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SUPPLEMENTARY FIGURES 

 

Supplementary Figure 1. Quantile-quantile (QQ) and Manhattan plots in the European sample. In QQ-

plots, the red line represents the expected null distribution and Lambda inflation factors (λ) are provided 

inside each plot. In Manhattan plots, each point represents a single genetic variant plotted according to its 

genomic position (x-axis) and its −log10(P) for two-tailed associations with subcortical structures (y-axis). 

Linear regression models were adjusted for sex, age, age², total intracranial volume (CHARGE) or total 

brain volume (UKBB), and population stratification. The blue horizontal line represents a classic GWAS 

significance threshold of P < 5 x 10-8 and the red horizontal line represents genome-wide significance of P < 

8.3 × 10-9 as defined for this study after additional Bonferroni correction for six independent traits (P <5 x 

10-8/6).  
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Supplementary Figure 2. Regional association plots for variants influencing the volume of 

subcortical brain structures. Plots were generated with Locus Zoom for the European sample 

(nucleus accumbens = 32,562; amygdala = 34,431; brainstem =28,809; caudate = 37,741; pallidum 

= 34,413; putamen = 37,571; thalamus = 34,464). Linear regression models were adjusted for sex, 

age, age², total intracranial volume (CHARGE) or total brain volume (UKBB), and population 

stratification. 

 

  



 
 

Satizabal et al. 

11 
 

1. Nucleus accumbens (rs9818981) 

 
2. Nucleus accumbens (rs13107325) 

  



 
 

Satizabal et al. 

12 
 

3. Nucleus accumbens (rs11747514) 

 
 
 

4. Nucleus accumbens (rs868202) 

 
  



 
 

Satizabal et al. 

13 
 

5. Amygdala (rs11111293) 

 

 

6. Brainstem (rs11111090) 

  



 
 

Satizabal et al. 

14 
 

7. Brainstem (rs10217651) 

 
 
 

8. Brainstem (rs869640) 

 
  



 
 

Satizabal et al. 

15 
 

9. Brainstem (rs9398173) 

 
 

 
10. Brainstem (rs10792032) 

 
  



 
 

Satizabal et al. 

16 
 

11. Brainstem (rs4396983) 

 
 
12. Brainstem (rs9322194) 

 
 

  



 
 

Satizabal et al. 

17 
 

13. Brainstem (rs7972561) 

 
 
 

14. Brainstem (rs2206656) 

 
 



 
 

Satizabal et al. 

18 
 

15. Brainstem (rs12479469) 

 
 
 
16. Brainstem (rs4784256) 

 
  



 
 

Satizabal et al. 

19 
 

17. Brainstem (rs555925) 

 
 
 
18. Brainstem (rs12313279) 

 
  



 
 

Satizabal et al. 

20 
 

19. Brainstem (rs9505301) 

 
 
 
20. Brainstem (rs11684404) 

 
  



 
 

Satizabal et al. 

21 
 

21. Brainstem (rs112178027) 

 
 
 
22. Caudate nucleus (rs3133370) 

 
  



 
 

Satizabal et al. 

22 
 

23. Caudate nucleus (rs6060983) 

 
 
 
 
24. Caudate nucleus (rs7040561) 

  



 
 

Satizabal et al. 

23 
 

25. Caudate nucleus (rs2817145) 

 
 
 
26. Caudate nucleus (rs148470213) 

 
  



 
 

Satizabal et al. 

24 
 

27. Caudate nucleus (rs1987471) 

 
 
 
28. Caudate nucleus (rs12445022) 

 
  



 
 

Satizabal et al. 

25 
 

29. Caudate nucleus (rs55989340) 

 
 
 
30. Caudate nucleus (rs4888010) 

 
  



 
 

Satizabal et al. 

26 
 

31. Caudate nucleus (rs35305377) 

 
 
 

32. Globus pallidus (rs2923447) 

 
  



 
 

Satizabal et al. 

27 
 

33. Globus pallidus (rs10129414) 

 
 
34. Globus pallidus (rs196807) 

 
 
  



 
 

Satizabal et al. 

28 
 

35. Globus pallidus (rs10439607) 

 
 
 
36. Globus pallidus (rs4952211) 

 
  



 
 

Satizabal et al. 

29 
 

37. Globus pallidus (rs12567402) 

 
 
38. Putamen (rs945270) 

 
 
  



 
 

Satizabal et al. 

30 
 

39. Putamen (rs62098013) 

 
 
 
40. Putamen (rs6087771) 

 
  



 
 

Satizabal et al. 

31 
 

41. Putamen (rs35200015) 

 
 
 
 
42. Putamen (rs1432054) 

  



 
 

Satizabal et al. 

32 
 

43. Putamen (rs7902527) 

 
 
 
44. Putamen (rs2244479) 

 
  



 
 

Satizabal et al. 

33 
 

45. Putamen (rs2410767) 

 
 
 
 
46. Putamen (rs1187162) 

  



 
 

Satizabal et al. 

34 
 

47. Thalamus (rs12600720) 

 
 
48. Thalamus (rs142461330) 

 
  



 
 

Satizabal et al. 

35 
 

Supplementary Figure 3. Methylation QTL, gene annotations and chromatin states in 

ROSMAP. The first track presents genome-wide associations, where the index SNP is symbolized by 

a yellow square. The second track presents CpG sites associated with the index SNP. The third track 

displays gene USGC annotations. The fourth track presents the location of CpG islands. The fifth 

track presents chromatin states in different brain tissues from the Roadmap Epigenomics Project 

(E071 = Brain Hippocampus Middle, E074 = Brain Substantia Nigra, E068 = Brain Anterior Caudate, 

E069 = Brain Cingulate Gyrus, E072 = Brain Inferior Temporal Lobe, E067 = Brain Angular Gyrus, 

E073 = Brain Mid Frontal Lobe, E070 = Brain Germinal Matrix, E082 = Female Fetal Brain, E081 = 

Male Fetal Brain). Chromatin states are coded by color according to the labels. The sixth track 

presents the genomic region and the seventh track the position on the chromosome. Refer to 

Supplementary Table S12. 
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Supplementary Figure 4. Forest plots for variants influencing the volume of subcortical brain 

structures. Forest plots show the contribution from each participating study and summary 

estimates per ethnicity (European, African-American, and Asian), and their combined effect. The 

center measure represents beta coefficients, and the error bars 95% confidence intervals. Estimates 

were re-calculated from Z-scores, sample size, and allele frequencies as previously described1. 
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STUDY DESIGN  

 

Three-City Dijon (3C-Dijon): The 3C study is a cohort study conducted in three French cities 

(Bordeaux, Dijon, and Montpellier), comprising 9,294 participants, designed to estimate the risk of 

dementia and cognitive impairment attributable to vascular factors2. Eligibility criteria included 

living in the city and being registered on the electoral rolls in 1999, 65 years or older, and not 

institutionalized. The study protocol was approved by the Ethical Committee of the University 

Hospital of Kremlin-Bicêtre and each participant signed an informed consent.  

Data reported in this article were obtained in Dijon (3C-Dijon study), where 4,931 individuals 

were recruited (1999–2001). The overall design of the 3C-Dijon study is detailed elsewhere2-4. 

Participants aged less than 80 years and enrolled between June 1999 and September 2000 

(n=2,763) were invited to undergo a brain MRI. Although 2,285 subjects agreed to participate 

(82.7%), because of financial limitations, 1,924 MRI scans were performed, of which 120 were not 

interpretable. Volume measurements for subcortical structures were available in 1,397 participants 

with genome-wide genotypes, after exclusion of participants with a diagnosis of dementia, stroke, 

or brain tumor at the time of MRI. DNA samples of 3C-Dijon participants were genotyped at the 

Centre National de Génotypage, Evry, France (www.cng.fr) with Illumina Human610-Quad® 

BeadChips5,6. 

