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Materials and Methods

1. Conceptual design GWA study

The GWA study consisted of three parts: the discovery stage, the replication stage, and the combined stage. As
predefined in the analysis plan, SNPs with p-values < 10 in the discovery stage were eligible for bringing
forward to the replication stage. The study cohorts (Table S1) in the discovery stage were recruited from
February 2011 — June 2011, and the GWA summary results were uploaded before the end of July 2011. The
replication cohorts were recruited from November 2011 — April 2012, and the results were uploaded before the
end of May 2012. The combined-stage analysis used results from both the discovery and replication stages. All
participants provided written informed consent, and the studies were performed in accordance with the
respective Local Research Ethics Committees or Institutional Review Boards. The descriptive statistics and

study designs are provided in Table S1.

a. Phenotype
Two measures of Educational Attainment (EA) were defined in accordance with the 1997 International Standard
Classification of Education (ISCED) of the United Nations Educational, Scientific and Cultural Organization
(UNESCO). This classification transforms each country-specific educational system into seven internationally
comparable categories of EA (74). In each study, EA of the subjects was first transformed into the appropriate
ISCED level of the country. Thereafter the equivalent to US years of schooling was imputed, as described in
Table S2. In some countries the measures did not differentiate between levels 5 and 6. In these cases everyone
with a tertiary education was coded as ISCED 5, and 20 years of schooling was imputed instead of 19. The
resulting continuous measure of EA as US-schooling-year equivalents is abbreviated as EduYears throughout

the manuscript.

We also analyzed the binary outcome, College, which differentiates between individuals who hold a tertiary
degree and those who do not. This binary variable was imputed taking the value 1 if the individual had
completed a college degree (ISCED level 5 or above of the ISCED classification), and 0 if the individual had
not completed a college degree (ISCED level 4 or below).

EduYears may provide more information about individual differences within a country, but College may be
more comparable across countries. Nonetheless, the point biserial correlation between the two measures is
relatively high, e.g., 0.82 (in the STR sample), 0.74 (RS-I), 0.88 (RS-II) and 0.91 (RS-III). Note, however, that
the EduYears analysis focuses on the effects at the mean of the phenotype distribution, whereas the College

analysis focuses on differences between the upper tail of the phenotype distribution and the remaining values.

The study-specific phenotype measurements and distributions are summarized in Table S3. All studies used a
self-report of educational attainment, except STR. In STR, official register-based results for educational
attainment were available. The descriptive statistics for the basic study-specific age and birth years are provided

in Table S4.

The combined discovery sample comprises 101,069 individuals for EduYears and 95,427 individuals for

College. Analyses were performed at the cohort level according to a pre-specified analysis plan, which restricted



the sample to Caucasians (to help reduce stratification concerns). Educational attainment was measured after
subjects were very likely to have completed their education (over 95% of the sample was aged at least 30).
While there are three exceptions to the age cut-off of 30 years, none of them are driving the results. The
ALSPAC cohort includes 3,998 women aged < 30 years in the discovery meta-analysis. There were two reasons
to deviate from the age-inclusion threshold for this cohort. First, because ALSPAC is a pregnancy cohort
recruited in the early 1990s, few participants are likely to have obtained additional education following the peri-
delivery questionnaire. Second, both for EduYears and College, the data collected after delivery are highly
predictive of that collected at the latest time point available. A detailed description of the ALSPAC cohort can
be found under Cohort Specific Acknowledgements below. In GENOA, 8 women between aged 25-30 years and
3 men aged of 26-30 were included in the analyses, since GENOA is a study of sibships. In ORCADES 27

people aged < 30 years (19 females and 8 males) were included in the analysis, with an average age of 28.2.

b. Genotyping
All cohorts were genotyped using commercially available Illumina (Illumina, Inc., San Diego, CA, USA),
Affymetrix (Affymetrix, Inc., Santa Clara, CA, USA), or Perlegen (Perlegen Sciences, Inc. Mountain View, CA,
USA) genotyping arrays. The quality controls were performed independently for each study. Each study
imputed genotype data to HapMap 2 CEU (122.b36) references using Beagle (23), BIMBAM (24), IMPUTE
(25), MaCH (26) or PLINK (27). The study-specific details are provided in Table S5.

c. Analysis
For the EduYears (respectively, College) analysis, each study provided sex-stratified summary results of the
ordinary least squares (logistic) regression of EduYears (College) on the imputed SNPs, the first four principal
components of the Identity-by-State (IBS) matrix (to control for subtle population stratification), and [(birth year
— 1900)/10], [(birth year — 1900)/10]* and [(birth year — 1900)/10]° (to control for age). In addition,
appropriately-defined dummy variables were included when the educational attainment of some subjects was
affected by significant country-specific events, such as World War II, the Vietnam War in the US, or changes in
the educational system (Table S5). The family studies also provided GWAS results for males and females
pooled, including as additional covariates in their analyses: sex and three interaction terms between sex and

[(birth year — 1900)/10], [(birth year — 1900)/10]* and [(birth year — 1900)/107’.

d. Simulation study of Type | error rate
We performed two simulation experiments to determine whether the skewed, pseudo-continuous distribution of
EduYears might inflate Type-I errors in the ordinary least squares (OLS) regression. See Figure S1 for a typical
example of the distribution of EduYears using the data of one of the largest contributing cohorts, the Rotterdam

Study 1.

In the first simulation experiment we simulated a common (MAF = 0.331) and a rare (MAF = 0.026) SNP for
1,000 individuals using PLINK(27). In each simulation run we generated a phenotype distribution from a
multinomial distribution, with probabilities for each category equal to those in RS-I (Figure S1). We performed
OLS using PLINK, and we stored the p-values of the two regression coefficients. We repeated these calculations
100,000 times and plotted the p-values in histograms. Assuming a significance level of 5%, we expected to

obtain 5,000 (5%x100,000) p-values smaller than 0.05, as there was no association between the genotype and



phenotype due to the random data-generation process. Furthermore, we expected a uniform distribution of the p-
values. For both the common and rare SNP, the number of regression coefficients with a p-value smaller than
0.05 was close to 5,000—5,132 and 4,922, respectively—and the p-values appear nearly uniformly distributed
(Figure S2A and S2B).

Potential problems with the inflated Type-I error rate might be amplified in the tails of the distribution, however,
due to linkage disequilibrium. These effects were not captured in experiment 1. Therefore, we performed a
second simulation experiment using the observed (imputed) genotype data from the Rotterdam Study I. For each
of five simulation runs, we permuted the phenotype values of the individuals in the sample and performed a full
GWAS on the data. Because the null hypothesis is true in the simulation runs, the expected p-values follow a

uniform distribution.

We obtained approximately 5%2.5 million = 12.5 million p-values and plotted the results in a Quantile-Quantile-
plot (Figure S2C). No genome-wide significant associations (p < 5x10™) were observed, and there was no

excess of p-values in the tail of the distribution.

From the two simulation studies, we concluded that the gaps and the skewness in the phenotype distribution did

not inflate the Type I error rate in this study.

e. Quality control and meta-analysis
Each results file going into the meta-analysis contained the following information: SNP ID, coded allele (allele
to which regression coefficient refers), non-coded allele, strand, beta (regression coefficient), standard error, p-
value, allele frequency for the coded allele, N (sample size) and information (imputation quality score). The
SNPs with a Minor Allele Frequency (MAF) < 1% and an imputation quality score < 40% were excluded. For
some files, these quality-control filters were slightly adjusted to more stringent levels (Table S5). Summary file-
specific Quantile-Quantile plots were visually inspected. After quality control the genomic control (GC)
inflation factor A (28) was calculated for each summary file (Table S5). The meta-analysis was performed using
METAL (29), with sample-size weighting and single GC. All studies provided GWA summary results for sex-

specific analyses, and we also performed sex-specific meta-analyses.

To calculate standardized regression coefficients from the METAL output, we used the formula
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for SNP j with minor allele frequency MAF}, sample size N;, METAL z-statistic z;, and standard deviation of the

phenotype & y (equal to 1 for EduYears after standardizing the phenotype, and equal to p,-(1-p) for

College, where pj; is the proportion of cases in the sample (given in Table S3)). This formula is an approximation

for N; large and SNP j in Hardy-Weinberg equilibrium. To derive it, substitute the estimated standard error
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into the definition of the z-statistic z;= ,éj /SE( ﬁj) . Squaring and solving for ﬁ‘/_z yields
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Assuming Hardy-Weinberg equilibrium,
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Using the definition of the z-statistic,
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almost surely because the term in brackets converges to a constant (by the Central Limit Theorem). The formula
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follows from taking the square-root of the expression for ﬂA/Z .

Again assuming Hardy-Weinberg equilibrium, we approximate the explained variance R* for SNP Jjby
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For EduYears, to convert standardized regression coefficients to regression coefficients in units of years, we

multiply each standardized coefficient by the standard deviation of EduYears (given in Table S3). For College,

to generate the regression coefficient ﬂjc"”eg"

we divide each standardized coefficient by p; (1 -p; )
The odd ratio for SNP j for College is OR; = exp(ﬁfoj[ege).
We calculate the marginal effect of SNP j as
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To understand this formula, note that 1 J__ is the baseline odds that College is equal to 1, and hence
-p;

Pi_or,
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is the odds for an individual with one additional risk allele. Converting these odds to a probability, the

expression
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is the probability that College is equal to 1 for an individual with one additional risk allele. The marginal effect
is the difference between that probability and the baseline probability. Finally, for each SNP displayed in the
result tables, we used the SNP annotation database SCAN (30) to identify which gene it belongs to.

f. Discovery-stage genome-wide association meta-analysis

In the discovery stage, the GWA summary statistics were combined from 42 genome-wide association (GWA)
studies in a meta-analysis of 101,069 individuals (40,564 males and 60,505 females) for EduYears and of
95,427 individuals (38,307 males and 57,120 females) for College. In the EduYears analysis, 59.9% of the
individuals were female and 96.0% of the individuals were aged >30 years; see Table S4. In the College
analysis, 59.9% of the individuals were female and 95.8% of the individuals were aged >30; see Table S4).
After quality control, a total of 2,515,021 autosomal SNPs were meta-analyzed across 72 input files for
EduYears. For College 2,510,674 autosomal SNPs were meta-analyzed across 65 input files. Only SNPs with an
availability of >80% in the total sample were selected, resulting in 2,299,174 SNPs for EduYears and 2,309,290
SNPs for College. No additional genome-wide significant results emerged when the availability filter was not
applied. After single GC, the overall genomic control inflation factor 4 was 1.155 for EduYears and 1.154 for
College. The 1,999 genomic control inflation factors (37) were 1.002 and 1.005, respectively, for the number of
included individuals (32) (assuming that all study samples are controls for EduYears). The genomic control
inflation factors are relatively high but comparable to those in other large GWAS studies on complex traits; see,
for example, (15). SNPs with p-values < 10°® in the discovery stage were brought forward for further analysis in
the replication stage. Using the clumping command in PLINK (27), we selected SNPs with the strongest
independent signals. The HapMap 2 CEU genotypes were used as reference panel; the physical threshold for
clumping was 1000 kB, and the R? threshold for clumping was 0.01.

All study-specific GWAS results were quality controlled, crosschecked, and meta-analyzed using single

genomic control and a sample-size weighting scheme at three independent analysis centers.

g. Replication-stage genome-wide association meta-analysis
The replication stage included 12 studies, comprising 25,490 individuals (11,936 males and 13,554 females) for
both EduYears and College. A total of 53.2% of the individuals across studies were females, and 99.89% of the
individuals were aged >30 years, see Table S4. Cohorts in the replication stage provided summary GWA
statistics similar to those of the discovery-stage cohorts. The quality control procedures and meta-analysis

techniques were identical to those of the discovery stage. The results are reported in Table 1.

h. Combined-stage genome-wide association meta-analysis
We conducted an overall meta-analysis, combining data from the discovery and replication stages. The GWA
summary statistics were combined from all 54 (42 + 12) genome-wide association (GWA) studies of 126,559
individuals (52,500 males and 74,059 females) for EduYears and 120,917 individuals (50,243 males and 70,674
females) for College. In the EduYears analysis 58.5% of the individuals were female and 96.81% were aged >30
years; see Table S4. In the College analysis, 58.4% of the individuals were female and 96.66% were aged >30
years; see Table S4. Using the same quality control filters and meta-analysis techniques as in the discovery

stage, we obtained a total of 2,521,321 and 2,518,942 autosomal SNPs meta-analyzed across 98 and 91 input



files for EduYears and for College, respectively. Filtering 80% SNP availability generated 2,310,444 SNPs for
EduYears and 2,321,8963 SNPs for College. No additional genome-wide significant results were obtained when
the availability filter was not applied. After single GC, the overall genomic control inflation factor 4 (28) was
1.207 for EduYears and 1.206 for College. The 4,999 genomic control inflation factors (37) were 1.001 and 1.005,
respectively. All replicated SNPs obtained genome-wide significance in the combined meta-analysis (Table 1).
Using the clumping command in PLINK (27) (1000 kb, R* 0.01), we identified 4 and 3 genome-wide significant
loci for EduYears and College, respectively, in the combined meta-analysis (Table S6, S7). Three of these newly
genome-wide significant SNPs (rs1487441, rs11584700 and rs4851264) are in linkage disequilibrium with the
replicated SNPs. The remaining four are located in different loci and hence warrant further investigation:
1s7309, a 3’UTR variant in TANK; rs11687170, close to GBX2; rs1056667, a 3’UTR variant in BTN2A1; and
rs13401104 in LOC100128572. Future work should test these additional loci for replication.

QQ-plots of the meta-analysis results are provided in Figures S3 and S4. Manhattan plots summarizing the
meta-analyses are displayed in Figures S5 and S6. Forest plots for all genome-wide significant SNPs show that
the results are not driven by a few outlier cohorts or cohorts from a specific region (Figures S7-S15).
Furthermore, these plots show that the pooled results are not driven by only one of the sexes. The effects of the

identified SNPs are also broadly consistent across the two phenotype definitions (Tables S8-S9).

2. The heritability of educational attainment

Since (33), a number of studies have estimated the heritability of educational attainment by contrasting the
resemblance of monozygotic and dizygotic twins. Virtually without exception, these studies find that
monozygotic twins are appreciably more similar than dizygotic twins on years of educational attainment. Table
S10, constructed from the sources compiled by Amelia Branigan, Kenneth J. McCallum and Jeremy Freese (34),
lists findings from published studies of American, Western European and Australian samples of twins and the
heritability implied by the twin correlations under the assumptions of the standard ACE model. We omit

correlations obtained from unpublished sources.

a. Estimates from multiple sibling types
To explore the robustness of the twin-based heritability estimates to the inclusion of other types of siblings, we
gathered a large sample of Swedish brothers and data on their educational attainment and cognitive function.
This sample, which we refer to as the Brothers Sample and whose construction is described below, contains
seven different types of siblings: monozygotic twins (MZ), dizygotic twins (DZ), full siblings reared together
(FRT), full siblings reared apart (FRA), half siblings reared together (HRT), half siblings reared apart (HRA)
and adoptees (ADO). These correlations are previously unpublished and were part of the dissertation research of

one of the authors of this paper (35).

Statistics Sweden maintains a comprehensive database called the Multi-Generation Registry. The registry
includes all individuals born after 1931 who were also residents in Sweden at some point since 1961. For
individuals born in Sweden in the 1960s, the registry generally contains high-quality information about their
biological parents. The registry also records whether an individual was adopted. The structure of the registry

thus makes identification of various sibling types straightforward.



To construct the Brothers Sample, we used data from the Multi-Generation Registry to identify all Swedish
males born between 1950 and 1969, as well as their full brothers and half-brothers (regardless of birth year). We
classified brothers with the same biological parents as full siblings and brothers who share only one biological
parent as half-siblings. We next assigned to each pair of siblings a rearing status using the quinquennial census
data, which records whether or not two brothers are domiciled in the same household. Such census data are
available for 1960, 1965, 1970, 1975, 1980 and 1985. Brothers who resided in the same household in every
census where both were 18 years of age or younger are classified as reared together. We refer to brothers who

share neither biological parent but lived in the same household in every census as adoptees.

We removed brothers born in the same year from the sample (since an overwhelming majority of these
individuals are twins whose zygosity we are unable to infer from the administrative records). Brothers who
never resided in the same household were classified as reared apart. We discarded ambiguous cases; that is,
siblings who were domiciled in the same household in some censuses but not others. The final sample of non-
twin brothers was restricted to brother pairs where both were born between 1950 and 1970. With the exception
of the adoptees, we also restrict the final sample to siblings who are at most five years apart in age. We then
supplemented these data with a sample of twins with known zygosity, also born between 1950 and 1970, using
data from the Swedish Twin Registry. The Swedish Twin Registry’s data contains information on Swedish twin

births since 1886 and onward, and it has been described in detail elsewhere (36).

Creating all possible pairings of relatives from this sample produces: 1,409 pairs of monozygotic twins, 1,922
pairs of dizygotic twins, 206,518 pairs of full siblings reared together, 1,362 pairs of full siblings reared apart,
6,445 pairs of half-siblings reared together, 14,713 pairs of half-siblings reared apart and 858 pairs of adoptees.
There are a total of 207,738 pairs with complete data on educational attainment and 154,951 pairs with complete
data on cognitive function. The smaller number of pairs with complete data on cognitive function may give the
impression that missing data is potentially a serious problem. However, the main reason for the smaller sample
is that the conscription records have only been digitized for men born after 1951. Therefore, sibling pairs where
one sibling is born before 1951 will be incomplete. For most birth years, over 95% of the men in the Brothers
Sample are successfully matched to the conscription records. See (35) for a more detailed analysis of the

sample.

We matched the Brothers Sample to administrative records with information about educational attainment and
cognitive function. To measure years of education, we use data drawn from Statistics Sweden’s administrative
records. To measure cognitive function, we use data from the National Service Administration (which maintains
the military conscription records). During the period that we study, Swedish men were required by law to
participate in military conscription and underwent a comprehensive drafting procedure that involved taking a
battery of mental tests. Cognitive function is measured using data from the Swedish Enlistment Battery (17), a

test similar to the U.S. Armed Forces Qualifying Test.

Table S11 reports cross-sibling pairwise correlations of educational attainment and cognitive function of the
siblings in our sample. The diagonal entries represent the cross-sibling correlation for a particular trait, whereas
the off-diagonal entries represent the cross-trait correlations between siblings. Siblings reared together always
exhibit greater similarity than siblings reared apart, suggesting that differences in common environmental

factors account for a substantial portion of variance across individuals. Consistent with a broad consensus in



behavior genetics (37), the sibling correlations also suggest that genetic factors account for a larger fraction of

variance than common environmental factors.

Finally, we use our data to estimate three highly stylized behavior-genetic models. Model 1 is simply the
conventional ACE model. Models 2 and 3 make use of the additional moment conditions described below, to
identify richer models which relax some of the restrictions of the ACE model. The three models are estimated

by nonlinear least squares by solving
R N o
O = argmin Zl[(yilyﬂ)_ fi (®)] ’
i

where i indexes the pair of brothers and f; (G)) is a moment condition that varies by sibling type. The variables

are standardized so that they have mean zero and standard deviation one. In the baseline regressions, standard

errors are clustered at the level of 1970 household.

The moment conditions for Model 1 are as follows: A*+c¢* for MZ pairs, %hz +¢? for DZ pairs and full

siblings reared together, %hz for full siblings reared apart, %hz +¢? for half siblings reared together, %hz for

half siblings reared apart, and ¢ for adoptees reared together. The ACE estimates for educational attainment (N

= 216,091) are W2 =0.552 (s.e. 0.027) and 2 =0.164 (s.e. 0.014). The estimates are shown graphically in

Figure S16. Despite its strong assumptions, a simple ACE model appears to fit the data surprisingly well.

Model 2 relaxes the assumptions of the ACE model in two ways. First, the degrees of genetic relatedness of full

siblings ( prg) and half-siblings ( pyg ) are estimated rather than fixed at 0.5 and 0.25 respectively. Second,

the model estimates separate ¢ coefficients for non-twin siblings who were reared together and twin siblings.

Formally, we denote the amount of shared environmental variation in twins ¢ and then estimate the fraction of
variation (1) that is shared by non-twin siblings. The moment conditions are: h*+ c% for MZ pairs,
,oFSh2 + c% for DZ pairs and full siblings reared together, ,oFSh2 for full siblings reared apart, pHsh2 + /Ic% for

half siblings reared together, PHsh2 for half siblings reared apart, and ﬂ,c% for adoptees reared together. Notice

that this model subsumes the ACE model as a special case with A =1, ppg =0.5 and pyg =0.25 The estimates
from this model (N = 207,738) are h? =0.494 (s.e. 0.045) and E% =0.211 (s.e. = 0.033), 1=0.705 (s.e. =

0.099), Prg =0.591 (s.e.=0.052), Py =0.247 (s.c. = 0.028).

Model 3 allows the degree of environmental resemblance to vary more flexibly across sibling types, while
maintaining standard assumptions about the genetic relatedness of full siblings (0.5), half siblings (0.25) and

adoptees (0). In this model, the common environmental components are allowed to vary flexibly across MZ

twins, DZ twins and all other co-reared non-twin siblings. We call the MZ environmental twin covariance ¢,
and parameterize the two other environmental covariance terms as a scalar multiple of ¢Z,, . The moment
conditions are: A’ +ci, for MZ pairs, %hz +Apci, for DZ pairs; %h2 +Aci,, for full siblings reared

together, %hz for full siblings reared apart, %hz + ﬂci,z for half siblings reared together, %hz for half siblings

10



reared apart, and ﬂci,z for adoptees reared together. The parameter estimates for educational attainment (N =

207,738) are h? =0.556 (s.e. = 0.030) and éflz =0.149 (s.e.=0.043), /?A.l =1.51 (s.e. = 0.422), AAQ =1.09 (s.e.
=0.258).

Considered in their entirety, the results reinforce the conclusion that EA is a moderately heritable trait.

b. Estimating the variance in educational attainment explained by all SNPs
In addition to the analyses above, we also used the method developed by (38) to estimate the share of variance
in EduYears and College that can be explained by all SNPs. This method provides a lower-bound estimate of
narrow heritability, and the output can be interpreted as the fraction of variance that would be explained by the

linear, additive effects of all the genotyped SNPs if these effects were observed without error.

There were 3,526 individuals from the QIMR cohort and 6,770 individuals from the STR cohort. We imputed
the SNPs to the HapMap3 CEU panel and retained 1,121,675 SNPs after quality controls. We used the software
GCTA to estimate the genetic relatedness between all the individuals and removed one of each pair of samples
with estimated genetic relatedness > 0.025. We then estimated the variance explained by all the HapMap 3 SNPs
by GREML analysis for EduYear and College using GCTA.

The results (see Table S12) suggest that ~20% of the variance in educational attainment in the two samples can
be attributed to genetic differences that are captured by the current SNP microarrays. The explanatory power of
a linear polygenic score estimated in the same data will be lower because the coefficients used for constructing
the score are estimated with error. This explains the difference between the estimates reported here and the

performance of our polygenic scores in Figure 2.

3. Health and education

The health-education gradient is one of the most robustly documented and well-studied empirical relationships
in social science (39) (see (40) for a review of the basic findings and an evaluation of the mechanisms at play).
Researchers studying this relationship usually distinguish between three basic mechanisms that may explain the
relationships. First, poor health in early-life (which may be partly due to genetic factors) may inhibit individuals
from acquiring more education. Second, other factors, including heritable individual differences, could affect
both schooling and health. Third, increased education may improve health, for example through effects on

health-related behaviors.

There is evidence, mostly from twin and family studies, of some genetic overlap between (i) education and
health-related behaviors (such as smoking or drinking; see (41)), and (ii) education and health outcomes (see,
e.g. (42, 43)). Other research indicates that education has a causal impact on health. For example, (44) uses
policy variation across states in compulsory schooling laws to instrument for educational attainment. These
results imply that the causal effect of education on health is actually larger than the cross-sectional correlation.

Other papers that have also taken quasi-experimental approaches include (45) and (46).

To assess the genetic overlap between health and educational attainment due to common genetic variants, we
estimated a bivariate GCTA model using the STR data. One of the STR questionnaires asks the respondents:

“How would you rate your general health condition?” There are five possible responses, ranging from poor to
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excellent. We assigned a value of 1 to the lowest category (poor), 2 to the second lowest category (not so good),
and so on. The estimated genetic correlation between this health variable (measured on a continuous scale) and
EduYears is 13.2% (standard error 23%). We also employed a binary-response model to estimate the genetic
correlation between a dichotomized health variable and College, obtaining an estimate of 33% (standard error

33%). The estimates are imprecise but consistent with the hypothesis of positive genetic overlap (Table S13).

4, Exploring possible explanations for very small effect sizes

The effect sizes we find are much smaller than those found for other replicated SNP association results for
complex physical traits such as body height (15), BMI (18), or metabolite profiles (47). In this section, we

explore three possible explanations:
A. Measurement error attenuates the estimated effect;

B. The genetic effect is conditional on specific environmental circumstances, and hence a meta-analysis

approach that averages across different environments partially masks the genetic effect;

C. “Biologically distal” phenotypes such as years of education have smaller effect sizes than more

”biologically proximal” phenotypes such as body height.

These factors are not mutually exclusive and may reinforce each other. Exploration of their relative importance

may help to guide future research efforts.

To explore A., we focus on analyses that use EduYears as the dependent variable (since the variable College
used in the other analyses is measured similarly across studies). As a proxy for measurement quality of

EduYears in a study, we use the number of distinct ISCED categories in the data.

The estimates of the effects of genetic variants are reported in the main text as unstandardized regression
coefficients. In theory, to the extent that EduYears can be treated as a continuous variable, classical
measurement error in EduYears should not attenuate the unstandardized regression coefficients (only reduce

their precision).

Figure S17 plots the unstandardized coefficient against the number of categories that were available to
respondents when they were asked about their educational attainment. For each of the three replicated SNPs, we
ran weighted least squares regressions of the EduYears coefficients on the number of categories, with weights
proportional to the sample size. Consistent with our expectation, we find no evidence that effects are weaker in
cohorts with coarser measures. In all three regressions, we cannot reject the null hypothesis that there is no

relationship (the smallest p-value is 0.515).

In contrast, measurement error in EduYears is expected to attenuate the standardized regression coefficients by
increasing the standard deviation of EduYears (similarly attenuating the R* of the SNPs). To explore this
possibility, we run analogous regressions and generate analogous plots using the standardized regression
coefficients. Figure S18 plots the standardized coefficient against the number of categories that were available
to respondents when they were asked about their educational attainment. The figure indicates that there is no

significant attenuation (the smallest p-value is 0.359).
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To get a sense for the amount of measurement error in our EduYears measure that may be due to errors in self
report, we can exploit the fact that within the STR, data are available for both self report of highest educational
attainment (a multiple-choice question with ten categories, plus additional open-ended questions about years of
educational attainment) and a registry-based measure from government records. The correlation between the
survey-based measure and the registry measure (after both are converted to the ISCED categorization and then
to U.S. years-of-education equivalents) is 0.81, which suggests to us that the survey responses contain little
measurement error relative to the registry-based measure. (Note that under some mild assumptions, 0.81 is an
estimate of a lower bound of the reliability of the survey responses because the registry data could also contain

erTors.)

Regarding B., note that in order to achieve a sample of N > 100,000, current data availability necessitated
pooling GWAS results from different parts of the world and from individuals who completed their education at
different points of time under vastly different circumstances. Therefore, the effects we identified are likely to be
the ones that are most robust across various environments. Nevertheless, the meta-analysis results may also

mask gene-environment interactions.

To explore one possible source of gene-environment interaction, we examined how the estimated genetic effects
of our three replicated genome-wide-significant SNPs vary with birth cohort (an idea suggested to us by Steven
Lehrer and Nicholas Christakis). Birth cohort is a proxy for a number of institutional changes in Western
countries in the 20th century that were designed to raise the general level of educational attainment and to
reduce inequalities in opportunity. These policies resulted in substantial increases in the rates of secondary and

tertiary education.

We use EduYears as the dependent variable (also for the SNPs that we found to be significant with the College
measure) because the large increases over time in the overall frequency of college completion makes it harder to

interpret changes over time in genetic effects on the odds of college completion.

Figure S19 plots the study-specific unstandardized regression coefficient against the average birth cohort of
participants in the study. The size of each data point is proportional to the study in question. We fit a regression
line to these points by weighted least squares. There is no evidence that the effects of any of the three SNPs vary
by birth cohort. In all three regressions, we cannot reject the null hypothesis that there is no relationship (the

smallest p-value is 0.684).

To explore C., we derived a theoretical framework (see section 7 below) within which a distal phenotype is
caused by endophenotypes, which in turn are caused by SNPs. We explain why the fact that the polygenic score
for educational attainment is more predictive of cognitive function than educational attainment is consistent with
cognitive function being an endophenotype for education. We similarly conjecture (but cannot yet show) that
personality and health traits may also be endophenotypes. The theoretical framework makes clear that SNPs are
likely to be more weakly associated with a more distal phenotype such as educational attainment than with an

endophenotype.

Considered jointly, our results suggest that the small effect sizes we find are not due to measurement error. We
do not find evidence that the genetic effects interact with birth cohort. While we cannot exclude the possibility

that stronger effects of individual SNPs on educational attainment exist that are conditional on other aspects of
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the environment, we note that no single SNP reaches genome-wide significance in any particular cohort
included in the meta-analysis, putting an upper bound on the effect sizes that can be expected within specific
environments. There are strong theoretical reasons to expect that biologically-distal phenotypes will have
weaker relationships with individual SNPs than more biologically-proximal phenotype do, and our empirical

findings overall are most consistent with this explanation.

5. Biological annotation

In this section, we report the results from a series of bioinformatics analyses designed to explore possible

biological mechanisms that may underlie the associations between the identified loci and educational outcomes.

We began by identifying all functional SNPs in LD with the seven SNPs that reached genome-wide significance
in the combined analyses (see subsection 7). These seven comprise the three original SNPs that reached genome-
wide significance in the discovery stage and were subsequently replicated (see Table 1) as well as an additional
four SNPs that reached genome-wide significance in the combined analyses and were not in linkage

disequilibrium (LD) with the original three SNPs (see Tables S6 and S7).

Next, we examined whether any of these seven variants are associated with changes in gene expression levels in

blood or brain tissue (see subsections ii and iii).

We subsequently turned to analyses that take as their input a larger set of SNPs than those meeting the stringent
criterion for genome-wide significance. We conducted gene-based tests of association (48) (see subsection iv);
pathway analyses (49) (see subsection v); and a recently developed method (50) (see subsection vi) that tests for
enrichment of active chromatin in 34 different types of tissues in the regions implicated by the combined-stage

GWAS meta-analyses.

From these primary biological follow-up analyses, we identify a set of “candidate” genes. These genes were
used as inputs to a functional network analysis that uses gene co-expression data from multiple sources to
predict a particular gene’s likely functions (57) (see subsection vii). We also conduct a structured search of the
existing genetics literature to explore what is currently known about phenotypes associated with the genes

identified by our analyses (see subsection viii).

a. Characterizing genome-wide significant SNPs

i. Functional annotation

To identify coding or regulatory variants in close LD (+* > 0.8) with any of the seven signals that were either
replicated or reached genome-wide significance in the combined analyses, we used the online tool HaploReg
(http://www.broadinstitute.org/mammals/haploreg/haploreg.php). We observed 2 missense variants close to
rs1056667 in gene BTNIAI and 3 missense variants close to rs11584700 in gene LRRN2, which is highly
expressed in the brain and regulates axon guidance in model animals (52). The complete set of results from the
functional annotation lookup is given in Table S14. Four of the seven SNPs were not in close LD with any

coding or regulatory variants and are therefore not listed in the table.

As a complementary analysis, we used the ENCODE custom tracks on the UCSC Genome browser

(http://genome.ucsc.edu) to screen the implicated regions for overlap with DNAse I hypersensitivity sites and
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open chromatin. We also used the online resource RegulomeDB (http:/regulome.stanford.edu) to identify

variants in the proximity of our seven SNPs with known functional annotation. However, we found no

compelling evidence of enrichment.

ii. Gene expression eQTL analyses in brain tissue

We examined the association between each of the seven SNPs that either replicated or reached genome-wide
significance in the combined analyses and the expression in brain tissue of nearby genes (within 1.2 Mb of the
signal). We used data from two independent eQTL resources: SNPexpress (53) and Myers et al. (54). The
SNPexpress dataset contains expression (Affymetrix Human ST 1.0 Exon array) and genotype (Illumina
HumanHap 550K v1/3) data for 94 individuals. The Myers et al. dataset contains expression (Illumina Human
Refseq-8 Expression BeadChip) and genotype (Affymetrix GeneChip Human Mapping 500K Array) data for
188 neurologically normal controls (data were also available for 176 Alzheimer’s cases, but we did not include

these data).

The two datasets were independently quality-controlled using identical filters and were analyzed separately. We
removed SNPs with low minor allele frequency (MAF < 0.01), SNPs not in Hardy-Weinberg (HWE, p < 1x10
%), and SNPs with a low call rate (< 95%). To control for the effects of ancestry, we merged the data with the
HapMap 3 ethnicity reference panels and conducted a multidimensional scaling (MDS) analysis using PLINK
(27), restricting the analyses to the SNPs present in both the target and HapMap reference datasets. We
subsequently imputed the datasets to the HapMap 2 CEU reference panels using MACH
(http://www.sph.umich.edu/csg/abecasiss MACH/).

Using MACH2QTL (http://www.sph.umich.edu/csg/abecasissMACH/), we performed transcript-wide eQTL
analyses for the seven SNPs. In these analyses, we controlled for sex, age, age’, post-mortem interval, post-
mortem interval®, dummy variables for three sites, and ancestry (using the first four dimensions of the
multidimensional scaling analysis). To adjust for hybridization, the analyses of the Myers et al. (54) dataset also

included controls for date and brain region.

None of the observed p-values survived correction for multiple testing: the lowest nominal p-value observed in
these analyses was p = 1x 10™. We note, however, that because the number of brain tissue samples available was

small, our power to detect small effects on expression in brain tissue was limited.

iii. Gene expression eQTL analyses in blood tissue

We also examined the association between each of the seven SNPs that either replicated or reached genome-
wide significance in the combined analyses and the expression in blood tissue of nearby genes (within 1.0 Mb of
the signal). We performed this cis-eQTL mapping on three samples of unrelated individuals: 1,240 individuals
from Fehrmann with expression data from the Illumina HT12v3 chip; 229 individuals from Fehrmann with
expression data from the HT8v2 chip (55, 56); and 891 individuals from the Estonian Biobank with expression
data from the HT12v3 chip (56). The gene expression data were obtained from total RNA in whole blood
samples. As with the brain eQTL analyses, the genotype data were first filtered for MAF (> 0.01), HWE (p >
1x10°), and call rate (95%) before imputation using the HapMap 2 CEU reference panel.
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To avoid hybridization artifacts, we harmonized the data by aligning the gene expression probes to the human
genome build 18 (Ensembl build 54) using BLAT, SOAPAlign v2, and BWA and excluding any probe that
mapped to multiple genomic locations or contained more than two mismatches. Each expression dataset was
normalized as follows: (1) quantile normalized, (2) log, transformed, and (3) standardized to have a mean of
zero and variance equal to one. We used the software MixupMapper (57) to identify and remove sample mix-
ups. To correct for possible population structure, we residualized the gene expression data on the first four
multi-dimensional scaling components obtained from the genotypic data. We residualized the resulting variable
on 40 PCs (derived from the variance-covariance matrix of the genotypic data) that did not show any significant

evidence of association with the genotypes (and might therefore have a biological interpretation).

