
                                                                    

University of Dundee

Meta-analysis of genome-wide association studies of HDL cholesterol response to
statins

Postmus, Iris; Warren, Helen R.; Trompet, Stella; Arsenault, Benoit J.; Avery, Christy L.; Bis,
Joshua C.

Published in:
Journal of Medical Genetics

DOI:
10.1136/jmedgenet-2016-103966

Publication date:
2016

Document Version
Peer reviewed version

Link to publication in Discovery Research Portal

Citation for published version (APA):
Postmus, I., Warren, H. R., Trompet, S., Arsenault, B. J., Avery, C. L., Bis, J. C., Chasman, D. I., de Keyser, C.
E., Deshmukh, H. A., Evans, D. S., Feng, Q., Li, X., Smit, R. A. J., Smith, A. V., Sun, F., Taylor, K. D., Arnold, A.
M., Barnes, M. R., Barratt, B. J., ... Krauss, R. M. (2016). Meta-analysis of genome-wide association studies of
HDL cholesterol response to statins. Journal of Medical Genetics, 53(12), 835-845.
https://doi.org/10.1136/jmedgenet-2016-103966

General rights
Copyright and moral rights for the publications made accessible in Discovery Research Portal are retained by the authors and/or other
copyright owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with
these rights.

 • Users may download and print one copy of any publication from Discovery Research Portal for the purpose of private study or research.
 • You may not further distribute the material or use it for any profit-making activity or commercial gain.
 • You may freely distribute the URL identifying the publication in the public portal.

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Download date: 26. Aug. 2022

https://doi.org/10.1136/jmedgenet-2016-103966
https://discovery.dundee.ac.uk/en/publications/6422f39e-0311-4132-969d-fbac1f88d80a
https://doi.org/10.1136/jmedgenet-2016-103966


C
onfidential: For R

eview
 O

nly

1 

Meta-analysis of genome-wide association studies of HDL cholesterol response to statins 

Iris Postmus* (1), Helen R Warren (2) (3)*, Stella Trompet* (1) (4), Benoit J Arsenault (5), Christy L 

Avery (6), Joshua C Bis (7), Daniel I Chasman (8) (9), Catherine E de Keyser (10), Harshal A Deshmukh 

(11), Daniel S Evans (12), QiPing Feng (13), Xiaohui Li (14), Roelof AJ Smit (4), Albert V Smith (15) 

(16), Fangui Sun (17), Kent D Taylor (14), Alice M Arnold (18), Michael R Barnes (2) (3), Bryan J 

Barratt (19), John Betteridge (20), S Matthijs Boekholdt (21), Eric Boerwinkle (22), Brendan M 

Buckley (23), Y-D Ida Chen (14), Anton JM de Craen (1)
†
, Steven R Cummings (12), Joshua C Denny 

(24) (25), Marie Pierre Dubé (5), Paul N Durrington (26), Gudny Eiriksdottir (15), Ian Ford (27), 

Xiuqing Guo (14), Tamara B Harris (28), Susan R Heckbert (29) (30) (31), Albert Hofman (10) (32), G 

Kees Hovingh (33), John JP Kastelein (33), Leonore J Launer (28), Ching-Ti Liu (17), Yongmei Liu (34), 

Thomas Lumley (35) (7), Paul M McKeigue (36), Patricia B Munroe (2) (3), Andrew Neil (37), Deborah 

A Nickerson (38), Fredrik Nyberg (39) (40), Eoin O’Brien (41), Christopher J O’Donnell (42) (43) (44), 

Wendy Post (45), Neil Poulter (46), Ramachandran S Vasan (47), Kenneth Rice (18), Stephen S Rich 

(48), Fernando Rivadeneira (49), Naveed Sattar (50), Peter Sever (46), Sue Shaw-Hawkins (2) (3), 

Denis C Shields (41) (51), P Eline Slagboom (52), Nicholas L Smith (29) (31) (53), Joshua D Smith (38), 

Nona Sotoodehnia (7) (54), Alice Stanton (55) (56), David J Stott (57), Bruno H Stricker (10) (58) (49), 

Til Stürmer (6), André G Uitterlinden (10) (49) (32), Wei-Qi Wei (24), Rudi GJ Westendorp (59), Eric A 

Whitsel (6) (60), Kerri L Wiggins (7), Russell A Wilke (61)(62),  Christie M Ballantyne (63), Helen M 

Colhoun (11) (64), L Adrienne Cupples (17) (42), Oscar H Franco (10), Vilmundur Gudnason (15) (16), 

Graham Hitman (65), Colin NA Palmer (11), Bruce M Psaty (7) (29) (31) (66), Paul M Ridker (8), 

Jeanette M Stafford (67), Charles M Stein (25) (68), Jean-Claude Tardif (5), Mark J Caulfield (2) (3), J 

Wouter Jukema* (4) (69) (70), Jerome I Rotter* (14), Ronald M Krauss* (71)  

*These authors contributed equally

Affiliations 

1. Department of Gerontology and Geriatrics, Leiden University Medical Center, Leiden, the Netherlands. 

2. William Harvey Research Institute, Barts and The London School of Medicine, Queen Mary University of London, United Kingdom 

EC1M6BQ.  

3. Barts NIHR Biomedical Research Unit. 

4. Department of Cardiology, Leiden University Medical Center, The Netherlands.

5. Montreal Heart Institute, Université de Montréal, Montreal, Canada.

6. Department of Epidemiology, University of North Carolina, Chapel Hill, NC, USA.

7. Cardiovascular Health Research Unit, Department of Medicine, University of Washington, Seattle, WA.

8. Division of Preventive Medicine, Brigham and Women's Hospital, Boston MA.

9. Harvard Medical School, Boston, MA. 

10. Department of Epidemiology, Erasmus Medical Center, Rotterdam, The Netherlands.

11. Medical Research Institute, University of Dundee, Ninewells Hospital and Medical School, Dundee, UK.

12. California Pacific Medical Center Research Institute, San Francisco, CA, USA, 94107.

13. Department of Clinical Pharmacology, Vanderbilt University, Nashville, TN,USA.

https://mc.manuscriptcentral.com/jmedgenet

Journal of Medical Genetics

DOI -10.1136/jmedgenet-2016-103966



C
onfidential: For R

eview
 O

nly

2 

 

14. Institute for Translational Genomics and Population Sciences, Los Angeles BioMedical Research Institute at Harbor-UCLA Medical 

Center, Torrance, California, United States of America.  

15. Icelandic Heart Association, Kopavogur, Iceland.  

16. University of Iceland, Reykjavik, Iceland.  

17. Department of Biostatistics, Boston University School of Public Health, Boston, MA, USA.  

18. Department of Biostatistics, University of Washington, Seattle, WA USA.  

19. Personalised Healthcare and Biomarkers, AstraZeneca, Alderley Park, UK.  

20. University College, London, UK.  

21. Department of Cardiology, Academic Medical Center, Amsterdam, NL.  

22. Human Genetics Center, School of Public Health, University of Texas Health Science Center at Houston, Houston, Texas, USA.  

23. Department of Pharmacology and Therapeutics, University College Cork, Ireland.  

24. Department of Biomedical Informatics, Vanderbilt University, Nashville, TN, USA.  

25. Department of Medicine, Vanderbilt University, USA.  

26. Cardiovascular Research Group, School of Biosciences, University of Manchester M13 9NT, UK.  

27. Robertson Center for Biostatistics, University of Glasgow, United Kingdom.  

28. Laboratory of Epidemiology, Demography, Biometry, National Institute on Aging, National Institutes of Health, 7201 Wisconsin Ave, 

Bethesda, MD 20892, USA.  

29. Department of Epidemiology, University of Washington, Seattle WA USA.  

30. Cardiovascular Health Research Unit, University of Washington, Seattle, WA, USA.  

31. Group Health Research Institute, Group Health Cooperative, Seattle WA USA.  

32. The Netherlands Consortium for Healthy Ageing, Leiden, the Netherlands.  

33. Department of Vascular Medicine, Academic Medical Center, Amsterdam, NL.  

34. Department of Epidemiology and Prevention, Division of Public Health Sciences, Wake Forest School of Medicine, Winston-Salem, NC, 

USA, 27157.  

35. Department of Statistic, University of Auckland, Auckland, New Zealand.  

36. University of Edinburgh, UK.  

37. Oxford Centre for Diabetes, Endocrinology and Metabolism, University of Oxford, Churchill Hospital, Old Road, Headington, Oxford, 

OX3 7LJ UK.  

38. Department of Genome Sciences, University of Washington, Seattle, Washington, United States of America.  

39. Medical Evidence and Observational Research, AstraZeneca Gothenburg, Mölndal, Sweden.  

40. Unit of Occupational and Environmental Medicine, University of Gothenburg, Gothenburg, Sweden.  

41. The Conway Institute, University College Dublin, Dublin 4, Ireland.  

42. NHLBI Framingham Heart Study, Framingham, MA, USA.  

43. Cardiology Division, Department of Medicine, Massachusetts General Hospital, Harvard Medical School, Boston, MA.  

44. National Heart, Lung and Blood Institute, Bethesda, MD.  

45. Department of Cardiology, Johns Hopkins University, Baltimore, Maryland, USA.  

46. International Centre for Circulatory Health, Imperial College, London UK.  

47. Section of Preventive Medicine and Epidemiology, Department of Medicine, Boston University School of Medicine, and the 

Framingham Heart Study, Framingham, MA, USA.  