Alzheimer’s Disease Neuroimaging Initiative (ADNI): Data used in the preparation of this article 

were obtained from the ADNI database (adni.loni.usc.edu). The ADNI was launched in 2003 by the 

National Institute on Aging (NIA), the National Institute of Biomedical Imaging and Bioengineering 

(NIBIB), the Food and Drug Administration (FDA), private pharmaceutical companies and non-

profit organizations, as a $60 million, 5-year public-private partnership. The primary goal of ADNI 

has been to test whether serial magnetic resonance imaging (MRI), positron emission tomography 

(PET), other biological markers, and clinical and neuropsychological assessment can be combined 

to measure the progression of mild cognitive impairment (MCI) and early Alzheimer’s disease (AD). 

Determination of sensitive and specific markers of very early AD progression is intended to aid 

researchers and clinicians to develop new treatments and monitor their effectiveness, as well as 

lessen the time and cost of clinical trials.   

The Principal Investigator of this initiative is Michael W. Weiner, MD, VA Medical Center and 

University of California – San Francisco. ADNI is the result of efforts of many co-investigators from a 

broad range of academic institutions and private corporations, and subjects have been recruited 
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from over 50 sites across the U.S. and Canada. The initial goal of ADNI was to recruit 800 subjects 

but ADNI has been followed by ADNI-GO and ADNI-2. To date these three protocols have recruited 

over 1500 adults, ages 55 to 90, to participate in the research, consisting of cognitively normal 

older individuals, people with early or late MCI, and people with early AD. The follow up duration of 

each group is specified in the protocols for ADNI-1, ADNI-2 and ADNI-GO. Subjects originally 

recruited for ADNI-1 and ADNI-GO had the option to be followed in ADNI-2. For up-to-date 

information, see www.adni-info.org. 

Age, Gene/Environment Susceptibility-Reykjavik Study (AGES): The AGES cohort originally 

comprised a random sample of 30,795 men and women born in 1907–1935 and living in Reykjavik 

in 19677. A total of 19381 attended, resulting in 71% recruitment rate. The study sample was 

divided into six groups by birth year and birth date within month. One group was designated for 

longitudinal follow-up and was examined in all stages. One group was designated a control group 

and was not included in examinations until 1991. Other groups were invited to participate in 

specific stages of the study. Between 2002 and 2006, the AGES-Reykjavik study re-examined 5764 

survivors of the original cohort who had participated before in the Reykjavik Study. MR images 

were acquired on a single research-dedicated 1.5 T Signa Twinspeed EXCITE system (GE Medical 

Systems, Waukesha, WI) using a multi-channel phased array head cap coil. The structural image 

protocol included a T1-weighted three dimensional spoiled gradient echo (3D-SPGR) sequence (TE 

(time to echo), 8 ms; TR (time repetition), 21 ms; FA (flip angle), 30°; FOV (field of view), 240 mm; 

matrix, 256 × 256). Each volume consisted of 110 slices with 1.5 mm slice thickness,, in-plane 0.94 x 

0.94 mm. A proton density (PD)/T2 - weighted fast spin echo (FSE) sequence (TE1, 22 ms; TE2, 90 

ms; TR, 3220 ms; echo train length, 8; FA, 90°; FOV, 220 mm; 256 × 256), and a fluid attenuated 

inversion recovery (FLAIR) sequence (TE, 100 ms; TR, 8000 ms, inversion time, 2000 ms, FA, 90°; 

FOV, 220 mm; matrix, 256 × 256). These latter two sequences were acquired with 3-mm thick slices 

and in-plane pixel size of 0.86 x 0.86 mm. All images were acquired to give full brain coverage and 

were localized at the AC/PC commissure line. 

Avon Longitudinal Study of Parents and Children (ALSPAC): The initial ALPSAC cohort 

consisted of 14,062 children born to women who resided in the former Avon Health Authority area 

who had an expected delivery date between April 1991 and December 1992 

(www.alspac.bris.ac.uk). The cohort was set up with the goal of determining ways in which genetic 

and environmental factors influence health and development in parents and children (see 

http://ije.oxfordjournals.org/content/early/2012/04/14/ije.dys064.full.pdf for a detailed 

description of the cohort and http://www.bris.ac.uk/alspac/researchers/data-access/data-
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dictionary for all available data). Ethical approval for the study was obtained from the ALSPAC 

Ethics and Law Committee and the Local Research Ethics Committees. Between November 2011 

and October 2012, a subset of 510 male participants was recruited for an MRI study. These 

individuals were selected based on the availability of multiple (> 3) blood samples obtained during 

their early and mid-puberty (9, 11, 13 and 15 yr), and their current residence being in the South-

West of England. T1-weighted images were acquired on a General Electric 3.0-T magnet (General 

Electric Medical Systems, Milwaukee, WI) using the following parameters: 3D fast spoiled gradient 

echo scan with 180 oblique-axial slices, 1-mm isotropic resolution, TR-7.9 ms, TE=3.0 ms, 

TI=450ms and flip angle=20°. Genetic data were acquired using the Illumina HumanHap550 quad 

genome-wide single nucleotide polymorphism (SNP) genotyping platform from 9912 ALSPAC 

children. Individuals were excluded from analysis on the basis of gender mismatches, minimal or 

excessive heterozygosity, disproportionate levels of individual missingness (>3%), evidence of 

cryptic relatedness (>10% of alleles identical by descent), and being of non-European ancestry 

(assessed by multidimensional scaling analysis including HapMap 2 individuals). SNPs with a minor 

allele frequency (MAF) of < 1%, Impute2 information quality metric of < 0.8, a call rate of < 95% or 

evidence for violations of Hardy-Weinberg equilibrium (p value < 5 x 10-7) were removed. 

Imputation of the target data was performed using Impute V2.2.2 against the 1000 genomes 

reference panel (Phase 1, Version 3; all polymorphic SNPs excluding singletons), using 2,186 

reference haplotypes (including non-Europeans). Following quality control assessment, 405 

individuals had phenotypic and genetic data available for inclusion into the current study. 

Atherosclerosis Risk in Communities (ARIC) Study: The ARIC study is a population-based cohort 

study of atherosclerosis and clinical atherosclerotic diseases8. At its inception (1987-1989), 15,792 

men and women, including 11,478 white and 4,266 black participants were recruited from four U.S. 

communities: Suburban Minneapolis, Minnesota; Washington County, Maryland; Forsyth County, 

North Carolina; and Jackson, Mississippi. In the first 3 communities, the sample reflects the 

demographic composition of the community. In Jackson, only black residents were enrolled. 

Participants were between age 45 and 64 years at their baseline examination in 1987-1989 when 

blood was drawn for DNA extraction and participants consented to genetic testing. Vascular risk 

factors and outcomes, including transient ischemic attack, stroke and dementia, were determined in 

a standard fashion. During the first 2 years (1993-1994) of the third ARIC examination (V3), 

participants aged 55 and older from the Forsyth County and Jackson sites were invited to undergo 

cranial MRI. This subgroup of individuals with MRI scanning represents a random sample of the full 

cohort because examination dates were allocated at baseline through randomly selected induction 
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cycles. After excluding individuals with prevalent stroke at V3, a total of 424 white and 413 black 

participants had phenotypic and genome-wide genotypic data. 

