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4. Rationale:

Alzheimer’s disease (AD) is the most common form of dementia® and is characterized by
significant impairment in memory, behavioral changes, and gradual loss of autonomy.
The prevalence of AD is as high as 20-30% in persons aged 75-84 years, and up to 50%
in individuals 85 years of age or older.? When 2,800 subjects who were free of dementia
were followed for 29 years in the Framingham Heart Study, the lifetime risk for dementia
was reported to be 1 in 5 for women and 1 in 10 for men.? There is currently no known
cure or preventive intervention. Cognitive function is influenced by both genetic and
environmental factors.* The human metabolome is a reflection of the interaction
between genes and the environment, and studies examining the relationship between
metabolomic profiles and cognitive function may lead to the development of biomarkers
used to detect AD and cognitive decline before clinical diagnostic criteria for impairment
are met. In this context, Mapstone et al. have recently reported that a set of ten lipids
identified in a metabolomics screen in peripheral blood could be used with 90% accuracy
to predict conversion from normal cognitive status to amnestic mild cognitive impairment
(MCI) or AD over a 2-3-year period in adults 70 years or older.® Several other
investigators have also found significant alterations in metabolic profiles in comparisons
of patients with MCI and AD to cognitively normal subjects.”** The goal of this study is
to determine whether metabolites measured in serum in middle-aged African-American
adults are associated with cognitive function and cognitive change in the ARIC study. As
this racial group is affected disproportionately with AD, this investigation may also
provide insight into the biological basis of this health disparity.

5. Main Hypothesis/Study Questions:

This proposed research will use both a cross-sectional and longitudinal design. The
following hypotheses will be examined:

1. Baseline cognitive function is associated with metabolites detectable in the
current metabolomic profile.

2. Change in cognitive function over a 6-year period and/or a 20-year period is
associated with metabolites detectable in the current metabolomics profile.

3. Incident dementia is associated with metabolites detectable in the current
metabolomics profile.

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 and Sample



This is a longitudinal study that consists of African American ARIC participants at the
baseline (visit 1), visit 2, visit 4, and visit 5 examinations. Metabolomics data was
obtained at visit 1. Cognitive function was assessed by three neurospsychological tests
(Delayed Word Recall Test (DWRT) *? the Digit Symbol Substitution Test (DSST),™ and
the Word Fluency Test (WFT)* in the entire cohort at visits 2, visit 4, and visit 5. All
analyses will be performed separately for each cognitive test. A preliminary analysis
indicated that there are 1,626 participants with both metabolomics data and cognitive data
at visit 2 before the application of any exclusions.

Cognitive change over a 6-year period proximate to the time of measurement of the
serum metabolites will be assessed by using change in each of the 3 domain-specific
cognitive test scores as a quantitative outcome variable in linear regression models. To
assess 20-year cognitive change between visit 2 and visit 5, 3 test-specific z-scores will
be calculated for each visit by subtracting the mean test score at visit 2 from each
participant’s test score and dividing by the standard deviation at visit 2. A global z-score
will also be generated by averaging the z-scores of the three tests, subtracting the global
mean at visit 2 from each participant’s test score, and dividing by its standard deviation at
visit 2.%° Individuals with adjudicated dementia/MCI at visit 5 will initially be considered
as cases in the analyses of incident dementia. Other case definitions can also be
considered such as combining individuals hospitalized for dementia through 2011
identified using ICD-9 codes (Alzheimer’s disease (331.0); vascular dementia (290.4); or
other forms of dementia (290.0, 290.1., 290.2, 290.3, 290.9, 294.1, 294.2, 294.8, 294.9,
331.1, 331.2, 331.8, 331.9)"7, and/or study participants identified through telephone
interview, with dementia/MCI cases adjudicated at visit 5.

