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Supplementary Tables

Table S1. Representativeness of genotyped TEDS sample

A-levels: Mother Father
N Female parental employed employed
UK census
2001 N/A 50% 32% 49% 89%
TEDS 1°
contact 5,825 53% 33% 46% 93%

Note. We used the 2001 UK census data (ONS, 2001;
https://www.ons.gov.uk/census/2001censusandearlier/aboutcensus2001)
for families with children rather than 2011 UK census data for TEDS
twins as they were born between 1994-96.




Table S2. Descriptive Statistics

N Mean SE MeanF SEF MeanM SEM  skew min max R? R*
EA 7* 4047 0.05 0.02 0.08 0.02 0.01 0.02 -0.49 -3.96 2.88 <.01 0.02
EA 12* 2950 0.03 0.02 0.07 0.02 -0.02 0.03 04 -3.52 4.85 <.01 0.09
EA 16 4301 8.92 0.02 9.01 0.03 8.84 0.03 -0.49 4 11 <.01 <.01
SES* 4958 0.12 0.01 0.14 0.02 0.18 0.02 0.07 -2.6 2.58 N/A N/A
g comp* 2228 0.11 0.02 0.15 0.03 0.09 0.02 -0.07 -2.71 2.55 nil nil
gr* 3559 0.04 0.02 0.05 0.02 0.03 0.03 -0.1 -4 5 nil <.01
g12* 3349 0.04 0.02 -0.04 0.02 0.13 0.03 -0.31 -3 3 <.01 0.05
g 16* 1743 0 0.02 -0.03 0.03 0.04 0.04 0.28 -3 3 <.01 <.01

Note. N = number of participants; R° = variance explained by gender differences; R*' = variance explained by age; EA =
educational achievement; SES = socioeconomic status; g comp = general cognitive ability composite based on g measures at
age 7, 12 and 16: g 7 = general cognitive ability age 7; g 12 = general cognitive ability age 12; g 16 = general cognitive ability
age 16; F = female; M = male; *standardization was required to form composite.



Table S3. Study cohorts included in the EduYears GWAS summary statistics

Study Full name Sampling Country Sample Reference Birth year Fraction

size (Mean/Range) female
ACPRC Manchester Studies of  Population- England 1713 1 1923 0.71
Cognitive Ageing based (1903-1948)

AGES Age, Gene/ Population- Iceland 3212 2 1927 0.58
Environment based (1908-1936)
Susceptibility—
Reykjavik Study

ALSPAC Avon Longitudinal Population- England 2877 3 1959 1.00
Study of Parents and based birth (1948-1963)
Children cohort

ASPS Austrian Stroke Population- Austria 777 4,5 1932 0.57
Prevention Study based (1909-1949)

BASE-II Berlin Aging Study I Population- Germany 1619 6 1948 0.52
based (1925-1983)

Colaus Cohorte Lausannoise ~ Population- Switzerland 3269 7 1950 0.53
based (1928-1970)

COPSAC2000 Copenhagen Studies Case-control Germany 318 8 1966 0.47

on Asthma in birth cohort (1964-1969)
Childhood 2000
CROATIA- Croatia Kor¢ula Population- Croatia 842 9 1950 0.64
Koréula based (Isolate) (1909-1977)
deCODE deCODE genetics Population- Iceland 46758 10 1945 0.57
based (1894-1983)
DHS Dortmund Health Population- Germany 953 11 1949 0.53
Study based (1929-1974)

DIL Wellcome Trust Population- England 2578 12 1958 0.52
Diabetes and based (1958-1958)
Inflammation
Laboratory

EGCUT1 Estonian Genome Population- Estonia 5597 13 1950 0.55
Center, University of based (1905-1980)
Tartu

EGCUT2 Same as above Population- Estonia 1328 13 1957 0.53
based (1911-1979)

EGCUT3 Same as above Population- Estonia 2047 13 1966 0.73
based (1930-1982)

