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4. Rationale: Chronic lower respiratory disease (CLRD) – defined as chronic obstructive 

pulmonary disease (COPD), chronic bronchitis, emphysema, and asthma – is the third leading 

cause of death and a major source of health care costs in the United States (US) (1). Respiratory 

exacerbations often herald the incidence of the clinical disease, decrease quality of life, contribute 

to decline in lung function, and are the proximal cause of death in COPD (2). Risk factors for 

COPD exacerbation include severity of COPD and a history of prior exacerbations, but why 

certain patients have frequent exacerbations is poorly understood. Studies to date have focused on 

either older patients with spirometrically-confirmed COPD, mostly limited to heavy smokers 

without cardiovascular disease, or younger non-smokers with asthma. Exacerbations, however, 

often occur among older patients with normal spirometry, modest or no smoking history, and 

clinical cardiovascular disease (3, 4), and risk factors for first exacerbations are poorly defined. 

Furthermore, there are no medical therapies proved to prevent CLRD or mortality; therefore 

primary prevention of CLRD is of utmost importance (5). 

Albuminuria is associated with diabetic nephropathy, hypertension, and cardiovascular 

events (6). It is also associated with cigarette smoking and stable chronic obstructive pulmonary 

disease (COPD), and it predicts a higher rate of all-cause mortality in persons with COPD (7, 8). 

At least in part, these observational findings for COPD could reflect comorbid cardiovascular and 

renal disease, both of which are associated with endothelial dysfunction, for which albuminuria 

has come to serve as a biomarker (9-12).  

There is nonetheless increasing evidence to support a role for endothelial dysfunction and 

microvascular disease in the pathogenesis of CLRD (13). Increased albuminuria has been 

consistently associated with physiological correlates of COPD, including airflow obstruction, 

impaired gas exchange, and hypoxia, in a range of diabetic and non-diabetic populations (14-17). 

We therefore hypothesize that albuminuria may be a readily-available surrogate for ceramide-

related endothelial dysfunction, which may predispose to chronic lung disease pathogenesis, 

respiratory exacerbations, and disease progression. 

 

5. Main Hypothesis/Study Questions: 

In order to establish albuminuria as a predictor of incident clinical CLRD, we propose to examine 

associations between albuminuria and CLRD-related hospitalizations and mortality among 

participants without prevalent CLRD at baseline, as well as relationships between albuminuria 

and longitudinal lung function. We propose to leverage data from ARIC and five other 

population-based cohorts to test the following hypotheses:  

1. Does albuminuria predict incident chronic lower respiratory disease (CLRD) 

hospitalization and/or CLRD mortality over follow-up, in smokers and non-smokers? 

2. Does albuminuria predict longitudinal decline in lung function on spirometry? 

 

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). 



 

The study design is a pooled analysis of prospective cohort data from ARIC and five other 

cohorts with measurements of albuminuria and longitudinal spirometry and/or respiratory events 

follow-up (CARDIA, CHS, FHS-Offspring, Health ABC, and MESA). 

 

All data have been systematically harmonized across cohorts as part of the NHLBI Pooled 

Cohorts Study (ARIC MS 2862). 

 

We will use data from all consenting ARIC participants with measurements of albuminuria.  

 

Independent variables:  albuminuria, defined by the urine albumin-to-creatinine ratio 

 

Covariates, all exam years: 

 Socio-demographic: age, sex, race/ethnicity, site, education 

 Smoking: smoking status, pack-year history 

 Anthropometric: height, weight, body mass index, systolic and diastolic blood pressure 

 Renal function: cystatin C, serum creatinine, estimated glomerular filtration rate (eGFR) 

 Cardiovascular disease: Framingham risk score, hypertension, anti-hypertensive 

medications 

 Lung disease: physician-diagnosed asthma, emphysema, and COPD, inhaler use, self-

reported respiratory symptoms 

 

Endpoints, longitudinal: 

 Hospitalizations and deaths attributable to CLRD will be identified via International 

Classification of Diseases (ICD) codes (ICD-9 490-493, 496, 506.4; ICD-10 J40-J45); 

events will be sub-classified by CLRD code position (primary diagnosis code or 

underlying cause of death versus any code position) and CLRD sub-type (e.g., COPD 

versus bronchitis) 

 Spirometry 

 

Analysis 

 Albuminuria will be parameterized as a continuous variable (urine albumin-to-creatinine 

ratio [ACR], log-transformed for normality assumptions) and as a categorical variable 

(20). 

 Associations between albuminuria and incident CLRD hospitalizations will be tested via 

Cox proportional hazards regression. Cox models will be sequentially adjusted for 

potential confounders and precision variables. Interaction effects will be tested via 

multiplicative interaction terms and stratification by smoking status, lung function, age 

group, sex, obesity, comorbid cardiovascular and renal disease, and levels of disease-

related biomarkers. Sensitivity analyses will be performed among participants without 

airflow limitation upon first spirometry. Cohort will be treated as a stratum term. 

 Linear mixed models with cohort-specific unstructured covariance matrices will be used 

to estimate associations between albuminuria and change in lung function over time, 

where the interaction of time x albuminuria is the coefficient of interest. A random 

intercept and possibly random slope will be included. Height, weight, smoking status, 

pack-years, cigarettes per day (in current smokers), and medication use will be treated as 

time-varying confounders. Similar stratified and sensitivity analyses will be performed. 

For comparison with the pooled result, fixed and random effects meta-analysis will be 

performed. 
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