Exclusions:
e Non-African Americans
e Missing outcome or covariates information
e History of stroke or transient ischemic attack prior to visit 2, and incident stroke
after visit 2 for longitudinal analyses.
[ ]
Outcome Variables:
Baseline cognitive test scores
Six-year cognitive change (visit 4 test score — visit 2 test score)
Twenty-year cognitive change (test specific z-scores)
Incident dementia

Covariates:

e Age

o Sex

e The Kkidney filters all metabolites from the blood. Molecules of <10,000 Da
molecular weight are freely filtered by the kidney and subsequently metabolized
(reabsorbed, catabolized and/or secreted). eGFR at each examination will be
calculated based on serum creatinine using the Chronic Kidney Disease



Epidemiology Collaboration (CKD-EPI) equation as follows: eGFRckp-gp; = 141%
(minimum of Standard Serum Creatinine [mg/dL]/x or 1)* x (maximum of
Standard Serum Creatinine [mg/dL]/x or 1)"%% x 0.993% x (1.018 if female) x
(1.159 if black), where « is 0.7 if female and 0.9 if male; a is -0.329 if female and
-0.411 if male.'®

e Education level

Metabolomics data:

Based on both practical and theoretical considerations, we have placed each measured
metabolite into three groups by reliability coefficient (RC; from either the medium-term
reliability study or the blind duplicate study) and missing percentage (MS#1847 Zheng
Y, etal.).

e Group 1 contains metabolites (n=187) that are reliably measured (RC >0.60) and
have missing values in fewer than 50% of the sample. The metabolites are to be
treated as continuous variables during data analysis with the missingness of
metabolites replaced by the lowest measured value.

e Group 2 contains metabolites (n=17) that are reliably measured (RC >0.60) but
have a moderate amount of missing data (values missing in 50- 80% of the
sample). For this group, we consider missing values as category 1. For the
measured (non-missing) values, we consider values below the median as category
2 and values above the median as category 3. An ordinal variable is to be used
during data analysis.

e Group 3 contains metabolites (n=398) that have >80% missing data or RC <0.6;
this group is not included in data analysis.

Statistical Methods:

Linear models will be applied for each metabolite to estimate its association with baseline
cognitive function; linear models and Cox proportional hazard models will be used to
assess its relationship to 6-year change in cognitive function and incident dementia,
respectively. To evaluate the association of each metabolite with 20-year cognitive
change, generalized estimating equations (GEE) will be used to account for the
correlation between cognitive test scores at repeated assessments assuming an
unstructured correlation. The GEE models will include each metabolite, time on study,
and their interaction term as well as the covariates listed above. In secondary analyses,
regression models will be adjusted for vascular risk factors (diabetes, hypertension, body
mass index, low density lipoprotein cholesterol, current smoking, and current alcohol
consumption) and APOE genotype in addition to the covariates listed above. Statistical
significance for the metabolomic data will be pre-specified with an experiment-wise
o=0.05 (2 tailed) and a modified Bonferroni procedure will be used to consider the
correlations among metabolites.'*?°

To address possible selection bias where attrition between visit 2 and visits 4 and 5 may
be related to cognitive status, baseline characteristics and clinical outcomes will be
compared for those who attended the later of the two visits (visit 4 or visit 5) and those
who did not. To correct for attrition at visit 5, inverse probability of attrition weighting



(IPAW)**?! will be explored following the recommendations of the ARIC
Neurocognitive Study (NCS) analysis working group.

All of the analyses described for Aims 1-3 will be performed by Jan Bressler and Bing
Yu under the supervision of Eric Boerwinkle; a signed data distribution agreement has
been completed.

Limitations:

The limitations of the current study include assessment of the metabolomics data at visit
1 while the three cognitive tests were administered in the entire cohort only at later
clinical examinations (visits 2, 4, and 5). Similarly, identification of study participants
with incident hospitalized dementia based on hospital discharge diagnoses began at visit
1 and continued through 2011 with the consequence that there will be a single
measurement of the metabolomic profile obtained up to 23 years earlier for some
subjects. In support of this approach, Yan Zheng et al. have previously reported detection
of novel biomarkers and pathways significantly associated with incident hypertension?
and incident heart failure? during a 10-year or 20-year follow-up period, respectively,
using the same dataset. A second caveat is that the metabolomic profile is available for a
subset of African-American participants at visit 1 (n = 1,977) with 1,626 having cognitive
data at baseline (visit 2), 1,071 having cognitive data at both visits 2 and 4, and 709
having cognitive data at both visits 2 and 5. Since there may be low power to detect an
association due to the sample size confirmatory investigations in other cohorts may be
needed.
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