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4.

Rationale:
High fructose corn syrup (HFCS) was introduced in 1967 as an inexpensive but
potent sweetener of soft drinks and fruit beverages. Consumption of HFCS has
increased nearly 2000%' over the past decades and has paralleled the epidemics of
obesity, metabolic syndrome, and chronic kidney disease. Estimates from the US
Department of Agriculture report the yearly intake of high-fructose corn syrup
(HFCS) as an added sweetener to be as high as 62.4 pounds per person.
Sweetened beverages account for 72% of this intake.’

Analysis of data from the Health Professionals Follow-up Study and the Nurses’
Health Studies identified fructose to be independently associated with the
development of kidney stones.” The Health Professionals Follow-up Study also
demonstrated an increase in the incidence of gout among those with high levels of
fructose intake.* Finally, fructose consumption in NHANES III was found to be
associated with an increase in serum uric acid levels.” These latter two
associations are particularly relevant in regards to chronic kidney disease.

The metabolism of fructose is unique to that of other sugars in that it leads to
depletion of hepatic ATP, increasing the degradation of nucleotides and driving
the synthesis of uric acid.’ In animal models, this hyperuricemia produced by
high fructose consumption produces a metabolic syndrome and is associated with
glomerular hypertension, renal hypertrophy, renal cortical vasocontriction, and
arteriolopathy of renal vasculature.®” Decreasing uric acid production with
allopurinol attenuates this same metabolic syndrome. In other animal models,
high fructose feeding is associated with elevation of substances associated with
oxidative stress in the kidney.® Models of chronic kidney disease also demonstrate
reductiorgls in creatinine clearance and increases in proteinuria in high-fructose fed
animals.

The present epidemiologic data and biological models suggest that consumption
of large amounts of fructose, particularly in the form of HFCS, not only leads to
the development of metabolic syndrome, obesity and hyperuricemia, but may also
lead to kidney disease. Evaluation of data from NHANES also suggest that such
an association may exist.'” However, to date, there has been no published
investigation of the association between sweetened beverage consumption, kidney
disease, and albuminuria.

Main Hypothesis/Study Questions:

The consumption of large quantities of sweet beverages, primarily sweetened with
high-fructose corn syrup (HFCS), is associated with incident CKD and with
albuminuria.

A secondary hypothesis is that consumption of large quantities of sweetened
beverages is associated with hyperuricemia.



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:
Phase 1: Cross-sectional analysis.
The first portion of the study will use data from visit 1 to determine whether
consumption of sweetened drinks is associated with chronic kidney disease and
hyperuricemia.

Outcome: The primary outcome variable of interest (dependent variable) will be
presence (or absence) of chronic kidney disease, defined by estimated glomerular
filtration rate (¢GFR) < 60ml/min/1.73m”.

eGFR will be calculated by the following formula:

eGFR = 186 * ( Serum creatinine) "'** * (age) *** * 1.212(if black) * 0.742(if female

The secondary outcome will be hyperuricemia as defined by uric acid > 7.0mg/dl for
men and > 5.7 mg/dl for women.

Exposure: The primary exposure (independent variable) will be dietary intake of
sugar-sweetened beverages (regular soft drinks and fruit flavored punch). At visit 1,
dietary intake of beverages is divided into coffee, tea, low calorie soft drinks, regular
soft drinks, and fruit flavored non-carbonated beverages. The response categories
range from > 6 per day to almost never (a total of nine gradations).

Sugar-sweetened beverages will be defined as regular soft drinks and fruit flavored
non-carbonated beverages. The exposure variable will be divided into tertiles of
consumption.

Inclusion/Exclusion: All participants with available data regarding dietary intake of
beverages will be included in the analysis. Those without these data will be
excluded.

Phase 2: Prospective analysis

The second portion of the study will pertain to data obtained from visits 2 and 4.
Patients will be followed prospectively from the baseline visit (visit 1) through visit
4 to determine if consumption of high fructose corn syrup in the form of sugar-
sweetened beverages is associated with the development of incident chronic kidney
disease (CKD).

Outcome: The primary outcome variable will be eGFR, estimated by serum
creatinine measured at visits 2 and 4. The secondary outcome variable will be
presence of albuminuria as defined by albumin to creatinine ratio with sex-specific
cutpoints of > 17mg/g in males and > 25mg/g in females. This variable is measured
only at visit 4. Hyperuricemia (defined above with sex-specific cutpoints of > 7.0
mg/dl and > 5.7 mg/dl for men and women, respectively) will also be a secondary
outcome in this phase using uric acid levels measured at visit 2.



Exposure: Dietary intake of sugar-sweetened beverages, measured at visit 1 will be
the primary exposure with the same categories as defined in Phase 1.

Inclusion/Exclusion: Patients without dietary beverage intake data will be excluded.
For the prospective analysis, patients with eGFR <60ml/min/1.73m? at visit 1 will be
excluded from the analysis.

Data Analysis:
1. For Phase 1, logistic regression models will be used to determine odds ratios for
the association of sugar-sweetened beverage intake and prevalent CKD (eGFR < 60
ml/min/1.73 m?). Logistic regression models will also be used to determine the
association of sugar sweetened beverage intake with hyperuricemia, as defined
previously.

2. For Phase 2, three main analyses are planned.

The first is a logistic regression model to determine the association of sugar-
sweetened beverage intake (from visits 1) with incident CKD (eGFR < 60
ml/min/1.73 m?). Measures of incident CKD will be available at visit 2 and 4. The
second analysis will determine association of sugar-sweetened beverage intake with
incident hyperuricemia (from visit 2). The third analysis is to determine the
association of sugar sweetened beverage intake with (new) albuminuria measured at
visit 4.

3. In both phases, we will investigate for the presence of effect modification by
hyperuricemia of the relationship of sugar-sweetened beverage intake with CKD.
Presence or absence of hyperuricemia as defined by the above noted sex-specific
cutpoints will be determined from visit 1.

4. For both phases, multivariable models will be constructed to adjust for necessary
covariables including age, race, sex, body mass index (BMI), smoking, diabetes
mellitus, hypertension, education level, salt intake, and ARIC field center.

Limitations:

The major limitation to this study is the reliance on self-reporting of dietary intake
measures. The major limitation to this study is the reliance on self-reporting of dietary
intake measures. In addition, the Willett 66-item food frequency questionnaire is known
to underestimate energy intake due to the limited number of food categories. However, in
this case, everyone’s usual energy intake will be underestimated. Dietary intake may also
be misclassified by this questionnaire, contributing to measurement error in the point
estimates that may potentially result in large biases either towards or away from the
null."" We will explore the effects of bias due to measurement error and will consider
correction for that error.'*"?
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