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BACKGROUND: Laboratory data suggest obesity is linked to myocardial inflammation and fibrosis, but clinical data are limited.
We aimed to examine the association of obesity with galectin-3, a biomarker of cardiac inflammation and fibrosis, and the
related implications for heart failure (HF) risk.

METHODS AND RESULTS: We evaluated 8687 participants (mean age 63 years; 21% Black) at ARIC (Atherosclerosis Risk in
Communities) Visit 4 (1996-1998) who were free of heart disease. We used adjusted logistic regression to estimate the as-
sociation of body mass index (BMI) categories with elevated galectin-3 (>75th sex-specific percentile) overall and across
demographic subgroups, with tests for interaction. We used Cox proportional hazards models to assess the combined asso-
ciations of galectin-3 and BMI with incident HF (through December 31, 2019). Higher BMI was associated with higher odds of
elevated galectin-3 (odds ratio [OR], 2.32; 95% Cl, 1.88-2.86) for severe obesity (BMI >35 kg/m?] versus normal weight [BMI
18.5-<25 kg/m?). There were stronger associations of BMI with elevated galectin-3 among women versus men and White
versus Black participants (both P-for-interaction <0.05). Elevated galectin-3 was similarly associated with incident HF among
people with and without obesity (HR, 1.49; 95% CI, 1.18-1.88; and HR, 1.71; 95% ClI, 1.38-2.11, respectively). People with
severe obesity and elevated galectin-3 had >4-fold higher risk of HF (HR, 4.19; 95% ClI, 2.98-5.88) than those with normal
weight and galectin-3 <25th percentile.

CONCLUSIONS: Obesity is strongly associated with elevated galectin-3. Additionally, the combination of obesity and elevated
galectin-3 is associated with marked HF risk, underscoring the importance of elucidating pathways linking obesity with car-
diac inflammation and fibrosis.
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mass index (BMI) =30 kg/m?, is highly prevalent,

affecting more than one third of adults in the
United States, and is associated with increased risk of
heart failure (HF)."? Although the association of obesity
with coronary heart disease and stroke may be largely
explained by the comorbid conditions of hypertension,
dyslipidemia, and diabetes, the excess risk of HF as-
sociated with obesity is largely independent of these

Obesity, defined in population studies as a body

traditional cardiovascular risk factors.® Prior studies
indicate direct adverse effects of adiposity on the myo-
cardium, resulting in cardiac dysfunction and subse-
quent HF# In preclinical studies, cardiac inflammation
and myocardial lipotoxicity related to accumulation of
free fatty acids, triglycerides, and toxic metabolites
in cardiac myocytes result in cellular dysfunction and
death, contributing to the development of cardiac
hypertrophy, fibrosis, and dysfunction.® Even in the
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CLINICAL PERSPECTIVE

What Is New?

* In the present study we demonstrate strong
graded associations of higher body mass index
with elevated galectin-3, a biomarker of inflam-
mation and fibrosis.

What Are the Clinical Implications?

e Higher body mass index and galectin-3 were
each independently associated with heart failure
risk, and the combination of severe obesity and
elevated galectin-3 identified a subgroup with
4-fold higher risk of future heart failure who may
benefit from aggressive preventive strategies.

absence of marked metabolic derangement, obesity
is associated with hemodynamic alterations charac-
terized by increased blood volume and cardiac output
that contribute to adverse cardiac remodeling and is
associated with increased risk of HF.

Despite growing appreciation of direct adverse ef-
fects of adiposity on the myocardium that predispose
to HF risk, there has been limited evaluation of these
associations in population studies until recently, with
the emergence of cardiac biomarkers.” Biomarkers
reflecting subclinical myocardial abnormalities provide
prognostic information regarding HF risk and may also
contribute to our understanding of the pathogenesis of
HF.8 Galectin-3 is a soluble b-galactoside-binding lec-
tin that has important regulatory roles in inflammation
and fibrosis and is associated with risk of future HF.®

Preclinical studies have indicated that galectin-3
plays an active role in the development of myocardial
remodeling, fibrosis, and ultimately in the development
of HR'%" Furthermore, genetic knockouts or pharma-
cologic inhibition of galectin-3 halts these processes,
protecting against the development of HF, with possi-
ble implications for HF prevention."'? Epidemiological
studies demonstrate consistent associations of circu-
lating levels of galectin-3 with cardiac remodeling,"®
incident HF,'* and HF prognosis.'®'® However, despite
the well-recognized associations of galectin-3 with HF,
its relationship with obesity is not well understood.

To further investigate the link between adiposity
and myocardial dysfunction, we sought to evaluate
the associations of obesity with inflammation and
myocardial fibrosis, as reflected by elevated galectin-3
levels, among participants in the community-based
ARIC (Atherosclerosis Risk in Communities) Study.
We additionally assessed the implications of elevated
galectin-3 among individuals with obesity for incident
HF risk.
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Deidentified data from the ARIC study are available
through the National Heart, Lung, and Blood Institute
Biologic Specimen and Data Repository Information
Coordinating Center. Additionally, researchers who are
interested in accessing these data may contact the
ARIC study Coordinating Center.

The ARIC Study is an ongoing community-based,
prospective cohort of predominantly Black and White
participants from 4 US communities: Washington
County, MD; the northwestern suburbs of Minneapolis,
MN; Jackson, MS; and Forsyth County, NC. Cohort
enrollment started in 1987 to 1989, at which time
15 792 study participants aged 45 to 64 years were
enrolled and followed prospectively. Participants were
evaluated through serial study visits (Visit 1: 1987-1989;
Visit 2: 1990-1992; Visit 3: 1993-1995; Visit 4: 1996—
1998; Visit 5: 2011-2013; Visit 6: 2016-2017; and Visit
7: 2018-2019) involving comprehensive assessments
of cardiovascular risk factors and have been followed
continuously for cardiovascular disease events by an-
nual or semiannual (since 2012) telephone interviews,
active surveillance of ARIC community hospitals, and
review of death certificates. Additional study design
details have been previously published.'” All study par-
ticipants provided written informed consent and the
study was approved by the institutional review board
of each participating center.