Austrian Stroke Prevention-Family Study (ASPS-Fam): The ASPS-Fam is a prospective single-

center community-based study on the cerebral effects of vascular risk factors in the normal aged 

population of the city of Graz, Austria9,10. ASPS-Fam represents an extension of the ASPS, which was 

established in 199111,12. Between 2006 and 2013, study participants of the ASPS and their first-

grade relatives were invited to enter ASPS-Fam. Inclusion criteria were no history of previous 

stroke or dementia and a normal neurologic examination. The study protocol was approved by the 

ethics committee of the Medical University of Graz, Austria, and written informed consent was 

obtained from all subjects. The entire cohort of 419 individuals underwent an extended diagnostic 

work- up including clinical history, blood tests, cognitive testing, and a thorough vascular risk factor 

assessment.  Those 305 ASPS-Fam individuals who underwent MRI scanning and passed 

genotyping quality control were available for these analyses. They were all European Caucasians. 

Cardiovascular Health Study (CHS): The CHS is a population-based cohort study of risk factors for 

coronary heart disease and stroke in adults ≥ 65 years conducted across four field centers13. The 

original predominantly European ancestry cohort of 5,201 persons was recruited in 1989-1990 

from random samples of  the Medicare eligibility lists; subsequently, an additional predominantly 

African-American cohort of 687 persons was enrolled for a total sample of 5,888. Blood samples 

were drawn from all participants at their baseline examination and DNA was subsequently 

extracted from available samples. Genotyping was performed at the General Clinical Research 

Center’s Phenotyping/Genotyping Laboratory at Cedars-Sinai among CHS participants who 

consented to genetic testing and had DNA. European ancestry participants were excluded from the 

GWAS study sample due to the presence at study baseline of coronary heart disease, congestive 

heart failure, peripheral vascular disease, valvular heart disease, stroke or transient ischemic attack 

or lack of available DNA. Among those with successful GWAS, 567 European ancestry and 85 

African-American participants had available FreeSurfer measures for this analysis. CHS was 

approved by institutional review committees at each field center and individuals in the present 

analysis had available DNA and gave informed consent including consent to use of genetic 

information for the study of cardiovascular disease. 

Epidemiology of Dementia In Singapore (EDIS): The EDIS study draws subjects from the on-

going population-based community-dwelling study of Chinese, Malays and Indians cohorts aged 

≥40 years who participated in the Singapore Epidemiology of Eye Disease (SEED; n=10,033), which 
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comprises the Singapore Chinese Eye Study (SCES; n=3,353), Singapore Malay Eye Study-2 (SiMES-

2; n=3,280) and Singapore Indian Eye Study-2 (SINDI-2; n=3,400)14. As part of the baseline 

examinations in the SEED cohorts, genotyping was done in 2,587 SCES participants and 3,072 

SiMES participants15,16. In the present study we restricted analysis to the Chinese (EDIS-SCES) and 

Malay (EDIS-SiMES) component of EDIS, as the recruitment of the Indians has recently ended. In the 

first phase of the EDIS Study, participants from SEED aged ≥ 60 years (n=1,538 Chinese and 

n=1,014 Malay) were screened using the 10-point Abbreviated Mental Test (AMT) and a self-report 

of progressive forgetfulness. Screen-positives were defined as AMT score ≤ 6, among those with ≤ 6 

years of formal education, or ≤ 8 among those with > 6 years of formal education; or if the subject 

or caregiver reported progressive forgetfulness [yes/no]. A total of 300 Chinese and 308 Malay 

screen-positive subjects agreed to take part in the second phase of this study, which included an 

extensive neuropsychological test battery and brain MRI. Of these 130 Chinese and 211 Malay were 

included in the current analyses, who had genotyping and MRI data. Ethics approval for EDIS study 

was obtained from the Singapore Eye Research Institute (SERI) and National Healthcare Group 

Domain-Specific Review Board (DSRB). The study is being conducted in accordance with the 

Declaration of Helsinki. Written informed consent is obtained, in the preferred language of the 

participants, by bilingual study coordinators prior to their recruitment in the study. 

Erasmus Rucphen Family study (ERF): The Erasmus Rucphen Family (ERF) study is a family-

based cohort study in a genetically isolated population from a community in the South-West of the 

Netherlands (Rucphen municipality) including 3000 participants. Participants are all descendents 

of a limited number of founders living in the 19th century, and all of Caucasian European descent. 

Extensive genealogical data is available for this population. The study population is described in 

detail elsewhere. As part of the protocol, genomic DNA was collected from all participants. 

Genotyping was done at the Human Genotyping Facility, Genetic Laboratory Department of Internal 

Medicine, Erasmus MC, Rotterdam, and at the Genotyping Center of Leiden University, The 

Netherlands. All participants gave informed consent and the study was approved by the medical 

ethics committee at Erasmus MC University Medical Center. In a follow-up analysis, 135 

nondemented hypertensive (SBP ≥ 160, DBP ≥ 100 or use of antihypertensive medication) subjects 

aged 55-75 years were included for a new battery of tests including MRI scanning. Of these, 4 

subjects were excluded because of physical constraints impeding the MRI scanning, and 2 subjects 

were excluded from analysis because large brain tumors were incidentally discovered. Full 

genotype and phenotype data were available for 118 subjects after QC of the automated 

segmentations. 
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The Framingham Heart Study (FHS): The FHS is a three-generation, single-site, community-based, 

ongoing cohort study that was initiated in 1948 to investigate the risk factors for cardiovascular 

disease. It now comprises 3 generations of participants: the Original cohort followed since 194817; 

their Offspring and spouses of the Offspring (Gen 2), followed since 197118; and children from the 

largest Offspring families enrolled in 2000 (Gen 3)19. The Original cohort enrolled 5,209 men and 

women who comprised two-thirds of the adult population then residing in Framingham, MA. 

Survivors continue to receive biennial examinations. The Offspring cohort comprises 5,124 persons 

(including 3,514 biological offspring) who have been examined approximately once every 4 years.  

The Third-generation includes 4,095 participants with at least one parent in the Offspring Cohort. 

The first two generations were invited to undergo an initial brain MRI in 1999-2005, and for Gen 3, 

brain MRI began in 2009. The population of Framingham was virtually entirely white (Europeans of 

English, Scots, Irish and Italian descent) in 1948 when the Original cohort was recruited. Self-reports 

of ethnicity across all three generations were 99.7% whites, reflecting the ethnicity of the population 

of Framingham in 1948. FHS participants had DNA extracted and provided consent for genotyping, 

and eligible participants underwent genome-wide genotyping.  

In 1,035 participants from the Offspring cohort we had FreeSurfer measures processed at the 

Athinoula A. Martinos Center for Biomedical Imaging at the MGH/HST. Form this sample, 896 had 

genotyping and constituted the European sample contributing to the GWAS of all subcortical 

structures (FHS-1).  Additionally, a larger sample of FHS including all three generations had caudate 

and putamen measures processed by the Imaging of Dementia (IDeA) laboratory at UC Davis. After 

exclusion of Offspring participants with FreeSurfer data, a sample of 3,303 participants with 

genotyping was used for replication of the caudate and putamen findings (FHS-2). 

Genetic Study of Atherosclerosis Risk (GeneSTAR): is an ongoing prospective study designed to 

determine environmental, phenotypic, and genetic causes of premature cardiovascular disease20,21. 

