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Supplementary Figure 1. Q-Q plots for iron, transferrin, saturation and ferritin in the 

Discovery meta-analysis. The genomic inflation factors (˂ύ are 1.035, 1.092, 1.051 and 1.067 

for serum iron, transferrin, transferrin saturation and ferritin, respectively. 
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Supplementary Figure 2.  

DISCOVERY. 
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Supplementary Figure 2 (continued). 
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Supplementary Figure 2 (continued). 

DISCOVERY + REPLICATION (data from Discovery meta-analysis only, but these loci become 

significant in the combined data) 

 

 

 

Supplementary Figure 2. Regional association plots for loci with significant results in meta-

analysis of data from the Discovery cohorts or the Discovery + Replication cohorts.
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Supplementary Figure 3. Patterns of allelic effects on the four phenotypes, serum iron, transferrin, transferrin saturation and ferritin, 

for the most significant SNP at each locus (from the Discovery + Replication data). The top row shows loci which mainly affect ferritin, 

the second row shows loci which mainly affect iron and transferrin saturation, and loci in the bottom row mainly affect transferrin.
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Supplementary Figure 4. Results from conditional analysis, in which original results (top panels) are compared with results obtained 

after including the lead SNP from the initial analysis as a covariate (bottom panels). A: serum iron at the TMPRSS6 locus; B: serum 

transferrin at the TF locus; C: transferrin saturation at the TF locus.
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Supplementary Figure 5. Effect of adjusting for C-reactive protein (CRP) concentration on effect sizes for ferritin, showing effect sizes 

(beta) for the most significant SNP at loci where any SNP shows p < 5x10-6 for ferritin in the Discovery dataset. Error bars show standard 

errors of betas, the continuous line shows the line of best fit, the interrupted line shows equivalence between y and x. 
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Supplementary Figure 6. Summary of disease and biological process overlap with genes identified through transferrin saturation and 

ferritin associations at p < 0.01 and p < 0.001, using Ingenuity Pathway Analysis. 
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Supplementary Figure 7. Comparison of allelic effects in Discovery + Replication meta-analysis and in 

C282Y homozygotes from the HEIRS study. Error bars show standard errors for betas. 
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Supplementary Tables 

Supplementary Table 1. Cohort information and acknowledgements 

Cohort Name Cohort description, ethical approvals and references Acknowledgements  
Financial support 

Acknowledgements  
Other 

Discovery Cohorts:       

Australia- Adult  Study participants comprised (a) adult twins, their spouses and first-
degree relatives who volunteered for studies on risk factors or 
biomarkers for physical or psychiatric conditions; (b) people with self-
reported migraine or endometriosis and unaffected relatives. These 
studies were approved by The Queensland Institute of Medical 
Research Human Research Ethics Committee and, for the studies on 
alcohol and nicotine genetics, also by Washington University School of 
Medicine Human Subjects Committee. 
 
Benyamin et al. Common variants in TMPRSS6 are associated with iron 
status and erythrocyte volume. Nat Genet. 2009;41:1173-5. PMID 
19820699  
Painter et al. Genome-wide association study identifies a locus at 
7p15.2 associated with endometriosis. Nat Genet. 2011;43:51-4. PMID: 
21151130 
Anttila et al. Genome-wide association study of migraine implicates a 
common susceptibility variant on 8q22.1. Nat Genet. 2010;42:869-73. 
PMID: 20802479 

We acknowledge funding from the 
Australian National Health and Medical 
Research Council (NHMRC grants 
241944, 389875, 389891,389892, 
389938, 442915, 442981, 496739 and 
552485), US National Institutes of Health 
(NIH grants AA07535, AA10248 and 
AA014041) and the Australian Research 
Council (ARC grant DP0770096). D.R.N. 
and G.W.M . are supported by the 
NHMRC Fellowship Scheme. 

  

Australia-Adolescent  Adolescent twins and their non-twin siblings who participated in 
studies on skin cancer risk factors at ages 12 and 14, and on cognition 
at age 16. These studies were approved by The Queensland Institute of 
Medical Research Human Research Ethics Committee, and both the 
participants and their parents or guardians gave informed consent. 
 
Middelberg RPS, Martin NG, Whitfield JB. A longitudinal genetic study 
of plasma lipids in adolescent twins. Twin Research and Human 
Genetics 2007;10:127-135. 
Powell JE, Henders AK, McRae AF, et al. The Brisbane Systems Genetics 
Study: genetical genomics meets complex trait genetics. PLoS One. 

Financial support for aspects of the 
adolescent studies was provided by 
grants from the National Health and 
Medical Research Council of Australia, 
and the National Institute on Alcohol 
Abuse and Alcoholism (AA007535, 
AA014041). 
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2012;7:e35430.  