For the present study, we considered 11 656 partic-
ipants who attended ARIC Visit 4 (1996-1998), a time
point where galectin-3 was measured cohort wide.
We excluded 70 participants who were not of Black or
White race because of limited numbers, as well as the
small number of Black adults from the Minnesota and
Washington County field centers; 1606 participants
with baseline HF or coronary heart disease (prevalent
coronary heart disease or HF at Visit 1, adjudicated
cases of nonfatal myocardial infarction or coronary re-
vascularization procedure, silent myocardial infarction
by electrocardiographic criteria, or hospitalizations re-
lated to HF at or before visit 4); 940 participants with-
out galectin-3 measurements, with missing information
on BMI, or with BMI <18.5 due to the confounding as-
sociation with underweight; and 353 participants with
missing information on the covariates of interest. After
exclusions, 8687 participants were included in the final
analysis. The baseline characteristics of participants
who were excluded from the study because of miss-
ing information on galectin-3 and those included in the
study are presented in Table S1.

BMI was the main exposure in cross-sectional anal-
yses and was calculated based on weight and height
measured at Visit 4 and reported in kg/m°. We cat-
egorized BMI as: normal weight (BMI 18.5 to <25),
overweight (25 to <30), obesity (30 to <35), and severe
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obesity (BMI >35). We conducted additional analyses
categorizing BMI as obesity absent (BMI 18.5 to <30)
and obesity present (BMI >30) and modeling BMI as a
continuous variable scaled per 5 kg/m?. In secondary
analyses, waist circumference was used as an alter-
native measure of adiposity. Waist circumference was
measured at the umbilical level by trained personnel
and categorized into quartiles.

All covariates were assessed at baseline (Visit 4).
Information on participants’ demographics, smoking
status, and alcohol intake was obtained through an
interviewer administered questionnaire. Seated blood
pressure was measured after a 5-minute rest by trained
personnel and the average of 2 measurements re-
corded. Diabetes was defined based on self-reported
prior physician diagnosis, use of hypoglycemic med-
ication, a fasting glucose >126 mg/dL, or nonfasting
glucose >200 mg/dL. Insulin use was self-reported.
Prevalent atrial fibrillation at Visit 4 was determined
by review of ECGs obtained during study visits and of
medical records. Total cholesterol, high-density lipo-
protein cholesterol, and triglycerides were measured
using enzymatic assays in plasma samples from Visit 4.
Estimated glomerular filtration rate (eGFR) was calcu-
lated using the Chronic Kidney Disease Epidemiology
Collaboration equation.”® In sensitivity analyses, we
used an estimation of eGFR based on serum creatinine
and cystatin C.'° Hs-CRP (high-sensitivity C-reactive
protein), NT-proBNP (N-terminal pro brain natruretic
peptide, and hs-cInT (high-sensitivity cardiac troponin
T) were measured from stored blood collected at Visit
4 using previously described methods.?%?!

Galectin-3 was measured from EDTA-plasma sam-
ples collected at Visit 4 and stored at =70 °C, using a
chemiluminescent microparticle immunoassay on an
Architect i 2000sr instrument (Abbott, Abbott Park, IL).
The limit of detection of the Architect assay has been
previously reported as 1.1 ng/mL and the limit of quan-
titation as 4.0 ng/mL. Intraassay coefficients of varia-
tion were 5.2%, 3.3%, and 2.3% at mean galectin-3
levels of 8.8, 19.2, and 72.0 ng/mL, respectively.

Prior studies have shown that rs4644, a common
single-nucleotide polymorphism in the gene encoding
galectin-3 (LGALSS), lies within the epitope of the bind-
ing region for the antibody used to measure galectin-3
in ARIC and therefore can alter assay performance
having significant associations with measurement
of plasma galectin-3 concentrations.?>2® Given the
variable prevalence of this variant across different
populations, all of our analyses were conducted with
adjustment for rs4644, as in prior ARIC analyses.?* In
ARIC, exome genotyping for common variants was
performed using the Human Exome BeadChip Array
(llumina, San Diego, CA).%®

Previously reported differences in the distribution
of galectin-3 by sex'* were confirmed in our data set;
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therefore, all analyses were performed using sex-
specific percentiles of galectin-3, as has been done
in prior analyses. When galectin-3 was considered
the outcome of interest in cross-sectional analyses,
elevated galectin-3 was defined as >75th sex-specific
percentile (>15.3 and 17.6 ng/mL for men and women,
respectively). When galectin-3 was an exposure of in-
terest in prospective analyses, it was categorized per
sex-specific quartiles.

Incident HF was the main outcome of prospec-
tive analyses, and was defined as hospitalization or
death due to HF, from Visit 4 through 2018 (available
only through 2017 from Jackson, MS field center).
Incident HF was defined based on review of hospital
discharge diagnoses and/or cause of death on death
certificates. HF events included first hospitalizations
with an International Classification of Diseases, Ninth
Revision (ICD-9) code 428 (early follow-up) or /CD,
Tenth Revision (ICD-10) code |-50 (later follow-up), in
any position, or an underlying cause of death related
to HF.

Statistical Analysis

Baseline (Visit 4) characteristics of the study popula-
tion were examined across categories of BMI and also
across quartiles of galectin-3. We used the chi-square
test to compare categorical variables and ANOVA for
continuous variables.

For all regression analyses, we constructed mod-
els with progressive adjustment. Our first adjustment
model included demographic variables (age, sex, and
a combined race-ARIC center variable [as done in prior
work, owing to demographic differences across ARIC
centers]), smoking status, alcohol drinking status,
and rs4644 genotype. Our second regression model
included Model 1 variables plus potential mediators
of the association between obesity and HF includ-
ing systolic blood pressure, use of antihypertensive
medication, total cholesterol, high-density lipoprotein
cholesterol, triglycerides, diabetes, and eGFR. All co-
variates were selected a priori based on review of the
published literature.

In cross-sectional analyses, we used multivariable
logistic regression to assess the association of BMI,
modeled both categorically (normal weight, overweight,
obesity, severe obesity) and continuously (per 5 units),
with elevated galectin-3 (>75th sex-specific percentile).
We used restrictive cubic splines to allow for deviations
from linearity in examining the continuous association
of BMI with the odds of elevated galectin-3. We con-
ducted secondary analyses examining the association
of waist circumference quartiles, as another measure
of adiposity, with elevated galectin-3. We performed
these analyses in the overall study population and
stratified a priori by age (<65 or >65 years), sex, and
race and used the likelihood ratio test to assess for
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interactions between waist circumference quartiles
and these demographic variables.

We conducted additional analyses using Spearman’s
rank correlation coefficient to assess the correlation of
galectin-3 with biomarkers of inflammation (hs-CRP),
myocardial stress (NT-proBNP), and injury (hs-cTnT). We
then examined the associations of obesity with elevated
galectin-3 in a third adjustment model that included the
variables in Model 2 as well as these additional biomark-
ers (Model 3). In sensitivity analyses, we evaluated the
association of BMI categories with elevated galectin-3
considering eGFR based on both serum creatinine and
cystatin C (Models 2a and 3a).

