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4. Rationale:  

An abdominal aortic aneurysm (AAA) is a localized dilation of the abdominal aorta, 

which is at least 50% larger than the normal diameter.
 1

 AAA is one of the leading causes 

of death in United States with 15,000 deaths per year, and the prevalence of AAA is 

about 9% in adults over 65 years old.
 2

 AAA is usually asymptomatic and the mortality 

after its rupture may exceed 90%.
3
 Therefore, screening for asymptomatic AAA and 

AAA prevention are important to decrease AAA formation and mortality. 
    In cross-sectional studies and case-control studies, a positive association between low-

density lipoprotein (LDL-C) and AAA and a negative association between high-density 

lipoprotein (HDL-C) and AAA were observed.
 4-9

 However, inconsistency was also 

observed in some of the studies. In 206 AAA male cases and 252 male controls, LDL-C 

level was significantly higher in AAA cases than in controls, but no differences were 

observed in HDL-C level between groups.
 7

 On the contrary, greater HDL-C level was 

associated with reduced risk of AAA in a male cohort, but no association was found 

between LDL-C level and AAA risk in this population.
 8

 Recently, a meta-analysis, 

which contained 8 case-control studies, demonstrated that HDL-C level is likely lower 

and LDL-C level is likely higher in AAA patients than in controls.
 9

 Prospective studies 

supported the inverse relationship between HDL-C and AAA, and they additionally 

reported a positive association between total cholesterol and AAA.
 10-12

 In the 

Atherosclerosis Risk in Communities (ARIC) Study, higher LDL-C and total cholesterol 

was associated with the risk of future AAA (hazard ratio (HR)=1.94 and 1.49 in the 

highest versus lowest tertile, respectively), and higher HDL-C was related to 59% lower 

risk of AAA, after 23 years of follow-up.
 13

 Notably, the association between triglyceride 

(TG) and AAA has not been well investigated. TG level was not associated with AAA in 

two cross-sectional studies,
 6,8

 but a positive association was observed in a case-control 

study
14

 and in ARIC prospective study as well. 

    Various large-scale gene-centric and genome-wide association studies (GWAS) have 

reported lipid-related single nucleotide polymorphisms (SNPs) in humans.
 15-28

 Recently, 

some meta-analysis combined multiple cohorts and further verified associations between 

genetic variants and HDL-C, LDL-C, TG, as well as total cholesterol levels.
 19,20,22,23,25

 To 

date, the largest study, including >100,000 individuals of European descent from 46 lipid 

GWAS, identified a total of 95 SNPs related to lipid levels and replicated most of these 

signals across ethnic groups.
 19

 A meta-analysis of 32 studies in 66,240 individuals of 

European ancestry based on gene-centric genotyping array further identified 11, 5, 12, 

and 6 novel SNPs for HDL-C, LDL-C, total cholesterol, and TG, respectively.
 15

  

    Mendelian randomization is a specific method to estimate the causal effect of an 

exposure on an outcome of interest, which uses genetic variant(s) as instrumental 

variable(s) of the exposure. Based on several assumptions (association between genetic 

variant(s) and exposure; no association between genetic variants and confounders; no 

other pathways between genetic variants and outcomes besides through exposure), the 

causal effect of exposure on outcome can be estimated via the instrument variable 

(genetic variants), regardless of the presence of confounders.
 29

 Several causal 

relationships between lipids and disease outcomes have been investigated via the 

Mendelian randomization approach,
 30-32

 but none of them focused on AAA risk. This 

year, one study demonstrated the associations between lipid-related genetic variants and 

AAA risk using genetic score in Dutch.
 33

 Weighted genetics scores of LDL-C and total 



cholesterol based on previous GWAS findings were positively related to AAA risk in 807 

AAA cases and 1905 controls ( odds ratio (OR)= 1.21 for LDL-C and OR= 1.24 for total 

cholesterol in the highest versus the lowest quartile of genetic score), while genetic scores 

of HDL-C were negatively associated with AAA risk. Although this study may partially 

support the role of lipids on AAA risk, it was not able to demonstrate whether the 

observed effect of SNPs on AAA risk was through lipids. Therefore, we propose to 

conduct a large Mendelian randomization study to investigate the association between 

lipids and AAA in the ARIC cohort, using lipid-related SNPs as instrumental variables. 