Estonian Biobank 
(original cohort) 

The Estonian cohort comes from the population-based biobank of the 
Estonian Genome Project of University of Tartu (EGCUT). The project is 
conducted according to the Estonian Gene Research Act and all 
participants have signed the broad informed consent 
(www.biobank.ee). In total, 52 000 individuals aged 18 years or older 
participated in this cohort (33% men, 67% women). The population 
distributions of the cohort reflect those of the Estonian population 
(83% Estonians, 14% Russians and 3% other). General practitioners 
(GP) and physicians in the hospitals randomly recruited the 
participants. A Computer-Assisted Personal interview was conducted 
during 1ςн Ƙ ŀǘ ŘƻŎǘƻǊǎΩ ƻŦŦƛŎŜǎΦ 5ŀǘŀ ƻƴ ŘŜƳƻƎǊŀǇƘƛŎǎΣ ƎŜƴŜŀƭƻƎȅΣ 
educational and occupational history, lifestyle and anthropometric and 
physiological data were assessed. These studies were approved by the 
Research Ethics Committee of the University of Tartu. 
 
Website: http://www.biobank.ee/ 
Leitsalu L, et al. Cohort Profile: Estonian Biobank of the Estonian 
Genome Center, University of Tartu. Int J Epidemiol. 2014 Feb 11. 

This work was supported by the Targeted 
Financing from the Estonian Ministry of 
Science and Education [SF0180142s08]; 
the US National Institute of Health 
[R01DK075787]; the Development Fund 
of the University of Tartu (grant 
SP1GVARENG); the European Regional 
Development Fund to the Centre of 
Excellence in Genomics (EXCEGEN; grant 
3.2.0304.11-0312); and through FP7 
grant  313010. 

We acknowledge EGCUT technical 
personnel, especially Mr V. Soo and S. 
Smit. Data analyzes were carried out 
in part in the High Performance 
Computing Center of University of 
Tartu. 

Kora (F3, F4) The KORA study is a series of independent population-based 
epidemiological surveys of participants living in the region of Augsburg, 
Southern Germany. All survey participants are residents of German 
nationality identified through the registration office and were 
examined in 1994/95 (KORA S3) and 1999/2001 (KORA F4). In the KORA 
S3 and S4 studies 4,856 and 4,261 subjects have been examined 
implying response rates of 75% and 67%, respectively.  3,006 subjects 
participated in a 10-year follow-up examination of S3 in 2004/05 (KORA 
F3), and 3080 of S4  in 2006/2008 (KORA F4). Individuals for genotyping 
in KORA F3 and KORA F4 were randomly selected. The age range of the 
participants was 25 to 74 years of recruitment. Informed consent has 
been given by all participants. The study has been approved by the 
local ethics committee (Ethik-Kommission der Bayerische 
Landesärztekammer). 
 
Holle R, Happich M, Löwel H, Wichmann HE (2005) KORAςa research 

The KORA research platform (KORA, 
Cooperative Health Research in the 
Region of Augsburg) was initiated and 
financed by the Helmholtz Zentrum 
München - German Research Center for 
Environmental Health, which is funded 
by the German Federal Ministry of 
Education and Research and by the State 
of Bavaria. Furthermore, KORA research 
was supported within the Munich Center 
of Health Sciences (MC Health), Ludwig-
Maximilians-Universität, as part of 
LMUinnovativ. 
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platform for population based health research. Gesundheitswesen 
2005 Aug;67(Suppl 1): S19ς25. 
Wichmann H-E, Gieger C, Illig T (2005) KORA-genςresource for 
population genetics, controls and a broad spectrum of disease 
phenotypes. Gesundheitswesen 2005Aug ;67(Suppl 1): S26ς30. 

Val Borbera ±ŀƭ .ƻǊōŜǊŀΥ ¢ƘŜ LbDLπ±ŀƭ .ƻǊōŜǊŀ ǇƻǇǳƭŀǘƛƻƴ ƛǎ ŀ ŎƻƭƭŜŎǘƛƻƴ ƻŦ мΣссп 
genotyped samples collected in the Val Borbera Valley, a 
geographically isolated valley located within the Appennine Mountains 
in Northwest Italy1. The valley is inhabited by about 3,000 descendants 
from the original population, living in 7 villages along the valley and in 
the mountains. Participants were healthy people 18-102 years of age 
that had at least one grandfather living in the valley. The study plan 
and the informed consent form were reviewed and approved by the 
institutional review boards of San Raffaele Hospital in Milan. 
 
Traglia, M. et al. Heritability and demographic analyses in the large 
isolated population of Val Borbera suggest advantages in mapping 
ŎƻƳǇƭŜȄ ǘǊŀƛǘǎ ƎŜƴŜǎΦ t[ƻ{ hƴŜ пΣ Ŝтррп όнллфύΦϞ 
Colonna V,  et al. Small effective population size and genetic 
homogeneity in the Val Borbera isolate. Eur J Hum Genet. 2):89-94. 
2013 

 The research was supported by funds 
from Compagnia di San Paolo, Torino, 
Italy; Fondazione Cariplo, Italy and 
Ministry of Health, Ricerca Finalizzata 
2008 and CCM 2010, PRIN 2009  and 
Telethon, Italy to DT. The funders had no 
role in study design, data collection and 
analysis, decision to publish, or 
preparation of the manuscript. 

We thank the inhabitants of the VB 
that made this study possible, the 
local administrations, the Tortona and 
Genova archdiocese and the ASL-22, 
Novi Ligure (Al) for support. 
We also thank  Fiammetta Viganò for 
technical help, Corrado Masciullo and 
Massimiliano Cocca for building the 
analysis platform. 