Participants (n=3533) came from European- and African-American families (n=891) identified 

from 1983-2006 from probands with a premature coronary disease event prior to 60 years of age 

who were identified at the time of hospitalization in any of 10 Baltimore area hospitals. Apparently 

healthy siblings of the probands and offspring of the siblings and probands were screened for 

traditional coronary disease and stroke risk factors. A random subset of this study population 

underwent MRI with a Philips 3T imaging unit according to standardized protocols between 2009 

and 2013. Siblings and offspring were excluded if they had a history of chronic corticosteroid use, 

life-threatening diseases, neurologic diseases that would preclude accurate MRI interpretation, and 

implanted metals that prohibited MRI scans. Participants with atrial fibrillation or symptomatic 
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cardiovascular disease of any kind were excluded from the study. MPRAGE images were skull-

stripped and co-registered to FLAIR images. Spatial normalization of the co-registered MPRAGE and 

FLAIR images into MNI space was performed via affine transformation. We segmented the brain in 

native MPRAGE space using an automated probabilistic methodology that employs a topology-

preserving algorithm and mapped the resulting tissue mask to MNI space. We measured total brain, 

intracranial, and subcortical volumes. Intracranial volume was defined (in cubic millimeters) as the 

sum of all meningeal material, soft tissue, and sulcal and ventricular cerebrospinal volumes inferior 

to bone from the vertex to the foramen magnum. 

The Lothian Birth Cohort (LBC) -1936: LBC participants (n = 1091; 49.8% women) were born in 

the Edinburgh area of Scotland in 1936 and represent a relatively healthy cohort who live 

independently in the community. Most members of this cohort had been tested for general 

cognitive ability at age 1122 and their structural MRI assessments were performed as part of a 

second wave of data collection in adulthood at age 73 (n = 724)23. Following relevant exclusions 

(e.g., stroke, poor data acquisition), subcortical measures were available for a reduced sample of 

512, who also had genome-wide data (genotyped using DNA from venesected whole blood). Ethical 

approval was obtained from Scotland’s Multicentre Research Ethics Committee and local research 

ethics committee. 

LIFE-Adult: LIFE-Adult is a population-based cohort of 10,000 randomly selected adults of the city 

of Leipzig, Germany.  Details of the study can be found elsewhere24. About 2,600 subjects 

underwent magnetic resonance imaging (MRI) of the head at 3T. Exclusion criteria of the current 

study were dementia, stroke and major brain pathology. LIFE-Adult has been approved by the 

Ethics Committee of the Medical Faculty of the University Leipzig, Germany (Reg. No 263-2009-

14122009). Written informed consent including agreement with genetic analyses was obtained 

from all participants. 

The Religious Orders Study and The Rush Memory and Aging Project (ROSMAP): The ROS, 

started in 1994, enrolled Catholic priests, nuns, and brothers, from about 40 groups in 12 states25. 

Since January 1994, 1321 participants completed their baseline evaluation, of whom 1259 were 

non-Hispanic white. The follow-up rate of survivors exceeds 90%. Participants were free of known 

dementia at enrollment, agreed to annual clinical evaluations, and signed both an informed consent 

and an Anatomic Gift Act form donating their brains at time of death25. A more detailed description 

of ROS has been published previously25. Participants take a neuropsychological test battery. DNA 

was extracted from whole blood, lymphocytes, or frozen post-mortem brain tissue. Genotyping was 
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performed at the Broad Institute’s Center for Genotyping and the Translational Genomics Research 

Institute and the Children's Hospital of Philadelphia26. The Rush Memory and AP, started in 1997, 

enrolled older men and women from assisted living facilities in the Chicago area with no evidence 

on dementia at baseline1. Since October 1997, 1815 participants completed their baseline 

evaluation, of whom 1701 were non-Hispanic white people. The follow-up rate of survivors exceeds 

90%. Participants agreed to annual clinical evaluations, and signed both an informed consent and 

an Anatomic Gift Act form donating their brains at time of death. A more detailed description of the 

MAP has been published previously1. Participants were invited to take a neuropsychological test 

battery. DNA was extracted from whole blood, lymphocytes, or frozen postmortem brain tissue. 

Genotyping was performed at the Broad Institute’s Center for Genotyping and the Translational 

Genomics Research Institute and the Children's Hospital of Philadelphia2. Participants underwent 

their initial MRI beginning in 2009. In 493 participants from ROS and MAP, we have FreeSurfer 

measures processed at Rush. After excluding subjects with dementia or history of stroke at the time 

of MRI-scan, 161 subjects with genotype data were included in the present analysis. 

Rotterdam Study (RSI, RSII, RSIII): The Rotterdam Study is a prospective, population-based 

cohort study among individuals living in the well-defined Ommoord district in the city of Rotterdam 

in The Netherlands27. The aim of the study is to determine the occurrence of cardiovascular, 

neurological, ophthalmic, endocrine, hepatic, respiratory, and psychiatric diseases in elderly people. 

The cohort was initially defined in 1990 among approximately 7,900 persons, aged 55 years and 

older, who underwent a home interview and extensive physical examination at the baseline and 

during follow-up rounds every 3-4 years (RS-I). The cohort was extended in 2000/2001 (RS-II, 

3,011 individuals aged 55 years and older) and 2006/2008 (RS-III, 3,932 subjects, aged 45 and 

older). Written informed consent was obtained from all participants and the Medical Ethics 

Committee of the Erasmus Medical Center, Rotterdam, approved the study.  

United Kingdom Biobank (UKBB): The UKBB is a large-scale epidemiological study of over 

500,000 individuals aged 40-69 years from the United Kingdom (http://www.ukbiobank.ac.uk). 

The analyses presented here use data that were accessed via application 1155. Genetic data are 

available for the majority of these individuals28 and as of 15 July 2017 13,269 of these participants 

had participated in a multimodal imaging sub-study 29,30. The analyses presented here use the 

subcortical volumes of the unrelated participants released by the UKBB which are derived from the 

T1 Brain MRI, the extraction of these measures using FIRST is described in Alfaro-Almagro et al 

(2017). These data were not visually QCed (as the required files were not available for download). 



 
 

Satizabal et al. 

116 
 

However, we removed outliers by setting data points more than 3 standard deviations from the 

mean to missing. The genetic data used for these analyses uses only those variants imputed using 

the HRC reference panel.  Imputation accuracy and allele frequency were recalculated in the subset 

of participants with imaging from the raw imputed data using HASE software, quality control filters 

used in the meta-analyses were applied to the UKBB data prior to analysis. To account for ethnicity, 

we included only subjects with white British ancestry (base on provided by UKBB information). To 

avoid correct cryptic relationship we excluded all subject with >=3rd degree of genetic relationship. 
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Alzheimer's Disease Neuroimaging Initiative (ADNI): Data collection and sharing for this project 

was funded by the ADNI (National Institutes of Health Grant U01 AG024904) and DODADNI 

(Department of Defense award number W81XWH-12-2-0012). ADNI is funded by the National 

Institute on Aging, the National Institute of Biomedical Imaging and Bioengineering, and through 

generous contributions from the following: Alzheimer’s Association; Alzheimer’s Drug Discovery 

Foundation; BioClinica, Inc.; Biogen Idec Inc.; Bristol-Myers Squibb Company; Eisai Inc.; Elan 

Pharmaceuticals, Inc.; Eli Lilly and Company; F. Hoffmann-La Roche Ltd and its affiliated company 

Genentech, Inc.; GE Healthcare; Innogenetics, N.V.; IXICO Ltd.; Janssen Alzheimer Immunotherapy 

Research & Development, LLC.; Johnson & Johnson Pharmaceutical Research & Development LLC.; 

Medpace, Inc.; Merck & Co., Inc.; Meso Scale Diagnostics, LLC.; NeuroRx Research; Novartis 

Pharmaceuticals Corporation; Pfizer Inc.; Piramal Imaging; Servier; Synarc Inc.; and Takeda 

Pharmaceutical Company. The Canadian Institutes of Health Research is providing funds to support 

ADNI clinical sites in Canada. Private sector contributions are facilitated by the Foundation for the 

National Institutes of Health (www.fnih.org). The grantee organization is the Northern California 

http://www.fnih.org/
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Institute for Research and Education, and the study is coordinated by the Alzheimer's Disease 

Cooperative Study at the University of California, San Diego. ADNI data are disseminated by the 

Laboratory of Neuro Imaging at the University of Southern California. 

