
 

1 

 

Genome-wide Association Studies (GWAS) 

Principal Investigator:  Claudia Lamina and Florian Kronenberg 

History 

In 2005 eleven collaborators founded a consortium headed by H.-Erich Wichmann and Thomas 
Meitinger at the Helmholtz-Center Munich to perform genome-wide association studies (GWAS) 
within the KORA cohorts F3 and F4. Each of the partners is responsible for a certain phenotype 
group. The Innsbruck group around Florian Kronenberg was selected for lipid-related phenotypes. 
However, we are also involved in several other phenotypes of interest. With the move of Claudia 
Lamina from the Helmholtz-Center Munich to our research group in 2009, our team became more 
intensively involved in data analysis. Besides data analyses, our laboratory team from the 
"Sequencing & Genotyping Unit" contributes to many GWAS by performing de-novo genotypings 
in replication samples as well as bioinformatic analysis of detected gene regions. 
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 GWAS on Lipids 

After carrying out a GWAS on HDL cholesterol [1], we and the field came to realize that very large 
sample sizes are required to have the statistical power to identify new genes and pathways 
involved in lipid metabolism. Therefore, we joined the European ENGAGE consortium with 16 
population-based cohorts including up to 22.000 study participants. This initiative observed 22 
genetic loci associated with serum lipid levels, 6 of which were newly identified. A score of risk 
alleles for lipids found associations of these alleles with carotid intima-media thickness as well as 
coronary heart disease incidence [2]. Since these 22 genetic loci still explained only up to 4.8% of 
lipid levels, we joined the "Global Lipids Genetics Consortium" with far more than 100 000 
individuals investigated. This study finally identified 95 (59 new) genetic loci associated with serum 
lipids levels. These mapped variants explained 10-12% of each trait which corresponds to about a 
quarter of the variance for each trait expected to be explained by genes. Many of these genes 
were not previously implicated in lipoprotein metabolism and they contribute not only to normal 
variation in lipid traits but also to extreme lipid phenotypes and lipid traits in multiple ethnic 
populations [3]. 
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 GWAS on Adiponectin 

Plasma adiponectin is strongly associated with various components of metabolic syndrome, type 2 
diabetes and cardiovascular outcomes. Concentrations are highly heritable and differ between 
men and women. We therefore aimed to investigate the genetics of plasma adiponectin in men 
and women.  

Together with Iris M. Heid from the University of Regensburg we organized a GWAS consortium 
for adiponectin plasma concentrations. We combined genome-wide association scans of three 
population-based studies including 4659 persons (Erasmus Rucphen Family Study, KORA-F3 and 
the MICROS Study). The replication stage included 13795 subjects from the studies CoLaus, 
Framingham, GEMS, ALSPAC, TWINS UK, InChianti and BLSA. We demonstrated that the ADIPOQ 
gene is the only major gene for plasma adiponectin, which explains 8.7% of the phenotypic 
variance [4] and which we had already studied intensively in earlier times [5]. We further found 
that neither this gene nor any of the known metabolic syndrome loci explained the sex differences 
observed for plasma adiponectin levels [4]. 

To increase the power of this GWAS study to find further genes which have an influence on 
adiponectin concentrations, our entire consortium joined the ADIPOGEN consortium which 
currently analyses the data of more than 20.000 subjects. 

[top] 

 