Data from this study will provide important information to clarify the causal link between 

lipid levels and risk of AAA. Because most of the known genetic variants were identified 

in subject of European descents, this study plans to use the known genetic variants in 

European Americans.  

  

 

5. Main Hypothesis/Study Questions: 

There is a causal relationship between plasma lipids and AAA risk, which can be 

demonstrated by a Mendelian randomization approach.  

 

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: A prospective cohort study design will be used to test the causal 

relationship between lipids and risk of AAA by a Mendelian randomization approach. 

GWAS data and lipid levels will be from baseline (Visit 1), and AAA status will be 

ascertained from Visit 1 through the 2013 events follow-up, and the abdominal aortic 

ultrasound exam at Visit 5. 

 

Population: white participants with GWAS data, plasma lipid measurements, and 

information on hospital AAAs and ultrasound-detected asymptomatic AAAs. 

 

Exclusions: participants who have missing values for plasma lipid measurements, 

genotype information, and AAA status will be excluded from this study. In addition, non-

whites and extreme outliers in the lipid measurements will be excluded as well. 

 

Independent variable: genetic variants related to plasma lipid levels, including LDL-C, 

HDL-C, and triglyceride, which were identified and replicated in previous meta-analyses 

of genome-wide association and gene-centric association studies, will be used as 

independent variables in this study. A total of 95 loci were identified in the GWAS, and 

an additional 15 SNPs were reported in the gene-centric association study (Appendix).  

 

Dependent variables: dependent variable will be incident AAAs, including 

hospital/clinical AAAs and ultrasound-detected asymptomatic AAAs.  

1. Hospital AAAs were defined using the definite ICD diagnostic codes 441.3, 

441.4, 441.02, 38.44 and 39.71, and mortality code I71.02, I71.3, I71.4, 441.3 and 

441.4. Other diagnostic codes that indicate probable diagnosis of AAA will be 



investigated case-by-case to clarify or rule out AAA diagnosis. A total of 325 

white subjects have been confirmed as incident hospital AAAs.  

2. Asymptomatic AAAs by the abdominal aortic ultrasound exam: We will use 

commonly used criteria, infrarenal abdominal aortic diameter (IAD) ≥ 30 mm, to 

define asymptomatic AAA by Visit 5 ultrasound exam. So far in the interim data 

(n=5989), a total of 108 white ultrasound AAA cases have been identified.  We 

estimate that at least 110 ultrasound AAAs will be identified from Visit 5 

ultrasound exam. In total, at least 435 white AAA cases will be identified and 

included in this analysis.  

 

Covariates of interest: Age, sex, field centers, principal components of population 

structure, and other variables that may confound the association between lipids and AAA, 

such as smoking, hypertension, diabetes, coronary heart disease and waist/hip ratio will 

be considered as potential confounders in this study. 

 

Theoretical model:  

Based on the assumption of Mendelian randomization approach, we assume 1) genetic 

variants are associated with plasma lipids levels, 2) genetic variants are independent of 

the confounders that confound the association between plasma lipids and AAA, and 3) 

genetic variants are independent of AAA given confounders and plasma lipids (directed 

acyclic graph is shown as follows). Because genetic variants are independent to the 

confounding factors between lipids and AAA, we do not adjust for potential confounders 

in our basic model, except principal components. Adjustment of potential confounders 

will be discussed later. 

 
 

Analysis Plan:  

All of the analyses that involve AAA (ie, AAA with lipids and genetic risk score) will be 

conducted and reported separately for clinical and ultrasound-detected AAAs. If a test 

of the homogeneity of associations for the two case groups is not rejected, results 

will be pooled using meta-analysis. In addition, a logistic regression will be 

conducted to pool the data at individual level. The pooled results will also be 

reported. 

 

1. Reassurance of the association of interest: 

In the first step, we will verify the association of plasma lipids (HDL-C, LDL-C, TG, and 

total cholesterol) with AAA risk. The Cox proportional hazard model will be used to 

analyze the clinical AAAs. Follow-up time will be the time period from baseline exam to 

the date of first hospital AAA event, death, loss to follow-up, or the end of the ARIC 

Visit 5 exam, whichever occurs earlier. For ultrasound-detected asymptomatic AAAs, the 



outcome is the presence of AAA based on IAD ≥ 3.0 cm, ascertained during the Visit 5 

ultrasound exam. People with known clinical AAA will be excluded. Since the time to 

incidence cannot be accurately determined, we will use logistic regression to estimate the 

odds ratios (OR) and 95% CI for the association of each lipids with asymptomatic AAA. 