48. Center for Public Health Genomics, University of Virginia, Charlottesville, VA, USA.  

49. Department of Internal Medicine, Erasmus Medical Center, Rotterdam, The Netherlands.  

50. BHF Glasgow Cardiovascular Research Centre, Faculty of Medicine, Glasgow, United Kingdom.  

51. School of Medicine and Medical Sciences, University College Dublin.  

52. Department of Molecular Epidemiology, Leiden University Medical Center, Leiden , The Netherlands.  

53. Seattle Epidemiologic Research and Information Center, Department of Veterans Affairs Office of Research and Development, Seattle 

WA USA.  

54. Division of Cardiology, Harborview Medical Center, University of Washington, Seattle, WA USA.  

55. Molecular and Cellular Therapeutics, Royal College of Surgeons in Ireland, Dublin, Ireland.  

56. Beaumont Hospital, Dublin, Ireland.  

57. Institute of Cardiovascular and Medical Sciences, Faculty of Medicine, University of Glasgow, United Kingdom.  

58. Health Care Inspectorate. The Hague, The Netherlands.  

59. Department of Public Health, and Center for Healthy Ageing, University of Copenhagen, 1123 Copenhagen, Denmark.  

60. Department of Medicine, University of North Carolina, Chapel Hill, NC, USA.  

61. Department of Internal Medicine, Sanford Healthcare, Sioux Falls, SD, USA.  

62. Department of Medicine, University of South Dakota, Sioux Falls, SD, USA.  

63. Department of Medicine, Baylor College of Medicine, Houston, TX, USA.  

64. Department of Public Health, University of Dundee.  

65. Barts and the London School of Medicine and Dentistry, Queen Mary University of London, London UK.  

66. Department of Health Services University of Washington, Seattle, WA.  

67. Department of Biostatistical Sciences, Division of Public Health Sciences, Wake Forest School of Medicine, Winston-Salem, NC, USA, 

27157.  

68. Department of Pharmacology, Vanderbilt University, Nashville, TN,USA.  

Page 1 of 66

https://mc.manuscriptcentral.com/jmedgenet

Journal of Medical Genetics

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60



C
onfidential: For R

eview
 O

nly

3 

 

69. Durrer Center for Cardiogenetic Research, Amsterdam, The Netherlands.  

70. Interuniversity Cardiology Institute of the Netherlands, Utrecht, The Netherlands.  

71. Children's Hospital Oakland Research Institute, Oakland, California, United States of America.  

† Passed away 17 January 2016 

 

Corresponding Authors: 

Ronald M Krauss 

Children’s Hospital Oakland Research Institute 

5700 Martin Luther King Jr. Way 

Oakland CA 94609 

United States of America 

rkrauss@chori.org 

Jerome I Rotter 

Institute for Translational Genomics and Population Sciences 

Los Angeles BioMedical Research Institute at Harbor-UCLA Medical Center 

1124 W. Carson Street 

Torrance CA 90502 

United States of America  

jrotter@labiomed.org 

J Wouter Jukema 

Department of Cardiology 

Leiden University Medical Center 

Albinusdreef 2 

2333 ZA Leiden 

the Netherlands 

j.w.jukema@lumc.nl 

 

Word count: 

Abstract: 177 

Text only: 3584 

References: 39 

Figures: 4 

Tables: 2 

Supplementary files: 1  

Page 2 of 66

https://mc.manuscriptcentral.com/jmedgenet

Journal of Medical Genetics

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60



C
onfidential: For R

eview
 O

nly

4 

 

Abstract 

Background: In addition to lowering low density lipoprotein-cholesterol (LDL-C), statin therapy also 

raises high density lipoprotein-cholesterol (HDL-C) levels. Inter-individual variation in HDL-C 

response to statins may be partially explained by genetic variation.  

Methods and Results: We performed a meta-analysis of genome-wide association studies (GWAS) to 

identify variants with an effect on statin-induced HDL-C changes. The 123 most promising signals 

with P<1x10
-4

 from the 16,769 statin-treated participants in the first analysis stage were followed up 

in an independent group of 10,951 statin-treated individuals, providing a total sample size of 27,720 

individuals. The only associations of genome-wide significance (P<5x10
-8

) were between minor 

alleles at the CETP locus and greater HDL-C response to statin treatment.  

Conclusion: Based on results from this study that included a relatively large sample size, we suggest 

that CETP may be the only detectable locus with common genetic variants that influence HDL-C 

response to statins substantially in individuals of European descent. Although CETP is known to be 

associated with HDL-C, we provide evidence that this pharmacogenetic effect is independent of its 

association with baseline HDL-C levels.  

Keywords: Pharmacogenetics, HDL-Cholesterol, Statins, Genome-wide association study 
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Introduction 

The drug class of 3-hydroxymethyl-3-methylglutaryl coenzyme A (HMG-CoA) reductase inhibitors, 

better known as “statins”, are widely prescribed and effective for the prevention and management 

of cardiovascular disease (CVD).[1] While the major CVD benefit of statins is due to reduction in 

plasma low density lipoprotein cholesterol (LDL-C)[2], statins also produce moderate increases, 

ranging from 4 to 10%, in levels of high density lipoprotein cholesterol (HDL-C).[3 ,4] This is of 

particular interest since HDL-C levels are inversely related to CVD risk in the general population and 

in patients treated with statins.[5 ,6] However,  a causal role of low HDL-C as a determinant of 

increased CVD risk is controversial.[7]  

The increase in HDL-C after statin therapy varies among individuals.[3] This might be partly due to 

genetic variation. Previous studies that have investigated associations between genotype and statin-

induced changes in HDL-C[8-10] have focused primarily on variants within the CETP gene that are 

known to affect circulating HDL-C levels[11] and risk of coronary artery disease.[12] To address 

whether additional loci have an effect on statin-induced changes in HDL-C levels, we conducted a 

large-scale meta-analysis of genome-wide association studies (GWAS) using datasets from both 

randomized controlled trials (RCTs) and cohort studies in the large Genomic Investigation of Statin 

Therapy (GIST) consortium that previously identified four loci associated with LDL-C response to 

statins.[13]  
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Methods 

Study populations 

The GIST consortium assembled data from seven RCTs and eleven prospective population-based 

studies. The initial analysis (first stage) was performed in 16,769 statin-treated individuals; 8,506 

individuals from six RCTs (ASCOT UK, CARDS, CAP, PRINCE, PROSPER, and TNT) and 8,263 statin-

treated individuals from ten observational studies (AGES, ARIC, ASCOT UK-observational, BioVU, 

CHS, FHS, Health ABC, HVH, MESA, and the Rotterdam Study). Further investigation (second stage) 

was performed in 10,951 statin-treated individuals from two RCTs (ASCOT Scandinavia and JUPITER) 

and two observational studies (ASCOT Scandinavia – observational and GoDARTS), which were used 

to test for replication of findings from the first stage. Details of the first and second stage studies, 

including their genotyping and quality control (QC) information, can be found in the Supplementary 

Notes 1, 2 and 3 and Supplementary tables 1 and 2. 

Subjects 

Response to statin treatment was principally studied in statin-treated individuals only. Those treated 

with placebo were excluded from the analyses of RCTs and those not treated with statins were 

excluded from observational studies. HDL-C measurements were obtained before and after start of 

statin treatment. Only subjects with non-missing phenotypes and covariates were included. Those of 

reported or suspected non-European ancestry were excluded.  

Outcome measurements 

The response to statin treatment was defined as the difference between the natural log-transformed 

on- and off-treatment HDL-C levels (ln (on-treatment HDL-C) – ln (off-treatment HDL-C)). The 

corresponding linear regression coefficients thus reflect the fraction of differential HDL-C increase 

(relative increase) per copy of the coded allele in the additive genetic model. For observational 

studies, on-treatment HDL-C levels were calculated for all different prescribed statins, at any dosage, 
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for any indication, and for any treatment episode extending at least four weeks prior to on-

treatment HDL-C measurement. Characteristics of on- and off-treatment HDL-C levels and statins 

used in each study are shown in Supplementary Table 2. For each individual, at least one off-

treatment HDL-C measurement and at least one on-treatment measurement were required. 

Subjects with missing on- or off-treatment measurements were excluded, with the exception of the 

GoDARTS study for which missing off-treatment HDL-C levels were estimated using imputation 

methods, as described previously.[14] In RCTs, when multiple on- or off-treatment measurements 

were available, the mean of the measurements was used. 

Genotyping and imputation 

Genotyping, quality control, data cleaning and imputation were performed independently in each 

study using different genetic platforms and software as outlined in Supplementary Table 3. In all 

studies, genotyping was performed using either Illumina, Affymetrix, or Perlegen genotyping arrays. 

Genotype data from each study had been imputed to the HapMap phase 2 reference panel [15] , 

except for JUPITER which was imputed to the 1000genomes pilot data, using either MACH, Impute, 

or BIMBAM software [16-18], resulting in a total of approximately 2.5 million SNPs for analysis. 

GWAS analysis 

Each study independently performed the GWAS on the difference between natural log-transformed 

on- and off-treatment HDL-C levels, according to a common, central analysis protocol. To reduce 

confounding by possible association with off-treatment HDL-C levels, analyses were adjusted for the 

natural log-transformed off-treatment HDL-C levels. Linear regression was used, with SNPs 

represented by an additive genetic model and with imputed SNPs represented by expected allele 

dosage. Analyses were additionally adjusted for age, sex, and study specific covariates (e.g ancestry 

principal components (PCs), site, or country). FHS made use of a linear mixed effects model 

considering the kinship matrix in the analysis, hereby accounting for familial correlations within FHS. 
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Analyses in the observational studies were, if the information was available, additionally adjusted for 

the time interval between on- and off-treatment HDL-C measures (mean follow-up times per study 

are provided in Supplementary Table 2) and for the natural logarithm of the statin dose equivalent, 

as defined in Supplementary Table 4. This table shows the dose for different statins for the LDL-C 

response; dividing the statin dosage for an individual drug by its dose equivalent shown in 

Supplementary Table 4 gives the standardized statin dosage.  

