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4. Rationale:



Numerous articles have reported that impaired kidney function, e.g., reduced
glomerular filtration rate (GFR) or albuminuria, is a predictor of incident cardiovascular
disease (CVD) [1-19]. Consequently, individuals with chronic kidney disease are placed
in the highest risk group in CVD treatment guidelines [20,21].

Although most previous studies have investigated an association of a baseline kidney
function to the incidence of CVD [1-16], a few studies in select populations report that
sequential changes in kidney function, i.e., an increase in albuminuria or serum creatinine
level, predicted incident CVD better than a single baseline measurement [17,18].
However, the literature investigating an association of changes in kidney function with
future incidence of CVD in a general population is sparse.

If changes in kidney function provide prognostic information beyond a simple
baseline assessment in a general population, the evaluation of changes in kidney function
may be useful for risk stratification within the states defined by the conventional GFR
estimation and currently used in clinical practice.

The ARIC Study provides an excellent opportunity to investigate a possible
relationship between changes in kidney function and the incidence of CVD in a middle-
aged, biracial population.

5. Main Hypothesis/Study Questions:

Hypothesis:  Deterioration of kidney function (estimated GFR) will be associated with
incident coronary heart disease (CHD), stroke, and all-cause mortality
across categories of baseline GFR independently of traditional risk factors
for CVD.

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).

Inclusions:

All black and white ARIC subjects with measured serum creatinine, age, gender, and race
allowing estimation of GFR.

Exclusions:

Ethnicity other than black or white

Individuals without data required to estimate GFR

Exposure: Change in Kidney Function

Kidney function will be estimated using the simplified version of the Modification of
Diet in Renal Disease (MDRD) equation incorporating data of serum creatinine
concentration, age, gender, and race from visit 1, 2, and 4 and measured in
ml/min/1.73m>.

As an index of change in kidney function, we will use an annual rate of decline in
estimated GFR (ml/min/1 .73m2/year) from visit 1 to visit 2 or from visit 1 to visit 4
calculated as follows: (GFR at visit 2 — GFR at visit 1)/ [(v2date-v1date)/365.25] or
(GFR at visit 4 — GFR at visit 1)/ [(v4date-v1date)/365.25], respectively.

Outcome:
Incident CHD including a hospitalized myocardial infarction (MI), fatal CHD, cardiac
procedure or electrocardiogram MI (serial changes), stroke, and all-cause death through




2004

Other variables of interest and covariates:

Sociodemographics: age, race, gender, education

Physical information: blood pressure, body mass index

Lifestyle: smoking status and alcohol consumption

Comorbidities: hypertension, diabetes, dyslipidemia, history of CVD

Statistical Analysis Plan:

Since those with higher estimated GFR showed greater annual declines in GFR than
those with lower estimated GFR in a preliminary analysis, all analyses will be conducted
after stratifying subjects according to baseline GFR level (visit 1) as proposed by the
National Kidney Foundation’s Kidney Disease Outcomes Quality Initiative (K/DOQI)
[20], e.g., GFR <60, 60 to 89, >90 ml/min/1.73m>.

The primary analysis will use Cox proportional hazards models to estimate the
association between declining rates of estimated GFR and incident CVD and all-cause
mortality. We will adjust for the covariates listed above and also for the mean GFR of the
baseline and second visit (analogous to the Bland-Altman approach).

An association between declining rate of GFR and outcomes might not be linear,
since increase in GFR may result from reduced muscle mass related to some unhealthy
condition. Therefore, the rate of decline in GFR will be mainly treated as a categorical
variable according to its quartile, though analyses treating the rate of decline in GFR as a
continuous variable will be also conducted.

Since there are only 372 (2.6%) subjects with GFR at visit 1 <60 among 14056
eligible having creatinine data at both visit 1 and 2, we may add 326 subjects with GFR
between 45 and 59 to a group with GFR between 60 and 89. This modification seems to
be justified because among moderate chronic kidney disease (GFR between 30 and 59),
individuals with GFR between 45 and 59 are more frequent and there is controversy
about whether they should be treated as high risk of as close to the normal range [15,16].

We will conduct a few subgroup analyses stratifying subjects according to race,
gender, and prevalent CVD (yes/no), since there are articles showing that effects of CKD
on incident CHD might differ between race, gender, and de novo/recurrent CHD [4,5,8] .
Limitations:

The MDRD formula has been shown to underestimate systematically GFR in healthy
individuals by much as 29% [6]. However, when used to calculate differences in kidney
function within person, we believe that this formula is useful to estimate degree and
direction of changes in kidney function. If an improved estimating equation is developed
(likely by the CKD-EPI collaboration) we will use it.

Also, random fluctuation in creatinine levels over time would tend to increase the
variance in our data. However, such random variation would most likely bias our findings
toward a null result and lead to an underestimation of the true association.

Despite rigorous measurement of important covariates in the ARIC Study, we will
also not be able to eliminate the possibility of residual confounding. And while
additional measurements of serum creatinine would be useful to more fully characterize
the slope of change, we are limited to those kidney function assessments conducted at the
time of the ARIC examinations. Nonetheless, these data reflect a realistic clinical
scenario with measurements assessed several years apart.
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