In both analyses, age, sex, field centers, and principal components will be adjusted in 

these regression models. In addition, because the estimate of 2-stage estimation will be 

evaluated by probit regression model, we will also use probit regression model to test the 

associations between lipids and AAA for comparison. 

Because participants may take lipid-lowering medications, we will account for these 

medications by adding constants to lipid levels for all lipid-related analysis. This 

approach was recommended and investigated in previous studies.
34-37

 Following 

constants will be added for different type of medications. 

Medication LDL-C HDL-C TG Total cholesterol 

Statins +19.9 mg/dL -2.3 mg/dL +18.4 mg/dL +52.1 mg/dL 

Fibrates +40.1 mg/dL -5.9 mg/dL +57.1 mg/dL +46.1 mg/dL 

Bile acid sequestrants +40.5 mg/dL -1.9 mg/dL 0  

Niacin +24.7 mg/dL -9.9 mg/dL +89.4 mg/dL  

 

2. Genetic Risk Score (GRS): 

Next, we will test the association of unweighted and weighted genetic risk scores (un-

wGRS and wGRS) with AAA risk. The analytic approach will be similar to what was 

described for clinical AAA and ultrasound-detected AAA in 1 above. The GRS will be 

calculated based on the finding from previous GWAS and gene-centric association study.
 

19,38
 The GWAS included the largest sample size and identified most lipid-related genetic 

variants. A total of 95 genetic loci will be used, including 47 SNPs for HDL-C, 37 for 

LDL-C, 31 for TG, and 52 SNPs for total cholesterol. The gene-centric association study 

identified 39 loci for HDL-C, 34 loci for LDL-C, 32 loci for TG, and 41 loci for total 

cholesterol, in which 11 SNPs for HDL-C, 5 SNPs for LDL-C, 6 SNPs for TG, and 12 

SNPs for total cholesterol (p<2.4x10-6) were novel. In our CARe genotype array, 10 

SNPs for HDL-C, 5 SNPs for LDL-C, 7 SNPs for TG, and 9 SNPs for total cholesterol 

are available. In total, additional 15 SNPs will be tested.  

Because multiple SNPs identified in the same region may represent identical signal, LD 

between SNPs will be evaluated. We assume that effect of each SNP is independent; 

therefore, we will evaluate linkage disequilibrium (LD) between selected SNPs and 

exclude SNPs in high LD (r
2
>0.8) with the top/top functional SNP in that region. Only 

the top signal (smallest p-value) or the top functional SNP within high LD (r
2
>0.8) region 

will be included in each GRS.  

 

Un-wGRS will sum the total number of risk alleles, with each risk allele assigned as 1 

(two will be the maximum value for each SNP). wGRS will be calculated by three 

methods (wGRS1, wGRS2, and wGRS2). The calculation formula of the first method is as 

follows. 
 

wGRS1=Σ (βi＊Gi)/n                    (1)  

 

 



β is effect size of each SNP on lipid levels; n is the total number of SNPs for individual i; 

G is the number of risk alleles. 

 

The second method is similar to the first method. Rather than divided by the total number 

of SNPs and the end, wGRS2 will be divided by the average effect size, and wGRS3 will 

only sum up the products ofβand G.  The calculation formulas of the second and third 

method are as follows.  
 

wGRS2=Σ (βi＊Gi)/ (Σβi /n)       (2)  

 

wGRS3=Σ (βi＊Gi)                       (3)  

 

These methods were also used to test the association of lipids with longitudinal trends in 

lipid levels, atherosclerosis, incident coronary heart disease, and AAA in previous 

studies.
 34,39,40

 The primary method of this proposed study will be the second method, 

which has been applied to test the longitudinal trends of lipid levels in ARIC. Comparing 

different F-statistic and proportion of total variance obtained from the regression model 

of each GRS and lipid levels, a strong instrumental variable of lipid levels will be defined 

for investigating the causal relationship between plasma lipids and AAA risk.   
 