In prospective analyses, we used adjusted Cox
proportional hazard models to estimate hazard ratios
and 95% Cls for the associations of galectin-3 quar-
tiles with incident HF in the overall study population
(with additional adjustment for BMI) and within obesity
categories (normal weight, overweight, obesity, and
severe obesity). The proportional hazards assumption
was confirmed via Schoenfeld residuals. Person-years
of follow-up accrued from Visit 4 baseline until incident
HF, death from other cause, loss to follow-up, or end
of follow-up (December 31, 2018). We also tested for
multiplicative interaction between categories of obe-
sity and galectin-3 on the outcome of incident HF.

In addition to our 2 main regression models, we
conducted sensitivity analyses using additional adjust-
ment models to assess the robustness of our findings.
For these analyses, we considered BMI as 2 catego-
ries (obesity absent and obesity present). Model 2a in-
cluded the variables in Model 2 but used eGFR based
on serum creatinine and cystatin C; Model 3 included
Model 2 variables as well as the biomarkers of HF risk as
described previously; Model 4 included the variables in
Model 3 as well as prevalent atrial fibrillation and insulin
use; and Model 5 included the variables in Model 4 plus
time-varying coronary heart disease. Given the long fol-
low-up time, we performed additional sensitivity analysis
considering the competing risk of death. For competing
risk regression, we used the Fine and Gray proportional
subhazards method to account for noncardiovascular
mortality as a competing risk to incident HF.28

Finally, to assess whether obesity and galectin-3
provided complementary prognostic information re-
garding HF risk, we created cross-categories of BMI
and galectin-3 sex-specific quartiles to assess their
combined associations with incident HF.

Analyses were conducted using STATA version 15.1
and SAS 9.4. All P values presented are 2 sided.

RESULTS

The median age was 63 years, 59% were women,
and 21% were of Black race. Twenty-six percent of
participants had normal weight, 40% overweight, 23%
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mild obesity, and 12% severe obesity. Compared with
participants with normal weight, those with higher
BMI were less likely to be current smokers but had
an otherwise more adverse cardiovascular risk pro-
file (Table 1). Individuals in higher galectin-3 quartiles
were older, more likely of Black race, had a higher
BMI, and had a less favorable cardiovascular risk pro-
file (Table S2).

We observed higher median galectin-3 levels for
those in higher BMI categories. Median galectin-3 was
13.9 ng/mL among participants with normal weight
and 15.7 among those with severe obesity (Table 1).
The proportion of participants with elevated galectin-3
(>75th sex-specific percentile) rose from 21% in those
with normal weight, to 23% in those with overweight,
to 28% in those with mild obesity, to 37% in those with
severe obesity (Figure 1).

In cross-sectional analyses using multivariable
adjusted models, compared with people with nor-
mal weight, individuals in higher BMI categories were
more likely to have elevated galectin-3 (Table 2). Using
Model 1, the odds ratio (OR) for elevated galectin-3 for
severe obesity versus normal weight was 2.60 (95%
Cl, 2.15-3.15). This was only slightly attenuated after
adjustment for other cardiovascular risk factors (Model
2; OR, 2.32; 95% CI, 1.88-2.86 for severe obesity ver-
sus normal weight; Table 2). When assessing the con-
tinuous association of BMI with the odds of elevated
galectin-3, we found a curvilinear direct association
of higher BMI with higher odds of elevated galectin-3
(Figure 2). Each 5 kg/m? higher BMI was associated
with 1.27 (95% ClI, 1.20-1.35; Model 2) higher odds of
elevated galectin-3.

In analyses stratified by age, race, and sex, we found
significant associations between higher BMI and the
odds of elevated galectin-3 across demographic
subgroups. However, there were significant differences
in the magnitude of associations across demographic
subgroups (Table 3). The association of severe obesity
with galectin-3 compared with normal weight was
stronger among women (OR, 3.00; 95% CI, 2.34-
3.85) than men (OR, 1.32; 95% CI, 0.90-1.92; P for
interaction <0.01), and among White (OR, 2.57; 95%
Cl, 2.01-3.28) versus Black adults (OR, 1.50; 95% ClI,
1.01-2.22; P for interaction=0.04). We did not find the
association between BMI categories and elevated
galectin-3 differed significantly by age group (P for
interaction=0.08), although there was a tendency

toward stronger associations between severe
obesity and elevated galectin-3 for those <65 versus
>65 years.

In secondary analyses, we observed similar asso-
ciations between quartiles of waist circumference and
elevated galectin-3 (Table S3). Compared with those
in the lowest quartile of waist circumference, those
in the highest quartile had 1.65 (95% CI, 1.38-1.98)
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Table 1. Baseline (Visit 4) Characteristics of the Study Population Stratified by BMI Category

Obesity, Biomarkers, and Heart Failure

Normal weight Overweight Obesity Severe obesity

(BMI 18.5 to <25) (BMI 25 to <30) (BMI 30 to <35) (BMI 235)
Variable* n=2247 n=3454 n=1954 n=1032 P valuet®
Age, y 62.9 (5.8) 62.8 (6.7) 62.4 (5.5) 61.5 (5.4) <0.001
Female sex 1471 (65.5%) 1741 (50.4%) 1087 (565.6%) 779 (75.5%) <0.001
Black race 301 (13.4%) 682 (19.7%) 507 (25.9%) 369 (35.8%) <0.001
Current smoker 481 (21.4%) 474 (13.7%) 193 (9.9%) 92 (8.9%) <0.001
Current alcohol use 1273 (56.7%) 1838 (563.2%) 912 (46.7%) 386 (37.4%) <0.001
Systolic blood pressure, mm Hg 122.9 (19.4) 126.7 (18.2) 129.5 (18.0) 132.6 (17.9) <0.001
Antihypertensive medication use 571 (25.4%) 1238 (35.8%) 945 (48.4%) 613 (59.4%) <0.001
Diabetes 125 (5.6%) 427 (12.4%) 414 (21.2%) 315 (30.5%) <0.001
Waist circumference, cm 871 (7.7) 99.3 (7.0) 110.1 (7.3) 125.4 (11.3) <0.001
Total cholesterol, mg/dL 200.9 (35.3) 202.4 (35.8) 202.5 (38.3) 199.5 (34.4) 0.064
High-density lipoprotein 58.1 (18.1) 49.4 (15.6) 46.7 (14.8) 46.7 (13.5) <0.001
cholesterol, mg/dL
Triglycerides, mg/dL* 103.0 (75.0-143.0) 123.0 (90.0-174.0) 134.0 (100.0-192.0) 133.5 <0.001

