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3.  Timeline:
Data analysis will start immediately. A manuscript is expected to be prepared within 6 months.

4. Rationale:

Reduced muscle mass is related to frailty and survival in older adults,* but changes in muscle
mass are not routinely assessed in clinical medicine. Validated instruments to assess muscle mass
in research studies include imaging, anthropometry, physical performance tests, and creatinine
generation rate. We propose using physiologic relationships among the determinants of the
serum creatinine concentration (Scr) (Figure 1) to estimate creatinine generation rate for use as a
measure of muscle mass in epidemiologic studies that could be applicable in clinical practice.
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Figure 1 showing the physiologic relationships (A) and how these may be used to estimate creatinine
generation rate (B). S = serum concentration of creatinine, in units of mass/volume; G = generation of
creatinine, in units of mass/time; E = extra-renal elimination, in units of mass/time; UV = urinary
excretion rate, in units of mass/time; TS = tubular secretion rate, in units of mass/time; GFR = glomerular
filtration rate, in units of vol/time

In the steady state, urinary creatinine excretion rate is the difference between creatinine
generation rate by muscle and diet minus extra-renal creatinine elimination rate by gut (Figure
above). Urinary creatinine excretion rate is the sum of the rates of glomerular filtration and
tubular secretion of creatinine. We hypothesize that the rates of extra-renal elimination and
tubular secretion of creatinine are less variable than the rate of glomerular filtration of creatinine;
thus, lower rates of glomerular filtration of creatinine may be related to lower rates of creatinine
generation stemming from lower muscle mass and the onset of frailty in older adults.
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The rate of glomerular filtration of creatinine is the product of the glomerular filtration rate
(GFR) multiplied by serum creatinine concentration. There are equations for estimating GFR
(eGFR) using either serum creatinine, serum cystatin C, or both.*® We propose using eGFRcys
rather than eGFRcr since eGFRcr can be inappropriately high in persons with low muscle mass,
accompany correlate of the weakness and weight loss that are part of the definition of frailty.
Alternatively, eGFRcys is less affected by muscle mass and is independent of serum creatinine.
eGFRcys is also less affected by age and sex than eGFRcr and does not include race in the
estimation.

In this study, we will estimate creatinine generation (eGcr) as the product of eGFRcys and serum
creatinine (eGcr = eGFRcys x Scr) and determine its association with measures of muscle mass
and frailty in a representative sample of the US population (NHANES) as well as with survival
in an older community-based cohort (ARIC). We will also compare estimated creatinine
generation with estimated urinary creatinine excretion rate, determined by formulas using age,
sex, race, and clinical variables.

5.  Main Hypothesis/Study Questions:
We hypothesize that estimated creatinine generation (eGcr) is related to measures of muscle
mass, frailty, and survival in older adults.

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 cross-sectional study of the association between eGcr and markers of frailty
syndrome at visit 5 in ARIC, as well as at survey time points when necessary variables are
available in NHANES. We will also look at associations of eGcr at visit 5 with subsequent
mortality in ARIC. In sensitivity analyses, we will also examine associations of eGcr at visits 2,
3 or 4 with mortality.

Exclusions

Participants with missing data on serum creatinine, cystatin C, or frailty syndrome at visit 5 will
be excluded from the analyses. We will also exclude individuals with previous kidney failure
requiring treatment. In the event that there is a substantial amount of missing data, we will
determine its nature and will come to a consensus on the most appropriate way of dealing with it.

Variables

Estimated creatinine generation (eGcr): This will primarily be defined as eGFR calculated from
serum cystatin C using the CKD-EPI equation (eGFRcys) multiplied by serum creatinine. In
sensitivity analyses, we will use eGFR calculated from serum creatinine using the CKD-EPI
equation.

Frailty syndrome. The ARIC Study Coordinating Center in collaboration with members of the
ARIC Physical Function working group created a frailty variable based on the construct
developed on the basis of data collected in the CHS.* Component elements of the frailty
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construct were ascertained at ARIC Visit 5, with the exception of weight loss which was
calculated based on Visit 5 and Visit 4 data (Table 1). The sample will be categorized into 3
groups: non-frailty, if none of the listed component phenotypes were present; pre-frailty, if one
or two of the component phenotypes were present; and frailty, if three or more of the component
phenotypes were present.