 GWAS on Metabolites 

Serum metabolite concentrations provide a direct readout of biological processes in the body and 
mirror an individual’s metabolic capacities. They are associated with disorders such as 
cardiovascular and metabolic diseases. Our group was involved in the first combination of two 
hypothesis-free approaches by combining a GWAS with a wide spectrum of metabolites. It was 
argued that knowledge of the “genetically determined metabotypes” in the human population is 
key to identifying the contributions and interaction of genetic and environmental factors in the 
etiology of complex diseases. Serum concentrations of 163 metabolites covering a wide panel of 
amino acids, sugars, acylcarnitines, and phospholipids, were determined by electrospray ionization 
tandem mass spectrometry (ESI-MS/MS) with commercially available metabolomics kit 
technology. Most of the identified loci in this GWAS were located in or near enzyme or solute 
carrier coding genes, where the associating metabolic traits match the proteins’ function. The 
most important observation was that the use of metabolite concentration ratios as proxies for 
enzymatic reaction rates reduces the variance and yielded robust statistical associations with p-
values between 10-43 and 10-178 [6,7]. In contrast to most GWAS with clinical endpoints, it appears 
that for metabolic traits most of the associations are linked to genetic variants in genes with a 
matching metabolic function. 
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 GWAS on Body Size Measurements 

Claudia Lamina is involved in the GIANT consortium (Genetic Investigation of ANthropometric 
Traits), which performs genome-wide meta-analyses on body size measurement such as body 
mass index (BMI) or waist-hip-ratio (WHR). 

The first big step into unraveling the genetic basis of central obesity and fat distribution has been 
made in 2009.  A meta-analysis of 16 genome-wide association studies (N=38,580) followed by 
replication in further studies (additional N=70,689) revealed two loci which were associated with 
waist circumference and one locus (near LYPLAL1) associated with Waist-Hip-Ratio (WHR) [8]. The 
effect of the latter was found to have higher effects in women than in men and was also found to 
be independent from general obesity, as defined by the Body Mass Index (BMI). This sexual 
dimorphism of the genetic basis of fat distribution could be confirmed in the following round of 
GIANT, which focused on WHR [9]: By doubling the sample size (32 GWAS, N=77,167 + 29 
replication studies, N=113,636 subjects), 13 new loci could be identified and the already known 
locus at LYPLAL1 replicated. 7 of these loci exhibit marked sexual dimorphism, all with a stronger 
effect on WHR in women than men.  

Another study within the GIANT consortium looked for genetic determinants of Body Mass Index 
(BMI) [10].  Data from 46 studies involving nearly 124,000 people were combined and replicated 
by additional studies including almost 126,000 individuals. 14 known obesity susceptibility loci 
were confirmed and 18 loci newly identified. The effects of each individual variant were found to 
be modest and can explain only a small fraction of the overall variation in obesity. Nevertheless, 
the findings are very important, since they may provide new insights into the underlying biology of 
human body weight regulation. Some of these loci, for example, map near key hypothalamic 
regulators of energy balance and may affect appetite.  

The GIANT consortium effort is still going on and thus will contribute to the understanding of 
genetic contribution to obesity and fat distribution. 

[top] 

 

 GWAS on Ankle-Brachial-Index 

Asymptomatic peripheral arterial disease can be diagnosed by means of the Ankle-Brachial-Index 
(ABI), defined as the ratio of Doppler-recorded systolic blood pressures in the lower and upper 
extremities, a standardized, non-invasive, simple diagnostic tool. ABI-values of 0.9 or lower 
indicate the presence of peripheral arterial disease with a sensitivity of 95% and specificity of 
100%. A low ABI may be a relevant indicator of atherosclerotic burden and is associated with 
increased CVD morbidity and mortality. 

We contributed our data on ABI from 1581 and 1407 persons from the KORA F3 and KORA F4 
Study, respectively to two internationally acting GWAS consortia for ABI (CARE and CHARGE) for a 
meta-analysis. In the meanwhile the number of investigated persons from the entire consortium 
adds up to more than 30.000. We are currently in the stage of meta-analyzing the data. 

