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Introduction: Cardiac biomarkers soluble ST2 (sST2) and galectin-3 may reflect cardiac inflammation and

fibrosis. It is plausible that these mechanisms may also contribute to the progression of kidney disease.

We examined associations of sST2 and galectin-3 with kidney function decline in participants with chronic

kidney disease (CKD).

Methods: This was a pooled analysis of 2 longitudinal cohorts of participants with CKD: the Clinical

Phenotyping and Resource Biobank (C-PROBE) study and the Seattle Kidney Study (SKS). We measured

circulating concentrations of sST2 and galectin-3 at baseline. Our primary outcome was progression to

estimated glomerular filtration rate (eGFR) <15 ml/min per 1.73 m2 or end-stage renal disease (ESRD). We

used competing risk Cox regression models to study the association of sST2 and galectin-3 with CKD

progression, adjusting for demographics, kidney function, and comorbidity.

Results: Among the 841 participants in the pooled cohort, baseline eGFR was 51 � 27 ml/min per 1.73 m2

and median urine albumin-to-creatinine ratio (UACR) was 141 (interquartile range ¼ 15�736) mg/g.

Participants with higher sST2 and galectin-3 were more likely to be older, to have heart failure and

diabetes, and to have lower eGFR. Adjusting for demographics, kidney function, and comorbidity, every

doubling of sST2 was not associated with progression to eGFR <15 ml/min per 1.73 m2 or ESRD (adjusted

hazard ratio 1.02, 95% confidence interval ¼ 0.76�1.38). Every doubling of galectin-3 was significantly

associated with a 38% (adjusted hazard ratio ¼ 1.35, 95% confidence interval ¼ 1.01�1.80) increased risk of

progression to eGFR <15 ml/min per 1.73 m2 or ESRD.

Conclusion: Higher concentrations of the cardiac biomarker galectin-3 may be associated with progression

of CKD, highlighting potential novel mechanisms that may contribute to the progression of kidney disease.
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H
eart failure is common among patients with
chronic kidney disease (CKD) and end-stage-renal

disease (ESRD),1,2 and is associated with significant
morbidity and mortality in these populations.3�6 Heart
failure is also associated with kidney function decline
in patients with5,7,8 and without9 CKD. Recent studies
have suggested that circulating heart failure bio-
markers are also associated with kidney function
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decline.10�12 Novel heart failure biomarkers that are
thought to signal cardiac inflammation and fibrosis
have been recently identified, and may also link cardio-
vascular disease (CVD) with kidney disease.

Soluble ST2 (sST2) is a member of the interleukin
(IL)�1 receptor family that is thought to induce
inflammation, myocardial hypertrophy, and fibrosis by
neutralizing the effects of IL-33.13 Galectin-3 is a
b-galactoside�binding lectin expressed ubiquitously
and thought to be involved in inflammation and fibrosis
in both the heart and kidney.14�16 Several studies have
established a link between these biomarkers and heart
failure, as well as with major cardiovascular events
and death,11,13,16�18 although less is known about
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their relationship with kidney disease. It is possible
that elevations in these biomarkers represent parallel
processes affecting both the kidneys and heart, or,
alternatively, heart disease leading to kidney disease.

Cross-sectional studies have shown associations of
sST2 and galectin-3 with lower estimated glomerular
filtration rate (eGFR)19�23 and albuminuria.24 However,
the few studies that have evaluated the associations of
sST2 and galectin-3 with longitudinal kidney function
decline have produced somewhat conflicting results.
An earlier study found that neither sST2 nor galectin-3
was associated with rapid kidney function decline or
development of ESRD in older adults without CKD.25

However, sST2 has suggestive associations with inci-
dent albuminuria in patients without CKD11 and has
also been found to predict acute kidney injury.26

Similarly, galectin-3 has been associated with rapid
decline in kidney function, incident CKD, and incident
albuminuria in patients without CKD.27 Few studies
have evaluated these biomarkers in the CKD popula-
tion, who are at greatest risk for progressive loss of
kidney function. Therefore, in this study, we examined
the association of circulating sST2 and galectin-3 with
kidney function decline in patients with CKD in a
pooled study of 2 longitudinal cohort studies, the
Clinical Phenotyping and Resource Biobank (C-PROBE)
study and the Seattle Kidney Study (SKS).

