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4. Rationale: Pulmonary function, as measured by spirometry, is used clinically to diagnose and 

follow the progression of chronic obstructive pulmonary disease (COPD), the third leading cause 

of death in the United States. Pulmonary function is detrimentally affected by cigarette smoke, 

which causes oxidative stress and inflammation in the lung and airways and often leads to 

airflow obstruction and eventually COPD. However, dietary nutrients that attenuate 

inflammatory responses, specifically omega-3 fatty acids (ω3 FAs), fiber, and vitamin D are 

among the few lifestyle factors associated with slowing pulmonary function decline and lowering 

risk of COPD, especially for people with a history of smoking. Furthermore a health dietary 

pattern has been identified as a means to reduce inflammation, and the 2015 Dietary Guidelines 



  

Advisory Committee identified healthy diet patterns for chronic disease reduction, based on 

extensive systematic reviews of diet patterns and chronic disease risk. The two most commonly 

used measures of pulmonary function are forced expiratory volume in 1 second (FEV1) and its 

ratio to forced vital capacity (FEV1/FVC). Over 40% of the variability in these parameters is 

attributable to genetic factors, but few studies have considered gene by nutrient interactions 

given limitations in power in single studies. 

Our hypotheses focus on three specific nutrients, ω3 FAs), vitamin D and fiber, in addition to 

healthy dietary pattern. These nutrients, which are positively associated with pulmonary function 

in past studies, are hypothesized to play a role through anti-inflammatory mechanisms  (Litonjua 

and ebrary Inc. 2012, Fonseca Wald, van den Borst et al. 2014). Dietary intake is a complex 

behavior with many contributing factors. Genetic variation affects nutritional status through 

variation in taste, variation in enzymes governing the absorption, transport and metabolism of 

nutrients, and variation in regulatory regions given the role of some nutrients as transcription 

factors. 

This proposal specifically focuses on the relationship between ω3 FAs, both as derived from 

food frequency questionnaires and as a measured biomarker, and three pulmonary function 

measures (FEV1, FVC, and FEV1/FVC).  

5. Main Hypotheses/Study Questions: 

SNP-by-ω3 FA interaction across the genome will identify novel gene regions that influence the 

relation of ω3 FAs with pulmonary function and will also help characterize known gene regions.  

6. Design and Analysis: 

 
Phase 1 Phase 2 Phase 3  

Lung function (FEV1, FVC, FEV1/FVC) =  β0   +  β1 Nutrient +   β2 SNP  + β3 Nutrient * SNP 
 
 
 
 
 
 
 
 
 

 
 
 
                                                                                                                                                                                                                                                

 
 
 
 
 
 
 
 
 
 

Phenotype 

(Outcome 

Phase 1: Omega-3 fatty acids 

biomarkers 

Also, include other covariates 

(+βi covariates) 

Phase 2: The 

nutrient plus ~10 

million SNPs and 

indels in 

1000Genome 

Project 

Also, include 

other covariates 

(+βi covariates) 

Phase 3: Main 

effects plus G^E 

interaction 

Also, include 

other covariates 

(+βi covariates) 



  

- Other covariates include age, age
2
, height, height

2
, weight, gender, study site, smoking status 

(never/former/current), and pack-years.  
 
- Stratification: all the models should be stratified by race/ethnicity (Caucasian or African American)  
 
 

Phase 1 should be conducted on all participants with available pulmonary function and genetic data, as 

well as omega-3 fatty acids biomarkers and covariate data. 

 

Phase 2 should be conducted on the model of phase 1 plus ~10 million SNPs and indels in 1000Genome 

Project (MAF > 0.01). 

 

Phase 3 should be the main effects plus G*E interaction 

 

Exclusion and Inclusion Criteria for Participants 
 
1 Pulmonary function test (PFT) data 
 
Participants who have FEV1, FVC, and FEV1/FVC data will be included. Usually, NFVC should be equal 

to NFEV1, and also equal to NFEV1/FVC (where N = number of participants).  
 
In addition, for quality control, the standards for spirometry data are the same as in all previous CHARGE 

GWAS meta-analyses. Thus, FEV1 and FVC measurements meeting the ATS/ERS criteria for 

acceptability will be included.  

 

2 Omega-3 fatty acid biomarkers in units of % of total plasma fatty acids 

 

Optimally, the timing of blood collection for the omega-3 fatty acid biomarker assay should be concurrent 

with the PFT data. If not, the timing difference, in units of days, between omega-3 fatty acid (ω-3 FAs) 

biomarker and PFT measurements will be computed. In this pipeline, we will use four ω-3 FA biomarkers 

measured in plasma and expressed as %total fatty acids; the four biomarkers are α-linolenic acid (ALA), 

eicosapentaenoic acid (EPA), docosahexaenoic acid (DHA), and docosapentaenoic acid (DPA). All of 

these ω-3 FA biomarkers were measured in plasma in the ARIC study.  

 

3 Cigarette smoking 
 
Three smoking variables should be adjusted in all models: former smoker yes/no (1/0 coding), current 

smoker yes/no (1/0 coding), and pack-years (unit of cigarette pack-years; provide confirming details of 

calculations). Participants who do not have smoking data (never/ former/ current smoker and pack-

years) should be excluded from all analyses. 

 

1) Smoking pack-years, calculated cumulatively up to the time point corresponding to the PFTs. If 

missing at the time of PFTs, the previous closest time point (including the study baseline) should 

be used to calculate the pack-years.   
2) Smoking status (never/former/current) should be included as two dummy variables: current 

smoking (yes/no) and former smoking (yes/no), at the time point corresponding to the PFTs being 

used for this study. If missing, the smoking status at the previous closest time point should be 

used.  

