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4. Rationale:  
Dementia is a major public health problem in the US, which will continue increasing as the 
population ages.1 The limited effectiveness of available treatments for dementia highlights the 
need of a preventive approach to this neurodegenerative disorder. Different studies have shown 
that cardiovascular risk factors are associated with a higher risk of developing both Alzheimer’s 
disease and vascular dementia, the two most frequent types of dementia. Poor lung function is 
considered also a potential cardiovascular risk factor, given its association with different 
cardiovascular outcomes [Schroeder Am J Epidemiol 2003, Hozawa Chest 2006]. In fact, a few 
studies have found a higher risk of dementia or lower cognitive function among individuals with 
worse pulmonary function. However, most of these studies have been cross-sectional, conducted 
in small population, or included only white samples [Chyou Am J Epidemiol 1996, Schaub J 
Geront Med Sci 2000, Guo Neurobiol Aging 2007, Alonso J Neurol Sci 2009]. No previous 
studies have examined this association a sizeable population of African-Americans, who have a 
higher risk of dementia. 
 
Different mechanisms could explain the association of lung function with cognitive decline and 
dementia. For example, it has been shown that reduced oxygen supply could increase levels of 
amyloid precursor protein and beta-amyloid [REF 2]. It has been also shown that reduced lung 
function is associated with a pro-inflammatory state that could, eventually, lead to a higher risk 
of dementia [Engstrom Circulation 2002, Thyagarajan Chest 2009]. Finally, in the ARIC study, 
reduced lung function has been associated with MRI-detected cerebral subclinical abnormalities 
[Liao Chest 1999]. Medical studies have also shown that decreased oxygen supply due to 
reduced lung function causes hypoxia that possibly leads to hypoperfusion of the brain leading to 
potential brain injury. 
 
Exploring the association between lung function and cognitive decline/dementia might provide 
new insights into the mechanisms involved in the association between determinants of lung 
function (such as smoking or physical activity) and dementia, as well as highlight a new avenue 
for the prevention of this neurological disorders. 
 
 
5. Main Hypothesis/Study Questions: 
We propose to evaluate the association of lung function (FEV1, FVC, FEV1/FVC, predicted 
FEV1 and predicted FVC) measured in midlife patients (ages 47-68) with cognitive decline and 
risk of dementia hospitalization in the ARIC study. We hypothesize that: 

1. Individuals with reduced lung function will be more likely to experience cognitive 
decline between ARIC visits 2 and 4. 

2. Individuals with reduced lung function will have a higher risk of dementia 
hospitalization.  

3. These associations will be present both in Whites and African-Americans. 
4. Associations will be stronger when lung function was measured at a younger age. 
5. The association of the FEV1/FVC ratio as an important measure of obstructive lung 

disease will show reduced lung function leading to a higher risk of dementia 
hospitalization. 

 



Finally, as a secondary hypothesis, we will explore the association of lung function with 
cognitive function change measured four times in the subset of ARIC participants enrolled in the 
ARIC Brain MRI study. 
 
The hypothesized associations are assumed to be independent of the other confounders such as 
smoking. 
 
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 population 
We will include all ARIC study patients who attended visit 2 and did not meet any of the 
following exclusion criteria: no consent to collaborate in genetic research, previous pulmonary 
disease, history of myocardial infarction, stroke or heart failure, missing values for covariates or 
any of the pulmonary variables of interest (Spirometry, FEV1, FVC), and, for the dementia 
hospitalization analysis, those scoring below gender and race-specific percentile 5th in any of the 
cognitive tests administered (delayed word recall, digit span substitution, word fluency). 
 
Exposures 
Information on pulmonary risk factors and other variables will be obtained from study 
questionnaires and physical exams. We will consider the following variables measured at visit 2: 
age at baseline, sex, race, education (visit 1; less than high school, high school graduate but no 
college degree, college degree), occupation (visit 1; 9 categories: managerial/professional 
specialty, technical/sales/administrative support, service, farming/forestry/fishing, precision 
production/craft/repair, operator/fabricator/laborer, homemaker, retired, missing), field center, 
hypertension (yes/no), diabetes (yes/no), hypercholesterolemia (yes/no), smoking (current, past, 
never), pack-years of smoking, body mass index (<20, 20-<25, 25-<30, ≥30), history of 
pulmonary diseases (COPD, asthma) and APOE genotype. 
 
Outcome Ascertainment 
Our analysis will focus on two different outcomes. First, we will assess cognitive decline as the 
change in cognitive score tests (DWR, DSS, WF) between visit 2 and visit 4. Second, we will 
ascertain hospitalizations through December 2005 in individuals who attended visit 2. We will 
define this event as the presence of an ICD-9 or -10 code for dementia in a hospital discharge or 
dementia considered as the primary cause of death (using ICD-9 or ICD-10 codes). Although 
dementia was not assessed specifically at baseline, the study characteristics precluded the 
inclusion of participants with significant cognitive impairment suggesting that most of the cases 
detected will be incident cases.   
 
Statistical analysis 
FEV1 and FVC measured at visit 2 will be used as estimates of lung function. We will classify 
individuals by quartiles of these variables. The association of lung function with cognitive 
decline will be tested with linear general models with change in each cognitive score between 
visit 2 and 4 as main outcome variables. For dementia hospitalizations, we will use Cox 
proportional hazards model with time from visit 2 to index hospitalization or end of follow-up as 
main outcome. Initial models will be adjusted for age, gender, and race. Subsequently, we will 



adjust for other covariates potentially confounding the association: smoking (never, past, current; 
pack-years of smoking), education, occupation, APOE genotype, study center, body mass index, 
and other cardiovascular risk factors (diabetes, hypercholesterolemia, systolic blood pressure, 
use of BP lowering drugs). Because smoking is a major confounder of this association, we will 
additionally conduct analyses stratified by smoking status. Finally, we will explore cognitive 
changes in the ARIC MRI study participants using multivariate, random-effects linear models.  
 
Limitations 
The main limitation is classification of dementia. It is known that dementia is not a disease 
usually requiring hospitalization. Although we will make use of the ICD 9 or ICD 10 codes, it is 
difficult to classification the exact type of dementia the patient develops, i.e. Alzheimer’s 
disease, vascular, or decreased lung function associated. The focus of this analysis will be center 
on the development of dementia in general. An additional major limitation is confounding by 
smoking. We will try to address this problem conducting an analysis stratified by smoking status. 
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