METHODS

Study Populations

This was a pooled study of 2 longitudinal CKD cohorts:
the C-PROBE study and the SKS.

Clinical Phenotyping and Resource Biobank Study

The C-PROBE study, supported by the George M.
O’Brien Michigan Kidney Translational Core Center at
the University of Michigan, is a multicenter ongoing,
prospective observational cohort study that began
enrollment in March 2009. Patients with CKD stage 1 to
4 are recruited from 6 sites in the United States: John
H. Stroger Hospital, Chicago; Renaissance Renal
Research Institute, Detroit; University of Michigan
Nephrology Program, Ann Arbor; Wayne State Uni-
versity Nephrology Program, Detroit; Temple Univer-
sity Nephrology Program, Philadelphia; and Carolinas
Medical Center, Levine Children’s Hospital, Charlotte
(http://kidneycenter.med.umich.edu/C-PROBE).28�30

Patient demographics, socioeconomic variables, clinical
information and biosamples were collected at enroll-
ment and annually thereafter. Patients with polycystic
kidney disease and those who underwent dialysis or
transplantation were excluded. At the time of this
study, 741 participants were enrolled in C-PROBE.
Inclusion criteria for this study were age >18 years and
104
baseline eGFR >15 and #90 ml/min per 1.73 m2. With
these exclusions, 561 participants were included in our
analysis (Supplementary Figure S1).

Seattle Kidney Study

The SKS is a nephrology clinic�based, ongoing cohort
study of persons with CKD, which began recruitment
in June 2004.31�34 Participants were recruited from
outpatient nephrology clinics at the University of
Washington Medical Center, Harborview Medical
Center, and the Veterans Affairs Puget Sound Health
Care Center in Seattle, Washington. Inclusion criteria
were age $18 years and either eGFR #90 ml/min per
1.73 m2 or a urinary protein-to-creatinine ratio of >30
mg/g. Exclusion criteria included current dialysis,
current or previous kidney transplantation, inability to
provide informed consent, or expectation of dialysis
initiation within 3 months. The study was approved by
the University of Washington Institutional Review
Board. The protocol includes annual in-person study
visits with blood collections that are separate from the
clinical events and therefore reflective of ambulatory
health status. A total of 530 participants met inclusion
criteria and were enrolled in SKS. Inclusion criteria for
our study were: available follow-up beyond baseline
study visit, available biospecimens, and baseline eGFR
>15 ml/min per 1.73 m2. With these exclusions, 280
participants were included in this analysis
(Supplementary Figure S1).

Circulating sST2 and Galectin-3 Measurement in

C-PROBE and SKS

Soluble ST2 and galectin-3 concentrations were
measured in plasma (C-PROBE) or serum (SKS) using
enzyme-linked immunosorbent assay (for sST2: Critical
Diagnostics, San Diego, CA; for galectin-3: R&D Sys-
tems, Minneapolis, MN). All assays were performed at
the University of Washington. The absorbances for
each analyte were measured by spectrophotometry (450
nm) and unknown concentrations determined through
a 4-parameter logistic curve fit. The intraassay co-
efficients of variation were 9.58% for sST2 and 9.80%
for galectin-3. We performed duplicate measures of
each biomarker in 44 participants in our study, which
showed good repeatability (Pearson correlation co-
efficients, 0.9588 for sST2 and 0.9407 for galectin-3).

Progression of Kidney Disease

Progression of kidney disease was defined as progres-
sion to eGFR <15 ml/min per 1.73 m2 or ESRD (defined
as need for dialysis or transplantation). End-stage renal
disease was determined by review of the medical re-
cords and participant self-report. End of the follow-up
was July 2016 for C-PROBE and February 2013 for SKS.
Serum creatinine was measured by the modified rate
Kidney International Reports (2019) 4, 103–111
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Jaffe method with an assay traceable to isotope dilution
mass spectrometry. We calculated eGFR annually using
the Chronic Kidney Disease Epidemiology Collaboration
(CKD-EPI) equation.35