Table 1. Operationalization of the frailty construct in ARIC cohort
Characteristic of

. Definition
Frailty
Unintentional weight 10% of unintentional weight loss from Visit 4 to Visit 5 or
loss BMI<18.5kg/m2 at Visit 5
Low energy Gender-specific 10th percentile rank of the Baecke leisure sports
expenditure activity index

Gender- and height-adjusted time in seconds used to walk 4

Low walking speed meters. Slowest speed was defined using the cutoff values

established from CHS.

Responded “some of the time” or “most of the time” to either of
the following CESD questions: CES3 (I felt everything I did was
an effort) or CES11 (I could not get “going”)

Gender- and BMI-specific grip strength. Lowest grip strength was
defined using the cutoff values established from CHS.

Low level of physical
energy (Exhaustion)

Low grip strength

Other covariates of interest. Demographics (age, sex, race/ethnicity, education, income, marital
status, and employment status at the most recent time data is available); other laboratory
variables (albumin-to-creatinine ratio (ACR), urea nitrogen, bicarbonate, total cholesterol,
glucose, calcium, phosphorus, albumin); health behaviors (smoking status, alcohol consumption,
physical activity, and sedentary behavior); and comorbidities and health status variables (height,
body weight, blood pressure, diabetes, history of cancer, history of peripheral arterial disease,
coronary heart disease, heart failure, or stroke at or prior to visit 5, self-reported health status,
anemia, inflammation, medication use).

Outcomes for follow-up. All-cause mortality. We may also examine cause-specific mortality in
sensitivity analyses.

Statistical Analyses

Statistical tests will be two-sided and based on an a-level of 0.05. Descriptive statistics
(proportions, means, and standard deviations) will be used to describe demographics, health
behaviors, and risk factors and comorbidities by sex-specific quartiles of eGcr. Differences
between groups will be assessed using chi-square tests for categorical variables and two sample
t-tests or analysis of variance for continuous variables as is appropriate (if assumptions of these
tests are not met, then non-parametric equivalents will be used).

The association between eGcr categories and frailty syndrome will be assessed using Poisson
regression models to estimate prevalence ratios. We will compare models with adjustment for the
following categories of variables:
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Model 0: eGcer

Model 1: Model 0 + Demographics

Model 2: Model 0 + Model 1 + Health behaviors

Model 3: Model 0 + Model 1 + Model 2 + Comorbidities

We will test for interactions by age (older vs. younger), race/ethnicity (white vs. non-white),
BMI (higher vs. lower), and smoking status (non-smoker vs. ever smoked) by including each
variable as an interaction term in the models. The interaction term will be considered statistically
significant at an a-level of 0.10. If significant interactions are observed, stratified results will be
reported, although interpretations will be guided by the cell sizes and precision of effect
estimates.

In longitudinal analyses, we will use Cox proportional hazards models with cubic splines to
assess the relationship between eGcer and mortality, stratified by sex. We will use similar
modeling adjustments:

Model 0: eGcer

Model 1: Model 0 + Demographics

Model 2: Model 0 + Model 1 + Health behaviors

Model 3: Model 0 + Model 1 + Model 2 + Comorbidities

Sensitivity analyses will stratify by eGFRcys as well as repeat analyses using eGFRcr for the
calculation of eGcr.

Limitations

We will be unable to clearly establish the temporality of the observed associations due to the
cross-sectional nature of the analyses with frailty. Also, for several important measures (e.g.,
smoking status, alcohol consumption, physical activity, and sedentary behavior), we will be
relying entirely on self-reported information which may be associated with more
misclassification than if objective measurements were obtained.

7.a. Will the data be used for non-ARIC analysis or by a for-profit organization in this
manuscript? Yes _ X No
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approval, the manuscript proposal will expire.

12b. The NIH instituted a Public Access Policy in April, 2008 which ensures that the public
has access to the published results of NIH funded research. It is your responsibility to upload
manuscripts to PubMed Central whenever the journal does not and be in compliance with this
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http://www.cscc.unc.edu/aric/index.php, under Publications, Policies & Forms.
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