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4. Rationale:

An increasing number of reports have linked metabolic dysfunction to cognitive
decline and late onset Alzheimer’s disease (AD)*. Impaired glucose metabolism
parameters such as hyperglycemia and insulin resistance correlate with the development
of AD-related pathology®. Further, it is well known that the &4 allele of the apolipoprotein
E (APOE) gene has been identified as a primary genetic determinant of late-onset AD
risk®. The APOE gene encodes a glycoprotein involved in the transport of cholesterol and
other lipids in the periphery and brain, suggesting a possibility that a dysfunction of the
lipid transport system in the brain could play a role in the pathogenesis of AD*.

Reports linking metabolic dysregulation to age-related dementia have led to the
investigation of genes involved in lipid and glucose metabolism as potential susceptibility
loci for cognitive decline. The peroxisome proliferator-activated receptor gamma (PPAR-
v) gene plays a key role in lipid metabolism and insulin sensitivity and has been shown in
animal models to regulate components of amyloid 3 metabolism®, a proposed key
causative factor in AD. The Prol12Ala (C—G, rs1801282) polymorphism in the PPAR-y
gene is responsible for a Pro to Ala transition in codon 12. The Pro12Ala variant has been
associated with protection from the development of type 2 diabetes (T2D)°, a disorder
linked to cognitive impairment. Because of the confirmed association of Pro12Ala with
T2D and the link between T2D and cognitive decline, the Pro12Ala polymorphism has
been studied in the context of AD and cognitive decline with conflicting results. The
absence of consistent results may reflect population differences in the relationship
between Prol2Ala and cognitive function. Because PPAR-y is a master transcriptional
regulator involved in the expression of numerous genes, there is potential for complex
interactions between the Pro12Ala polymorphism and other genetic and/or environmental
factors. Many studies have reported modification of the association between the
Prol2Ala polymorphism and cognitive function by sex, T2D status, and/or ethnicity.

Previously reported sex-specific associations between Pro12Ala and cognitive function

An association between male Alal2 carriers and decline in cognitive function has

been reported in 3 studies:

1) Among a large cohort of older Latinos, an increased rate of dementia/cognitive
impairment without dementia was reported among males carriers of the Alal2
allele compared to male non-carriers (adjusted HR=2.7, 95% CI: 1.4-5.2). There
was no significant difference in rates of cognitive impairment among female
Alal2 car7riers compared to female non-carriers (adjusted HR=0.88; 95% CI:
0.47-1.6)".

2) Results from a population-based, bi-ethnic cohort study of older adults showed
significantly greater cognitive decline, as measured by the Mini-Mental State
Examination, among male Alal2 carriers compared to male non-carriers (2.4
points vs 1.2 points, p=0.02) over an average of 22 months follow-up. Decline
was not significantly different between female Alal2 carriers and female non-
carriers (p=0.41) (West et al, Cognitive decline and the PPAR-y Pro12Ala
genotype: variation by sex and ethnicity, under review).



3) A large candidate gene association study reported a gender-specific difference in
risk of late-onset AD such that among males there was a trend toward significance
for the Alal2 allele to be a risk factor in the dominant model (OR =1.42,

P =0.08), but among females the Alal2 allele presented as a protective factor in
the dominant model (OR =0.73, P=0.025)%.

Lipid metabolism differs between males and females® and APOE ¢4 and lipoprotein
receptors appear to play a pivotal role in AD pathogenesis'®, suggesting a possible
mechanism that could explain these sex-specific findings relating Alal2 to cognitive
decline.

Previously reported associations between Prol12Ala and cognitive function modified by
T2D

Two studies have reported an increased risk of cognitive impairment and
cognitive decline among Alal2 carriers with T2D"** compared to diabetic non-Alal2
carriers. In both studies there was no significant difference in cognitive risk between
Alal2 carriers and non-carriers among the study participants without T2D. These reports
suggest that the Alal2 allele in diabetic individuals may be a prognostic factor for
increased diabetes severity that, in turn, may increase the risk of cognitive decline.