Data used in preparing this article were obtained from the Alzheimer’s Disease Neuroimaging 

Initiative (ADNI) database (adni.loni.usc.edu). As such, many investigators within the ADNI 

contributed to the design and implementation of ADNI and/or provided data but did not participate 

in analysis or writing of this report. A complete listing of ADNI investigators can be found at: 

http://adni.loni.usc.edu/wp-content/uploads/how_to_apply/ADNI_Acknowledgement_List.pdf: 

Michael Weiner (UC San Francisco), Paul Aisen (UC San Diego), Ronald Petersen (Mayo Clinic, 

Rochester), Clifford R. Jack, Jr. (Mayo Clinic, Rochester), William Jagust (UC Berkeley), John Q. 

Trojanowki (U Pennsylvania), Arthur W. Toga (USC), Laurel Beckett (UC Davis), Robert C. Green 

(Brigham and Women’s Hospital / Harvard Medical School), Andrew J. Saykin (Indiana University), 

John Morris (Washington University St. Louis), Leslie M. Shaw (University of Pennsylvania); ADNI 

External Advisory Board (ESAB): Zaven Khachaturian (Prevent Alzheimer’s Disease 2020), Greg 

Sorensen (Siemens), Maria Carrillo (Alzheimer’s Association), Lew Kuller (University of Pittsburgh), 

Marc Raichle (Washington University St. Louis), Steven Paul (Cornell University), Peter Davies 

(Albert Einstein College of Medicine of Yeshiva University), Howard Fillit (AD Drug Discovery 

Foundation), Franz Hefti (Acumen Pharmaceuticals), Davie Holtzman (Washington University St. 

Louis), M. Marcel Mesulman (Northwestern University), William Potter (National Institute of 

Mental Health), Peter Snyder (Brown University); ADNI 2 Private Partner Scientific Board 

(PPSB) Chair: Adam Schwartz (Eli Lilly); Data and Publication Committee (DPC): Robert C. 

Green (Brigham and Women’s Hospital/Harvard Medical School (Chair)); Resource Allocation 

Review Committee: Tom Montine (University of Washington (Chair)); Clinical Core Leaders: 

Ronald Petersen (Mayo Clinic, Rochester), Paul Aisen (UC San Diego); Clinical Informatics and 

Operations: Ronald G. Thomas (UC San Diego), Michael Donohue (UC San Diego), Sarah Walter (UC 

San Diego), Devon Gessert (UC San Diego), Tamie Sather (UC San Diego), Gus Jiminez (UC San 

Diego); Biostatistics Core Leaders and Key Personnel: Laurel Beckett (UC Davis), Danielle 

Harvey (UC Davis), Michael Donohue (UC San Diego); MRI Core Leaders and Key Personnel: 

Clifford R. Jack, Jr. (Mayo Clinic, Rochester), Matthew Bernstein (Mayo Clinic, Rochester), Nick Fox 

(University of London), Paul Thompson (Keck School of Medicine of USC), Norbert Schuff (UCSF), 

Charles DeCarli (UC Davis), Bret Borowski (Mayo Clinic), Jeff Gunter (Mayo Clinic), Matt Senjem 

(Mayo Clinic), Prashanthi Vemuri (Mayo Clinic), David Jones (Mayo Clinic), Kejal Kantarci (Mayo 

Clinic), Chad Ward (Mayo Clinic); PET Core Leaders and Key Personnel: William Jagust (UC 

http://adni.loni.usc.edu/wp-content/uploads/how_to_apply/ADNI_Acknowledgement_List.pdf
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Berkeley), Robert A. Koeppe (University of Michigan), Norm Foster (University of Utah), Eric M. 

Reiman (Banner Alzheimer’s Institute), Kewei Chen (Banner Alzheimer’s Institute), Chet Mathis 

(University of Pittsburgh), Susan Landau (UC Berkeley); Neuropathology Core Leaders: John 

Morris (Washington University St. Louis), Nigel J. Cairns (Washington University St. Louis), Erin 

Householder (Washington University St. Louis), Lisa Taylor-Reinwald (Washington University St. 

Louis); Biomarkers Core Leaders and Key Personnel: J.Q. Trojanowki (UPenn School of 

Medicine), Les Shaw (UPenn School of Medicine), Virginia M.Y. Lee (UPenn School of Medicine), 

Magdalena Korecka (UPenn School of Medicine), Michal Figurski (UPenn School of Medicine); 

Informatics Core Leaders and Key Personnel: Arthur W. Toga (USC), Karen Crawford (USC), 

Scott Neu (USC); Genetics Core Leaders and Key Personnel: Andrew J. Saykin (Indiana 

University), Tatiana M. Foroud (Indiana University), Steven Potkin (UC Irvine), Li Shen (Indiana 

University), Kelley Faber (Indiana University), Sungeun Kim (Indiana University), Kwangsik Nho 

(Indiana University); Initial Concept Planning & Development: Michael W. Weiner (UC San 

Francisco), Leon Thal (UC San Diego), Zaven Khachaturian (Prevent Alzheimer’s Disease 2020); 

Early Project Development: Zaven Khachaturian (Prevent Alzheimer’s Disease 2020), Richard 

Frank (General Electric), Peter J. Snyder (University of Connecticut), Michael W. Weiner (UC San 

Francisco), Leon Thal (UC San Diego), Neil Buckholtz (NIA), William Potter (NIMH), Steven Paul 

(Cornell University), Marilyn Albert (The Johns Hopkins University); NIA: John Hsiao (National 

Institute on Aging/National Institutes of Health). 

The full ADNI investigator lists includes: Oregon Health and Science University: Jeffrey Kaye, 

Joseph Quinn, Betty Lind, Raina Carter, Sara Dolen – Past Investigator; University of Southern 

California: Boris A. Gutman, Lon S. Schneider, Sonia Pawluczyk, Mauricio Beccera, Liberty Teodoro, 

Bryan M. Spann, DO – Past Investigator; University of California-San Diego: James Brewer, Helen 

Vanderswag, Adam Fleisher – Past Investigator; University of Michigan: Judith L. Heidebrink, 

Joanne L. Lord; Mayo Clinic, Rochester: Ronald Petersen, Sara S. Mason, Colleen S. Albers, David 

Knopman, Kris Johnson – Past Investigator; Baylor College of Medicine: Rachelle S. Doody, Javier 

Villanueva-Meyer, Munir Chowdhury, Susan Rountree, Mimi Dang; Columbia University Medical 

Center: Yaakov Stern, Lawrence S. Honig, Karen L. Bell; Washington University, St. Louis: Beau 

Ances, John C. Morris, Maria Carroll, Sue Leon, Erin Householder, Mark A. Mintun – Past 

Investigator, Stacy Schneider – Past Investigator, Angela Oliver – Past Investigator; University of 

Alabama - Birmingham: Daniel Marson, Randall Griffith, David Clark, David Geldmacher, John 

Brockington, Erik Roberson; Mount Sinai School of Medicine: Hillel Grossman, Effie Mitsis; Rush 

University Medical Center: Leyla deToledo-Morrell, Raj C. Shah; Wien Center: Ranjan Duara, 
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Daniel Varon, Maria T. Greig, Peggy Roberts– Past Investigator; Johns Hopkins University: Marilyn 

Albert, Chiadi Onyike, Daniel D’Agostino II, Stephanie Kielb – Past Investigator; New York 

University: James E. Galvin, Dana M. Pogorelec, Brittany Cerbone, Christina A. Michel, Henry 

Rusinek – Past Investigator, Mony J de Leon – Past Investigator, Lidia Glodzik – Past Investigator, 

Susan De Santi – Past Investigator; Duke University Medical Center: P. Murali Doraiswamy, 

Jeffrey R. Petrella, Terence Z. Wong; University of Pennsylvania: Steven E. Arnold, Jason H. 