(100.0-185.0)

Estimated glomerular filtration 89.9 (77.9-96.0) 89.0 (76.7-95.6) 88.8 (76.3-96.4) 92.1 (78.5-100.6) <0.001
rate
Galectin-3, ng/mL 13.9 (11.9-16.2) 13.7 (11.6-16.9) 14.4 (12.1-16.8) 15.7 (13.0-18.5) <0.001
Galectin-3 Q1 612 (27.2%) 892 (25.8%) 433 (22.2%) 166 (16.1%) <0.001
rs4644—AA 345 (15.4%) 560 (16.2%) 276 (14.1%) 124 (12.0%) 0.002
rs4644—AC 1074 (47.8%) 1595 (46.2%) 921 (47.1%) 462 (44.8%)
rs4644—CC 828 (36.8%) 1299 (37.6%) 757 (38.7%) 446 (43.2%)
Prevalent atrial fibrillation 25 (1.1%) 53 (1.5%) 26 (1.3%) 20 (1.9%) 0.27
Insulin use 28 (1.2%) 62 (1.8%) 86 (4.4%) 83 (8.0%) <0.001

BMI indicates body mass index.

*Continuous variables are presented as means (SD) unless indicated; categorial variables are presented as number (proportion).
P values for continuous variables are based on ANOVA tests if normally distributed, or Kruskal-Wallis tests if not normally distributed. P values for categorical

variables are based on chi-square tests.
*Presented as median (interquartile range).

higher odds of elevated galectin-3. There were similar
demographic differences in the associations of waist
circumference with elevated galectin-3, with stronger
associations among White participants versus Black
participants (P for interaction=0.03) and trends toward
stronger associations among women versus men (P
for interaction=0.06; Table S3).

Galectin-3 had modest to poor correlations with
hsCRP, NTproBNP, and hs-cTnT (Spearman’s cor-
relation 0.24, 0.16, and 0.05, respectively). The as-
sociations of higher BMI categories with elevated
galectin-3 were attenuated but remained significant
after including hsCRP, NTproBNP, and hs-cTnT in
the adjustment model (OR, 1.72; 95% CI, 1.38-2.1.5
for severe obesity versus normal weight; Table 2,
Model 3). After additional adjustment for these bio-
markers, each 5 kg/m? increase in BMI was asso-
ciated with 1.17 (1.10-1.24) higher odds of elevated
galectin-3. Results were attenuated but remained
significant for the association of severe obesity with
elevated galectin-3 in Models 2a and 3a, using GFR

J Am Heart Assoc. 2022;11:023238. DOI: 10.1161/JAHA.121.023238

estimation based on both serum creatinine and cys-
tatin C (Table S4).

In prospective analyses, over a median follow-up
time of 20.5 years (range 0.14-22.9 years), there were
1675 cases of incident HF (1610 [96%] HF hospitaliza-
tions and 65 [4%)] deaths related to HF). We observed a
graded association between higher quartiles of galec-
tin-3 and incident HF in the overall study population,
with galectin-3 >75th sex-specific percentile being
associated with 68% (HR, 1.68; 95% CI, 1.41-2.00;
Model 2) greater risk of HF compared with the lowest
quartile. The association of the highest versus lowest
galectin-3 quartile with HF remained significant after
additional adjustment for BMI (HR, 1.51; 95% ClI, 1.27-
1.81; Model 2+BMI). Galectin-3 was similarly associ-
ated with incident HF across BMI categories, with no
significant interaction between quartiles of galectin-3
and BMI categories on incident HF (Table 4). Results
were attenuated but remained significant in analyses
using eGFR based on serum creatinine and cystatin
C (Model 2a, Table S5), and in analyses adjusted for
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45%

40%

35%

30%

25%

20%

15%

10%

5%

0%
Normal Weight Overweight Mild Obesity Severe Obesity
21% (19%—-22%) 23% (22%—25%) 28% (26%—-30%) 37% (34%—40%)

Figurei. Proportionofparticipantswithelevatedgalectin-3
(=75th sex-specific percentile) across BMI categories.
Normal weight=BMI 18.5 to <25; overweight=BMI 25 to <30; mild
obesity=BMI 30 to <35; severe obesity=BMI| >35. BMI indicates
body mass index.

biomarkers of HF risk (Model 3), for prevalent atrial
fibrillation and insulin use (Model 4), and for time-
varying coronary heart disease (Model 5). Results were
minimally attenuated and remained significant when
considering the competing risk of death (Table S6).

When considering the combined associations of BMI
and galectin-3 with HF risk, we found that higher galec-
tin-3 was associated with greater HF risk within each BMI
category, and similarly higher BMI was associated with
increased HF risk within each galectin-3 quartile (Figure 3
and Table S7). Importantly, we did not find a significant
interaction between BMI categories and galectin-3 quar-
tiles on the outcome of incident HF. Thus, higher BMI
and galectin-3 provided independent prognostic infor-
mation regarding HF risk. Compared with people with
normal weight and galectin-3 in the lowest quartile, the
combination of severe obesity and galectin-3 >75th sex-
specific percentile was associated with a >4-fold higher
risk of future HF (HR, 4.19; 95% Cl, 2.98-5.88).

Obesity, Biomarkers, and Heart Failure

DISCUSSION

In this analysis from the ARIC cohort, we found that
higher BMI was independently associated with higher
odds of elevated galectin-3, a biomarker of inflamma-
tion and fibrosis. Importantly, although the association
between BMI and galectin-3 was robust across de-
mographic subgroups, the strength of the association
varied significantly by sex and race. Our results were
robust and remained significant after adjustments for
additional biomarkers of HF risk. In prospective analy-
ses, obesity and galectin-3 provided independent
prognostic information about HF risk, with the combi-
nation of severe obesity and elevated galectin-3 linked
to a >4-fold higher risk than the combination of normal
weight and low galectin-3.