[top] 
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 GWAS on other Phenotypes 

Our group is involved in the following GWAS either in data analysis, genotyping or bioinformatic 
analysis: 

 Uric acid concentrations [11,12] 

 Kidney function or chronic kidney disease (CKDGen consortium) [13] 

 Smoking quantity [14] 

Team members:  

Claudia Lamina, Stefan Coassin, Barbara Kollerits, Anita Kloss-Brandstätter, Margot Haun, Gertraud Erhart, 
Monika Summerer, Doreen Dähnhardt 

Main collaborators:  

 H.-Erich Wichmann, Thomas Illig, Norman Klopp, Annette Peters, Angela Döring, Konstantin Strauch, 
Christian Gieger, Karsten Suhre (Helmholtz Center Munich, D) 

 Iris M. Heid and Carsten Böger (University of Regensburg, D) 

 Caroline S. Fox (Framingham Heart Study, USA) 

 Bernhard Paulweber (Paracelsus Private Medical University Salzburg) 

 KORA Study Group, SAPHIR Study, Utah Obesity Case-Control Study, Bruneck Study, CoLaus Study, SHIP 
Study, ERF Study, MICROS Study, Rotterdam Study and many others 

Selected Publications: 

1. Heid IM, Boes E, Müller AM, Kollerits B, Lamina C, Coassin S, Gieger C, Döring A, Klopp N, Frikke-
Schmidt R, Tybjærg-Hansen A, Brandstätter A, Luchner A, Meitinger T, Wichmann HE, Kronenberg F:  
Genome-wide association analysis of high-density lipoprotein cholesterol in the population-based 
KORA Study sheds new light on intergenic regions.  Circulation: Cardiovascular Genetics  1:10-20, 
2008.  [Pub-Med] 

2. Aulchenko YS, Ripatti S, Lindquist I, Boomsma D, Heid IM, Pramstaller PP, Penninx BWJH, Janssens 
ACJW, Wilson JF, Spector T, Martin NG, Pedersen NL, Kyvik KO, Kaprio J, Hofman A, Freimer NB, 
Jarvelin MR, Gyllensten U, Campbell H, Rudan I, Johansson A, Marroni F, Hayward C, Vitart V, 
Jonasson I, Pattaro C, Wright A, Hastie N, Pichler I, Hicks A, Falchi M, Willemsen G, Hottenga JJ, de 
Geus EJC, Montgomery GW, Whitfield J, Magnusson P, Saharinen J, Perola M, Silander K, Isaacs A, 
Sijbrands EJG, Uitterlinden AG, Witteman JCM, Oostra BA, Elliott P, Ruokonen A, Sabatti C, Gieger C, 
Meitinger T, Kronenberg F, Döring A, Wichmann HE, Smit JH, McCarthy MI, van Duijin CM, Peltonen 
L, for the ENGAGE consortium:  Loci influencing lipid levels and coronary heart disease risk in 16 
European population cohorts.  Nature Genetics 41:47-55, 2009. [Pub-Med] 