Karlawish, David Wolk; University of Kentucky: Charles D. Smith, Greg Jicha, Peter Hardy, Partha 

Sinha, Elizabeth Oates, Gary Conrad; University of Pittsburgh: Oscar L. Lopez, MaryAnn Oakley, 

Donna M. Simpson; University of Rochester Medical Center: Anton P. Porsteinsson, Bonnie S. 

Goldstein, Kim Martin, Kelly M. Makino – Past Investigator, M. Saleem Ismail  – Past Investigator, 

Connie Brand – Past Investigator; University of California, Irvine: Ruth A. Mulnard, Gaby Thai, 

Catherine Mc-Adams-Ortiz; University of Texas Southwestern Medical School: Kyle Womack, 

Dana Mathews, Mary Quiceno, Ramon Diaz-Arrastia – Past Investigator, Richard King – Past 

Investigator, Myron Weiner – Past Investigator, Kristen Martin-Cook – Past Investigator, Michael 

DeVous – Past Investigator; Emory University: Allan I. Levey, James J. Lah, Janet S. Cellar; 

University of Kansas, Medical Center: Jeffrey M. Burns, Heather S. Anderson, Russell H. 

Swerdlow; University of California, Los Angeles: Liana Apostolova, Kathleen Tingus, Ellen Woo, 

Daniel H.S. Silverman, Po H. Lu – Past Investigator, George Bartzokis – Past Investigator; Mayo 

Clinic, Jacksonville: Neill R Graff-Radford, Francine Parfitt, Tracy Kendall, Heather Johnson – Past 

Investigator; Indiana University: Martin R. Farlow, Ann Marie Hake, Brandy R. Matthews, Scott 

Herring, Cynthia Hunt; Yale University School of Medicine: Christopher H. van Dyck, Richard E. 

Carson, Martha G. MacAvoy; McGill Univ., Montreal-Jewish General Hospital: Howard Chertkow, 

Howard Bergman, Chris Hosein; Sunnybrook Health Sciences, Ontario: Sandra Black, Dr Bojana 

Stefanovic, Curtis Caldwell; U.B.C. Clinic for AD & Related Disorders: Ging-Yuek Robin Hsiung, 

Howard Feldman, Benita Mudge, Michele Assaly, – Past Investigator; Cognitive Neurology - St. 

Joseph's, Ontario: Andrew Kertesz, John Rogers, Dick Trost; Cleveland Clinic Lou Ruvo Center 

for Brain Health: Charles Bernick, Donna Munic; Northwestern University: Diana Kerwin, Marek-

Marsel Mesulam, Kristine Lipowski, Chuang-Kuo Wu – Past Investigator, Nancy Johnson  – Past 

Investigator; Premiere Research Inst (Palm Beach Neurology): Carl Sadowsky, Walter Martinez, 

Teresa Villena; Georgetown University Medical Center: Raymond Scott Turner, Kathleen 

Johnson, Brigid Reynolds; Brigham and Women's Hospital: Reisa A. Sperling, Keith A. Johnson, 

Gad Marshall, Meghan Frey – Past Investigator; Stanford University: Jerome Yesavage, Joy L. 

Taylor, Barton Lane, Allyson Rosen – Past Investigator, Jared Tinklenberg – Past Investigator; 
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Banner Sun Health Research Institute: Marwan N. Sabbagh, Christine M. BeldenSandra A. 

Jacobson, Sherye A. Sirrel; Boston University: Neil Kowall, Ronald Killiany, Andrew E. Budson, 

Alexander Norbash – Past Investigator, Patricia Lynn Johnson – Past Investigator; Howard 

University: Thomas O. Obisesan, Saba Wolday, Joanne Allard; Case Western Reserve University: 

Alan Lerner, Paula Ogrocki, Leon Hudson – Past Investigator; University of California, Davis – 

Sacramento: Evan Fletcher, Owen Carmichael, John Olichney, Charles DeCarli – Past Investigator; 

Neurological Care of CNY: Smita Kittur; Parkwood Hospital: Michael Borrie, T-Y Lee, Dr Rob 

Bartha; University of Wisconsin: Sterling Johnson, Sanjay Asthana, Cynthia M. Carlsson; 

University of California, Irvine - BIC: Steven G. Potkin, Adrian Preda, Dana Nguyen; Banner 

Alzheimer's Institute: Pierre Tariot, Adam Fleisher, Stephanie Reeder; Dent Neurologic 

Institute: Vernice Bates, Horacio Capote, Michelle Rainka; Ohio State University: Douglas W. 

Scharre, Maria Kataki, Anahita Adeli; Albany Medical College: Earl A. Zimmerman, Dzintra 

Celmins, Alice D. Brown; Hartford Hospital, Olin Neuropsychiatry Research Center: Godfrey D. 

Pearlson, Karen Blank, Karen Anderson; Dartmouth-Hitchcock Medical Center: Robert B. Santulli, 

Tamar J. Kitzmiller, Eben S. Schwartz – Past Investigator; Wake Forest University Health 

Sciences: Kaycee M. Sink, Jeff D. Williamson, Pradeep Garg, Franklin Watkins – Past Investigator; 

Rhode Island Hospital: Brian R. Ott, Henry Querfurth, Geoffrey Tremont; Butler Hospital: 

Stephen Salloway, Paul Malloy, Stephen Correia; UC San Francisco: Howard J. Rosen, Bruce L. 

Miller; Medical University South Carolina: Jacobo Mintzer, Kenneth Spicer, David Bachman; St. 

Joseph’s Health Care: Elizabether Finger, Stephen Pasternak, Irina Rachinsky, John Rogers, 

Andrew Kertesz – Past Investigator, Dick Drost – Past Investigator; Nathan Kline Institute: Nunzio 

Pomara, Raymundo Hernando, Antero Sarrael; University of Iowa College of Medicine: Susan K. 

Schultz, Laura L. Boles Ponto, Hyungsub Shim, Karen Elizabeth Smith; Cornell University: Norman 

Relkin, Gloria Chaing, Lisa Raudin; University of South Florida: USF Health Byrd Alzheimer’s 

Institute: Amanda Smith, Kristin Fargher, Balebail Ashok Raj. 

Age, Gene/Environment Susceptibility-Reykjavik Study (AGES): This study has been funded by 

NIH contract N01-AG-1-2100, the NIA Intramural Research Program, Hjartavernd (the Icelandic 

Heart Association), and the Althingi (the Icelandic Parliament). The study is approved by the 

Icelandic National Bioethics Committee, VSN: 00–063. The researchers are indebted to the 

participants for their willingness to participate in the study.  

