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4. Rationale:

Dementia and cognitive decline are a growing public health problem in older adults
leading to reduced quality of life, caregiver burden, increased healthcare costs and
premature mortality [1]. The identification of high-risk patient groups and quantifiable
risk factors could allow for earlier recognition, more targeted surveillance and possibly
earlier treatment or better control of the factors conveying risk.

Recent cross-sectional studies have shown patients with chronic kidney disease (CKD) to
have an increased risk of dementia and cognitive impairment, with more advanced stages
of CKD exhibiting a stronger cognitive decline [2-4]. Patients with diabetes mellitus,
hypertension and other cardiovascular risk factors, which are common causes of CKD,
are also at high risk of incident dementia [5-8].

However, the quantitative and longitudinal association between measures of CKD, such
as estimated glomerular filtration rate (eGFR) and albuminuria, with incident dementia
has not yet been assessed. It is also unclear, whether such an association is independent
from already established risk factors, such as diabetes mellitus, hypertension or
cardiovascular disease (CVD).

5. Main Hypothesis/Study Questions:

Study Aims:
1. Assess the association of eGFR and albuminuria with incident dementia after
visit 5.
2. Assess the association of eGFR and albuminuria with incident dementia after
visit 4.

3. Assess the association of eGFR and albuminuria modeled as time dependent
covariates (from visit 1 to visit 5) with incident dementia.

4. Explore the longitudinal association between eGFR and albuminuria and >25-year
cognitive decline from visit 2 to visit 6.

Hypotheses:

1. Lower levels of eGFR and higher levels of albuminuria are independently
associated with higher incidence of dementia and greater long-term cognitive
decline.

2. Inolder people, markers of low eGFR which are unrelated to muscle mass
(Cystatin C, Beta-Trace Protein and Beta-2 Microglobulin) will lead to stronger
associations with dementia and cognitive decline than eGFR based on creatinine.
Since eGFRcr often overestimates kidney function in older people, markers
unrelated to muscle mass will also identify a larger number of individuals
classified as having increased risk (e.g. eGFR<60).



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 perform a survival analysis for incident dementia and longitudinal data
analysis for cognitive decline. We will examine several baseline periods since the
prevalence of CKD varies with age.

Study population:

Inclusion criteria:
All ARIC participants with valid measurements of eGFR and albuminuria. At risk
populations will be defined separately at visit 2 and again at visit 5.

Exclusion criteria:

e Race — The small number of individuals that are neither white nor African-
American as well as African-Americans at Minnesota and Washington County
will be excluded.

e Missing data for eGFR or albuminuria.

e Missing information on education and/or missing cognitive score at visit 2.

e Prevalent severe disease at baseline: Dementia, Stroke or ESRD.

EXxposure:
Measures of kidney disease: eGFR (linear scale, spline knot at 60). The CKD-EPI
equations will be used to estimate eGFR from serum creatinine. When additional
filtration markers are available they will be used to provide complementary
estimates of GFR (visit 2: Cystatin C, Beta-2 Microglobulin; visit 4: Cystatin C,
Beta-Trace Protein, Beta-2 Microglobulin; visit 5: Cystatin C). Albuminuria will be
quantified as the albumin to creatinine ratio (UACR) in mg/g modeled on the log
scale (visits 4 and 5).

Outcome:
e Incident dementia: We will use the ARIC NCS dementia incidence files.
Briefly, validated dementia events by committee review (level 1), or by dementia
surveillance or hospitalization records or death certificates with a dementia ICD-
9/10 code (level 3). We will consider dementia type information (2 categories:
Alzheimer’s alone or vascular (as first or secondary diagnosis) when available.

