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4. Rationale: Hyposmia (loss of smell) affects up to 25% of the US older adults and
adversely impacts their safety and quality of life. More importantly, recent evidence
suggests that hyposmia may be one of the earliest symptoms of Parkinson’s disease and
possibly an early symptom of Alzheimer’s disease. It has been hypothesized that research
on hyposmia helps to identify high risk populations for neurodegeneration and to
understand early disease etiology. However, little is known about the genetic and
environmental factors that contribute to hyposmia. Preliminary data showed that carriers
of known Parkinson’s genes (e.g. LRRK2 and GBA) had abnormal sense of smell [1],
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suggesting potential roles of these genetic factors in hyposmia. We therefore propose the
first genome wide association study (GWAS) to identify potential susceptibility loci for
the sense of smell and hyposmia.

5. Main Hypothesis/Study Questions: To identify susceptibility loci for the sense of
smell using GWAS analysis.

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: GWAS study

Study Description: We will perform GWAS analyses to identify genetic loci that are
associated with the sense of smell or hyposmia in the ARIC cohort. We are also
contacting other populations for pooled GWAS analysis and confirmation genotyping.

General Analysis Approach: Multiple-stage GWAS analysis including two population-
based cohorts: the ARIC and the Health ABC studies (see the “Cohorts Included in
Analysis” section below). We will perform GWAS screening using both ARIC and
Health ABC studies, and select SNPs that meet the following criteria for further
confirmation in an independent sample set: 1) the same direction in both GWAS analysis;
2) P < 10 in the meta-analysis of these two GWAS. For the sense of smell analysis, we
will use linear regression models, and for hyposmia, logistic regression analysis will be
applied.

In the analysis, we will exclude individuals with potential dementia defined as MMSE 1)
<22 for less than 7 years of school; 2) < 24 for 8 years of school or some high school
education; 3) < 25 for high school graduates; 4) < 26 for those with college education or
higher. We will also exclude individuals who did not complete the sense of smell test.

Major Phenotype to Analyze: Sense of smell (continuous, 0-12) or hyposmia
(dichotomous: smell score <6). The sense of smell is being measured as part of the
ongoing ARIC-NCS examination, using the Sniffin’ Stick method. In the clinical visit,
participants are asked to smell 12 common odors and total number of correctly identified
odor represents the function of smell.

Major Covariate Adjustments: age, sex, education, study site, smoking status (never,
ever) and principal components.

Genotyping: We will use already generated genotyping and imputed SNPs from ARIC
for individuals (Affy 6.0).

Cohorts Included in Analysis: In addition to ARIC, we will also propose to the Health
ABC Study for pooled GWAS analysis. The Health ABC study (~3000 participants, ~40%
African Americans) used the Brief Smell Identification Test (BSIT, score 0-12) to



measure the sense of smell. This method is similar to the Sniffin> Stick and phenotype
data will be defined in exactly the same way. GWAS data are available in Health ABC
(Mumina Human 1M-Duo). We are also contacting the investigators of other studies
which measured the sense of smell as potential replication samples. The analysis will be
conducted separately by race (Non-Hispanic Caucasians and African Americans).

e Primary analysis
o Smell loss as an ordinal outcome.
o Covariates: age, sex, education, smoking status (never, ever), study site,
and principal components.
o Analysis conducted separately by race

Smell loss = a + B SNP + f, age + B3 Sex + 4 Education + s ever smoking + s never
smoking +p; Study site+ pg principal components

In secondary analysis, we will define hyposmia as a dichotomous variable (smell score <
6).

Logit (Hyposmia) = a + 1 SNP + B, age + B3 Sex + B4 Education + s ever smoking +
Bs never smoking +f; Study site+ Bg principal components

Stratified analyses for positive SNPs with GWAS significant level by using all
subjects (P < 5.0 x 10°®)

e Stratified analyses for old and young age

Smell loss/ Logit (Hyposmia) =a. + p; SNP + B, Sex + 3 Education + B, ever smoking
+ Bs never smoking + B¢ Study site

e Stratified analyses for female and male sex
Smell loss/ Logit (Hyposmia) =a. + p; SNP + B, age + B3 Education + 4 ever smoking
+ Bs never smoking + B¢ Study site

o Stratified analyses for ever and never smoking

Smell loss/ Logit (Hyposmia) =a + 1 SNP + B, age + B3 Sex + B4 Education + fs
Study site
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