Prior population-based studies have shown that
galectin-3 is independently associated with increased
risk of future HF in healthy individuals and following
acute myocardial infarction.'*2” In addition to levels
at a single time point, longitudinal changes in galec-
tin-3 have also been linked to higher risk of HF and
provide incremental prognostic information in people
with existing HF.? Our study adds to this body of liter-
ature by demonstrating strong associations of obesity
with galectin-3 and marked HF risk associated with
galectin-3 elevation among people with excess weight.
These findings suggest potent associations of obesity
with cardiac inflammation and fibrosis and that the
presence of both may have important prognostic im-
plications for the development of HF.

Preclinical studies demonstrate that myocardial
expression of galectin-3 is low in normal hearts but
rapidly increases preceding the development of HF.?
Galectin-3 is secreted by cardiac macrophages and
promotes fibroblast proliferation and collagen deposi-
tion leading to adverse cardiac remodeling and fibro-
sis.'® Galectin-3 may also amplify inflammation through
macrophage activation and monocyte chemoattrac-
tion.?® Animal studies suggest that obesity upregu-
lates galectin-3 in the cardiovascular system, and that
its pharmacological inhibition decreases cardiac and

Table 2. Odds Ratios and 95% CI for the Association of Categories of BMI With Elevated Galectin-3 (275th Sex-Specific

Percentile) in the Overall Study Population at Visit 4

Normal weight

Adjustment model (BMI 18.5 to <25)

Overweight
(BMI 25 to <30)

Severe obesity
(BMI 235)

Obesity
(BMI 30 to <35)

Model 1* Reference (1) 1.21" (1.05-1.40) 1.64" (1.39-1.93) 2,601 (2.15-3.15)
Model 2+ Reference (1) 1.08 (0.93-1.27) 1.341 (1.12-1.60) 2.321 (1.88-2.86)
Model 3% Reference (1) 0.98 (0.84-1.16) 114 (0.95-1.38) 1.721 (1.38-2.15)

ARIC indicates Atherosclerosis Risk in Communities; and BMI, body mass index.
*Model 1: age, sex, race-ARIC center, smoking status, alcohol intake, and rs4644.

TP<0.05.

*Model 2: Model 1 variables plus systolic blood pressure, use of anti-hypertensive medication, total cholesterol, high-density lipoprotein-cholesterol,

triglycerides, diabetes, and estimated glomerular filtration rate.

SModel 3: Model 2 variables plus high-sensitivity C-reactive protein, N-terminal pro-B-type hormone brain natriuretic peptide, and high-sensitivity cardiac

troponin T.
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Figure 2. Continuous association of BMI (kg/m?) with the
odds of elevated galectin-3 (>75th sex-specific percentile)
using restricted cubic spline.

Adjusted for age, sex, race-ARIC center, smoking status, alcohol
use, hypertension, total cholesterol, HDL-c, triglycerides, diabetes,
eGFR, and rs4644. ARIC indicates Atherosclerosis Risk in
Communities; BMI, body mass index; eGFR, estimated glomerular
filtration rate; HDL-c, high-density lipoprotein cholesterol; and OR,
odds ratio.

vascular inflammation and fibrosis, ultimately prevent-
ing HF.3% Our study further corroborates the concept
that excess adiposity may be independently linked
to cardiac inflammation and fibrosis, as reflected
by elevated circulating levels of galectin-3 within a
community-based population.

Galectin-3 levels are also inversely related to renal
function,®" which can itself promote volume overload
and HF development. Recently, it has been suggested

Obesity, Biomarkers, and Heart Failure

that GFR estimates based on both serum creatinine
and cystatin C may more accurately reflect renal func-
tion, particularly among people with obesity.33 In our
study, we found the association of BMI with elevated
galectin-3 was attenuated when considering eGFR
based on both serum creatinine as well as cystatin C,
suggesting that renal impairment may contribute to the
BMI and galectin-3 association.

In our diverse study population, we found signifi-
cant differences in the associations of adiposity with
elevated galectin-3 according to demographics, with
stronger associations among women and White adults.
These findings may underlie known differences in the
epidemiology and pathogenesis of HF across demo-
graphic subgroups. For example, obesity and diabetes
have stronger associations with incident HF among
women.3334 Women and White adults also have higher
risk of HF with preserved versus reduced ejection
fraction.®®36 Systemic inflammation and microvascular
dysfunction are thought to be central pathways lead-
ing to HF in those with obesity, particularly for HF with
preserved ejection fraction.®” Although we were unable
to examine HF subtypes in this analysis, it is possi-
ble that the demographic differences described here
reflect differences in the pathogenesis of HF across
demographic subgroups. In fact, some studies have
shown that circulating galectin-3 is associated with
progressive diastolic dysfunction and HF with pre-
served ejection fraction.®® Future studies are needed
to further understand the pathophysiologic and clinical
implications of demographic differences in the associ-
ation between obesity and galectin-3.

Our findings have several clinical implications.
There is growing emphasis on targeting individuals in
the preclinical stages of HF to prevent progression to

Table 3. Odds Ratios and 95% CI* for the Association of Categories of BMI With Elevated Galectin-3 (>75th Sex-Specific

Percentile) Stratified by Age, Sex, and Race

Normal weight

(BMI 18.5 to Overweight Obesity Severe obesity
Subgroup <25) (BMI 25 to <30) (BMI 30 to <35) (BMI >35) P interaction
<65y Reference (1) 1.09 (0.88-1.35) 1.271 (1.01-1.61) 2.65" (2.04-3.44) 0.08
N=5389 (n=1104 with elevated galectin-3)
>65y Reference (1) 1,07 (0.86-1.34) 1.441 (1.12-1.86) 1,771 (1.28-2.45)
N=3298 (n=1084 with elevated galectin-3)
Men Reference (1) 0.81 (0.64-1.03) 0.97 (0.75-1.27) 1.32 (0.90-1.92) <0.001
N=3609 (n=903 with elevated galectin-3)
Women Reference (1) 1.30" (1.06-1.60) 1.65" (1.32-2.08) 3.001 (2.34-3.85)
N=5078 (n=1285 with elevated galectin-3)
White race Reference (1) 1.18 (1.00-1.41) 1.47t (1.20-1.79) 2,571 (2.01-3.28) 0.04
N=6828 (n=1613 with elevated galectin-3)
Black race Reference (1) 0.70 (0.49-1.00) 0.88 (0.60-1.28) 1.50" (1.01-2.22)
N=1859 (n=575 with elevated galectin-3)

ARIC indicates Atherosclerosis Risk in Communities; and BMI, body mass index.
*Adjusted for: age, sex, and race-ARIC center, except where stratified, as well as smoking status, alcohol intake, systolic blood pressure, use of antihypertensive
medication, total cholesterol, high-density lipoprotein-cholesterol, triglycerides, diabetes, estimated glomerular filtration rate, and rs4644.