Avon Longitudinal Study of Parents and Children (ALSPAC): GWAS data was generated by 

Sample Logistics and Genotyping Facilities at Wellcome Sanger Institute and LabCorp (Laboratory 

Corporation of America) using support from 23andMe. The UK Medical Research Council and 
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Wellcome (Grant ref: 102215/2/13/2) and the University of Bristol provide core support for 

ALSPAC. We are extremely grateful to all the families who took part in this study, the midwives for 

their help in recruiting them, and the whole ALSPAC team, which includes interviewers, computer 

and laboratory technicians, clerical workers, research scientists, volunteers, managers, 

receptionists and nurses. This study was supported by grants from the National Institutes of Health: 

R01MH085772 (Axon, Testosterone and Mental Health during Adolescence; Dr T Paus). 

AddNeuroMed (ANM): AddNeuroMed was funded through the EU FP6 programme. HS: Academy 

of Finland, Research Council for Health, 258081, UEFBrain, University of Eastern Finland, VTR 

funding Kuopio University Hospital. 

Atherosclerosis Risk in Communities (ARIC) Study: The Atherosclerosis Risk in Communities 

study was performed as a collaborative study supported by National Heart, Lung, and Blood 

Institute (NHLBI) contracts (HHSN268201100005C, HSN268201100006C, HSN268201100007C, 

HHSN268201100008C, HHSN268201100009C, HHSN268201100010C, HHSN268201100011C, and 

HHSN268201100012C), R01HL70825, R01HL087641, R01HL59367, and R01HL086694; National 

Human Genome Research Institute contract U01HG004402; and National Institutes of Health (NIH) 

contract HHSN268200625226C. Infrastructure was partly supported by grant No. UL1RR025005, a 

component of the NIH and NIH Roadmap for Medical Research. This project was partially supported 

by National Institutes of Health R01 grants HL084099 and NS087541 to MF. 

Austrian Stroke Prevention Study Family (ASPS-Fam): The authors thank the staff and the 

participants for their valuable contributions. We thank Birgit Reinhart for her long-term 

administrative commitment, Elfi Hofer for the technical assistance at creating the DNA bank, Ing. 

Johann Semmler and Anita Harb for DNA sequencing and DNA analyses by TaqMan assays and 

Irmgard Poelzl for supervising the quality management processes after ISO9001 at the 

biobankingand DNA analyses. The research reported in this article was funded by the Austrian 

Science Fund (FWF) grant number P20545-P05, P13180, PI904 the Austrian National Bank 

Anniversary Fund, P15435, the Austrain Federal Ministry of Science, Research and Economy  under 

the aegis of the EU Joint Programme-Neurodegenerative Disease Research (JPND)-www.jpnd.eu 

and by the Austrian Science Fund P20545-B05. The Medical University of Graz supports the 

databank of the ASPS. 

BETULA: This sample collection was supported by a Wallenberg Scholar grant from the Knut and 

Alice Wallenberg (KAW) foundation and a grant from Torsten and Ragnar Söderbergs Foundation 

to Lars Nyberg. Stephanie le Hellard was supported by a grant from HelseVest RHF (Grant 911554). 
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Bipolar Family Study: The Bipolar Family Study wishes to thank the Scottish Mental Health 

Research Network for research assistant support, the Brain Research Imaging Centre Edinburgh, a 

center in the Scottish Funding Council Scottish Imaging Network–A Platform for Scientific 

Excellence (SINAPSE) Collaboration, for image acquisition and the Wellcome Trust Clinical 

Research Facility for genotyping. Genotyping was supported by the National Alliance for Research 

on Schizophrenia and Depression (NARSAD) Independent Investigator Award (to A.M.M.), and data 

collection was supported by the Health Foundation Clinician Scientist Fellowship. The research 

leading to these results also receives funding from the European Community‘s Seventh Framework 

Programme (FP7/2007– 2013) under grant agreements #602450 (IMAGEMEND) and ongoing 

support from the Wellcome Trust (Ref 104036/Z/14/Z). 

Brain Imaging Genetics (BIG): This work makes use of the BIG database, first established in 

Nijmegen, The Netherlands, in 2007. This resource is now part of Cognomics (www.cognomics.nl), a 

joint initiative by researchers of the Donders Centre for Cognitive Neuroimaging, the Human 

Genetics and Cognitive Neuroscience departments of the Radboud university medical centre and 

the Max Planck Institute for Psycholinguistics in Nijmegen. The Board of the Cognomics Initiative 

consists of Barbara Franke, Simon Fisher, Guillen Fernandez, Peter Hagoort, Han Brunner, Jan 

Buitelaar, Hans van Bokhoven and David Norris. The Cognomics Initiative has received supported 

from the participating departments and centres and from external grants, i.e. the Biobanking and 

Biomolecular Resources Research Infrastructure (Netherlands) (BBMRI-NL), the Hersenstichting 

Nederland, and the Netherlands Organisation for Scientific Research (NWO). The research leading 

to these results also receives funding from the NWO Gravitation grant ‘Language in Interaction’, the 

European Community‘s Seventh Framework Programme (FP7/2007– 2013) under grant 

agreements n° 602450 (IMAGEMEND), n° 278948 (TACTICS), and n°602805 (Aggressotype) as well 

as from the European Community‘s Horizon 2020 programme under grant agreement n° 643051 

(MiND) and from ERC-2010-AdG 268800-NEUROSCHEMA. In addition, the work was supported by 

a grant for the ENIGMA Consortium (grant number U54 EB020403) from the BD2K Initiative of a 

cross-NIH partnership. We wish to thank all persons who kindly participated in the BIG research. 

Brainscale and NTR-Adults: We would like to thank all twin participants from the Netherlands 

Twin Register. The NTR-adult and Brainscale studies were supported by the Netherlands 

Organization for Scientific Research NWO [MW904-61-193 (E.d.G & D.B), MaGW-nr: 400-07-080 (D. 

v‘t E.), MagW 480-04-004 (D.B), (51.02.060 (H.H.), 668.772 (D.B. & H.H.); NWO/SPI 56-464-14192 

(D.B.), the European Research Council (ERC-230374) (D.B.), High Potential Grant Utrecht University 
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(H.H.), NWO Brain and Cognition 433-09-220 (H.H.) and the Neuroscience Campus Amsterdam 

(NCA). 

Cardiovascular Health Study (CHS): This CHS research was supported by NHLBI contracts 

HHSN268201200036C, HHSN268200800007C, N01HC55222, N01HC85079, N01HC85080, 

N01HC85081, N01HC85082, N01HC85083, N01HC85086; and NHLBI grants U01HL080295, 

R01HL087652, R01HL105756, R01HL103612, R01HL120393, and R01HL130114 with additional 

contribution from the National Institute of Neurological Disorders and Stroke (NINDS). Additional 

support was provided through R01AG023629, R01AG15928, and R01AG033193 from the National 

Institute on Aging (NIA). A full list of principal CHS investigators and institutions can be found at 

CHS-NHLBI.org. The provision of genotyping data was supported in part by the National Center for 

Advancing Translational Sciences, CTSI grant UL1TR001881, and the National Institute of Diabetes 

and Digestive and Kidney Disease Diabetes Research Center (DRC) grant DK063491 to the 

Southern California Diabetes Endocrinology Research Center. The content is solely the 

responsibility of the authors and does not necessarily represent the official views of the National 

Institutes of Health. 