To map the cis-eQTLs, we correlated the imputed genotypes with the transformed gene expression data. These
analyses were conducted separately for each of the three samples and completed for each gene for which the
midpoint of the probe was within 1.0 Mb of the SNP. The Z-statistics from the three samples were meta-
analyzed, weighting each statistic by the sample size of the dataset. To test for statistical significance while
correcting for multiple hypothesis testing (using a false discovery rate of 5%), we generated a distribution for
the meta-analyzed Z-statistic under the null hypothesis by simulation: for each of 100 simulation runs, we
permuted the sample labels and re-ran the meta-analysis. To determine whether the educational-attainment
SNPs have independent cis-eQTL effects in a given loci, we performed conditional analysis as follows. We first
determined which SNP showed the strongest cis-eQTL effect for each of the probes associated with the
educational-attainment SNPs. Then, we adjusted the gene expression data for these effects using linear

regression, and repeated the cis-eQTL analysis on the educational-attainment SNPs.

The analyses revealed several strong cis-regulatory signals for nearby genes (Table S15). Three of the
educational-attainment-associated SNP eQTL effects—BTN241, HMGN4, and MDM4—remained significant
even after removing the effect of the most significant SNP for the specific gene, thus suggesting an extra

regulatory mechanism tagged by the GWAS signal.

b. Analyses aggregating effects across multiple SNP signals

iv. Gene-based tests

We used meta-analysis results from the combined-stage GWAS as input for VEGAS (48) to test for association
at the level of the gene. In total, 17,661 genes were tested for EduYears and 17,676 for College. The 25 most
strongly associated genes for both phenotypes are listed in Tables S16 and S17. After Bonferroni correction, 17
genes for EduYears and 7 for College are associated (p-value < 2x107). Of the 25 top genes for EduYears and
College, 6 genes appear in both lists. Several of these genes (TUFM, ATP2A1, ATXN2L, and SH2B1) are located

in adjacent positions on chromosome 16.

v. Pathway analyses

Pathway analysis typically entails two steps: first, identify genomic regions of interest (e.g., based on low p-
values); and second, test whether these regions include genes that define known biological pathways more than
expected by chance. To determine the genomic regions, we began by selecting a set of index SNPs that reached
p < 1x10” in the combined-stage meta-analysis. A region surrounding each index SNP was extended to

nominally associated SNPs (p < 0.05) within 250kb of the index SNP that were in moderate LD with the index
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SNP (+* > 0.5). LD among SNPs was estimated from the HapMap 2 CEU reference panel using PLINK (27).
Any resulting regions that overlapped were subsequently merged, and only regions overlapping known genes

were tested. In total, we identified 33 regions overlapping known genes for each of EduYears and College.

Next, we used INRICH (58) to test the identified genomic regions for overlap with 3,440 pathways listed in the
Gene Ontology (GO) database that included between 5 and 200 genes (59). Pathways showing suggestive
enrichment (empirical p < 0.05) before multiple-testing corrections are listed in Table S18. None of these
pathways demonstrated significant overlap with low p-value genomic regions in either the EduYears or College

meta-analysis results after adjustment for multiple testing.

vi. Analyses of cell-type specificity

We employed a recently published method (http://www.broadinstitute.org/mpg/epigwas/, (50)) that tests for

cell-type-specific enrichment of active chromatin, measured through H3K4me3 chromatin marks (60) in regions
surrounding IndexSNPs identified by the combined-stage GWAS analysis. A recent paper shows that H3K4me3
chromatin marks are the most cell-type-specific marks in terms of co-localization with previously published
GWAS loci (50). The idea behind the method is that variants related to a particular phenotype may affect cell-
type-specific gene expression by changing regulatory elements in cell types relevant to that phenotype. Hence,
overlap between associated variants and chromatin marks should occur preferentially in the relevant cell type(s).

Our analysis tested for enrichment of these chromatin marks in 34 different tissues.

We constructed the set of IndexSNPs by first identifying all SNPs that reached p < 1x107 in the combined-stage
meta-analysis for each phenotype. We next pruned this set of SNPs to a final list of IndexSNPs, in which no two
SNPs were in LD greater than +* = 0.5. For each IndexSNP, a locus region was defined, bounded on either side
of the IndexSNP by the most distant SNP within 250 kb of the IndexSNP that was in LD (+* > 0.8) with the
IndexSNP. For each SNP within each locus, regulatory activity scores were calculated as the height of the
nearest H3K4me3 mark divided by distance from the SNP to the H3K4me3 mark. The SNP with the highest
score within each IndexSNP locus region in a given tissue was designated the BestSNP, which served as the

score representing that locus.

Cell-type-specificity scores per locus were estimated by normalizing BestSNP scores so that the sum of scores
for a given locus across all cell types equaled 1. Cell-type-specificity scores per tissue were defined by summing
normalized BestSNP scores across all loci within a given tissue. 10,000 sets of SNPs (matched to the IndexSNP
regions having the same total number of H3K4me3 peaks) were sampled (from among background SNPs
provided with the software) to estimate null distributions of cell-type-specificity scores per locus and per tissue.
P-values for cell-type-specificity scores summed across all BestSNPs for each tissue (the observed per-tissue
score) were estimated as the proportion of random SNP sets with a per-tissue score exceeding the observed per-
tissue score. We identified loci with BestSNP cell-type-specificity scores falling at or above the 95th percentile

of the corresponding null distribution as demonstrating greater than expected specificity within a given cell type
(50).

Figure S20 shows p-values for the cell-type-specific overlap of H3K4me3 marks and IndexSNP regions for each
cell type. Four cell/tissue types showed significant overlap at nominal p < 0.05: for EduYears, anterior caudate

(» = 0.0089), CD4+ naive primary cells (p = 0.032), hippocampus middle (p = 0.05) and muscle satellite
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cultured cells (p = 0.0236); and for College, anterior caudate (p = 0.0007). Additionally, for College the mid-
frontal lobe showed marginal enrichment at p = 0.0502. Only the anterior caudate results for College survive

correction for multiple hypothesis testing.

The results from the analysis of overlap between H3K4me4 chromatin marks and education-associated SNP
regions suggest gene expression regulatory function for those loci in specific cell types. In particular, we note
that anterior caudate tissue appears enriched for both EduYears and College phenotypes, although only the latter
survives multiple testing correction. Figure S21 shows cell-type-specificity scores per locus in the four
nominally significant tissues and 95th-percentile threshold (dashed red line). Loci above the threshold were
identified as showing greater than chance specificity within that particular cell type. Table S19 identifies these

enriched loci, along with distance to the nearest chromatin mark.
c. Functional pathways and phenotypic associations of implicated genes

Table S20 provides an index listing every gene identified by any of the initial biological follow-up analyses
(functional annotation, blood eQTL analyses, and the gene-based tests). The functional annotation column
identifies genes with functional SNPs (missense, synonymous, or 3’UTR variants) in high LD (* > 0.8) with
one of the seven independent loci that were either replicated or significant in combined analyses (Tables 1, S6,
S7; functional annotation results fully detailed in Table S14). The blood eQTL column lists genes showing a
significant cis-eQTL signal within 1.0Mb of one of the seven loci (see Table S15 for blood eQTL details). The
third column summarizes all genes that were significant in gene-based tests after correction for multiple testing
(regardless of genomic location with regard to individually significant SNPs; full results are reported in Tables
S16 for EduYears, and S17 for College). In the last column, we provide a map between the identified genes and
their locations relative to the seven SNPs that were either replicated or reached genome-wide significance in the
combined-sample analysis; that is, genes that were within 1.0 Mb of a significant SNP are labeled with the SNP
identifier as well as the distance between the SNP and the nearest edge of the gene (or the location of the SNP
within the gene, if appropriate). The complete list of genes presented in Table S20 was used as the input for the
analyses that follow: examinations of likely gene functions as well as of previously-reported phenotypic

associations.

vii. Gene function prediction using a large co-expression framework

We used a recently developed method to gain insight into the putative functions of all the genes listed in Table
S20. This method takes as its input a list of genes and infers the probable functions of the genes by pooling
published data on 80,000 gene expression profiles from humans, animals and cell lines. The method is described
in a recent paper (51), which also reports evidence that a prediction coming out of the framework was validated

by subsequent wet lab experiments.

Gene-function prediction is based on the idea that genes with shared expression profiles are likely to have
related biological functions. For example, if 50 genes are known to play a role in apoptosis, then a gene with
unknown function that is strongly co-expressed with these 50 genes is likely to be part of apoptotic pathways as
well. The method of (5/) uses data on co-expression profiles to predict the likely functions of as-yet

uncharacterized genes and refine our understanding of the function of other genes. The overall workflow of the
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method has been graphically visualized at http://www.genenetwork.nl/genenetwork/ (described at the “method”
link).

Table S21 lists all pathways associated with implicated genes after applying a false discovery rate criterion of
< 0.05. Four genes queried (BSN, GBX2, LRRN2, PIK3C2B) tended to occur within neuronal pathways.
Specifically, these genes were associated with axonal (BSN, PIK3C2B), dendritic (BSN, LRRN?2), neuronal cell
body (LRRN2), neuron fate (GBX2), and synaptic terms (BSN, LRRN?2), as well as pathways related to learning
and long-term memory (BSN) and glutamate receptor activity (LRRN2). In addition, several genes identified
through gene-based tests (PIK3C2B, IP6K3, ITPR3, TET2) were implicated in muscular contractions and
neuron-muscle junctions. Although some of these genes have previously been associated with these functional
annotations (such as BSN with synaptic terms), others are novel associations detected through the applied gene

co-expression analysis (such as BSN with long-term memory).

viii. Existing phenotypic asssociations for plausible candidate regions

Previous phenotypic associations were identified in early March 2013 from human and animal web databases

(NHGRI’s Catalog of Published Genome-Wide Association Studies, http://www.genome.gov/gwastudies;

Mouse Genome Informatics, http:/www.informatics.jax.org/; The Zebrafish Model Organism Database,

http://zfin.org/). All databases were queried for implicated genes listed in Table S20, including
alternate/previous gene symbols. From the human GWAS database, findings were considered relevant if a
reported significant locus mapped within an implicated gene, or between an implicated gene and another gene,
in the current build (b37). From the animal model databases, findings were considered relevant if they suggested
neurological or central nervous system alterations caused by polymorphisms, mutations, or knockout models in
an implicated gene. Table S22 lists, for each of the genes in Table S20, previously reported associations
identified from the human GWAS, zebrafish, or mouse-model databases. This review is not intended as a
comprehensive analysis of all phenotypes associated with these genes in humans or model organisms. Rather,
we seek to provide an overview of previous findings, highlighting key results that suggest potential mechanisms

of genetic influences on educational attainment for future study.

Several notable patterns emerge from previously reported phenotypic associations for genes identified in Table
S20. Both the MDM4-LRRN?2 region on chromosome 1 (identified as potential candidates through blood eQTL
and functional SNP characterization of the top associated locus tagged by rs11584700) and STK24 on
chromosome 13 (associated with EduYears in gene-based tests) have previously reported associations with
cognitive phenotypes in humans (67, 62). In addition, the GBX2 gene has been robustly demonstrated to affect
neural development in both zebrafish (63) and mouse models (64, 65). These previous findings identify these

genes as particularly interesting regions for future investigations of cognition-related phenotypes.

The remaining implicated regions show previous associations with basic health and disease phenotypes,
primarily body size (including TET2, ITPR3, and the ATXN2L-TUFM-SH2B1-ATP2A41 region) and
inflammation (including AFF3, BSN-APEH-MST1, and ATXN2L-TUFM-SH2B1-ATP2A1). Further, the signals
on chromosome 6p22-21 surround the Major Histocompatibility Complex (MHC), a dense region of genes,
many of which are known to affect immune function and have been implicated in a range of psychiatric

disorders including schizophrenia (66). This connection suggests candidate regions for investigation of
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pleiotropic, causal, or interactive genetic effects that may help inform our understanding of the etiology of the

relationship between education and health.
d. Summary and discussion of findings from biological analyses

The supplementary analyses detailed in the previous sections suggest that the meta-analyses of educational
attainment phenotypes identify several biologically plausible genomic loci that warrant future investigation.
From Table S20 summarizing results of multiple forms of analysis, we note that two loci in particular, marked
by rs11584700 at chromosome 1q32 and rs1056667 near the Major Histocompatibility Complex (MHC) on
chromosome 6, show converging lines of evidence for association with educational attainment as well as
plausible biological function. The region on 1q32 marked by replicated College-associated SNP rs11584700
was highlighted by each of the analyses listed in Table S20, showing LD with missense and 3’-UTR variants in
LRRN2, a blood cis-eQTL signal located in MDM4, and significant gene-based association of PIK3C2B for the
College phenotype. Among these genes, the MDM4-LRRN2 locus has been associated with cognitive
performance in humans (61), and MDM4 is known to be involved in central nervous system development in
mouse models (67). The genome-wide significant EduYears SNP rs1056667 is located near the gene-rich MHC
on chromosome 6, a region that has been robustly shown to affect immune function (66). Genes located in this
region—including LRRC164, HMGN4, four genes from the histone cluster 1 family, and five genes from the
butyrophilin family—appeared in results from each of the analyses listed in Table S20.

Beyond the more standard methods of functional annotation, eQTL analysis, and gene-based tests, perhaps the
most compelling biological evidence emerged from two novel, powerful methods for identifying potential
biological mechanisms underlying the GWAS findings for educational attainment. Within the combined meta-
analysis results, loci tagged by SNPs meeting p < 1x107 in the combined meta-analyses showed cell-type-
specific overlap with chromatin marks, suggesting cell-type-specific gene expression regulation within the
anterior caudate (for both EduYears and College). The caudate nucleus is located in the basal ganglia, and is
strongly implicated in goal-directed behavior (68). Co-expression-based gene-function prediction analysis
identified several specific genes previously identified in Table S20 as likely involved in learning, long-term
memory, and neuronal function or development pathways (including GBX2, LRRN2, and PIK3C2B, which are
located near genome-wide significant loci, as well as BSN, which was identified as associated with EduYears in
the gene-based tests). These genes have several previously reported associations with neural development or
cognition-related phenotypes. LRRN2 has been associated with cognitive performance in humans (61). GBX2 is
known to be involved in anterior hindbrain development in both zebrafish and mouse models (63, 64, 65), as
well as being involved in striatal cholinergic interneuron development in mice (65). In addition, BSN may

influence glutamatergic synapse function in mice (69).

Several of the implicated genes summarized in Table S20 suggest mechanisms potentially related to the well-
established health-education gradient. In particular, human GWAS associations have been reported for BSN with
inflammatory bowel disease (IBD; (70, 71, 72)). MST1 (73, 74, 75, 76), APEH (77), and ATXNZ2L (78) also have
previously reported associations with various forms of IBD in humans, and AFF3 has been associated with
rheumatoid arthritis (79), suggesting potential pleiotropic or mediation effects between genes related to

inflammation and educational attainment. For example, experiencing IBD symptoms may have direct adverse
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effects on educational outcomes, such as school attendance and performance (80, §1), as well as indirect effects
mediated by psychosocial adversity, such as increased anxiety or depressive symptoms or family environment
stress (81). However, the BSN variant often associated with increased risk of IBD, the A allele of rs9858542,
was marginally associated with increased levels of educational attainment within the combined-sample meta-
analyses (Prdquyears = 4.1x107, PColiege = 9.5><10'5). This counterintuitive positive association of rs9858542-A to
both IBD and educational attainment, coupled with the previously reported negative phenotypic relationship
between IBD and education, illustrates the complex relationships that may exist within the apparent genetic
overlap between educational attainment and health outcomes. The association suggests BSN (along with other
education-associated genomic regions previously reported for health phenotypes) as an interesting target for

follow-up studies of pleiotropic or mediation effects involved in the etiology of the health-education gradient.

6. Prediction using linear polygenic scores

To investigate how much of the variance in educational attainment is captured by a linear polygenic score (PGS)

in independent samples, we calculated the effect sizes of SNP j (y;) using
V= OA_x,j "Zj,

where (under the assumption of Hardy-Weinberg equilibrium)

6., =2-MAF; -(I- MAF,).

There were 6,654 unrelated European Americans from the ARIC cohort with the SNP data imputed to the
HapMap2 CEU panel (82). The QIMR (N = 3,526) and STR (N = 6,770) cohorts were used as the independent
validation samples and excluded from the meta-analysis, such that the results of the meta-analysis were based on
(All Cohorts minus QIMR) and (All Cohorts minus STR), respectively. The SNP data of these two cohorts were
also imputed to the HapMap2 CEU panel.

For the trait College (respectively, EduYears), in addition to using all available SNPs, we selected 3 (5), 113
(127) and 3,506 (3,369) SNPs that were significant at p < 5x10%, p < 5x10”° and p < 5x10°. We selected the
SNPs by a multiple-SNPs association analysis method (83) using the summary statistics from the meta-analysis
and linkage disequilibrium (LD) between SNPs estimated from the ARIC (Atherosclerosis Risk in Communities
Study) cohort. This method implements a step-wise model selection procedure to select all the top associated
SNPs, taking LD into account. Therefore, the top associated SNPs selected by this approach are either
independently (SNPs are in no LD) or jointly (SNPs are in LD but still have significant effects when fitted
together in the model) associated with the phenotype. The advantage of using this approach is that we can
identify multiple association signals at a locus, and we do not have to set an arbitrary threshold 7* value for LD
pruning. The effects of all the selected SNPs were re-estimated in a multiple SNP model (83), which yields
more accurate estimates for individual SNP effects, similar in spirit to the improvement one gets from adding
correlated explanatory variables to a multivariate regression model. The analysis was performed using the

GCTA software (84). We then used the PLINK (27) profile scoring approach to create a PGS from these
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selected SNPs for College and EduYears in a set of unrelated individuals of the QIMR (N = 3,526) and STR (N
=6,770) cohorts. The PGS for the i-th individual was calculated as

g = inf];j ,

where x; is the number of copies of the effect allele for SNP j, and l; ; 1is the estimated SNP effect from the

multiple-SNP analysis. In both QIMR and STR studies, the observed phenotypes of EduYears were adjusted for
age, sex, and agexsex interaction, and standardized to z-scores. The prediction R* was calculated from a linear

regression of the z-score for EduYears on the PGS.

In addition to examining how much of the variance in educational attainment is captured by the PGS, we also
examined how much of the variance in cognitive function in the STR study (77) (N = 1,419) is captured by the
same PGS (constructed for College and EduYears). The measures of cognitive function were also adjusted for
age, sex, and agexsex interaction, and standardized to z-scores. The basic idea is that if cognitive function is an
endophenotype for educational attainment, then the SNPs that are correlated with educational attainment may
also be correlated with the cognitive function measure (see section 7 below). The estimated R’ =~ 2.5% for
cognitive function is slightly larger than the share of variance in educational attainment captured by the score in
the STR sample. One possible interpretation is that some of the SNPs used to construct the score matter for
education through their stronger, more direct effects on cognitive function (see section 7 below). A mediation

analysis (Table S24) provides tentative evidence consistent with this interpretation.

Furthermore, we selected in the QIMR (respectively, STR) cohort the 572 full-sib pairs (2,774 DZ twins) from
572 (2,774) independent families for which we had both phenotype and genotype data available. In these
samples, we regressed the difference in observed phenotypes (z-scores) on the difference in PGS between the
full-sibs. This within-family analysis is unconfounded by possible population stratification. For the within-
family analysis in the STR cohorts, only 399 of the 2,774 DZ twins had data on cognitive function available.
The PGS for educational attainment constructed using all SNPs remains significant in these within-family

analyses (Tables S23 and S25).

a. Projection of how much variance in educational attainment will be explained by a linear
polygenic score as a function of the sample size used for estimating the score

(85) derived an approximation of the correlation between the polygenic score estimated in a discovery sample

(g ) and its true value (g), which is the value it would attain if estimated in an infinite sample:

s oo AR?

r (g 8 ) ~ m )

where 47 the proportion of additive phenotypic variance captured by all SNPs, and A2 is the ratio of the number
of individuals in the discovery sample (V) to the number of loci that contribute to the heritability (M), i.e. 1 =
N/M. In practice we do not know the number of loci that contribute to educational attainment. However, to make
a prediction without knowing the number of loci we can use the effective number of independent segments that
are segregating in the population, which is a function of effective population size (N,) (86). The resulting

prediction of variance explained by a predictor is then for the case where all SNPs are used in a best linear
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unbiased prediction (BLUP) analysis of a discovery sample with size N that uses individual-level genotype and

phenotype data (87).

The proportion of the phenotypic variance explained by a predictor based upon a discovery sample size of N is,

R*(r.8)=R*(g +e.8)

_ covz(g,g)
var(g) var(y)

_ 2 . var(g)

~rE0)

=r’(g. &)’
ﬁh“

M

N
M

From (86), M = 2N kL/log(2N,L) where k is the number of chromosomes and L = average length of a
chromosome. For human data, £ = 22, L = 1.6 and N, = 10,000, which gives an estimate of M = 70,000. In the
case of educational attainment, 4% = 0.2 ((3) and Table S12).

Using these parameters we predict the prediction accuracy for a range of values of N in Table S26 below. The
predicted R* of 4% for a sample size of N = 100,000 is higher than what we observe with the real data
(approximately 2-3%), which could be due to:

the approximations used for calculating the effective number of loci;

— violation of an assumption underlying approximation (85), the assumption being that the SNPs with a
non-zero estimated effect included in the polygenic score are exactly the M SNPs related to educational

attainment;

—  the use of the estimate of 4* of 0.2, which is from empirical estimates with a non-trivial standard error;

or

— the fact that we performed a prediction analysis on summary statistics, which is less efficient than an

analysis on individual-level genotype data.

The theoretical results imply that a GWAS of educational attainment on 1 million individuals will generate a
polygenic score that can explain 15% of variance in educational attainment in a new sample. In the future, with
denser SNP arrays or whole-sequence data, more phenotypic variance is likely to be accounted for by the
genotypes, i.e., h* from the included genetic variants will be larger. For example, a value of 1* of 0.4 results in

R* values of 0.15, 0.30 and 0.34, for N of 100,000, 500,000 and 1 million, respectively.

7. Identifying genetic associations using biologically distal phenotypes

In this section, we sketch a simple formal framework for considering in general terms how genetic associations
with a distal phenotype, such as educational attainment, may be informative regarding genetic associations with

mediating traits (endophenotypes) that are more proximal to the direct effects of the genes.
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Let Y denote the value of an individual’s biologically-distal phenotype, for example, educational attainment. (To
avoid cluttering notation, we suppress indexing variables by individual.) We assume that the phenotype is

determined by a simple linear function of K genetically-influenced endophenotypes:
K

ey Y:k27kMk Téy,
-1

where M, is the value of the individual’s &™ endophenotype, y; is the effect of M, on Y, and &y is a random
variable with mean zero that we assume is independent of the M,’s. For educational attainment, these mediating
variables include cognitive function, personality traits such as perseverance, early-life health conditions, and
many others. The error term ¢y captures all other factors, including exogenous environmental factors that affect
Y. Without loss of generality, we assume each y, > 0. We normalize Y and each M, so that they have mean zero

and variance one (hence regression coefficients are equal to partial correlation coefficients).

Letj = 1,....J index the SNPs that are causally related to at least one of the mediating factors. We assume that

each of the k£ endophenotypes is a simple linear function of the individual’s genotype and determined by:
J

Q) M, = Zlﬂ,ng + &,
=

where X; is the individual’s genotype at SNP j (again, normalized to have mean zero and variance one), f; is the
effect of X; on M, (which could be positive or negative, or possibly equal to 0 for particular SNP-
Jj/endophenotype-k combinations), and & is a random variable with mean zero that we assume is independent of

the X;’s. The error term &, captures all other factors, including exogenous environmental factors that affect M;.
The distal phenotype Y can be expressed as a function of the SNP genotypes by substituting equation (2) into

equation (1):

J [ K K J
j=N\k=1 =1 J=1

K

where J; Ekayk By is the effect of SNP j on the distal phenotype j (aggregated over all the mediating
K . . . .

pathways), and uy =| &y + X 7,8, | is a mean-zero composite error term that is independent of the X;’s.
k=1

A GWAS of the distal phenotype Y estimates the J;’s in equation (3).

An immediate implication of our theoretical framework is that if 6, #0, then S, #0 for at least one
ke {1,2,...,1( } Hence if the GWAS of the distal phenotype Y credibly identifies a SNP, then that SNP can

serve as a plausible “candidate gene” for the mediating traits."

But if one is interested in identifying SNPs associated with a mediating trait, why not directly run a GWAS of

the trait of interest?

! The converse does not hold: it is possible that Br.; # 0 for some k, but &; =0. Thus, a GWAS on the distal phenotype
may not identify all the SNPs related to an endophenotype of interest.
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To understand the relevant tradeoffs within the context of our framework, denote by Ngga the sample size
available for the distal GWAS and by N, the sample size available for a direct GWAS of some endophenotype k.
We will argue that if the distal phenotype is available in much larger samples, then a GWAS of Y may be better
powered than a GWAS of M to identify SNPs associated with M,

The statistical power of a GWAS to detect the association of a phenotype with a SNP ; is determined by the
sample size of the study (V) and the population R’ from the regression of the phenotype on SNP j (Rzphenotype’sNP).
Specifically, power is a function of the non-centrality-parameter (NCP) of a y’ test of association, which is
approximately equal to NRzphenmypewsz. Therefore, the GWAS on the distal phenotype in a sample of size Ngisul

will have approximately the same power as a GWAS on endophenotype k& in a sample of size N, if

2
K
NdistalR,ij = N,(R,ij. Since R;;=p;, and R} ;=5; :(Elykﬂk’jj , the condition for equal power is

2
ﬂk J
Nyooq =N, 2L
distal k .
52

J

In theory, it is possible that & ]2 exceeds ﬂ,i ,—that is, the SNP is more strongly associated with the distal
phenotype than with the endophenotype—so that the GWAS on the distal phenotype has greater statistical
power than the GWAS on the endophenotype even if Ny = Ny This situation can only arise if SNP j is not
only associated with endophenotype &, but even more strongly associated with a weighted sum of the other
endophenotypes Xy, .M, . We suspect that in practice, most SNPs detected in a GWAS study of a distal

k'#k

outcome do not have this property.

Another possibility is that a SNP operates mainly through one endophenotype. If SNP ; affects the distal
phenotype through exactly one channel, say endophenotype £, then 5f = }/,f ,6',{2’ ;- This quantity is necessarily

smaller than £ k21 , and hence the GWAS on the endophenotype has greater statistical power than the GWAS on

the distal phenotype if Ny = Ny In the analysis that follows, we assume that 5/2 = y/,f ﬂ,ij in order to quantify
the tradeoff between sample size and biological proximity.

Notice, however, that if this simplifying assumption does not hold, the calculations we report below will often
be conservative in the sense of understating the benefits of the GWAS on the distal phenotype. To understand
why, suppose that SNP j impacts the distal phenotype through multiple endophenotypes. We define a SNP as
“mono-directional” for endophenotype £ if its correlation with the distal phenotype has the same sign as its

correlation with the weighted average of the other endophenotypes, > y,M, ; and we define a SNP as “bi-
k'#k

directional” for endophenotype k otherwise. If a SNP is mono-directional, then 5? >yt ﬂ,f’ ; » making the SNP

easier to detect than our calculations assume. In contrast, if the SNP is bi-directional, then it will typically be the

case that 5]2 < 7,3 ,3,(2’_/-, and the calculations below are likely to overstate the benefits of the GWAS on the distal
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outcome.” However, the SNPs most likely to be discovered by a GWAS on the distal phenotype are those that
have the strongest association with the distal phenotype. Therefore, we expect that in practice, the SNPs

discovered by a GWAS on the distal phenotype will generally be the mono-directional SNPs.

Assuming that 512 = 7,3,8,(2,1., the condition for equal power simplifies to N =N, / 7t . To be concrete,

suppose that the correlation between the distal outcome and the endophenotype is y; = 0.5; for comparison, the

correlation between EduYears and cognitive function is 0.46 in the STR data analyzed in the prediction exercise
of section 6 above. Then a GWAS on the distal phenotype with 100,000 individuals has the same power as a
GWAS on the endophenotype with 25,000 individuals. If obtaining high-quality measurement of the
endophenotype is costly or time-consuming, it may be more difficult to obtain a sample size of N for the

endophenotype than a sample size of Ny, for the distal phenotype.

Figure S22 illustrates explicit power calculations. Each of the three curves graphs a locus of effect-size/sample-
size pairs that gives a fixed level of statistical power—80%, 50%, and 16%, respectively—to detect an
association with a SNP at p = 5x10°%. Effect size is measured in terms of the R* from a population regression of

the phenotype on the SNP.

Our findings imply that for the SNPs with the largest associations with educational attainment, the R* from a
population regression of educational attainment on SNP j is approximately 0.02% (that is, 0.0002). The black
curve shows that our sample size of approximately N = 100,000 individuals had about 16% power to detect a
SNP of this effect size. Assuming as above that the SNP affects educational attainment only through its effect on

a single endophenotype k and that y, = 0.5, the R? from a population regression of the endophenotype on SNP j
is ﬂ,f, ;= 0.0002/ 0.5% =0.0008 . Consistent with the analytical derivation above, the black curve shows that for

16% power to detect this effect, a sample size of approximately N, = 25,000 individuals is needed. The red and

green curves numerically illustrate the tradeoff at other levels of statistical power.

We conclude this section by analyzing how well a polygenic score constructed to predict the distal outcome can

be expected to predict the endophenotype.

The best possible polygenic score for the purpose of predicting endophenotype £ is the deterministic component
J

of the population regression equation (2): PGS, =X 5 ;X,;. When estimated using GWAS results on
Jj=1

A

J a
endophenotype & in a sample of size Ny, the polygenic score is PGSyy, = X B ;X ; - The polygenic score
Jj=r 7

estimated using GWAS results on the distal phenotype in a sample of size Ny, is the estimated deterministic

A J
component of the population regression equation (3): PGSdistaln,,, = 20,X; -
j=l1

% In principle, even if a SNP is bi-directional for endophenotype k, it is possible that é‘? > p’,fj . This condition means that

the SNP’s effect on the distal trait is larger in magnitude than the SNP’s effect on the endophenotype. However, for a
bi-directional SNP, where the SNP’s effect on the distal trait is in the opposite direction of the SNP’s effect on the
endophenotype of interest, we think this possibility is unlikely in most realistic settings.
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A A

Is PGSkn, Or PGSaistain,,, €Xpected to be a better estimate of PGS, ? There are two countervailing effects.

A

First and more obviously, the ,6A'k, ; weights used in constructing PGSy y, are unbiased estimates of the optimal

A

weights S, ;, while in general the éA'j weights used in constructing PGSgistayn,,,, ar¢ not unbiased estimates of

A K
the weights 7,5, ;. (The &; weights are unbiased estimates of &; = Xy, ;, but these reflect all the
k=1

mediating pathways, not just the pathway involving endophenotype £.) This first effect favors PGSy, over
PGSdistal N -

However, there is a second effect. For reasons discussed above, if Ny, > Ny , then the 5 ;s may be estimated
more precisely than the ,Bk’ ;’s. If on average the 5 ;’s are not too different from the f, ;’s multiplied by the

constant y; , then it may be the case that the 5} ’s end up as better estimates of the y, /3 ;’s than the ﬁk’j ’s are

J .
estimates of the § ;’s. Since y, is an irrelevant multiplicative constant—that is, _215 ;X ; predicts exactly the
j=

A

J
same amount of variance in the endophenotype as 25 X / 7 does—this second effect favors PGSgisia N
j=1

A

over PGSy y, (see (85),(88) for a derivation of the effect of sample size on the predictive power of an estimated

linear polygenic score).

In the case of educational attainment and cognitive function, the second effect appears to dominate given

currently available sample sizes. A recent paper on childhood intelligence (20) constructed a predictive score

(PGSyw, ) from GWAS findings of ~18,000 individuals and tested the score for association with childhood

intelligence in three independent replication samples. The score explained 1.2%, 3.5% and 0.5% of variance in
the three replication samples, corresponding to a sample-size weighted average of 1.08%. This is smaller than

the approximately 2.5% of variance in cognitive function explained by the predictive score we constructed for

educational attainment ( PGSistal|N,,, )-

In the context of our analysis, how is it possible that the polygenic score constructed to predict educational
attainment does a better job predicting cognitive function than it does predicting educational attainment? There
is a general reason why a polygenic score will tend to predict an endophenotype better than it predicts the distal
phenotype: the error term in population regression equation (2) for endophenotype k, &, , has smaller variance

K
than the composite error term in population regression equation (3) for the distal phenotype, &y + Z Vi €pr -
k=1

The magnitude of the difference in predictive power is easiest to derive analytically in the extreme case where

K
J; :Z YiBy; = 71 Py ;- This approximation would hold, for example, if y;, >>y; for all k'#k (the
k=1
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mediating pathway £ is especially important relative to other pathways, for example if & is the only mediating

pathway) or if z YwBr ; =0 (the other mediating pathways cancel each other out). If &; =y, B, ;, then the
k'#k

best possible polygenic score for the distal outcome is identical to the best possible polygenic score for the

endophenotype. However, the population R® of the polygenic score for predicting the endophenotype will be

ﬁ,f’ ;» which is larger than the population R? of the polygenic score for predicting the distal phenotype,

(7k16k,j )2-

8. Using a polygenic score as a control variable in a randomized
experiment

In this section, we calibrate the gains in statistical power that may be afforded by using a polygenic score as a

control variable in the context of a simple randomized experiment.

For concreteness, consider an experiment designed to estimate the effect of providing financial incentives for
school attendance on educational attainment. Although our specific example is hypothetical, there are important
real-world experiments testing how incentives matter for student achievement, e.g. (89). Similarly, there are
experiments testing how student achievement is affected by pre-school programs (e.g., (90)) or pre-birth
interventions (e.g., (91)). In these and other examples, the intervention is expensive, and obtaining adequate

statistical power from a relatively small sample size is a paramount challenge.

Let Y denote the level of an individual’s educational attainment. (To avoid cluttering notation, we suppress
indexing variables by individual.) Let Ny denote the number of experimental participants. Suppose proportion p
of the participants are randomly assigned to the treatment group in which financial incentives are provided, and
proportion 1—p of the participants are randomly assigned to the control group. The treatment effect, 7, is

estimated by running the regression:

J
(M) Y=a+) BX, +d+e,
j=1

where the X;’s are the values of J variables correlated with Y (such as sex, personality traits, and parental
income), [ € {0,1} is an indicator variable for assignment to control or treatment group, and the mean-zero error
term & captures all other factors that affect Y. We denote the variance of & by ¢”.

Because / is randomly assigned, it is independent of the X;’s and of . Therefore, the treatment effect coefficient,
Ty, is an unbiased estimate of the true treatment effect 7 , whether or not the X;’s are included in the regression.