3. Teslovich TM, Musunuru K, Smith AV, Edmondson AC, Stylianou IM, Koseki M, Pirruccello JP, Ripatti 
S, Chasman DI, Willer CJ, Johansen CT, Fouchier SW, Isaacs A, Peloso GM, Barbalic M, Ricketts SL, Bis 
JC, Aulchenko YS, Thorleifsson G, Feitosa MF, Chambers J, Orho-Melander M, Melander O, Johnson 
T, Li X, Guo X, Li M, Shin CY, Jin GM, Jin KY, Lee JY, Park T, Kim K, Sim X, Twee-Hee OR, Croteau-
Chonka DC, Lange LA, Smith JD, Song K, Hua ZJ, Yuan X, Luan J, Lamina C, Ziegler A, Zhang W, Zee RY, 
Wright AF, Witteman JC, Wilson JF, Willemsen G, Wichmann HE, Whitfield JB, Waterworth DM, 
Wareham NJ, Waeber G, Vollenweider P, Voight BF, Vitart V, Uitterlinden AG, Uda M, Tuomilehto J, 
Thompson JR, Tanaka T, Surakka I, Stringham HM, Spector TD, Soranzo N, Smit JH, Sinisalo J, 
Silander K, Sijbrands EJ, Scuteri A, Scott J, Schlessinger D, Sanna S, Salomaa V, Saharinen J, Sabatti C, 
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Ruokonen A, Rudan I, Rose LM, Roberts R, Rieder M, Psaty BM, Pramstaller PP, Pichler I, Perola M, 
Penninx BW, Pedersen NL, Pattaro C, Parker AN, Pare G, Oostra BA, O'Donnell CJ, Nieminen MS, 
Nickerson DA, Montgomery GW, Meitinger T, McPherson R, McCarthy MI, McArdle W, Masson D, 
Martin NG, Marroni F, Mangino M, Magnusson PK, Lucas G, Luben R, Loos RJ, Lokki ML, Lettre G, 
Langenberg C, Launer LJ, Lakatta EG, Laaksonen R, Kyvik KO, Kronenberg F, Konig IR, Khaw KT, 
Kaprio J, Kaplan LM, Johansson A, Jarvelin MR, Cecile JWJ, Ingelsson E, Igl W, Kees HG, Hottenga JJ, 
Hofman A, Hicks AA, Hengstenberg C, Heid IM, Hayward C, Havulinna AS, Hastie ND, Harris TB, 
Haritunians T, Hall AS, Gyllensten U, Guiducci C, Groop LC, Gonzalez E, Gieger C, Freimer NB, 
Ferrucci L, Erdmann J, Elliott P, Ejebe KG, Döring A, Dominiczak AF, Demissie S, Deloukas P, De Geus 
EJ, de FU, Crawford G, Collins FS, Chen YD, Caulfield MJ, Campbell H, Burtt NP, Bonnycastle LL, 
Boomsma DI, Boekholdt SM, Bergman RN, Barroso I, Bandinelli S, Ballantyne CM, Assimes TL, 
Quertermous T, Altshuler D, Seielstad M, Wong TY, Tai ES, Feranil AB, Kuzawa CW, Adair LS, Taylor 
HA, Jr., Borecki IB, Gabriel SB, Wilson JG, Holm H, Thorsteinsdottir U, Gudnason V, Krauss RM, 
Mohlke KL, Ordovas JM, Munroe PB, Kooner JS, Tall AR, Hegele RA, Kastelein JJ, Schadt EE, Rotter JI, 
Boerwinkle E, Strachan DP, Mooser V, Stefansson K, Reilly MP, Samani NJ, Schunkert H, Cupples LA, 
Sandhu MS, Ridker PM, Rader DJ, Van Duijn CM, Peltonen L, Abecasis GR, Boehnke M, Kathiresan S:  
Biological, clinical and population relevance of 95 loci for blood lipids.  Nature  466:707-713, 2010.  [Pub-Med] 

4. Heid IM*, Henneman P*, Hicks A*, Coassin S, Winkler T, Aulchenko YS, Fuchsberger C, Song K, 
Hivert MF, Waterworth DM, Timpson NJ, Richards JB, Perry JRB, Tanaka T, Amin N, Kollerits B, 
Pichler I, Oostra BA, Thorand B, Frants RR, Illig T, Dupuis J, Glaser B, Spector T, Guralnik J, Egan JM, 
Florez JC, Evans DM, Soranzo N, Bandinelli S, Carlson OD, Frayling TM, Burling K, Davey SG, Mooser 
V, Ferrucci L, Meigs JB, Vollenweider P, Van Dijk KW, Pramstaller P*, Kronenberg F*, Van Duijn CM*:  
Clear detection of ADIPOQ locus as the major gene for plasma adiponectin: results of genome-wide 
association analyses including 4659 European individuals.  Atherosclerosis  208:412-420, 2010.  [Pub-Med] 

5. Heid IM*, Wagner SA*, Gohlke H, Iglseder B, Mueller JC, Cip P, Ladurner G, Reiter R, Stadlmayr A, 
Mackevics V, Illig T, Kronenberg F, Paulweber B: Genetic architecture of the APM1 gene and its 
influence on adiponectin plasma levels and parameters of the metabolic syndrome in 1,727 healthy 
Caucasians. Diabetes 55:375-384, 2006. [Pub-Med] 