Covariates

Covariates were obtained from clinical records for
participants in C-PROBE and from research study visits
in SKS. Prevalent conditions were determined on the
basis of physician diagnosis in the medical record
(C-PROBE) or by self-report (SKS). In C-PROBE, medi-
cations were ascertained from the patients’ medical
records. In SKS, medications were assessed by in-
ventory assessment, and missing medication data were
completed by chart review.36 In SKS, diabetes was
defined by any of the following: use of an oral hypo-
glycemic medication or insulin, fasting blood
sugar $126 mg/dl, nonfasting blood sugar $200 mg/
dl, or hemoglobin A1c $6.5%. In SKS, 3 seated blood
pressure (BP) measurements were recorded using an
automated sphygmomanometer; the average of the last
2 readings was retained for analysis. Hypertension was
defined by the use of any antihypertensive medication,
systolic BP $140 mm Hg or diastolic BP $90 mm Hg.
Body mass index (BMI) was measured at study visits.
General chemistries were measured on Beckman-
Coulter DxC autoanalyzer (Beckman-Coulter, Brea,
CA). Urine albumin and creatinine were measured in
spot morning or overnight urine collections, by a timed
end point method and with the modified Jaffe method.

Statistical Analyses

This was a pooled analysis of C-PROBE and SKS.
Characteristics of the pooled study populations were
described across quartiles of each biomarker. Spearman
correlation coefficients were calculated for each
biomarker of interest and kidney function measures,
with statistical significance at P values <0.05.

Unadjusted incidence rates for progression to
eGFR <15 ml/min per 1.73 m2 or ESRD (per doubling of
each biomarker) were calculated as the number of
events divided by person-years at risk in both study
cohorts. Kaplan�Meier curves were generated to
examine the rates of CKD progression across quartiles
of sST2 and galectin-3. We used a Cox proportional
hazards regression in a competing risks context using
the method proposed by Lunn and McNeil37 to test the
association of each biomarker (per doubling and in
quartiles) at baseline and risk of progression to
eGFR <15 ml/min to 1.73 m2 or ESRD. This approach
stratifies on event type and allows for estimation of the
separate associations of each risk factor with the rela-
tive hazard of each outcome under a proportional
hazards assumption. Covariates for adjustment were
Kidney International Reports (2019) 4, 103–111
selected a priori based on previous literature regarding
potential confounders. Nested models were used to
explore the confounding effects of demographics,
known cardiovascular risk factors, and kidney func-
tion. The model adjusted for age, race, gender,
log(eGFR), log(urine albumin-to-creatinine ratio
[UACR]), education, body mass index (BMI), smoking,
prevalent heart failure, prevalent coronary artery dis-
ease, prevalent diabetes, systolic BP, and antihyper-
tensive medication use. Interaction of each biomarker
with baseline eGFR was assessed in each model.
Censoring events included loss to follow-up (1% in SKS
and 0% in C-PROBE) or end of the study period (23
February 2013 for SKS and 29 July 2016 for C-PROBE).
Patients were followed forward from study enrollment
to the first occurrence of a study outcome, censoring
event, or competing event (death).

All analyses were performed using Stata version 13.1
(StataCorp, College Station, TX) and IBM SPSS Statistics
for Windows version 23.0 (IBM Corp., Armonk, NY).

RESULTS

Characteristics of Study Populations

Mean ages of participants from C-PROBE and SKS were
55 and 62 years, respectively. In comparison to C-
PROBE, SKS had more male and white participants. In
comparison to C-PROBE, SKS participants were more
likely to have prevalent cardiovascular disease, dia-
betes, and hypertension, and to use statins at baseline.
Mean eGFR was 55 and 42 ml/min per 1.73 m2, and
median UACR was 217 and 118 mg/g, in C-PROBE and
SKS participants, respectively (Supplementary
Table S1).

In the pooled study population of 841 participants,
those in the higher quartiles of sST2 were more likely
to be older and male and to have prevalent CVD and
heart failure, higher blood pressure, lower eGFR, and
higher UACR (Table 1). Participants in the highest
quartile of galectin-3 were more likely to be older and
female and to have prevalent CVD and diabetes, higher
blood pressure, higher BMI, lower eGFR, and higher
UACR (Table 2).

Correlations of sST2 and Galectin-3 With Mea-

sures of Kidney Function

In the pooled cohort, eGFR and UACR were signifi-
cantly correlated with both sST2 and galectin-3
(Table 3). The strongest correlations were seen for
eGFR with galectin-3 and UACR with sST2.