The standard error of 7, however, will tend to be smaller the stronger the predictive power of the X;’s for the

outcome Y. To be precise, let R)Z( denote the R? from the population regression of Y on Xj, X3,...,X;. The

2

NG—)(l—R)Zr)-

standard error of 7, is expected to be approximately equal to \/ (l
xpUl-p
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Now suppose a polygenic score for educational attainment, PGS, is available for each individual in the
experiment. Because the cost of genotyping is falling very rapidly, we anticipate that in a few years, it will be
very inexpensive to collect genotypic data on experimental participants. Moreover, as long as the experimental
participants are still alive, it is possible to collect their genotypic data and use a PGS as a control variable for re-

analyzing experiments that may have been conducted many years in the past.

Now, suppose an otherwise-identical experiment with Ny pgg experimental participants is run, and the

treatment effect, 7, is estimated by running the regression:
J

Q) Y=a+XpB,X;+y(PGS)+d +u.
j=1

Because / is randomly assigned, it is independent of the X;’s, of PGS, and of ¢. As before, the treatment effect

coefficient, 7y _pgs, 1S an unbiased estimate of the true treatment effect z . Now, however, the standard error of

0_2

(I—R)Z( PGS), where R% pgs is the R
NXuPGSp(l_p) N N

Tyopas 18 expected to be approximately equal to \/

from the population regression of ¥ on X;, X5,...,X; and PGS.

If PGS has predictive power for Y conditional on the X;’s, then R% pGs is larger than R% . Hence estimating

regression (2) is expected to generate a smaller standard error—i.e., have greater statistical power—than
estimating regression (1). To quantify the gain in statistical power, we solve for how much smaller the
experimental sample size needs to be when regression (2) is used instead of regression (1) to generate the same

anticipated standard error:

(3) NXUPGS _ I_R)Z(UPGS .
Ny 1-R%

Table S27 calibrates this reduction in required sample size for a range of values of R)z( and R)Z(UpGS.

The left and right panels examine the gain in power for experiments where the other control variables, the X;’s,

jointly explain 10% and 20% of the variance in educational attainment, respectively.

The first value for R meGS , which is 2 percentage points higher than Rf( , corresponds to the joint explanatory

power of the control variables when the PGS we have estimated in this paper is added the X;’s, assuming that the
variance it captures does not overlap with the variance captured by the X;’s. In both panels, a 2% smaller sample
size is required for any given level of statistical power. This calculation shows that at presently attainable levels
of predictive power, the value of the score is almost certainly too low to result in cost-savings that pass the cost-

benefit test.

The second and third values for R} pgs are 12 and 15 percentage points higher than RY, respectively. We

explore these values because 12% and 15% correspond to the projected explanatory power that a polygenic
score for educational attainment would attain if estimated in discovery samples of 500,000 or 1,000,000
individuals, respectively (see section 6 above). The left panel shows that when the other control variables have

an R’ of 10%, the respective reductions in sample size are 13% and 17%. These reductions can represent quite a
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substantial savings in experimental cost in those instances where the intervention is very costly. For an example
of the potential costs, (92) estimated the total undiscounted initial program cost of the Abecedarian program for
five years as $76,939 (in 2010 dollars) per child. And (93) estimate that the two-year Perry preschool program
cost a total of $19,208.61 (in 2010 dollars) per child. On the other hand, if the intervention is cheap, it is
conceivable that even at these higher levels of explanatory power, the cost of genotyping dominates the cost

saving obtained from a marginal reduction in sample size.

In interpreting the estimates we report here, it is important to remember that the predictive power of the score
may vary across ethnic groups. If our score—which is estimated using a sample of Caucasians—has lower
predictive power in non-Caucasians, then the benefits of using it as a control variable in a study of non-

Caucasians will be smaller.

9. Data on cognitive function in STR

During the study period all Swedish men were required by law to participate in military conscription at or
around the age of 18. The men in the STR sample enlisted at a point in time when exemptions from military
duty were rare and typically only granted to men who could document a serious handicap that would make it
impossible to complete training. The conscription procedure involved several medical and psychological
examinations. We use data on performance on the Swedish Enlistment Battery, a test similar to the US Armed
Forces Qualifying Test. See (17) for a detailed description. Most of the recruits took four subtests (logical,
verbal, spatial and technical) which, for most of the study period, were graded on a scale from 0 to 40. Data are
available for men born after 1936. To construct the final score, the four raw scores are summed, percentile-rank
transformed, and convoluted with the inverse of the standard normal distribution. This procedure ensures that
the final test scores are normally distributed. The construction of the final score is performed separately for each

birth year in order to take into account small, occasional, year-to-year changes in the test.
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10.

Supplementary Figures

Figure S1. EduYears distribution in Rotterdam Study I
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Figure S2. P-value distribution from simulation experiments. Panels A and B provide the Q-Q plots for the
common and the rare SNP in simulation experiment 1, respectively. Panel C gives the Q-Q plot of simulation
experiment 2. The gray shaded areas in the Q—Q plots represent the 95% confidence bands around the p-values
under the null hypothesis.
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Figure S3. Quantile-quantile plots of SNPs for EduYears in single genomic control meta-analysis. The gray
shaded areas in the Q—Q plots represent the 95% confidence bands around the p-values under the null

hypothesis.
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Figure S4. Quantile-quantile plots of SNPs for College in single genomic control meta-analysis. The gray
shaded areas in the Q—Q plots represent the 95% confidence bands around the p-values under the null

hypothesis.
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Figure S5. Manhattan plots of SNPs for EduYears in single genomic control meta-analysis. SNPs are plotted on
the x-axis according to their position on each chromosome against association with EduYears on the y-axis
(shown as —log; p-value). The solid line indicates the threshold for genome-wide significance (p < 5x10™) and

the dashed line the threshold for suggestive hits (p < 1x10°).
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Figure S6. Manhattan plots of SNPs for College in single genomic control meta-analysis. SNPs are plotted on
the x-axis according to their position on each chromosome against association with College on the y-axis (shown
as —logyo p-value). The solid line indicates the threshold for genome-wide significance (p < 5x10%) and the

dashed line the threshold for suggestive hits (p < 1x10°).
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Figure S7. Forest plot for rs9320913, a genome-wide significant SNP for EduYears in the combined-stage
GWAS. The gray lines represent the 95% confidence interval of the effect size estimate. The black rectangles
are proportional to the square-root of the sample size.
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Figure S8. Forest plot for rs7309 that is genome-wide significant for EduYears in the combined discovery +
replication stage. The gray lines represent the 95% confidence interval of the effect size estimate. The black
rectangles are proportional to the square-root of the sample size.
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Figure S9. Forest plot for rs11687170 that is genome-wide significant for EduYears in the combined discovery
+ replication stage. The gray lines represent the 95% confidence interval of the effect size estimate. The black
rectangles are proportional to the square-root of the sample size.
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Figure S10. Forest plot for rs1056667 that is genome-wide significant for EduYears in the combined discovery
+ replication stage. The gray lines represent the 95% confidence interval of the effect size estimate. The black
rectangles are proportional to the square-root of the sample size.
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Figure S11. Forest plot for rs1487441 that is genome-wide significant for EduYears in the combined discovery
+ replication stage. The gray lines represent the 95% confidence interval of the effect size estimate. The black
rectangles are proportional to the square-root of the sample size.
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Figure S12. Forest plot for rs11584700 that is genome-wide significant for College in the combined discovery +
replication stage. The gray lines represent the 95% confidence interval of the effect size estimate. The black
rectangles are proportional to the square-root of the sample size.
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Figure S13. Forest plot for rs4851266 that is genome-wide significant for College in the combined discovery +
replication stage. The gray lines represent the 95% confidence interval of the effect size estimate. The black
rectangles are proportional to the square-root of the sample size.
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Figure S14. Forest plot for rs4851264 that is genome-wide significant for College in the combined discovery +
replication stage. The gray lines represent the 95% confidence interval of the effect size estimate. The black
rectangles are proportional to the square-root of the sample size.
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Figure S15. Forest plot for rs13401104 that is genome-wide significant for College in the combined discovery +
replication stage. The gray lines represent the 95% confidence interval of the effect size estimate. The black
rectangles are proportional to the square-root of the sample size.
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Figure S16. Comparison of empirical correlations with predicted correlations from ACE model. Predicted
correlations were obtained when fitting the data to a simple ACE model and the sample correlations in the
Swedish Brothers Sample.
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Figure S17. Plots of study-level unstandardized regression coefficients () against number of survey categories
for SNP rs9320913 (panel A), rs11584700 (panel B), and rs4851266 (panel C). Each circle represents a study
and is scaled proportional to the sample size of that study. The dashed lines indicate the sample-size-weighted
average 5, while the solid line is the weighted OLS regression line with weights proportional to the sample size.
The stars represent the weighted-average f for each number of survey categories. The p-values of the
regressions are 0.515 (panel A), 0.711 (panel B), and 0.665 (panel C). Notice that to facilitate comparisons and
interpretation, we report the coefficients from the regression with the EduYears measure even in those instances
where the genome-wide significant SNP was detected using the College measure.
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Figure S18. Plots of study-level standardized regression coefficients () against number of survey categories for
SNP rs9320913 (panel A), rs11584700 (panel B), and rs4851266 (panel C). Each circle represents a study and is
scaled proportional to the sample size of that study. The dashed lines indicate the sample-size-weighted average
p, while the solid line is the weighted OLS regression line with weights proportional to the sample size. The
stars represent the weighted average f for each number of survey categories. The p-values of the regressions are
0.359 (panel A), 0.924 (panel B), and 0.753 (panel C). Notice that to facilitate comparisons and interpretation,
we report the coefficients from the regression with the EduYears measure even in those instances where the
genome-wide significant SNP was detected using the College measure.
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Figure S19. Plots of study-level EduYears regression coefficients () versus average birth year for SNP
rs9320913 (panel A), rs11584700 (panel B), and rs4851266 (panel C). Each circle represents a study and is
scaled proportionally to the sample size of that study. The dashed lines indicate the sample-size-weighted
average £, while the solid line is the weighted OLS regression line with weights proportional to the sample size.
The p-values of the regressions are 0.684 (panel A), 0.824 (panel B), and 0.829 (panel C). Notice that to
facilitate comparisons and interpretation, we report the coefficients from the regression with the EduYears
measure even in those instances where the genome-wide significant SNP was detected using the College
measure.

06 | 1.0 1.0
04 |
024"
00 |

0.2 4

04 |

06 -
-1.0 4 -1.0 4

-08

T T T T T T T T T T T T T T T T T T

1920 1930 1940 1850 1960 1970 1920 1930 1940 1950 1960 1970 1920 1930 1940 1950 1960 1970
Average birth year Average birth year Average birth year

49



Figure S20. Cell-type-specific overlap between H3K4me3 marks and loci tagged by SNPs meeting p < 1x10”
for each tissue/cell type. Tissue/cell types with p-values to the right of the dashed line are enriched at nominal p
<0.05.
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Figure S21. Distribution of cell-type specificity scores for loci tagged by SNPs meeting p < 1x107 within cell
types significantly enriched for overlap between H3K4me3 marks and associated loci (Figure S20). Loci above
the dashed line (identified and described in Table S19) show specificity to that cell type at nominal p < 0.05.
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Figure S22. An illustration of the tradeoff between a GWAS on a distal phenotype in a larger sample against a
GWAS on the endophenotype in a smaller sample. The y-axis shows effect sizes in terms of the population R
from the regression of the phenotype on the single SNP, ranging from 0 to 0.1% in increments of 0.01% (one-
hundredth of one percent). The x-axis is the sample size. In these calculations, we assume that the only source of
correlation between the SNP and Y is the effect of the SNP on the endophenotype of interest. Each curve graphs
the locus of effect-size/sample-size pairs that gives a given level of power to detect the association at p=5x107%.
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11. Supplementary Tables

Table S1. Study design, numbers of individuals and sample quality control for GWAS cohorts. “Call rate” refers to the genotyping success rate, i.e., the minimum percentage

of successfully genotyped SNPs.

Study Sample QC
Short name Full name Study design Total Callrate  Other exclusions Sample in References
sample size analysis (V)
@)
Discovery Stage
AGES Age, Gene/Environment Population-based 3,219 >97% 1) Mismatch to previous 3,212 (94)
Susceptibility—Reykjavik Study genotypes
2) Missing EA phenotype
ALSPAC Avon Longitudinal Study of Parents  Prospective pregnancy 8,340 >95% 1) IBD above 10% 6,919 (95)
and Children cohort 2) Inconclusive X chromosome
heterozygosity
3) Do not cluster with CEU
HapMap on IBS plot
4) High autosomal
heterozygosity
5) Missing EA phenotype
ASPS Austrian Stroke Prevention Study Population-based 922 >97% 1) Mismatch between called and 848  (96)
phenotypic gender (97)
2) Other sample failures
3) Missing EA phenotype
BLSA Baltimore Longitudinal Study of Community-dwelling 848  >98.5% 1) Sex mismatch 821 (98)
Aging 2) Missing EA phenotype
CAHRES-Cases Cancer Hormone Replacement Case-control 1,321 >96% 1) Missing EA phenotype 788  (99)
Epidemiology in Sweden
CAHRES-Controls Cancer Hormone Replacement Case-control 1,524 >96% 1) Missing EA phenotype 709 As CAHRES-Cases
Epidemiology in Sweden
CAPS-Cases Cancer Prostate Sweden Case-control 3,030 >95% 1) Missing EA phenotype 240  (100)
(101)
(102)
CAPS-Controls Cancer Prostate Sweden Case-control 1,960 >95% 1) Missing EA phenotype 219 As CAPS-Cases
CCF Cleveland Clinic Foundation Clinically selected 495 >97% 1) High heterozygosity 485 -
(Lone Atrial (FDR<1%)
Fibrillation) 2) Sex mismatch

3) High IBS (IBS>=0.95); 4) PC
outlier (more than 6 SDs away)
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CoLaus

Cr_Kor

Cr_Spl

Cr_Vis

EGCUT

ERF

FINRISK

FTC

GAIN

GENOA

Etude Cohorte Lausannoise

Croatia Korcula
Croatia Split
Croatia Vis

Estonian Genome Center,

University of Tartu

Erasmus Rucphen Family study

The National FINRISK Study

Finnish Twin Cohort

Genetic Association Information
Network Schizophrenia-Controls

Genetic Epidemiology Network of
Arteriopathy

Population-based

Population-based
Isolate
Population-based
Isolate
Population-based
Isolate
Population-based

Family-based

Population-based

Family-based

Case-control

Family-based

6,189

969
535
1,026

1,537

3,485

38,031

1,387

1,442

1,509

>90%

>97%

>97%

>95%

>95%

>95%

>95%

>95%

>97%

>95%

4) Missing EA phenotype
1)PCA outliers removed
2)Related individuals

3) Missing EA phenotype
1)Duplicate samples

2) Missing EA phenotype
1)Duplicate samples

2) Missing EA phenotype
1)Duplicate samples

2) Missing EA phenotype
1) Gender mismatch

2) Duplicates and/or 1st or 2nd
degree relatives

3) Missing EA phenotype
1) Failing IBS checks

2) Sex chromosome checks
3) Ethnic outliers removed
4) Missing EA phenotype
1) Excess heterozygosity

2) Relatedness and/or failed
gender check

3) Missing EA phenotype
1) Gender discrepancy;

2) Heterozygosity check
(threshold for inclusion -
0.03<F< 0.05)

3) Only one individual per
family was included in the
analysis

4) Missing EA phenotype
1) Exclude individuals with
population heterozygosity rate +
3s.d.

2) Exclude duplicates and
individuals with IBD > 0.185.
3) Ethnic outliers (based
Hapmap CEU) using IBS
distances > 3 s.d.

4) Schizophrenia cases were
excluded

5) Missing EA phenotype
1) MAF<0.01

2) SNPs not in HapMap

5,410

843

417

864

1,537

2,380

1,837

729

1,164

1,439

(103)

(104)
As Croatia Korcula

As Croatia Korcula

(56)

(106)

(107)

(108)

(109)

(110)

(111)
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HABC

HBCS

InCHIANTI

KORA S3

KORA $4

LifeLines

LBC1921

LBC1936

MoBa-Cases

MoBa-Controls

NESDA

Health ABC

Helsinki Birth Cohort Study

Invecchiare in Chinati

Kooperative Gesundheitsforschung
in der Region Augsburg
Kooperative Gesundheitsforschung
in der Region Augsburg

The LifeLines Cohort Study

Lothian Birth Cohort 1921

Lothian Birth Cohort 1936

Mother and Child Cohort of NIPH-
Cases

Mother and Child Cohort of NIPH-
Controls

Netherlands Study of Depression
and Anxiety

Population based

Birth-cohort

Population-based

Population-based
Population-based

Population-based

Population-based
birth-cohort

Population-based
birth-cohort

Population-based,
nested case-control
study
Population-based,
nested case-control
study

Case-control

1,663

1,728

1,210

1,644
1,814

8,132

517

1005

951

970

1,847

>97%

>95%

>97%

>93%

>93%

>95%

>95%

>95%

>98%

>98%

>90%

3) Outliers (£6 SDs) on first 10
PCs from EIGENSTRAT

4) Missing EA phenotype

1) Sample failure

2) Genotypic sex mismatch

3) First degree relatives

4) Missing EA phenotype

1) Gender discrepancy

2) Missing EA phenotype

1) Sex mismatch

2) Heterogeneity > 0.3

3) Missing EA phenotype

1) Gender discrepancy

2) Missing EA phenotype

1) Gender discrepancy

2) Missing EA phenotype

1) Sex mistmatch,

2) Duplicates / Cryptic
relationships

3) None caucasians, ethnic
cluster outlier (>4SD)

4) Excess/lack of heterozygosity
(>3SD)

5) Missing EA phenotype

1) Gender discrepancy

2) Relatedness (PiHAT > 0.25)
3) Non-caucasian descent

4) Missing EA phenotypes

1) Gender discrepancy

2) Relatedness (PiIHAT > 0.25)
3)Non-caucasian descent

4) Missing EA phenotypes

1) Missing EA phenotypes

1) Missing EA phenotypes

1) Uncertain linkage between
genotype and phenotype

2) Samples with evidence of
contamination

3) Samples that failed

1,659

1,717

1,164

1,595
1,809

7,493

515

1,003

354

405

1,517

(112)

(113)

(114)

(115)
As KORA S3

(116)

(117)

(118)

(119)
(120)

As MoBa-Cases

(121)
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NFBC1966

nonGAIN

NTR

QIMR

Northern Finland Birth Cohort 1966

Non-Genetic Association
Information Network
Schizophrenia-Controls

Netherlands Twin Register

Queensland Institute of Medical
Research

Population-based

Case-control

Family-based

Family based

12,138

1,364

5,856

10,506

>95%

>97%

>90%

>95%

genotyping

4) Miscellaneous failures (for
example, data consistent with
the presence of XO and XXY
sex chromosome status).

5) Missing EA phenotypes

1) Low mean heterozygosity
[exclude if <0.29 & MDS
outliers

2) Duplicates: concordance with
other DNA>0.99

3) Contaminated samples: IBS
pairwise with most other
samples >0.99

4) IBS pairwise sharing>0.20
5) Withdrew consent

6) Gender mismatch: genotypic
gender different from
phenotypic

7) Missing EA phenotypes

1) Exclude individuals with
population heterozygosity rate +
3s.d.

2) Exclude duplicates and
individuals with IBD > 0.185
3) Ethnic outliers (Hapmap
CEU) using IBS distances >3
s.d.

4) Missing EA phenotypes

1) Extreme autosomal
heterozygosity (F > -.10)

2) Gender discrepancy

3) Discrepancy between genetic
and reported relatedness

4) Only unrelated individuals
were chosen

5) Missing EA phenotypes

1) Individuals age < 30 years
2) Missing EA phenotypes

5,371

1,109

2,650

7,985

(122)
(123)

(110)

(124)
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RS-1

RS-II

RS-III

RUSH-MAP

RUSH-ROS

SAGE

Rotterdam Study Baseline

Rotterdam Study Extension of
Baseline

Rotterdam Study Young

Rush University Medical Center -
Memory and Aging Project

Rush University Medical Center -
Religious Orders Study

Study of Addiction: Genetics and

Population-based

Population-based

Population-based

Epidemiological
cohort

Epidemiological
cohort

Case-control

7,983

3,011

3,932

1,565

1,170

3,829

>97.5%

>97.5%

>97.5%

>95%

>95%

>98%

1) Gender mismatch with typed
Xlinked markers

2) excess autosomal
heterozygosity >
0.336~FDR>0.1%

3) duplicates and/or 1st or 2nd
degree relatives using IBS
probabilities >97% from PLINK
4) ethnic outliers using IBS
distances > 3SD from PLINK
5) Missing EA phenotypes

1) Gender mismatch with typed
Xlinkedmarkers

2) excess autosomal
heterozygosity (F<-0.055)

3) duplicates and/or 1st degree
relatives using IBD PiHAT
>40% from PLINK

4) ethnic outliers IBS distances
> 4SD mean HapMAP CEU
cluster from PLINK

5) Missing EA phenotypes

1) Gender mismatch with typed
Xlinked markers

2) excess autosomal
heterozygosity (F<-0.055)

3) duplicates and/or 1st degree
relatives using IBD PiIHAT
>40% from PLINK

4) ethnic outliers IBS distances
> 4SD mean HapMAP CEU
cluster from PLINK

5) Missing EA phenotypes

1) Genotype-derived sex
discordant with reported sex

2) Failed heterozygosity test

3) Missing EA phenotypes

1) Genotype-derived sex
discordant with reported sex

2) Failed heterozygosity test

3) Missing EA phenotypes

1) Batch effects, chromosomal

5,806

1,641

2,014

888

810

1,321

(125)
(126)

As RS-1

As RS-1

(127)

As RUSH-MAP

(128)
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SardiNIA

SHIP

STR

TwinsUK

YFS

Environment

SardiNIA Study of Aging

Study of Health in Pomerania

Swedish Twin Registry

St Thomas’ UK Adult Twin
Registry

The Cardiovascular Risk in Young
Finns Study

Family-based

Population-based

Family-based

Family-based

Population-based

6,148

4,308

9,836

5,654

2,442

>95%

>92%

>97%

>98%

>95%

anomalies, Mendelian errors,
sex-check

2) minor allele frequency > 1%
3)HWE P > E-4

4) sample misidentification,
relatedness, other
misspecifications

5) Missing EA phenotypes

1) Sex-check

2) Other sample failures

3) Missing EA phenotypes

1) Gender mismatch with typed
X-linked markers

2) duplicates by estimated IBD
3) Missing EA phenotypes

1) Sex-check (heterozygosity of
X-chomosomes)

2) deviations in heterozygosity
of more then 5 SD from the
population mean

3) Cryptically relatedness
check;

4) Missing EA phenotypes

1) sample call rate <98%

2) heterozygosity across all
SNPs >2 SD from the sample
mean

3) evidence of non-European
ancestry as assessed by principle
component analysis (PCA)
comparison with HapMap3
populations

4) observed pairwise identity by
descent (IBD) probabilities
suggestive of sample identity
errors

5) Missing EA phenotypes

1) Missing gender

2) Related individuals and
duplicates

5) Missing EA phenotypes

3,639

3,556

9,553

2,619

2,029

(129)

(130)

(131)

(132)

(133)

Replication Stage

DHS

Dortmund Health Study

Epidemiological

1312

>95%

1) PCA failed 953

(134)
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EGCUT

H2000-Cases

H2000-Controls

HCS

HRS

MCTFR

NIA

Estonian Genome Center,
University of Tartu

Health 2000

Health 2000

Hunter Community Study

Health and Retirment Study

Minnesota Center For Twin and
Family Research

National Institute of Aging

cohort

Population based

Population-based
random sample (case-
control subcohort
selected on basis of
metabolic syndrome)
Population-based
random sample (case-
control subcohort
selected on basis of
metabolic syndrome)
Population based

Population based

Family-based

Family based

3,755

857

868

1,230

12,507

7,278

1,072

>95%

>95%

>95%

>95%

>98%

>99%

>97%

2) No DNA

3) Aged <30 years

4) Missing EA phenotypes
1) Gender mismatch

2) Duplicates and/or 1st or 2nd
degree relatives

3) Missing EA phenotypes
1) Excess heterozygosity

2) Relatedness and/or failed
gender check

3) Missing EA phenotypes

1) Excess heterozygosity

2) Relatedness and/or failed
gender check

3) Missing EA phenotypes

1) Gender mismatch

2) Duplicates and/or 1st degree
relatives

3) Pan-European ancestry
evident in principal components
4) Missing EA phenotypes

1) Gender discrepancy

2) Ethnic outliers

3) Duplicates and/or relatives
with KC>1/32

4) Missing EA phenotypes

1) >5000 uncalled SNPs

2) low GenCall score

3) extreme hetero- or
homozygosity

4) sample mix-up or unable to
confirm known genetic
relationships

5) Missing EA phenotypes

1) Removed non-caucasians and
non-controls

2) Sex-check (heterozygosity of
X-chomosomes)

3) Removed missing phenotypes
Pruned family data to sample of
unrelateds (retained all founders

3,755

852

864

1,094

8,626

3,830

622

(135)

As EGCUT
(Discovery stage)

(136)

As H2000-Cases

(137)

(138)

(139)

(140)
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NTR

ORCADES

RS-IIT

THISEAS

WASHS

Netherlands Twin Register

The Orkney Complex Disease
Study

Rotterdam Study Young
(additionallty genotyped
individuals)

The Hellenic study of Interactions
between SNPs & Eating in
Atherosclerosis Susceptibility

Western Australia Sleep Health
Study

Family based 3,124
Population-based 895
Population-based 976
Case- control 1,075
Clinically selected 1,301
(sleep problems;

BMI<30 or BMI>40)

>95%

>97%

>97.5%

>95%

>97%

from each family; retained one
non-founder from each family
with no founders in sample)

4) Missing EA phenotypes

1) Extreme autosomal
heterozygosity (F > -.10)

2) Gender discrepancy

3) Discrepancy between genetic
and reported relatedness

4) Only unrelated individuals
were chosen

5) Missing EA phenotypes

1) Ethnic outliers

2) Duplicates

3) Gender mismatch

4) Excess IBS incompatible
with pedigree

5) Missing EA phenotypes

1) Gender mismatch with typed
Xlinked markers

2) excess autosomal
heterozygosity (F<-0.055)

3) duplicates and/or 1st degree
relatives using IBD PiIHAT
>40% from PLINK

4) ethnic outliers IBS distances
>4SD mean HaMAP CEU
cluster from PLINK

5) Missing EA phenotypes

1) Gender mismatch

2) Heterozygosity

3) Ethnic outliers

4) Missing EA phenotypes

1) Sex mismatch using sexcheck
in PLINK

2) Relatedness (IBD > 0.1875
using PLINK)

3) Heterozygosity (h > 4sd using
PLINK)

4) PCA outliers removed by eye
after evaluating cluster plot
comparing to HapMap CEU r3
5) Missing EA phenotypes

1,317

810

976

831

960

(141)

(142)

As RS-1

(143)

(144)
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Table S2. ISCED classification scheme

US years of

ISCED schooling

Levels  Definition (EduYears) College
0 Pre-primary education 1 0
1 Primary education or first stage of basic education 7 0
2 Lower secondary or second stage of basic education 10 0
3 (Upper) secondary education 13 0
4 Post-secondary non-tertiary education 15 0
5 First stage of tertiary education (not leading directly to an 19 1

advanced research qualification)
6 Second stage of tertiary education (leading to an advanced 22 1

research qualification, e.g. a Ph.D.)
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Table S3. Study-specific educational attainment measure and phenotype distribution.

N per ISCED category N
Study Educational attainment ISCED 0 1 2 3 4 Total Non- College
measure transformation College
Discovery Stage
AGES What is the highest 0) ISCED 0 Females 2 550 449 0 425 437 0 1,863 932 437
level or year of school 1) ISCED 1 Males 0 217 80 0 635 417 0 1,349 1,426 417
that you completed? 2) ISCED 2 Pooled 2 767 529 0 1060 854 0 3,212 2,358 854
0) Did not go to 3) ISCED 2
school 4) ISCED 2
1) Elementary school 5)ISCED 2
2) High school 6) ISCED 2
3) Industiral 7) ISCED 4
College,midwife,nurse ~ 8) ISCED 4
's aid, art/music 9) ISCED 4
education 10) ISCED 5
4) Farmer’s College
5)-House keeping
6) Seamanship
7)Junior College
8) Business school
9) Teacher’s
College/Nursing
school
10) University /
Technical College
ALSPAC What is the highest 1) ISCED 0 Females 274 0 1246 2525 1800 1074 0 6,919 5,845 1,074
level of school that 2) ISCED 2 Males 0 0 0 0 0 0 0 0 0 0
you completed? 3)ISCED 3 Pooled 274 0 1246 2525 1800 1074 0 6,919 5,845 1,074
1) None 4) ISCED 4
2) CSE only 5)ISCED 5
3) O-levels
4) A-levels
5) University degree
and vocational
training
ASPS Please state your 1)ISCEDOor 1 (not  Females 0 0 352 111 0 19 0 482 306 60
highest completed in study) Males 0 0 217 89 0 60 0 366 463 19
education: 2)ISCED 2 Pooled 0 0 569 200 0 79 0 848 769 79
1) Compulsory 3) ISCED 3
schooling not 4) ISCED 4
2) Compulsory S)ISCED 5
schooling
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BLSA

CAHRES-
Cases

CAHRES-
Controls

3) High school

4) College

5) University degree
How many years of
education do you
have?

1)7

2)8

3)9

4)10

5) 11

6) 12 (High School)
7) 13

8) 14 (AA of AS)
9) 15

10) 16 (College)
11) 17

12) 18 (Some master)
13) 19

14) 20

15) 21

16) 22

What is your
education?

1) Elementary school
2) 9 year compulsory
school

3) Junior secondary
school/girl school

4) Gymnasium

5) High
school/University

6) Other

7) Other, what

What is your
education?

1) Elementary school
2) 9 year compulsory
school

3) Junior secondary

1) ISCED 1

2) ISCED 1

3) ISCED 2

4) ISCED 2

5) ISCED 2

6) ISCED 3

7) ISCED 3

8) ISCED 4

9) ISCED 4

10) ISCED 5

11) ISCED 5

12) ISCED 5

13) ISCED 6

14) ISCED 6

15) ISCED 6

16) ISCED 6
Because BLSA is a
US sample of highly
educated for
EduYears analysis
actual years of

schooling were used.

If6): ISCED 5

Elseif (3)=1or
4)=1)and 6) = 1:
ISCED 4
Elseif3)=1or4)=
1 or6)=1:ISCED 3
Elseif2)=1or1)=
1: ISCED 2

If6): ISCED 5

Elseif (3)=1or
4)=1)and 6) = 1:
ISCED 4
Elseif3)=1o0r4)=
1 or6)=1:ISCED 3

Females 0 1 4
Males 0 2 8
Pooled 0 3 12
Females 0 0 360
Males 0 0 0
Pooled 0 0 360
Females 0 0 331
Males 0 0 0
Pooled 0 0 331

55
30
85

272

272

240

240

44
35
79

61

61

53

53

219
248
467

95

95

85

85

48
127
175

(=N N

(=]

371
450
821

788

788

709

709

104
75
179

693

693

624

624

267
375
642

95

95

85

85
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school/girl school
4) Gymnasium

5) High
school/University
6) Other

7) Other, what

Elseif2)=1or1)=
1: ISCED 2

CAPS-Cases ~ What schools have 1f6) =1: ISCED 5 Females 0 0 0 0 0 0 0 0 0 0
you attended? Elseif (4)=10r5)=  Males 0 0 147 62 3 28 0 240 212 28
1) Elementary school 1)and 7)=1: ISCED  Pooled 0 0 147 62 3 28 0 240 212 28
2) Vocational School 4
3) Lowever secondary  Elseif4)=lor5)=1
school or7)=1:ISCED 3
4) 2-year upper Elseif1)=1o0r3) =
secondary school 1: ISCED 2
5) 3-4 upper
secondary school 1f 2) individuals
6) College/university always have at least
degree elementary school
7) Other training and/or something
else, which then is set
to the level of
education.
CAPS- What schools have If6) =1:ISCED 5 Females 0 0 0 0 0 0 0 0 0 0
Controls you attended? Elseif (4)=10r5)=  Males 0 0 133 53 8 25 0 219 194 25
1) Elementary school 1)and 7)=1: ISCED  Pooled 0 0 133 53 8 25 0 219 194 25
2) Vocational School 4
3) Lowever secondary  Else if4) =1 or 5) =1
school or7)=1:ISCED 3
4) 2-year upper Elseif 1)=1or3)=
secondary school 1: ISCED 2
5) 3-4 upper
secondary school If 2) individuals
6) College/university always have at least
degree elementary school
7) Other training and/or something
else, which then is set
to the level of
education.
CCF Highest level of 1) ISCED 2 Females 0 0 3 28 25 31 31 118 56 62
education? 2) ISCED 3 Males 0 0 12 73 44 106 132 367 129 238
1) Grade school 3) ISCED 4 Pooled 0 0 15 101 69 137 163 485 185 300
2) High school 4) ISCED 5
3) 2-year college 5) ISCED 6
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CoLaus

Cr_Kor

Cr_Spl

Cr_Vis

EGCUT

4) 4-year college

5) Graduate level
What is the highest
level of school that
you completed?

1) Scolarité
obligatoire

2) Apprentissage

3) Baccalauréat,
maturité

4) Maitrise, diplome
supérieur (technicum,
etc..)

5) Université, hautes
écoles

How many years of
education do you
have?

How many years of
school have you
completed?

How many years of
school have you
completed?

How many years of
school have you
completed?

How many years of
schooling do you have

If 1) not completed:
ISCED 0

If 1) and <7 years of
education: ISCED 1
If 1) and 7+ years of
education: ISCED 2
If2) or 3) and <14
years of education:
ISCED 3

1f2) or 3) and 14+
years of education:
ISCED 4

1f 4) or 5) and <20
years of education:
ISCED 5

If 4) or 5) and 20+
years of education:
ISCED 5

0: ISCED 0
1-7:ISCED 1

8-10: ISCED 2
11-13: ISCED 3
14-15: ISCED 4
16-19: ISCED 5
20+: ISCED 6.

0: ISCED 0
1-7:ISCED 1

8-10: ISCED 2
11-13: ISCED 3
14-15: ISCED 4
16-19: ISCED 5
20+: ISCED 6.

0: ISCED 0

1-7: ISCED 1

8-10: ISCED 2
11-13: ISCED 3
14-15: ISCED 4
16-19: ISCED 5
20+: ISCED 6.
1f0-3: ISCED 0

1f 4 or Primary

Females
Males
Pooled

Females
Males
Pooled

Females
Males
Pooled

Females
Males
Pooled

Females
Males

\S)

[«

o

121
130
251

85
22
107

16

19

155

215

11
32

565
306
871

99
48
147

13

20

138

198

90
113

1,056

793

1,849

264
150
414

108
91
199

156
175
331

447
386

322
389
711

39
39
78

39
23
62

21
31
52

27
13

668
727
1,395

49
43
92

63
44
107

29

65

212
159

128
200
328

(=]

3

W

24
23

2,863
2,547
5,410

541
302
843

242
175
417

499
365
864

811
726

2,067
1,620
3,687

490
259
749

177
124
301

470
326
796

575
544

796
927
1,723

51
43
94

65
51
116

29

68

236
182
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ERF

FINRISK

and whati is the
highest level school
graduated?