TP<0.05.
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Table 4. Hazard Ratios and 95% CI* for the Association of Quartiles of Galectin-3 With Incident Heart Failure After Visit 4,

Stratified by BMI

Obesity, Biomarkers, and Heart Failure

Subgroup

Galectin-3 Q1

Galectin-3 Q2

Galectin-3 Q3

Galectin-3 Q4

P interaction

Overall

Reference (1

1.11 (0.94-1.30)

1.261 (1.07-1.49)

1.681 (1.41-2.00)

Normal weight (BMI 18.5 to <25)

Reference (1

1.601 (1.13-2.26)

1.531 (1.08-2.19)

2.49' (1.76-3.52)

Overweight (BMI 25 to <30)

0.95 (0.74-1.21)

1.19 (0.93-1.52)

1.361 (1.06-1.75)

Obesity (BMI 30 to <35)

Reference (1

1.00 (0.74-1.36)

1.06 (0.79-1.44)

1.33 (0.99-1.77)

Severe obesity (BMI >35)

(
(
Reference (
(
(

)
)
1)
)
)

Reference (1

0.98 (0.66-1.46)

113 (0.77-1.65)

1.50" (1.05-2.15)

0.16

ARIC indicates Atherosclerosis Risk in Communities; and BMI, body mass index.
*Adjusted for age, sex, race-ARIC center, smoking status, alcohol intake, systolic blood pressure, use of antihypertensive medication, total cholesterol, high-
density lipoprotein-cholesterol, triglycerides, diabetes, estimated glomerular filtration rate, and rs4644.

TP<0.05.

overt clinical disease. The strong association between
obesity and elevated galectin-3 in an ambulatory pop-
ulation highlights the significant degree of subclini-
cal myocardial inflammation and fibrosis related to
excess weight. Because the combination of severe
obesity and elevated galectin-3 was linked to mark-
edly increased HF risk, these measures have potential
to identify those who could particularly benefit from
aggressive preventive strategies. Although marked
weight loss among those with obesity is likely linked to
lower HF risk, achieving and maintaining weight loss is
often elusive for many. Beyond serving as a dynamic
indicator of HF risk, galectin-3 could even be examined
as a future pharmacologic target for HF prevention in
the high-risk population of individuals with obesity,
where therapeutic strategies beyond weight loss are
largely undefined.

4.19
45
4.0
3.5
3.0
25
2.0
Severe Obesity
15 Mild Obesity
’ Overweight
10 Normal Weight
Gal-3Q1 Gal-3Q2 Gal-3Q3 Gal-3Q4
= Normal Weight = Overweight = Mild Obesity Severe Obesity

Figure 3. Combined associations of obesity and galectin-3
with incident HF.

Hazard ratios adjusted for age, sex, race-ARIC center, smoking
status, alcohol use, hypertension, total cholesterol, HDL-c,
triglycerides, diabetes, eGFR, and rs4644. P value for interaction
between quartiles of galectin-3 and BMI categories on the
outcome of incident HF, from likelihood ratio test, is 0.16. ARIC
indicates Atherosclerosis Risk in Communities; BMI, body mass
index; eGFR, estimated glomerular filtration rate; HDL-c, high-
density lipoprotein cholesterol; and HF, heart failure.

J Am Heart Assoc. 2022;11:023238. DOI: 10.1161/JAHA.121.023238

Limitations of this study include its observational
nature with possible residual confounding. We unfortu-
nately did not have the data available to assess the as-
sociations of BMI and galectin-3 with the HF subtypes
of HF with preserved versus reduced ejection fraction.
Additionally, HF cases in ARIC were defined based on
records of hospitalization and /ICD codes, with poten-
tial for misclassification. Milder cases of HF diagnosed
in the outpatient setting were not captured, likely lead-
ing to an underestimation of HF events. Nonetheless,
this study has many strengths including the use of a
broadly representative community-based sample with
robust risk factor characterization and extended fol-
low-up for HF events. The inclusion of a diverse cohort
allowed us to identify important demographic differ-
ences in the association between obesity and elevated
galectin-3. Furthermore, in the present study, genotyp-
ing allowed for adjustments for rs4644, likely improving
the accuracy of the results.

In summary, we found that higher BMI is inde-
pendently linked to elevated galectin-3, a marker of
inflammation and fibrosis. The associations of obe-
sity and galectin-3 varied according to sex and race,
with possible implications for differences in the myo-
cardial effects of obesity across these subgroups.
Furthermore, the combination of severe obesity and
elevated galectin-3, compared with those with normal
weight and with low galectin-3, identifies a subgroup at
particularly high risk of future HF who may benefit from
aggressive preventive measures.
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SUPPLEMENTAL MATERIAL



Table S1. Baseline Characteristics of the Participants Excluded from the Study for not Having

Information on Gal-3 Compared to Those Included.

Variable* Without Gal-3 With Gal-3
(n=735) (n=8,687)
Age, years 62.7 (5.7) 62.6 (5.6)
Female sex 398 (54.1%) 5,078 (58.5%)
Black race 157 (21.4%) 1,859 (21.4%)

Current smoker

440 (59.9%)

4,934 (56.8%)

Current alcohol use

374 (50.9%)

4,409 (50.8%)

SBP, mmHg

128.8 (19.4)

127.0 (18.7)

Anti-hypertensive medication use

276 (37.6%)

3,367 (38.8%)

Diabetes mellitus

120 (16.3%)

1,281 (14.7%)

Waist circumference, cm 101.6 (13.6) 101.7 (14.2)
Total cholesterol, mg/dl 204.9 (38.6) 201.7 (36.1)
HDL-c, mg/dl 49.4 (16.2) 50.7 (16.5)

Triglycerides, mg/dI”

123.0 (89.0-171.0)

121.0 (88.0-172.0)

eGFR* 88.7 (75.9-96.0) | 89.5(77.1-96.3)
BMI, kg/m? 28.7 (5.3) 28.7 (5.4)
rs4644 - AA 116 (15.8%) 1,305 (15.0%)
rs4644 - AC 301 (41.0%) 4,052 (46.6%)
rs4644 - CC 318 (43.3%) 3,330 (38.3%)




Prevalent Atrial Fibrillation 7 (1.0%) 124 (1.4%)

Insulin Use 23 (3.1%) 259 (3.0%)