ERF Erasmus Rucphen Family-based Netherlands 2433 14,15 1952 0.55

Family Study (1914-1974)
FamHS Family Heart Study Family-based USA 3483 16,17 1941 0.53
(1900-1965)
FINRISK The National FINRISK  Case-control Finland 1685 18 1946 0.46
Study (Cardiovascular (1923-1977)
health)
FTC Finnish Twin Cohort Family-based Finland 2418 19 1945 0.56
(1910-1972)
GOYA Genetics of Case-control Denmark 1459 20 1947 0.00
Overweight Young (Obesity) (1944-1954)
Adults
GRAPHIC Genetic Regulation of ~ Population- England 727 21 1951 0.53
Arterial Pressure in based (1942-1965)
Humans

GS Generation Scotland Population- Scotland 8776 22 1955 0.59
based (1909-1981)

H2000 Cases Health 2000 Case-control Finland 797 23 1949 0.50
(Metabolic (1924-1970)
syndrome)

H2000 Same as above Case-control Finland 819 23 1949 0.52

Controls (Metabolic (1924-1969)
syndrome)

HBCS Helsinki Birth Cohort Population- Finland 1617 24 1941 (1934- 0.57

Study based birth 1944)
cohort
HCS Hunter Community Population- Australia 1946 25 1940 0.49
Study based (1920-1951)

HNRS Heinz Nixdorf Recall Population- Germany 1401 25 1942 0.50

(CorexB) Study based (1926-1955)

HNRS Same as above Same as above  Germany 1347 25 1942 0.50

(Oexpr) (1926-1955)

HNRS Same as above Same as above  Germany 778 26 1942 0.52

(Omni1) (1927-1955)

HRS Health and Retirement  Population- USA 9963 27 1940 0.42

Study based (1900-1979)



Hypergenes

INGI-CARL

INGI-FVG

KORA S3

KORA sS4

LBC1921

LBC1936

LifeLines

MCTFR

MGS

MoBa

NBS

NESDA

NFBC66

NTR

OGP
OGP-Talana
ORCADES

PREVEND

QIMR
RS-
RS-l
RS-l

Rush-MAP

Rush-ROS

SardiNIA
SHIP
SHIP-TREND
STR - Salty
STR -

Twingene
THISEAS

Hypergenes

Italian Network of
Genetic Isolates -
Carlantino

Italian Network of
Genetic Isolates -
Friuli Venezia Giulia
Kooperative
Gesundheitsforschung
in der Region
Augsburg

Same as above

Lothian Birth Cohort
1921

Lothian Birth Cohort
1936

The LifeLines Cohort
Study

Minnesota Center for
Twin and Family
Research

Molecular Genetics of
Schizophrenia
Mother and Child
Cohort of NIPH

Nijmegen Biomedical
Study

Netherlands Study of
Depression and
Anxiety

Northern Finland Birth
Cohort 1966
Netherlands Twin
Register

Ogliastra Genetic
Park

Ogliastra Genetic
Park-Talana

Orkney Complex
Disease Study
Prevention of Renal
and Vascular End-
stage Disease
Queensland Institute
of Medical Research
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

SardiNIA Study of
Aging

Study of Health in
Pomerania

Study of Health in
Pomerania

Swedish Twin
Registry

Swedish Twin
Registry

The Hellenic Study of
Interactions between

Case-control

Population-
based (Isolate)

Population-
based (Isolate)

Population-
based

Population-
based

Population-
based birth
cohort
Population-
based birth
cohort

Population-
based

Family-based,
but only
founders used.