1) Elementary school
2) Secondary school
3)Professional
secondary school

4) High school

5) Professional high
school

6) Professional higher
education

7) Lower university
degree (BcS and McS)
8) Higer university
degree ( PhD or MD)
What is your highest
completed education?
1) primary education
2) primary education,
plus a higher not
completed education
3) lower vocational
education

4) lower secondary
education

5) intermediate
vocational education
6) general secondary
education

7) higher vocational
education

8) university

In 1997 questionnaire:
What is your highest
level of education?

1) Primary school

2) Middle school

3) Vocational school
4) High school/college
level education

5) Academical degree

School: ISCED 1

If 9 or Secondary:
ISCED 2

If 12 or High School:
or Professional
Secondary: SCED 3
If 13-15 : ISCED 4
I 16-20 or lower
university degree:
ISCED 5

If 21+ or higher
university degree
(PhD, MD) : ISCED
6

1) ISCED 1
2) ISCED 1
3) ISCED 2
4) ISCED 2
5) ISCED 4
6) ISCED 3
7)ISCED 5
8) ISCED 5

In 1997
questionnaire:
1)ISCED 1

2) ISCED 2
3)ISCED 3

4) ISCED 3 / ISCED
4

5) ISCED 5/ ISCED
6

Pooled

Females
Males
Pooled

Females
Males
Pooled

S o

(=]

43

466
376
842

216
198
414

203

560
404
964

87

167

833

148
62
210

243
319
562

40

97
141
238

AN — W

371

36
90
126

299
375
674

47

(=)

oS

1,537

1,307
1,073
2,380

850
973
1,823

1,119

1,271
983
2,254

551
598
1,149

418

36
90
126

299
375
674

66



FTC

GAIN

In 2002 and 2007
questionnaire:

What is your highest
level of education?
1) Primary
school/Basic
education

2) Middle school

3) Vocational school
4) High school

5) College-level
education

6) Polytechnical
degree

7) Academical degree
Q1. What is your
basic education?

1) Less than primary
school

2) Primary school

3) Less than junior
high-school

4) Junior high-school
5) Some high-school
studies

6) Senior high-school

Q2. What professional
training have you
completed (after the
basic education)?

1) None

2) Lower level
vocational school

3) Advanced
vocational school

4) High school

5) Polytechnic

6) University

What is your highest
degree received?

1) Less than high

In 2002 and 2007
questionnaire:

1) ISCED 1/ISCED 2
2) ISCED 2

3) ISCED 3

4) ISCED 3

5) ISCED 4

6) ISCED 5

7) ISCED 5 / ISCED
6

Q2=1 & QI1=1,2:
ISCED 1

Q2=1 & Q1=3,4,5:
ISCED 2

Q2=1 & QI1=6:
ISCED 3

Q=2 &
Q1=1,2,3.4,5,6:
ISCED 3
Q2=3&0Ql=
1,2,3,4,5: ISCED 3
Q2=4&Q1=6:
ISCED 3
Q2=3&Ql1=6:
ISCED 4
Q2=5&Ql =
2,3,4,5,6: ISCED 5
Q2=6&Ql =
2,3,4,5,6: ISCED 5

1) ISCED 1
2) ISCED 2
3) ISCED 3

Females
Males
Pooled

Females
Males
Pooled

0

0

48
90
138

8
12
20

13
14
27

51
30
81

167
313
480

178
146
324

17
9
26

173
153
326

25
33
58

175
197
372

0
0
0

19
22
41

270
459
729

604
560
1,164

245
426
671

410
341
751

25
33
58

194
219
413
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school 4) ISCED 4
2) Some high school, 5)ISCED 4
no diploma 6) ISCED 5
3) Graduated from 7) ISCED 5
high school, Diploma  8) ISCED 6
or equivalent (GED) 9) ISCED 6
4) Some college, no

degree

5) Associate degree

(for example: AA,

AS)

6) Bachelor’s degree

7) Master’s degree

8) Professional degree

(for example: MD,

DDS, LLB, JD)
9) Doctorate degree
GENOA What is the highest Precollege Females 0 0 22 357 257 132 26 794 636 158
level of education that ~ Years/Grade: Males 0 0 50 268 195 99 33 645 513 132
you have completed? 0: ISCED 0 Pooled 0 0 72 625 452 231 59 1,439 1,149 290
Precollege 1-6: ISCED 1
Years/Grade: 7-9: ISCED 2
0-12 or GED 10-12 or GED:
Technical/Trade ISCED 3
School Years: 1-3,>4  Technical/Trade
College/University School Years:
Years: 1-3,>4 1-3,>4: ISCED 15
Professional/Graduate  College/University
School Years: 1-3,>4  Years:
1-2: ISCED 4
3,>4:ISCED 5
Professional/Graduate
School Years:
1-3: ISCED 5
>4: ISCED 6
HABC What is the highest 0-1) ISCED 0 Females 0 5 39 315 238 185 0 782 597 185
grade or year of 2-7)ISCED 1 Males 0 14 64 234 218 347 0 877 530 347
school that you 8-10) ISCED 2 Pooled 0 19 103 549 456 532 0 1,659 1,127 532
completed? 11-13) ISCED 3
0) No formal 14-15) ISCED 4
education 16-19) ISCED 5
1-12) Grade 12 no ISCED 6 defined,
13) because no
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HBCS

InCHIANTI

KORA S3

Vocational/tradeschoo
1 without high school
or the GED

14) Vocational/trade
school after high
school

15) Some
college/Associate
degree

16) College graduate
(4 or 5 year program)
17) Master’s degree
(or post-graduate
training)

18) Doctoral degree
(PhD, MD, EdD,
DVM, DDS, JD, etc.)
Highest educational
attainment derived
from the registry
(Statistics Finland).
EA is categorized in
four classes:

1) folk school,
elementary school or
less

2) Learning profession
3) high school

4) college (upper or
lower academic
degree)

What is your highest
attained degree?

1) No schooling

2) Elementary

3) Lower secondary
education

4) High School

5) University degree
ISCED classification
derived on
combination of these
two questions:

observations with this
level in Health ABC

cohort.

1) ISCED 1
2) ISCED 2
3) ISCED 3
4)ISCED 5

1) ISCED 0
2)ISCED 1
3) ISCED 2
4)ISCED 3
5)ISCED 5

Q2=1 & QlI=1:
ISCED 0
Q2=1& Q1=2,4:
ISCED 2

Females
Males
Pooled

Females
Males
Pooled

Females
Males
Pooled

S o

218
65
283

—_—

374
201
575

291
283
574

S

171
163
334

74
95
169

203
50
253

246
192
438

50
53
103

461
402
863

(=)

71
188
265

191
179
370

14
21
35

56
153
209

0

(=)

o

982
735
1,717

647
517
1,164

801
794
1,595

791
556
1,347

633
496
1,129

745
641
1,386

191
179
370

14
21
35

56
153
209
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KORA S4

Q1: What is your
highest completed
education?

1) kein Abschluss (No
degree)

2) Hauptschule,
Volksschule (Primary
School)

3) Berufsschule /
Lehre (Vocational
School)

4) Mittlere Reife,
Realschule
(Secondary School)
5) Fachschule,
Techniker-,
Meisterschule
(Technical School)
6) Abitur, Fachabitur
(Tertiary School)

7) Universitit
(University)

Q2: What is your
highest vocational
education?

1) kein Abschluss (No
degree)

2) Berufsschule
(Lehre) (Vocational
School)

3) Fachschule,
Techniker-
/Meisterschule
(Technical School)
4) Ingenieur-Schule,
Polytechnikum
(Engineer/Polytechnic
School)

5) Fachhochschule,
Universitit
(University)

ISCED classification
derived on

Q2=1 & QI=3.6:
ISCED 3

Q2=1 & QI=5:
ISCED 4

Q2=1 & QI=7:
ISCED 5
Q2=2$ Ql=1-4:
ISCED 3

Q2=2 $ Q1=5-6:
ISCED 4
Q2=2$QI=7:
ISCED 5

Q2=3 $ QlI=1-6:
ISCED 4
Q2=3$QI=T:
ISCED 5
Q2=4$QI=1-7:
ISCED 5
Q2=5$QI=1-7:
ISCED 5

Q2=1 & Q1=1,2:
ISCED 2

Females
Males

171
38

497
422

165
233

88
184

0
0

929
880

841
696

88
184




LifeLines

combination of these
two questions:

Q1: What is your
highest completed
education?

1) Hauptschule,
Volksschule (Primary
School)

2) Mittlere Reife,
Realschule
(Secondary School)
3) Abitur, Fachabitur,
Fachhochschulreife
(Tertiary School)

4) Hochschule,
Fachhochschule,
Universitit
(University)

5) Sonstiger
Abschluss (Other
qualification)

6) Kein Abschluss
(No degree)

Q2: What is your
highest vocational
education?

1) kein Abschluss (No
degree)

2) Berufsschule
(Lehre) (Vocational
School)

3) Fachschule,
Techniker-
/Meisterschule
(Technical School)
4) Ingenieur-Schule,
Polytechnikum
(Engineer/Polytechnic
School)

5) Sonstiger
Abschluss (Other
qualification)

What is your highest

Q2=1 & Q1=3: Pooled 11
ISCED 3

Q2=1 & Q1=4:
ISCED 5

Q2=1 & Q1=6:
ISCED 0

Q2=2 & Q1=1,2,6:
ISCED 3

Q2=2 & Q1=3:
ISCED 4

Q2=2 & Q1=4:
ISCED 5

Q2=3 & Q1=1,2,3,6:
ISCED 4

Q2=3 & Q1=4:
ISCED 5

Q2=4 &
Q1=1,2,3,4,6: ISCED
5

Other combinations
excluded.

1) ISCED 0 Females 26

153

209

1,461

919

1,577

398

0

272

1,043

0

0

1,809

4,260

1,537

3,217

272

1,043
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completed education?  2) ISCED 1 Males 22

1) No Education (not 3) ISCED 2 Pooled 48
finished elementary 4) ISCED 2

school) 5)ISCED 3

2) Lower education 6) ISCED 3

(elementary school) 7) ISCED 5

3) Lower or 8) ISCED 5

preparatory applied

education (e.g. lower
technical school,
lower vocational
education in business
and administration ,
preparatory middle-
level applied
education)

4) Middle general
continued
education(e.g. further
extended primary
education, (further)
extended primary
education ,middle-
level applied
education-short ,
preparatory middle-
level applied
education theoretical)
5) Middle-level
applied education(e.g.
middle-level applied
education-long,
middle level
applied/technical
training, upper
vocational education
in business and
administration)

6) Higher general and
preparatory education(
e.g. higher general
continued education,
preparatory scientific

97
250

1,059
2,520

L119
2,696

0

936
1,979

0
0

3,233
7,493

2,297
5,514

936
1,979
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LBC1921

LBC1936

MoBa-Cases

education, higher
commoner's school)
7) Higher professional
education or pre
university
education(e.g. higher
professional
education, higher
level applied/technical
training, higher
vocational education
in business and
administration)

8) Scientific education
(university)

How many years did
you spend in full-time
education?

0)7

1) 8-10

2)11-17

3) 18+

What is the highest
qualification you have
achieved?

0) No qualification

1) O-level or
equivalent

2) A-level or
equivalent

3) Semi-
professional/professio
nal quealifications

4) Degree

What is your highest
completed education?
1) 9-yr secondary
school

2) 1-2 yr high school
3) Technical high
school

4) 3 yr high school
general studies, junior

0) ISCED 1
1) ISCED 2
2) ISCED 3
3)ISCED 5

0) ISCED 1
1) ISCED 3
2) ISCED 3
3) ISCED 4
4)ISCED 5

1) ISCED 1
2) ISCED 2
3) ISCED 3
4)ISCED 3
5)ISCED 5
6) ISCED 6

Females
Males
Pooled

Females
Males
Pooled

Females
Males
Pooled

oo

[«

S oo

[3S)

78
96
174

13

13

187
114
301

oS oo

19

19

111
93
204

295
265
560

90

90

(=]

64
57
121

3 0
5 0
8 0
58 0
90 0
148 0
150 82
0 0
150 82

301
214
515

495
508
1,003

354
0
354

298
209
507

437
418
855

122

122

W

58
90
148

232

232
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MoBa-
Controls

NESDA

5) Regional technical
school, 4-yr university
bachelor degree

6) University,
technical college
What is your highest
completed education?
1) 9-yr secondary
school

2) 1-2 yr high school
3) Technical high
school

4) 3 yr high school
general studies, junior
5) Regional technical
school, 4-yr university
bachelor degree

6) University,
technical college

1) No degree or some
years of primary
school

2) Primary education
3) Secondary Special
Education

4) VBO/LBO
(housekeeping-,
vodational-, technical
school or internal
professional training),
MBO-short

5) Leerlingwezen,
ULO

6) MAVO, MULO,
VMBO

7) MBO-lang, or
internal professional
training on MBO-
level

8) HAVO, VWO,
Gymnasium, HBS,
MMS

9) HBO or internal

1) ISCED 1
2) ISCED 2
3) ISCED 3
4)ISCED 3
5)ISCED 5
6) ISCED 6

1) ISCED 0
2)ISCED 1

3) ISCED 2
4)ISCED 2

5) ISCED 2

6) ISCED 2

7) ISCED 3

8) ISCED 3

9) ISCED 5

10) ISCED 5

11) Mainly ISCED 5,
some added manually
to ISCED 4

12) Missing

13) Missing

Females
Males
Pooled

Females
Males
Pooled

(=)

12

21

8 15
0 0
8 15
61 278
28 134
89 412

92

92

268
171
439

(=)

[\S)

195

195

371
180
551

95

95

(=)

405

405

993
524
1,517

115

115

622
344
966

290

290

371
180
551
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professional training
on HBO-level

10) Scientific
education, university
11) Else, namely:
(propedeuse
University, first year
nursary etc.)

12) Don't know
13) Not applicable
NFBC1966 What is your 1) ISCED 1 Females 0 10 117 1,899 371 391 11 2,799 2,397 402
education? 2) ISCED 2 Males 0 16 164 1,726 282 372 12 2,572 2,188 384
1) Primary education 3)ISCED 3 Pooled 0 26 281 3,625 653 763 23 5,371 4,585 786
(less than 9) 4) ISCED 3
2) Lower secondary 5)ISCED 4
education (9) 6) ISCED 5
3) Lower levels of 7) ISCED 5
upper secondary 8) ISCED 6
education (10-11)
4) Upper level of
upper secondary
education (12)
5) Lowest level of
tertiary education (13-
14)
6) Lower-degree level
of tertirary education
(15)
7) Higher-degree level
of tertiary education
(16)
8) Doctorate or
equivalent level of
tertiary education
nonGAIN What is your highest 1) ISCED 1 Females 0 7 27 163 168 148 13 526 365 161
degree received? 2) ISCED 2 Males 0 6 21 127 177 223 29 583 331 252
1) Less than high 3) ISCED 3 Pooled 0 13 48 290 345 371 42 1,109 696 413
school 4) ISCED 4
2) Some high school, 5)ISCED 4
no diploma 6) ISCED 5
3) Graduated from 7) ISCED 5
high school, Diploma  8) ISCED 6
or equivalent (GED) 9) ISCED 6
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NTR

QIMR

4) Some college, no
degree

5) Associate degree
(for example: AA,
AS)

6) Bachelor’s degree
7) Master’s degree
8) Professional degree
(for example: MD,
DDS, LLB, JD)

9) Doctorate degree
What is your highest
finished education
with a diploma?

0) No education
finished

1) Primary school
only

2) Lower vocational
education (LBO0)

3) General Secundary
education (LAVO,
MAVO)

4) Higher secundary
education (HAVO,
VWO)

5) Intermediate
vocational education
(MBO)

6) Higher vocational
education (HBO)

7) University

8) PhD

Three different
educational scales
were used

Scale 1:

1) Less than 7 years’
schooling

2) 8-10 years’
schooling

3) 8-10 years’
schooling and

0) ISCED 0 Females 38
1) ISCED 1 Males 32
2) ISCED 2 Pooled 70
3)ISCED 2
4) ISCED 3
5)ISCED 3
6) ISCED 5
7) ISCED 5
8) ISCED 6

Scale 1: Females 0
1) ISCED 1 Males 0
2) ISCED 2 Pooled 0
3) ISCED 3

4) ISCED 3

5) ISCED 4

6) ISCED 4

7) ISCED 5

8) ISCED 5bis (20

years of schooling)

256
134
390

91
69
160

248
82
330

1,225
565
1,790

451
282
733

1,239
989
2,208

0
0
0

1,116
912
2,028

571
468
1,039

503
500
1,003

30
58
88

370
406
776

1,594
1,056
2,650

4,544
3,441
7,985

993
530
1,523

3,671
2,535
6,206

601
526
1,127

873
906
1,779
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apprenticeship or
diploma

4) 11-12 years’
schooling

5) 11-12 years’
schooling and
apprenticeship or
diploma

6)
Technical/Teacher’s
College

7) University first
degree

8) University post
graduate training
Scale 2:

1) Less than 7 years’
schooling

2) 8-10 years’
schooling

3) 11-12 years’
schooling

4) Apprenticeship,
diploma, etc.

5)
Technical/Teacher’s
College

6) University first
degree

7) University post
graduate training
Scale 3:

1) Primary

2) Secondary Junior
(8C)

3) Secondary Senior
(HSC)

4) Apprenticeship,
diploma, etc.

5) Tertiary
undergraduate

6) Tertiary graduate
7) University post

Scale 2:

1) ISCED 1

2) ISCED 2
3)ISCED 3

4) ISCED 4

5) ISCED 4

6) ISCED 5

7) ISCED 5bis (20
years of schooling)

Scale 3:

1) ISCED 1

2) ISCED 2
3)ISCED 3

4) ISCED 3

5) ISCED 4

6) ISCED 5

7) ISCED 5bis (20
years of schooling)
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RS-1

RS-II

RS-III

graduate training
What is your highest 1) ISCED 1 Females 0
attained education? 2) ISCED 1 Males
1) Primary education 3) ISCED 2 Pooled
2) Primary education,  4) ISCED 2

plus a higher not 5)ISCED 3

completed education 6) ISCED 3

3) Lower vocational 7) ISCED 5

education 8) ISCED 5

4) Lower secundary

education

5) Intermediate

vocational education

6) General secundary

education

7) Higher vocational

education

8) University

What is your highest 0) ISCED 1 Females 0
attained education? 1) ISCED 2 Males
0) Primary education 2) ISCED 2 Pooled
1) lower vocational 3) ISCED 3

education 4) ISCED 3

2) intermediate S)ISCED 5

general education 6) ISCED 5

3) Intermediate
vocational education
4) General secundary
education

5) Higher vocational
education, first fase

6) Higher vocational
education, second fase
Only individuals were
included that
answered yes to the
question:

Did you finish this
education with a
degree?

0) No

1) Yes

What is the highest

SO

(=)

0) ISCED 1 Females 0

1,598
627
2,225

92
45
137

125

1,007
555
1,562

467
184
651

499

675
865
1,540

199
326
525

256

(=]

(=]

135
344
479

101
227
328

250

(=)

(=)

0

3,415
2,391
5,806

859
782
1,641

1,130

3,280
2,047
5,327

758
555
1,313

880

135
344
479

101
227
328

250
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education that you 1) ISCED 2 Males 0 76 206 310 0 292 0 884 592 292
finished with a 2) ISCED 2 Pooled 0 201 705 566 0 542 0 2,014 1,472 542
degree? 3) ISCED 3

0) Primary education 4) ISCED 3

1) Lower vocational 5)ISCED 5

education 6) ISCED 5

2) intermediate

secundary education

3) Intermediate

vocational education

4) General secondary

education

5) Higher education

(HBO)

6) Higher education

(University)

RUSH-MAP  What is the highest 1£>22: ISCED 6 Females 1 14 209 133 245 37 4 643 602 41
grade or year of If>19 ISCED 5 Males 0 7 46 37 121 28 6 245 211 34
regular school you If>15ISCED 4 Pooled 1 21 255 170 366 65 10 888 813 75
completed? If>13 ISCED 3
0-30 years 1f>10 ISCED 2

If>7ISCED 1
If>1 ISCED 0

RUSH-ROS What is the highest 1£>22: ISCED 6 Females 0 4 23 15 299 153 38 532 341 191
grade or year of If>19 ISCED 5 Males 3 6 21 12 73 108 55 278 115 163
regular school you If>15ISCED 4 Pooled 3 10 44 27 372 261 93 810 456 354
completed? If>13 ISCED 3
0-30 years 1£>10 ISCED 2

If>7ISCED 1
If>1 ISCED 0

SAGE What is the highest If>16 ISCED 5 Females 2 3 26 217 174 423 0 845 422 423
grade in school you If 14-15, ISCED 4 Males 0 4 19 146 83 224 0 476 252 224
completed? If 11-13 ISCED 3 Pooled 2 7 45 363 257 647 0 1,321 674 647
Grade 1-12 (listed by 1£ 8-10 ISCED 2
respondent as 1-12); 1f2-7ISCED 1
Technical school/l If 1 ISCED 0
year of college=13; 2
years of college=14; 3
years of college=15; 4
years of colege=16;
graduate/doctorate=17

SardiNIA What is your highest 1) ISCED 0 Females 69 472 836 487 0 191 0 2,055 1,864 191
degree? 2) ISCED 1 Males 37 415 780 267 0 85 0 1,584 1,499 85
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SHIP

1) literate

2) 5" grade

3) 8% grade

4) High school

5) University degree
Measure based on two
questions:

Q1: What is your
highest general
education?

1) Noch Schiiler(in)
ohne Abschlufl

2) Schulabgang ohne
Abschlufl

3) Volks- oder
Hauptschulabschluf3
4) Mittlere Reife,
Realschulabschluf3,
Fachschulreife

5) Abschluf3
polytechnische
Oberschule

6)
Fachhochschulreife,
fachgebundene
Hochschulreife,
Fachoberschule

7) Abitur, allgemeine
Hochschulreife, EOS
mit
Facharbeiterabschluf3
8)
Fachhochschulreife,
Facharbeiter mit
Abitur

9) Anderer Abschluf3
(auch: keine Angabe!)
Q2: What kind of
vocational training do
you have?

1) Noch in beruflicher
Ausbildung oder
Student

3) ISCED 2
4)ISCED 3
5)ISCED 5

If Q1=1,2,9: ISCED 0
IfQI=3 &
Q2#4,5,6,7: ISCED 1
IfQl=4,5 & Q2=3 &
Q2#4,5,6,7: ISCED 2
If Q1=3 & Q2=4:
ISCED 2
IfQ1=3,4,5,6,7.8 &
Q2=4 & Q243,5,6,7:
ISCED 3

If Q1=6,7,8: ISCED 3
IfQ1=3,4,5.6,7.8 &
Q=5 &
Q2#3,4,6,7,8: ISCED
4

If Q1=3 & Q2=5:
ISCED 4
IfQ1=3,4,5,6,7.8 &
Q2=6,7 & Q2#4,5,8:
ISCED 5

If Q1=3 & Q2=6,7:
ISCED 5

Pooled

Females
Males
Pooled

106

41
60
101

887

261
93
354

1,616

129
156
285

754

899
1,039
1,938

277
145
422

276

187
269
456

(=)

3,639

1,794
1,762
3,556

3,363

1,607
1,493
3,100

276

187
269
456
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STR

TwinsUK

2) Nicht in beruflicher
Ausbildung, bisher
kein
Ausbildungsabschluf3
3) Beruflich-
betriebliche
Anlernzeit, aber keine
Lehre;
Teilfacharbeiterabschl
ull

4) Lehre mit
Abschlu3priifung,
beruflich-betriebliche
Ausbildung

5) Fach- oder
Berufsfachschulabschl
ul, z. B.
Handelsschule,
Fachakademie

6) Abschluf3
Fachhochschule,
Ingenieurschule,
Polytechnikum

7) Hochschulabschluf3
8) Anderer beruflicher
Abschluf3

Data from Statistics
Sweden which
contains information
on the ISCED level
for the year 2005.

At what age did you
finish full time
education?

At what age did you
finish or stop full-time
education?

At what age did you
finish continuous full-
time education?
Please indicate all the
qualifications you
have:

N.A.

A combination of age
when finished
education and highest
qualification were
used to determine
ISCED

1£0-10: ISCED 0

If 11-16: ISCED 1/2
If 16-18: ISCED 2/3
1f 18-21: ISCED 4/5
1£21-23: ISCED 5
1£>23: ISCED 6

Females
Males
Pooled

Females
Males
Pooled

S o

o oo

1,054
1,130
2,184

(=)

395
277
672
838

838

2,248
1,939
4,187
1,332

1,332

76
169
245

66

66

1,263
921
2,184
361

361

20
61
81
20

20

5,056
4,497
9,553
2,619

2,619

3,773
3,515
7,288
2,238

2238

1,283
982
2,265
381

381

81



YFS

University
Higher vocational
Teaching
Nursing

A-level

Middle vocational
O-level 5+

Lower vocational
O-level

Clerical

Other

No qualification

Based on 2 questions:
Ql: Highest degree of
completed studies?

1) Vocational school
2) Occupational /
vocational college

3) University of
applied sciences

4) University studies
(no final degree)

5) Lower university
degree (Bachelors
degree)

6) Higher university
degree (Masters)

7) Licentiate degree
8) Doctoral degree
Q2: What is your
basic education?

1) Comprehensive
school (9 years)

1) Previous form of
comprehensive school
(up to 8 years)

2) High-school (after
comprehensive school

Qualifications

University: ISCED

5/6

Higher vocational:

ISCED 3

Teaching: ISCED 4

Nursing: ISCED 4

A-level: ISCED 3

Middle vocational

ISCED 2

Lower vocational:

ISCED 2

O-level: ISCED 2

Clerical: ISCED 3

No qualification:

ISCED 1

Ql: Females 0 0 28
1) ISCED 3 Males 0 0 45
2) ISCED 4 Pooled 0 0 73
3) ISCED 5

4) ISCED 5

5)ISCED 5

6) ISCED 5

7) ISCED 6

8) ISCED 6

Q2:

1) ISCED 2

2) ISCED 2

3) ISCED 3

307
379
686

319
172
491

423
301
724

37
18
55

1,114
915
2,029

654
596
1,250

460
319
779

82



3 years)

Discovery Females 702 6,649 13,075 20,877 7,063 11,139 1000 60,505 48,366 12,139
stage total Males 234 4,491 6,547 14,405 4,551 9,144 1,192 40,564 30228 10,336
Pooled 936 11,140 19,622 35,282 11,614 20,283 2,192 101,069 78,594 22,475
Replication Stage (in-silico GWA studies)
DHS Two questions, the 1) ISCED 1 Females 0 67 17 306 45 66 0 501 435 66
first question is 2) ISCED 1 Males 0 25 9 284 33 101 0 452 351 101
concerned with 3) ISCED 2 Pooled 0 92 26 590 78 167 0 953 786 167
primary and 4)ISCED 3

secondary education. 5) ISCED 3
The other question is 6) ISCED 4
concerned with 7) ISCED 5
universities,

vocational full-time

schools and the like.

Combination of these

two gives:

1) School not

completed and no

vocational training

2) Lower secondary

school without

vocational traing and

year of birth < 1954

3) Lower secondary

school and birthyear >

1954 or intermediate

school certificate, but

no vocational

education

4) Lower secondary

school plus vocational

training

5) upper secondary

school without

vocational training

6) upper secondary

school and vocational

&3



EGCUT

H2000-Cases

training

7) university or
university of applied
science

How many years of
schooling do you have
and whati is the
highest level school
graduated?

1.Elementary school
2. Secondary school
3.Professional
secondary school

4. High school

5. Professional high
school

6. Professional higher
education

7. Lower university
degree (BcS and
McS)

8. Higer university
degree ( PhD or MD)
Q1: What is your
basic education level?
1)Less than grammar
school

2) Grammar school
3)Two additional
years of education
after grammar school
in “jatkokoulu” (could
be roughly translated
to civics school)
4)Part of middle
school or
comprehensive school
(less than 9 years)
5)Middle school

6) Comprehensive
school

1f 0-3: ISCED 0

If 4 or Primary
School: ISCED 1

If 9 or Secondary:
ISCED 2

If 12 or High School:
or Professional
Secondary: SCED 3
If 13-15: ISCED 4
If 16-20 or lower
university degree:
ISCED 5

If 21+ or higher
university degree
(PhD, MD) : ISCED 6

Ql:

1) ISCED 0
2)ISCED 1
3)ISCED 1
4)ISCED 1
5)ISCED 2
6) ISCED 2
7) ISCED 2
8) ISCED 3

Q2:

DISCED level
depends on basic level
education (Q1)
2)ISCED level
depends on basic level
education (Q1)

3) ISCED 3

Females
Males
Pooled

Females
Males
Pooled

16
12
28

w

122
142
264

133
112
245

313
488
801

50
23
73

900
996
1896

63
107
170

(=)

139
121
260

312
403
715

43
54
97

11
40
51

—_ o

1674
2081
3755

431
421
852

1,351
1,638
2,989

388
366
754

323
443
766

43
55
98

84



H2000-
Controls

T)Part of high school
or high school
examination
8)Matriculation
examination

Q2: What is your
highest level of
education or degree
after basic education?
1)No vocational
education

2) Vocational course
or course at work
3)Vocational school
or apprenticeship
4)Vocational college
(ie. technical school)
5) College degree

6) Vocational
programme for
specialist vocational
qualifications
T)University of
applied sciences

8) Lower university
degree (Bachelors
degree)

9) Higher university
degree (Masters
degree)

10) Licentiate degree
11)Doctoral degree

Q1: What is your
basic education level?
1)Less than grammar
school

2) Grammar school
3)Two additional
years of education
after grammar school
in “jatkokoulu” (could

4)ISCED 4
5) ISCED 4
6) ISCED 4
7) ISCED 5
8) ISCED 5
9) ISCED 5
10) ISCED 6
11) ISCED 6

Ql:

1) ISCED 0
2)ISCED 1
3)ISCED 1
4)ISCED 1
5) ISCED 2
6) ISCED 2
7) ISCED 2
8) ISCED 3

Females 2 110
Males 5 116
Pooled 7 226

33
20
53

88
98
186

148
116
264

60

119

4
5
9

445
419
864

381
355
736

64

128

85



HCS

be roughly translated
to civics school)
4)Part of middle
school or
comprehensive school
(less than 9 years)
5)Middle school

6) Comprehensive
school

7)Part of high school
or high school
examination
8)Matriculation
examination

Q2: What is your
highest level of
education or degree
after basic education?
1)No vocational
education

2) Vocational course
or course at work
3)Vocational school
or apprenticeship
4)Vocational college
(ie. technical school)
5) College degree

0)

7)University of
applied sciences

8) Lower university
degree (Bachelors
degree)

9) Higher university
degree (Masters
degree)

10) Licentiate degree
11)Doctoral degree

What is your highest
level of education?
1) Primary schooling

Q2:

1ISCED level
depends on basic level
education (Q1)
2)ISCED level
depends on basic level
education (Q1)
3)ISCED 3

4) ISCED 4

5) ISCED 4

6) ISCED 4

7)ISCED 5

8)ISCED 5

9) ISCED 5

10) ISCED 6

11) ISCED 6

1) ISCED 1
2) ISCED 2
3) ISCED 3

Females
Males
Pooled

(=]

12
18
30

136
102
238

188
98
286

79
192
271

118
151
269

0
0
0

533
561
1,094

415
410
825

118
151
269

86



HRS

MCTFR

only

2) Secondary
schooling not
completed.

3) Secondary
schooling completed
4) Trade qualification
or technical college
5) University or other
tertiary study

1) What is the highest
grade of school or
year of college you
completed?

Highest Degree
Attained

Used for GED and
higher:

2) How many years of
schooling do you
have?

What’s your highest
obtained degree?

1) Less than high
school diploma

2) High school
diploma, General
Educational
Development, or high
school equivalent

4)ISCED 4
5)ISCED 5

If Degree =0 & Females 5
Schoolyears = 0: Males 5
ISCED 0 Pooled 10
If Degree =0 &

Schoolyears = 1-6:

ISCED 1

If Degree =0 &

Schoolyears = 7-9:

ISCED 2

If Degree =0 &

Schoolyears = 10-12:

ISCED 2

If Degree=1 (GED):

ISCED 3

If Degree=2 (HS):

ISCED 3

If Degree=3 (2 year

college): ISCED 4

If Degree=4 (College:

ISCED 5

If Degree=5

(Masters): ISCED 5

If Degree=6 (Prof):

ISCED 6

1) ISCED 2 Females 0
2) ISCED 3 Males 0
3) ISCED 4 Pooled 0
4) ISCED 5

5) ISCED 5/6 (US

years=20)

24
36
60

624
427
1051

24

51

3,084
1,869
4,953

862
768
1630

278
157
435

97
95
192

979
946
1,925

925
658
1583

42
150
192

153
221
374

5,036
3,590
8,626

2,061
1,769
3,830

4,015
2,494
6,509

983
890
1,873

,1021
1,096
2,117

1,078
879
1,957

87



NIA

NTR

3) Technical degree,
business certificate, or
business college

4) Bachelor's degree,
associate degree, or
some college

5) Professional degree
(such as master's
degree, JD, MD, PhD)

How many years of 1£0-5: ISCED 0 Females
schooling do you If 6-8: ISCED 1 Males
have? If9-11: ISCED 2 Pooled
1f 12-13: ISCED 3
If 14-15: ISCED 4
If 16-20: ISCED 5
If21+: ISCED 6
What is your highest 0) ISCED 0 Females
finished education 1) ISCED 1
with a diploma? 2) ISCED 2
0) No education 3) ISCED 2 Males
finished 4) ISCED 3
1) Primary school 5)ISCED 3
only 6) ISCED 5 Pooled
2) Lower vocational 7) ISCED 5
education (LBO0) 8) ISCED 6
3) General Secundary
education (LAVO,
MAVO)
4) Higher secundary
education (HAVO,
VWO)

5) Intermediate
vocational education
(MBO)

6) Higher vocational
education (HBO)

7) University

8) PhD

12

W

74

29

103

(o]

86

38

124

115
79
194

297

139

436

56
31
87

162
143
305

371

229

600

27

15

42

350
272
622

863

454

1317

186
121
307

465

210

675

164
151
315

398

244

642

88



ORCADES

RS-III

QI1: What is the
highest educational
qualification you have
obtained?

1) O grades, standard
grades, CSE, leaving
cert or equivalent

2) Highers, A levels
or equivalent

3) Certificates or
diplomas, eg City &
Guilds, SCOTVEC,
SVQ, HNC, HND, etc
4) Bachelor or
Master's degree

5) Doctorate or other
higher degree

6) Professional
qualification, eg
accountancy

7) Other, please
specify

8) None of these

Q2: How old were
you when you left the
school?

As people start school
at 5 in Scotland years
of education can be
derived.

What is the highest
education that you
finished with a
degree?

