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4. Rationale:  
Consumption of finfish and shellfish (hereafter referred to as fish) is linked to lower risk of several 

chronic diseases, in particular lower risk of fatal coronary heart disease.
1-3

  These beneficial 

associations in observational studies are supported by randomized controlled trials demonstrating 

favorable effects of fish or fish oil on numerous chronic disease risk factors.
1, 4-7

  

In comparison to many other foods, there is quite broad variation in levels of fish consumption in 

most populations.  In many Western countries, for example, approximately one-third of individuals 

consume no fish at all, approximately one-third consume fish but relatively rarely (less than once 

per week), and approximately one-third consume fish more frequently.  Many personal and 

environmental differences likely contribute to this diversity in frequency of fish consumption, 

including differences in geographic residence (coastal vs. inland), foods consumed as a child, 

socioeconomic status, and so forth.  The extent to which common genetic variation also 

contributes is not well established and may be variable for different foods.
8
  A recent heritability 

study evaluating Danish dizygotic and monozygotic twins estimated that heritability of fish 

consumption was 17% in men and 61% in women (additive effects).
9
  It is plausible, for example, 

that genes related to taste, digestion, fatty acid metabolism, or other unknown processes related 

to food preferences could influence a person’s frequency of fish consumption.  One could attempt 

to evaluate sets of candidate genes, but such investigation would be strongly limited by imperfect 

knowledge of which genes affect established systems/processes related to food preferences and, 

even more so, which genes affect currently unknown systems/processes related to food 

preferences. 

As has been seen with many other phenotypes including physiologic risk factors, genome-wide 

(non-hypothesis-driven) approaches may lead to discovery of novel genes and biologic pathways 

related to the phenotype of interest.  Yet, virtually no genome-wide analyses have been 

performed evaluating consumption levels of specific foods as the phenotype.  In part, this may 

have been due to limited sample sizes of individual cohorts having both genetic and dietary 

information.  The CHARGE Nutrition Working Group provides an excellent opportunity to 

determine, in large consortium, whether common genetic variation relates to frequency of fish 

consumption, a phenotype linked to risk of many chronic diseases.   

References listed on page  6  

5. Main Hypothesis/Study Questions: 

Three GWAS will be conducted within each participating cohort and then meta-analyzed.  The 
three outcomes of interest are detailed below 

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). 

 
1. Outcomes:   Estimated dietary consumption of: 

a. Total fish, including shellfish and fried fish.   

i. Units:  Servings/day  (sum the following) 

‘DTIA34’ = canned tuna fish 
‘DTIA35’ = dark meat fish 
‘DTIA36’ = other fish (= light meat) 

‘DTIA37’ = shrimp, lobster, scallops 

**these variables can be found in the ARIC ‘dtia’ dataset 



b. Dietary EPA+DHA (total EPA and DHA). 

i. Exclude EPA+DHA from supplements (i.e., do not exclude 
supplement users, but exclude any portion of EPA+DHA from 
supplements in these individuals).   

ii. Units:  mg/d 

‘OMEGA’ convert from grams to milligrams 

‘OMEGA’ * (0.001) = OMEGAmg (mg/d) 

**these variables can be found in the ARIC ‘anut2’ dataset 

c. For cohorts that have specific information on fried fish:  Same exposure as (a), 
but excluding fried fish.   

i. Units:  As in (a), above. 

ARIC cannot contribute to this analysis (we did not ask about 

preparation techniques) 

2. Inclusions: 
a. European descent only (other race groups may be considered at a later 

date, but such results would be presented in a separate paper) 

3. Genotype-phenotype association within cohorts: 

a. Regression models:  
i.    Linear regression with robust variance estimators 

ii.    Separate models for each outcome 
 

b. Covariates for adjustment in regression model:  
i. Age in years v1age01 

ii. Sex gender 
iii. Total energy intake tcal 
iv. Study site center 
v. Population substructure (e.g, principal components; cohort-specific, if 

needed)  
c. Genetic model: One degree of freedom/ additive model  

The choice of specified allele does not matter, but combining the results will 
require that the specified allele is stated.  See Table 1 below for specifications. 

d. Imputation:  
i. Imputation to Hapmap SNPs 

ii. The 1df model is implemented with imputed estimates of the minor 
allele count (the 'estimated dosage')  
 

e. QC methods at cohort levels.  
i. Please see http://depts.washington.edu/chargeco/wiki/QCprocedures  

  
4. Data Format and Sharing: 

a. The data delivery format for the meta-analysis will be according to the CHARGE 
protocol for file sharing. 

b. File names should follow the format : 

 STUDYNAME_TRAIT_DDMMYY.txt 

where TRAIT = FISH or EPADHA 
 

http://depts.washington.edu/chargeco/wiki/QCprocedures


c. ShareSpaces, a secure web-based file-sharing system implemented by the 
University of Washington's Catalyst computing group, will be used.  

d. The following variables should be included when sharing imputed results for 
meta-analysis (see below).  Please note that a README file should be uploaded 
with a very brief description of the data uploaded, the date, the NCBI human 
genome reference sequence used (e.g. NCBI 36.2) for strand reference, and the 
scale of the beta estimates; please also include in the README the SNP HWE p-
value, callrate and minor allele frequency filters that have been applied. 

 
variable name  Description 

SNPID  SNP ID as rs number 

Chr  chromosome number. Use symbols X, XY, Y and mt for non-autosomal markers. 

Position  physical position for the reference sequence (build 35 strongly preferred) 

coded_all  coded allele, also called modeled allele (in example of A/G SNP in which AA=0, 
AG=1 and GG=2, the coded allele is G) 

noncoded_all  the alternate allele 

strand_genome  + or -, representing either the positive/forward strand or the negative/reverse 
strand of the human genome reference sequence; to clarify which strand the 
coded_all and noncoded_all are on 

Beta  beta estimate from genotype-phenotype association, at least 5 decimal places -- 
“NA” if not available 

SE  standard error of beta estimate, to at least 5 decimal places -- “NA” if not 
available 

pval  p-value of test statistic, here just as a double check -- “NA” if not available 

AF_coded_all  allele frequency for the coded allele -- “NA” if not available 

HWE_pval  exact test Hardy-Weinberg equilibrium p-value -- only directly typed SNPs, NA for 
imputed 

Callrate  genotyping callrate after exclusions 

n_total  total sample with phenotype and genotype for SNP 

imputed  1/0 coding; 1=imputed SNP, 0=if directly typed 

used_for_imp  1/0 coding; 1=used for imputation, 0=not used for imputation 

oevar_imp  observed divided by expected variance for imputed allele dosage -- NA otherwise 
 

5. Meta-analysis: 
a. Fixed Effects 

b. Significance threshold: p< 1.25x10
-8  

 

c. Final QC step (e.g. filtering MAF at 1%) at meta-analysis stage 

d. Metabochip cohorts:  Include in primary (discovery) meta-analysis. 
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8.a. Will the DNA data be used in this manuscript?   YES  

 

8.b. If yes, is the author aware that either DNA data distributed by the 

Coordinating Center must be used, or the file ICTDER03 must be used to 

exclude those with value RES_DNA = “No use/storage DNA”? YES  
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ARIC is one of at least 15 cohort studies contributing data to the CHARGE -based meta-
analysis.   
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