Population-
based

Population-
based (Nested
case-control)

Population-
based

Case-control
(Mental health)

Population-
based

Family-based

Population-
based

Population-
based (Isolate)
Population-
based (Isolate)

Population-
based

Family-based
Population-
based

Same as above

Same as above

Community-
based

Community-
based

Family-based

Population-
based

Population-
based
Family-based

Family-based

Case-control

Italy/ UK/
Belgium
Italy

Italy

Germany

Germany

Scotland

Scotland

Netherlands

USA

USA

Norway

Netherlands

Netherlands

Finland

Netherlands

Italy

Italy

Scotland

Netherlands

Australia

Netherlands
Netherlands
Netherlands

USA

USA

Italy
Germany
Germany
Sweden
Sweden

Greece

815

947

943

2655

2721

515

1003

12539

3819

2313

622

1808

1820

5297

5246

370

544

1828

3578

8006

6108

1667

3040

887

808

5616

3556

901

4832

9553

829

28

28

29

29

30

31

32

33

34
35,36

37,38

39

40

41,42

43

44
44
45

46

47

48,49

48,49

48,49

50

51

52

52

53

52

54

55

1945
(1914-1971)
1946

(1910-1975)

1951
(1917-1978)

1945
(1920-1964)

1949
(1926-1970)
1921
(1921-1921)

1936
(1936-1936)

1960
(1921-1980)
1953
(1926-1974)

1951
(1914-1976)
1971
(1966-1976)

1941
(1923-1972)
1958

(1939-1977)

1966
(1966-1966)
1958

(1917-1989)

1950
(1916-1976)
1949
(1910-1977)
1952
(1914-1979)
1948
(1923-1968)

1956
(1900-1984)
1922
(1893-1938)
1935
(1906-1944)
1950
(1910-1960)
1921
(1901-1948)

1921
(1896-1946)

1955
(1901-1983)
1945
(1918-1971)
1956
(1928-1980)
1951
(1943-1958)
1941
(1916-1958)
1950
(1909-1979)

0.46

0.58

0.60

0.51

0.51

0.58

0.49

0.58

0.54

0.50

1.00

0.50

0.64

0.52

0.64

0.00

0.59

0.60

0.48

0.59

0.60

0.52

0.56

0.72

0.66

0.58

0.50

0.57

0.52

0.53

0.33



SNPs & Eating in
Atherosclerosis
Susceptibility

TwinsUK St Thomas’ UK Adult Population- England 4012 56 1949 1.00
Twin Registry based (1919-1978)
WTCCC58C 1958 British Birth Population- England 2804 57 1958 0.48
Cohort based (1958-1958)
YFS The Cardiovascular Population- Finland 2029 1969 0.55
Risk in Young Finns based (1962-1977)
Study 58
UKB UK Biobank Population- UK 111349 59 1951 0.53
based (1934-1970)

Note. Adapted from Okbay et al., Nature, in press®



Table S4. Numbers of SNPs per threshold used in creating EduYears GPS

Number of
pT SNPs
0.001 2,162
0.01 7,303
0.05 19,415
0.055' 20,582
0.06323 22,384
0.067%° 23,316
0.072° 24,377
0.1 30,086
0.2 46,636
0.3 60,012
0.3627 67,265
0.364% 67,470
0.4 71,382
0.5 81,149

Note. pT = P-value threshold; "Best-fit’
GPS for g 16; ?Best-fit GPS for g 7;
¥Best-fit GPS for g composite; “’Best-fit’
GPS for g 12; >Best-fit GPS for EA 16;
®Best-fitt GPS for family SES; "Best-fit’
GPS for EA 12; ®Best-fit GPS for EA 7.

Table S5. Testing significance of differences of the correlations between EduYears GPS
and educational achievement at ages 7, 12 and 16.

z P-value
rGPS-EA7 - rGPS-EA12 1.65 0.10
rGPS-EA12 - rGPS-EA16 3.88 < 0.001
rGPS-EA7 - rGPS-EA16 6.29 < 0.001

Note. GPS = EduYears GPS; EA 7 = educational
achievement age 7; EA 12 = educational achievement
age 12; EA 16 = educational achievement age 16; r =
Pearson's correlation.



