-
dictors of poor prognosis in patients with AHF.

Limitations

This is a post hoc analysis of a prospective cohort
study. Although we showed associations between bio-
markers of kidney injury, inflammation and fibrosis,
and myocardial damage, causal relationships could
not be determined in this observational study. Identi-
fied or unidentified confounders may have influenced
the results of multivariable analyses. We considered
factors that could affect the value of biomarkers in
multivariable liner regression analysis, but changes in
blood pressure and acid/base balance were lacking
and, thus, were not included in the model. Unfortu-
nately, data concerning echocardiography was lacking
in 41% of the patients, so they were not included in
the current analysis. The missing values of biomarkers,
especially at the later time point, could have affected
the results. Causes of HF and years from diagnosis
were not recorded either. Kidney injury was evaluated
only by uNGAL, and other biomarkers were not mea-
sured. Other common biomarkers of inflammation,
such as C-reactive protein and interleukin-6, were not
measured either.

Conclusions

In patients with AHF, higher Gal-3 values were
associated with renal dysfunction, renal tubular

damage and myocardial injury. An increased expres-
sion of Gal-3 predicted worse in-hospital and 1-year
clinical outcomes. The assessment of Gal-3 on admis-
sion may help to identify patients who are at high
risk for kidney-related adverse events, myocardial
injury during hospitalization and poor prognoses.

Lay Summary

Among patients hospitalized for acute heart fail-
ure (AHF), those with galectin-3 elevation on admis-
sion more commonly had renal dysfunction, renal
tubular damage and myocardial injury during hospi-
talization. Higher galectin-3 levels were associated
with renal-replacement therapy, inotrope use and
in-hospital mortality. Galectin-3 elevation was also
associated with increased risk for the composite of
death or HF rehospitalization and death alone at 1
year. In patients with AHF, the assessment of galec-
tin-3 may help to identify patients who are at high
risk for kidney-related adverse events, myocardial
injuries and poor prognoses.
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