3. 2-stage estimation 

A 2-stage estimation will be used to test the causal relationship between GRS and AAA 

risk. The first stage will generate predicted values of intermediate phenotypes (HDL-C, 

LDL-C, triglyceride, and total cholesterol), by regressing of each intermediate phenotype 

(lipids) on the instrument (GRS). The second stage will regress the outcome (AAA) on 

the predicted value of intermediate phenotypes. The 2-stage estimation will be performed 

by an instrumental variable probit regression analysis.  

 

An additive model will be used, and the marginal effect of lipids obtained from the 

second stage will be explained as the probability of AAA risk changes per 1 unit of lipid 

level increment. Since we hypothesize GRS to be an instrument variable of lipids, 

potential confounding between lipids and AAA risk will be as addressed via covariates in 

our analysis.  

 

To meet the assumptions of Mendelian randomization, several tests will be required. 

First, the F-statistics will be used to test the strength of instrument variable. A minimum 

F-statistic of 10 may indicate enough strength for the instrument variable method.
37

 The 

Pearson correlation and 1-way anova will be used to test the second assumption, which 

assumes the instrument variable (GRS) is not correlated with confounders. If a potential 

confounder is related to GRS, we will consider adjusting for this confounder at the 

second stage. The Durbin-Wu-Hausman statistics (DWH) for comparing the results to 

ordinary least square will be used to test the third assumption; it assumes the instrument 

variable (GRS) has an effect on outcome (AAA risk) via the predicted value of the 

intermediate phenotype.  

 

4. Sensitive analysis 



Some identified SNPs may not only relate to lipids but also relate to potential 

confounders between lipids and AAA (pleiotropy), which violates the third assumption of 

the Mendelian randomization approach. Additionally, SNPs that relate to more than one 

lipid trait also violate that assumption (e.g. SNPs relate to both LDL-C and total 

cholesterol). Scores without these SNPs will be estimated, and the causal relation will be 

evaluated using the new scores. In addition, to avoid the heterogeneity of 

genotyping/imputation between the GWAS array and the gene-centric platform, scores 

without SNPs identified from gene-centric association studies will also be calculated, and 

the corresponding causal link will be investigated as well. At last, because the constants 

we add to lipid level may not be accurate, rather than adding constants to the lipid levels, 

we will exclude all participants who took antihyperlipidemic medications at baseline. The 

causal inference will be evaluated in this subgroup to reassure our findings in the whole 

population.  

 

5. Limitation and challenges 

Rather than studying a single SNP that has limited effect, we plan to create genetic risk 

scores based on multiple genetic variants to provide larger power.
 41

 To our knowledge, 

one of the weighted GRSs based on GWAS result explained only 2-6% total variances in 

lipid levels in ARIC.
 34

 In this proposed study, an unweighted score as well as three 

weighted scores that have been shown to relate to cardiovascular outcomes will be used, 

and additional SNPs identified in gene-centric studies will be added for GRS calculation. 

We expect at least one of them to be a good instrument vector for the current approach. 

On the other hand, because population stratification is a potential problem of Mendelian 

randomization studies, we will only include white population. In addition, 10 principal 

components will be adjusted for in our model to account for population stratification. We 

assume our result will show the true association after adjustment.  
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Appendix I-V: SNPs for genetic score calculation.  

SNPs in Appendix I-IV were identified in the Teslovich GWAS, and the table were derived from the previous ARIC lipid gene 

score study (adapted from Lutsey et al.).  

 