Association of sST2 and Progression of CKD

Median follow-up time was 2.81 (interquartile range
[IQR] ¼ 1.78�3.98) and 3.41 (IQR ¼ 1.84�) years in C-
PROBE and SKS, respectively. The mean numbers of
105



Table 1. Baseline characteristics of pooled cohort across quartiles of soluble ST2 (sST2)

Participant characteristics Overall, N (%)

sST2 quartiles (ng/ml), N (%)

<20.52 20.52L26.00 26.01L34.14 >34.14

n 841 211 210 210 210

Cohort

SKS 280 30 (14) 52 (25) 79 (38) 119 (57)

C-PROBE 561 181 (86) 158 (75) 131 (62) 91 (43)

Age, yr 57 (16) 57 (16) 56 (16) 57 (15) 59 (15)

Male 465 (55) 78 (37) 111 (53) 131 (62) 145 (69)

Race

White 464 (55) 102 (49) 123 (59) 114 (54) 125 (60)

Black 289 (34) 86 (41) 72 (34) 67 (32) 64 (31)

Other 86 (10) 22 (11) 15 (7) 29 (14) 20 (10)

Education

<High school 83 (10) 22 (11) 14 (7) 29 (14) 18 (9)

Completed high school 444 (55) 105 (51) 116 (58) 111 (54) 112 (57)

Completed college or more 285 (35) 81 (39) 69 (35) 67 (32) 68 (34)

Current smoker 106 (13) 25 (12) 29 (14) 26 (12) 26 (12)

Prevalent CVD 303 (36) 60 (28) 75 (36) 76 (36) 92 (44)

Prevalent heart failure 118 (14) 14 (7) 32 (15) 29 (14) 43 (21)

Statin use 353 (42) 74 (35) 73 (35) 101 (48) 105 (50)

Diabetes 354 (42) 66 (31) 86 (41) 88 (42) 114 (54)

Hypertension 724 (86) 168 (80) 182 (87) 179 (85) 195 (93)

Antihypertensive use 686 (82) 161 (76) 172 (82) 170 (81) 183 (88)

SBP, mm Hg 132 (20) 128 (17) 134 (22) 132 (19) 135 (20)

DBP, mm Hg 75 (12) 74 (11) 75 (12) 74 (12) 75 (12)

BMI, kg/m2 31.7 (7.9) 32.0 (8.3) 31.0 (6.9) 32.4 (8.3) 31.4 (8.0)

eGFR, ml/min per 1.73 m2 51 (27) 54 (29) 51 (27) 51 (28) 46 (26)

UACR, mg/g 141 [15�736] 47 [8�396] 110 [11�668] 172 [17�754] 290 [34�1186]

BMI, body mass index; C-PROBE, Clinical Phenotyping and Resource Biobank; CVD, cardiovascular disease; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate;
SBP, systolic blood pressure; SKS, Seattle Kidney Study; UACR, urine albumin-to-creatinine ratio.
Data are N (%) or [interquartile range].
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eGFR measurements were 3.05 � 1.74 and 2.99 � 1.45
measurements in C-PROBE and SKS, respectively.

In the pooled cohort, median follow-up time was
3.10 (IQR ¼ 1.83�4.83) years. Incidence rates of ESRD
or eGFR <15 ml/min per 1.73 m2 were higher among
participants in the top 3 quartiles compared with the
lowest quartile of sST2. The proportion of patients with
CKD progression over time was greatest among those
with the highest sST2 (Figure 1a). When examining
sST2 continuously or in categories, there was no asso-
ciation of higher sST2 with progression to ESRD or
eGFR <15 ml/min per 1.73 m2 in unadjusted or
adjusted models (Table 4). The interaction between
sST2 and baseline eGFR was not statistically significant
(P ¼ 0.3).