0) Primary education
1) Lower vocational
education

2) intermediate
secundary education
3) Intermediate
vocational education
4) General secondary
education

1) ISCED 2

2) ISCED 3

3) ISCED 4

4) ISCED 5

5) ISCED 6

6) ISCED 5

7) ISCED 2 if Age <
17, ISCED 3 if Age
>=17

8) ISCED 2 if Age <
17, ISCED 3 if Age
>=17

9) ISCED 2 if Age <
17, ISCED 3 if Age
>=17

0) ISCED 1
1) ISCED 2
2) ISCED 2
3) ISCED 3
4) ISCED 3
5)ISCED 5
6) ISCED 5

Females

Males

Pooled

Females
Males
Pooled

69
42
111

228

205

433

256
110
366

56

31

87

115
128
243

100

94

194

(=]

53

38

91

112
144
256

(=]

439

371

810

552
424
976

384

330

714

440
280
720

55

41

96

112
144
256
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THISEAS

WASHS

5) Higher education
(HBO)

6) Higher education
(University)

1) Primary school- 6
years of education

2) Secondary
education (high
school & lyceum) - 12
years of education

3) Technological
school - 14 to 15
years of education

4) Higher education
(university)- equal to
or more than 16 years
of education

How many years of
education do you
have?

What is the highest
level of education you
have completed?

1) Did not go to
school

2) Primary school
(please specify
highest Grade
completed)

3) Secondary school
(please specify
highest Years
compelted)

4) Tertiary instituion
(please specify
Degree obtained)

If 0-5: ISCED 0 Females 10 81 21
If 6-8: ISCED 1 Males 6 132 44
I£9-11: ISCED 2 Pooled 16 213 65

If 12: ISCED 3
If 13-15: ISCED 4
If 16-23: ISCED 5

(master)

If21+: ISCED 6

(doctorate)

1) ISCED 0 Females 0 10 161
2) ISCED 1 Males 2 28 200
3)ISCED 2/3: In Pooled 2 38 361

some cases, the total
number of years of
school, including
primary, was given,
and in other cases, the
number of years spent
only in secondary
school was given.
These situations were
reviewed by a trained
researcher familiar
with the Australian
school system and the

5) Other educational ISCED coding was

instistution (please determined

specify) accordingly.
4)ISCED 5/ 6:
researcher evaluated
the Degree

71
146
217

74
127
201

28
67
95

70
116
186

67
151
218

75
93
168

~ O

279
552
831

390
570
960

211
395
606

315
473
788

68
157
225

75
97
172

90



5) Evaluated by

researcher
Replication-stage total Females 45 708 1,957 6,219 1,040 3,343 242 13,554 9,969 3,585
Males 37 685 1,699 4,870 1,022 3,170 453 11,936 8,313 3,623
Pooled 82 1,393 3,656 11,089 2,062 6,513 695 25,490 18,282 7,208
Combined-stage total Females 747 7,357 15,032 27,096 8,103 14,482 1,242 74,059 58,335 15,724
Males 271 5,176 8,246 19,275 5,573 12,314 1,645 52,500 38,541 13,959
Pooled 1,018 12,533 23,278 46,371 13,676 26,796 2,887 126,559 96,876 29,683

91



Table S4. Study-specific age and birth-year statistics.

N Age Birth year
Study mean SD min max mean SD min max
Discovery Stage
AGES Females 1,863 76.33 5.54 66 95 1926.86 5.61 1908 1936
Males 1,349 76.52 5.32 67 94 1926.70 5.38 1910 1935
Pooled 3,212 76.41 5.45 66 95 1926.80 5.52 1908 1936
ALSPAC Females 6,919 28.69 4.66 15 44 1962.95 4.68 1948 1977
Males 0 - - - - - - - -
Pooled 6,919 28.69 4.66 15 44 1962.95 4.68 1948 1977
ASPS Females 482 65.95 8.12 50 85 1931.98 6.23 1909 1945
Males 366 64.93 7.77 46 82 1931.96 6.17 1913 1949
Pooled 848 65.51 7.98 46 85 1931.97 6.21 1909 1949
BLSA Females 371 69.18 16.71 30 101 1936.80 16.66 1904 1977
Males 450 73.66 14.24 31 96 1931.51 14.94 1902 1977
Pooled 821 71.63 15.55 30 101 1933.90 15.95 1902 1977
CAHRES-Cases Females 788 78.74 6.26 66 92 1931.41 6.26 1919 1944
Males 0 - - - - - - - -
Pooled 788 78.74 6.26 66 92 1931.41 6.26 1919 1944
CAHRES-Controls Females 709 79.05 6.32 66 91 1931.12 6.31 1919 1944
Males 0 - - - - - - - -
Pooled 709 79.05 6.32 66 91 1931.12 6.31 1919 1944
CAPS-Cases Females 0 - - - - - - - -
Males 240 68.80 7.73 50 81 1933.00 7.83 1921 1953
Pooled 240 68.80 7.73 50 81 1933.00 7.83 1921 1953
CAPS-Controls Females 0 - - - - - - - -
Males 219 66.67 7.42 49 80 1935.43 7.50 1922 1954
Pooled 219 66.67 7.42 49 80 1935.43 7.50 1922 1954
CCF Females 118 62.47 10.01 30 83 1944.25 9.97 1923 1978
Males 367 58.39 9.56 31 84 1948.34 9.62 1923 1976
Pooled 485 59.39 9.82 30 84 1947.34 9.86 1923 1978
CoLaus Females 2,863 53.88 10.72 35 75 1950.64 10.82 1928 1970
Males 2,547 52.92 10.77 34 75 1951.62 10.84 1928 1970
Pooled 5,410 53.43 10.75 34 75 1951.10 10.84 1928 1970
Cr_Kor Females 541 56.52 12.58 30 98 1950.48 12.58 1909 1977
Males 302 59.04 12.73 30 90 1947.96 12.73 1917 1977
Pooled 843 57.42 12.68 30 98 1949.58 12.68 1909 1977
Cr_Spl Females 242 53.51 11.07 30 79 1955.72 11.07 1930 1979
Males 175 52.54 12.76 30 85 1956.37 12.76 1924 1979
Pooled 417 53.10 11.74 30 85 1955.90 11.74 1924 1979
Cr_Vis Females 499 58.48 14.41 30 93 1944.52 14.41 1910 1973
Males 365 57.82 13.01 30 88 1945.18 13.01 1915 1973
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EGCUT

ERF

FINRISK

FTC

GAIN

GENOA

HABC

HBCS

InCHIANTI

KORA S3

KORA $4

LBC1921

LBC1936

LifeLines

Pooled
Females
Males
Pooled
Females
Males
Pooled
Females
Males
Pooled
Females
Males
Pooled
Females
Males
Pooled
Females
Males
Pooled
Females
Males
Pooled
Females
Males
Pooled
Females
Males
Pooled
Females
Males
Pooled
Females
Males
Pooled
Females
Males
Pooled
Females
Males
Pooled
Females
Males
Pooled

364
811
726

1,537

1,307

1,073

2,380
850
973

1,823
270
459
729
604
560

1,164
794
645

1,439
782
877

1,659
982
735

1,717
647
517

1,164
801
794

1,595
929
880

1,809
301
214
515
495
508

1,003

4,260

3,233

7,493

58.20
60.60
48.24
55.94
51.59
51.98
51.77
57.86
54.90
46.28
55.06
54.77
54.88
54.07
56.99
55.48
55.08
55.63
55.33
73.63
73.90
73.77
61.53
61.40
61.47
70.70
69.01
69.95
53.03
53.54
53.28
53.65
54.23
53.93
79.10
79.11
79.10
69.61
69.59
69.60
48.35
48.86
48.57

13.83
18.63
13.65
18.63
12.35
12.23
12.29
11.05
11.54
11.40
4.47
4.49
4.48
13.84
14.50
14.23
10.85
10.78
10.82
2.79
2.88
2.84
3.04
2.74
2.92
13.46
13.02
13.29
8.98
9.40
9.20
8.75
8.88
8.82
0.57
0.59
0.58
0.84
0.84
0.84
10.16
10.51
10.31

30
30
30
30

30

93
103
90
103
86
88
89
74
74
74
64
67
67
89
90
90
83
90
89
80
80
80
69
69
69
102
97
102
69

69
74
72
74
80

80
71
71
71
89
87
89

1944.80
1945.25
1957.24
1949.75
1951.73
1951.41
1951.59
1944.48
1947.60
1946.14
1948.70
1948.95
1948.86
1951.93
1949.01
1950.52
1942.92
1942.19
1942.59
1923.31
1923.06
1923.18
1940.75
1940.99
1940.85
1927.75
1929.46
1928.51
1940.97
1940.46
1940.72
1946.35
1945.77
1946.07
1921.00
1921.00
1921.00
1936.00
1936.00
1936.00
1960.18
1959.69
1959.97

13.83
18.60
14.29
18.59
12.49
12.43
12.46
12.45
11.85
12.23
5.07
4.80
4.90
13.84
14.50
14.23
11.14
10.98
11.08
2.83
2.92
2.88
3.04
2.67
2.82
13.44
13.04
13.29
8.98
9.40
9.20
8.75
8.88
8.82
0.00
0.00
0.00
0.00
0.00
0.00
9.91
10.27
10.07

1910
1905
1913
1905
1914
1915
1914
1923
1923
1923
1938
1937
1937
1917
1916
1916
1914
1908
1908
1917
1917
1917
1934
1934
1934
1896
1902
1896
1925
1925
1925
1926
1928
1926
1921
1921
1921
1936
1936
1936
1920
1922
1920

1973
1979
1979
1979
1974
1974
1974
1977
1977
1977
1961
1957
1961
1976
1976
1976
1974
1972
1974
1928
1928
1928
1944
1944
1944
1969
1970
1970
1964
1964
1964
1968
1969
1969
1921
1921
1921
1936
1936
1936
1980
1980
1980
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MoBa-Cases

MoBa-Controls

NESDA

NFBC1966

nonGAIN

NTR

QIMR

RS-1

RS-II

RS-11I

RUSH-MAP

RUSH-ROS

SAGE

SardiNIA

SHIP

Females
Males
Pooled
Females
Males
Pooled
Females
Males
Pooled
Females
Males
Pooled
Females
Males
Pooled
Females
Males
Pooled
Females
Males
Pooled
Females
Males
Pooled
Females
Males
Pooled
Females
Males
Pooled
Females
Males
Pooled
Females
Males
Pooled
Females
Males
Pooled
Females
Males
Pooled
Females

354

354
405

405
993
524

1,517

2,799

2,572

5,371
526
583

1,109

1,594

1,056

2,650

4,544

3,441

7,085

3,415

2,391

5,806
859
782

1,641

1130
884

2,014
643
245
888
532
278
810
845
476

1,321

2,055

1,584

3,639

1,794

31.80

31.80
31.80

31.80
46.22
47.59
46.69
31.00
31.00
31.00
52.11
53.84
53.02
50.16
53.25
51.39
44.82
45.12
44.95
69.97
68.05
69.18
64.54
65.36
64.97
56.21
55.99
56.11
80.99
81.38
81.10
76.28
74.59
75.70
38.59
38.89
38.70
51.96
53.91
52.81
52.22

1.38

1.38
1.37

1.37
9.45
9.11
9.35
0.00
0.00
0.00
14.02
13.69
13.88
12.08
12.86
12.49
10.19
9.98
10.09
9.42
8.09
8.95
7.66
8.57
8.15
6.08
5.51
5.84
6.90
5.99
6.66
7.36
7.21
7.35
5.82
5.44
5.68
14.00
14.49
14.25
13.95

34

34
34

34
65
64
65
31
31
31

87
90
91
81
91
101
101
101
99
95
99
96
95
95
97
84
97
101
95
101
95
102
102
65
63
65
101
94
101
81

1971.60

1971.60
1971.70

1971.70
1958.94
1957.54
1959.45
1966.00
1966.00
1966.00
1953.89
1952.16
1952.98
1955.82
1952.32
1954.43
1951.06
1952.89
1951.85
1921.60
1923.66
1922.45
1935.04
1935.82
1935.41
1950.50
1950.70
1950.60
1921.61
1920.98
1921.44
1921.22
1921.76
1921.41
1965.28
1964.91
1965.15
1955.52
1953.34
1954.57
1946.04

2.20

2.20
2.10

2.10
9.52
9.12
9.40
0.00
0.00
0.00
14.02
13.69
13.87
12.41
12.58
12.59
11.68
10.52
11.24
9.56
8.33
9.13
8.41
7.51
8.00
60.4
5.41
5.77
7.28
6.68
7.12
9.12
8.18
8.81
595
5.58
5.82
14.22
14.72
14.48
13.08

1966

1966
1966

1966
1939
1940
1939
1966
1966
1966
1916
1913
1916
1917
1923
1917
1900
1900
1900
1893
1983
1893
1906
1907
1906
1910
1922
1910
1901
1906
1901
1901
1896
1896
1938
1940
1938
1900
1909
1900
1918

1976

1976
1976

1976
1976
1976
1976
1966
1966
1966
1976
1976
1976
1979
1980
1980
1975
1975
1975
1938
1938
1938
1944
1944
1944
1960
1960
1960
1948
1939
1948
1946
1940
1946
1975
1975
1975
1980
1980
1980
1971
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Males 1,762 54.34 14.14 30 81 1943.97 14.42 1918 1971
Pooled 3,556 53.27 14.08 30 81 1945.02 14.13 1918 1971
STR Females 5,056 63.41 8.81 47 89 1941.59 8.81 1916 1958
Males 4,497 64.28 8.64 47 89 1940.72 8.64 1916 1958
Pooled 9,553 63.82 8.74 47 89 1941.18 8.74 1916 1958
TwinsUK Females 2,619 51.03 10.72 30 80 1949.39 11.14 1919 1978
Males 0 - - - - - - - -
Pooled 2,619 51.03 10.72 30 80 1949.39 11.14 1919 1978
YFS Females 1,114 37.73 4.98 30 45 1969.27 4.98 1962 1977
Males 915 37.70 5.04 30 45 1969.30 5.04 1962 1977
Pooled 2,029 37.72 5.01 30 45 1969.28 5.01 1962 1977
Replication Stage (in-silico GWA studies)
DHS Females 501 53.08 12.50 30 74 1950.13 12.47 1929 1974
Males 452 55.49 12.30 30 74 1947.69 12.35 1929 1974
Pooled 953 54.22 12.46 30 74 1948.97 12.46 1929 1974
EGCUT Females 1674 58.72 15.71 30 99 1948.24 15.75 1910 1979
Males 2081 59.97 15.79 30 100 1947.30 15.81 1910 1980
Pooled 3755 59.87 15.76 30 100 1947.68 15.78 1910 1980
H2000-Cases Females 431 5237 11.72 30 75 1947.14 11.75 1924 1970
Males 421 49.25 10.45 30 75 1950.26 10.44 1924 1970
Pooled 852 50.83 11.21 30 75 1948.68 1.22 1924 1970
H2000-Controls Females 445 51.98 11.59 30 75 1947.54 11.59 1924 1970
Males 419 49.26 10.39 30 75 1950.25 10.37 1925 1970
Pooled 864 50.66 11.10 30 75 1948.86 11.09 1924 1970
HCS Females 533 65.69 7.15 55 86 1940.08 7.34 1921 1951
Males 561 66.55 7.80 55 85 1939.28 7.90 1920 1951
Pooled 1,094 66.13 7.50 55 86 1939.67 7.63 1920 1951
HRS Females 5,036 68.33 10.82 33 101 1938.07 10.81 1905 1974
Males 3,590 68.99 9.83 37 107 1937.40 9.83 1900 1970
Pooled 8,626 68.61 10.42 33 107 1937.79 10.42 1900 1974
MCTFR Females 2061 42.85 5.30 30 60 1954.39 6.41 1934 1974
Males 1769 4491 5.67 30 65 1952.23 6.72 1926 1972
Pooled 3830 43.80 5.57 30 65 1953.40 6.64 1926 1974
NIA Females 350 75.78 9.15 42 103 1932.61 10.20 1903 1958
Males 272 76.59 7.97 52 103 1933.25 10.50 1903 1962
Pooled 622 76.10 8.71 42 103 1932.89 10.33 1903 1962
NTR Females 863 42.27 10.83 30 88 1964.41 1131 1926 1980
Males 454 43.06 11.67 30 78 1963.32 12.31 1928 1979
Pooled 1317 42.54 11.13 30 88 1964.03 11.67 1926 1980
ORCADES Females 439 54.48 14.25 25 91 1951.68 14.27 1914 1979
Males 371 56.42 13.98 27 90 1949.71 14.05 1915 1979
Pooled 810 55.37 14.15 25 92 1950.8 14.19 1914 1979
RS-III Females 540 58.67 7.90 46 87 1948.52 7.78 1921 1960
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THISEAS

WASHS

Males
Pooled
Females
Males
Pooled
Females
Males
Pooled

414
976
279
552
831
390
570
960

59.72
59.26
57.58
56.95
57.16
53.33
53.10
53.19

8.32

8.15
13.41
11.67
12.28
12.38
12.55
12.47

45
45
30
31
30
30
30
30

89
89
87
89
89
92
83
92

1947.67
1948.04
1949.84
1950.02
1949.96
1954.35
1954.32
1954.33

8.10

7.97
13.70
11.62
12.35
12.36
12.45
12.41

1918
1918
1909
1920
1909
1915
1925
1915

1960
1960
1979
1978
1979
1980
1980
1980
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Table S5. Information on genotyping methods, quality control of SNPs, imputation, and statistical analyses. “Call rate” refers to the genotyping success rate, i.c., the
minimum percentage of successfully genotyped SNPs. “SNPs in analysis after QC” includes the removal of non-HapMap SNPs and technical artifacts, such as SNPs with
missing effect size, standard error, etc.; in other words, it is the number of HapMap SNPs that could be handled by METAL.

Genotyping Imputation Association analysis
Inclusion criteria Inclusion criteria
Study Platform Genotyping MAF Call p for SNPs that ~ Imputation MAF Imputation Sample SNPs in A Analysis Additional
calling rate HWE  metQC software quality analysis software covariates
algorithm criteria after QC
Discovery stage
AGES [llumina BeadStudio >1% >97%  >10° 326,034 MACH >1% R>0.4 EduYears ProbABEL
Human370CNV Females 2,385,826  1.038
Males 2,385,826  1.017
Pooled 2,385,826 1.054
College
Females 2,385,826  1.015
Males 2,385,826  1.023
Pooled 2,385,826  1.015
ALSPAC Illumina Illumina >1% >95% =107 526,688 MACH >1% R*>0.4 EduYears MACH2DAT
Human550 quad Females 2,437,714  1.045 MACH2QTL
array Males - -
Pooled - -
College
Females 2,437,714  1.048
Males - -
Pooled - -
ASPS [llumina [llumina >1% >98%  >10° 550,635 MACH >1% R>0.4 EduYears GenABEL
Human610- Females 2,433,424 1.032
Quad BeadChip Males 2,433,424 1.030
Pooled
College
Females 2,432,966  1.092
Males 2,433,424  1.039
Pooled - -
BLSA Tllumina 550K Beadstudio >1% >99%  >107 514,027 MACH >1% R*>0.4 EduYears Merlinoffline/
Females 2,441,287  0.995 ProbABEL
Males 2,441,287  1.024
Pooled - -
College
Females 2,438,930 1.014
Males 2,437,102 1.038
Pooled - -
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CAHRES- Illumina BeadStudio >3% >90%  >10° 510,578 IMPUTE >2.5% R>0.4 EduYears SNPTEST For age
Cases HumanHap300+ Females 2,309,251 0.995 only
2408 Males - - ((Birth-
Pooled - - year —
College 1900)
Females 2,309,251  1.023 /10y
Males - - included
Pooled - -
CAHRES- [lumina BeadStudio >3% >90%  >10° 512,223 IMPUTE >25% R>04 EduYears SNPTEST For age
Controls HumanHap300+ Females 2,334910  1.020 only
2408 Males - - ((Birth-
Pooled - - year —
College 1900)
Females 2,334910  1.037 /10)*
Males - - included
Pooled - -
CAPS-Cases  Affymetrix BRLMM >1% >95%  >10° 330,124 IMPUTE >5% R*>0.4 EduYears SNPTEST For age
GeneChip Females - - only
Human 500K Males 2,101,503  1.021 ((Birth-
Pooled - - year —
College 1900)
Females - - /10y
Males 2,101,503  1.060 included
Pooled - -
CAPS- Affymetrix BRLMM >1%  >95%  >10° 330,124 IMPUTE >5%  R™>0.4 EduYears SNPTEST For age
Controls GeneChip Females - - only
Human 500K Males 2,101,359  1.017 ((Birth-
Pooled - - year —
College 1900)
Females - - /10)*
Males 2,01,359 1.105 included
Pooled - -
CCF [llumina GenCall >1% >97%  FDR 479,618 MACH >1% R*>0.4 EduYears ProbABEL, R
Hap550 vl or <0.20 Females 2,416,880  0.994
v3 and Hap610 Males 2,428,591  1.016
vl Pooled - -
College
Females 2,415232 1.061
Males 2,428,498  1.028
Pooled - -
CoLaus Affymetrix BRLMM 1%  >90% >10° 390,631 IMPUTE >1%  R>04 EduYears Matlab
GeneChip Females 2,353,219  1.037
Human Males 2,353,775 1.017
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Cr_Kor

Cr_Spl

Cr_Vis

EGCUT

ERF

Mapping 500K

Illumina
Hap370CNV

Illumina
Hap370CNV

[llumina
Hap300v1

370CNV

Illumina 6K,
318K, 370K,
Affymetrix
250K,
Illumina610K

GenomeStudio

GenomeStudio

BeadStudio

GenomeStudio

GenCall &
BRLMM

>1%

>1%

>1%

>1%

>1%

>98%

>98%

>98%

>95%

>98%

>10°

>10°

>10°

>10°

>10°

307,625

321,456

285,491

311,028

487,573

MACH

MACH

MACH

IMPUTE

MACH
1.0.16

>1%

>1%

>1%

>1%

>1%

R™>0.4

R*>04

R>>0.4

R>04

R>0.4

Pooled
College
Females
Males
Pooled
EduYears
Females
Males
Pooled
College
Females
Males
Pooled
EduYears
Females
Males
Pooled
College
Females
Males
Pooled
EduYears
Females
Males
Pooled
College
Females
Males
Pooled
EduYears
Females
Males
Pooled
College
Females
Males
Pooled
EduYears
Females
Males
Pooled
College
Females

2,353,219
2,353,775

2,341,221
2,337,497
2,342,048

2,341,221
2,337,497
2,342,048

2,385,908
2,383,368
2,387,759

2,385,908
2,383,368
2,387,759

2,380,057
2,376,145
2,379,760

2,380,057
2,376,145
2,379,760

2,340,499
2,340,416

2,338,956
2,339,313

2,394,464
2,394,464
2,394,464

2,394,100

1.031
1.023

1.016
1.019
1.010

1.022
1.019
1.030

1.007
1.023
1.005

1.006
1.027
1.016

1.001
1.003
1.002

1.028
1.029
1.008

1.009
1.028

1.018
1.006

1.021
1.022
1.042

0.999

ProbABEL

ProbABEL

ProbABEL

SNPTEST

ProbABEL
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FINRISK

FTC

GAIN

GENOA

HABC

Illumina
Human610-
Quad BeadChip

Illumina
Human670-
QuadCustom

Affymetrix
_SNP6_build36.
1

Affymetrix 6.0
and Illumina
IM-Duo
BeadChip

Illumina Human
IM -Duo

Illuminus

Illuminus

Birdseed

Birdseed &

Genome Studio

Beadstudio

>5%

>1%

>5%

>1%

>1%

>95%

>95%

>95%

>95%

>97%

>107

>10°

>107

NA

>10°

554,988

549,060

649,668

Affymetri
X:
596,941,
Illumina:
804,154

914,263

MACH

IMPUTE

IMPUTE

MACH

MACH

>1%

>1%

>1%

2.5%

>1%

R>>0.4

R*>04

R>0.4

R>0.4

R>0.4

Males
Pooled
EduYears
Females
Males
Pooled
College
Females
Males
Pooled
EduYears
Females
Males
Pooled
College
Females
Males
Pooled
EduYears
Females
Males
Pooled
College
Females
Males
Pooled
EduYears
Females
Males
Pooled
College
Females
Males
Pooled
EduYears
Females
Males
Pooled
College

2,3944.12
2,394,455

2,415,737
2,415,737

2,415,737
2,415,737

2,407,305
2,409,575

2,409,360
2,408,859°

2,409,360
2,408,860

2,275,983
2,275,983
2,275,983

2,275,975%
2,275,982°
2,275,983

2,460,895
2,460,895

1.132
1.155

1.009
1.008

1.020
1.019

0.993
1.003

1.002
1.004

1.013
1.025

0.989
0.993
0.988

1.126
1.132
1.244

1.024
1.006

ProbABEL

SNPTEST

SNPTEST

® This number includes the removal of rs1259286, p-value = 6.28 %, R? = 0.4005.
4 This number includes the removal of 110161503, rs111 12192, 1s1240825, rs17046226, rs17273464, rs2966996, rs770931 and rs9810816, all with Beta > abs(lOM)A
% This number includes the removal of rs17331350, Beta = -6.93', MAF = 0.028.
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HBCS Modified BeadStudio >5% >95%  >10 509,947 MACH
[llumina
Infinum 610K
Quad
InCHIANTI Illumina 550K Beadstudio >1% >99%  >107 498,838 MACH
KORA S3 Affymetrix BRLMM >1% >95%  >10° 379,392 IMPUTE
500k
KORA $4 Affymetrix 6.0 Birdseed2 None  None  None 909,622 IMPUTE
LifeLines Illumina GenomeStudio >1% >95% =10 254374 BEAGLE
CytoSNP v 2.0-
300K

>1%

>5%

>2,5%

>2,5%

>1%

R™>0.4

R>0.4

R>>0.4

R>0.4

R>>0.4

Females
Males
Pooled
EduYears
Females
Males
Pooled
College
Females
Males
Pooled
EduYears
Females
Males
Pooled
College
Females
Males
Pooled
EduYears
Females
Males
Pooled
College
Females
Males
Pooled
EduYears
Females
Males
Pooled
College
Females
Males
Pooled
EduYears
Females
Males
Pooled
College
Females

2,460,895
2,460,895

2,417,111
2,417,111

2,416,556
2,416,556

2,168,258
2,168,258

2,165,506
2,165,543

2,276,751
2,276,573

2,275,449
2,276,573

2,338,017°
2,339,187

2,337,953
2,339,189

2,024,591
2,025,047
2,024,909

2,024,591

1.025
1.025

1.009
1.020

1.020
1.026

1.005
1.019

0.972
1.019

1.018
1.007

1.034
1.004

1.016
1.012

1.031
1.017

1.034
1.034
1.079

1.033

PLINK
(directly
genotyped),
ProbABEL
(imputed)

Merlinoffline/
ProABEL

QUICKTEST

QUICKTEST

PLINK
(dosage
module)

Study site

World
War 2
dummy
(born
between
1919 and
1937)

World
War 2
dummy
(born
between
1919 and
1937)

First 10
PC’s
instead of
4 PC’s

® This number includes the removal of rs12123886: p-value 9.28™'4, MAF 0.030, R = 0.48.
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LBC1921

LBC1936

MoBa-Cases

MoBa-
Controls

NESDA

[llumina 610
quad vl

Illumina 610
quad vl

[llumina 660W
quad

[llumina 660W
quad

Of 1517
subjects 1433
were genotyped
on Perlegen

GenomeStudio

GenomeStudio

GenCall

GenCall

Perlegen

proprietary
algorithm

>1%

>1%

>0.5%

>0.5%

>1%

>98%

>98%

>95%

>95%

>95%

>103

>1073

>10*

>10*

>10°

535,709

535,709

453,126

453,126

435,291

MACH

MACH

PLINK

PLINK

IMPUTE

>1%

>1%

>1%

>1%

>1%

R>>0.4

R*>04

R>0.4

R*>0.4

R>>0.4

Males
Pooled
EduYears
Females
Males
Pooled
College
Females
Males
Pooled
EduYears
Females
Males
Pooled
College
Females
Males
Pooled
EduYears
Females

Males
Pooled
College
Females
Males
Pooled
EduYears

Females
Males
Pooled
College
Females
Males
Pooled
EduYears
Females
Males
Pooled

2,025,047
2,024,909

2,432,460
2,432,460

2,433,592
2,433,592

2,428,839
2,431,922

1,855,625’

1,852,751%

2,366,555
2,364,096

1.024
1.054

1.010
1.003

1.011
1.020

1.018
1.024

1.028

0.995

1.005
1.006

MACH2QTL

MACH2QTL

PLINK

PLINK

SNPTEST

Age in
days
instead of
years due
to cohort
setup

Agein
days
instead of
years due
to cohort
setup

7 Results for MoBa-Cases were additionally filtered on callrate >95%

8 Results for MoBa-Controls were additionally filtered on callrate >95%.
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NFBC1966

nonGAIN

NTR

QIMR

RS-1

600k and 84 on
Affymetrix 6.0.

Illumina
HumanCNV-
370DUO
Analysis
BeadChip

Affymetrix_SN
P6_build36.1

Perlegen 600k,
Illumina 660k,
[llumina 370k,
Affymetrix 6,
Illumina 1m

Illumina 610,
370,317

Illumina
HumanHap 550
V.3

Beadstudio

Birdseed

Perlegen
proprietary,
[llumina
Genome Studio,
Affymetrix
Genotyping
Console

BeadStudio

BeadStudio
Genecall

>1% 95%,
for
MAF<
5%
call
rate
>99%
>5% >95%
>1% >95%
>1% >95%
>1% >98%

>5.7%

107

>107

>10°

>107

>10°

324,896

598,153

Per
individual
:min. =
311,567.
max.:
932,824,
mean:
481,415.1
3

269,840

512,349

IMPUTE

IMPUTE

IMPUTE

MACH

MACH

>2,5%

>1%

>1%

>1%

>1%

R>0.4

R™>0.4

R>0.4

R>>0.4

R™>0.4

College
Females
Males
Pooled
EduYears
Females
Males
Pooled
College
Females
Males
Pooled
EduYears
Females
Males
Pooled
College
Females
Males
Pooled
EduYears
Females
Males
Pooled
College
Females
Males

Pooled
EduYears
Females
Males
Pooled
College
Females
Males
Pooled
EduYears
Females
Males

2,366,444
2,364,124

2,290,644°
2,290,602

2,290,544
2,290,273

2,401,283
2,401,549

2,401,283
2,401,549

2,302,982
2,301,882

2,303,244
2,302,434

2,398,497
2,398,497
2,398,497

2,398,497
2,398,497
2,398,497

2,433,150
2,433,150

1.021
1.029

1.009
1.022

0.996
1.027

1.011
0.993

1.021
1.017

1.016
1.013

1.012
1.027

1.004
1.016
1.021

0.991
1.006
1.009

1.025
1.002

SNPTEST

SNPTEST

SNPTEST Dummy
for
Mammoet
Law (born
before
1956)

MERLIN -

offline

MACH2DAT

° This number includes the removal of rs2152709: p-value 5.907, MAF 0.027, R° = 0.54.
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RS-1II

RS-1II

RUSH-MAP

RUSH-ROS

SAGE

Illumina
HumanHap 550
V.3 DUO;
[lumina
HumanHap 610
QUAD

[llumina
HumanHap 610
QUAD

Affymetrix 6.0

Affymetrix 6.0

Illumina 1M

Genomestudio
Genecall

Genomestudio
Genecall

Birdsuite, Broad
Institute

Birdsuite, Broad
Institute

BeadStudio

>1%

>1%

>1%

>1%

>1%

>97.5
%

>97.5

%

>95%

>95%

>98%

>10°

>10°

>10°

>10°

>10*

466,389

514,073

645,349

645,349

948,658

MACH

MACH

MACH

MACH

IMPUTE

>1%

>1%

>2,5%

>2,5%

>1%

R™>0.4

R*>04

R>>0.4

R>04

R>>0.4

Pooled
College
Females
Males
Pooled
EduYears
Females
Males
Pooled
College
Females
Males
Pooled
EduYears
Females
Males
Pooled
College
Females
Males
Pooled
EduYears
Females
Males
Pooled
College
Females
Males
Pooled
EduYears
Females
Males
Pooled
College
Females
Males
Pooled
EduYears
Females
Males
Pooled
College
Females

2,432,894
2,433,150

2,432,613
2,432,613

2,431,307
2,432,575

2,436,797
2,436,797

2,436,796
2,436,797

2,322,227
2,316,021

2,319,944
2,311,832

2,319,944
2,319,384

2,319,944
2,319,380

2,429,089
2,426,685

2,429,508

1.027
1.012

1.015
1.004

1.021
1.021

1.005
1.015

1.014
1.021

0.998
0.992

1.024
1.033

1.011
1.026

1.024
1.026

1.028
1.023

1.022

MACH2DAT

MACH2DAT

PLINK

PLINK

PLINK

Dummy
for
Mammoet
Law (born
before
1956)

In College
analysis
only three
PC’s
included.
Dummy
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SardiNIA

SHIP

STR

TwinsUK

YFS

Affymetrix 10k,
500k, 1M

Affymetrix
Human SNP
Array 6.0

Illumina
HumanOmniEx
press-12vl_A

HumanHap300
and
HumanHap610

[llumina custom
made BeadChip
Human 670K-
Quad

BRLMM

Birdseed2

GenomeStudio

Illiminus

Illiminus

>5%

>0%

>1%

>5%

>1%

>95%

>92%

>97%

>97%

>95%

>107

>0%

>107

>10°

>10°

765,419 MACH

869,224 IMPUTE

644,556 IMPUTE

IMPUTE

557,427

546,674 MACH

>1%

>1%

>1%

>1%

>1%

R>0.4

R>04

R>0.4

R™>0.4

R*>0.4

Males

Pooled
EduYears
Females
Males
Pooled
College
Females
Males
Pooled
EduYears
Females
Males
Pooled
College
Females
Males
Pooled

EduYears
Females
Males
Pooled
College
Females
Males
Pooled
EduYears
Females
Males
Pooled
College
Females
Males
Pooled
EduYears
Females
Males
Pooled

2,427,206

2,134,355
2,134,355
2,134,355

2,430,317
2,430,785

2,430,191
2,430,763

2,440,323
2,440,323
2,440,323

2,440,323
2,440,323
2,440,323

2,326,644

2,326,684

2,409,746
2,409,712

1.048

1.026
1.053
1.071

0.994
1.018

1.009
1.020

1.014
1.017
1.027

1.012
1.012
1.021

1.002
1.005

Cocaine-
study
versus
not.