NBS (Nijmegen 
Biomedical Study) 

The Nijmegen Biomedical Study (NBS; 
http://www.nijmegenbiomedischestudie.nl) is a population-based 
survey conducted by the Department for Health Evidence and the 
Department of Laboratory Medicine of the Radboud University Medical 
Centre, Nijmegen, The Netherlands. The study has been described 
before (1). Briefly, in 2002, 22,451 age and sex-stratified randomly 
selected adult inhabitants of Nijmegen, a city located in the eastern 
part of the Netherlands, received an invitation to fill out a postal 
questionnaire (QN) including questions about lifestyle, health status, 
and medical history, and to donate a blood sample for DNA isolation 
and biochemical studies. A total of 9350 (43%) persons filled out the 
QN, of which 6468 (69%) donated blood samples. A second, third and 
fourth questionnaire were sent out in 2005, 2008 and 2012, 
respectively. Approval to conduct the NBS was obtained from the 

This work was sponsored by the Stichting 
Nationale Computerfaciliteiten (National 
Computing Facilities Foundation, NCF) for 
the use of supercomputer facilities, with 
financial support from the Nederlandse 
Organisatie voor Wetenschappelijk 
Onderzoek (Netherlands Organization for 
Scientific Research, NWO). 

The Nijmegen Biomedical Study is a 
population-based survey conducted at 
the Department for Health Evidence, 
and the Department of Laboratory 
Medicine of the Radboud University 
Medical Centre. Principal investigators 
of the Nijmegen Biomedical Study are 
Lambertus A. Kiemeney, Martin den 
Heijer, André L.M. Verbeek, Dorine W. 
Swinkels and Barbara Franke. 
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Radboud University Medical Centre Institutional Review Board. All 
participants gave written informed consent for participation in the 
NBS. For this study we used the subset of 1980 NBS participants that 
was selected to serve as controls in GWAS (2). 
 
1. Hoogendoorn EH, Hermus AR, de Vegt F, Ross HA, Verbeek AL, 
Kiemeney LA, Swinkels DW, Sweep FC, den Heijer M. Thyroid function 
and prevalence of anti-thyroperoxidase antibodies in a population with 
borderline sufficient iodine intake: influences of age and sex. Clin Chem 
2006;52:104-11. 
2. Kiemeney LA, Thorlacius S, Sulem P, et al. Sequence variant on 8q24 
confers susceptibility to urinary bladder cancer. Nat Genet 
2008;40:1307-12. 

Cambridge ¢ƘŜ ¦Y .ƭƻƻŘ {ŜǊǾƛŎŜǎ ό¦Y.{ύ /ƻƳƳƻƴ /ƻƴǘǊƻƭǎ tŀƴŜƭ м ŀƴŘ н ό¦Y.{ π 
//м ŀƴŘ ¦Y.{ π //нύ  ƛǎ ŀ ƴŀǘƛƻƴŀƭ ŎƻƭƭŜŎǘƛƻƴ ƻŦ оΣллл 5b! ǎŀƳǇƭŜǎ 
from the 12 health regions of Great Britain estabƭƛǎƘŜŘ ƛƴ нллр π нллс 
by a partnership between NHS Blood and Transplant (NHSBT) of 
England, the Scottish National Blood Transfusion Service and the Welsh 
Blood Service. The Common Controls collection was established for use 
as the shared controls in the WT/// DŜƴƻƳŜ π ²ƛŘŜ !ǎǎƻŎƛŀǘƛƻƴ 
Studies (WGAS), and was approved by the Peterborough & Fenland 
Local Research Ethics Committee 
 
 ²ŜƭƭŎƻƳŜ ¢Ǌǳǎǘ /ŀǎŜ /ƻƴǘǊƻƭ /ƻƴǎƻǊǘƛǳƳΦ DŜƴƻƳŜ π ǿƛŘŜ ŀǎǎƻŎƛŀǘƛƻƴ 
study of 14, 000 cases of seven common diseases and 3,000 shared 
ŎƻƴǘǊƻƭǎΦ bŀǘǳǊŜ ппт Σ ссм π ту όнллтύΦ 

Research in the Ouwehand laboratory is 
supported by program grants from the 
National Institute for Health Research 
(NIHR) to WHO  and the British Heart 
Foundation (to AR) under numbers RP-
PG-0310-1002 and RG/09/12/28096. 

  

Micros/EURAC  The MICROS study is part of the genomic health care program 
'GenNova' and was carried out in three villages of the Val Venosta, 
South Tyrol (Italy), in 2001-2003. It comprised members of the 
populations of Stelvio, Vallelunga and Martello. A detailed description 
of the MICROS study is available elsewhere (Pattaro et al. 2007). 
Briefly, study participants were volunteers from three isolated villages 
located in the Italian Alps, in a German-speaking region bordering with 
Austria and Switzerland. Owing to geographical, historical and political 
reasons, the entire region experienced a prolonged period of isolation 

The study was supported by the Ministry 
of Health and Department of Educational 
Assistance, University and Research of 
the Autonomous Province of Bolzano and 
the South Tyrolean Sparkasse 
Foundation. 

