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4. Rationale:

Recommended nutritional management of chronic kidney disease includes dietary
protein restriction and avoidance of high protein intake (1). The Modification of Diet in
Kidney Disease randomized clinical trials demonstrated no sustained, significant decline
in renal disease progression with dietary protein restriction (2). However, two subsequent



meta-analyses of randomized controlled trials reported that dietary protein restriction
slows the rate of decline in kidney function (3, 4).

Furthermore, there is evidence suggesting that increased dietary protein intake
may promote kidney damage among individuals with reduced kidney function through
increased glomerular pressure and hyper-filtration (5, 6). In the OmniHeart trial, among
individuals with normal kidney function [mean estimated glomerular filtration rate
(eGFR) 92 mL/min/1.73 m?], a higher protein diet increased cystatin C-based eGFR by
about 4 mL/min/1.73 m? over six weeks, which was thought to be a maladaptive response
(7). Otherwise, there is limited evidence on the relationship between protein intake and
kidney damage for individuals with normal kidney function.

The mixed findings in the literature may be due to a dietary characteristic other
than protein that is responsible for slowing the rate of kidney function decline, such as
dietary acid load (8). For example, in the African American Study of Kidney Disease and
Hypertension (AASK) cohort study, higher quartiles of estimated net endogenous acid
production were significantly associated with faster decline in estimated glomerular
filtration rate (p for trend=0.01 in adjusted analyses) (9). Other dietary features that
impact acid load which may be associated with kidney disease include source of protein
(animal vs. vegetable), consumption of fruits and vegetables, and dietary phosphate
intake (10-12).

5. Main Hypothesis/Study Questions:

The overall objective of the proposed study is to assess the relationship between
dietary characteristics related to acid load and subsequent kidney disease outcomes
among ARIC study participants by testing the following hypotheses:

1) Higher levels of daily protein intake (% of total calories from protein/day, grams
of protein/day) are associated with higher risk of kidney disease.
a. Less consumption of protein from vegetable sources than animal sources
(% of total calories from vegetable protein/day, proportion of total daily
protein from vegetable sources) is associated with higher risk of kidney
disease.

2) Fewer servings of fruits and vegetables is associated with higher risk of kidney
disease.

3) Higher dietary acid load is associated with higher risk of kidney disease.
4) Higher dietary phosphate intake (% of total calories from phosphate/day, absolute

milligrams of daily phosphate intake) is associated with higher risk of kidney
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: prospective analysis of the ARIC cohort from baseline (study visit 1,
1986-1989) through follow-up (December 31, 2010)

Eligibility: ARIC study participants with missing dietary data will be excluded.

Dietary Assessment:

Dietary characteristics (daily protein intake overall and by protein source
estimated as percent of total calories and grams, number of daily servings of fruits and
vegetables, daily phosphate intake estimated as percent of total calories and grams) will
be estimated from the semi-quantitative, 66-item food frequency questionnaire, modified
from the Willett questionnaire (13). The reliability of this questionnaire was assessed
within ARIC (14). The questionnaire was administered by trained interviewers at the
baseline examination (1986-1989). Participants reported how often they consumed each
food item of a specified portion size on average during the last year in the following
categories: almost never, 1-3/month, 1/week, 2-4/week, 5-6/week, 1/day, 2-3/day, 4-
6/day, >6/day. Individual food items were classified into food groups (e.g. fruits,
vegetables). The daily intake of various nutrients (e.g. protein, phosphate, calories) was
calculated at the Channing Laboratory, Harvard Medical School, by multiplying each
food item by their nutrient content. Nutrient content for each food item was estimated
from U.S. Department of Agriculture sources (15, 16). Dietary acid load will be
estimated using the net endogenous acid production, as the ratio of protein to potassium
intake (8).

Qutcome Ascertainment:

The primary endpoint will be end-stage renal disease, identified through the U.S.
Renal Data System (USRDS) registry, through December 31, 2010. Several additional
kidney outcome variables will be assessed. Kidney failure will be defined as kidney
failure-related hospitalizations and deaths identified through ARIC cohort surveillance,
through December 31, 2010. Chronic kidney disease will be defined as eGFR <60
mL/min/1.73 m? at a subsequent study visit and eGFR decline of at least 25% from
baseline, USRDS-identified end-stage renal disease, or chronic kidney disease-related
hospitalization or death. Prevalent albuminuria will be defined moderately increased
albuminuria (A2: 30-300 mg/g) or severely increased albuminuria (A3: >300 mg/g) at a
subsequent study visit (1).

Statistical Analysis:

We will calculate time from study enrollment until kidney disease outcome, or
censoring due to death or loss to follow-up. We will incorporate this time variable into
survival analysis methods to assess the association between diet characteristics (protein
source, fruits and vegetables, acid load, phosphate) and kidney disease.

Important covariates to include in multivariable regression models include
measurements of baseline kidney function [estimated glomerular filtration rate (eGFR)],
demographics (age, sex, race), anthropometrics (body mass index, waist circumference,




weight), other clinical measures (blood pressure, high-density lipoprotein cholesterol),
medical history (diabetes status, history of cardiovascular disease), and health behavior
characteristics (smoking status, physical activity). In addition, we will need to consider
the potential effect of other diet characteristics on the risk of kidney disease in this study
population, namely calories, fat, sodium, potassium, and phosphate, by multivariable
adjustment and expressing the exposure of interest as a proportion of total caloric intake.
Analyses will be repeated after stratifying by baseline kidney function (eGFR < 60, 60-
89, or > 90 mL/min/1.73 m?).

Potential Limitations/Challenges:

There may be measurement error in the assessment of dietary intake using self-
report and a single questionnaire. We will express dietary consumption relative to total
caloric intake, in addition to absolute intake. We will expand upon the published
reliability study to include measures of interest in the present proposed study (14).
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