Appendix I. SNPs related to HDL-C 

SNP  Chromosome  Position  Major 

Allele * 

Minor 

Allele * 

Effect Size*  ARIC 

MAF  

Genotyping Status  

rs4660293  1  39,800,767  A  G  -0.48  0.24  Directly genotyped  

rs1689800  1  180,435,508  A  G  -0.47  0.35  Imputed  

rs4846914  1  228,362,314  A  G  -0.61  0.40  Directly genotyped  

rs1042034  2  21,078,786  T  C  0.9  0.22  Imputed  

rs12328675  2  165,249,046  T  C  0.68  0.13  Imputed  

rs1515100  2  226,837,161  A  C  0.46  0.36  Directly genotyped  

rs13107325  4  103,407,732  C  T  -0.84  0.10  Imputed 

rs6450176  5  53,333,782  G  A  -0.49  0.26  Imputed  

rs2814944  6  34,660,775  G  A  -0.49  0.15  Directly genotyped  

rs605066  6  139,871,359  T  C  -0.39  0.41  Imputed  

rs1084651  6  161,009,807  G  A  -0.56  0.16  Imputed  

rs17145738  7  72,620,810  C  T  0.57  0.12  Directly genotyped  

rs4731702  7  130,083,924  C  T  0.59  0.48  Imputed  

rs9987289  8  9,220,768  G  A  -1.21  0.08  Imputed  

rs12678919  8  19,888,502  A  G  2.25  0.11  Imputed  

rs2293889  8  116,668,374  G  T  -0.44  0.42  Imputed  

rs10808546  8  126,565,000  C  T  0.61  0.44  Imputed  

rs643531  9  15,286,034  A  C  -0.72  0.13  Directly genotyped  

rs1883025  9  106,704,122  C  T  -0.94  0.26  Imputed  

rs2923084  11  10,345,358  A  G  -0.41  0.18  Directly genotyped  

rs3136441  11  46,699,823  T  C  0.78  0.14  Imputed  

rs174601  11  61,379,716  C  T  -0.73  0.36  Imputed  

rs964184  11  116,154,127  C  G  -1.5  0.14  Directly genotyped  



rs7115089  11  122,035,801  C  G  0.31  0.38  Imputed  

rs7134375  12  20,365,025  C  A  0.4  0.39  Imputed  

rs3741414  12  56,130,316  C  T  0.46  0.25  Imputed  

rs7134594  12  108,484,576  T  C  -0.44  0.47  Imputed  

rs4759375  12  122,362,191  C  T  0.86  0.06  Imputed  

rs4765127  12  123,026,120  G  T  0.44  0.34  Directly genotyped  

rs838880  12  123,827,546  T  C  0.61  0.32  Directly genotyped  

rs1532085  15  56,470,658  G  A  1.45  0.36  Imputed  

rs2652834  15  61,183,920  G  A  -0.39  0.19  Imputed  

rs3764261  16  55,550,825  C  A  3.39  0.34  Imputed  

rs16942887  16  66,485,543  G  A  1.27  0.12  Imputed  

rs2925979  16  80,092,291  C  T  -0.45  0.30  Imputed  

rs881844  17  35,063,744  G  C  -0.51  0.34  Imputed  

rs4148008  17  64,386,889  C  G  -0.42  0.31  Imputed  

rs4082919  17  73,889,077  T  G  -0.4  0.47  Imputed  

rs7241918  18  45,414,951  T  G  -1.31  0.17  Imputed  

rs12967135  18  56,000,003  G  A  -0.42  0.22  Imputed  

rs7255436  19  8,339,196  A  C  -0.45  0.47  Imputed  

rs737337  19  11,208,493  T  C  -0.64  0.09  Imputed  

rs4420638  19  50,114,786  A  G  -1.06  0.17  Directly genotyped  

rs386000  19  59,484,573  G  C  0.83  0.20  Imputed  

rs1800961  20  42,475,778  C  T  -1.88  0.03  Directly genotyped  

rs6065906  20  43,987,422  T  C  -0.93  0.18  Imputed  

rs181362  22  20,262,068  C  T  -0.46  0.20  Imputed  

*Alleles in bold type refer to coded alleles; MAF: minor allele frequency; Effect sizes that refer to the change of phenotype per minor 

allele were identified in the Teslovich GWAS 

 