Association of Galectin-3 and Progression of

CKD

The incident rates for CKD progression increased with
higher quartiles of galectin-3 (Table 4). The proportion
of patients with CKD progression over time was
greatest among those with the highest galectin-3
(Figure 1b). In quartile analyses, there was a graded
association between higher galectin-3 with CKD pro-
gression in unadjusted models. However, these
106
associations were attenuated and no longer statistically
significant with adjustment for potential confounders
in the final model (with the greatest attenuation with
adjustment for eGFR). In continuous analyses, higher
concentrations of galectin-3 were associated with
increased risk of ESRD or eGFR<15 ml/min per 1.73 m2

in unadjusted models (hazard ratio ¼ 1.77, 95% CI ¼
1.41�2.22 for every doubling of galectin-3). Each
doubling of galectin-3 was associated with a 35%
(adjusted hazard ratio 1.38, 95% CI ¼ 1.01�1.80)
increased the risk of progression to ESRD or eGFR<15 ml/
min per 1.73 m2 with adjustment for demographic char-
acteristics, kidney function, clinical characteristics, and
medication use (Table 4). There was no interaction be-
tween galectin-3 and baseline eGFR (P ¼ 0.6).
DISCUSSION

In this pooled study of 2 CKD cohorts, we found that
the novel cardiac biomarker galectin-3 may be associ-
ated with progression of CKD, independent of de-
mographic characteristics, kidney function, comorbid
conditions, or medication use. The association of sST2
with progression of CKD was not statistically signifi-
cant. These findings highlight possible shared cardiac
Kidney International Reports (2019) 4, 103–111



Table 2. Baseline characteristics of pooled cohort across quartiles of galectin-3

Participant characteristics

Galectin-3 quartiles (ng/ml)

<9.04 9.04L12.65 12.66L 16.76 >16.76

n 211 210 210 210

Cohort

SKS 54 (26) 78 (37) 85 (41) 63 (30)

C-PROBE 157 (74) 132 (63) 125 (60) 147 (70)

Age, yr 52 (16) 58 (15) 59 (15) 60 (14)

Male 126 (60) 131 (62) 108 (51) 100 (48)

Race

White 124 (59) 109 (52) 125 (60) 106 (51)

Black 65 (31) 79 (38) 65 (31) 80 (38)

Other 22 (10) 22 (11) 19 (9) 23 (11)

Education

<High school 17 (9) 16 (8) 22 (11) 28 (14)

Completed high school 100 (50) 117 (57) 115 (56) 112 (55)

Completed college or more 84 (42) 72 (35) 67 (33) 62 (31)

Current smoker 23 (11) 25 (12) 33 (16) 25 (12)

Prevalent CVD 63 (30) 74 (35) 71 (34) 95 (45)

Prevalent heart failure 23 (11) 33 (16) 24 (11) 38 (18)

Prevalent CAD 43 (20) 50 (24) 53 (25) 61 (29)

Statin use 65 (31) 85 (41) 99 (47) 104 (50)

Diabetes 65 (31) 83 (40) 92 (44) 114 (54)

Hypertension 165 (78) 183 (87) 184 (88) 192 (91)

Antihypertensive use 157 (74) 164 (78) 177 (84) 188 (90)

SBP, mm Hg 129 (17) 132 (20) 132 (19) 135 (22)

DBP, mm Hg 74 (11) 76 (12) 75 (12) 74 (12)

BMI, kg/m2 30.1 (7.3) 31.7 (7.7) 31.1 (7.2) 33.9 (8.8)

eGFR, ml/min per 1.73 m2 65 (30) 53 (24) 45 (24) 39 (25)

UACR, mg/g 93 [11�601] 93 [13�366] 230 [15�934] 329 [42�1186]

BMI, body mass index; C-PROBE, Clinical Phenotyping and Resource Biobank; CAD, coronary artery disease; CVD, cardiovascular disease; DBP, diastolic blood pressure; eGFR,
estimated glomerular filtration rate; SBP, systolic blood pressure; SKS, Seattle Kidney Study; UACR, urine albumin-to-creatinine ratio.
Data are N (%) or [interquartile range].
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and renal mechanisms that contribute to the progres-
sion of kidney disease.