Merlin

World
War 2
dummy
(for
people
aged
between 6
and 30 in
1939-
1945)

QUICKTEST

Merlin-offline

SNPTEST

PLINK
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College

Females 2,409,746 1.002
Males 2,409,697  1.003
Pooled - -
Replication Stage
DHS Illumina, Genome-Studio  >5% >95%  >10" 1.480.368 MACH >5% R>0.4 EduYears PLINK For age
HumanOmni2.5 Females 2,140,522 0.987 only
-4vl1_D Males 2,139,604  0.992 ((birthyear
Pooled - - -
College 1900)/10)°
Females 2,140,513 1.016 ) included
Males 2,139,604  1.007
Pooled - -
EGCUT Illumina Genome-Studio  >1% >95% =10 615,574 IMPUTE >1% R?>0.4 EduYears SNPTEST
OmniExpress Females 2,370,624  1.023
Males 2,371,992 1.033
Pooled - -
College
Females 2,411,856 1.014
Males 2,412,486  1.021
Pooled - -
H2000-Cases  Illumina [luminus >5% >95%  >10° 555,418 MACH >1% R>0.4 EduYears ProbABEL
Human610- Females 2,462,032 1.011
Quad BeadChip Males 2,461,943  1.001
Pooled - -
College
Females 2,456,973  0.987
Males 2,458,679  1.005
Pooled - -
H2000- [llumina [luminus >5% >95%  >10¢ 555,418 MACH >1% R>0.4 EduYears ProbABEL
Controls Human610- Females 2,462,169 1.002
Quad BeadChip Males 2,461,678  1.009
Pooled - -
College
Females 2,459,673 1.004
Males 2,459,363  1.008
Pooled - -
HCS Illumina 610K-  GeneomeStudio  >1% >95%  >10° 551,551 MACH >1% R>0.4 EduYears MACH2DAT,
Quad GeneCall Females 2,395,501 1.003 MACH2QTL
Males 2,395,501  1.008
Pooled - -
College
Females 2,395,590 1.017
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HRS

MCTFR

NIA

NTR

ORCADES

RS-III

Illumina
Omni2.5
Beadchip

Illumina 660W
Quad

Illumina
Human610-
Quadvl B

Affymetrix 6

Illumina
Hap300

Illumina

GenomeStudio

None; [llumina
calls

Illuminus26

Affymetrix
Genotyping
Console

Beadstudio

Genomestudio

>1%

>1%

>5%

>1%

>5%

>1%

>98%

>99%

>95%

>95%

>98%

>97.5

>10*

>10°

>107

>10°

>10°

>10°

551,936

527,829

532,255

666,284

298,785

513,329

MACH

MACH

IMPUTE

BEAGLE
was used for
phasing,
Minimac to
impute

MACH

>1%

>1%

>2.5%

>1%

>1%

N.A.

R*>0.4

R*>04

R>0.4

R™>0.4

R>0.4

N.A.

Males
Pooled
EduYears
Females
Males
Pooled
College
Females
Males
Pooled
EduYears
Females
Males
Pooled
College
Females
Males
Pooled
EduYears
Females
Males
Pooled
College
Females
Males
Pooled
EduYears
Females
Males
Pooled
College
Females
Males
Pooled
EduYears
Females
Males
Pooled
College
Females
Males
Pooled
EduYears

2,395,771

2,441,592
2,441,232

2,441,592
2,441,232

2,443,350
2,443,258
2,443,493

2,443,350
2,443,258
2,443,493

2,342,357
2,339,767

2,342,358
2,339,767

2,358,404
2,355,914

2,357,570
2,353,439

2,381,185
2,380,826
2,382,691

2,381,184
2,380,824
2,382,691

1.015

1.024
1.012

1.019
1.005

1.022
1.029
1.020

1.019
1.029
1.021

1.011
1.018

1.026
1.053

0.996
1.000

0.996
1.032

1.022
1.012
1.003

1.089
1.077
1.107

PLINK

SNPTEST

SNPTEST

ProbABEL

MACH2DAT

Dummy
for
Mammoet
Law (born
before
1956)

Dummy
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THISEAS

WASHS

HumanHap 610
QUAD

[llumina
OmniExpress

Illumina
HumanOmni2.5
-8

Genecall

Illuminus

BeadStudio

NA

>1%

%

NA

>95%

NA

>5.7x
107

733,202

1,463,846 MACH/min

N.A.

imac

>1%

>1%

N.A.

R*>04

Females
Males
Pooled
College
Females
Males
Pooled
EduYears
Females
Males
Pooled
College
Females
Males
Pooled
EduYears
Females
Males
Pooled
College
Females
Males
Pooled

491,225
491,255

489,588
489,613

595,330
595,339

595,331
595,340

2,455,025
2,455,115

2,455,026
2,455,116

0.996
1.011

1.011
1.044

1.008
1.028

1.011
1.016

1.000
0.986

1.022
1.007

PLINK

for
Mammoet
Law (born
before
1956)
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Table S6. EduYears association results for the 4 additional independent loci that reached genome-wide significance (p < 5x107®) in the combined meta-analysis. /* represents
the % heterogeneity of effect size between the discovery stage studies. py is the heterogeneity p-value. SNPs are ordered according to ascending p-value in the combined
stage. The p-value in the Replication stage meta-analysis is from a one-sided test.

Discovery stage Replication stage Combined stage Combined stage — sex-specific
SNP Chr  Position Nearest gene Effective Freq" Beta P-value® P Pret Beta P-value® Beta P-value® Pret Beta P-value® Beta P-value®
(bp) allele (Males) (Males) (Females) (Females)
151487441 6 98660615  LOC100129158 A 0.480 0.106 4.36x10” 6.1 0.333 0.078 1.05x107 0.101 3.22x1071° 0.688 0.093 2.51x10™ 0.102 8.50x107
rs1056667 6 26618543  BTNI1Al T 0.538 0.074 7.41x10° 0.0 0.952 0.159 1.59x10°¢ 0.093 1.86x10°® 0.762 0.128 8.53x107 0.066 1.95%10°
rs11687170 2 236722883  GBX2 T 0.770 0.093 1.68x10° 9.3 0.262 0.163 7.83x10* 0.107 3.25%10°® 0.278 0.170 1.00x107 0.065 7.35x10°
rs7309 2 161800886  TANK A 0.476 -0.085 2.22x10° 0.0 0.725 -0.093 2.16x10° -0.088 3.60x10° 0.867 -0.115 4.40x10° -0.071 5.67x10™

*Frequency in combined stage meta-analysis.
PAll p-values are based on the sample-size weighted meta-analysis (fixed effects).
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Table S7. College association results for the 3 additional independent loci that reached genome-wide significance (p < 5x10™) in the combined stage meta-analysis. I*
represents the % heterogeneity of effect size between the discovery stage studies. py is the heterogeneity p-value. SNPs are ordered according to ascending p-value in the
combined stage. The p-value in the Replication stage meta-analysis is from a one-sided test.

Discovery stage

Replication stage

Combined stage

Combined stage — sex-specific

SNP Chr  Position Nearest gene Effectiv  Freq” OR P-value” r Pt OR P-value® OR P-value® Phet OR P-value® OR P-value”
(bp) e allele (Males) (Males) (Females) (Females)
rs11584700 T 202843606 LRRN2 A 0780  0.921 207<10° 138 0179 0912  4.86x10" 0.919 8.24x10" 0221 0934 6.11x10" 0.911 2.12x10°
154851264 2 100176620 LOC150577 T 0.605  0.952 252x10° 262 0031 0952 2.75%10° 0.952 4.93x10™"! 0.046  0.949 1.96x10°° 0.950 4.87x10°
rs13401104 2 236770257 LOCI00128572 A 0.180  0.926 8.37x10° 65 0330 0.866 1.34x10° 0913 4.60x10° 0.199  0.901 2.99x10° 0.920 1.72x10°
*Frequency in combined stage meta-analysis.
PAll p-values are based on the sample-size weighted meta-analysis (fixed effects).
Table S8. Comparison of EduYears associated SNPs (Table 1 and Supplementary Table 6) in College analysis (Combined stage).
EduYears College
SNP Beta P-value OR P-value
151487441 0.101 3.22x107"° 1.035 1.16x10°
159320913 0.101 3.50x107"° 1.035 1.28x10°
rs1056667 0.093 1.86x10°® 1.029 6.22x10°
rs11687170 0.107 3.25%10°® 1.075 5.39x107
rs7309 -0.088 3.60x10°® 0.971 2.58x107
153783006 0.088 8.45x10°® 1.031 1.82x107
158049439 0.086 1.15x107 1.029 8.38x10°
rs13188378 -0.097 1.37x10™ 0.908 6.75%10
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Table S9. Comparison of College associated SNPs (Table 1 and Supplementary Table 7) in EduYears analysis (Combined stage).

College EduYears

SNP OR P-value Beta P-value

1511584700 0.919 8.24x107"? -0.095 3.25%x107
154851264 0.952 4.93x10™" -0.083 4.17x107
154851266 1.050 5.33x107"! 0.082 5.61x107
1513401104 0.913 4.60x107 -0.107 4.74x10°
152054125 1376 2.12x107 0.105 7.12x107
153227 1.037 3.24x107 0.074 7.58x10°
154073894 1.062 5.55%10° 0.080 1.88x107
1512640626 1.034 7.48x10° 0.070 1.31x107°
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Table S10. Previously published twin study findings on the heritability of educational attainment

Country Gender Cohort rMZ NMZ rDZ NDZ Falconer #*
. Male 0.7 216 0.53 94 0.34
Australia (145) 1893-1950
Female 0.77 520 0.55 299 0.44
Male 0.74 226 0.47 161 0.54
Australia (145) 1951-1965
Female 0.75 479 0.49 290 0.52
Male 0.674 282 0.532 164 0.284
Australia (146) 1964-1971
Female 0.705 320 0.319 158 0.772
. Male 0.83 1506 0.58 3504 0.5
Finland (747) 1936-1955
Female 0.86 2028 0.62 3870 0.48
Male 0.86 259 0.77 313 0.18
Norway (148) 1915-1939
Female 0.89 405 0.75 425 0.28
Norway (148) Male 1940-1949 0.82 253 0.48 284 0.68
Female 0.85 342 0.68 400 0.34
Male 0.85 370 0.47 463 0.76
Norway (148) 1950-1960
Female 0.89 518 0.66 576 0.46
Sweden (149) Mixed 1926-1958 0.76 2492 0.55 3368 0.42
United States (150) Male 1939-1957 0.76 1019 0.54 907 0.44
. Male 0.65 512 0.42 772 0.46
United States (151) 1936-1955
Female 0.72 758 0.57 1154 0.3
United States (152) Male 1917-1927 0.764 1234 0.545 1167 0.438

Notes: When correlations for multiple cohorts are available in a country, we order them chronologically. Gender is equal to
mixed if the estimated correlation coefficients were obtained from a mixed-sex sample. Cohort gives the range of the birth
years of the twins used to compute the correlations. rMZ and NMZ are, respectively, the sample correlation in monozygotic
twins’ years of educational attainment and the number of pairs of twins used to compute the correlation. rDZ and NMZ are
defined analogously for the dizygotic twins. Falconer 4” is calculated as 2x(rMZ — rDZ). This list was compiled by Amelia
Branigan, Kenneth J. McCallum and Jeremy Freese (34).
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Table S11. Cross-Sib Correlations in Swedish Brothers Sample

Education Cognitive Education Cognitive
Function Function

Twins MZ DZ
Education 0.709 0.502
Cognitive Function 0.512 0.822 0.383 0.534
Full Brothers Together Apart
Education 0.445 0.198
Cognitive Function 0.364 0.497 0.198 0.359
Half Brothers Together Apart
Education 0.246 0.134
Cognitive Function 0.208 0.320 0.133 0.191
Adoptees
Education 0.213
Cognitive Function 0.149 0.170

This table reports cross-sib correlations for educational attainment and cognitive function in seven sibling types. Education is
years of education residualized on a third order age polynomial. Cognitive function is measured using data from the Swedish
Enlistment Battery, a test similar to the US Armed Forces Qualifying Test. Most of the recruits took four subtests (logical,
verbal, spatial and technical) which, for most of the study period, were graded on a scale from 0 to 40. To construct the final
score, the four raw scores are summed, percentile-rank transformed, and convoluted with the inverse of the standard normal
distribution. This procedure ensures that the final test scores are normally distributed. The construction of the final score is
performed separately for each birth year in order to take into account small, occasional, year-to-year changes in the test.
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Table S12. Estimated variance explained by all SNPs for EduYears and College. The GCTA analysis for College
was performed on the observed 0-1 scale and transformed to the underlying scale assuming a threshold model.

Notice that the GCTA estimate is based on a sample that overlaps with the sample used by (3).

Cohort Phenotype N s SE LRT p-value
EduYears 2281 0.356 0.138 7.03 4.0x10°
QIMR
College 2281 0.599 0.277 4.90 1.0x1072
STR EduYears 5678 0.228 0.058 17.04 2.0x107
College 5678 0.213 0.106 4.44 2.0x107?
EduYears 7959 0.224 0.042 31.38 1.0x108
QIMR+STR
College 7959 0.254 0.078 12.33 2.0x10™

Table S13. Estimating the genetic correlation between Educational Attainment and health status by whole-genome
bivariate analysis using genome-wide SNP data. For College and dichotomous health data, the whole-genome
bivariate analysis was performed on the observed 0/1 scale.

Univariate GCTA Bivariate GCTA

Phenotype N hg2 SE Ty SE LRT (r,=0) p-value
EduYears 5,650 0.166 0.060

0.132 0.227 0.338 0.3
Health 5,650 0.210 0.061
College (dichotomous) 5,650 0.125 0.058

0.333 0.328 1.058 0.2
Health (dichotomous) 5,650 0.130 0.060
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Table S14. SNP functional annotation. Genome-wide significant SNPs are listed as headers, with SNPs in strong
LD reported in the rows beneath.

SNP Chr. Position ‘Ijv]l)th Reference  Other leilr;?; Gene fqllljnsclji}c))nal Amino Acid
GWAS allele allele Frequency annotation change
SNP
151056667
rs1321479 6 26501897 0.93 T C 0.45 BTNIAl synonymous
1s3736781 6 26505362 093 G A 0.45 BTNIAI missense A[Ala] > T[Thr]
1s3736782 6 26505403  0.93 C A 0.45 BTNIAI  synonymous
rs9393728 6 26509330 093 C G 0.45 BTNIAI  missense D[Asp] > E[Glu]
rs4871 6 26545632 0.93 G A 0.45 HMGN4  synonymous
rs4573 6 26546808  0.87 T C 0.43 HMGN4 3-UTR
rs11584700
rs3789045 1 204586812  0.87 C T 0.23 LRRN2  3-UTR
rs11588857 1 204587047 0.87 G A 0.23 LRRN2  missense P[Pro] > S[Ser]
rs3747631 1 204587569 0.87 G C 0.23 LRRN2  missense L[Leu] > V[Val]
rs3789044 1 204589101 0.87 G A 0.23 LRRN2  missense P[Pro] > L[Leu]
rs7309
rs7309 2 162092640 1 G A 0.52 TANK 3'-UTR

115



Table S15. Gene expression blood eQTL analysis results. gSNP — variant associated with educational attainment; eSNP — variant identified as having the

strongest cis-effect on a given gene; FDR — false discovery rate; LD — linkage disequilibrium; * denotes that the probe is not annotated.

Single SNP Estimates Conditioned on eSNP
LD
gSNP eSNP between

GWAS lead- cis-affected Probe allele gSNP P- gSNP- allele eSNP P- eSNP- gSNP- gSNP-
SNP (gSNP)  gene 1D assessed value FDR eSNP assessed value FDR eSNP gSNP P-value FDR
154851266 AFF3 650753 T 246x101°  <<0.05 156749757 A 1.70x10%  <<0.05 0.31 7.14x10™! 1.00
151056667 BTN241 2570477 C 9.44x10°  <<0.05 152273193 C 7.85x10%°  <<0.05 0.01 1.85x10*  2.50x107
1$1056667 BTN2Al 1110093 C 6.23x10™ 0.012 1s2393664 T 9.77x10°  <<0.05 0.13 6.95%107 1.00
151056667 BTN2A42 5420709 C 2.97x107 0.046 153799378 G 1.08x10°  <<0.05 0.24 7.91x10™! 1.00
51056667 BTN3A1 3130600 C 3.62x107  <<0.05 157744254 C 1.95x10%  <<0.05 0.11 2.30x107! 1.00
151056667 BTN3A42 4610674 C 6.12x10%°  <<0.05 13799378 G 9.81x101%  <<0.05 0.24 2.41x107 0.89

HISTIH2AC
151056667 HISTIH2BD 290730 C 420%10° <<0.05 151009181 C 9.81x107"%  <<0.05 0.05 9.28x10 1.00

HISTIH4A

HISTIH2AC
51056667 HISTIH2BD 6200669 C 8.41x10™ 0.013 rs1009181 C 9.81x101%  <<0.05 0.05 6.49%x102 1.00

HISTIH4A
151056667 HISTIH2BK 6110630 C 5.58x1071% << 0.05 1s10946899 A 1.83x10%  <<0.05 0.24 8.06x10! 1.00
151056667 HMGN4 5270689 C 2.76x10% << 0.05 159379886 T 3.33x10% << 0.05 0.55 6.09x10°  <<0.05
51056667 LRRCI64 6450022 C 1.87x107 0.031 rs9366619 C 448x10%  <<0.05 0.00 1.56x107 0.078
1s11584700  MDM4 5420471 G 1.63x10°  <<0.05 157556371 G 4.16x10%  <<0.05 0.05 1.08x10*  <<0.05
rs1056667 * 290273 C 5.90x10%°  <<0.05 152093169 T 5.46x107'%  <<0.05 0.19 3.90x107! 1.00
51056667 * 3390050 C 430x10° <<0.05 1s6456762 T 4.88x101%  <<0.05 0.04 5.04x10° 0.23
1s7309 TANK 2230113 A 1.74x10°  <<0.05 1517705608 G 1.88x10°  <<0.05 0.71 5.94x10"! 1.00
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Table S16. Gene-based p-values for the top 25 genes associated with EduYears in the combined-stage meta-analysis

(using VEGAS).
Chr.  Gene Number  Start Stop p-value p-value p-value p-value
of SNPs  position position (Pooled) (Males) (Females) (Pooled
College)
2 GBX2 70 236739045 236741391 <1.00x10°  <1.00x10°®  9.77x107 3.90x107
13 STK24 280 97900455 98027397 <1.00x10°  5.96x10° 3.50x107 <1.00x10°®
16 LOC440350-4 1 28677525 28690630 <1.00x10°  7.28x10™* 4.40x10™ 4.00x10°°
16 TUFM 26 28761232 28765230 <1.00x10°  4.91x10™ 4.46x10™ 5.00x10°°
2 ASBIS 78 236768253 236837727 1.00x10° <1.00x10°  1.32x107 1.51x10™
3 APEH 51 49686438 49695938  1.00x10° 2.06x10™ 1.58x107 7.10%107
3 NICNI 33 49434769 49441761  1.00x10° 6.43x10 1.06x107 1.12x10™
3  RNFI23 52 49701993 49733966  1.00x10° 3.60x10 2.24x107 1.04x10*
6 BINIAI 104 26609473 26618631 1.00x10° 2.80x10°° 1.09x1072 4.57x10™
6 HMGN4 79 26646550 26655143 1.00x10° 3.80%107 7.22x107 5.46x10*
6 IHPK3 201 33797420 33822660 1.00x10° 5.16x10™ 2.53x10™ 2.00x10°°
10 Cl0orf88 82 124680408 124703909 1.00x10° 2.03x107 3.62x10* 3.60x107
16 ATP2AI1 28 28797309 28823331 1.00x10° 6.09x10 7.13x10* 1.00x107°
16 ATXN2L 23 28741914 28756059  1.00x10° 5.09x10 5.01x10* 8.00x10°¢
16 SH2BI 31 28782814 28793027 1.00x10° 5.28x10™ 6.07x10* 6.00x10°°
3 BSN 86 49566925 49683986  2.00x10°° 1.46x10™ 1.45%107 3.80x107
3 MSTI 47 49696391 49701099  2.00x10°° 3.31x10™ 1.82x107 9.10x107
3 TCTA 34 49424642 49428913  3.00x10° 7.47x10* 1.23x107 1.36x10™
6 C6orfl25 177 33773323 33787482  3.00x10° 7.79x10* 1.16x107 4.00x10°°
3 AMT 33 49429214 49435016  4.00x10° 6.47x10* 1.35x107 1.11x10*
10 FAM24A4 51 124660206 124662617 4.00x10° 1.87x1073 1.75%107 6.80x107
18 KATNAL2 109 42780784 42881663  4.00x10°° 5.41x10"! <1.00x10°  2.10x107
CEP170 70 241354352 241485331 6.00x10° 1.09x1073 4.59x107 6.50%107
4 TET? 130 106287391 106420407 6.00x10°¢ 1.16x10 1.60x10™ 5.00x10*
16 RABEP? 27 28823242 28844033  6.00x10° 1.30x1073 1.68x107 3.30x107
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Table S17. Gene-based p-values for the top 25 genes associated with College in the combined stage meta-analysis

(using VEGAS).

Chr.  Gene Number  Start Stop position  p-value p-value p-value p-value
of SNPs  position (Pooled) (Males) (Females) (Pooled

EduYears)

1 PIK3C2B 109 202658380 202726097 <1.00x10°  7.09x1072 <1.00x10-6  8.88x10°
2 ASBIS 78 236768253 236837727 <1.00x10°° 1.22x10™ 2.36x10-4 1.00x10°°
2 GBX2 70 236739045 236741391 <1.00x10°° 1.30x10°° 2.62x10-4 <1.00x10°®
6 C6orfl25 178 33773323 33787482 <1.00x10°  8.90x107 2.72x10-3 3.00x10°°
4 TET? 130 106287391 106420407  1.00x10°° 1.58x1073 7.94x10-4 6.00x10°
6 [HPK3 202 33797420 33822660 1.00x10°° 4.70x10° 2.26%10-3 1.00x10°
6 ITPR3 228 33697138 33772326 1.00x10°° 2.00x10™ 3.25%x10-3 1.60x10°
3 CCDCIl4 113 125114963 125162945 4.00x10°° 6.12x1073 3.82x10-4 6.62x10
10 PSD 39 104152365 104168891  4.00x107° 1.54x1073 2.63x10-3 6.90x107
10 NFKB2 28 104144218 104152271  6.00x10°° 1.14x1073 2.11x10-3 6.30%107
4 Clorf44 85 3220564 3235638  7.00x10°° 4.61x107 8.80x10-5 1.49x10™
10 ELOVL3 34 103976132 103979334  7.00x10°° 1.02x10° 2.35%10-3 4.00x10°
10 GBFI 77 103995298 104132639 7.00x10°° 7.45%10™ 1.30%10-3 2.80x10°
12 PITPNM?2 57 122033979 122160928  7.00x107° 1.52x102 1.15x10-4 2.10x10°°
3  MSTIR 45 49899439 49916310 8.00x10°° 4.12x1073 1.15x10-3 1.06x1073
ROPNI 75 125170568 125192889 8.00x107° 2.68x1072 1.93x10-4 8.31x10°
PPPIRI5B 93 202639114 202647567 9.00x10° 1.63x10™! 8.00x10-6 2.47x107

12 ARLG6IP4 14 122030832 122033413 9.00x10°° 1.90x1072 4.00x10-5 5.80x107
TRAIP 50 49841031 49868996 1.00x107 2.91x107 1.61x10-3 5.98x10™
UBA7 39 49817641 49826395 1.10x107 1.94x1073 3.19x10-3 3.78x10*

12 OGFOD2 15 122025306 122030541 1.10x10° 2.19x10 2.60%10-5 8.50x107
IHPK] 54 49736731 49798977 1.20x107 7.80x10™ 8.11x10-3 6.80%107
AMIGO3 39 49729968 49732127 1.40x10° 4.46x10™ 1.12x10-2 1.90x107
RNF123 52 49701993 49733966  1.40x10° 3.67x10™ 1.28x10-2 1.00x10°
10 PITX3 36 103979935 103991221 1.40x10° 8.78x10™* 1.69%10-3 3.10x10°
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Table S18. Pathway-based p-values for pathways showing suggestive overlap (p < 0.05) with genomic regions meeting p-value <I1x10” in the combined-stage
GWAS meta-analysis for (A) EduYears and (B) College. Size refers to the number of genomic intervals defining the pathway, while Overlap indicates the
number of LD-independent intervals defined by SNPs meeting p<1x10” in the combined discovery and replication GWAS meta-analysis that overlap with
genomic intervals defining the pathway. P lists the empirical p-value, using 1x10° permutations, and Corrected P provides the p-value adjusted for multiple
testing, using 1x10* permutations.

A. EduYears
EduYears College

Pathway GO ID Size Overlap P Corrected P Overlap P Corrected P
focal adhesion G0:0005925 98 3 0.022 1.00 0 1.000 1.00
purine base metabolic process G0:0006144 33 2 0.024 1.00 0 1.000 1.00

GO0:0007249 20 2 0.005 0.93 0 1.000 1.00
I-kappaB kinase/NF-kappaB cascade
sulfotransferase activity GO:0008146 36 2 0.033 1.00 0 1.000 1.00
oxidoreductase activity, acting on single donors G0:0016702 44 2 0.021 1.00 3 0.001 0.41
with incorporation of molecular oxygen,
incorporation of two atoms of oxygen
vinculin binding GO:0017166 8 2 0.004 0.90 0 1.000 1.00
lamellipodium GO0:0030027 72 4 0.005 0.93 1 1.000 1.00
lamellipodium assembly G0:0030032 15 2 0.030 1.00 0 1.000 1.00
endocytic vesicle GO0:0030139 27 2 0.013 0.99 2 0.007 0.94
integral to Golgi membrane GO0:0030173 43 2 0.014 0.99 0 1.000 1.00
heat shock protein binding G0:0031072 61 2 0.038 1.00 0 1.000 1.00
platelet dense tubular network membrane GO:0031095 8 2 0.024 1.00 1 1.000 1.00
sarcoplasmic reticulum membrane GO0:0033017 17 2 0.029 1.00 0 1.000 1.00
phosphoinositide binding GO:0035091 56 2 0.040 1.00 2 0.028 1.00
focal adhesion assembly G0:0048041 14 2 0.002 0.80 0 1.000 1.00
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B. College

College EduYears
Pathway GO ID Size Overlap P Corrected P Overlap P Corrected P
spliceosome assembly G0:0000245 19 2 0.003 0.85 1 1.000 1.00
calcium channel activity GO0:0005262 46 2 0.045 1.00 1 1.000 1.00
Notch signaling pathway G0:0007219 52 2 0.042 1.00 0 1.000 1.00
locomotory behavior G0:0007626 57 2 0.038 1.00 0 1.000 1.00
methyltransferase activity G0:0008168 104 3 0.017 0.99 2 0.148 1.00
oxidoreductase activity, acting on single donors with G0:0016702 44 3 0.001 0.41 2 0.021 1.00
incorporation of molecular oxygen, incorporation of
two atoms of oxygen
triglyceride biosynthetic process G0:0019432 31 2 0.015 0.99 0 1.000 1.00
endocytic vesicle GO0:0030139 27 2 0.007 0.94 2 0.013 0.99
phosphoinositide binding GO:0035091 56 2 0.028 1.00 2 0.040 1.00
neuron development G0:0048666 28 2 0.010 0.98 1 1.000 1.00
positive regulation of NF-kappaB transcription factor ~ GO:0051092 69 2 0.037 1.00 0 1.000 1.00
activity
response to calcium ion GO0:0051592 47 2 0.015 0.99 1 1.000 1.00
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Table S19. Loci with cell-type specificity scores > 95™ percentile (see Figure S21). IndexSNPs were identified

as p < 1x107 (pruned to remove SNPs correlated at 7 > 0.5) from either the EduYears or College combined
stage meta-analyses. BestSNP provides the identity of the SNP in LD with the IndexSNP that displays the

highest cell-type specificity score (Score), calculated as the height of the nearest H3K4me3 peak divided by the
distance (Distance, in bp) between the H3K4me3 peak and BestSNP and subsequently normalized such that sum
of scores for a given locus across the 34 tissues equals one.

Tissue (Phenotype) IndexSNP BestSNP Score Distance

Brain Anterior Caudate (EduYears)
156882046 156882046 0.45 834
rs6742801 167003507 0.91 37
rs9320913 6:98566506 0.38 57
rs791903 rs4711343 0.61 5
rs2955259 rs13110775 0.41 267
1512433424 rs1449108 0.87 2480
rs7333699 rs12853561 0.98 0
18034147 rs34480933 0.71 41

Brain Anterior Caudate (College)
6742801 rs67003507 0.91 37
1s3121417 rs3121417 0.98 434
9320913 6:98566506 0.38 57
15791903 rs4711343 0.61 5
1512640626 1512640626 0.74 323
rs11802889 1561817490 0.57 866
152540989 151206419 1.00 2340
rs9563527 1511842899 0.58 327
14365358 154321256 0.89 52

Brain Hippocampus Middle (EduYears)
rs6882046 rs6882046 0.37 832
157713243 15324888 0.60 50
rs9320913 6:98566506 0.81 31
1s2955259 rs3797042 0.64 180
12930734 2930726 0.70 216

CD4 Naive Primary Cells (EduYears)
rs2137835 152137835 0.74 6
rs10176262 rs4851368 0.90 283
rs1892700 1516990773 0.40 72
16984449 154292704 0.78 100

Muscle Satellite Cultured Cells (EduYears)
rs3789044 rs12043569 0.81 815
rs889956 2:57388609 1.00 367
rs1056667 rs6918360 0.63 1
1652049 rs530614 0.39 136
rs1391439 rs2047409 0.99 5
1511248332 rs10794575 0.95 44
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Table S20. Implicated gene loci demonstrating promising eQTL (Table S15) or functional SNP annotation
(Table S14) of top loci or association in gene-based tests (Tables S16, S17). The last column gives the distance
(in kilobases) from nearby (< 1.0 Mb) independent top associated SNPs (replicated SNPs: rs9320913,
1s11584700, rs4851266; or additional independent SNPs meeting p<5x10™ in the combined meta-analysis:
rs7309, rs11687170, rs1056667, rs13401104). All other columns list the Table location for details of evidence.

Location  Gene Functional Blood eQTL  Gene-based tests  Distance to replicated or significant
annotation SNP marker
1932 PIK3C2B Table S17 rs11584700, 117.5kb
1932 MDM4 Table S15 rs11584700, 57.3kb
1932 LRRN2 Table S14 rs11584700, 9.3kb
2ql1-ql2  AFF3 Table S15 rs4851266, 59.4kb
2q24-q31 TANK Table S14 Table S15 rs7309, 3'UTR
2q37 GBX2 Tables S16, S17 rs11687170, 16.2kb; rs13401104,
28.9kb
2q37 ASBI8 Tables S16, S17 rs13401104, intronic; rs11687170,
45.4kb
3p21 NICNI Table S16
3p21 BSN Table S16
3p21 APEH Table S16
3p21 MSTI Table S16
3p24 RNF123 Table S16
4q24 TET2 Table S17
6p22 LRRC164 Table S15 rs1056667, 889.8kb
6p22 HISTIH4A Table S15 1s1056667, 488.3kb
6p22 HISTIH2AC Table S15 1s1056667, 385.6kb
6p21 HISTIH2BD Table S15 1s1056667, 339.0kb
6p22 BTN342 Table S15 1s1056667, 132.0kb
6p22 BTN2A42 Table S15 rs1056667, 115.5kb
6p22 BTN3A41 Table S15 rs1056667, 95.1kb
6p22 BTN241 Table S15 151056667, 40.7kb
6p22 BTNIAI Table S14 Table S16 1s1056667, 3'UTR
6p21 HMGN4 Table S14 Table S15 Table S16 rs1056667, 28.0kb
6p21 HISTIH2BK Table S15 1s1056667, 595.5kb
6p21 ITPR3 Table S17
6p21 MNF1 (Cé6orfi25) Table S17
6p21 1IP6K3 (IHPK3) Tables S16, S17
10q26 C100rf88 Table S16
13q31- STK24 Table S16
q32
16pl1 NPIPLI Table S16
(LOC440350)
16pl1 ATXN2L Table S16
16pl1 TUFM Table S16
16pl1 SH2B1 Table S16
16p12 ATP241 Table S16
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Table S21. Results of gene function prediction analysis in 80,000 gene expression profiles of identified genes
(Table S20). Pathway terms originate from several databases: (1) Gene Ontology Biological Processes, (2) Gene
Ontology Molecular Function, (3) Gene Ontology Cellular Component, (4) Reactome, and (5) KEGG. Terms
directly related to neuronal or central nervous system function are marked with an asterisk. P-values refer to the

correlation between the Gene principal component profile and the Term principal component profile,

uncorrected for multiple testing; all reported terms meet False discovery rate < 0.05. The Annotated column
indicates if the gene has previously been listed as a member of that term (Y) or not (N). Results are sorted
alphabetically by gene name.