Epidemiology of Dementia in Singapore (EDIS): The Singapore Malay Eye Study (SiMES) and the 

Singapore Chinese Eye. Study (SCES) are funded by National Medical Research Council (grants 

0796/2003, IRG07nov013, IRG09nov014, STaR/0003/2008 and CG/SERI/2010) and Biomedical 

Research Council (grants 09/1/35/19/616), Singapore. The Genome Institute of Singapore, Agency 

for Science, Technology and Research, Singapore provided services for genotyping. The 

Epidemiology of Dementia in Singapore study is supported by the National Medical Research 

Council, Singapore (NMRC/CG/NUHS/2010 [Grant no: R-184-006-184-511]). Dr. M.K. Ikram 

received additional funding from the Singapore Ministry of Health's National Medical Research 

Council (NMRC/CSA/038/2013). 

EPIGEN: Work from the London Cohort was supported by research grants from the Wellcome 

Trust (grant 084730 to S.M.S.), University College London (UCL)/University College London 

Hospitals 

(UCLH) NIHR Biomedical Research Centre/Specialist Biomedical Research Centres (CBRC/SBRC) 

(grant 114 to S.M.S.), the European Union Marie Curie Reintegration (to M. Matarin and S.M.S.), the 

UK NIHR (08-08-SCC), the Comprehensive Local Research Network (CLRN) Flexibility and 

Sustainability Funding (FSF) (grant CEL1300 to S.M.S.), The Big Lottery Fund, the Wolfson Trust 

and the Epilepsy Society. This work was undertaken at UCLH/UCL, which received a proportion of 

funding from the UK Department of Health’s NIHR Biomedical Research Centres funding scheme. 

Work from the Royal College of Surgeons in Ireland was supported by research grants from the 
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Science Foundation Ireland (Research Frontiers Programme award 08/RFP/GEN1538) and 

Brainwave–the Irish Epilepsy Association. M. Matarin is funded by Epilepsy Research UK (grant 

F1206). 

Erasmus Rucphen family study (ERF): The ERF study as a part of EUROSPAN (European Special 

Populations Research Network) was supported by European Commission FP6 STRP grant number 

018947 (LSHG-CT-2006-01947) and also received funding from the European Community's 

Seventh Framework Programme (FP7/2007-2013)/grant agreement HEALTH-F4-2007-201413 by 

the European Commission under the programme "Quality of Life and Management of the Living 

Resources" of 5th Framework Programme (no. QLG2-CT-2002-01254). High-throughput analysis of 

the ERF data was supported by a joint grant from the Netherlands Organization for Scientific 

Research and the Russian Foundation for Basic Research (NWO-RFBR 047.017.043). Najaf Amin is 

supported by the Netherlands Brain Foundation (project number F2013(1)-28). We are grateful to 

all study participants and their relatives, general practitioners and neurologists for their 

contributions and to P. Veraart for her help in genealogy, J. Vergeer for the supervision of the 

laboratory work and P. Snijders for his help in data collection. 

Framingham Heart Study (FHS): This work was supported by the National Heart, Lung and Blood 

Institute's Framingham Heart Study (Contract No. N01-HC-25195 and No. HHSN268201500001I) 

and its contract with Affymetrix, Inc. for genotyping services (Contract No. N02-HL-6-4278). A 

portion of this research utilized the Linux Cluster for Genetic Analysis (LinGA-II) funded by the 

Robert Dawson Evans Endowment of the Department of Medicine at Boston University School of 

Medicine and Boston Medical Center. This study was also supported by grants from the National 

Institute of Aging (R01s AG033040, AG033193, AG054076, AG049607, AG008122, AG016495; and 

U01-AG049505) and the National Institute of Neurological Disorders and Stroke (R01-NS017950). 

We would like to thank the dedication of the Framingham Study participants, as well as the 

Framingham Study team, especially investigators and staff from the Neurology group, for their 

contributions to data collection. Dr. DeCarli is supported by the Alzheimer’s Disease Center (P30 AG 

010129). The views expressed in this manuscript are those of the authors and do not necessarily 

represent the views of the National Heart, Lung, and Blood Institute; the National Institutes of 

Health; or the U.S. Department of Health and Human Services.  

Genetic Study of Atherosclerosis Risk (GeneSTAR): is supported by grants from the National 

Institutes of Health National Institute of Neurological Disorders and Stroke (R01NS062059), the 

National Institutes of Health National Heart, Lung, and Blood Institute (U01 HL72518, HL087698) 
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and the National Institutes of Health/National Center for Research Resources (M01-RR000052) to 

the Johns Hopkins General Clinical Research Center. We would like to thank the participants and 

families of GeneSTAR and our dedicated staff for all their sacrifices. 

Genomic Imaging Göttingen (GIG): The GIG sample was established at the Center for 

Translational Research in Systems Neuroscience and Psychiatry at Göttingen University. We thank 

Maria Keil, Esther Diekhof, Tobias Melcher and Ilona Henseler for assistance in MRI data 

acquisition, and Elisabeth Binder and Holger Mohr for their valuable help with genotyping. We are 

grateful to all persons who kindly participated in the GIG study. 

Brain Genomics Superstruct Project (GSP): Data were provided [in part] by the Brain Genomics 

Superstruct Project of Harvard University and the Massachusetts General Hospital, with support 

from the Center for Brain Science Neuroinformatics Research Group, the Athinoula A. Martinos 

Center for Biomedical Imaging, and the Center for Human Genetic Research. 20 individual 

investigators at Harvard and MGH generously contributed data to GSP. P.H.L is supported by NIH 

K99/R00-MH101367. JWS is supported in part by NIMH K24MH094614 and as a Tepper Family 

MGH Research Scholar. 

HUBIN: This study was financed by the Swedish Research Council (K2007-62X-15077-04-1, K2008-

62P-20597-01-3. K2010-62X-15078-07-2, K2012-61X-15078-09-3), the regional agreement on 

medical training and clinical research between Stockholm County Council and the Karolinska 

Institutet, the Knut and Alice Wallenberg Foundation, and the HUBIN project. Genotyping was 

performed by the SNP&SEQ Technology Platform in Uppsala. The platform is part of Science for Life 

Laboratory at Uppsala University and supported as a national infrastructure by the Swedish 

Research Council. 

HUNT: The HUNT Study is a collaboration between HUNT Research Centre (Faculty of Medicine, 

Norwegian University of Science and Technology), Nord-Trøndelag County Council, Central Norway 

Health Authority, and the Norwegian Institute of Public Health. HUNT-MRI was funded by the 

Liaison Committee between the Central Norway Regional Health Authority and the Norwegian 

University of Science and Technology, and the Norwegian National Advisory Unit for functional 

MRI. 

IMAGEN: IMAGEN was supported by the European Union-funded FP6 Integrated Project IMAGEN 

(Reinforcement- related behaviour in normal brain function and psychopathology) (LSHM-CT- 

2007-037286), the FP7 projects IMAGEMEND (602450) and MATRICS (603016), and the 
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Innovative Medicine Initiative Project EU-AIMS (115300-2), the Medical Research Council 

Programme Grant “Developmental pathways into adolescent substance abuse” (93558), as well as 

the NIHR-biomedical Research Center "Mental Health". Further support was provided by the 

Swedish Research Council FORMAS, the German Federal Ministry for Education and Research 

BMBF (eMED SysAlc 01ZX1311A; Forschungsnetz AERIAL; 1EV0711), the National Institutes of 

Health, U.S.A. (Axon, Testosterone and Mental Health during Adolescence; MH085772-01A1), 

Eranet – Neuron grant (AF12-NEUR0008-01 - WM2NA), MILDECA, Fondation pour la Recherche 

Médicale, and IDEX Paris - Saclay. 

International Multicentre persistent ADHD CollaboraTion (IMpACT-NL): This study was 
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