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4. Rationale:  
Pulmonary function, which reflects respiratory health, is a long-term predictor of morbidity and 
mortality (1-3). Forced vital capacity (FVC), forced expiratory volume in the first second 
(FEV1) and its ratio to FVC (FEV1/FVC) are spirometric measures of pulmonary function, 
reflects lung volume and is used to diagnose and monitor lung diseases, such as chronic 
obstructive pulmonary disease (COPD). Impairment of pulmonary function is multifactorial. 
Several blood biomarkers, including C-reactive protein (CRP) and fibrinogen, are identified to be 
correlated with pulmonary function (4, 5). Metabolomics, which characterizes small-molecular 
metabolites produced by a multitude of metabolic, physiologic and cellular processes, serves as 



proximal reporter of early disease processes. A few metabolomic studies demonstrate that 
metabolites are associated with pulmonary function and lung diseases (6-8). Most recently, the 
TwinsUK cohort has conducted a metabolomics study on multiple age-related traits, including 
FVC and FEV1. Among 280 analyzed metabolites, C-glycosyl tryptophan (C-glyTrp), correlated 
strongly with age and FEV1 (p = 1.8 × 10−8 adjusted for age and confounders) and was replicated 
in an independent population (9). To our knowledge, no study has investigated the metabolomic 
association on pulmonary function among African Americans. In addition, there are no 
publications on longitudinal change in lung function.  
 
This proposed research will use both a cross-sectional and longitudinal design allowing us to 
better characterize the relationship between the metabolome and pulmonary function in a well-
characterized population-based sample of both African Americans and European Americans 
from the Atherosclerosis Risk in Communities (ARIC) study.  
 
5. Main Hypothesis/Study Questions: 
 
To identify the associations between metabolite levels and pulmonary function in ARIC 
European and African Americans. 
 
The cross-sectional hypotheses are: 

1. A number of metabolites are associated with pulmonary function (FVC, FEV1 and 
FEV1/FVC) at visit 1. 

2. A number of metabolites are associated with prevalent COPD status at visit 1. 
 

The longitudinal hypothesis is: 
1. Metabolomic factors measured at visit 1 are associated with longitudinal decline in 

pulmonary function beyond the traditional risk factors. The primary analysis of decline 
will examine visit 1 and 2 data. Although sample size is greatly reduced by death and 
attribution to visit 5, we will also examine change from visit 1 to 5 as a secondary 
analysis.  

2. Metabolomic factors identified above are associated with incident COPD beyond the 
traditional risk factors. This will be a secondary analysis if positive findings are identified 
for metabolomic association with longitudinal decline in pulmonary function. 

 
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 and sample: 
The ARIC study participants with serum metabolomic data (1,553 European Americans and 
2,479 African Americans) quantified at visit 1, pulmonary function (FVC, FEV1, FEV1/FVC) at 
visit 1, 2 and 5, and COPD information at visit 1 and 5.  
 
Exclusion: 

 Persons with no metabolomic data; 
 For cross-sectional analysis: Persons with missing outcome variables or baseline 

covariates at visit 1; 



 For longitudinal analyses to visit 2. Persons with missing PFT data at visit 2 
 For secondary longitudinal analysis to visit 5. Persons with missing PFT data at visit 5. 

 
Outcome:  

 Pulmonary function (FVC, FEV1, FEV1/FVC) and COPD information at visit 1. 
 The change of pulmonary function (FVC, FEV1, FEV1/FVC) between visit 1 and 2. 
 Secondary outcome – change of pulmonary function between visits 1 and 5 and incident 

COPD defined using pulmonary function at visit 1, 2 and 5.  
 

Covariates:  
 Age (years) 
 Age2(years2) 
 Sex (male, female) 
 Height (cm) 
 Height2 (cm2) 
 Smoking status (Current versus not current; Past versus all others) 
 Cigarettes per day 
 Cigarettes pack years 
 Center (use dummy variables) 
 Batch effect (use dummy variables) 
 Estimated glomerular filtration rate (eGFR, mls/min/1.73m2) 
 Weight (kg; include in FVC model only) 

 
Statistical Methods: 

We will primarily focus on 245 named metabolites detected in both European Americans 
and African Americans. For the primary analysis, analytes with >25% of values below the 
detection limit (BDL) and/or missingness will be excluded. Metabolite levels will be analyzed as 
a continuous variable; where missing/BDL values will be imputed with the lowest value to those 
without missing data. Metabolites will be standardized (centered at its mean and scaled by its 
standard deviation) prior to the analysis. We will secondarily examine the metabolites with 
missing/BDL values between 25%-75%, and they will be analyzed as continuous variables with 
the values set to the square root of the limit of detection.  

 
For each metabolite, linear models, logistic regression, generalized estimating equations 

(GEE) and Cox model will be used to assess its relationship to baseline pulmonary function, 
prevalent COPD status, pulmonary function change over visits and incident COPD respectively. 
The baseline value of the lung function variable will be included in the longitudinal model. 
African American and European American will be analyzed separately. Statistical significance 
for the metabolomic data will be pre-specified at p < 2×10-4 using Bonferroni correction for 245 
metabolites. If more than one metabolite is identified, a MetScore, which sums the quartiles of 
each identified metabolite, will be used to test the joint effect on pulmonary function. 

 
Cooperative Health Research in the Region Augsburg (KORA) and we have the intention 

to meta-analyze our summary statistics for this proposed project. 
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