Quality control and Meta-analysis 

Within each study, SNPs with minor allele frequency <1% or imputation quality <0.3 were excluded 

from the analysis. QQ-plots were assessed for each study to check that there were no between study 

differences nor evidence for systematic bias within studies (Supplementary Figure 1). The software 

package METAL was used to perform the meta-analysis.[19] A fixed effects, inverse variance 

weighted approach was used. To correct for possible inflation of the test statistic, e.g. due to small 

amounts of potential population sub-structure, genomic control was performed by adjusting the 

within-study findings and the meta-analysis results for the genomic inflation factor. 

Second stage 

SNPs with p-values <1x10
-4

 in the first stage meta-analyses were selected for further investigation in 

the second stage. A maximum of two SNPs per locus (with a maximum 100 kB distance between 

SNPs) were selected, with the choice based on statistical significance. A total of 123 SNPs in 83 loci 

were selected for the second stage, which was performed in the GoDARTS study, the JUPITER trial, 

and the RCT and observational arm of the ASCOT Scandinavia study. GWAS data and response to 

statin treatment were available for these studies. Analysis was performed as for the first stage. 

Results of the first and second stage were combined using a fixed effects, inverse variance weighted 

meta-analysis using METAL.  

Interaction analysis 
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The interaction effect of the lead CETP SNP rs247616 with the binary treatment indicator for statin 

versus placebo allocation was assessed in five of the participating RCTs (ASCOT Scandinavia, ASCOT 

UK, CARDS, JUPITER, and PROSPER). For these analyses, placebo treated individuals in the RCTs were 

included. The total sample size was 17,857, with 8,978 statin treated individuals and 8,879 placebo 

treated individuals. Regression models were applied to the combined population of statin and 

placebo treated subjects by adding to the model extra terms including treatment (statin (=1) or 

placebo (=0)) allocation and the product of treatment allocation with SNP minor allele dose.[20] 

Interaction coefficients of the five studies were combined in a fixed effects, inverse variance 

weighted meta-analysis using METAL. In addition, we also performed our main analysis for the CETP 

SNP rs247616 in only the placebo users of the five RCTs included in the interaction analysis.  

Effect of genetic determinants of HDL-C levels on statin-induced HDL-C response 

We performed a look-up in our GWAS results for all known genome-wide significant genetic variants 

associated with HDL-C levels, obtained from the most recent Global Lipids Genetics Consortium 

(GLGC) paper.[11] Of the 80 variants, 78 were available in our GWAS on statin induced HDL-C 

response. Subsequently, we examined whether a multi-SNP genotypic risk score constructed from 

these GLGC variants was associated with the level of statin induced HDL-C response, using publicly 

available summary level data from the GLGC 

(http://csg.sph.umich.edu//abecasis/public/lipids2013/). The joint effect of the 78 genetic variants 

on statin-induced HDL-C response was examined by means of a data-driven inverse-variance 

weighted approach, described previously by Dastani et al,[21] and accomplished through the gtx-

package[22]
 

(Genetics ToolboX, http://cran.r-project.org/web/packages/gtx) in the R statistical 

software environment.[23] Analogous to deriving a pooled estimate from the results of individual 

studies in conventional meta-analysis, this approach combines the causal estimates of multiple 

genetic variants, defined as the ratio of their association with statin response to their association 

with HDL-C levels. 
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Conditional analysis 

Conditional analysis were performed in two of the participating studies, ASCOT UK (both RCT and 

observational – genotype data available for n=3,804) and CARDS (genotype data available for 

n=1194). Conditional analysis was conducted within GCTA software[24], using the –cojo method, 

which performs conditional and joint analysis with model selection. The genome-wide meta-analysis 

summary statistics from the combined analysis of both first-stage and second-stage data were used 

as the input data. Analysis was restricted to chromosome 16, containing the only genome-wide 

significant result from the meta-analysis, in order to determine whether the CETP region contains 

more than one independent signal of association. Within the GCTA analysis, MAF was restricted to 

≥1% and a p-value cut-off of 5x10
-7

 was used as the selection threshold. LD was calculated between 

pairwise SNPs, but any SNPs further than 10 Mb apart were assumed to be in linkage equilibrium.  

Variance explained 

Two secondary analyses were performed to investigate the heritability of this pharmacogenetic trait. 

Firstly, the genome-wide heritability was calculated in GCTA[24] by estimating h
2
 using GREML 

analysis, according to all HapMap SNPs with MAF ≥ 1%, with reference to the genomic relatedness 

matrix generated within GCTA. Secondly, the percentage variance explained for the HDL-C response 

to statins adjusted for baseline HDL-C was calculated specifically for the lead CETP SNP rs247616 

using R software[23] by including the dosage data for this SNP as a continuous predictor variable 

within the model. Firstly, the HDL-C response trait was regressed against all non-genetic covariates. 

The residuals from this model were used as the residual trait. In a second stage linear regression 

analysis the residual trait was regressed against the lead SNP and PCs. The R
2
 calculated from this 

second fitted linear regression model was used to estimate the percentage of the trait variance 

explained. Both analyses were performed using the ASCOT-UK dataset, as individual level raw 
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genotype data are required. The combination of both the RCT and observational sub-cohorts of 

ASCOT-UK gave a total sample size of N = 2,055 statin-treated participants. The explained variance 

analysis in R was additionally performed in the CARDS study, including 1,194 statin-treated 

participants. The linear regression models used exactly the same data and covariates as from the 

primary GWAS analysis.   
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Results 

First-stage meta-analysis 

In the first stage of this analysis, six randomized controlled trials (n=8,506 statin recipients) and ten 

observational studies (n=8,263 statin recipients) were included (Supplementary Notes 1 and 2 and 

Supplementary Tables 1 and 2). Three SNPs at the CETP locus (chromosome 16) were identified as 

genome-wide significant (P<5x10
-8

) for their association with HDL-C response to statin treatment 

(Figures 1 and 2 and Table 1). The most significant association was for SNP rs247616 (MAF=0.324, 

β=0.011, SE=0.002, P=5.95x10
-10

) (Figure 3), indicating that carriers of the minor allele of this SNP 

respond to statins with a 1.1% greater per-allele increase in HDL-C compared with non-carriers. The 

average increase in HDL-C during statin treatment across all studies was 0.045 mmol/L. This 

additional 1.1% per-allele increase in HDL-C is equivalent to a 0.046 mmol/L increase for carriers of 

one copy of the CETP SNP. We found no other loci associated with HDL-C response to statin 

treatment at a genome-wide significant level at this first stage. 

Second-stage meta-analysis 

We selected 123 SNPs from 83 loci with P<1x10
-4

 in the first stage meta-analysis for further 

investigation in the second stage, which included 10,951 statin-treated individuals from two RCTs 

and two observational studies (Supplementary Note 3 and Supplementary Tables 1 and 2). The 

second stage meta-analysis confirmed the significant association between genetic variants within 

the CETP loci and HDL-C response from the first stage meta-analysis (rs247616: MAF=0.327, β=0.005, 

SE=0.001, P=1.59x10
-5

) as P<6x10
-4

, the Bonferroni p-value threshold for testing 123 SNPs (Table 1, 

Figure 2, and Supplementary Table 5). The combined effect from the first and second stage meta-

analysis for the CETP rs247616 SNP was genome-wide significant (MAF=0.326, β=0.007, SE=0.001, 

P=8.52x10
-13

) (Table 1, Figure 2, and Supplementary Table 5). No other locus reached statistical 

significance (P<4x10
-4

) in the second stage meta-analysis or in the combined meta-analysis (P<5x10
-
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8
) for association with HDL-C response to statin treatment (Figure 1 and Supplementary Table 5). 

Indeed, Supplementary Table 5 (ordered by the combined meta-analysis p-values) shows that the 

three SNPs within CETP which were genome-wide significant in the first stage, were the only SNPs 

that reached Bonferroni significance in the second stage and genome-wide significance in the 

combined meta-analysis 

Interaction analysis 

To exclude the possibility of confounding in the association between CETP and HDL-C response to 

statin treatment, two analyses were performed. First the main analysis for the CETP SNP rs247616 

was repeated in the placebo users using data from five of the participating RCTs. In addition, in the 

same studies we tested for interaction between the CETP lead SNP rs247616 and randomized statin 

or placebo allocation. Supplementary Figure 2 shows the results for the association between HDL-C 

change during follow-up and rs247616 stratified for placebo and statin users. Table 2 shows a 

significant P-value for interaction in the meta-analysis combining the five studies (P-3.52x10
-3

, 

β=0.007, SE=0.002) for the CETP SNP, indicating that genetic effects of CETP on baseline HDL-C 

contribute at most only in part to genetic effects on HDL-C response in the statin-treated group, as 

the genetic effect is modified by the use of statin treatment.  

Effect of genetic determinants of HDL-C levels on statin-induced HDL-C response 

SNPs previously shown to be associated with HDL-C levels (n=78)[11] were assessed for their 

association with statin-induced HDL-C response in our meta-analysis. After Bonferroni correction, 

rs3764261 (CETP) was the sole genetic variant associated with statin-induced HDL-C response 

amongst the 78 examined variants (Supplementary Table 5). Joint analysis of the HDL-C associated 

variants demonstrated that predisposition to high HDL-C levels is associated with increased statin-

induced HDL-C response (Figure 4). This amounted to a 2.9% fractional increase (β=0.029, SE=0.003, 

P=1x10
-19

) in statin-induced HDL-C response per SD increase in genetically raised HDL-C levels. 
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Excluding the CETP SNP (rs3764261) from the model did not materially change the results (β=0.029, 

SE=0.005, P=1x10
-8

). Testing for heterogeneity did not reveal any indication of pleiotropic 

effects(P=0.64).  