Appendix II. SNPs related to LDL-C 

SNP  Chromosome Position  Major 

Allele  

Minor 

Allele  

Effect Size*  ARIC 

MAF  

Genotyping Status  



rs12027135  1  25,648,320  T  A  -1.1  0.45  Imputed  

rs2479409  1  55,277,238  A  G  2.01  0.32  Directly genotyped  

rs3850634  1  62,823,186  T  G  -1.59  0.33  Imputed  

rs629301  1  109,619,829  T  G  -5.65  0.22  Directly genotyped  

rs2807834  1  219,037,216  G  T  -1.09  0.31  Directly genotyped  

rs514230  1  232,925,220  T  A  -1.13  0.48  Imputed  

rs1367117  2  21,117,405  G  A  4.05  0.31  Imputed  

rs4299376  2  43,926,080  T  G  2.75  0.30  Imputed  

rs12916  5  74,692,295  T  C  2.45  0.39  Imputed  

rs6882076  5  156,322,875  C  T  -1.67  0.36  Imputed  

rs3757354  6  16,235,386  C  T  -1.43  0.23  Imputed  

rs1800562  6  26,201,120  G  A  -2.22  0.06  Directly genotyped  

rs3177928  6  32,520,413  G  A  1.83  0.15  Directly genotyped  

rs11153594  6  116,461,284  C  T  -0.89  0.40  Directly genotyped  

rs1564348  6  160,498,850  T  C  1.95  0.16  Directly genotyped  

rs12670798  7  21,573,877  T  C  1.26  0.24  Imputed  

rs217386  7  44,567,220  G  A  -1.17  0.44  Imputed  

rs2126259  8  9,222,556  C  T  -2.22  0.09  Imputed  

rs1030431  8  59,474,251  G  A  0.95  0.35  Imputed  

rs2954022  8  126,551,803  C  A  -1.84  0.47  Imputed  

rs11136341  8  145,115,531  A  G  1.4  0.40  Imputed  

rs649129  9  135,144,125  C  T  2.05  0.23  Imputed  

rs1129555  10  113,900,711  G  A  1.08  0.28  Directly genotyped  

rs174583  11  61,366,326  C  T  -1.71  0.34  Directly genotyped  

rs964184  11  116,154,127  C  G  2.85  0.14  Directly genotyped  

rs11220462  11  125,749,162  G  A  1.95  0.14  Imputed  

rs11065987  12  110,556,807  A  G  -0.97  0.43  Imputed  

rs1169288  12  119,901,033  A  C  1.42  0.32  Imputed  

rs2332328  14  23,952,898  C  T  1.17  0.48  Imputed  

rs247616  16  55,547,091  C  T  -1.45  0.34  Imputed  



rs2000999  16  70,665,594  G  A  2  0.20  Imputed  

rs7225700  17  42,746,803  C  T  -0.87  0.36  Imputed  

rs6511720  19  11,063,306  G  T  -6.99  0.10  Imputed  

rs10401969  19  19,268,718  T  C  -3.11  0.08  Directly genotyped  

rs4420638  19  50,114,786  A  G  7.14  0.17  Directly genotyped  

rs2902941  20  38,524,928  A  G  -0.98  0.34  Imputed  

rs909802  20  39,370,229  C  T  1.41  0.48  Imputed  

*Alleles in bold type refer to coded alleles; MAF: minor allele frequency; Effect sizes that refer to the change of phenotype per minor 

allele were identified in the Teslovich GWAS 

 