6. Gieger C, Geistlinger L, Altmaier E, Hrabé de Angelis M, Kronenberg F, Meitinger T, Mewes HW, 
Wichmann HE, Weinberger KM, Adamski J, Illig T, Suhre K:  Genetics meets metabolomics: a 
genome-wide association study of metabolite profiles in human serum.  PLoS Genetics  4:1000282, 
2008. [Pub-Med] 

7. Illig T, Gieger C, Zhai G, Römisch-Margl W, Wang-Sattler R, Prehn C, Altmaier E, Kastenmüller G, 
Kato BS, Soranzo N, Mewes HW, Meitinger T, Hrabé de Angelis M, Kronenberg F, Wichmann HE, 
Spector TD, Adamski J, Suhre K:  A genomewide perspective of genetic variation in human 
metabolism.  Nature Genetics 42:137-141, 2010.  [Pub-Med] 

8. Lindgren CM*, Heid IM*, Randall JC*, Lamina C*, Steinthorsdottir V*, Qi L, Speliotes EK, Thorleifsson 
G, Willer CJ, Herrera BM, Jackson AU, Lim N, Scheet P, Soranzo N, Amin N, Aulchenko YS, Chambers 
JC, Drong A, Luan J, Lyon HN, Rivadeneira F, Sanna S, Timpson NJ, Zillikens MC, Zhao JH, Almgren P, 
Bandinelli S, Bennett AJ, Bergman RN, Bonnycastle LL, Bumpstead SJ, Chanock SJ, Cherkas L, Chines 
P, Coin L, Cooper C, Crawford G, Doering A, Dominiczak A, Doney AS, Ebrahim S, Elliott P, Erdos MR, 
Estrada K, Ferrucci L, Fischer G, Forouhi NG, Gieger C, Grallert H, Groves CJ, Grundy S, Guiducci C, 
Hadley D, Hamsten A, Havulinna AS, Hofman A, Holle R, Holloway JW, Illig T, Isomaa B, Jacobs LC, 
Jameson K, Jousilahti P, Karpe F, Kuusisto J, Laitinen J, Lathrop GM, Lawlor DA, Mangino M, McArdle 
WL, Meitinger T, Morken MA, Morris AP, Munroe P, Narisu N, Nordstrom A, Nordstrom P, Oostra 
BA, Palmer CN, Payne F, Peden JF, Prokopenko I, Renstrom F, Ruokonen A, Salomaa V, Sandhu MS, 
Scott LJ, Scuteri A, Silander K, Song K, Yuan X, Stringham HM, Swift AJ, Tuomi T, Uda M, 
Vollenweider P, Waeber G, Wallace C, Walters GB, Weedon MN, Witteman JC, Zhang C, Zhang W, 
Caulfield MJ, Collins FS, Davey SG, Day IN, Franks PW, Hattersley AT, Hu FB, Jarvelin MR, Kong A, 
Kooner JS, Laakso M, Lakatta E, Mooser V, Morris AD, Peltonen L, Samani NJ, Spector TD, Strachan 
DP, Tanaka T, Tuomilehto J, Uitterlinden AG, Van Duijn CM, Wareham NJ, Watkins For The Procardis 
Consortia, Waterworth DM, Boehnke M, Deloukas P, Groop L, Hunter DJ, Thorsteinsdottir U, 
Schlessinger D, Wichmann HE, Frayling TM, Abecasis GR, Hirschhorn JN, Loos RJ, Stefansson K, 
Mohlke KL, Barroso I, McCarthy, for The Giant Consortium:  Genome-wide association scan meta-
analysis identifies three loci Influencing adiposity and fat distribution.  PLoS Genetics  5:e1000508, 
2009.  [Pub-Med] 
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9. Heid IM, Jackson AU, Randall JC, Winkler TW, Qi L, Steinthorsdottir V, Thorleifsson G, Zillikens MC, 