Conditional analysis 

The conditional analysis within GCTA resulted in only one remaining SNP selected in the model, 

namely the lead SNP rs247616 within the CETP locus, with a joint p-value of 9.96x10
-10

 and joint 

β=0.0104, equal to its unconditional effect size estimate. As can be seen from the locus zoom plot in 

Figure 3, the other two genome-wide significant hits are in high LD with the lead SNP, and after 

conditioning on the lead SNP, the GCTA conditional analysis results show that no other SNPs within 

chromosome 16 have significant residual association, with the minimum conditional p-value being 

p~3x10
-5

. Hence we conclude that there is only one independent signal within the CETP association. 

Variance explained 

From genome-wide data of the ASCOT-UK datasets, the trait heritability for HDL-C response to 

statins was estimated as h
2
 = 17.8% (SE = 0.154) although this was non-significant (p=0.125). There 

was insufficient power to run the GCTA analysis in the CARDS dataset, due to smaller sample size. 

The trait variance explained by the lead CETP SNP rs247616 alone was calculated to be 0.04% from 

ASCOT-UK and 0.01% from CARDS, both non-significant (p=0.38 and p=0.54, respectively). 
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Discussion 

In this study we have performed a meta-analysis of GWAS including over 27,700 statin-treated 

individuals, investigating genetic variants associated with variation in HDL-C response to statin 

treatment. We identified three genetic variants in the CETP locus that were highly significantly 

associated with a larger HDL-C response to statin treatment. No other SNPs met the genome-wide 

criterion for association of HDL-C change with statin use. 

CETP plays an important role in HDL-C metabolism by promoting the exchange of cholesteryl esters 

in HDL particles with triglycerides in apolipoprotein B-containing particles, leading to increased HDL 

catabolism and lower HDL-C levels. Increases in HDL-C levels after statin treatment are probably 

partly the result of a reduction in CETP mediated lipid transfer[25], as was also shown in mice 

expressing human CETP.[26]  Statin treatment decreases CETP activity up to 30%.[27 ,28] Previously 

it has been shown that genetic variants within CETP are associated with differences in CETP 

concentration.[29] The three SNPs associated with HDL-C response to statins in the present study 

are located 2.5-7 kb upstream of the CETP gene and are in high linkage disequilibrium (Figure 3).[30] 

The minor alleles of these SNPs have been shown to be associated with lower CETP mRNA 

expression levels in liver tissue and with higher HDL-C levels.[30 ,31]  

Previous studies investigating the association between SNPs in the CETP locus and the  HDL-C 

response to statin treatment have yielded inconsistent results. Several studies showed associations 

with a greater HDL-C response [8 ,10], whereas others showed no significant associations.[12 ,32-34] 

These discrepancies could be explained by limited sample sizes and by the investigation of different 

genetic variants in these studies. An alternative explanation could be the fact that the effect of 

statins on HDL-C response is relatively small and depends on statin dose and type.[3 ,4] Since the 

power to detect genetic effects on these small variations is low in single studies, the results from the 

present large meta-analysis, with replication, provide strong evidence that genetic variation at the 

CETP locus is associated with HDL-C response. 
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The results of six randomized clinical trials and ten observational studies were combined in the first 

stage of the current study. Different statins were investigated in the trials and used within the 

observational studies, resulting in combining several types of statins in our analysis. This and the 

variation in statin dosages during follow-up for an individual are a limitation of the current study, 

since the pharmacogenetic impact might be dependent on specific statin types and dose. To address 

this possible limitation, the individual study analyses were adjusted for statin equivalent dose based 

on effect on LDL-C levels, making the different statin types likely more comparable with respect to 

clinical effectiveness on HDL-C levels. Combining RCTs and observational cohort might also result in 

heterogeneity between the study types. To reduce the possibility of large heterogeneity we aimed to 

mimic the design of a RCT in the observational studies, by including only new statin-users. 

Comparing heterogeneity of the RCTs and observational studies included in the first stage showed 

no evidence of large heterogeneity (p=0.761, data not shown). 

Another possible limitation of the current study is the association of the identified genetic variant 

with baseline HDL-C concentration. As shown in previous large GWAS studies, the CETP SNP 

rs3764261 is strongly associated with HDL-C levels.[11 ,31] In pharmacogenetic studies investigating 

lipid responses to drug exposure, it is important to eliminate the effect of the association between 

baseline lipid levels and the investigated genetic variants.[13] To reduce the impact of these possible 

confounding effects, our response to treatment analyses were adjusted for baseline HDL-C levels. In 

addition, interaction analyses in five of the RCTs, with direct modeled comparison with a random 

assignment to a placebo group, suggested little or no influence of the association between the CETP 

SNPs and baseline HDL-C levels on the genetic effect on HDL-C response to statin treatment. It is, 

however, possible that mechanisms underlying the effects of CETP on HDL-C levels are also involved 

in mediating statin effects on HDL-C. 

All genetic data in the current study was imputed to up to 2.5 million autosomal SNPs based on data 

from the HapMap project.[15] In addition, in our analysis we excluded genetic variants with a minor 
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allele frequency <1%, restricting our analysis to common genetic variants. Imputation based on the 

more recent 1000 Genomes project could reveal more associations with rare genetic variants.[35] 

Future studies using exome sequencing data and investigating rare variants may identify additional 

associations between genetic variants and statin-induced HDL-C response. However, the non-

significant estimate of heritability attributable to common variation in our analysis may indicate that 

the observed increase in HDL-C levels after statin-treatment may be mainly due to environmental 

rather than genetic effects. 

The implications of the present findings regarding genetic effects on the efficacy of statins for 

reductions in risk of CVD are uncertain. Based on the strong inverse relationship of HDL-C with CVD, 

the greater statin-induced increase in HDL-C among carriers of the minor vs. major alleles of the 

three CETP SNPs reported here may confer a greater protective effect of statins on CVD in patients 

carrying the minor allele. However, a recent study employing Mendelian randomization found that 

genotypes associated with plasma HDL-C levels were not associated with the impact on CVD risk that 

would be predicted by the magnitude of the genotypic effects on HDL-C.[7] Moreover, two large 

clinical trials have failed to show reduction of CVD events by nicotinic acid-induced increases in HDL-

C in patients with well-controlled LDL-C levels.[36 ,37] Hence, whether greater genetically-mediated 

HDL-C increases with statin treatment confer increased protection from CVD remains unknown. 

In conclusion, this study is the largest meta-analysis of GWAS for HDL-C response to statin treatment 

conducted to date. The findings suggest that CETP may be the only locus in which common genetic 

variants are significantly associated with a substantial HDL-C response to statin treatment in 

individuals of European descent.  
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Figure legends 

Figure 1. Results of the GWAS meta-analysis. Manhattan plot presenting the –log10 P-values from the 

combined stage 1 and 2 meta-analysis on HDL-C response to statin treatment. The top (red) line 

represents the genome-wide significant P-value 5x10
-8

, the second (blue) line represents the P-value 

1x10
-4

, the threshold used for selecting SNPs to take forward to the second stage. Hence the results 

of these SNPs come from the lager combined meta-analysis, whereas all other results are taken from 

the stage 1 discovery meta-analysis. 

Figure 2. Forest plot showing the association in each study and overall  association of the lead CETP 

SNP rs247616 with HDL-C response to statin treatment. Beta represents fractional HDL-C change for 

each copy of the minor allele. 

Figure 3. Regional association plot of the CETP region that was genome-wide significant for 

association with HDL-C response to statin treatment, using the results of the combined meta-

analysis (generated using LocusZoom [39]). The color of each SNP is based on the LD (r
2
) with the 

lead SNP rs247616 (shown in purple). The RefSeq genes in the region are shown in the lower panel. 

Figure 4. Plot of the per-allele association of genetic variants with HDL-C levels (x-axis, per allele in 

SD units, as reported by Willer et al. [11]) against the association with HDL-C response to statin 

treatment (y-axis, percentage) (generated using [22]). The regression line shows the linear 

relationship between these two variables, with 95% confidence boundaries. 
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Figure 1. Results of the GWAS meta-analysis. Manhattan plot presenting the –log10 P-values from the 
combined stage 1 and 2 meta-analysis on HDL-C response to statin treatment. The top (red) line represents 

the genome-wide significant P-value 5x10-8, the second (blue) line represents the P-value 1x10-4, the 
threshold used for selecting SNPs to take forward to the second stage. Hence the results of these SNPs 

come from the lager combined meta-analysis, whereas all other results are taken from the stage 1 discovery 
meta-analysis.  

Figure 1  
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Figure 2. Forest plot showing the association in each study and overall  association of the lead CETP SNP 
rs247616 with HDL-C response to statin treatment. Beta represents fractional HDL-C change for each copy 

of the minor allele.  

Figure 2  
384x372mm (72 x 72 DPI)  
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Figure 3. Regional association plot of the CETP region that was genome-wide significant for association with 
HDL-C response to statin treatment, using the results of the combined meta-analysis (generated using 
LocusZoom [39]). The color of each SNP is based on the LD (r2) with the lead SNP rs247616 (shown in 

purple). The RefSeq genes in the region are shown in the lower panel.  
Figure 3  

254x190mm (121 x 121 DPI)  
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Figure 4. Plot of the per-allele association of genetic variants with HDL-C levels (x-axis, per allele in SD 
units, as reported by Willer et al. [11]) against the association with HDL-C response to statin treatment (y-
axis, percentage) (generated using [22]). The regression line shows the linear relationship between these 

two variables, with 95% confidence boundaries.  
Figure 4  

101x67mm (300 x 300 DPI)  
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Supplementary Table 4: Statin dose adjustments in observational studies, based on a modified 

version of a table in Drugs 1998; 56: Suppl 1: 25-31
1
. 

