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4. Rationale:  
 
A growing body of literature suggests a potential link between lung function measures 

and adverse neurological outcomes including cognitive decline, dementia, and stroke [1-7]. 
While systemic inflammation, chronic hypoxia, and shared underlying pathology between 
pulmonary and cardiovascular functions have been implicated for such associations [5, 8-10], 
potential mechanisms are less understood. Brain imaging studies can improve the understanding 
of underlying neurodegenerative and cerebrovascular disease processes associated with poor 
lung function and provide more cogent evidence for the associations with dementia and stroke. A 
few studies have evaluated lung function measures and brain neuropathological changes 
including reduced brain volumes [11, 12], white matter abnormalities (including lesions and 
hyperintensities) [12-18], white matter integrity [19], microbleeds [20], and infarcts [14, 16, 17], 
although findings have not been consistent [11, 17, 21]. With a majority of the studies examining 
white matter abnormalities, other brain pathologies remain minimally explored. Further, only a 
few of these had larger sample sizes and focused on general populations, with others based on 
health care seeking individuals or smaller clinical populations.  

 
Using 30 years of follow up data from the Atherosclerosis Risk in Communities (ARIC) 

Study, we recently found that better lung function measures at visit 2 were associated with 
reduced dementia risk and attenuation in cognitive decline over time (manuscript proposal # 
3798). Previously, in the ARIC study, two investigations had explored associations between lung 
function measures and brain MRI markers. Specifically, in a select sample of participants 
(n=1917), lower forced expiratory volume at 1 sec (FEV1) and forced vital capacity (FVC), 
assessed at visits 1 and 2, were associated with higher prevalence of subclinical cerebral 
infarction and white matter lesions at visit 3 [14]. Later, another investigation conducted after 
10-year follow up of these participants (n=1112) found that higher FEV1 was associated with 
slower 10-year progression of ventricular size worsening, but was not associated with other brain 
MRI changes examined [21]. At visit 5, the ARIC Study conducted more comprehensive brain 
MRI exams that include volumetric measures, infarcts, microbleeds, white matter hyper-
intensities, and white matter microstructural integrity. Here, we propose comprehensive analyses 
of brain MRI findings assessed at visit 5 in relation to lung function measured at mid-life (visit 
2) and late-life (visit 5). As a secondary aim, we will also consider evaluating if these brain MRI 
markers mediate association between lung function and cognitive decline.   
 
 
5. Main Hypothesis/Study Questions: 
 
Primary Aim: To examine associations of visit 2 and visit 5 lung function measures with brain 
MRI markers assessed at visit 5.  
 
Hypothesis: We hypothesize that poor lung function measures are associated with adverse brain 
neuropathology (specifically, smaller brain volumes; higher levels of infarcts, microbleeds, white 
matter hyperintensities, and poor white matter microstructural integrity). 
 
Secondary Aim: To examine if brain MRI markers mediate the association between lung 
function and future cognitive decline. 
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Hypothesis: We hypothesize that brain MRI markers partially mediate the association between 
lung function and visit 5 to visit 7 cognitive decline.   
 
 
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:  
Cross-temporal (visit 2 lung function and visit 5 brain MRI) and cross-sectional (visit 5 lung 
function and visit 5 brain MRI) 
 
Exposure:  
We will use FEV1, FVC and FEV1/FVC ratio (values generated by spirometry) as our lung 
function measures. We will model lung function measures as continuous variables. We will also 
consider using clinically defined diseases based on these spirometry measures using reference 
equations from the Global Lung Function Initiative. We will examine both visit 2 and visit 5 
lung function measures as they reflect measures at mid- and later-life.  
 
Outcome:  
Primary Aim: Outcomes (measured at visit 5) include white matter hyper-intensity (WMH) 
volume, cortical and lacunar infarcts, cerebral microbleeds, white matter microstructural 
integrity (i.e. fractional anisotropy and mean diffusivity as measured by diffusion tensor 
imaging, and based on both the Lobar-22 and Johns Hopkins University Atlases), and brain 
volumes (total and regional). We will also consider longitudinal changes in these brain MRI 
markers once follow up data are available. 
 
Secondary Aim: Global cognition at visits 5, 6, 7 
 
Other baseline covariates:  
Potential covariates for adjustment include age (and age squared), sex, race, center/state, height 
(predictor of lung function), smoking status including pack-years, waist-to-hip ratio (instead of 
body mass index to avoid collinearity with height), education, physical activity, diabetes, total 
cholesterol, hypertension, heart diseases, APOE ε4, and estimated total intracranial volume. We 
will also consider adjusting for fibrinogen/c-reactive protein, markers of inflammation associated 
with both cardiovascular and pulmonary diseases. Except for time invariant covariates (obtained 
at visit 1) and estimated total intracranial volume (obtained at visit 5), we will use visit 2 
covariates for analysis examining visit 2 lung function and visit 5 covariates for analysis 
examining visit 5 lung function. 
 
Statistical analysis: 
Primary aim: We will use generalized linear models to examine the associations of lung 
function measures with brain MRI outcomes, adjusting for potential confounders; models will be 
selected based on the distribution of the outcome of interest (i.e., WMH volumes, white matter 
microstructural integrity, cortical or lacunar infarcts, cerebral microbleeds, brain volumes). In a 
previous analysis examining lung function and cognitive decline, we observed interaction 
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between FEV1 and FVC (manuscript proposal # 3798) suggesting cognitive declines depended 
on varying levels of both measures. We will also examine potential interaction between them 
with brain MRI markers. Given that only a subsample of original cohort participated in ARIC at 
visit 5 due to death or other causes, we will conduct sensitivity analysis by incorporating inverse 
probability weights or multiple imputation (as appropriate) for cohort attrition.  
 
Additionally, we will perform other sensitivity analyses by (i) incorporating sampling weights to 
account for sampling approach used to select participants for MRI; (ii) excluding participants 
with prevalent dementia and all stroke; and (iii) excluding participants with morphological 
abnormalities of the brain, lung cancer, and lung surgery; and (iv) restricting analysis to never 
smokers.  
 
Secondary aim: The mediation analysis will be performed for those brain MRI markers that are 
associated with both lung function measures and visit 5 to visit 7 cognitive declines. Briefly, we 
will consider using Generalized Structural Equation Modeling (GSEM) techniques to identify 
mediation pathways and obtain direct and indirect effect estimates, adjusting for potential 
confounders.  
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