Speliotes EK, Magi R, Workalemahu T, White CC, Bouatia-Naji N, Harris TB, Berndt SI, Ingelsson E, 
Willer CJ, Weedon MN, Luan J, Vedantam S, Esko T, Kilpelainen TO, Kutalik Z, Li S, Monda KL, Dixon 
AL, Holmes CC, Kaplan LM, Liang L, Min JL, Moffatt MF, Molony C, Nicholson G, Schadt EE, 
Zondervan KT, Feitosa MF, Ferreira T, Allen HL, Weyant RJ, Wheeler E, Wood AR, Estrada K, 
Goddard ME, Lettre G, Mangino M, Nyholt DR, Purcell S, Smith AV, Visscher PM, Yang J, McCarroll 
SA, Nemesh J, Voight BF, Absher D, Amin N, Aspelund T, Coin L, Glazer NL, Hayward C, Heard-Costa 
NL, Hottenga JJ, Johansson A, Johnson T, Kaakinen M, Kapur K, Ketkar S, Knowles JW, Kraft P, Kraja 
AT, Lamina C, Leitzmann MF, McKnight B, Morris AP, Ong KK, Perry JR, Peters MJ, Polasek O, 
Prokopenko I, Rayner NW, Ripatti S, Rivadeneira F, Robertson NR, Sanna S, Sovio U, Surakka I, 
Teumer A, van WS, Vitart V, Zhao JH, Cavalcanti-Proenca C, Chines PS, Fisher E, Kulzer JR, Lecoeur C, 
Narisu N, Sandholt C, Scott LJ, Silander K, Stark K, Tammesoo ML, Teslovich TM, Timpson NJ, 
Watanabe RM, Welch R, Chasman DI, Cooper MN, Jansson JO, Kettunen J, Lawrence RW, Pellikka N, 
Perola M, Vandenput L, Alavere H, Almgren P, Atwood LD, Bennett AJ, Biffar R, Bonnycastle LL, 
Bornstein SR, Buchanan TA, Campbell H, Day IN, Dei M, Dorr M, Elliott P, Erdos MR, Eriksson JG, 
Freimer NB, Fu M, Gaget S, Geus EJ, Gjesing AP, Grallert H, Grassler J, Groves CJ, Guiducci C, 
Hartikainen AL, Hassanali N, Havulinna AS, Herzig KH, Hicks AA, Hui J, Igl W, Jousilahti P, Jula A, 
Kajantie E, Kinnunen L, Kolcic I, Koskinen S, Kovacs P, Kroemer HK, Krzelj V, Kuusisto J, Kvaloy K, 
Laitinen J, Lantieri O, Lathrop GM, Lokki ML, Luben RN, Ludwig B, McArdle WL, McCarthy A, Morken 
MA, Nelis M, Neville MJ, Pare G, Parker AN, Peden JF, Pichler I, Pietilainen KH, Platou CG, Pouta A, 
Ridderstrale M, Samani NJ, Saramies J, Sinisalo J, Smit JH, Strawbridge RJ, Stringham HM, Swift AJ, 
Teder-Laving M, Thomson B, Usala G, van Meurs JB, Van Ommen GJ, Vatin V, Volpato CB, 
Wallaschofski H, Walters GB, Widen E, Wild SH, Willemsen G, Witte DR, Zgaga L, Zitting P, Beilby JP, 
James AL, Kahonen M, Lehtimaki T, Nieminen MS, Ohlsson C, Palmer LJ, Raitakari O, Ridker PM, 
Stumvoll M, Tonjes A, Viikari J, Balkau B, Ben-Shlomo Y, Bergman RN, Boeing H, Smith GD, Ebrahim 
S, Froguel P, Hansen T, Hengstenberg C, Hveem K, Isomaa B, Jorgensen T, Karpe F, Khaw KT, Laakso 
M, Lawlor DA, Marre M, Meitinger T, Metspalu A, Midthjell K, Pedersen O, Salomaa V, Schwarz PE, 
Tuomi T, Tuomilehto J, Valle TT, Wareham NJ, Arnold AM, Beckmann JS, Bergmann S, Boerwinkle E, 