Appendix III. SNPs related to triglyceride 

SNP  Chromosome  Position  Major 

Allele  

Minor 

Allele  

Effect Size*  ARIC 

MAF  

Genotyping Status  

rs2131925  1  62,798,530  T  G  -4.94  0.33  Imputed  

rs1321257  1  228,371,935  A  G  2.76  0.39  Imputed  

rs1042034  2  21,078,786  T  C  -5.99  0.22  Imputed  

rs1260326  2  27,584,444  C  T  8.76  0.41  Imputed  

rs10195252  2  165,221,337  T  C  -2.01  0.41  Imputed  

rs2943645  2  226,807,424  T  C  -1.89  0.36  Imputed  

rs645040  3  137,409,312  T  G  -2.22  0.22  Directly genotyped  

rs442177  4  88,249,285  T  G  -2.25  0.41  Imputed  

rs9686661  5  55,897,543  C  T  2.57  0.20  Imputed  

rs1553318  5  156,411,901  C  G  -2.63  0.35  Imputed  

rs2247056  6  31,373,469  C  T  -2.99  0.26  Imputed  

rs13238203  7  71,767,603  C  T  -7.91  0.04  Imputed  

rs7811265  7  72,572,446  A  G  -7.91  0.20  Imputed  

rs11776767  8  10,721,339  G  C  2.01  0.37  Imputed  

rs1495743  8  18,317,580  C  G  2.97  0.23  Directly genotyped  

rs12678919  8  19,888,502  A  G  -13.64  0.11  Imputed  

rs2954029  8  126,560,154  A  T  -5.64  0.47  Imputed  



rs10761731  10  64,697,616  A  T  -2.38  0.42  Imputed  

rs2068888  10  94,829,632  G  A  -2.28  0.48  Imputed  

rs174546  11  61,326,406  C  T  3.82  0.33  Imputed  

rs964184  11  116,154,127  C  G  16.95  0.14  Directly genotyped  

rs11613352  12  56,078,847  C  T  -2.7  0.23  Imputed  

rs12310367  12  123,052,631  A  G  -2.42  0.35  Imputed  

rs2412710  15  40,471,079  G  A  7  0.03  Imputed  

rs2929282  15  42,033,223  A  T  5.13  0.05  Imputed  

rs261342  15  56,518,445  C  G  2.99  0.21  Imputed 

rs11649653  16  30,825,988  C  G  -2.13  0.39  Directly genotyped  

rs7205804  16  55,562,390  G  A  -2.88  0.46  Imputed  

rs10401969  19  19,268,718  T  C  -7.83  0.08  Directly genotyped  

rs439401  19  50,106,291  C  T  -5.5  0.39  Imputed  

rs4810479  20  43,978,455  T  C  3.32  0.24  Imputed  

rs5756931  22  36,875,979  T  C  -1.54  0.40  Imputed  

*Alleles in bold type refer to coded alleles; MAF: minor allele frequency; Effect sizes that refer to the change of phenotype per minor 

allele were identified in the Teslovich GWAS 

 