For the MICROS study, we thank the 
primary care practitioners Raffaela 
Stocker, Stefan Waldner, Toni 
Pizzecco, Josef Plangger, Ugo 
Marcadent and the personnel of the 
Hospital of Silandro (Department of 
Laboratory Medicine) for their 
participation and collaboration in the 
research project. 
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ŦǊƻƳ ǎǳǊǊƻǳƴŘƛƴƎ ǇƻǇǳƭŀǘƛƻƴǎΦ LƴŦƻǊƳŀǘƛƻƴ ƻƴ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘΩǎ ƘŜŀƭǘƘ 
status was collected through a standardized questionnaire. Laboratory 
data were obtained from standard blood analyses. The study 
participants are connected among each other in a unique genealogy for 
the three villages. The study was approved by the Landesethikkomitee 
(ethics committee) of the autonomous province of Bolzano. 
 
Pattaro C, Marroni F, Riegler A, Mascalzoni D, Pichler I, Volpato CB, Dal 
Cero U, De Grandi A, Egger C, Eisendle A, Fuchsberger C, Gögele M, 
Pedrotti S, Pinggera GK, Stefanov SA, Vogl FD, Wiedermann CJ, 
Meitinger T, Pramstaller PP. The genetic study of three population 
microisolates in South Tyrol (MICROS): study design and 
epidemiological perspectives. BMC Med Genet. 2007 Jun 5;8:29. 

ERF/Rotterdam  The Erasmus Rucphen Family study is part of the Genetic Research in 
Isolated Populations (GRIP) program. It is a cross-sectional population- 
based study that includes over 3000 participants descending from 22 
couples who lived in the Rucphen region in the southwest Netherlands 
and had at least 6 children baptized in the community church  between 
1850 and 1900 .  All living descendants of these pairs (as well as their 
spouses), ascertained on the basis of municipal and baptismal records, 
were traced and invited to participate (n = 3000 ). Selection of the 
study participants was not based on any disease. The Medical Ethical 
Committee of the Erasmus Medical Center, Rotterdam approved the 
study and informed consent was obtained from all participants.   
 
Aulchenko YS, Heutink P, Mackay I, et al. Linkage disequilibrium in 
young genetically isolated Dutch population. Eur J Hum Genet 
2004;12:527-34. PMID:15054401 

ERF: The genotyping for the ERF study 
was supported by EUROSPAN (European 
Special Populations Research Network) 
and the European Commission FP6 STRP 
grant (018947; LSHG-CT-2006-01947). 
The ERF study was further supported by 
grants from the Netherlands 
Organisation for Scientific Research, 
Erasmus MC, the Centre for Medical 
Systems Biology (CMSB) and the 
Netherlands Brain Foundation 
(HersenStichting Nederland). We are 
grateful to all participating individuals 
and their relatives, general practitioners 
and neurologists for their contributions 
and to P. Veraart for her help in 
genealogy, Jeannette Vergeer for the 
supervision of the laboratory work and P. 
Snijders for his help in data collection.  

  

Busselton Health 
Study  

Residents of the town of Busselton in the southwest of Western 
Australia have been involved in a series of health surveys since 1966.a 
The population is predominantly of European origin. In 1994/95 there 

The Busselton Health Study (BHS) 
acknowledges the generous support for 
the 1994/5 follow-up study from 
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was a follow-up study involving a subset of those who had attended 
any of the previous surveys. Cases of asthma were defined as those 
who reported doctor-diagnosed asthma at any survey that they 
ŀǘǘŜƴŘŜŘ ŦǊƻƳ мфсс ǘƻ мффп όŀƴǎǿŜǊ Ψ¸ŜǎΩ ǘƻ ΨIŀǎ ȅƻǳǊ ŘƻŎǘƻǊ ŜǾŜǊ ǘƻƭŘ 
ȅƻǳ ǘƘŀǘ ȅƻǳ ƘŀŘ ŀǎǘƘƳŀΚΩύΦō /ƻƴǘǊƻƭǎ ŀǊŜ ǘƘƻse who have consistently 
ŀƴǎǿŜǊŜŘ ΨbƻΩ ǘƻ ΨIŀǎ ȅƻǳǊ ŘƻŎǘƻǊ ŜǾŜǊ ǘƻƭŘ ȅƻǳ ǘƘŀǘ ȅƻǳ ƘŀŘ ŀǎǘƘƳŀΚΩ 
at all previous surveys that they have attended from 1996 to 1994. For 
the GWA study, a case control sample of unrelated individuals was 
selected. After QC a total of 1,207 subjects were retained in the GWAS 
analyses. Ethical approval was obtained through the Human Research 
Ethics Office, University of Western Australia 
Website: http://www.busseltonhealthstudy.com/ 
James AL, Knuiman MW, Divitini ML et al. Changes in the prevalence of 
asthma in adults since 1966: the Busselton Health Study. Eur Respir J 
2009 

Healthway, Western Australia and the 
numerous Busselton community 
volunteers who assisted with data 
collection and the study participants 
from the Shire of Busselton. The 
Busselton Health Study is supported by 
The Great Wine Estates of the Margaret 
River region of Western Australia. 