 

4 Height  
 
Individuals without baseline height data should be excluded. Height should be concurrent with the PFTs. 



  

If not, the height data from the previous closest examination, including the study baseline, should be 

used. Height units should be meters, m. 
 
 
5 Weight  
 
Individuals without weight data can still be included in the analysis of FEV1 and FEV1/FVC, but they 

would be excluded in the analysis of FVC. In terms of FVC analysis, weight should be concurrent with 

the PFTs. If not, the weight from the previous closest examination, including baseline, should be used, as 

done for height. Weight units should be in kilograms, kg. 
 
 
6 Age  
 
Individuals without age data should be excluded from all analyses. Age should be concurrent with the 
FEV1 measurement. Age should be in units of years of age. 
 
7 Gender 
 
Individuals without gender data should be excluded from all analyses. 
 
8 Center 
 
For cohorts with one study site, this covariate is omitted. 

 

 

PHASE 1- Main Effect of Omega-3 Fatty Acid Biomarkers on Pulmonary Function 
 
Statistical Analysis 
 
Preliminary Modeling. We will construct a baseline model below to compute residuals and 

examine the corresponding residual diagnostic plot. Using the studentized residuals, we will 

apply a filter of ±3 or ±4 to identify outliers. We will examine outliers to confirm the presence of 

aberrant data, and edit data set accordingly. With the edited data set, we will run the same model 

again and compare the residual diagnostic plots for improved residual distribution.  
 
Model Setup 

 
1 Baseline models without the nutrient term 

 
Standard ordinary least squares regression models, without including any of the nutrient-

related variables, will be run to facilitate interpretation of results. This is the baseline model 

without considering nutrition: 

1. FEV1 = α + β1 current smoking + β2 former smoking + β3 pack-years + β4 age + β5 

age
2
 + β6 sex + β7 height + β8 height

2
 + β9 center   

2. FVC = α + β1 current smoking + β2 former smoking + β3 pack-years + β4 age + β5 age
2
 

+ β6 sex + β7 height + β8 height
2
 + β9 center  + β10 weight   

3. FEV1/FVC = α + β1 current smoking + β2 former smoking + β3 pack-years + β4 

age + β5 age
2
 + β6 sex + β7 height + β8 height

2
 + β9 center   

 

2 Extended models including omega-3 fatty acid biomarkers to test associations with PFT 

outcomes: note each model will be run separately for each biomarker, thus models 4a, 4b, 



  

4c, and 4d include ALA alone, EPA alone, DHA alone and DPA alone, respectively. 
 

4. FEV1 = α + β1 current smoking + β2 former smoking + β3 pack-years + β4 age + β5 age
2
 + 

β6 sex + β7 height + β8 height
2
 + β9 center + β10 [ALA or EPA or DHA or DPA] (biological 

marker)   
5. FVC = α + β1 current smoking + β2 former smoking + β3 pack-years + β4 age + β5 

age
2
 + β6 sex + β7 height + β8 height

2
 + β9 center + β10 weight + β11 [ALA or EPA or 

DHA or DPA] (biological marker)  
 

6. FEV1/FVC = α + β1 current smoking + β2 former smoking + β3 pack-years + β4 age + 

β5 age
2
 + β6 sex + β7 height + β8 height

2
 + β9 center + β10 [ALA or EPA or DHA or 

DPA] (biological marker)  
 
Below is for dietary omega-3 fatty acids, which will be different from omega-3 fatty acids 
biomarkers model, especially for the covariate “total caloric intake”. 
 

PHASE 2- MAIN GENETIC EFFECTS 

 

We will next use the FEV1, FVC, and FEV1/FVC standardized residuals to run linear regression 

models that test genome-wide SNP and SNP-by-ω3 FA associations with FEV1 and, in parallel, 

with FVC and with FEV1/FVC. The stringent adjustment for smoking variables is needed, given 

that smoking is potentially a strong confounder correlated with SNPs, ω3 FAs, and pulmonary 

function. Of note, there may be some changes made to the model specified below, depending on 

the results of the nutrient effects on PFTs in phase 1 above.  
 

Equation in all participants: FEV1 (or FVC or FEV1/FVC) = α + β1 SNP + β2 ω3 FAs + 
β3 SNP x ω3 FAs + β4 smoking status (current/former/never) + β5 pack-years + β6 SNP 
x pack-years + β7 total caloric intake 
 
PHASE 3- INTERACTION MODEL 
 
In addition to analyzing all participants, we will run the genome-wide analyses in current 
smokers only. Because of the strong biologic priors for ω3 FAs combating the harmful effect 
of cigarette smoking, we expect that stronger genetic associations may be seen in current 
smokers. Again, there may be some changes made to the model below, depending on the 
results of the nutrient effects on PFTs in phase I below. 
 
Equation in current smokers only: FEV1 (or FVC or FEV1/FVC) = α + β1 SNP + β2 ω3 
FAs + β3 SNP x ω3 FAs + β4 pack-years+ β5 SNP x pack-years + β6 total caloric intake 
 
In general, we will declare genome-wide statistical significance in the full sample or in current 
smokers only, using a Bonferroni-corrected threshold. The exact p-value threshold will be 
determined to account for correlated outcomes and exposures; the most conservative threshold 
set at P<8.3x10

-9
, based on one million independent tests across the genome for each of the 6 

combinations of nutrients and phenotypes being studied (3 PFT measurements and 2 ω3 FAs 
[dietary and biomarker]). 
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