Gene Term P-value Annotated
AFF3 T cartilage condensation 2.3x10° N
APEH ' cofactor metabolic process 3.6x107"° N
APEH ' porphyrin-containing compound biosynthetic process 9.5x10™" N
APEH ' tetrapyrrole biosynthetic process 9.5%x107"% N
APEH " heme biosynthetic process 1.1x10™ N
APEH ' porphyrin-containing compound metabolic process 2.4x107" N
APEH ! tetrapyrrole metabolic process 2.4x107" N
APEH ' aerobic respiration 2.4x107" N
APEH *  mitochondrial matrix 1.ox10™"2 N
APEH *  Mitochondrial tRNA aminoacylation 1.4x107'? N
APEH ' cofactor biosynthetic process 1.7x10™2 N
APEH ' heme metabolic process 2.6x107" N
APEH ' tricarboxylic acid cycle 5.9x107" N
APEH 2 coenzyme binding 7.7x10"2 N
APEH ' tRNA aminoacylation for protein translation 8.5x107"? N
APEH 2 aminoacyl-tRNA ligase activity 9.0x10™"? N
APEH 2 ligase activity, forming aminoacyl-tRNA and related compounds 9.0x10™2 N
APEH 2 ligase activity, forming carbon-oxygen bonds 9.0x107'? N
APEH ! acetyl-CoA catabolic process 1.2x10™"! N
APEH * Metabolism of porphyrins 1.3x10™" N
APEH 2 cofactor binding 3.8x10™" N
APEH ' amino acid activation 9.5x107™"! N
APEH ' tRNA aminoacylation 9.5%x10™"! N
APEH ' coenzyme metabolic process 2.0x10"° N
APEH 5 Aminoacyl-tRNA biosynthesis 2.1x10"° N
APEH ' heterocycle biosynthetic process 2.6x107"° N
APEH ! fatty acid beta-oxidation using acyl-CoA oxidase 3.1x107"° N
APEH > Citrate cycle (TCA cycle) 4.7x10™1° N
APEH * Citric acid cycle (TCA cycle) 4.8x1071° N
APEH 5 Valine, leucine and isoleucine biosynthesis 1.4x107° N
APEH > Porphyrin and chlorophyll metabolism 1.6x107° N
APEH *  {RNA Aminoacylation 1.9x107° N
APEH ' coenzyme catabolic process 2.1x107° N
APEH *  Pyruvate metabolism and Citric Acid (TCA) cycle 2.8x10° N
APEH *  mitochondrial inner membrane 4.3x107 N
APEH *  organelle inner membrane 5.3x107 N
APEH ' fatty acid beta-oxidation 7.2x107° N
APEH ' nicotinamide nucleotide metabolic process 9.2x107 N
APEH 2 oxidoreductase activity, acting on the CH-CH group of donors 1.5x10® N
APEH 2 small protein activating enzyme activity 3.9x10° N
APEH * Metabolism of carbohydrates 4.0x10°® N
APEH *  mitochondrial envelope 1.9x107 N
APEH 2 oxidoreductase activity, acting on the aldehyde or oxo group of 2.8x107 N
donors, disulfide as ...
APEH 2 ATPase activity 3.1x107 N
APEH > mitochondrial membrane 3.5%x107 N
APEH 2 acyl-CoA dehydrogenase activity 4.3x107 N
APEH 2 ATPase activity, coupled 5.1x107 N
APEH *  Mitochondrial Fatty Acid Beta-Oxidation 5.9x107 N
APEH 2 lyase activity 6.6x107 N
APEH > signalosome 7.9x107 N
APEH *  Peroxisomal lipid metabolism 8.1x107 N
APEH *  Purine metabolism 1.0x10°¢ N
APEH > microbody lumen 1.9x10° N
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peroxisomal matrix

Galactose metabolism

Valine, leucine and isoleucine degradation
Butanoate metabolism

One carbon pool by folate

Fatty acid metabolism

Peroxisome

Non-homologous end-joining
actin-mediated cell contraction
actin-myosin filament sliding
muscle filament sliding

skeletal muscle contraction
structural constituent of muscle
actin filament-based movement
Striated Muscle Contraction
contractile fiber part

contractile fiber

myofibril

myosin filament

sarcomere

striated muscle thin filament
multicellular organismal movement
musculoskeletal movement

muscle myosin complex

myosin II complex

Muscle contraction

myosin complex

striated muscle contraction

muscle contraction

muscle system process

I band

tropomyosin binding

actin cytoskeleton

titin binding

sarcoplasmic reticulum
sarcoplasm

A band

actin binding

Z disc

pseudopodium

actin filament-based process
sarcoplasmic reticulum membrane
microfilament motor activity
regulation of striated muscle contraction
muscle organ development

striated muscle adaptation

muscle cell fate commitment
muscle structure development
myofibril assembly

regulation of muscle contraction
skeletal muscle tissue development
skeletal muscle organ development
Tight junction

Viral myocarditis

myosin binding

calmodulin binding

Cardiac muscle contraction
Hypertrophic cardiomyopathy (HCM)
Dilated cardiomyopathy

Calcium signaling pathway
Arrhythmogenic right ventricular cardiomyopathy (ARVC)
Leukocyte transendothelial migration
Glycolysis / Gluconeogenesis
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2.2x1071%
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Insulin signaling pathway

Arginine and proline metabolism

Thyroid cancer

positive regulation of gene expression, epigenetic
transcription cofactor activity

transcription factor binding transcription factor activity
protein binding transcription factor activity
tau-protein kinase activity

transcription corepressor activity
chromatin disassembly

nucleosome disassembly

protein-DNA complex disassembly
npBAF complex

nuclear chromatin

EGFR downregulation

nBAF complex

chromatin remodeling complex
SWI/SNF-type complex

PRCI1 complex

Valine, leucine and isoleucine biosynthesis
SWI/SNF complex

sex chromosome

histone methyltransferase complex
methyltransferase complex
Aminoacyl-tRNA biosynthesis
Vasopressin-regulated water reabsorption
synapse part

Neuronal System

synapse

synaptic vesicle membrane

synaptic membrane

neurotransmitter secretion

Transmission across Chemical Synapses
Ras activation uopn Ca2+ infux through NMDA receptor
CREB phosphorylation through the activation of CaMKII
synaptic vesicle exocytosis

dendrite

dendritic spine

neuron spine

dendritic spine head

postsynaptic density

Glutamate Neurotransmitter Release Cycle
neurotransmitter transport

voltage-gated cation channel activity

main axon

postsynaptic membrane

Post NMDA receptor activation events
Potassium Channels

Unblocking of NMDA receptor, glutamate binding and activation

cation channel complex

Activation of NMDA receptor upon glutamate binding and
postsynaptic events

synaptic vesicle

gated channel activity

axon part

regulation of neurotransmitter levels
clathrin coated vesicle membrane

ion channel complex

Dopamine Neurotransmitter Release Cycle
Serotonin Neurotransmitter Release Cycle
voltage-gated channel activity
voltage-gated ion channel activity
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Neurotransmitter Receptor Binding And Downstream
Transmission In The Postsynaptic Cell

presynaptic membrane

synaptic vesicle transport

ion channel activity

substrate-specific channel activity

channel activity

passive transmembrane transporter activity

axon

regulation of synaptic transmission

regulation of alpha-amino-3-hydroxy-5-methyl-4-isoxazole
propionate selective glutama...

Voltage gated Potassium channels

cation channel activity

CREB phosphorylation through the activation of Ras
voltage-gated potassium channel activity
neuron-neuron synaptic transmission
Neurotransmitter Release Cycle

regulation of synaptic plasticity

regulation of neurological system process
long-term memory

voltage-gated calcium channel complex

regulation of transmission of nerve impulse
potassium ion transmembrane transporter activity
calcium channel complex

potassium channel activity

regulation of neuronal synaptic plasticity

GABA synthesis, release, reuptake and degradation
Acetylcholine Neurotransmitter Release Cycle
dendrite morphogenesis

generation of a signal involved in cell-cell signaling
signal release

synaptic transmission, glutamatergic

syntaxin-1 binding

voltage-gated calcium channel activity

ligand-gated channel activity

ligand-gated ion channel activity

Interaction between L1 and Ankyrins

glutamate secretion

membrane depolarization

metal ion transmembrane transporter activity
GABA receptor activation

Glutamate Binding, Activation of AMPA Receptors and Synaptic
Plasticity

learning

GABA receptor activity

SNARE binding

syntaxin binding

Calcium signaling pathway

Long-term potentiation

Taste transduction

Cardiac muscle contraction

Amyotrophic lateral sclerosis (ALS)

Neuroactive ligand-receptor interaction

Antigen Presentation: Folding, assembly and peptide loading of
class I MHC

MHC class I protein complex

Interferon gamma signaling

cellular response to interferon-gamma

response to interferon-gamma

MHC protein complex

interferon-gamma-mediated signaling pathway
antigen processing and presentation of peptide antigen via MHC
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class I

antigen processing and presentation of peptide antigen
ER-Phagosome pathway

antigen processing and presentation

Antigen processing-Cross presentation

ER to Golgi transport vesicle

Antigen processing and presentation

ER to Golgi transport vesicle membrane

MHC class I receptor activity

Immunoregulatory interactions between a Lymphoid and a non-
Lymphoid cell

Adaptive Immune System

Graft-versus-host disease

Viral myocarditis

Allograft rejection

Type I diabetes mellitus

Interferon Signaling

MHC class I protein binding

Autoimmune thyroid disease

Class I MHC mediated antigen processing & presentation
threonine-type endopeptidase activity
threonine-type peptidase activity

proteasome core complex

integral to endoplasmic reticulum membrane
intrinsic to endoplasmic reticulum membrane
response to type I interferon

transport vesicle membrane

cellular response to type I interferon

type I interferon-mediated signaling pathway
Interferon alpha/beta signaling

antigen processing and presentation of exogenous antigen
Cytokine Signaling in Immune system

MHC protein binding

Cell adhesion molecules (CAMs)

Negative regulators of RIG-I/MDAS signaling
MHC class II protein complex

integral to organelle membrane

Translocation of ZAP-70 to Immunological synapse
Primary immunodeficiency

PD-1 signaling

Phosphorylation of CD3 and TCR zeta chains
Generation of second messenger molecules
intrinsic to organelle membrane

Natural killer cell mediated cytotoxicity
Downstream TCR signaling

transport vesicle

Proteasome

Endocytosis

Intestinal immune network for IgA production
retinoic acid receptor binding

retinoid X receptor binding

Mitotic Spindle Checkpoint

Inactivation of APC/C via direct inhibition of the APC/C complex
Inhibition of the proteolytic activity of APC/C required for the
onset of anaphase by...

APC-Cdc20 mediated degradation of Nek2A

Basal transcription factors

cell differentiation in spinal cord

stem cell differentiation

dorsal spinal cord development

spinal cord development

spinal cord dorsal/ventral patterning

spinal cord patterning
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GBX2
GBX2
GBX2
GBX2
GBX2
GBX2
GBX2
GBX2
GBX2
GBX2
GBX2
GBX2
GBX2
GBX2
GBX2
GBX2
GBX2
GBX2
GBX2
GBX2
HISTIH family
HISTI1H family
HISTI1H family
HISTIH family
HISTIH family
HISTIH family
HISTI1H family
HISTI1H family
HISTI1H family
HISTIH family
HISTIH family
HISTIH family
HISTIH family
HISTIH family
HISTIH family
HISTI1H family
HISTI1H family
HISTIH family
HISTIH family
HISTIH family
HISTIH family
HISTIH family
HISTIH family
HISTI1H family
HISTIH family
HISTIH family
HISTI1H family
HISTIH family
HISTIH family
HISTIH family

HISTIH family
HISTI1H family
HISTI1H family
HISTI1H family
HISTIH family

HISTIH family
HISTIH family
HISTIH family
HISTI1H family
HISTI1H family
HISTI1H family

B - = = = = B B B B B B B B = = B W = = = = L o= = = W o= = WL L R W = = s = e e e e e e

2 B = B B

2R = W o= =

nerve development

neural tube development

regionalization

neuron fate commitment

positive regulation of neuron differentiation
pattern specification process

cranial nerve development

neuron fate specification

morphogenesis of embryonic epithelium
negative regulation of glial cell differentiation
cochlea morphogenesis

parasympathetic nervous system development
neuromuscular process

cell fate specification

Basal cell carcinoma

Notch binding

Renal cell carcinoma

Notch signaling pathway
Aldosterone-regulated sodium reabsorption
Proximal tubule bicarbonate reclamation
nucleosome

regulation of gene silencing

nucleosome assembly

protein-DNA complex

chromatin assembly

nucleosome organization

protein-DNA complex assembly

Systemic lupus erythematosus

chromatin assembly or disassembly
protein-DNA complex subunit organization
DNA packaging

DNA conformation change

chromatin

RNA Polymerase I Promoter Opening
regulation of megakaryocyte differentiation
cellular macromolecular complex assembly
RNA Polymerase I Chain Elongation

RNA Polymerase I Promoter Clearance
RNA Polymerase I Transcription

Meiotic Recombination

Amyloids

Packaging Of Telomere Ends

Activation of DNA fragmentation factor
Apoptosis induced DNA fragmentation
megakaryocyte differentiation

chromatin organization

CenH3-containing nucleosome assembly at centromere
DNA replication-independent nucleosome assembly

DNA replication-independent nucleosome organization
Deposition of New CENPA-containing Nucleosomes at the

Centromere

Nucleosome assembly

Meiotic Synapsis

chromatin remodeling at centromere
Meiosis

RNA Polymerase I, RNA Polymerase III, and Mitochondrial

Transcription

gene silencing

histone exchange

chromosomal part

ATP-dependent chromatin remodeling
Telomere Maintenance

Chromosome Maintenance
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HISTIH family
HISTIH family
HMGN4
IP6K3
IP6K3
IP6K3
IP6K3
IP6K3
IP6K3
IP6K3
IP6K3
IP6K3
IP6K3
IP6K3
1IP6K3
IP6K3
IP6K3
IP6K3
IP6K3
IP6K3
IP6K3
IP6K3
IP6K3
IP6K3
IP6K3
IP6K3
IP6K3
IP6K3
IP6K3
IP6K3
1IP6K3
1IP6K3
IP6K3
IP6K3
IP6K3
IP6K3
IP6K3
IP6K3
1IP6K3
1IP6K3
1IP6K3
IP6K3
IP6K3
IP6K3
IP6K3
IP6K3
IP6K3
IP6K3
1IP6K3
IP6K3
IP6K3
IP6K3

IP6K3
IP6K3
ITPR3
ITPR3
ITPR3
ITPR3
ITPR3
ITPR3
ITPR3
ITPR3
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Transcription

Apoptotic execution phase

Basal transcription factors

muscle cell fate commitment
striated muscle cell development
skeletal muscle tissue development
skeletal muscle organ development
muscle system process
neuromuscular junction development
muscle organ development

I band

myofibril

muscle structure development
muscle contraction

contractile fiber

muscle fiber development
structural constituent of muscle
multicellular organismal movement
muscle cell development
musculoskeletal movement
sarcomere

contractile fiber part

skeletal muscle contraction
striated muscle contraction

acetylcholine-activated cation-selective channel activity

muscle cell differentiation

titin binding

sarcoplasm

skeletal muscle fiber development
acetylcholine-gated channel complex

Z disc

myosin filament

striated muscle cell differentiation
Acetylcholine Binding And Downstream Events
Activation of Nicotinic Acetylcholine Receptors
Postsynaptic nicotinic acetylcholine receptors
sarcoplasmic reticulum

Presynaptic nicotinic acetylcholine receptors
Hypertrophic cardiomyopathy (HCM)
striated muscle tissue development
actin-mediated cell contraction
neuromuscular junction

Striated Muscle Contraction

Cardiac muscle contraction

acetylcholine binding

sarcolemma

Muscle contraction

acetylcholine receptor activity

actin cytoskeleton

sarcoplasmic reticulum membrane

myosin complex

Highly calcium permeable postsynaptic nicotinic acetylcholine

receptors

pseudopodium

Dilated cardiomyopathy
lateral plasma membrane
basal plasma membrane
hemidesmosome assembly
basal part of cell

VEGF signaling pathway
laminin complex

protein kinase C activity
Cell junction organization
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ITPR3
ITPR3
ITPR3
ITPR3
ITPR3
ITPR3
ITPR3
ITPR3
ITPR3
ITPR3
ITPR3
ITPR3
ITPR3
LRRCI6A4
LRRCI64
LRRC164
LRRC164
LRRCI6A4
LRRC164
LRRN2
LRRN2
LRRN2
LRRN2
LRRN2
LRRN2
LRRN2
LRRN2
LRRN2
LRRN2
LRRN2
LRRN2
LRRN2
LRRN2
LRRN2
LRRN2
LRRN2
LRRN2
LRRN2
LRRN2
LRRN2
LRRN2
LRRN2
LRRN2
LRRN2
LRRN2
LRRN2
LRRN2
LRRN2
LRRN2
LRRN2
LRRN2
LRRN2
LRRN2
LRRN2
LRRN2

MDM4
MDM4
MDM4
MDM4
MDM4
MDM4
MDM4
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neural crest cell migration

Neuroactive ligand-receptor interaction
Cell-Cell communication

cell-cell junction

Thyroid cancer

basal lamina

leading edge membrane

lamellipodium membrane

Small cell lung cancer

Amino sugar and nucleotide sugar metabolism
Glycosaminoglycan degradation

Pathways in cancer

ECM-receptor interaction

cell leading edge

unfolded protein binding

filopodium

gamma-catenin binding

Eicosanoid ligand-binding receptors
Adherens junction

dendrite

dendritic spine head

postsynaptic density

dendritic spine

neuron spine

extracellular-glutamate-gated ion channel activity
ionotropic glutamate receptor activity
synapse organization

ionotropic glutamate receptor complex
regulation of synapse organization

positive regulation of nervous system development
positive regulation of synapse assembly
outer membrane-bounded periplasmic space
periplasmic space

regulation of transmission of nerve impulse
regulation of synapse structure and activity
regulation of synapse assembly

positive regulation of cellular component biogenesis
excitatory synapse

regulation of synaptic transmission
glutamate receptor activity

synapse part

cell envelope

external encapsulating structure part
synapse

synapse assembly

regulation of glomerulus development
external encapsulating structure

neuronal cell body

regulation of neurological system process
cell body

synaptic membrane

postsynaptic membrane

Potassium Channels

dendritic shaft

alpha-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid

selective glutamate receptor...

regulation of RNA splicing

protein alkylation

protein methylation

N-methyltransferase activity
histone-lysine N-methyltransferase activity
protein methyltransferase activity

lysine N-methyltransferase activity
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MDM4
MDM4
MDM4
MDM4
MDM4
MDM4
PIK3C2B
PIK3C2B
PIK3C2B
PIK3C2B
PIK3C2B
PIK3C2B
PIK3C2B
RNF123
RNF123
RNF123
RNF123
RNFI123
RNFI123
RNFI123
RNFI123
RNF123
RNF123
RNF123
RNF123
RNF123
RNFI123
RNFI123
RNFI123
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RNFI123
RNF123
RNF123
RNF123
RNF123
RNF123
STK24
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protein-lysine N-methyltransferase activity
histone methyltransferase activity

S-adenosylmethionine-dependent methyltransferase activity

protein serine/threonine/tyrosine kinase activity
PI3K/AKT activation

heterogeneous nuclear ribonucleoprotein complex
regulation of oligodendrocyte differentiation

Nitric oxide stimulates guanylate cyclase

Ras guanyl-nucleotide exchange factor activity
guanyl-nucleotide exchange factor activity

Platelet homeostasis

B cell receptor signaling pathway

Axon guidance

heme biosynthetic process

porphyrin-containing compound biosynthetic process
tetrapyrrole biosynthetic process
porphyrin-containing compound metabolic process
tetrapyrrole metabolic process

heme metabolic process

Metabolism of porphyrins

hemoglobin metabolic process

protein deubiquitination

protein modification by small protein removal
polyubiquitin binding

protein K48-linked deubiquitination

cofactor biosynthetic process

Porphyrin and chlorophyll metabolism

response to arsenic-containing substance

actin filament capping

pigment biosynthetic process

negative regulation of actin filament depolymerization
ubiquitin-specific protease activity

small conjugating protein binding

ubiquitin binding

small conjugating protein-specific protease activity
ferrous iron binding

protein serine/threonine/tyrosine kinase activity
CUL4 RING ubiquitin ligase complex

Valine, leucine and isoleucine biosynthesis

ABC transporters

SNARE interactions in vesicular transport
Non-small cell lung cancer

Rho guanyl-nucleotide exchange factor activity

G alpha (12/13) signalling events

Adherens junction

NRAGE signals death through JNK

receptor signaling protein activity

Thyroid cancer

Regulation of actin cytoskeleton

Renal cell carcinoma

ErbB signaling pathway

NOD1/2 Signaling Pathway

Death Receptor Signalling

Extrinsic Pathway for Apoptosis

pattern recognition receptor signaling pathway
toll-like receptor signaling pathway

positive regulation of T cell mediated immunity
innate immune response-activating signal transduction
positive regulation of innate immune response
positive regulation of leukocyte mediated immunity
positive regulation of lymphocyte mediated immunity

positive regulation of NF-kappaB transcription factor activity
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positive regulation of adaptive immune response based on somatic
recombination of imm...

activation of innate immune response

toll-like receptor 4 signaling pathway

alpha-beta T cell proliferation

positive regulation of adaptive immune response

positive regulation of interleukin-10 production
Apoptosis

positive regulation of defense response

toll-like receptor 3 signaling pathway

Regulation of IFNG signaling

Toll signaling pathway

MyD88-independent toll-like receptor signaling pathway
regulation of innate immune response

positive regulation of leukocyte proliferation
Nucleotide-binding domain, leucine rich repeat containing
receptor (NLR) signaling pa...

MyD88-independent cascade initiated on plasma membrane
Toll-like receptor signaling pathway

Toll Like Receptor 3 (TLR3) Cascade

TRIF mediated TLR3 signaling

RIG-I-like receptor signaling pathway

tumor necrosis factor receptor binding

NOD-like receptor signaling pathway

Innate Immune System

Activated TLR4 signalling

TAKI activates NFkB by phosphorylation and activation of IKKs
complex

Toll Like Receptor 4 (TLR4) Cascade

Toll Receptor Cascades

TRAF6 mediated NF-kB activation

tumor necrosis factor receptor superfamily binding

NFkB and MAP kinases activation mediated by TLR4 signaling
repertoire

Interleukin-1 signaling

TRAF6 Mediated Induction of proinflammatory cytokines
MyD88 cascade initiated on plasma membrane

Toll Like Receptor 10 (TLR10) Cascade

Toll Like Receptor 5 (TLRS) Cascade

Cytokine-cytokine receptor interaction

Leishmania infection

T cell receptor signaling pathway

Jak-STAT signaling pathway

Amyotrophic lateral sclerosis (ALS)

Pancreatic cancer

Small cell lung cancer

Epithelial cell signaling in Helicobacter pylori infection
thyroid hormone receptor binding

positive regulation of gene expression, epigenetic

kinase activator activity

Transcriptional Regulation of White Adipocyte Differentiation
BMALI:CLOCK/NPAS?2 Activates Gene Expression
Other glycan degradation

mitochondrial matrix

mitochondrial inner membrane

organelle inner membrane

4 iron, 4 sulfur cluster binding

mitochondrial membrane

mitochondrial envelope

mitochondrial nucleoid

nucleoid

mitochondrion organization

Mitochondrial tRNA aminoacylation
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aerobic respiration

mitochondrial membrane part

iron-sulfur cluster binding

metal cluster binding

Citric acid cycle (TCA cycle)

cellular respiration

The citric acid (TCA) cycle and respiratory electron transport
oxidative phosphorylation

respiratory electron transport chain

quinone cofactor metabolic process

respiratory chain

Pyruvate metabolism and Citric Acid (TCA) cycle
mitochondrial respiratory chain

Parkinson's disease

mitochondrial ribosome

organellar ribosome

mitochondrial translation

cofactor metabolic process

electron transport chain

ATP synthesis coupled electron transport
mitochondrial ATP synthesis coupled electron transport
Respiratory electron transport

Respiratory electron transport, ATP synthesis by chemiosmotic
coupling, and heat prod...

energy derivation by oxidation of organic compounds
Huntington's disease

mitochondrial RNA metabolic process

ribosome

branched chain family amino acid catabolic process
generation of precursor metabolites and energy
Valine, leucine and isoleucine degradation

tRNA metabolic process

cofactor biosynthetic process

Oxidative phosphorylation

tricarboxylic acid cycle

Mitochondrial Fatty Acid Beta-Oxidation

small ribosomal subunit

mitochondrial small ribosomal subunit

organellar small ribosomal subunit

integral to mitochondrial membrane

coenzyme metabolic process

acetyl-CoA catabolic process

unfolded protein binding

Citrate cycle (TCA cycle)

hydrogen ion transporting ATP synthase activity, rotational
mechanism

cofactor binding

Alzheimer's disease

mitochondrial respiratory chain complex I

NADH dehydrogenase complex

respiratory chain complex I

oxidoreductase activity, acting on NADH or NADPH
aminoacyl-tRNA ligase activity

ligase activity, forming aminoacyl-tRNA and related compounds
ligase activity, forming carbon-oxygen bonds

NADH dehydrogenase (quinone) activity

NADH dehydrogenase (ubiquinone) activity
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Table S22. Candidate-gene regions (see Table S20) with previously reported associations in human GWAS
and/or evidence of neurological or central nervous system function in mouse or zebrafish models.

MDM4, LRRN2

Central nervous system development (MDM4, mouse,
(67))

Cognitive performance (61)

Cavities (LRRN2, (155))

AFF3
Type 1 diabetes nephropathy (158)
Rheumatoid arthritis (79)

TANK

Subcutaneous adipose tissue (162)
Treatment response for severe sepsis (164)
Amyotrophic lateral sclerosis (165)

GBX2, ASB18
Anterior hindbrain development (GBX2, zebrafish, (63);
GBX2, mouse, (64))

Striatal cholinergic interneuron development (GBX2,
mouse, (65)

Response to statin therapy (4SBI8, (169)

BSN, APEH, MST1
Glutamatergic synapse function (BSN, mouse, (69))

Crohn's disease (BSN, (70, 71); MST1, (73, 74)
Ulcerative colitis (BSN, (72); APEH, (77); MST1, (76))
Inflammatory bowel disease (MST1, (75))

Primary sclerosing cholangitis (MST1, (173))

TET2

Height (15)

Pulmonary function (153)

Tuberculosis (154)

Prostate cancer (156)

Immune response to anthrax vaccine (157)

LRRC16A, BTN1Al

Iron status biomarkers (759)

Mean platelet volume (LRRC164, (160)
Platelet counts (LRRC164, (161))

Uric acid levels (LRRC164, (163))

ITPR3

Height (15)

Obesity (166)
Graves' disease (167)

IP6K3
Serum phosphorous levels (168)

STK24
Alzheimer's disease (62)
Longevity (170)

ATXN2L, TUFM, SH2B1, ATP2A1

Inflammatory bowel disease (early onset) (4TXN2L, (78))
Body mass index (SH2B1, (18, 171, 172))

Weight (SH2B1, (171))
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Table S23. Regression results of the polygenic scores (PGSs) on College, EduYears and Cognitive function in a
set of unrelated individuals of the QIMR (N = 3,526) and STR (N = 6,770) cohorts using SNPs selected from the
meta-analysis excluding the QIMR and STR cohorts. Results for cognitive function are based on a sample of
1,419 individuals from STR. The R¥’s reported in this table are illustrated in Figure 2.

Prediction in QIMR Prediction in STR
Phenotype Ps\es < pses < psaes < All Ps\es < pses < psaes < All
(PGS) 5x10%  5x10°  5x10°  SNPs 5x10®  5x10°  5x10°  SNPs
EduYears R’ 0.023 0.210 1.180 2.910 0.170 0.230 0.720 1.800
(College) (%)
p- 0.370 0.007 9.1x10™""  1.4x10° 6.1x10*  6.9x10°  3.1x10"2  1.2x10°
value 24 28
EduYears R’ 0.005 0.560 1.020 2.820 0.110 0.370 0.610 1.880
(EduYears) (%)
P- 0.689 7.6x10°  1.7x10°  7.1x10° 6.5x10°  6.4x107  1.4x10"°  1.0x10°
value 24 2
Cognitive R’ 0.000 0.160 0.380 2.380
function (%)
(College) p- 0.986 0.137 0.021 5.3x107
value
Cognitive R 0.190 0.420 0.220 2.580
function (%)
(EduYears) p- 0.103 0.015 0.077 1.2x107
value
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Table S24. Results of a mediation analysis on educational attainment using the polygenic scores (PGSs) from
Supplementary Table 12 and a measure of cognitive function in a set of unrelated individuals in the STR sample
(N=1,419). All variables are standardized to z-scores. The effect sizes should be interpreted in standard-
deviation units. The indirect effect measures the extent to which EduYears changes when the PGS is held fixed
and cognitive function changes to the level it would have attained had the PGS increased by one unit (774). Put
another way, the indirect effect is the difference between the coefficient on the PGS with cognitive function as a
covariate and the coefficient without it. When cognitive function is included as a covariate, the coefficient on
PGS declines by ~2/3 and is no longer statistically distinguishable from zero. These findings are consistent with
the hypothesis that cognitive function mediates the relationship between the PGS and educational attainment.

PGS = polygenic score from GWAS for PGS = polygenic score from GWAS for
College EduYears
Est. SE P Est. SE P
EduYears regressed on PGS
Polygenic score  0.0974 0.0256 1.5%x10* 0.1156 0.0254 5.8x10°
Cognitive function regressed on PGS
Polygenic score  0.1464 0.0265 3.9x10™ 0.1536 0.0263 6.6x10”
EduYears regressed on PGS + Cognitive function
Polygenic score  0.0321 0.0230 1.6x10™" 0.0475 0.0228 3.8x107
Cognitive 0.4464 0.0234 4.6x107 0.4436 0.0234 3.0x107
function
Indirect effect 0.0653 0.0123 1.3x107 0.0681 0.0122 2.9x10°
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Table S25. Within-family regression results of the polygenic scores (PGSs) on College, EduYears and Cognitive function in the QIMR and STR cohorts using SNPs selected
from the meta-analysis excluding the QIMR and STR cohorts. Analyses for QIMR are based on 572 full-sib pairs from independent 572 families (QIMR), and analyses for
STR are based on 2,774 DZ twins from 2,774 independent families. Results for cognitive function are based on a sample of 798 individuals from 399 independent families in
STR.

Prediction in QIMR Prediction in STR Prediction in QIMR + STR

Phenotype DPsnps < Psnps < Psnps < All DPsnps < Psnps < DPsnps < All DPsnps < Psnps < DPsnps < All
(PGS) 5x10% 5x10° 5x107 SNPs 5x10°® 5x10° 5x107 SNPs 5x10° 5x10° 5x10° SNPs
EduYears R’ 0.110 0.037 0.210 0.100 0.055 0.000 0.230 0.370 0.017 0.003 0.220 0.310
(College) (%)

P 0.419 0.648 0.279 0.443 0.216 0.878 0.012 0.001 0.455 0.739 0.006 0.001
EduYears R’ 0.34 0.096 0.81 0.034 0.01 0.01 0.04 0.25 0.002 0.001 0.110 0.190
(EduYears) (%)

P 0.165 0.459 0.031 0.660 0.669 0.563 0.290 0.009 0.791 0.846 0.065 0.011
Cognitive R’ 0.41 0.41 0.13 0.11
function (%)
(College)

P 0.203 0.201 0.474 0.035
Cognitive R’ 0.16 0.29 0.02 0.76
function (%)
(EduYears)

P 0.432 0.282 0.780 0.082
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Table S26. Theoretically-approximated prediction accuracy of a linear polygenic score for educational
attainment, depending on sample size N to estimate the effects of individual SNPs using GWAS. R%g is the

expected prediction accuracy and r;g is the correlation between the polygenic score estimated in a discovery

sample (g ) and its true value (g).

N Foi R ;
100,000 022 0.04
500,000 0.59 0.12
1,000,000 0.74 0.15

Table S27. The reduction in required sample size from including PGS as a control variable.

R} =0.10 R% =0.20
R)z(uPGS =0.12 R)Z(UPGS =0.22 R)Z(UPGS =0.25 R)z(uPGS =022 R)Z(UPGS =0.32 R)z(uPGS =0.35

NXUPGS
Ny 0.98 0.87 0.83 0.98 0.85 0.81
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12.  Supplementary Notes
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study, statistical methods and interpretation of the post-GWAS analyses. Jian Yang and Peter Visscher
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Cohort-specific contributions

Cohort Author Individual study Data Genotyping Genotype Phenotype Study data analysis
design and collection preparation preparation

management
AGES Albert V. Smith X X X
AGES Vilmundur Gudnason X X
AGES Gudny Eiriksdottir X X
AGES Tamara B. Harris X
AGES Lenore J. Launer X
ALSPAC Nicholas J. Timpson X X X
ALSPAC George Davey Smith X
ALSPAC George McMahon X X
ALSPAC Beate St Pourcain X X
ALSPAC Susan M. Ring X X
ALSPAC David M. Evans X X
ALSPAC Debbie A. Lawlor X
ASPS Reinhold Schmidt X X X
ASPS Katja E. Petrovic X X
ASPS Helena Schmidt X X X X
ASPS Marisa Loitfelder X
BLSA Dena G. Hernandez X
BLSA/InCHIANTI Toshiko Tanaka X
BLSA/InCHIANTI Luigi Ferrucci X
BLSA/InCHIANTI//SardiNIA Antonio Terracciano X (SardiNIA) X X
Cahres/Caps Sara Hagg X
Cahres/Caps Erik Ingelsson X
Cahres Per Hall X X
Caps Henrik Gronberg X X
Cahres Jingmei Li X X
CCF Mina K. Chung X X X X X
CCF John Barnard X X X X X
CCF David R. Van Wagoner X X X
CoLaus Zoltan Kutalik X
CoLaus Pedro Marquea Vidal X X
CoLaus Francois Bastardot X X
CoLaus Martin Preisig X X
CoLaus Peter Vollenweider X X
CoLaus Gérard Waeber X X
CROATIA-Korcula Igor Rudan X X
CROATIA-Korcula Harry Campbell X
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CROATIA-Korcula Veronique Vitart X X X X X
CROATIA-Split Ivana Kolcic X X X
CROATIA-Vis Caroline Hayward X X X X X X
CROATIA-Vis Ozren Polasek X X X X
CROATIA-Vis Alan F. Wright X

DHS Klaus Berger X X

DHS Jirgen Wellmann X X X
DHS Peter Lichtner X

ERF Carla A. Ibrahim-Verbaas X X
ERF Najaf Amin X X
ERF Ben A. Oostra X X X

ERF Cornelia M. van Duijn X X X

EGCUT Lili Milani X X
EGCUT Tonu Esko X X X
EGCUT Anu Realo X

EGCUT Eva Reinmaa X
EGCUT Juri Allik X

EGCUT Krista Fischer X X
EGCUT Andres Metspalu X X

FINRISK Marja-Liisa Nuotio X
FINRISK Kati Kristiansson X
FINRISK Erkki Vartiainen X X

FINRISK Markus Perola X X

FTC Jaakko Kaprio X X X

FTC Samuli Ripatti X X X

FTC Antti Latvala X

FTC Antti-Pekka Sarin X X
GAIN/nonGAIN/NIA Thais S. Rizzi X X
GAIN/nonGAIN/NIA Danielle Posthuma X X
GENOA Lawrence F. Bielak X X
GENOA Patricia A. Peyser X

GENOA Wei Zhao X X
GENOA Mariza de Andrade X

GENOA Sharon L.R. Kardia X X

GENOA Jennifer A. Smith X X
H2000 Niina Eklund X X
H2000 Ida Surakka X

H2000 Tomi E. Mékinen X X

H2000 Veikko Salomaa X X

HABC Melissa E. Garcia X X

HABC Kurt Lohman X X
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HABC Yongmei Liu X X X
HABC Tamara B. Harris X X X

HABC Daniel S. Evans X
HBCS Jari Lahti X X X X
HBCS Elisabeth Widen X X

HBCS Aarno. Palotie X X

HBCS Johan G. Eriksson X X

HBCS Katri Raikkonen X X X

HCS Christopher J. Oldmeadow X
HCS Elizabeth G. Holliday X

HCS Rodney J. Scott X X X

HCS John R. Attia X X

HRS Jennifer A. Smith X X
HRS Jessica D. Faul X X X

HRS Sharon L.R. Kardia X X

HRS David R. Weir X X

INCHIANTI Stefania Bandinelli X X

KORA Eva Albrecht X
KORA Christian Gieger X
KORA Rolf Holle X X

KORA Christina Holzapfel X
KORA Thomas Illig X X

KORA Andreas Mielck X

KORA H.- Erich Wichmann X X

LifeLines Martin F. Elderson, X X

LifeLines Judith M. Vonk X X

LifeLines Harold Snieder X X X

LifeLines Behrooz Z. Alizadeh, X X X X
LifeLines Ute Biiltmann, X

LBC1921/1936 Gail Davies X X X X
LBC1921/1936 David C. Liewald X X

LBC1921/1936 John M. Starr X X

LBC1921/1936 Ian J. Deary X X X

MCTFR Jaime Derringer X X
MCTFR Robert F. Krueger X

MCTFR Jeffrey A. Boatman X
MCTFR Robert M. Kirkpatrick X

MCTFR Michael B. Miller X

MCTFR Jae Hoon Sul X

MCTFR Matt McGue X X

MCTFR William G. Tacono X X
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MCTFR Aldo Rustichini X

MoBa Bo Jacobsson X X X
MoBa Ronny Myhre X X X
MoBa Hékon Gjessing X X X
MoBa Astanand Jugessur X X
MoBa Jennifer R. Harris X X
NESDA Wouter J. Peyrot X X
NESDA Brenda Penninx X X X

NFBC1966 Marika Kaakinen X
NFBC1966 Marjo-Riitta Jarvelin X X

NFBC1966 Rauli Svento X

NIA Christiaan de Leeuw X
NTR Abdel Abdellaoui X
NTR Jouke-Jan Hottenga

NTR Gonneke Willemsen X

NTR Dorret I. Boomsma X

ORCADES Peter K. Joshi X X
ORCADES Nicholas D. Hastie X

ORCADES James F. Wilson X X X

QIMR Nicolas W. Martin X X X
QIMR Sang H. Lee X
QIMR Dale R. Nyholt X

QIMR Pamela A. Madden P X X X

QIMR Andrew C. Heath X X X

QIMR Grant W. Montgomery X X

QIMR Nicholas G. Martin X X X

QIMR Sarah E. Medland X
RS Patrick J.F. Groenen X

RS Albert Hofman X

RS Philipp D. Koellinger X

RS Cornelius A. Rietveld X X
RS Fernando Rivadeneira X X

RS A. Roy Thurik X

RS André G. Uitterlinden X X

RS Henning W. Tiemeier X

RS Frank J.A. van Rooij X X

RS Matthijs J.H.M. van der Loos X
RUSH (MAP/ROS) David A. Bennett X X

RUSH (MAP/ROS) Patricia A. Boyle X X X
RUSH (MAP/ROS) Phil L. De jager X

RUSH (MAP/ROS) Lei Yu X X
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SAGE Laura J. Bierut X X X X

SAGE Arpana Agrawal X X X
SAGE Peng Lin X X
SAGE John P. Rice X X X X
SardiNIA David Schlessinger X X

SardiNIA Osorio Meirelles X
SardiNIA Marco Masala X

SardiNIA Francesco Cucca X X

SHIP Sebastian E. Baumeister X X X X
SHIP Alexander Teumer X X

SHIP Henry Volzke X X X X
SHIP Wolfgang Hoffmann X X

STR Patrik K.E. Magnusson X X X X

STR Paul Lichtenstein X X

STR Magnus Johannesson X X

STR Matthijs J.H.M. van der Loos X
STR David Cesarini X

THISEAS Stavroula Kanoni X
THISEAS Maria Dimitriou X X

THISEAS Panos Deloukas

THISEAS George V. Dedoussis X

TwinsUK Lydia Quaye X X X
TwinsUK Lynn Cherkas X X

TwinsUK Juliette M. Harris X X

YES Terho Lehtimaki X

YFS Olli T. Raitakari X X

YFS Jorma Viikari X

YFS Mika Kéhonen X

WASHS Kelly S. Benke X X X
WASHS Matthew Kowgier X

WASHS Lyle J. Palmer X X

WASHS Sutapa Mukherjee X X X
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Description of the ALSPAC sample

ALSPAC recruited 14,541 pregnant women resident in Avon, UK with expected dates of delivery 1st April
1991 to 31st December 1992. 14,541 is the initial number of pregnancies for which the mother enrolled in the
ALSPAC study and had either returned at least one questionnaire or attended a “Children in Focus” clinic by
19/07/99. Of these initial pregnancies, there was a total of 14,676 fetuses, resulting in 14,062 live births and

13,988 children who were alive at 1 year of age.