Replication Cohorts:       

Estonian Biobank 
(replication cohort) 

The Estonian cohort comes from the population-based biobank of the 
Estonian Genome Project of University of Tartu (EGCUT). The project is 
conducted according to the Estonian Gene Research Act and all 
participants have signed the broad informed consent 
(www.biobank.ee). In total, 52 000 individuals aged 18 years or older 
participated in this cohort (33% men, 67% women). The population 
distributions of the cohort reflect those of the Estonian population 
(83% Estonians, 14% Russians and 3% other). General practitioners 
(GP) and physicians in the hospitals randomly recruited the 
participants. A Computer-Assisted Personal interview was conducted 
during 1ςн Ƙ ŀǘ ŘƻŎǘƻǊǎΩ ƻŦŦƛŎŜǎΦ 5ŀǘŀ ƻƴ ŘŜƳƻƎǊŀǇƘƛŎǎΣ ƎŜƴŜŀƭƻƎȅΣ 
educational and occupational history, lifestyle and anthropometric and 
physiological data were assessed. These studies were approved by the 
Research Ethics Committee of the University of Tartu. 
Website: http://www.biobank.ee/ 
Leitsalu L, et al. Cohort Profile: Estonian Biobank of the Estonian 
Genome Center, University of Tartu. Int J Epidemiol. 2014 Feb 11. 

This work was supported by the Targeted 
Financing from the Estonian Ministry of 
Science and Education [SF0180142s08]; 
the US National Institute of Health 
[R01DK075787]; the Development Fund 
of the University of Tartu (grant 
SP1GVARENG); the European Regional 
Development Fund to the Centre of 
Excellence in Genomics (EXCEGEN; grant 
3.2.0304.11-0312); and through FP7 
grant  313010. 

We acknowledge EGCUT technical 
personnel, especially Mr V. Soo and S. 
Smit. Data analyzes were carried out 
in part in the High Performance 
Computing Center of University of 
Tartu. 

InCHIANTI The InCHIANTI study is a population-based epidemiological study 
aimed at evaluating the factors that influence mobility in the older 

The InCHIANTI study baseline (1998-
2000) was supported as a "targeted 
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population living in the Chianti region in Tuscany, Italy. The details of 
the study have been previously reported[1]. Briefly, 1616 residents 
were selected from the population registry of Greve in Chianti (a rural 
area: 11,709 residents with 19.3% of the population greater than 65 
years of age), and Bagno a Ripoli (Antella village near Florence; 4,704 
inhabitants, with 20.3% greater than 65 years of age). The participation 
rate was 90% (n=1453), and the subjects ranged between 21-102 years 
of age. Overnight fasted blood samples were for genomic DNA 
extraction, and measurement of iron-related traits. Illumina Infinium 
HumanHap 550K SNP arrays were used for genotyping [2]. The study 
protocol was approved by the Italian National Institute of Research and 
Care of Aging Institutional Review, and Medstar Research Institute 
(Baltimore, MD). 
 
1. Ferrucci, L., et al., Subsystems contributing to the decline in ability to 
walk: bridging the gap between epidemiology and geriatric practice in 
the InCHIANTI study. J Am Geriatr Soc, 2000. 48(12): p. 1618-25. PMID: 
11129752 
2. Melzer, D., et al., A genome-wide association study identifies protein 
quantitative trait loci (pQTLs). PLoS Genet, 2008. 4(5): p. e1000072. 
PMID: 18464913 

project" (ICS110.1/RF97.71) by the Italian 
Ministry of Health and in part by the U.S. 
National Institute on Aging (Contracts: 
263 MD 9164 and 263 MD 821336). 

SardiNIA The SardiNIA study is a longitudinal study which recruited and 
phenotyped 6,148 individuals, males and females, aged 14ς102 y, from 
a cluster of four towns in the Lanusei Valley [Pilia et al Plos Genetic 
2006], located in the central east coast of the Sardinia island, Italy. 
During physical examination of each individual, a blood sample was 
collected and divided into two aliquots. One aliquot was used for DNA 
extraction and the other to characterize several blood phenotypes.  
During the study, we genotyped, by common GWAS arrays (Affymtrix 
10K, Affymetrix 500K and Affymetrix 6.0), 4,694 individuals selected 
from the whole sample to represent the largest available families, 
regardless of their phenotypic values.  Genotyping protocol and quality 
checks for the genotyping arrays were described previously [Naitza et 
al Plos Genet 2012]. The quality controlled 731,209 autosomal markers 
were used to estimate genotypes for additional 1,594,772 polymorphic 

We thank the many individuals who 
generously participated in this study. We 
are also grateful for the important 
computing resources made available for 
imputation and analysis by the CRS4 HP 
Computing Cluster in Pula (Cagliari, Italy), 
and in particular to Lidia Leoni, Luca 
Carta e Michele Muggiri. This work was 
supported by the Intramural Research 
Program of the National Institute on 
Aging (NIA), National Institutes of Health 
όbLIύΦ ¢ƘŜ {ŀǊŘƛbL! όάtǊƻƎŜƴƛŀέύ team 
was supported by Contract NO1-AG-1ς
2109 from the NIA. 
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SNPs assessed in the CEU HapMap population (release 22) by genotype 
imputation. The SardiNIA study was approved by both the IRB at the 
National Institute on Ageing and the local Italian Ethical Committee 
 "Azienda Unita' Sanitaria Locale (U.S.L.) N 4, Lanusei. 