Table S6. Correlations among all variables

EA7 EA12 EA16 gcomp g7 g12 g 16 SES GPS
EA7 1
EA12 0.60*** 1
EA16 0.59***  0.66™* 1
g 0.50*** 0.53*** 0.61*** 1
g7 0.45*** 0.41** 0.46** 0.76"* 1
g12 0.44*** 0.48** 0.53*** 0.83*** 0.45"** 1
g 16 0.41*** 0.48** 0.58*** 0.83*** 0.42*** 0.59*** A1
SES 0.33*** 0.35"* 0.46*** 0.37*** 0.33*** 0.34"* 0.33*** 1
GPS 0.17** 0.21** 0.30*** 0.19*** 0.15** 0.19*** 0.20*** 0.27** 1

Note. EA 7 = educational achievement age 7; EA 12 = educational achievement age 12; EA 16 =
educational achievement age 16; g comp = general cognitive ability composite; g 7 = general
cognitive ability age 7; g 12 = general cognitive ability age 12; g 16 = general cognitive ability age
16; SES = family socioeconomic status; GPS = genome-wide polygenic score; ***P < 0.001;
*unique ‘best-fitt GPS was used for each respective trait, see methods section for details.



Table S7. Predicting educational achievement at age 7, 12 and 16 from g, SES and
EduYears GPS: Multiple Regression Analysis

Dependent variable:

EA 7 EA 12 EA 16
g 0.44" 0.46 0.50
(0.40 - 0.48) (0.38 - 0.48) (0.45 - 0.52)
SES 014" 017" 0.25~
(0.09 - 0.19) (0.11 - 0.22) (0.22 - 0.30)
GPS 0.03 0.07 011"
(-0.01 - 0.07) (-0.01-0.11) (0.07 - 0.14)
N 1,738 1,035 1,763
R? 0.27 0.32 0.45
Adjusted R? 0.27 0.31 0.45
Residual _ _ _
std Error  0-85 (di*— 1,734) 0.80 (di*— 1,031)  0.72 (df = 1,759)
FStatistic 21250 (df=3; 158.817 (df=3; 474.64™ (df=3

1,734) 1,031) 1,759)

Note. Standardized coefficients are presented; 95% Confidence Intervals
in brackets; *P < 0.05; **P < 0.01; ***P < 0.001; unique ‘best-fitt GPS was
used for each respective trait.

Table S8. Testing septile extreme group differences at age 7, 12 and 16 for EduYears GPS:
Analysis of Variance

lower upper
extreme extreme
N Mean (SE) Mean (SE) F d
EA7 1,139 -0.26(0.04) 0.25(0.04) 72.84*** 0.51
EA 12 754 -0.32(0.05) 0.31(0.05) 74.46*** 0.63

EA 16 1,127 -0.47(0.04) 0.43(0.04) 284.88*** 0.90

Note. Lower and upper extreme represent lowest and highest GPS septiles; d
= Cohen's d; ***P < 0.001; unique ‘best-fitt GPS was used for each respective
trait.




Table S9. Testing quintile extreme group differences at age 7, 12 and 16 for EduYears GPS:
Analysis of Variance

lower upper
extreme extreme
N Mean (SE) Mean (SE) F d
EA7 1,585 -0.24(0.03) 0.21(0.03) 82.01*** 0.45
EA 12 1,054 -0.28(0.04) 0.26(0.04) 80.31*** 0.54
EA 16 1,703 -0.41(0.03) 0.40(0.03) 319.26™*** 0.81

Note. Lower and upper extreme represent lowest and highest GPS quintiles;

d = Cohen's d; ***P < 0.001; unique ‘best-fit GPS was used for each
respective trait.