Statin Dose range 

(mg) 

Typical starting 

dose (PDR) 

Dose % 

equivalent 

Reduction  

LDL (%) 

Reduction  

TC (%) 

Atorvastatin 10-80 10-20 10 35 29 

Cerivastatin 0.2-0.4 0.2-0.3 0.3 30 - 

Fluvastatin 10-80 40 60 31 23 

Lovastatin 10-80 20 40 32 23 

Pravastatin 10-40 40 40 30 25 

Simvastatin 10-80 20-40 20 36 28 

Rosuvastatin 5-40 10 5 45 33 

Pitavastatin 2-4 2 2 37 - 
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Supplementary table 6: Summary statistics for all known genome-wide significant genetic variants 

associated with plasma HDL-c levels  

    GLGC  GIST 

# SNP Chr Locus Effect 

allele 

Beta*  Beta† SE P-value 

1 rs3764261 16 CETP a 0.2412  0.0071 0.001 8.82E-13 

2 rs6065906 20 PLTP t 0.0594  0.0061 0.002 0.002391 

3 rs581080 9 TTC39B c 0.0419  0.0058 0.0021 0.00596 

4 rs2652834 15 LACTB a 0.0285  0.006 0.0022 0.006618 

5 rs7241918 18 LIPG t 0.0902  0.0046 0.0019 0.01593 

6 rs16942887 16 LCAT a 0.0831  0.0054 0.0023 0.0194 

7 rs1800961 20 HNF4A t 0.127  0.0093 0.0041 0.02392 

8 rs1883025 9 ABCA1 t 0.0698  0.0041 0.0019 0.03167 

9 rs3136441 11 LRP4 t 0.0545  0.0051 0.0024 0.03436 

10 rs737337 19 ANGPTL8 t 0.0565  0.0063 0.003 0.03654 

11 rs2290547 3 SETD2 a 0.0297  -0.0038 0.0021 0.07159 

12 rs10019888 4 C4orf52 a 0.027  0.0041 0.0023 0.07591 

13 rs838880 12 SCARB1 t 0.0484  0.003 0.0017 0.07891 

14 rs2013208 3 RBM5 t 0.0254  0.0024 0.0014 0.08785 

15 rs702485 7 DAGLB a 0.0243  0.0024 0.0016 0.1353 

16 rs2972146 2 IRS1 t 0.0323  0.002 0.0015 0.1843 

17 rs4983559 14 ZBTB42-AKT1 a 0.0197  0.0021 0.0016 0.1913 

18 rs2923084 11 AMPD3 a 0.0256  0.0027 0.0021 0.2005 

19 rs605066 6 CITED2 t 0.0281  0.002 0.0016 0.2133 

20 rs4142995 7 SNX13 t 0.0263  -0.0017 0.0014 0.2266 

21 rs4759375 12 SBNO1 t 0.056  0.004 0.0033 0.2275 

22 rs13076253 3 ACAD11 a 0.0283  0.0029 0.0024 0.2289 

23 rs9686661 5 MAP3K1 t 0.0283  0.0024 0.002 0.2322 

24 rs2255141 10 GPAM a 0.0337  0.002 0.0017 0.2414 

25 rs4765127 12 ZNF664 t 0.0324  0.002 0.0017 0.2414 

26 rs4846914 1 GALNT2 a 0.0479  0.0018 0.0016 0.2627 

27 rs731839 19 PEPD a 0.022  0.0019 0.0017 0.2658 

28 rs11613352 12 LRP1 t 0.0281  0.0021 0.0019 0.2711 

29 rs17173637 7 TMEM176A t 0.0363  0.0034 0.0032 0.2901 

30 rs3822072 4 FAM13A a 0.0251  0.0017 0.0016 0.2901 

31 rs7134375 12 PDE3A a 0.0207  0.0017 0.0016 0.2901 

32 rs11246602 11 OR4C46 t 0.034  0.0025 0.0024 0.2997 

33 rs12678919 8 LPL a 0.1554  0.0027 0.0027 0.3194 

34 rs12801636 11 KAT5 a 0.0235  -0.0019 0.002 0.3442 

35 rs4148008 17 ABCA8 c 0.028  0.0015 0.0016 0.3506 

36 rs386000 19 LILRA3 c 0.0479  0.0017 0.002 0.3974 

37 rs4129767 17 PGS1 a 0.0237  -0.0013 0.0016 0.4185 

38 rs442177 4 KLHL8 t 0.0215  -0.0012 0.0016 0.4552 

39 rs7134594 12 MVK t 0.0354  -0.0012 0.0016 0.4552 

40 rs970548 10 MARCH8-ALOX5 a 0.0258  0.0013 0.0018 0.4721 

41 rs2925979 16 CMIP t 0.0351  0.0012 0.0017 0.4822 

42 rs17145738 7 MLXIPL t 0.0408  -0.0016 0.0023 0.4885 

43 rs2602836 4 ADH5 a 0.0192  -0.0011 0.0016 0.4936 

44 rs11065987 12 BRAP a 0.0222  -0.001 0.0017 0.5581 

45 rs645040 3 MSL2L1 t 0.0312  0.0011 0.0019 0.5643 

46 rs2814982 6 C6orf106 t 0.0371  0.0013 0.0024 0.5897 

47 rs4731702 7 KLF14 t 0.0294  9.00E-04 0.0017 0.5981 

48 rs6450176 5 ARL15 a 0.0254  9.00E-04 0.0017 0.5981 

49 rs12967135 18 MC4R a 0.0262  0.001 0.0019 0.6003 
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    GLGC  GIST 

# SNP Chr Locus Effect 

allele 

Beta*  Beta† SE P-value 

50 rs1121980 16 FTO a 0.0196  8.00E-04 0.0016 0.6186 

51 rs12328675 2 COBLL1 t 0.0447  -0.0011 0.0022 0.6186 

52 rs1936800 6 RSPO3 t 0.02  -6.00E-04 0.0016 0.7089 

53 rs2293889 8 TRPS1 t 0.0312  6.00E-04 0.0016 0.7089 

54 rs629301 1 SORT1 t 0.0334  -7.00E-04 0.0019 0.7137 

55 rs1689800 1 ZNF648 a 0.0344  6.00E-04 0.0017 0.7253 

56 rs17695224 19 HAS1 a 0.029  -6.00E-04 0.0018 0.74 

57 rs9987289 8 PPP1R3B a 0.0817  9.00E-04 0.0027 0.74 

58 rs12145743 1 HDGF-PMVK t 0.0203  -5.00E-04 0.0017 0.7696 

59 rs4917014 7 IKZF1 t 0.0222  5.00E-04 0.0018 0.7821 

60 rs499974 11 MOGAT2-DGAT2 a 0.0263  5.00E-04 0.0019 0.7933 

61 rs4650994 1 ANGPTL1 a 0.021  4.00E-04 0.0016 0.8034 

62 rs7255436 19 ANGPTL4 a 0.0316  4.00E-04 0.0016 0.8034 

63 rs2606736 3 ATG7 t 0.0246  -4.00E-04 0.0017 0.8148 

64 rs4420638 19 APOE a 0.0669  6.00E-04 0.0028 0.831 

65 rs174546 11 FADS1-2-3 t 0.0391  -3.00E-04 0.0016 0.8519 

66 rs13107325 4 SLC39A8 t 0.0708  4.00E-04 0.0029 0.8908 

67 rs6805251 3 GSK3B t 0.02  -2.00E-04 0.0016 0.901 

68 rs11869286 17 STARD3 c 0.0319  2.00E-04 0.0017 0.9068 

69 rs4660293 1 PABPC4 a 0.0353  2.00E-04 0.0017 0.9068 

70 rs12748152 1 PIGV-NR0B2 t 0.0506  3.00E-04 0.0029 0.918 

71 rs13326165 3 STAB1 a 0.0289  2.00E-04 0.002 0.9207 

72 rs1532085 15 LIPC a 0.1068  1.00E-04 0.0015 0.9471 

73 rs2954029 8 TRIB1 a 0.0401  -1.00E-04 0.0016 0.9504 

74 rs7941030 11 UBASH3B t 0.027  -1.00E-04 0.0016 0.9504 

75 rs1367117 2 APOB a 0.0223  1.00E-04 0.0019 0.9582 

76 rs181362 22 UBE2L3 t 0.038  0 0.002 >0.99 

77 rs964184 11 APOA1 c 0.1065  0 0.0025 >0.99 

78 rs998584 6 VEGFA a 0.026  0 0.0018 >0.99 

GLGC denotes Global Lipids Genetics Consortium; GIST, Genomic Investigation of Statin Therapy. Effect sizes 

are per allele in *s.d. and †stavn-induced fractional HDL-c response. 
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Supplementary figures 
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Supplementary Figure 2: HDL-C change during follow-up for the CETP SNP rs247616 in statin and 

placebo users. 
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Supplementary Note 1. Participating Randomized controlled trials in Phase 1 

Anglo-Scandinavian cardiac Outcomes Trial (ASCOT) 

Of 19,342 hypertensive patients (40–79 years of age with at least three other cardiovascular risk 

factors) who were randomized to one of two antihypertensive regimens in ASCOT, 10,305 with non-

fasting TC concentrations of 6.5 mmol/l or less (measured at the non-fasting screening visit) had been 

randomly assigned additional atorvastatin 10 mg or placebo. These patients formed the lipid-

lowering arm (LLA) of the study. For this genome-wide study only a proportion of United Kingdom, 

Irish, Sweden, Norway, Finland and Denmark consented to participate.  For GWAS data, the available 

samples were genotyped separately, first for the UK and Irish GWAS (ASCOT-UK), and subsequently 

for the Scandinavian GWAS (ASCOT-SC).  Within GIST analyses, ASCOT-UK was used within the 

discovery stage and ASCOT-SC within the replication. In both the GWAS resources there were two 

subpopulations from ASCOT included. The first subpopulation used the RCT data (ASCOT-RCT) and 

included individuals randomized to 10 mg atorvastatin in whom pre-treatment HDL-C was measured 

at the (fasting) randomization visit and on-treatment HDL-C was calculated as the simple average of 

measures at the (fasting) visits 6 months and 12 months post-randomization. Following the end of 

the randomization phase, there was an observational period. The second subpopulation used this 

observational data (ASCOT-OBS) and included all individuals not originally randomized to 10 mg 

atorvastatin (i.e., those randomized to placebo and those not eligible for the LLA) who were 

subsequently prescribed atorvastatin 10 mg during follow-up. For these individuals, pre-treatment 

HDL- C was defined as the measurement on the last visit before or equal to date of starting 

atorvastatin, and on-treatment HDL- C was defined as the measurement taken from the first visit 

after date of starting atorvastatin. 