Previously reported ethnic-specific associations between Pro12Ala and cognitive
function

The reported effects of the Pro12Ala polymorphism on cognitive function are
inconsistent across race-ethnic populations, suggesting possible gene-gene and/or gene-
environment interactions. A significant decline in cognitive function, as measured by the
Modified Mini-Mental State Examination after 4 years of follow-up, was reported among
non-Alal2 carriers in a biracial (Blacks and Whites) cohort of older individuals; however
the results were attenuated after adjustment for race, suggesting a complex-
interrelationship among Pro12Ala, race/ethnicity, and cognitive decline.'? Further, results
from a bi-ethnic cohort of older Mexican- and European-Americans in Colorado showed
no significant difference in cognitive decline, as measured by the Mini-Mental State
Exam, between Alal2 carriers and non-carriers among the European-American
population (p=0.90) but significantly greater decline in MMSE score among the
Mexican-American carriers of the Alal2 allele compared to Mexican-American non-
carriers (p=0.02) [West et al, Cognitive decline and the PPAR-y Pro12Ala genotype:
variation by sex and ethnicity, under review].

Summary of gaps in literature

Given the heterogeneity in the magnitude and direction of associations reported
between Prol2Ala and cognitive function within different populations, an important next
step is to identify specific sub-populations of Prol12Ala genotype carriers that may be at
increased risk for cognitive impairment.



5.  Main Hypothesis/Study Questions:
i. Investigate the association between the Pro12Ala polymorphism in the PPAR-y
gene and performance on cognitive function and decline across ARIC study visits
(V2 through V5).
Ii. Investigate whether these relationships are modified by sex, diabetes status,
and/or race.

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
Cohort study using longitudinal data across study visits 2-5.

Exclusions

Participants with race other than black or white.

Participants with RES_ DNA = “CVD Research” or RES DNA = “No use/storage DNA”.
Participants with no cognitive function scores during visits 2-5.

Participants without Pro12Ala genotyping.

Exposure
Because of the low frequency of the Alal2Ala genotype, genotypes will be

categorized as Alal2 allele carriers (Alal2Ala or Prol2Ala) and non-Alal2 carriers
(Pro12Pro). The allele and genotype frequencies for the Pro12Ala polymorphism will be
determined by race and whether they meet Hardy-Weinberg equilibrium expectations in
each group.

Outcomes

The outcome variables will be the repeated measures of 3 cognitive tests as well
as a 4™ summary measure of the 3 tests:

1. Delayed word recall test (DWRT)

2. Digit symbol substitution test (DSST)

3. Word Fluency Test (WFT)

4. Composite score derived from the DWRT, DSST, and WFT (“Global-Z")

For each test, a Z-score will be calculated by subtracting the test mean and dividing by
the standard deviation. To create the “global-Z”, the Z-score from each test will be
averaged.

Statistical Analysis

The analytic population will be characterized using means (standard deviation) or
N (%) for all covariates. Mixed models will be used to perform longitudinal analysis of
the relationship between Alal2 carriers and cognitive decline across study visits.
Analyses will adjusted for standard risk factors for cognitive decline including age,




education, and APOE &4 carrier status. If there is no evidence of effect modification by
sex and/or race, these covariates will be added to the model. In the final model, variables
that may lie in the causal pathway between Alal2 carrier status and cognitive decline
(body mass index/waist circumference at baseline, systolic blood pressure at baseline,
and baseline stroke history) will be added. If there is no evidence of effect modification
by baseline diabetes status, this covariate will also be included in the final model.

Model 1: Crude/unadjusted

Model 2: Model 1 + age, education, and APOE &4 carrier status, (and sex and race
if no evidence of effect modification)

Model 3: Model 2 + baseline BMI (and separately waist circumference at
baseline), baseline systolic blood pressure, and baseline stroke history (and baseline
diabetes status if no evidence of effect modification)

Effect Modification

Interactions between Alal2 carrier status and sex, baseline diabetes status, and
race/ethnicity status will be tested by including product terms in the models. Stratified
analysis will also be performed to investigate effect modification.

Sensitivity Analysis

As sensitivity to the Missing At Random (MAR) assumptions inherent in the
mixed models, we will examine Missing Not At Random (MNAR) approaches such as
shared parameter model (SPM) formulations, inverse probability of weighting for
attrition (IPAW) models and Multiple Imputation (MICE) strategies incorporating
additional known information.

Challenges/Limitations
Alal2 carrier rates in African American populations are relatively low (~5%)

compared to European American (~20%). This will likely reduce the statistical power to
identify a relationship with cognitive decline among this race/ethnic population.
However, this limitation may be mitigated by the relatively large sample of African
Americans in the ARIC cohort.

Sensitivity analysis (see above) will be performed to assess possible violations of the
‘missing at random’ assumption.
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