CoLAUS The CoLaus study is a population-based cohort study in Lausanne, 
Switzerland and has been described previously [Firmann M, BMC 
Cardiovascular Disorders, 2008, PMID 18366642]. Briefly, the baseline 
study was conducted between 2003 and 2006, recruiting over 6,000 
subjects. The following inclusion criteria were applied: a) voluntary 
participation in the examination, including blood sample, b) aged 35-75 
years, and c) Caucasian origin defined as having both parents and 
grand-parents Caucasian (determined by birth place). A follow-up visit 
took place from 2009-2012, hence 5 years after the baseline study, 
(n=5,228, 78% follow-up) and similar measurements were repeated. 
The Institutional Review Board of the Centre Hospitalier Universitaire 
Vaudois (CHUV) in Lausanne and the Cantonal Ethics Committee 
(/ƻƳƳƛǎǎƛƻƴ /ŀƴǘƻƴŀƭŜ ŘΩŞǘƘƛǉǳŜ ŘŜ ƭŀ ǊŜŎƘŜǊŎƘŜ ǎǳǊ ƭΩşǘǊŜ ƘǳƳŀƛƴ) 
approved the study protocol for both the baseline and follow-up 
studies and signed informed consent was obtained from participants.  

 The CoLaus study was supported by 
research grants from GlaxoSmithKline, 
the Faculty of Biology and Medicine of 
Lausanne, Switzerland, and the Swiss 
National Science Foundation (grant no: 
33CSCO-122661, 33CS30-139468). ZK 
was supported by the Leenaards 
Foundation and the Swiss National 
Science Foundation (31003A-143914). 

 The authors thank Peter 
Vollenweider, Vincent Mooser and 
Dawn Waterworth, Co-PIs of the 
CoLaus study. Special thanks to 
Murielle Bochud, Yolande Barreau, 
Mathieu Firmann, Vladimir Mayor, 
Anne-Lise Bastian, Binasa Ramic, 
Martine Moranville, Martine Baumer, 
Marcy Sagette, Jeanne Ecoffey and 
Sylvie Mermoud for data collection. 

PREVEND The PREVEND Study is a prospective, observational cohort study, 
focussed to assess the impact of elevated urinary albumin loss in non-
diabetic subjects on future cardiovascular and renal disease. 
PREVEND is an acronym for Prevention of REnal and Vascular ENd-
stage Disease. This study started with a population survey on the 
prevalence of micro-albuminuria and generation of a study cohort of 
the general population. The goal is to monitor this cohort for the long-
term development of cardiac-, renal- and peripheral vascular end-stage 
disease. For that purpose the participants receive questionnaires on 
events and are seen every three/four years for a survey on cardiac-, 
renal- and peripheral vascular morbidity. 
'The PREVEND study was approved by the medical ethics committee of 
the University Medical Center Groningen and conducted in accordance 
with the guidelines of the Declaration of Helsinki. All participants gave 
written informed consent. 
 

This work was supported by the 
following grants: PREVEND genetics is 
supported by the Dutch Kidney 
Foundation (Grant E033), the National 
Institutes of Health (grant LM010098), 
The Netherlands Organization for 
Scientific Research (NWO-Groot 
175.010.2007.006, NWO VENI grant 
916.761.70, ZonMW 90.700.441), and 
the Dutch Inter University Cardiology 
Institute Netherlands. N. Verweij is 
supported by the Netherlands Heart 
Foundation (grant NHS2010B280). 
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Cohort Name Cohort description, ethical approvals and references Acknowledgements  
Financial support 

Acknowledgements  
Other 

Website: http://www.prevend.org/index.php 

FENLAND The Fenland study is a population based cohort in Eastern England (UK) 
designed to analyse gene-lifestyle interactions on intermediate 
quantitative traits related to obesity and type 2 diabetes risk. It 
combines detailed measurement of the lifestyle exposures with 
accurate metabolic and anthropometric phenotyping. More than 
10,000 men and women born between 1950 and 1975 have been 
recruited since 2004 and is still ongoing. Exclusion criteria were people 
suffering from a psychotic illness, pregnant and lactating females, 
people unable to walk unaided, individuals with diagnosed diabetes or 
a prognosis of less than 1 year. GWAS data is currently available on 
1,500 randomly selected participants. The study was approved by 
Cambridge Local Research Ethics Committee (NHS). 
 
De Lucia Rolfe E, Am J Clin Nutr, 2010, PMID 21248185 

The Fenland Study is funded by the 
Medical Research Council 
(MC_UU_12015/1). Clara Podmore is 
funded by the Wellcome Trust 
(097451/Z/11/Z). 

 We are grateful to all the volunteers 
for their time and help, and to the 
General Practitioners and practice 
staff for assistance with recruitment.  
We thank the Fenland Study 
Investigators, Fenland Study Co-
ordination team and the 
Epidemiology Field, Data and 
Laboratory teams.  Biochemical assays 
were performed by the National 
Institute for Health Research, 
Cambridge Biomedical Research 
Centre, Core Biochemistry Assay 
Laboratory, and the Cambridge 
University Hospitals NHS Foundation 
Trust, Department of Clinical 
Biochemistry. 