Collaborative Atorvastatin Diabetes Study (CARDS) 

Methods in CARDS have been described previously 
2, 3

. In brief, 2838 patients with Type 2 diabetes 

and no previous CVD were randomized to receive either placebo or atorvastatin 10mg once daily and 

followed for a median of 3.7 years. Allocation was double blinded. Mean serum LDL- C concentration 

during baseline visits prior to randomization had to be = 4.14mmol/L (160 mg/dl) and serum 

triglycerides = 6.78mmol/L (600mg/dl). After randomization, total cholesterol, HDL-C, and 

triglycerides were measured at one, two, and three months and 6 monthly thereafter. Patients 

attended after an overnight fast. Serum HDL-cholesterol was measured after precipitation of 

apolipoprotein B-containing lipoproteins with heparin manganese with prior removal of very-low-

density lipoproteins (VLDL) by ultracentrifugation in samples from patients whose serum triglycerides 

exceeded 4.00 mmol/ l 
3
.  Once ultracentrifugation was used, it was employed for all subsequent HDL 

measurements in that patient. Serum HDL-cholesterol was calibrated against the Center for Disease 

Control registered laboratory in RIQAS (Pacific Biometrics Ltd, Seattle, WA, USA) using the regression 

equation from 86 comparisons between 1999 and 2003. The genotyping methods in CARDS have 

been described in details elsewhere 
4
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Cholesterol and Atherosclerosis Pharmacogenetics (CAP)
1
  

The trial involved 944 healthy volunteers, 609 of whom were Caucasian 
5
. Participants were aged 30 

and above, who received open label 40 mg simvastatin daily for 6 weeks. They were recruited from 

two clinical sites located in Los Angeles and San Francisco, California, respectively. Screening criteria 

included serum total cholesterol levels of 4.14-10.36 mmol/L (160-400 mg/dL). Lipids, including HDL-

C, were measured twice prior to treatment (at screening and after a two-week run-in period) and 

twice on treatment (4 and 6 weeks), and the averages were used for each time point. Human subject 

approvals were obtained at all participating institutions and all participants signed statements of 

informed consent.  In total, 591 subjects with both lipids and DNA data were available for analysis. 

Discovery genotyping was performed for half of the subjects using beadchip technology 

(HumanHap300 BeadChip , Illumina Inc. San Diego CA) for whole-genome genotyping of 314,621 

tagSNP markers derived from the International HapMap Project. Genome-wide genotyping was 

performed on the remaining half of the samples using the Illumina HumanCNV610-Quad beadchip 

containing 620,901 tagSNPs. SNPs with MAF < 1% and proper information <0.30 (obtained by 

SNPTEST) were excluded from analysis. Imputation was performed using BIMBAM v0.99 with 

reference to HapMap CEU using release 23, build 36. 

PRavastatin INflammation CRP Evaluation study (PRINCE) 

Participants were Caucasians, aged 21 and older, who received 40 mg daily pravastatin for 12 weeks 
6
. They were enrolled from 1143 sites representing 49 states and the District of Columbia, with no 

single site enrolling more than 4 individuals. Recruitment criteria included either an LDL-C 

concentration ≥3.5 mmol/L (>135 mg/dL) or a history of myocardial infarction, stroke, or coronary 

revascularization regardless of baseline LDL-C.  Lipid measurements, including HDL-C, were obtained 

once prior to treatment and once following 12 weeks of treatment. Human subjects approvals were 

obtained at all participating institutions and all participants signed statements of informed consent. 

In total, 1348 participants had DNA available for whole genome-wide association analysis. 

Genotyping and imputation were performed using the same platforms and procedures as for CAP i.e., 

half of the samples with each of the Illumina platforms). 

PROspective Study of Pravastatin in the Elderly at Risk (PROSPER) 

All data come from the PROspective Study of Pravastatin in the Elderly at Risk (PROSPER). A detailed 

description of the study has been published elsewhere 
7, 8

. PROSPER was a prospective multicenter 

randomized placebo-controlled trial to assess whether treatment with pravastatin diminishes the risk 

of major vascular events in elderly. Between December 1997 and May 1999, we screened and 

enrolled subjects in Scotland (Glasgow), Ireland (Cork), and the Netherlands (Leiden). Men and 

women aged 70-82 years were recruited if they had pre-existing vascular disease or increased risk of 

such disease because of smoking, hypertension, or diabetes. A total number of 5,804 subjects were 

randomly assigned to pravastatin or placebo. A large number of prospective tests were performed 

including Biobank tests and cognitive function measurements.  

A whole genome wide screening has been performed in the sequential PHASE project with the use of 

                                                           
1
 CAP was designed as a pharmacogenetics study and therefore not a randomized placebo-controlled trial 
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the Illumina 660K beadchip 
9
. Of 5,763 subjects DNA was available for genotyping. Genotyping was 

performed with the Illumina 660K beadchip, after QC (call rate <95%) 5,244 subjects and 557,192 

SNPs were left for analysis. These SNPs were imputed to 2.5 million SNPs based on the HAPMAP built 

36 with MACH imputation software. 

Plasma lipids and lipoproteins were measured twice during the screening phase, i.e. at the beginning 

and end of the single-blind, placebo “run-in” phase according to the standardized Lipid Research 

Clinics protocol. Baseline HDL-C levels were taken as the average of these 2 determinations prior to 

randomization to statin treatment. During follow-up, plasma lipids and lipoproteins were measured 

after 3, 6, 12, 24, and 36 months. Total cholesterol (TC), HDL cholesterol, and triglycerides were 

assessed after an overnight fast, LDL-C was calculated by the Friedewald formula, as previously 

described 
7
.  

Treating to New Targets (TNT) 

The design of the TNT trial has been described in details elsewhere 
10

. In brief, 10 001 patients with 

stable coronary heart disease (CHD) and LDL-C levels <130 mg/dL (3.4 mmol/L) were randomly 

assigned to receive either 10 or 80 mg of atorvastatin per day and were followed up for a median of 

4.9 years. Mean HDL-C levels during treatment were 47 mg/dL (1.22 mmol/L) for the 10- and 80-mg 

groups. At screening, LDL-C, HDL-C, triglycerides (TG), and total cholesterol were measured in all 

subjects in a fasting state. In addition, blood pressure and body mass index as well as other standard 

blood chemistries were measured. All laboratory tests were performed at a central laboratory 

(Medical Research Laboratories, Highland Heights, Ky) certified by the National Heart, Lung, and 

Blood Institute/Centers for Disease Control Part III Program. These were repeated 4 weeks later, at 

randomization, 3 and 6 months post randomization, and annually thereafter. 

After approval by the institutional review committee, informed consent for genetic analysis was 

sought on entry into the trial and 5966 DNA samples were obtained from consenting individuals. A 

subset was chosen for whole-genome analysis based on the cardiovascular events during the course 

of the trial and those individuals were matched 3:1 with controls based on age, gender, treatment 

arm, smoking, diabetes, hypertension, baseline lipid values, baseline glucose levels, and screening 

LDL-C. The Perlegen 322K array genotyping array was used to perform genome-wide genotyping. 

Samples and SNPs will call rate equal or under 98% were removed prior to the analyses. IMPUTE 2 (v. 

2.1.0) and GTOOL (v.0.6.6) were used to impute additional SNPs which were analyzed for their 

association with LDL response with PLINK (v.1.07) 
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Supplementary Note 2. Participating observational studies in phase 1 

Age, Gene/Environment Susceptibility-Reykjavik (AGES)  study 

The Reykjavik Study cohort originally comprised a random sample of 30,795 men and women born in 

1907-1935 and living in Reykjavik in 1967. A total of 19,381 attended, resulting in 71% recruitment 

rate. Between 2002 and 2006, the AGES-Reykjavik study re-examined 5,764 survivors of the original 

cohort who had participated before in the Reykjavik Study 
11

. Serum lipid levels were measured at 

baseline (AGES:2002-2006), and at a follow-up five years later (AGESII:2007-2001). Individuals were 

recruited in the same order. Of the 5,764 participants, 3,664 participants were randomly selected for 

the GWAS. Genotyping was undertaken using the HumanCNV370-Duo (Illumina) at the Laboratory of 

Neurogenetics, Intramural Research Program, at the National Institute of Aging, Bethesda, Maryland. 

