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4. Rationale:  
 

Olfactory impairment (OI) has important health implications and can be an early 
manifestation of neurodegenerative diseases including Alzheimer’s disease (AD) and 
Parkinson’s disease (PD) [1, 2]. OI affects nutrition, safety, social relationships, and mental 
health, diminishing overall quality of life [3-5] and is predictive of mortality, independent of 
chronic health conditions including neurodegenerative diseases [6]. Olfactory structures have 
been suggested to be one of the earliest brain structures to develop AD and PD-related 
neuropathology, decades before the onset of clinical symptoms.  

OI is a common condition and can result from gradual or sudden damage to peripheral 
(e.g., olfactory epithelium) or central (e.g., olfactory bulb, entorhinal cortex) olfactory structures. 
However, little is known about factors associated with OI; some known predictors include 
increasing age, male sex, Black race, respiratory illnesses, head trauma, and certain toxicants. 
Studies have also linked factors including smoking, cardiovascular diseases and their risk factors, 
physical activity, and systemic inflammatory markers with poor olfaction, although these 
findings have not been consistent [7-11]. Further, most of the existing evidence comes from 
cross-sectional studies and only a few prospective studies have investigated such associations. 
Given the broad health implications of OI, research on its predictors is important. Specifically, 
this may help mitigate public health burden associated with OI. Further, identification of shared 
risk factors of OI and neurodegeneration may help understand early AD and PD 
pathophysiology. 

The Atherosclerosis Risk in Communities (ARIC) Study is a prospective cohort study of 
community-based US adults (enrolled 1987-1989). The ARIC study collected comprehensive 
information on socio-demographics, cardiovascular, and inflammatory risk profiles at enrollment 
and all follow-up surveys from study participants; the study measured olfaction at visit 5 (2011-
2013) and visit 6 (2015-2016). Here we propose to identify factors associated with decline in 
olfactory ability. Previously, a cross-sectional investigation was conducted to identify factors 
related to OI using ARIC study data (i.e., using visit 5 exposure variables and visit 5 olfactory 
ability)[9]. Specifically, the study used pooled data from the ARIC study and the Health, Aging, 
and Body Composition study and found that increasing age, male sex, black race, higher 
education, lower cognitive score, APOE ε4, and lower body mass index were associated with 
higher prevalence of anosmia. Similar findings were observed in ARIC-specific analysis. Here, 
we extend the prior investigation by focusing on longitudinal decline in olfaction from visit 5 to 
visit 6. 
 
5. Main Hypothesis/Study Questions: 
 
Aim: To examine if visit 5 socio-demographic, cardiovascular, inflammatory, and genetic risk 
factors are associated with decline in olfaction from visit 5 to visit 6 
 
Hypothesis: We hypothesize that increasing age, male sex, black race, lower education, poor 
cardiovascular and inflammatory risk factors, and presence of APOE ε4 will be associated with 
decline in olfaction.  
 



J:\ARIC\Operations\Committees\Publications 
 

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: Prospective cohort study (ARIC visit 5 to visit 6) 
 
Predictor variables of interest: Potential factors related to olfaction: Sociodemographic factors 
(e.g. age, sex, race, education), cardiovascular risk factors (physical activity, body mass index, 
cholesterol level, diabetes, hypertension), inflammatory risk profiles (C-reactive protein and 
urate measured at visit 5), head injury, and genetic risk factor (APOE ε4 at visit 1). In our 
secondary analyses, we will consider available visit 1 exposure variables, measured at 
participants’ midlife, to compare with findings for visit 5 (late-life) exposures. 

 
Measures of olfaction: The 12-item Sniffin’ Sticks screening test was used to measure olfaction 
at visits 5 and 6.  We will use smell identification test score as a continuous olfaction variable; 
additionally, we will create a categorical outcome anosmia (defined using a conventional cut-off 
of score ≤ 6)[12]. 
 
Statistical analysis: 

 
The analyses will be restricted to visit 5 participants with complete information on visit 5 

olfaction, exposure variables, and covariates of interest. We will use linear mixed models with 
random slopes and random intercepts to examine the associations between visit 5 exposure 
variables and changes in continuous olfaction test scores over time adjusting for potential 
confounders. We will examine distributional assumptions of models and, when they are not met, 
we will consider other appropriate distribution/family in the generalized linear mixed model 
framework. Further, we will use mixed-effects logistic regression to examine longitudinal 
change in anosmia. Further, as only 57% of visit 5 participants completed olfaction test in visit 6, 
to address potential bias from cohort attrition, we will perform sensitivity analysis using shared 
parameter models; briefly, we will use two survival submodels (for dementia and death 
respectively) to inform longitudinal submodel examining decline in olfaction [13]. Separate sets 
of confounders will be considered for each exposure/predictor of interests.  

In our secondary analyses, we will consider (i) examining cross-sectional associations 
between visit 5 risk factors and visit 5 olfaction for predictors that were not included in the prior 
ARIC investigation (for example, inflammatory markers) [9]); (iii) analysis excluding prevalent 
dementia, PD, and those with history of brain/skull surgery/radiation and reporting stuffy nose in 
the past 2 weeks; and (iii) examining visit 1 exposure variables, measured at participants’ 
midlife, to compare with findings for visit 5 (late-life) exposures. Lastly, we will also consider 
using change/difference in score from visit 5 to visit 6 as the outcome variable.  
 
7.a. Will the data be used for non-ARIC analysis or by a for-profit organization in this 
manuscript? ____ Yes    ____ No  X 
 
 b. If Yes, is the author aware that the current derived consent file ICTDER05 must be 

used to exclude persons with a value RES_OTH and/or RES_DNA = “ARIC only”  
and/or “Not for Profit” ? ____ Yes    ____ No 



J:\ARIC\Operations\Committees\Publications 
 

(The file ICTDER has been distributed to ARIC PIs, and contains  
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12a. Manuscript preparation is expected to be completed in one to three years.  If a 
manuscript is not submitted for ARIC review at the end of the 3-years from the date of the 
approval, the manuscript proposal will expire. 
 
12b. The NIH instituted a Public Access Policy in April, 2008 which ensures that the public 
has access to the published results of NIH funded research.  It is your responsibility to upload 
manuscripts to PubMed Central whenever the journal does not and be in compliance with this 
policy.  Four files about the public access policy from http://publicaccess.nih.gov/ are posted in 
http://www.cscc.unc.edu/aric/index.php, under Publications, Policies & Forms. 
http://publicaccess.nih.gov/submit_process_journals.htm shows you which journals 
automatically upload articles to PubMed central. 
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