INTERACT The InterAct study is a case-cohort study of incident cases of type 2 
diabetes (T2D) from eight of the ten countries involved in the European 
Prospective Investigation into Cancer and Nutrition (EPIC) cohorts 
[Langenberg C, Diabetologia 2011 PMID 21717116]. In brief, 12,403 
verfied incident cases of T2D occured between 1991 and 2007 among 
the participants eligible for inclusion in InterAct, and a centre-stratified 
subcohort of 16,154 individuals was defined for comparative analysis. 
As part of EPIC, standardised information had been collected on 
participants, including information on lifestyles exposures, diet, 
physical activity, standard anthropometric data and biomarker 
measurements on stored blood samples.  The study was approved by 
the Internal Review Board of the International Agency for Research on 
Cancer, in addition to the local ethics committees in the participating 
countries. 

 InterAct was funded by the EU 
Integrated Project LSHM-CT-2006-
037197. 

 We thank all EPIC participants and 
staff for their contribution to the 
study. 
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Supplementary Table 2. Cohort, phenotype and method information. 

     Cohort Statistics, Means ± SD Laboratory Methods 

Cohort  Cohort Full 
Name 

Sex   N  References  
(for Cohort) 

Age 
(Years) 

Iron 
(µmol/l)  

Transferrin 
(g/l) 

TIBC 
(µmol/l)  

Saturation 
(Percent) 

Ferritin  
(µg/l) 

Log 
Ferritin 

Method for serum iron Method for serum transferrin 
(or total iron binding capacity) 

Method for ferritin 

Discovery Cohorts: 
  

                          

Australia- 
Adult  
  

QIMR 
Berghofer  
Adult 
  

M   3432  
(1868 

families)   

PMID 
19820699; 
21151130; 
20802479. 

  

47.5 ± 
12.3 

21.2 ± 
6.4 

2.7 ± 
0.35 

  32.1 ± 
10.5 

257.3 ± 
190.3 

2.30 ± 
0.34 

Colorimetric, Ferrozine, 
Roche 917 or Modular P 
analyser 
 

Immunoturbidimetric, Roche 
917 or Modular P analyser 
 

Latex particle 
immunoturbidimetry, 
Roche 917 or Modular P 
analyser 
 

F   5716  
(3204 

families)   

46.0 ± 
12.8 

18.5 ± 
6.7 

2.9 ± 
0.47 

  26.7 ± 
10.4 

99.1 ± 
108.6 

1.82 ± 
0.41 

Australia-
Adolescent  
  

QIMR 
Berghofer  
Adolescent 
  

M   1230  
(741 

families)   

PMID 
17539372; 
22563384. 

14.6 ± 
2.0 

17.3 ± 
5.5 

2.9 ± 
0.36 

  24.0 ± 
8.22 

60.3 ± 
44.9 

1.70 ± 
0.23 

Colorimetric, Ferrozine, 
Roche 917 or Modular P 
analyser 
 

Immunoturbidimetric, Roche 
917 or Modular P analyser 
 

Latex particle 
immunoturbidimetry, 
Roche 917 or Modular P 
analyser 
 

F   1314  
(760 

families)   

14.9 ± 
2.3 

16.3 ± 
5.4 

3.0 ± 
0.38 

  22.3 ± 
7.7 

43.7 ± 
30.4 

1.56 ± 
0.26 

                              

Estonia 
(original) 
  

Estonian 
Genome 
Project  
  

M  440 PMID: 
24518929 

  

37.3 ± 
15.4 

19.4 ± 
7.7 

2.7 ± 
0.44 

  29.9 ± 
12.5 

143.6 ± 
163.4 

1.99 ± 
0.39 

Colorimetric method 
 

Electro-chemiluminescence 
immunoassay (ECLIA) 
 

Immunoturbidimetry 
 

F  453 37.5 ± 
15.7 

16.9 ± 
7.4 

2.9 ± 
0.58 

  24.0 ± 
11.7 

50.1 ± 
51.9 

1.51 ± 
0.44 

                              

Val  
Borbera 
  

Val Borbera 
Study 
  

M  733   
  

54.4 ± 
18.4 

17.7 ± 
6.3 

2.4 ± 
0.4 

  29.6 ± 
11.4 

109.4 ± 
112.2 

1.9 ± 
0.4 

Standard methods 
 

Standard methods 
 

Standard methods 
 

F  926 54.8 ± 
18.7 

16.4 ± 
5.8 

2.5 ± 
0.5 

  26.9 ± 
10.5 

108.2 ± 
112.1 

1.8 ± 
0.4 

                              

NBS 
  

Nijmegen 
Biomedical 
Study 
  

M  889   
  

66.3 ± 
7.1 

18.3 ± 
5.8 

  58.1 ± 
8.7 

32.0 ± 
11.0 

209.9 ± 
191.1 

2.19 ± 
0.36 

Colorimetric measurement 
using ascorbate/FerroZine 
reagents(Roche 
Diagnostics) on an Abbott 
Aeroset analyzer. 