Atherosclerosis Risk in Communities (ARIC) study  

The ARIC study is an ongoing population-based cohort of 15,792 predominantly Caucasian and 

African-American males and females aged 45-64 years at baseline and selected using probability 

sampling from four United States communities (Forsyth County NC, Jackson MS, suburban 

Minneapolis MN, and Washington County MD) 
12

. Participants were recruited in 1987-1989 to 

examine cardiovascular and pulmonary disease, patterns of medical care, and disease variation over 

time. Standardized physical examinations and interviewer-administered questionnaires were 

conducted at baseline (1987-1989), three triennial follow-up examinations (1990-1998), and a fifth 

exam (2011-2013). Eligible participants for this effort were from the NC, MN, and MD field centers, as 

only Caucasian participants were examined in this analysis and the MS center only recruited African 

American participants. 

Twelve-hour fasting total cholesterol and HDL were measured as previously described at baseline and 

during the three triennial exams; 
13, 14

 data from the fifth exam did not contribute to this analysis. To 

evaluate the effect of lipid lowering therapy, we selected the first exam at which the participant 

reported using statins. We then used the HDL measure from that examination and the previous 

examination (approximately three years earlier) to calculate the logarithm of HDL before statin 

treatment minus the logarithm of HDL after beginning statin treatment. Participants who reported 

using statins at the baseline visit were excluded, as we did not have a pre-treatment HDL measure to 

evaluate. 

The Affymetrix 6.0 genotype array was used to genotype n=669,450 SNPs that passed quality control 

(sample call rate ≥ 0.95; SNP call rate ≥ 0.90; SNP MAF filter ≥ 0.01, HWE p-value filter ≥ 10
-5

). SNPs 

were imputed based on the HAPMAP build 36 with MACH v1.16 and analyses were performed using 

ProbABEL. 

BioVU 

BioVU is the nation’s largest collection of DNA samples linked to a comprehensive, de-identified 

electronic medical record (EMR) 
15, 16

. BioVU began in 2007 and accrues DNA samples via an opt-out 

model (the design and ethical principles of which have been described previously 
15

 primarily from 

outpatient visits. On September 3, 2013, the biobank contains 151,605 adults linked to de-identified 

mirror images of individual comprehensive EMRs. This database is scrubbed of all Health Insurance 

Portability Accountability Act (HIPAA) identifiers; e.g., if the name “John Smith” appears in the 
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original record, its corresponding record in the synthetic derivative is permanently replaced with a 

tag [NAME AAA, BBB] to maintain the semantic integrity of the text.  

Per BioVU policy, all projects utilizing BioVU samples are required to redeposit their genotyping 

results into the BioVU databases for reuse by other investigators. Of note, 16,701 individuals have 

genome-wide SNP data available on September 3, 2013, and were among the available population 

used for this study. 

Plasma lipid data is extracted from linked de-identified EMRs. Before Treatment HDL-C is defined as 

median HDL-C within an 18 month window before first ever statin mentioned in the EMRs. After 

Treatment HDL-C is defined as median HDL-C within an 18 month window after first ever statin 

mentioned in the EMRs, with right censoring within the 18 month window at the first drug or dose 

changes.  

Statin exposures were derived from electronic prescribing tools and use of the MedEx natural 

language processing tool, which extracts medication references from narrative text 
17

. When using 

MedEx, we apply heuristic rules to identify patients truly receiving medications and filter out adverse 

events, medication discussions, and other non-prescription events. 

Cardiovascular Health Study (CHS) 

The CHS is a population-based cohort study of risk factors for CHD and stroke in adults ≥65 years 

conducted across four field centers 
18

. The original predominantly Caucasian cohort of 5,201 persons 

was recruited in 1989-1990 from random samples of the Medicare eligibility lists; subsequently, in 

1992-1993, an additional predominantly African-American cohort of 687 persons was enrolled for a 

total sample of 5,888. DNA was extracted from blood samples drawn on all participants at their 

baseline examination. In 2007-2008, genotyping was performed at the General Clinical Research 

Center's Phenotyping/Genotyping Laboratory at Cedars-Sinai using the Illumina 370CNV BeadChip 

system on 3980 CHS participants who were free of CVD at baseline, consented to genetic testing, and 

had DNA available for genotyping. Because the other cohorts were predominantly white, the African 

American participants were excluded from this analysis. Thus, for this analysis, the study sample is 

limited to European ancestry participants who used statins during follow up with available genotype 

data as well as on- and off-treatment lipid measures. 

In CHS, the following exclusions were applied to identify a final set of 306,655 autosomal SNPs: call 

rate < 97%, HWE P < 10-5, > 2 duplicate errors or Mendelian inconsistencies (for reference CEPH 

trios), heterozygote frequency = 0, SNP not found in HapMap. Imputation was performed using 

BIMBAM v0.99 with reference to HapMap CEU using release 22, build 36 using one round of 

imputations and the default expectation-maximization warm-ups and runs. 

Plasma lipids and lipoproteins were measured several times during follow-up; HDL-C measurements 

are available from baseline (year 2), year 5, and year 18. Subjects came to the clinic after an 

overnight fast, and blood was obtained on their arrival at the clinic. Samples were shipped weekly, on 

dry ice, to the CHS Central Blood Laboratory at the University of Vermont, where all analyses were 

performed. Plasma total cholesterol and triglyceride (TG) were measured by enzymatic methods on 

an Olympus Demand System (Olympus Corp., Lake Success, N.Y.). HDL-C was measured by an 

enzymatic method after precipitation of apo-lipoprotein B-containing lipoproteins with dextran 

sulfate/magnesium sulfate. LDL-C was calculated according to the Friedewald equation for individuals 

whose serum TG was <4.51mmol/l 
19

.   
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Framingham Heart Study (FHS) 

The methods for recruitment and clinical covariate collection have been described previously for the 

original Framingham Heart Study cohort (5,209 participants ascertained systematically from two-

thirds of the households in the town of Framingham, MA, beginning in 1948)
20

, the Framingham 

Heart Study Offspring cohort (5,124 children of the original cohort, and spouses of those children, 

beginning in 1972)
21

, and the Third Generation cohort (4,095 children of the Offspring cohort, 

beginning in 2002)
22

. The current study was conducted in 1266 participants recruited in the Offspring 

Cohort from Exam 4 (1987-1991) through Exam 8 (2005-2008) and 266 participants in the Third 

Generation from Exam 1 (2002-2005) and Exam 2 (2008-2011). HDL-C was collected at each exam 

using standard protocols. To evaluate the effect of lipid lowering therapy, we selected the first exam 

at which a person reported using lipid lowering medication. It is assumed that most of the therapy 

during this time was statin, but we did not have specific data on which medications were used except 

for Exams 8 in the Offspring and 1 and 2 for the Third Generation. Then we used the HDL-C measure 

from that examination and the previous exam (approximately 3-4 years before) to calculate the 

logarithm of HDL-C before lipid lowering treatment minus the logarithm of HDL-C after the beginning 

use of lipid lowering treatment. This trait was analysed in mixed effects linear regression models 

(accounting for familial relationships) for all genetic variants in the CEU sample of the Phase 2 

HapMap Release 22. We adjusted for sex, age, time between the HDL-C measurements and Principal 

Component 7 to control for population substructure. 

Genotyping was conducted for the SNP Health Association Resource (SHARe) project 

(http://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/study.cgi?study_id=phs000007.v20.p8) using the 

Affymetrix 500K mapping array (250K Nsp and 250K Sty arrays) and the Affymetrix 50K supplemental 

gene focused array on a total of 9,274 individuals from all three cohorts. BRLMM was used to call 

these data. To evaluate population substratification, we conducted principal component analyses 

using EIGENSTRAT 
23

 on the genotypes from 882 unrelated participants. We estimated the first 10 

principal components and applied the loadings of these components to all genotyped participants.  

Finally, we evaluated whether any of these principal components were associated with the difference 

in the logarithms of HDL before and after lipid lowering initiation. Only Principle Component 7 was 

associated with HDL-C and was thus included in the regression model. Genotyping resulted in 

503,551 SNPs with successful call rate >95% and HWE P>1.0x10-6 in 8,481 individuals with call rate 

>97%. Imputation of 2,543,887 autosomal SNPs in HapMap release 22, CEU sample was conducted 

using the algorithm implemented in MACH (version 1.0.15). From a total of 534,982 genotyped 

autosomal SNPs in Framingham, 378,163 SNPs were used in imputation after filtering out 15,586 

SNPs (HWE P<1.0x10
-6

), 64,511 SNPs (missingness >0.03), 45,361 SNPs (mishap P<1.0x10
-9

), 4,857 

SNPs (>100 Mendel errors), 67,269 SNPs (frequency <0.01), 2 SNPs (due to strand issues upon 

merging data with HapMap), and a further 13,394 SNPs that were not present on HapMap. We used 

200 biologically unrelated participants to estimate the parameters of the imputation model and 

subsequently applied the estimated parameters to obtain imputed SNPs for all 8,481 participants. 

The Framingham Heart Study, including genetic association studies of Framingham phenotypes, was 

approved by the institutional review boards of Boston University and the National Institutes of 

Health. All participants provided written informed consent. 

Health Aging and Body Composition (Health ABC) Study 
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Health ABC is a NIA-sponsored ongoing cohort study of  the factors that contribute to incident 

disability and the decline in function of healthier older persons, with a particular emphasis on 

changes in body composition in old age. Health ABC enrolled well-functioning, community-dwelling 

black (n=1281) and white (n=1794) men and women aged 70-79 years between April 1997 and June 

1998. Participants were recruited from a random sample of white and all black Medicare eligible 

residents in the Pittsburgh, PA, and Memphis, TN, metropolitan areas. The key components of Health 

ABC include a baseline exam, annual follow-up clinical exams, and phone contacts every 6 months to 

identify major health events and document functional status between clinic visits. HDL cholesterol 

was measured from plasma stabilized with EDTA in the entire cohort using the VITROS CHOL slide 

(Ortho-Clinical Diagnostics, Inc.). GWAS data are available from 1663 white participants. Genomic 

DNA was extracted from buffy coat collected using PUREGENE® DNA Purification Kit during the 

baseline exam. Genotyping was performed by the Center for Inherited Disease Research (CIDR) using 

the Illumina Human1M-Duo BeadChip system. Samples were excluded from the dataset for the 

reasons of sample failure, genotypic sex mismatch, and first-degree relative of an included individual 

based on genotype data. Genotyping was successful for 1,151,215 SNPs in 1663 unrelated. 

