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4. Rationale:

Galectin-3 is a ~35-kDa [-galactoside-binding lectin which has been proposed as a novel
biomarker of heart failure due to its involvement in myocardial fibrosis in addition to
inflammation, immunity, and adhesion.'” Elevated levels of galectin-3 may be associated with
fibrosis of other organ tissues, such as the kidney, and increase the risk of developing kidney
disease through its other mechanisms of action.



In an animal study, it was suggested that galectin-3 is secreted by macrophages, and,
through this pathway, leads to the promotion of renal fibrosis.* Subsequently, a few papers have
been published on galectin-3 measured in humans in relation to kidney disease outcomes. In
2,450 Framingham Offspring study participants followed for approximately 10 years, higher
levels of galectin-3 were associated with rapid eGFR decline (>3 mL/min/1.73 m? per year) and
incident chronic kidney disease (¢GFR<60 mL/min/1.73 m?).> In an accompanying editorial, it
was stated that “Although promising, the associations found in this study between levels of
galectin-3 and distant renal events need to be confirmed in different populations and settings to
be generalizable.”® In a cross-sectional analysis of the German Diabetes mellitus Dialysis (4D)
study (n=1,168 dialysis patients with type 2 diabetes) and the Ludwigshafen Risk and
Cardiovascular Health (LURIC) study (n=2,579 patients with coronary angiograms), galectin-3
levels progressively increased across categories of declining kidney function.” In contrast,
galectin-3 was not associated with kidney function decline in adjusted analyses using data from
the Cardiovascular Health Study (CHS), a community-based population of older adults
(n=2,763).% Given the promising yet inconsistent evidence and the novelty of this biomarker,
further research is warranted to better understand the association between galectin-3 and kidney
disease outcomes.

5. Main Hypothesis/Study Questions:

The main hypothesis is that galectin-3 will be positively and independently associated with
risk of incident chronic kidney disease, eGFR decline, and incident end-stage renal disease.

6. Design and analysis (study design, inclusion/exclusion, outcome and other variables of
interest with specific reference to the time of their collection, summary of data analysis,
and any anticipated methodologic limitations or challenges if present).

Study Design: We will conduct a prospective analysis of the ARIC cohort, using study visit 4 as
baseline with follow-up through December 31, 2013 (or the most recent surveillance year).

Study Population: We will exclude study participants with missing data for galectin-3 and those
who developed chronic kidney disease or end-stage renal disease prior to study visit 4.

Exposure: The primary exposure is plasma levels of galectin-3. Galectin-3 concentrations were
measured in plasma EDTA specimens collected from study participants at study visit 4 (1996-
1998). The ARCHITECT galectin-3 assay is a chemiluminescent micro-particle immunoassay
(CMIA) that was used on the ARCHITECT automated immunoassay analyzer.

Outcomes:

The main outcomes are incident chronic kidney disease, eGFR decline, and incident end-
stage renal disease. Estimated glomerular filtration rate (¢GFR) will be calculated using the
creatinine-based Chronic Kidney Disease Epidemiology (CKD-EPI) Collaboration equation,
incorporating serum creatinine measurements at visit 4 and visit 5.° Incident chronic kidney
disease will be defined as meeting any of the following criteria: 1) development of eGFR<60
mL/min/1.73 m? at follow-up (visit 5) accompanied by >25% eGFR decline relative to baseline



(visit 4); 2) chronic kidney disease-related hospitalization or death based on ICD-9/10 codes; 3)
development of end-stage renal disease, as defined below.!? Given that biochemical measures of
kidney function are available only at visit 4 and visit 5 (for the purpose of this analysis), the
visit-based measures are supplemented with surveillance-based measures (USRDS registry,
hospitalizations, deaths). As a sensitivity analysis, chronic kidney disease will be defined using
the visit-based measures only [i.e. development of eGFR<60 mL/min/1.73 m? at follow-up (visit
5) accompanied by >25% eGFR decline relative to baseline (visit 4)].

In accordance with recent proposals for quantifying kidney disease progression, we will
investigate eGFR decline defined as >30% eGFR decline.!! To mirror the analysis conducted in
the Framingham Offspring study, we will define rapid eGFR decline as >3 mL/min/1.73 m? per
year.

Incident end-stage renal disease will be defined as the initiation of renal replacement
therapy (either dialysis or transplant) and cases will be defined through linkage of the ARIC
study with the United States Renal Data System (USRDS) registry. As a sensitivity analysis, we
will use a composite outcome of kidney failure defined as meeting any of the following criteria:
1) USRDS-identified end-stage renal disease; 2) eGFR <15 mL/min/1.73 m? at follow-up (visit
5); or 3) ICD-9/10 code for a kidney failure-related hospitalization or death.'

Statistical Analysis:

Descriptive statistics (means, proportions, etc.) will be used to examine baseline
characteristics of the study participants according to quantiles of galectin-3 and test for
differences using y? tests and linear regression. The cross-sectional association between eGFR
and galectin-3 will be investigated using scatterplots and correlation coefficients. The
distribution of galectin-3 will be examined using a histogram and tests of normality. If the
distribution is skewed, transformations will be considered, such as logarithmic transformation
and categorization using quantiles.

Cox proportional hazards regression will be used to estimate the association (hazard ratios,
95% confidence intervals) between galectin-3 and risk of kidney disease during follow-up,
incorporating time to the development of kidney disease and accounting for censoring. Cubic
splines will be used to visually depict the association between galectin-3 and kidney disease risk.
In a sensitivity analysis, we will evaluate the associations taking into account the competing risk
of death.

Stratified analyses and test for interaction will be conducted by race, sex, diabetes, and
baseline kidney function (eGFR <60 mL/min/1.73 m? vs. eGFR >60 mL/min/1.73 m?). In
addition, we will investigate differences in the association between galectin-3 and kidney disease
outcomes according to APOL1 genetic variants by including an interaction term in the regression
model.

Potential covariates for multivariable regression models include: age, sex, race-center, body
mass index, systolic blood pressure, anti-hypertensive medication use, hypertension status,
hemoglobin Alc, diabetes status, physical activity, history of cardiovascular disease, cigarette
smoking status, education level, eGFR, and albuminuria.



Limitations:

We acknowledge that there are a few study limitations including the availability of
biochemical measures of kidney function only at visit 4 and visit 5 (for the purpose of this
analysis); the measurement of galectin-3 at a single time point; and the potential interrelationship
between kidney filtration and circulating levels of galectin-3. These limitations will be addressed
in the analysis and acknowledged in the discussion section within the context of the study
strengths. For example, we will supplement visit-based measures of kidney function with
surveillance-based measures (USRDS registry, hospitalizations, deaths). We could assess change
in galectin-3 for participants with measures at the CARMRI visit in addition to visit 4, and, when
the data are available, for participants with measures at visit 5 in addition to visit 4. Lastly, the
cross-sectional association between eGFR and galectin-3 will be investigated and the prospective
analyses will adjust for baseline kidney measures (¢eGFR as well as UACR).
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