Appendix IV. SNPs related to total cholesterol 

SNP  Chromosome  Position  Major 

Allele  

Minor 

Allele  

Effect Size*  ARIC 

MAF  

Genotyping Status  

rs12027135  1  25,648,320  T  A  -1.22  0.45  Imputed  

rs2479409  1  55,277,238  A  G  1.96  0.32  Directly genotyped  

rs3850634  1  62,823,186  T  G  -2.6  0.33  Imputed  

rs7515577  1  92,782,026  A  C  -1.18  0.21  Directly genotyped  

rs629301  1  109,619,829  T  G  -5.41  0.22  Directly genotyped  

rs2807834  1  219,037,216  G  T  -1.38  0.31  Directly genotyped  

rs514230  1  232,925,220  T  A  -1.36  0.48  Imputed  

rs1367117  2  21,117,405  G  A  4.16  0.31  Imputed  

rs1260326  2  27,584,444  C  T  1.91  0.41  Imputed  



rs4299376  2  43,926,080  T  G  3.01  0.30  Imputed  

rs6759321  2  136,039,146  G  T  1.18  0.29  Imputed  

rs2290159  3  12,603,920  G  C  -1.42  0.22  Imputed  

rs12916  5  74,692,295  T  C  2.84  0.39  Imputed  

rs6882076  5  156,322,875  C  T  -1.98  0.36  Imputed  

rs3757354  6  16,235,386  C  T  -1.46  0.23  Imputed  

rs1800562  6  26,201,120  G  A  -2.16  0.06  Directly genotyped  

rs3177928  6  32,520,413  G  A  2.31  0.15  Directly genotyped  

rs2814982  6  34,654,538  C  T  -1.86  0.10  Imputed  

rs9488822  6  116,419,586  A  T  -1.18  0.35  Imputed  

rs1564348  6  160,498,850  T  C  2.18  0.16  Directly genotyped  

rs2285942  7  21,549,442  C  T  1.7  0.16  Imputed  

rs2072183  7  44,545,705  G  C  2.01  0.27  Imputed  

rs2126259  8  9,222,556  C  T  -3.14  0.09  Imputed  

rs1961456  8  18,299,989  A  G  1.07  0.33  Imputed  

rs1030431  8  59,474,251  G  A  1.26  0.35  Imputed  

rs2737229  8  116,717,740  A  C  -1.11  0.30  Imputed  

rs2954022  8  126,551,803  C  A  -2.3  0.47  Imputed  

rs11136341  8  145,115,531  A  G  1.34  0.40  Imputed  

rs581080  9  15,295,378  C  G  -1.57  0.19  Imputed  

rs1883025  9  106,704,122  C  T  -2.24  0.26  Imputed  

rs651007  9  135,143,696  C  T  2.3  0.23  Directly genotyped  

rs2255141  10  113,923,876  G  A  1.14  0.28  Imputed  

rs10832963  11  18,620,817  G  T  -1.06  0.27  Imputed  

rs174550  11  61,328,054  T  C  -1.78  0.33  Imputed  

rs964184  11  116,154,127  C  G  4.68  0.14  Directly genotyped  

rs7941030  11  122,027,585  T  C  0.97  0.39  Imputed  

rs11220463  11  125,753,421  A  T  2.01  0.10  Imputed  

rs11065987  12  110,556,807  A  G  -0.96  0.43  Imputed  

rs1169288  12  119,901,033  A  C  1.45  0.32  Imputed  



rs1532085  15  56,470,658  G  A  1.54  0.36  Imputed  

rs3764261  16  55,550,825  C  A  1.67  0.34  Imputed  

rs2000999  16  70,665,594  G  A  2.34  0.20  Imputed  

rs7206971  17  42,780,114  G  A  1.01  0.48  Imputed  

rs7239867  18  45,418,715  G  A  -1.94  0.17  Imputed  

rs6511720  19  11,063,306  G  T  -7.09  0.10  Imputed  

rs10401969  19  19,268,718  T  C  -4.74  0.08  Directly genotyped  

rs4420638  19  50,114,786  A  G  6.83  0.17  Directly genotyped  

rs492602  19  53,898,229  A  G  1.27  0.47  Imputed  

rs2277862  20  33,616,196  C  T  -1.19  0.15  Imputed  

rs2902940  20  38,524,901  A  G  -1.38  0.29  Imputed  

rs4297946  20  39,244,689  G  C  1.52  0.48  Directly genotyped  

rs1800961  20  42,475,778  C  T  -4.73  0.03  Directly genotyped  

*Alleles in bold type refer to coded alleles; MAF: minor allele frequency; Effect sizes that refer to the change of phenotype per minor 

allele were identified in the Teslovich GWAS 

 

 

Appendix V. Additional SNPs related to lipids from large-scale gene-centric association study* 

Trait SNP  Chromosome Position Major 

Allele  

Minor 

Allele  

Effect Size*  ARIC MAF  

HDL-C rs4970834 1 109,616,403 C T 0.0147926 0.19 

 rs28645722 8 19,847,174 G A -0.053755 0.02 

 rs28575919 8 19,847,249 G C -0.059755 0.02 

 rs765547 8 19,910,554 G A 0.0396713  

 rs7388248 8 144,376,728 G C 0.0100259 0.27 

 rs2066718 9 106,629,076 C T 0.0369465 0.03 

 rs4759361 12 121,744,233 T A 0.0121857 0.19 

 rs3922628 12 121,775,248 A T 0.0121919 0.22 



 rs583662 15 56,509,568 A G -0.033982 0.02 

 rs12720873 16 55,563,573 G A 0.0404438 0.03 

 rs12966382 18 45,339,438 C T 0.0183067 0.15 

LDL-C rs11591147 1 55,278,235 G T -0.357963404 0.02 

 rs3798220 6 160,881,127 T C 0.089303332 0.02 

 rs4725984 7 150,299,447 C T 0.029922353 0.35 

 rs11024739 11 18,602,419 A C -0.031721519 0.27 

 rs1801689 17 61,641,042 A C 0.10322347 0.03 

TG rs389883 6 32,055,439 T G -0.015634275 0.29 

 rs17211510 6 32,710,408 C A 0.015192776 0.26 

 rs28645722 8 19,847,174 G A 0.062747593 0.02 

 rs28575919 8 19,847,249 G C 0.064827007 0.02 

 rs3135507 11 116,166,698 C T 0.041063735 0.03 

 rs5142 11 116,207,060 C T 0.066189148 0.09 

 rs133029 22 36,906,261 C T -0.023849579 0.10 

TC rs11591147 1 55,278,235 G T -0.360567 0.02 

 rs2516448 6 31,498,389 C T -0.024023 0.46 

 rs17211510 6 32,710,408 C A 0.0354316 0.26 

 rs28635570 8 126,575,814 C T 0.0429184 0.23 

 rs2280845 9 130,622,991 C T -0.033044 0.25 

 rs7396835 11 116,189,238 C T 0.0598212  

 rs7396851 11 116,189,374 C T 0.0595118  

 rs5142 11 116,207,060 C T 0.0645833 0.09 

 rs6602910 13 113,564,928 A G 0.0338499 0.38 

 rs289716 16 55,566,877 A T 0.0308744 0.32 

 rs289718 16 55,567,433 T C 0.0260831 0.32 

 rs2228603 19 19,190,924 G A -0.122697  

*Alleles in bold type refer to coded alleles; MAF: minor allele frequency; Effect sizes that refer to the change of phenotype per minor 

allele were identified in the Asselbergs gene-centric meta-analysis 

 