* Continuous variables are presented as means (standard deviation) unless indicated; categorial
variables as number (proportion)

t Presented as median (interquartile range)

T eGFR = estimated glomerular filtration rate; Gal-3 = galectin 3; HDL-c = high-density

lipoprotein cholesterol; SBP = systolic blood pressure



Table S2. Baseline (Visit 4) Characteristics of the Study Population Stratified by Quartiles of

Gal-3
Variable* Gal-30Q1 Gal-3 Q2 Gal-3 Q3 Gal-3 Q4 p value
Age, years 61.3 (5.4) 62.1 (5.5) 62.7 (5.5) 64.2 (5.7) <0.001
Female sex 1220 1317 1256 1285 0.80
(58.0%) (59.2%) (57.9%) (58.7%) '
Black race 371 (17.6%) | 420 (18.9%) | 493 (22.7%) | 575 (26.3%) <0.001
Current smoker | 296 (14.1%) | 313 (14.1%) | 308 (14.2%) | 323 (14.8%) 0.23
Current alcohol 1150 1213 1109 o
use (54.7%) (54.5%) (51.1%) | 937(428%) | <0.001
SBP, mmHg 125.3 (18.1) | 126.6 (18.4) | 127.0 (18.1) | 129.3 (19.7) <0.001
Anti- 1171
hypertensive 632 (30.1%) | 726 (32.6%) | 838 (38.6%) <0.001
S (53.5%)
medication use
Diabetes mellitus | 277 (13.2%) | 281 (12.6%) | 326 (15.0%) | 397 (18.1%) | <0.001
Waist
circumference, 99.4 (13.2) 100.6 (13.7) | 102.1 (14.3) | 104.5(15.0) <0.001
cm
Total f;‘g}glstero" 200.8 (34.6) | 202.0(36.5) | 201.1(35.3) | 202.8(37.9) | 0.27
HDL-c, mg/dl 51.7 (16.5) | 51.2(16.7) | 50.6 (16.4) | 49.4(16.3) <0.001
Triglycerides, | 116.0 (83.0- | 119.0 (86.0- | 120.0 (89.0- | 131.0 (94.0- <0.001
ma/dIt 163.0) 169.0) 170.0) 186.0) '
92.6 (82.7- | 90.8(79.7- | 89.1(77.2- | 82.8(68.6-
*
eGFR 98.7) 97.7) 95.5) 92.9) <0.001
BMI, kg/m? 27.9 (4.8) 28.4 (5.1) 28.8 (5.5) 29.8 (6.0) <0.001
BMI 235 (%) 166 (7.9%) | 228 (10.2%) | 260 (12.0%) | 378 (17.3%) <0.001
rs4644 - AA 893 (42.5%) | 276 (12.4%) | 98 (4.5%) 38 (1.7%)
1022 1380 1014 <0001
- 0,
rs4644 - AC (48.6%) (62.0%) (46.7%) 636 (29.1%)




1058 1514
- 0, 0,
54644-CC | 188 (89%) | 570 (256%) | (o000 (69.2%)
Prevalent Atrial | 56 4 506y | 22(1.0%) | 25(1.2%) | 51 (2.3%) <0.001
Fibrillation €70 U 2% 3% :
Insulin Use 55(2.6%) | 46(2.1%) | 69 (3.2%) | 89 (4.1%) <0.001

* Continuous variables are presented as means (standard deviation) unless indicated; categorial
variables as number (proportion)

t Presented as median (interquartile range)

T eGFR = estimated glomerular filtration rate; Gal-3 = galectin 3; HDL-c = high-density
lipoprotein cholesterol; SBP = systolic blood pressure

8 Quartile of Gal-3: Males Q1 = 6-11 ng/mL, Females Q1 = 4-13 ng/mL; Males Q2 = 11-13
ng/mL, Females Q2 = 13-15 ng/mL; Males Q3 = 13-15 ng/mL, Females Q3 = 15-18 ng/mL;

Males Q4 = 15-103 ng/mL, Females Q4 = 18-114 ng/mL




Table S3: Odds Ratios and 95% CI' for the Association of Quartiles of Waist Circumference with

Elevated Galectin-3, Overall and Stratified by Age, Sex, and Race

elevated gal-3)

Subarou WC Q1 WC Q2 WC Q3 WC Q4 P
group 1 (51.91 cm) | (92-100cm) | (101-109 cm) | (110-169 cm) | Interaction
Overall
N= 8687 Reference 1.09 1.25¢% 1.65*
(n=2188 with Q) (0.92-1.30) (1.04-1.49) (1.38-1.98)
elevated gal-3)
<65 years
N= 5389 Reference 1.17 1.15 1.77*
(n=1104 with Q) (0.93-1.48) (0.91-1.46) (1.42-2.22)
elevated gal-3) 0.13
265 years '
N= 3298 Reference 1.00 1.36% 1.49%
(n=1084 with Q) (0.77-1.29) (1.04-1.76) (1.14-1.94)
elevated gal-3)
Men
N= 3609 Reference 1.02 1.04 1.26
(n=903 with Q) (0.76-1.37) (0.77-1.40) (0.92-1.71)
elevated gal-3) 0.06
Women
N= 5078 Reference 1.06 1.36% 1.88%
(n=1285 with (@H) (0.85-1.32) (1.08-1.71) (1.53-2.33)
elevated gal-3)
White
N= 6828 Reference 1.24* 1.41*% 1.86%
(n=1613 with Q) (1.02-1.51) (1.14-1.73) (1.51-2.28)
elevated gal-3)
Black 0.03
N= 1859 Reference 0.72 0.85 1.14
(n=575 with Q) (0.50-1.02) (0.59-1.21) (0.82-1.60)

* Abbreviation: WC = waist circumference

T Adjusted for: age, sex, race-center, smoking status, alcohol intake, systolic blood pressure,

use of anti-hypertensive medication, total cholesterol, HDL-cholesterol, triglycerides, diabetes

mellitus, eGFR, and rs4644.