Higher levels of circulating galectin-3 were associ-
ated with increased risk of progression to ESRD or
eGFR <15 ml/min per 1.73 m2. In the heart, galectin-3
is linked to cardiac fibrosis, remodeling, and ventric-
ular dysfunction.16,38 In support of these mechanisms,
clinical studies have reported an association of higher
galectin-3 with all-cause mortality and cardiovascular
mortality in patients with impaired kidney function19

and those on hemodialysis.39,40 Galectin-3 has been
linked to the pathogenesis of several kidney diseases as
well, including diabetic nephropathy,41 infections,
Table 3. Correlations of galectin-3, soluble ST2, and measures of
kidney function in the pooled cohort
Measure Creatinine eGFR UACR Galectin-3 sST2

Creatinine 1 �0.919a 0.108b 0.353a 0.148a

eGFR 1 �0.119a �0.426a �0.098a

UACR 1 0.164a 0.203a

Galectin-3 1 0.148a

sST2 1

eGFR, estimated glomerular filtration rate; sST2, soluble ST2; UACR, urine albumin-to-
creatinine ratio.
aCorrelation significant at the 0.01 level.
bCorrelation significant at the 0.05 level.

Kidney International Reports (2019) 4, 103–111
acute tubular necrosis, autosomal recessive polycystic
kidney disease, renal cell carcinoma, lupus nephritis,
and chronic allograft rejection.15 Galectin-3 is thought
to mediate kidney injury by modulating the systemic
and local inflammatory response42,43 and promoting
renal fibrosis.44,45 Some, but not all,25 clinical studies
have shown an association between higher galectin-3 and
kidney function decline. Among 2450 participants
without CKD in the Framingham Offspring Study, higher
galectin-3 was associated with a 50% increased risk of
incident CKD and rapid decline in kidney function, but
not with incident albuminuria.27 In contrast, our previous
study of older adults found no association of higher
galectin-3 with rapid decline of kidney function.25 Our
findings augment this prior literature by reporting a
possible association between higher galectin-3 with CKD
progression in 2 well-defined CKD cohorts who are at high
risk for adverse kidney outcomes.

We did not find a significant association between
higher sST2 with CKD progression in this pooled
analysis of 2 CKD cohorts. Experimental models have
shown that sST2, an IL-1�like cytokine receptor for
IL-33, is expressed by cardiac myocytes in response to
myocardial infarction46 and mediates injury by
107
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Figure 1. (a) Kaplan�Meier curve of chronic kidney disease (CKD)
progression across quartiles of sST2. (b) Kaplan�Meier curve risk of
CKD progression across quartiles of galectin-3.

CLINICAL RESEARCH ML Alam et al.: Cardiac Biomarkers and CKD Progression
neutralizing the cardioprotective effects of IL-33,
which reduces cardiac hypertrophy, fibrosis, and
apoptosis and improves myocardial function.47 Higher
sST2 has also been linked to cardiac matrix remodel-
ing.38 Clinically, sST2 has been shown to predict heart
failure, major cardiovascular events, and mortality
independently48�50 and in association with other bio-
markers and clinical characteristics in the general
population17,51 and among patients with kidney
Table 4. Association of sST2 and galectin-3 with progression of chronic

Cardiac biomarker
Incidence rate

(per 1000 person- yr) No. of events

Unadjus

HR (95% CI)

sST2 (ng/ml)

Quartile 1 (<20.52) 39.4 34 Ref

Quartile 2 (20.52�26.00) 51.2 37 1.29 (0.80�2.08

Quartile 3 (26.01�34.14) 49.4 34 1.26 (0.77�2.05

Quartile 4 >34.14 59.4 38 1.37 (0.85�2.20

Continuous (per doubling) 1.03 (0.79�1.36

Galectin-3 (ng/ml)

Quartile 1 (<9.04) 25.6 20 Ref

Quartile 2 (9.04–12.65) 41.1 28 1.62 (0.91�2.87

Quartile 3 (12.66–16.76) 54.5 37 1.98 (1.15�3.41

Quartile 4 (>16.76) 79.1 55 2.92 (1.75�4.87

Continuous (per doubling) 1.77 (1.41�2.22

CI, confidence interval; eGFR, estimated glomerular filtration rate; ESRD, end-stage renal dise
aAdjusted for age, race, gender, study cohort, log(eGFR), log(urine albumin-to-creatinine ratio), e
failure, prevalent diabetes, systolic blood pressure, and antihypertensive medication use.

