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4. Rationale:

Prior studies have reported associations between low serum albumin and adverse health
outcomes. In 1989, Phillips et al. observed an inverse association between serum albumin level
and mortality that persisted even after adjustment for potential confounders.! In 1992, Klonoff-
Cohen et al. confirmed the inverse association between serum albumin concentration and
mortality.? These early findings have been supported by a number of later studies.®®

Since that time, lower serum albumin has been associated with a variety of adverse outcomes,
including—Dbut not limited to—cardiovascular disease®?3, kidney disease?*2°, and diabetes?-28, It
has further been found to have prognostic value in hospitalized, older adults.?-®

Serum albumin is an acute-phase reactant that decreases in the setting of inflammation. It may
also serve as a marker for nutritional status. As such, there is reason to believe that lower serum
albumin may be associated with risk of both hospitalization and death among community-
dwelling, older adults. If the strengths of these associations are greater than those of some
traditional risk factors, serum albumin may improve prediction accuracy for the outcomes of
interest.

5. Main hypothesis/study questions:

We hypothesize that low serum albumin will be associated with increased short-term risk of both
all-cause hospitalization and death in community-dwelling, older adults. We anticipate that
serum albumin concentration will improve short-term prediction of hospitalization risk and
mortality over and above prevalent health status. We hypothesize that these associations will be
similar by frailty status.

6. Design and analysis:

Study Design: We will conduct a prospective cohort analysis using visit 5 (2011-2013) as
baseline and subsequent follow-up data for hospitalizations and deaths. We will exclude
participants with missing serum albumin or covariates.

Exposure: Serum albumin, as measured in g/dL, during visit 5. Both albumin and glycated
albumin were measured in serum using a method developed by Asahi Kasei Pharma and adapted
to the Roche Mod P800 chemistry analyzer manufactured by Roche Diagnostics in Indianapolis,
IN. The assay requires two separate measurements. First, total albumin was measured using the
bromocresol purple method. Second, glycated albumin was measured using an enzymatic
method that relies on ketoamine oxidase and an albumin-specific protease.

Glycated albumin is expressed as a percentage of total aloumin using the following formula:
[((glycated albumin concentration (g/dL) / serum albumin concentration (g/dL))/1.14)*100] +
2.9. For albumin, the lower and upper limits of detection are: (1 g/dL, 16 g/dL). For glycated
albumin, the lower and upper limits of detection are: (1 g/dL, 12 g/dL). For albumin,



coefficients of variation were 1.9% at a concentration of 4.48 g/dL and 4.0% at a concentration
of 2.5 g/dL. Serum albumin will be analyzed both as a continuous variable, using linear splines
as needed for non-linear associations, and as a categorical variable using quartiles.

Outcomes:
1) Number of hospitalizations, as determined through self-report during semi-annual
telephone follow-up and active surveillance of local hospitals.
2) Death, as ascertained through linkage to the National Death Index.

Covariates:
1) Age
2) Sex
3) Race-center
4) Body mass index (BMI)
5) Smoking status
6) Presence of inflammatory state, as measured by C-reactive protein (mg/L)
7) Hypertension status, with hypertension defined as:
a. Systolic blood pressure > 140 mm Hg,
b. Diastolic blood pressure > 90 mm Hg, or
c. Hypertensive medications taken within the last 4 weeks
*Alternate definitions (such as the new guideline definition) will be explored using
sensitivity analyses
8) Diabetes status, with diabetes defined as:
a. HbAlc>6.5%,
b. Fasting plasma glucose > 126 mg/dL, or non-fasting glucose >200 mg/dL
c. Diabetes medications taken within the last 4 weeks
9) Kidney function, measured using
a. eGFR (mL/minute/1.73 m?), as measured using creatinine
b. Urine albumin (mcg/L) to creatinine (mg/L) ratio
* Alternate definitions (such as eGFR assessed with cystatin C and both cystatin C
and creatinine) will also be explored in sensitivity analysis
10) Cardiovascular disease status, with cardiovascular disease present if:
a. Self-reported heart failure,
b. Self-reported coronary heart disease,
c. Self-reported history of myocardial infarction, or
d. Self-reported history of stroke
11) Chronic obstructive pulmonary disease (COPD) status, with COPD present if self-
reported COPD
12) Cancer status, with cancer present if self-reported current cancer at any site
*Alternate definitions (such as those identified by cancer registry linkage) will also be
explored in sensitivity analysis
13) Frailty, with frailty defined using the Cardiovascular Health Study criteria
*Alternate definitions (such as those using variables of physical function) will also be
explored in sensitivity analysis

Main Analyses:



1) Characterize the distribution of serum albumin among community-dwelling, older adults.
2) Estimate the relative risk of hospitalization per g/dL increase in serum albumin using
Poisson regression or—if the outcome is over-dispersed—negative binomial regression.
a. Model 1: Unadjusted
b. Model 2: Adjusted for age, sex, and race-center
c. Model 3: Model 2 + adjusted for BMI, smoking, CRP, hypertension, diabetes,
chronic kidney disease, cardiovascular disease, chronic obstructive pulmonary
disease, cancer, and frailty
3) Estimate the hazard ratio for death per unit change in serum albumin level using Cox
regression models.
a. Model 1: Unadjusted
b. Model 2: Adjusted for age, sex, and race-center
c. Model 3: Model 2 + adjusted for BMI, smoking, CRP, hypertension, diabetes,
chronic kidney disease, cardiovascular disease, chronic obstructive pulmonary
disease, cancer, and frailty
4) Determine the contribution of serum albumin to prediction of mortality using Harrell’s C-
statistic, comparing model 3 without serum albumin to model 3 with serum albumin.
5) Assess for effect modification by age, sex, CKD, diabetes, and frailty status
Limitations:

The results may not be generalizable to institutionalized older adults, including those receiving
hospital or residential care. We will have limited power to examine important demographic
subgroups. Also, serum albumin was quantified using a bromocresol purple method (Lucica GA-
L Glycated Albumin assay, Asahi Kasai Pharma Corp) rather than a bromocresol green method.
The UMN laboratory conducted a validation study of the two methods (n=20 serum samples),
which demonstrated an R? of 0.9455. These results will be described in more detail and included
in an appendix to the manuscript.
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