1 p<0.05



Table S4. Odds Ratios for the Association of Categories of BMI with Elevated Galectin-3 (275"

Sex-Specific Percentile), Adjusted for eGFR based on Serum Creatinine and Cystatin C

Adjustment | Normal Weight Overweight Obesity Severe Obesity
Model (BMI 18.5-<25) (BMI 25-<30) (BMI 30-<35) (BMI 235)
1.03 1.18 1.80%
*
Model 2a Reference (1) (0.88-1.21) (0.98-1.42) (1.45-2.23)
0.94 1.02 1.39%
.
Model 3a Reference (1) (0.79-1.10) (0.84-1.23) (1.10-1.74)

* Model 2a: Adjusted for age, sex, race-center, smoking status, alcohol intake, rs4644, systolic

blood pressure, use of anti-hypertensive medication, total cholesterol, HDL-cholesterol,

triglycerides, diabetes mellitus and eGFR based on serum creatinine and cystatin C.

t Model 3a: Model 2a variables plus hsCRP, NTproBNP, and hs-cTnT.

t p<0.05




Table S5. Hazard Ratios and 95% CI for the Association of Quartiles of Gal-3 with Incident HF

After Visit 4, Stratified by BMI

P
Subgroup Gal-3 Q1 Gal-3 Q2 Gal-3 Q3 Gal-3 Q4 Interaction
Model 2*
Obesit
absen}[/ Reference (1) 1.15 1.31% 1.71%
(BMI 18.5- (0.94-1.40) | (1.06-1.61) | (1.38-2.11)
<3C?bl:ags/irt];/2) 0.79
present Ref 1 1.02 1.14 1.49%
(BMI =30 eference (1) | 9 g0-1.30) | (0.90-1.45) | (1.18-1.88)
kg/m2)
Model 2a'
Obesity
absent Reference (1) 1.10 1.21 1.50*%
(BMI 18.5- (0.90-1.34) (0.98-1.49) (1.21-1.87)
<:igbke%/ig]/2) 0.73
present Reference (1) 0.97 1.06 1.28%
2 .76-1.24 .83-1.34 1.01-1.
BMI =30 0.76-1.2 0.83-1.3 01-1.63
kg/m2)
Model 3*
Obesity
absent Reference (1) 1.10 1.16 1.37%
(BMI 18.5- (0.90-1.35) (0.94-1.43) (1.10-1.70)
present Reference (1) 0.95 1.04 1.28*%
(BMI 230 (0.75-1.22) (0.82-1.33) (1.01-1.62)
kg/m2)

Model 48




Obesity
absent Reference (1) 1.11 1.18 1.38*
(BMI 18.5- (0.91-1.36) (0.96-1.45) (1.11-1.72)
<30 kg/m2)
. 0.78
Obesity
present Reference (1) 0.96 1.03 1.27
(BMI 230 (0.75-1.23) (0.81-1.31) (1.00-1.62)
kg/m2)
Model 5!
Obesity
absent Reference (1) 1.17 1.16 1.39%
(BMI 18.5- (0.95-1.43) (0.94-1.42) (1.12-1.73)
<30 kg/m2)
. 0.68
Obesity
present Reference (1) 0.97 1.07 1.31%
(BMI 230 (0.76-1.24) (0.84-1.36) (1.03-1.66)
kg/m2)

* Model 2: adjusted for age, sex, race-center, smoking status, alcohol intake, systolic blood

pressure, use of anti-hypertensive medication, total cholesterol, HDL-cholesterol, triglycerides,

diabetes mellitus, eGFR, and rs4644

T Model 2a: adjusted for age, sex, race-center, smoking status, alcohol intake, systolic blood

pressure, use of anti-hypertensive medication, total cholesterol, HDL-cholesterol, triglycerides,

diabetes mellitus, eGFR based on serum creatinine and cystatin C, and rs4644

T Model 3: Model 2 variables plus hsCRP, NTproBNP, and hs-cTnT.

8 Model 4: Model 3 variables plus prevalent atrial fibrillation and insulin use.

|| Model 5: Model 4 variables plus time-varying coronary heart disease.

# p<0.05




Table S6. Hazard Ratios and 95% CI* for the Association of Quartiles of Gal-3 with Incident HF

After Visit 4, Stratified by BMI, considering the competing risk of death

Subgroup Gal-3Q1 Gal-3 Q2 Gal-3 Q3 Gal-3 Q4
Obesity absent
1.13 1.25t 1.451
(BMligl/?ﬁgfe’o Reference (1) (0.93-1.38) (1.01-1.54) (1.17-1.80)
Obesity present
1.03 1.08 1.341
(i’;’}'ngo Reference (1) (0.80-1.31) (0.84-1.37) (1.05-1.70)

* Adjusted for age, sex, race-center, smoking status, alcohol intake, systolic blood pressure, use

of anti-hypertensive medication, total cholesterol, HDL-cholesterol, triglycerides, diabetes

mellitus, eGFR, and rs4644

T p<0.05




Table S7. Incidence Rates', Hazard Ratios and 95% CI* for the Association of Cross-Categories

of Obesity and Galectin-3 with Incident HF

Subgroup Gal-3Q1 Gal-3Q2 Gal-3 Q3 Gal-3Q4
Normal IR 4.8 7.8 8.4 14.9
Weight (95% Cl) (3.6-6.3) (6.2-9.6) (6.7-10.4) (12.2-18.1)

(BMI 18.5- HR Reference (1) 1.608 1.548 2.465

24.9) (95% Cl) (1.13-2.26) | (1.08-2.20) | (1.74-3.48)
IR 8.5 8.7 10.6 15.0
Overweight (95% Cl) (7.2-10.1) (7.3-10.3) (9.0-12.4) (12.9-17.3)
(BMI 25-29.9) HR 1.638 1,558 1.978 2.258
(95% Cl) (1.19-2.25) (1.12-2.14) | (1.43-2.72) | (1.63-3.11)
IR 11.0 10.9 11.9 18.0
Obesity (95% Cl) (8.8-13.6) (8.7-13.4) (9.7-14.5) (15.2-21.1)
(BMI 30-34.9) HR 1.06° 1.055 2.088 2638
(95% Cl) (1.38-2.77) (1.38-2.76) | (1.47-2.94) | (1.88-3.68)
IR 15.7 15.2 18.7 24.3
Severe (95% Cl) (11.4-21.2) (11.6-19.7) | (14.8-23.4) | (20.4-28.7)
Obesity
(BMI 235) HR 2.845 2.795 3.238 4.195
(95% Cl) (1.89-4.28) (1.91-4.08) | (2.25-4.64) | (2.985.88)

* Abbreviations: BMI = body mass index, Cl = confidence interval, Gal-3 = galectin-3, HF =

heart failure, HR = hazard ratio, IR = incidence rate, Q = quartile

T IR per 1,000 person-years

T Adjusted for age, sex, race-center, smoking status, alcohol use, hypertension, total

cholesterol, HDL-c, triglycerides, diabetes, eGFR, rs4644

§ p<0.05
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