e Cognitive test score changes: We will follow the ARIC NCS recommended
procedures and datasets for longitudinal data analysis and correction for
informative losses. Briefly, cognitive test scores measured at visits 2, 4, 5 and 6
including: the delayed word recall test (DWRT), the digit symbol substitution
test (DSST), and the word fluency test (WFT) and the 7 other tests used at exams
5 and 6. Standardized z-scores (standardizing to visit 2) will be used for each
test. A For measuring decline between visits 2 and 5, a composite score will be
calculated by summing the z-scores of the three tests and then standardized to the
global scores at visit 2. Declines between visits 5 and 6 will be measured using



all 10 cognitive tests administered. Cognitive test score changes will be
estimated using random effect models with correction for informative losses
using multiple imputation by chained equations. We will use the same methods
as described in ARIC MSP #2523: Imputing missing outcome data using
multiple imputation by chained equations: simulation and validation in the ARIC
study.

e We will consider all-cause mortality as competing risk in the secondary analysis
for dementia incidence.

Covariates:
Age, sex, race, education level, smoking status (current, former, never), alcohol
consumption (current, former, never), body mass index (BMI), apolipoprotein E4
genotype, baseline cognitive score, hypertension status, diabetes status, history of
heart failure and stroke.

Statistical Analysis Plan:

Missing data imputation:
To account for informative drop-out and population attrition, we will impute the
missing cognitive test results in visits 2, 4, 5 and 6 due to participants’ loss to follow
up as well as missing covariates listed above. We will use the same methods as
described in ARIC MSP #2523: Imputing missing outcome data using multiple
imputation by chained equations: simulation and validation in the ARIC study.

Analysis for aims 1,2 and 3:
We will perform a survival analysis using Cox regression to analyze the incidence of
dementia using eGFR and albuminuria as predictors. We will use forward stepwise
model selection starting with a basic demographic model adjusted for age, sex,
education and apolipoprotein E4 genotype with later addition of further covariates
listed above. The covariates will be modeled both as fixed and time-dependent
covariates.

Analysis for aim 4:
We will use measures of kidney disease (eGFR and albuminuria) as exposures and
cognitive test scores recorded at visits 2, 4, 5 and 6 as outcomes to conduct a
longitudinal analysis of cognitive decline. Cognitive test scores will be standardized
to visit 2 measurements using the mean and standard deviation of the scores at visit
2. Kidney disease measures will be modeled as continuous variables (eGFR on the
linear scale with a spline knot at 60 and UACR on the log scale. Random effect
models will be used to accommodate the correlation between repeated cognitive test
measures over time. To model the association with cognition change trajectories,
both random intercept and random slope will be included. An independent
correlation structure for the random effects will be assumed. The time-frame will be
the time since visit 2, and cognitive test scores at visit 2, 4, 5 and 6 will be modeled
as dependent variables. To allow the flexibility of cognitive changes, we will add
linear splines with knots at visit 4 and 5. Interaction terms between exposure and
time-spline will be included as the primary variables of interest. We will use forward




stepwise model selection starting with a basic demographic model adjusted for age
and sex with later addition of further covariates listed above. Time-interaction terms,
which contribute to the slope of cognitive change, will be included. Non-linearity
will be checked for the exposure-outcome association and appropriate modeling
approaches will be adopted to address the non-linear association if there is any.

Sensitivity Analysis:

e Interaction and Subgroup analysis:
Interaction effects with cognitive slopes will be checked with the following
covariates: gender, race, BMI, diabetes status, hypertension status at baseline and
apolipoprotein E4 genotype. Subgroup analysis will be conducted in the
subgroups of covariates that have significant modification effects on exposure-
outcome association.

e Impact of stroke and CNS-altering medications used:
To assess the robustness of the results, we will censor participants at the time
point of clinical stroke and/or CNS-altering medications use after study baseline
from the primary analytical population.

e Re-do the analysis using non-imputed data with inverse probability weighting to
account for informative missingness and cohort attrition.

Limitations:
e Intervals between visits are not similar in length with higher losses due to
mortality and attrition in the long interval between visit 4 and visit 5.
e Urine data are only available starting at visit 4.
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