108
disease.39,52 Fewer studies have examined the associa-
tion of sST2 with kidney outcomes. Previous studies
have shown an association of sST2 with acute kidney
injury in patients with ST-elevation myocardial
infarction26 and with early recurrence of idiopathic
nephrotic syndrome in kidney transplant recipients.53

One study based on the Framingham Heart Study
showed a trend toward an association between higher
sST2 with incident microalbuminuria in participants
without CKD, but this did not reach statistical signifi-
cance.11 Furthermore, our previous study of a cohort of
older adults did not find a statistically significant as-
sociation of higher sST2 with kidney function
decline25; however, that study was limited largely to
participants without CKD, which differs from our
study population.

The exact mechanism linking elevation of galectin-3
with CKD progression is not clear, but may represent
parallel processes affecting both the heart and kidneys
or, alternatively, heart disease leading to kidney dis-
ease. “Cardiorenal syndrome” is a complex process
mediated by intersecting physiologic, neurohormonal,
and biochemical derangements and may explain these
associations. For example, volume overload is a key
mechanism that likely contributes to both cardiac and
kidney disease. Galectin-3 has been associated with
increased pulmonary artery and biventricular pres-
sures54�56 and decreased left ventricular function57;
thus, elevations in galectin-3 may reflect pathways that
affect kidney function via renal venous congestion.58

Inflammation is also likely an important mechanism
in cardiorenal pathophysiology. Galectin-3 has been
found to be associated with inflammatory pathways.59

There are several important next directions for our
study findings. Further studies are needed to confirm
kidney disease (CKD)

ted

ESRD or eGFR <15

Adjusted for age, sex, race, and
study cohort Fully adjusted modela

P value HR (95% CI) P value HR (95% CI) P value

Ref Ref

) 1.35 (0.84�2.18) 1.38 (0.84�2.27)

) 1.49 (0.91�2.45) 1.36 (0.81�2.29)

) 1.49 (0.91�2.45) 1.54 (0.92�2.58)

) 0.824 1.06 (0.81�1.40) 0.676 1.02 (0.76�1.38) 0.873

Ref Ref

) 1.59 (0.89�2.84) 1.49 (0.82�2.71)

) 2.09 (1.20�3.64) 1.33 (0.73�2.39)

) 3.03 (1.78�5.13) 1.58 (0.88�2.83)

) <0.001 1.76 (1.40�2.20) <0.001 1.35 (1.01�1.80) 0.044

ase; HR, hazard ratio; Ref, reference.
ducation, body mass index, smoking, prevalent coronary artery disease, prevalent heart
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and extend the findings in our study. It is plausible
that novel cardiac biomarkers may help risk stratify
patients with CKD in relation to adverse kidney out-
comes; further studies are warranted. Furthermore, the
pathways represented by these biomarkers may
represent novel therapeutic targets. For example,
galectin-3 inhibitors have been shown to prevent car-
diac and renal fibrosis60 and to improve hypertensive
nephropathy,61 acute kidney injury,62 and glomerul-
opathy63 in animal models. Further preclinical and
clinical research is needed to determine whether
blockade of galectin-3 or sST2 ameliorates the risk of
CKD progression.

Our study had several strengths. We studied 2 in-
dependent, well-characterized cohorts composed of
participants with geographic and clinical diversity. We
had several years of follow-up time to evaluate longi-
tudinal outcomes. All biomarker measures were per-
formed at the same laboratory at the University of
Washington. We also recognize some limitations. The
analyses may have been underpowered, which may
have affected our ability to detect statistically signifi-
cant differences. All eGFR measures to determine the
outcomes of interest were taken in the ambulatory
setting. It is possible that participants had fluctuations
in eGFR or acute kidney injury, which may have
affected our results. We did not have longitudinal
cystatin C measures in C-PROBE, so eGFR was defined
using serum creatinine; however, serum creatinine is
the kidney biomarker most widely used clinically. The
etiology of CKD was not available in SKS or C-PROBE.
Finally, we cannot determine causality or mechanisms
from this observational study.

In conclusion, elevated galectin-3 may be associated
with greater risk of CKD progression among participants
with CKD. Novel cardiac biomarkers may inform mech-
anisms underlying cardiac and kidney injury, and may
be promising tools for disease monitoring and targeted
interventions to slow the progression of CKD. Further
larger studies should confirm and extend these findings.
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