Boomsma DI, Caulfield MJ, Collins FS, Eiriksdottir G, Gudnason V, Gyllensten U, Hamsten A, 
Hattersley AT, Hofman A, Hu FB, Illig T, Iribarren C, Jarvelin MR, Kao WH, Kaprio J, Launer LJ, 
Munroe PB:  Meta-analysis identifies 13 new loci associated with waist-hip ratio and reveals sexual 
dimorphism in the genetic basis of fat distribution.  Nature Genetics 42:949-960, 2010. [Pub-Med] 
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Liang L, Nemesh J, Park JH, Gustafsson S, Kilpelainen TO, Yang J, Bouatia-Naji N, Esko T, Feitosa MF, 
Kutalik Z, Mangino M, Raychaudhuri S, Scherag A, Smith AV, Welch R, Zhao JH, Aben KK, Absher DM, 
Amin N, Dixon AL, Fisher E, Glazer NL, Goddard ME, Heard-Costa NL, Hoesel V, Hottenga JJ, 
Johansson A, Johnson T, Ketkar S, Lamina C, Li S, Moffatt MF, Myers RH, Narisu N, Perry JR, Peters 
MJ, Preuss M, Ripatti S, Rivadeneira F, Sandholt C, Scott LJ, Timpson NJ, Tyrer JP, van WS, Watanabe 
RM, White CC, Wiklund F, Barlassina C, Chasman DI, Cooper MN, Jansson JO, Lawrence RW, Pellikka 
N, Prokopenko I, Shi J, Thiering E, Alavere H, Alibrandi MT, Almgren P, Arnold AM, Aspelund T, 
Atwood LD, Balkau B, Balmforth AJ, Bennett AJ, Ben-Shlomo Y, Bergman RN, Bergmann S, 
Biebermann H, Blakemore AI, Boes T, Bonnycastle LL, Bornstein SR, Brown MJ, Buchanan TA, 
Busonero F, Campbell H, Cappuccio FP, Cavalcanti-Proenca C, Chen YD, Chen CM, Chines PS, Clarke 
R, Coin L, Connell J, Day IN, Heijer MD, Duan J, Ebrahim S, Elliott P, Elosua R, Eiriksdottir G, Erdos 
MR, Eriksson JG, Facheris MF, Felix SB, Fischer-Posovszky P, Folsom AR, Friedrich N, Freimer NB, Fu 
M, Gaget S, Gejman PV, Geus EJ, Gieger C, Gjesing AP, Goel A, Goyette P, Grallert H, Grassler J, 
Greenawalt DM, Groves CJ, Gudnason V, Guiducci C, Hartikainen AL, Hassanali N, Hall AS, Havulinna 
AS, Hayward C, Heath AC, Hengstenberg C, Hicks AA, Hinney A, Hofman A, Homuth G, Hui J, Igl W, 
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M, Kajantie E, Kaplan LM, Kathiresan S, Kettunen J, Kinnunen L, Knowles JW, Kolcic I, Konig IR, 
Koskinen S, Kovacs P, Kuusisto J, Kraft P, Kvaloy K, Laitinen J, Lantieri O, Lanzani C, Launer LJ, 
Lecoeur C, Lehtimaki T, Lettre G, Liu J, Lokki ML, Lorentzon M, Luben RN, Ludwig B, Manunta P, 
Marek D, Marre M, Martin NG, McArdle WL, McCarthy A, McKnight B, Meitinger T, Melander O, 
Meyre D, Midthjell K, Montgomery GW, Morken MA, Morris AP, Mulic R, Ngwa JS, Nelis M, Neville 
MJ, Nyholt DR, O'Donnell CJ, O'Rahilly S, Ong KK, Oostra B, Pare G, Parker AN, Perola M, Pichler I, 
Pietilainen KH, Platou CG, Polasek O, Pouta A, Rafelt S, Raitakari O, Rayner NW, Ridderstrale M, Rief 
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