  

Unsaturated iron binding 
capacity was measured by 
adding a known quantity of 
Fe3+ to the serum samples, 
reducing it with ascorbate to 
Fe2+ and measuring it with 
FerroZine as described for 
total serum iron (Roche 
reagents on an Aeroset). TIBC 
was calculated by adding 
serum iron and unsaturated 
iron-binding capacity. 

Serum ferritin 
concentration was 
determined by a 
chemiluminescent 
microparticle 
immunoassay on the 
Abbott Architect calibrated 
against the ferritin assay 
on the Immulite 2000 of 
Diagnostic Products 
Corporation.  

F  902 56.6 ± 
10.8 

16.3 ± 
5.5 

  60.6 ± 
9.7 

27.5 ± 
10.0 

105.8 ± 
89.1 

1.87 ± 
0.39 
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     Cohort Statistics, Means ± SD Laboratory Methods 

Cohort  Cohort Full 
Name 

Sex   N  References  
(for Cohort) 

Age 
(Years) 

Iron 
(µmol/l)  

Transferrin 
(g/l) 

TIBC 
(µmol/l)  

Saturation 
(Percent) 

Ferritin  
(µg/l) 

Log 
Ferritin 

Method for serum iron Method for serum transferrin 
(or total iron binding capacity) 

Method for ferritin 

  

                              

Cambridge 
  

UK Blood 
Services (UKBS)  
Common 
Controls panel 
  

M 1198 PMID: 
17554300  

  

45.1 ± 
11.9 

N/A N/A   N/A 34.7 ± 
27.1 

3.29 ± 
0.73 

N/A 
  

N/A 
  

Ferritin concentrations 
from plasma collected 
from a blood donation 
pack (containing 
anitcoagulant) were 
measured by a two-site 
sandwich immunoassay 
using direct 
chemiluminometric 
technology.  

F 1221 42.1 ± 
12.7 

N/A N/A   N/A 19.4 ± 
16.0 

2.69 ± 
0.76 

                              

Micros/ 
EURAC  
  

  
  

M  528   
  

45.5 ± 
15.8 

20.3 ± 
7.3 

2.60 ± 
0.34 

  31.8 ± 
12.4 

170.1 ± 
143.0 

2.08 ± 
0.41 

Photometry 
  

PEG-Enhanced 
Immunoturbidimetry 
  

Microparticle enzyme 
immunoassay (MEIA), 
AxSym, Abbott, USA 
  

F  690 46.0 ± 
16.7 

18.0 ± 
7.4 

2.79 ± 
0.48 

  26.4 ± 
11.2 

53.3 ± 
54.2 

1.53 ± 
0.43 

                              

ERF/ 
Rotterdam  
  

  
  

M  342 PMID: 
15054401;  
16877869  

  

54.6 ± 
14.1 

21.3 ± 
7.0 

    36.1 ± 
13.4 

229.8 ± 
186.0 

5.16 ± 
0.77 

Serum iron was measured 
by  the Ferrozine method, 
using Roche/Hitachi 747 - 
400 Kit(Roche).  
  

Transferrin saturation (%) was 
calculated as serum iron levels 
divided by serum total iron 
binding capacity. 
  

Serum ferritin levels were 
measured by a two-site 
chemiluminescencent 
immunometric assay using 
the Immulite 2000 
(Diagnostics Products 
Corporation).  

F  529 52.8 ± 
15.1 

18.8 ± 
6.5 

    31.0 ± 
11.9 

105.7 ± 
163.3 

4.23 ± 
0.92 

                              

KORA F3  
  

Kooperative 
Gesundheitsfor
schung  
in der Region 
Augsburg 
 

M  809 PMID: 
16032513; 
16032514 

 

63.0 ± 
10.1 

17.5 ± 
5.5 

2.45 ± 
0.33 

  28.9 ± 
9.5 

289.8 ± 
245.6 

2.33 ± 
0.35 

Colorimetric assay, 
(Cobas®, Roche) 
  

Immunonephelometry, 
(Behring Nephelometer®, 
Siemens) 
  

Electrochemiluminescence 
immunoassay (ECLIA) 
Cobas, Roche 
  

F  825 62.1 ± 
10.1 

16.1 ± 
5.2 

2.57 ± 
0.36 

  25.4 ± 
8.7 

141.0 ± 
120.4 

2.00 ± 
0.39 

KORA F4 
  

Kooperative 
Gesundheitsfor
schung  
in der Region 
Augsburg 

M  882 PMID: 
16032513; 
16032514 

 

61.2 ± 
8.9 

22.2 ± 
6.9 

2.52 ± 
0.36 

  35.7 ± 
12.4 

282.7 ± 
255.9 

2.31 ± 
0.37 

Colorimetric assay, 
(Cobas®, Roche) 

  

Immunonephelometry, 
(Behring Nephelometer®, 
Siemens) 

  

Electrochemiluminescence 
immunoassay (ECLIA) 
Cobas, Roche 

  
F  927 60.6 ± 

8.8 
20.2 ± 

6.5 
2.55 ± 
0.35 

  32.2 ± 
11.1 

133.5 ± 
132.6 

1.97 ± 
0.40 