When the oldest children were approximately 7 years of age, an attempt was made to bolster the initial sample
with eligible cases who had failed to join the study originally. As a result, when considering variables collected
from the age of seven onwards (and potentially abstracted from obstetric notes) there are data available for more

than the 14,541 pregnancies mentioned above.

The number of new pregnancies not in the initial sample (known as Phase I enrolment) that are currently
represented on the built files and reflecting enrolment status at the age of 18 is 706 (452 and 254 recruited
during Phases II and III respectively), resulting in an additional 713 children being enrolled. The phases of
enrolment are described in more detail in the cohort profile paper:

http://ije.oxfordjournals.org/content/early/2012/04/14/ije.dys064.full.pdf+html.

The total sample size for analyses using any data collected after the age of seven is therefore 15,247
pregnancies, resulting in 15,458 fetuses. Of this total sample of 15,458 fetuses, 14,775 were live births and

14,701 were alive at 1 year of age.

A 10% sample of the ALSPAC cohort, known as the Children in Focus (CiF) group, attended clinics at the
University of Bristol at various time intervals between 4 to 61 months of age. The CiF group were chosen at
random from the last 6 months of ALSPAC births (1432 families attended at least one clinic). Excluded were
those mothers who had moved out of the area or were lost to follow-up, and those partaking in another study of

infant development in Avon.

Please note that the study website contains details of all the data that is available through a fully searchable data

dictionary: http://www.bris.ac.uk/alspac/researchers/data-access/data-dictionary/.

AGES (Age, Gene/Environment Susceptibility—-Reykjavik Study) - The Age, Gene/Environment
Susceptibility-Reykjavik Study is funded by NIH contract NO1-AG-12100, the NIA Intramural Research
Program, Hjartavernd (the Icelandic Heart Association), and the Althingi (the Icelandic Parliament). Genotyping
was conducted at the NIA IRP Laboratory of Neurogenetics. Researchers interested in using the AGES data
must obtain approval from the AGES study group. Researchers using the data are required to follow the terms of
a research agreement between them and the AGES investigators. In accordance with Icelandic law, individual
level data cannot be released to external investigators, only summary GWAS results. Investigators interested in
collaboration can work on individual data at the Icelandic Heart Association site. For further information contact

Prof. V. Gudnason (v.gudnason@bhjarta.is).

ALSPAC (Avon Longitudinal Study of Parents and Children) - 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. The UK Medical Research Council and the Wellcome Trust (Grant ref:
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092731) and the University of Bristol provide core support for ALSPAC. This publication is the work of the
authors and Lenore J. Launer, Nicholas J. Timpson, George Davey Smith, George McMahon, Beate St
Pourcain, Susan M. Ring, David M. Evans and Debbie A. Lawlor will serve as guarantors for the contents of
this paper. George Davey Smith, David Evans, Debbie Lawlor and Nicholas Timpson are supported by the
MRC as part of the Integrated Epidemiology Unit. Details of access procedures are described in our access

policy (http://www.bristol.ac.uk/alspac/researchers/data-access/policy/). Genome Wide data is held by ALSPAC

and, due to its potential for disclosure of identity, current ethical constraints require these data to be analysed
only in Bristol. We are working towards secure remote access that will enable direct access to these data in the
future. Individual SNP data can be released under the terms of a Data Transfer Agreement. For further

information or to apply for access please contact the ALSPAC Executive (alspac-exec@bris.ac.uk).

ARIC (Atherosclerosis Risk in Communities Study) - The Atherosclerosis Risk in Communities Study is
carried out as a collaborative study supported by National Heart, Lung, and Blood Institute contracts
(HHSN268201100005C, HHSN268201100006C, HHSN268201100007C, HHSN268201100008C,
HHSN268201100009C, HHSN268201100010C, HHSN268201100011C, and HHSN268201100012C),
RO1IHLO087641, RO1HL59367 and RO1HLO086694; National Human Genome Research Institute contract
U01HG004402; and National Institutes of Health contract HHSN268200625226C. The authors thank the staff
and participants of the ARIC study for their important contributions. Infrastructure was partly supported by
Grant Number UL1RR025005, a component of the National Institutes of Health and NIH Roadmap for Medical
Research. ARIC genotype data have been deposited in the NIH GWAS repository (dbGaP). Researchers
wishing to use the ARIC genetic data must first apply to dbGaP for access. The process to request access to any

dbGaP study is done via the dbGaP authorized access system.

ASPS (Austrian Stroke Prevention Study) — The authors thank the staff and the participants of the ASPS for
their valuable contributions. We thank Birgit Reinhart for her long-term administrative commitment and Ing
Johann Semmler for technical assistance with the creation of the DNA bank. Researchers must obtain approval
from the Steering Committee of the Austrian Stroke Prevention Study and from the Institutional Ethics
Committee of the Medical University Graz, Austria. Researchers using the data are required to follow the terms
of an Assistance Agreement containing a number of clauses designed to ensure protection of privacy and
compliance with relevant laws. For further information, contact Reinhold Schmidt

(reinhold.schmidt@medunigraz.at).

BLSA (Baltimore Longitudinal Study of Aging) - This research was supported in part by the Intramural
Research Program of the National Institutes of Health, National Institute on Aging. A portion of that support
was through a R&D contract with MedStar Research Institute. Researchers interested in using BLSA data
should know that individual level data cannot be released to external investigators, only summary GWAS
results; and that they are required to follow the terms of a research agreement between them and BLSA
investigators, submitting an IRB-approved protocol and specific plan to the Steering Committee for

consideration (as specified at the website http://www.blsa.nih.gov).

CAHRES (Cancer Hormone Replacement Epidemiology in Sweden) - The CAHRES study was supported
by funding from the Agency for Science, Technology and Research of Singapore (A*STAR), the United States
National Institute of Health (NIH) and the Susan G. Komen Breast Cancer Foundation. To use the Swedish
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CAHRES data, researchers must obtain approval from the Swedish Ethical Review Board and from the Steering
Committee of CAHRES. For further information, contact Per Hall (per.hall@ki.se)

CAPS (Cancer Prostate Sweden) - The CAPS study was supported by grants from the Swedish Research
Council, the Swedish Cancer Society, and the National Cancer Institute. Researchers interested in using CAPS
data must obtain approval from the Swedish Ethical Review Board and from the Steering Committee of the
CAPS. Researchers using the data are required to follow the terms of an Assistance Agreement containing a
number of clauses designed to ensure protection of privacy and compliance with relevant laws. For further

information, contact Henrik Gronberg (Henrik.Gronberg(@ki.se).

CCF (Cleveland Clinic Foundation) - RO1 HL090620 and RO1 HL111314 from the National Heart, Lung, and
Blood Institute (Chung, Barnard, Van Wagoner); NIH/NCRR, CTSA 1UL-RR024989 (Chung, Van Wagoner);
Heart and Vascular Institute, Department of Cardiovascular Medicine, Cleveland Clinic (Chung); Leducq
Foundation 07-CVD 03 (Van Wagoner, Chung); Atrial Fibrillation Innovation Center, State of Ohio (Van
Wagoner, Chung). Researchers interested in using the Cleveland Clinic data must obtain approval from the
Cleveland Clinic study group. Researchers using the data are required to follow the terms of a research
agreement between them and the Cleveland Clinic investigators. Note that individual level data cannot be

released to external investigators, only summary GWAS results. For further information contact Mina Chung

(chungm@ccf.org).

ColLaus (Etude Cohorte Lausannoise) - The CoLaus study was supported by research grants from the Swiss
National Science Foundation (grant no: 33CSCO-122661) from GlaxoSmithKline and the Faculty of Biology
and Medicine of Lausanne, Switzerland. The authors also express their gratitude to the participants in the
Lausanne CoLaus study and to the investigators who have contributed to the recruitment, in particular research
nurses Yolande Barreau, Anne-Lise Bastian, Binasa Ramic, Martine Moranville, Martine Baumer, Marcy
Sagette, Jeanne Ecoffey and Sylvie Mermoud for data collection. Researchers must obtain approval from
the Steering Committee of the CoLaus Study and from the Institutional Ethics Committee of the University in
Lausanne, Switzerland. Researchers using the data are required to follow the terms of an Assistance Agreement
containing a number of clauses designed to ensure protection of privacy and compliance with relevant laws. For

further information go to www.colaus.ch or contact Peter Vollenweider (peter.vollenweider@chuv.ch).

Cr_Kor (Croatia Korcula) - The CROATIA-Korcula study was funded by grants from the Medical Research
Council (UK), European Commission Framework 6 project EUROSPAN (Contract No. LSHG-CT-2006-
018947) and Republic of Croatia Ministry of Science, Education and Sports research grants to I.R. (108-
1080315-0302). We would like to acknowledge the invaluable contributions of the recruitment team in Korcula,
the administrative teams in Croatia and Edinburgh and the people of Korcula. The SNP genotyping for the
CROATIA-Korcula cohort was performed in Helmholtz Zentrum Munchen, Neuherberg, Germany. Researchers
interested in using Croatia Korcula data must obtain approval from the QTL Executive Committee at the
University of Edinburgh. Researchers requiring access to the data will also be required to complete a data-
transfer agreement and agree to conform to the requirements for confidentiality and to strict guidelines for the
protection of the data. For further information contact Caroline Hayward (Caroline. Hayward@igmm.ed.ac.uk)

Cr_Spl (Croatia Split) - The CROATIA-Split study iwas funded by grants from the Medical Research Council
(UK), European Commission Framework 6 project EUROSPAN (Contract No. LSHG-CT-2006-018947) and
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Republic of Croatia Ministry of Science, Education and Sports research grants to I.R. (108-1080315-0302). We
would like to acknowledge the staff of several institutions in Croatia that supported the field work, including but
not limited to The University of Split and Zagreb Medical Schools and the Croatian Institute for Public Health.
The SNP genotyping for the CROATIA-Split cohort was performed by AROS Applied Biotechnology, Aarhus,
Denmark. Researchers interested in using Croatia Split data must obtain approval from the QTL Executive
Committee at the University of Edinburgh. Researchers requiring access to the data will also be required to
complete a data-transfer agreement and agree to conform to the requirements for confidentiality and to strict
guidelines for the protection of the data. For further information contact Carline Hayward

(Caroline.Hayward@igmm.ed.ac.uk)

Cr_Vis (Croatia Vis) — The CROATIA-Vis study was funded by grants from the Medical Research Council
(UK) and Republic of Croatia Ministry of Science, Education and Sports research grants to I.R. (108-1080315-
0302). We would like to acknowledge the staff of several institutions in Croatia that supported the field work,
including but not limited to The University of Split and Zagreb Medical Schools, the Institute for
Anthropological Research in Zagreb and Croatian Institute for Public Health. The SNP genotyping for the
CROATIA-Vis cohort was performed in the core genotyping laboratory of the Wellcome Trust Clinical
Research Facility at the Western General Hospital, Edinburgh, Scotland. Researchers interested in using Croatia
Vis data must obtain approval from the QTL Executive Committee at the University of Edinburgh. Researchers
requiring access to the data will also be required to complete a data-transfer agreement and agree to conform to

the requirements for confidentiality and to strict guidelines for the protection of the data. For further information

contact Carline Hayward (Caroline.Hayward@igmm.ed.ac.uk)

DHS (Dortmund Health Study) - The collection of sociodemographic and clinical data in the Dortmund
Health Study was supported by the German Migraine & Headache Society (DMKG) and by unrestricted grants
of equal share from Almirall, Astra Zeneca, Berlin Chemie, Boehringer, Boots Health Care, Glaxo-Smith-Kline,
Janssen Cilag, McNeil Pharma, MSD Sharp & Dohme and Pfizer to the University of Muenster. Blood
collection in the Dortmund Health Study was done through funds from the Institute of Epidemiology and Social
Medicine University of Muenster. Genotyping for the Human Omni Chip was supported by the German
Ministry of Education and Research (BMBF, grant no. 01ER0816). Researchers interested in using DHS data
are required to sign and follow the terms of an Cooperation Agreement that includes a number of clauses
designed to ensure protection of privacy and compliance with relevant laws. For further information, contact

Klaus Berger (bergerk@uni-muenster.de)

ERF (Erasmus Rucphen Family study) -This study is financially supported by the Netherlands Organization
for Scientific Research (NWO), the Internationale Stichting Alzheimer Onderzoek (ISAO), the Hersenstichting
Nederland (HSN), and the Centre for Medical Systems Biology (CMSB) in the framework of the Netherlands
Genomics Initiative (NGI). We thank the participants from the Genetic Research in Isolated Populations,
Erasmus Rucphen Family, who made this work possible. Researchers who wish to use data of the Erasmus
Rucphen Family Study must seek approval from the management team of the Erasmus Rucphen Family study.

They are advised to contact the study PI, professor Cornelia van Duijn (c.vanduijn@erasmusme.nl).

EGCUT (Estonian Genome Center, University of Tartu) - EGCUT received financing from FP7 programs
(ENGAGE, OPENGENE), targeted financing from Estonian Government SF0180142s08, Estonian Research
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Roadmap through Estonian Ministry of Education and Research, Center of Excellence in Genomics
(EXCEGEN) and University of Tartu (SPIGVARENG). Also . 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. Researchers interested in using the Estonian Biobank (EGCUT) data must obtain
approval from the Estonian Genome Center of University of Tartu (EGCUT)) study group. Note that
anonymized individual level data can only be released after study has been approved by Research Ethics
Committee of University of Tartu and must be carried out in collaboration with EGCUT investigators.
Researchers using the data are required to follow the terms of a research agreement between them and the
EGCUT investigators. For further information visit www.biobank.ee or contact directly the Director of

Estonian Biobank, Prof. Andres Metspalu (Andres.Metspalu@ut.ce).

FINRISK (FINRISK) - We would like to thank all the Finrisk study participants. The Finrisk surveys were
mainly funded by the National Institute for Health and Welfare (THL), Finland. Additional support was
obtained through funds from the European Community's Seventh Framework Programme (FP7/2007-2013),
ENGAGE Consortium, grant agreement HEALTH-F4-2007-201413, and BioSHaRE Consortium, grant
agreement 261433. K.K. was supported by grant number 250207 from the Academy of Finland and a grant from
the Orion-Farmos Research Foundation. M.P. is partly financially supported for this work by the Finnish
Academy SALVE program ‘Pubgensense’’ 129322 and by grants from Finnish Foundation for Cardiovascular
Research. Researchers wishing to use FINRISK data must send a written proposal to the FINRISK Steering
Committee. If the proposal is approved, a specific Data Transfer and Collaboration Agreement must be signed

before sending the data. For further information, contact Veikko Salomaa (Veikko.Salomaa@thl.fi).

FTC (Finnish Twin Cohort) -The FTC was supported by Academy of Finland Center of Excellence in
Complex Disease Genetics (grant numbers: 213506, 129680), US P.H.S. NIDA 12854, Global Research Awards
for Nicotine Dependence (GRAND), and ENGAGE - European Network for Genetic and Genomic
Epidemiology,FP7-HEALTH-F4-2007, grant agreement number 201413. Researchers interested in using FTC
data must obtain approval from an Ethical Review Board if not covered by existing ethical approvals, and from
the principal investigators of the Finnish Twin Study. To ensure protection of privacy and compliance with
national data protection legislation, a data use/transfer agreement is needed, the content and specific clauses of
which will depend on the nature of the requested data. It is also possible that requested analyses are run in-

house. For further information please contact Jaakko Kaprio (jaakko.kaprio@helsinki.fi).

GAIN (Genetic Association Information Network Schizophrenia-Controls) / nonGAIN (Non-Genetic
Association Information Network Schizophrenia-Controls) / NIA (National Institute of Aging) - Funding
support for the companion studies, Genome-Wide Association Study of Schizophrenia (GAIN) and Molecular
Genetics of Schizophrenia - nonGAIN Sample (MGS_nonGAIN), was provided by Genomics Research Branch
at NIMH see below) and the genotyping and analysis of samples was provided through the Genetic Association
Information Network (GAIN) and under the MGS UOls: MH79469 and MH79470. Assistance with data
cleaning was provided by the National Center for Biotechnology Information. The MGS dataset(s) used for the
analyses described in this manuscript were obtained from the database of Genotype and Phenotype (dbGaP)
found at http://www.ncbi.nlm.nih.gov/gap through dbGaP accession numbers phs000021.v2.pl (GAIN) and
phs000167.v1.pl (nonGAIN). Samples and associated phenotype data for the MGS GWAS study were collected
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under the following grants: NIMH Schizophrenia Genetics Initiative UOls: MH46276 (CR Cloninger),
MH46289 (C Kaufmann), and MH46318 (MTTsuang); and MGS Part 1 (MGS1) and Part 2 (MGS2) ROls:
MH67257 (NG Buccola), MH59588 (BJ Mowry), MH59571 (PV Gejman), MH59565 (Robert Freedman),
MHS59587 (F Amin), MH60870 (WF Byerley), MH59566 (DW Black), MH59586 (JM Silverman), MH61675
(DF Levinson), and MH60879 (CR Cloninger). Further details of collection sites, individuals, and institutions
may be found in data supplement Table 1 of Sanders et al.(2008; PMID: 18198266) and at the study dbGaP
pages. Funding support for the "Genetic Consortium for Late Onset Alzheimer's Disease" was provided through
the Division of Neuroscience, NIA. The Genetic Consortium for Late Onset Alzheimers Disease includes a
genome-wide association study funded as part of the Division of Neuroscience, NIA. Assistance with phenotype
harmonization and genotype cleaning, as well as with general study coordination, was provided by Genetic
Consortium for Late OnsetAlzheimers Disease. Statistical analyses of GAIN, nonGAIN and NIA data were
carried out on the Genetic Cluster Computer (http://www.geneticcluster.org) which is financially supported by
the Netherlands Scientific Organization (NWO 480-05-003). We further wish to acknowledge the financial
support of NWO-VI-016-065-318, NWO 645-000-003 and the Center for Neurogenomics and Cognitive

Research (CNCR) at the VU University. None of the authors have a conflict of interest to declare. Genotype
data are deposited in the NIH GWAS repository (dbGaP). Researchers wishing to use the GAIN/nonGAIN/NIA
genetic data must apply to dbGaP for access. The process to request access to any dbGaP study is done via the

dbGaP authorized access system.

GENOA (Genetic Epidemiology Network of Arteriopathy) — Genetic Epidemiology Network of Arteriopathy
(GENOA) is supported by the National Institutes of Health, grant numbers HL087660 and HL100245 from the
National Heart, Lung and Blood Institute and grant number P60MD002249 from the National Institute on
Minority Health and Health Disparities. We thank Eric Boerwinkle, PhD from the Human Genetics Center and
Institute of Molecular Medicine and Division of Epidemiology, University of Texas Health Science Center,
Houston, Texas, USA and Julie Cunningham, PhD from the Department of Health Sciences Research, Mayo
Clinic College of Medicine, Rochester, MN, USA for their help with genotyping. We thank Min A. Jhun,
M.S. from the Department of Epidemiology, School of Public Health, University of Michigan, Ann Arbor,
Michigan, USA, for her help with conducting genome-wide association analyses for GENOA. Regretfully,

she was omitted as a GENOA co-author and should have been included. Researchers interested in

using GENOA data should submit a written proposal to the GENOA Steering Committee which includes details
on the data being requested and plans for data security. For further information, contact Sharon Kardia
(skardia@umich.edu).

H2000 (Health 2000) - We would like to thank all the Health 2000 Survey participants. The Health 2000 Study
was funded by the National Institute for Health and Welfare (THL), the Finnish Centre for Pensions (ETK), the

Social Insurance Institution of Finland (KELA), the Local Government Pensions Institution (KEVA) and other
organizations listed on the website of the survey (http://www.terveys2000.fi). V.S. was supported by grants
number 129494 and 139635 from the Academy of Finland and a grant from the Finnish Foundation for
Cardiovascular Research. Researchers wishing to use H2000 data must send a written proposal to the H2000
Steering Committee. If the proposal is approved, a specific Data Transfer and Collaboration Agreement must be

signed before sending the data. For further information, contact Veikko Salomaa (Veikko.Salomaa@thl.fi).

HABC (Health ABC) - The Health ABC Study was supported by NIA contracts NO1AG62101, NO1AG62103,
and NO1AG62106 and, in part, by the NIA Intramura} desearch Program. The genome-wide association study
was funded by NIA grant IRO1AG032098-01A1 to Wake Forest University Health Sciences and genotyping



services were provided by the Center for Inherited Disease Research (CIDR). CIDR is fully funded through a
federal contract from the National Institutes of Health to The Johns Hopkins University, contract number
HHSN268200782096C. Genotype data have been deposited in the NIH GWAS repository (dbGaP) and are
available through the dbGaP application process. For phenotype data that may not be part of dbGaP, researchers
may request the information from the Health ABC Executive Committee by submitting an analysis plan per the
guidelines outlined on this website, http://www.grc.nia.nih.gov/branches/ledb/healthabc/index.htm. For further
information, contact Dr. Tamara B. Harris (harris99@mail.nih.gov).

HBCS (Helsinki Birth Cohort Study) — We thank all study participants as well as everybody involved in the
Helsinki Birth Cohort Study. Helsinki Birth Cohort Study has been supported by grants from the Academy of
Finland, the Finnish Diabetes Research Society, Folkhdlsan Research Foundation, Novo Nordisk Foundation,
Finska Lékareséllskapet, Signe and Ane Gyllenberg Foundation, University of Helsinki, Ministry of Education,
Ahokas Foundation, Emil Aaltonen Foundation, Juho Vainio Foundation, and Wellcome Trust (grant number
WTO089062). Researchers interested in using HBCS data must obtain approval from the Steering Committee of
the Helsinki Birth Cohort Study. Researchers using the data are required to follow the terms in a number of
clauses designed to ensure protection of privacy and compliance with relevant Finnish laws. For further

information, contact Johan Eriksson (johan.eriksson@helsinki.f1).

HCS (Hunter Community Study) - EGH is supported by the Australian NHMRC Fellowship scheme.
Researchers interested in using the HCS data must obtain approval from Principal Investigators involved with
the HCS and from the Institutional Ethics Committee of the University of Newecastle, Australia. For further

information, contact John Attia (john.attia@newcastle.edu.au).

HRS (Health and Retirement Study) - HRS is supported by the National Institute on Aging (NIA
U01AG009740). The genotyping was funded as a separate award from the National Institute on Aging (RC2
AG036495). Our genotyping was conducted by the NIH Center for Inherited Disease Research (CIDR) at Johns
Hopkins University. Genotyping quality control and final preparation of the data were performed by the
Genetics Coordinating Center at the University of Washington. HRS genotype data have been deposited in the
NIH GWAS repository (dbGaP). Researchers wishing to use the HRS genetic data must first apply to dbGaP for
access. The process to request access to any dbGaP study is done via the dbGaP authorized access system.
Researchers who wish to obtain HRS phenotype measures that are not in dbGaP must submit a data access use

agreement to HRS. For further information, contact hrsquestions@umich.edu. Relevant websites describing

HRS genotype and phenotype data are: www.ncbi.nlm.nih.gov/projects/gap/cgi-
bin/study.cgi?study_id=phs000428.v1.p1 and http://hrsonline.isr.umich.edu.

INCHIANTI (Invecchiare in Chinati) - The InCHIANTI study baseline (1998-2000) was supported as a
"targeted 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). Researchers interested in using INCHIANTI
data should know that individual level data cannot be released to external investigators, only summary GWAS
results; and that they are required to follow the terms of a research agreement between them and InCHIANTI
investigators, submitting an IRB-approved protocol and specific plan to the Steering Committee for

consideration (as specified at the website http://inchiantistudy.net).
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KORA (Kooperative Gesundheitsforschung in der Region Augsburg) - The KORA Augsburg studies were
financed by the Helmholtz Zentrum Miinchen, German Research Center for Environmental Health, Neuherberg,
Germany and supported by grants from the German Federal Ministry of Education and Research (BMBF). Part
of this work was financed by the German National Genome Research Network (NGFN). Our research was
supported within the Munich Center of Health Sciences (MC Health) as part of LMUinnovativ. Researchers
interested in using the KORA data must obtain approval from the KORA study group. Researchers using the
data are required to follow the terms of a research agreement between them and the KORA investigators. Note
that individual level data cannot be released to external investigators, only summary GWAS results. For further

information contact the KORA speaker, Prof. Annette Peters (peters@helmholtz-muenchen.de). More

information can be found at http://www.helmholtz-muenchen.de/en/kora-en/information-for-

scientists/participating-in-kora/index.html.

LifeLines (LifeLines) - The LifeLines Cohort Study, and generation and management of GWAS genotype data
for the LifeLines Cohort Study is supported by the Netherlands Organization of Scientific Research NWO (grant
175.010.2007.006), the Economic Structure Enhancing Fund (FES) of the Dutch government, the Ministry of
Economic Affairs, the Ministry of Education, Culture and Science, the Ministry for Health, Welfare and Sports,
the Northern Netherlands Collaboration of Provinces (SNN), the Province of Groningen, University Medical
Center Groningen, the University of Groningen, Dutch Kidney Foundation and Dutch Diabetes Research
Foundation. We thank Behrooz Z. Alizadeh, Annemieke Boesjes, Marcel Bruinenberg, Noortje Festen, Pim van
der Harst, Ilja Nolte, Lude Franke, Mitra Valimohammadi for their help in creating the GWAS database, and
Rob Bieringa, Joost Keers, René Oostergo, Rosalie Visser, Judith Vonk for their work related to data-collection
and validation. The authors are grateful to the study participants, the staff from the LifeLines Cohort Study and
Medical Biobank Northern Netherlands, and the participating general practitioners and pharmacists. Researchers
interested in using the LifeLines data must obtain approval for a specific analysis plan from the scientific board
of LifeLines to obtain access to the data. Researchers using the data are required to follow the terms of a signed
agreement containing a number of clauses designed to ensure protection of privacy and compliance with

relevant laws. For further information, contact Harold Snieder (h.snieder@umcg.nl).

LBC1921 and LBC1936 (Lothian Birth Cohorts 1921 and Lothian Birth Cohorts 1936) - We thank the
cohort participants who contributed to the Lothian Birth Cohorts. The genotyping was supported by the UK’s
Biotechnology and Biological Sciences Research Council (BBSRC). Phenotype collection in the LBC1921 was
supported by the BBSRC, The Royal Society and The Chief Scientist Office of the Scottish Government.
Phenotype collection in the LBC1936 was supported by Research Into Ageing (continues as part of Age UK’s
The Disconnected Mind project). The work was undertaken by The University of Edinburgh Centre for
Cognitive Ageing and Cognitive Epidemiology, part of the cross council Lifelong Health and Wellbeing
Initiative (G0700704/84698). Funding from the Biotechnology and Biological Sciences Research Council
(BBSRC), Engineering and Physical Sciences Research Council (EPSRC), Economic and Social Research
Council (ESRC) and Medical Research Council (MRC) is gratefully acknowledged. Researchers interested in
using LBC data should approach the Directors of the Lothian Birth Cohorts to obtain a Data Request Form.
Approval is required from the relevant medical research ethics committee in Scotland. A data transfer agreement

is required. For further information, contact Ian Deary (i.deary@ed.ac.uk).

154



MoBa (Mother and Child Cohort of NIPH) — This work was supported by grants from the Norwegian
Research Council (FUGE 183220/S10, FRIMEDKLI-05 ES236011), Swedish Medical Society (SLS 2008-
21198), Jane and Dan Olsson Foundations and Swedish government grants to researchers in the public health
service (ALFGBG-2863, ALFGBG-11522), and the European Community’s Seventh Framework Programme
(FP7/2007-2013), ENGAGE Consortium, grant agreement HEALTH-F4-2007-201413. The Norwegian Mother
and Child Cohort Study was also supported by the Norwegian Ministry of Health and the Ministry of Education
and Research, NIH/NIEHS (contract no NO1-ES-75558), NIH/NINDS (grant no.1 UO1 NS 047537-01 and grant
no.2 UOI1 NS 047537-06A1), and the Norwegian Research Council/FUGE (grant no. 151918/S10). We are
grateful to all the participating families in Norway who take part in this ongoing cohort study. Researchers
interested in using MoBa data must obtain approval from the Scientific Management Committee of MoBa and
from the Regional Committee for Medical and Health Research Ethics for access to data and biological material.
Researchers are required to follow the terms of an Assistance Agreement containing a number of clauses
designed to ensure protection of privacy and compliance with relevant laws. For further information, contact the

principal investigator of MoBga, Per Magnus (per.magnus@fhi.no).

MCTFR (Minnesota Center for Twin and Family Research) - The MCTFR is supported by USPHS Grants
from the National Institute on Alcohol Abuse and Alcoholism (AA09367 and AA11886), the National Institute
on Drug Abuse (DA05147, DA13240, and DAO024417), and the National Institute on Mental Health
(MHO066140). Jaime Derringer was supported by NIH grants DA029377 and MH016880. The genotype data
from MCTFR is in the process of being deposited in the Database of Genotypes and Phenotypes (dbGaP)
maintained by the US National Center on Bioinformatics (NCBI). Once the process for submitting the MCTFR
genotypes is complete and dbGaP is setup to accept additional phenotype data from the MCTFR, the education
phenotypes used in the analyses reported here will be deposited there. Requests to use the data could then be

made through dbGaP.

NESDA (Netherlands Study of Depression and Anxiety) - We acknowledge financial support from the
Geestkracht program of ZonMW (10-000-1002); matching funds from universities and mental health care
institutes involved in NESDA; Center for Medical Systems Biology (NWO Genomics), Neuroscience Campus
Amsterdam. Genotyping was funded by the Genetic Association Information Network (GAIN) of the
Foundation for the US National Institutes of Health. Genotype data were obtained from dbGaP

(http://www.ncbi.nlm.nih.gov/dbgap, accession number phs000020.v1.p1). Researchers interested in using the

NESDA data must obtain approval from the NESDA study group. Researchers using the data are required to
follow the signed terms of a research agreement between them and the NESDA investigators. Note that
individual level data cannot be released to external investigators, only summary GWAS results. For further

information contact B.W.J.H. Penninx (b.penninx@vumc.nl).

NFBC1966 (Northern Finland Birth Cohorts (1966 Cohort)) — We thank Professor Paula Rantakallio (launch
of NFBC1966 and initial data collection), Ms Sarianna Vaara (data collection), Ms Tuula Ylitalo
(administration), Mr Markku Koiranen (data management), Ms Outi Tornwall and Ms Minttu Jussila (DNA
biobanking). This work was supported by the Academy of Finland [project grants 104781, 120315, 129418,
Center of Excellence in Complex Disease Genetics and Public Health Challenges Research Program (SALVE)],
University Hospital Oulu, Biocenter, University of Oulu, Finland (75617), the European Commission [EURO-
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BLCS, Framework 5 award QLGI1-CT-2000-01643], The National Heart, Lung and Blood Institute
[SROIHLO087679-02] through the SNP Typing for Association with Multiple Phenotypes from Existing
Epidemiologic Data (STAMPEED) program [IRL1IMHO083268-01], The National Institute of Health/The
National Institute of Mental Health [SRO1IMH63706:02], European Network of Genomic and Genetic
Epidemiology (ENGAGE) project and grant agreement [HEALTH-F4-2007-201413], and the Medical Research
Council, UK [G0500539, G0600705, PrevMetSyn/ Public Health Challenges Research Program (SALVE)].
Researchers interested in using NFBC1966 data must obtain approval from the Ethical Committee of Northern
Ostrobothnia Hospital District and from the Data and Publication Committee of the Northern Finland Birth
Cohorts. Researchers using the data are required to follow The Declaration of Helsinki and rules of practice
containing a number of clauses designed to ensure protection of privacy and compliance with relevant laws. For

further information, contact Marjo-Riitta Jarvelin (m.jarvelin@imperial.ac.uk).

NTR (Netherlands Twin Register) — Funding was obtained from the Netherlands Organization for Scientific
Research (NWO: MagW/ZonMW grants 904-61-090, 985-10-002,904-61-193,480-04-004, 400-05-717,
Addiction-31160008 Middelgroot-911-09-032, Spinozapremie 56-464-14192), Center for Medical Systems
Biology (CSMB, NWO Genomics), NBIC/BioAssist/RK(2008.024), Biobanking and Biomolecular Resources
Research Infrastructure (BBMRI —NL, 184.021.007), the VU University’s Institute for Health and Care
Research (EMGO+ ) and Neuroscience Campus Amsterdam (NCA), the European Science Foundation (ESF,
EU/QLRT-2001-01254), the European Community's Seventh Framework Program (FP7/2007-2013), ENGAGE
(HEALTH-F4-2007-201413); the European Science Council (ERC Advanced, 230374), Rutgers University Cell
and DNA Repository (NIMH U24 MH068457-06) and the National Institutes of Health (NIH, RO1D0042157-
01A). Part of the genotyping and analyses were funded by the Genetic Association Information Network
(GAIN) of the Foundation for the US National Institutes of Health, the (NIMH, MH081802) and by the Grand
Opportunity grants IRC2MH089951-01 from the NIMH. AA was supported by CSMB/NCA. Statistical

analyses were carried out on the Genetic Cluster Computer (http://www.geneticcluster.org), which is financially
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