Imputation was done for the autosomes using the MACH software version 1.0.16. SNPs with minor 

allele frequency ≥ 1%, call rate ≥97% and HWE p≥10-6 were used for imputation. HapMap II phased 

haplotypes were used as reference panels. For EAs, genotypes were available on 914,263 high quality 

SNPs for imputation based on the HapMap CEPH reference panel (release 22, build 36). A total of 

2,543,887 SNPs in EAs are available for analysis. 

Heart and Vascular Health (HVH) Study 

HVH is a case-control study set in Group Health (GH), a large integrated health care system in 

Washington State, and is comprised of incident myocardial infarction (MI) and stroke cases with a 

shared common control group. All participants were GH members and aged 30-79 years. MI and 

stroke cases were identified from hospital discharge diagnosis codes and were validated by medical 

record review. Controls were a random sample of GH members frequency matched to MI cases on 

age (within decade), sex, treated hypertension, and calendar year of identification. The index date for 

controls was a computer-generated random date within the calendar year for which they had been 

selected. For MI cases, the index date was the date of admission for the first acute MI. Participants 

were excluded if they were recent enrollees at GHC, had a history of prior MI or stroke, or if the 

incident event was a complication of a procedure or surgery. Methods for the study have been 

described previously. 
24-26

 

Eligibility and risk factor information were collected by trained medical record abstractors from a 

review of the GH medical record using only data available prior to the index date and through a 

telephone interview.  Medication use was ascertained using computerized GH pharmacy records.  A 

venous blood sample was collected from all consenting subjects, and DNA was extracted from white 

blood cells using standard procedures. 

Genotyping was performed at the General Clinical Research Center's Phenotyping/Genotyping 

Laboratory at Cedars-Sinai using the Illumina 370CNV BeadChip system. Genotypes were called using 

the Illumina BeadStudio software. Samples were excluded from analysis for sex mismatch or call rate 

< 95%. The following exclusions were applied to identify a final set of 301,321 autosomal SNPs: call 

rate < 97%, HWE P < 10-5, > 2 duplicate errors or Mendelian inconsistencies (for reference CEPH 

trios), heterozygote frequency = 0, SNP not found in HapMap, inconsistencies across genotyping 
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batches.  Imputation was performed using BIMBAM with reference to HapMap CEU using release 22, 

build 36 using one round of imputations and the default expectation-maximization warm-ups and 

runs.    

Plasma lipids and lipoproteins were measured over the course of general care at Group Health and 

were obtained from the outpatient medical record and/or Group Health laboratory database.  

Multi-Ethnic Study of Atherosclerosis (MESA) 

The Multi-Ethnic Study of Atherosclerosis (MESA) is a study of the characteristics of subclinical 

cardiovascular disease (disease detected non-invasively before it has produced clinical signs and 

symptoms) and the risk factors that predict progression to clinically overt cardiovascular disease or 

progression of the subclinical disease. MESA researchers study a diverse, population-based sample of 

6,814 asymptomatic men and women aged 45-84. Thirty-eight percent of the recruited participants 

were white, 28 percent African-American, 22 percent Hispanic, and 12 percent Asian, predominantly 

of Chinese descent 
27

. Participants were recruited from six field centers across the United States and 

followed-up three times with an average time period of follow-up of 2 years between each visit. Data 

from four visits (exam1 to exam4) was used for the analysis. Subjects on statin treatment at the time 

point of follow-up visit and off treatment at the previous visit were qualified for inclusion. Phenotype 

(lipids measures before and after statin treatment) and genotype data were available for 360 

Caucasian subjects. The tenets of the Declaration of Helsinki were followed and institutional review 

board approval was granted at all MESA sites. Written informed consent was obtained from each 

participant. 

Genotyping was performed using the Affymetrix Genome-Wide Human SNP Array 6.0. IMPUTE 

version 2.1.0 was used to perform imputation for the MESA Caucasian participants (chromosomes 1-

22) using HapMap Phase I and II - CEU as the reference panel (release #24 - NCBI Build 36 (dbSNP 

b126)). SNPs with MAF less than 0.02 or HWE p value less than 0.001 were removed from the 

analysis.  

Rotterdam study 

The Rotterdam Study is a prospective population-based cohort study of chronic diseases in the 

elderly population. From 1990 to 1993, 7983 inhabitants of the suburb Ommoord in Rotterdam, the 

Netherlands, aged 55 years or older, entered the Rotterdam Study (RS-I), and have been continuously 

followed since then. Medication prescription data were obtained from all seven fully computerized 

pharmacies in the Ommoord suburb. These pharmacies dispense the prescriptions of more than 99% 

of all participants. Information on all filled prescriptions from January 1st 1991 until June 1st 2008 

was available and included information on the product name of the drug, the Anatomical 

Therapeutical Chemical code, the amount dispensed, the prescribed dosage regimen and the date of 

dispensing. Furthermore, in 2000, an extended cohort was enrolled, the Rotterdam Study II (RS-II). 

3011 inhabitants entered the study and have been continuously followed since then. Detailed 

information on design, objectives and methods of this study have been described before 
28, 29

. The 

Rotterdam Study has been approved by the medical ethics committee according to the Wet 

Bevolkingsonderzoek: ERGO (Population Screening Act: Rotterdam Study), executed by the Ministry 

of Health, Welfare and Sports of the Netherlands. All participants gave informed consent to 

participate in the study and to obtain information from treating physicians and pharmacy records, 
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separately. 

Lipid measurements were obtained from all participants at each visit. Fasting total cholesterol, HDL-

cholesterol and triglyceride levels were determined using enzymatic procedures (Hitachi Analyzer, 

Roche Diagnostics).  

At baseline examination of the Rotterdam Study, blood was taken from which genomic DNA was 

extracted, using the salting-out method 
30

. Microarray genotyping was performed in both Rotterdam 

Study cohorts, using the Infinium II HumanHap550K Genotyping BeadChip version 3 (Illumina Inc., 

San Diego, CA, USA). Genotyping procedures were followed according to the manufacturer’s 

protocols. Microarray genotyping procedures in the Rotterdam Study have been previously described 
31

. 
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Supplementary Note 3. Participating studies in Phase II 

Genetics of Diabetes Autdit and Research Tayside Study (GoDARTS)  

The GODARTS cohort was ascertained from the Diabetes Audit and Research Tayside Study (DARTS) 

and has been described before 
32

. Each individual in Go-DARTS has multiple measures of clinical 

parameters recorded over a period of time during the course of their clinical management. These 

clinical parameters were BMI, total cholesterol, high-density lipoprotein cholesterol (HDL-C).  For the 

purpose of this study we included the baseline HDL-C as the HDL-c at first study visit and follow-up 

HDL as HDL the highest HDL-c attained during the follow-up period. The Go-Darts data were 

genotyped on affymetrix (N=3094) and illumina platform (n=3039). 

 

Justification for the Use of statins in Prevention: an Intervention Trial Evaluating Rosuvastatin 

(JUPITER) population 

The study population was derived from JUPITER, an international, randomized, placebo-controlled 

trial of rosuvastatin (20mg/day) in the primary prevention of cardiovascular disease conducted 

among apparently healthy men and women with LDL-C < 130 mg/dL and hsCRP ≥ 2 mg/L 
33

. 

Individuals with diabetes or triglyceride concentration >500mg/dL were also excluded. Approximately 

71.2% of JUPITER participants had European ancestry among whom 71.4% provided DNA and 

consent for genetic analysis. The present analysis includes only individuals with genotype information 

who had verified European ancestry (see below) and who were deemed compliant with the study 

protocol as judged by on the basis of pill counts and reported absence of non-trial statin use, i.e. 

information that was independent of LDL-C reduction.  After applying these restrictions, 3417 statin- 

and 3388 placebo-allocated participants remained for analysis with HDL-C measures at baseline and 

follow-up. 

Per study protocol, all JUPITER participants had standard lipid measurements made in a core 

laboratory facility prior to randomization and again after one year of placebo or rosuvastatin 

treatment. HDL-C was after heparin-manganese precipitation of apolipoprotein B-containing 

particles.  

Genotyping in the JUPITER population was performed using the Omni 1M Quad platform (Illumina, 

San Diego) as described previously 
34

. In the final data used for analysis, samples were retained if 

>98% of the SNPs had successfully genotype, while SNPs were retained if genotyping was successful 

in >90% of the samples.  Of JUPITER participants with self-reported European ancestry over 99% had 

successful genotyping and verification of their ancestry using multi-dimensional scaling procedures in 

PLINK 
35

 applied to 1,067 ancestry informative SNPs from HapMap3. Among JUPITER participants with 

verified European ancestry, rs7412, which distinguishes the APOE E2 from E3/E4 genotypes deviated 

from Hardy-Weinberg equilibrium, likely due to the ascertainment criteria related to LDL-C levels in 

JUPITER. This SNP was included in the final data only after manual inspection of genotyping clusters. 

Sub-European ancestral stratification was estimated using the principal component approach in 

EIGENSTRAT 
23

. Genotypes for SNPs in the 1000 genomes pilot data (release 2010-03) were imputed 

with MaCH v. 1.0.16 
36

. 
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