Table S10. Testing for GPSxSES interaction at age 7, 12 and 16: Multiple Regression

Analysis
Dependent variable:
EA7 EA 12 EA 16
GPS 0.09 0.13 0.19
(0.05-0.12) (0.09 - 0.17) (0.16 - 0.22)
SES 0.317 0.317 0.417
(0.28 - 0.35) (0.27 - 0.35) (0.40 - 0.46)
GPS*SES -0.01 0.02 -0.02
(-0.04 - 0.02) (-0.01 - 0.06) (-0.05 - 0.01)
N 3,848 2,341 3,804
R? 0.12 0.14 0.25
Adjusted R? 0.12 0.14 0.25
ResgjrzlrStd. 0.94 (df = 3,844) 0.92 (df =2,337)  0.86 (df = 3,800)
- 168.85 (df=3; 124.237 (df=3; 415.80 (df =3;
F Statistic 3,844) 2.337) 3.800)

Note. Standardized coefficients are presented; 95% Confidence Intervals in
brackets; *P < 0.05; **P < 0.01; ***P < 0.001; unique ‘best-fit GPS was used
for each respective trait.

mn



Table S11. Testing GPSxSES interaction for general cognitive ability: Multiple Regression
Analysis
Dependent variable:

g
GPS 011"
(0.07 - 0.16)
SES 037"
(0.32-0.41)
GPS*SES -0.03
(-0.07 - 0.01)
N 1,956
R2 0.15
Adjusted R? 0.15
Resg:JriIrStd. 0.92 (df = 1,952)

F Statistic 118.32" (df = 3; 1,952)
Note. Standardized coefficients are presented; 95% Confidence
Intervals in brackets; *P < 0.05; **P < 0.01; ***P < 0.001; unique
‘best-fit’ GPS for g was used.
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Supplementary Figures

Educational Achievement age 7 Educational Achievement age 12 Educational Achievement age 16
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Figure S1. Standardized means and standard errors for educational achievement at age 7, 12 and
16 by genome-wide polygenic score (GPS) quintile. EduYears GPS were rescored as quintiles
(1=lowest, 5=highest); unique ‘best-fit GPS was used for each respective trait.
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Figure S2. SD = standard deviation; Probability density functions of standardized educational
achievement scores age 16 for the lowest EduYears GPS septile (low GPS) and highest

EduYears GPS septile (high GPS). The area in blue indicates the overlap between the
distributions.
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a) Educational Achievement age 7 b) Educational Achievement age 12
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Figure S3. Testing for GxE interaction: Standardized educational achievement mean scores and
error bars at a) age 7 and b) age 12 by EduYears GPS and family SES for individuals scoring in
the highest and lowest quintiles of the distribution for both variables. No interaction effect was
found at either age 7 (F(1,617) = 0.29, P = 0.59) or age 12 (F(1,362) = 0.06, P = 0.80); unique
‘best-fit GPS was used for both traits.
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Figure S4. EduYears Genome-wide polygenic scores (GPS) explaining variance (R?) in educational achievement at a) age 7, b) age 12 and c)
age 16. Different significance thresholds were used to include SNPs related to years of education ranging from 0.001 to 0.50. Using high-
resolution scoring implemented in the PRSice software®', a series of regression analyses determined the most predictive threshold to compute a
GPS for educational achievement at all ages. The uncorrected P-values adjacent to each bar represent the statistical significance of the
association between EduYears GPS and the respective trait; see Supplementary Table S10 for the ‘best-fit GPS P-value threshold for
educational achievement at age 7, 12 and 16.



a) General cognitive ability b) family SES
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Figure S5. EduYears Genome-wide polygenic scores (GPS) explaining variance (R?) in a) general cognitive ability and b) family SES. Different
significance thresholds were used to include SNPs related to years of education ranging from 0.001 to 0.50. Using high-resolution scoring
implemented in the PRSice software®’, a series of regression analyses determined the most predictive threshold to compute a GPS for
educational achievement at all ages. The uncorrected P-values adjacent to each bar represent the statistical significance of the association
between EduYears GPS and the respective trait; see Supplementary Table S10 for the ‘best-fitt GPS P-value threshold for general cognitive
ability and family SES.



Supplementary Methods

Methods S1. According to the AVENGEME software®, a GPS constructed on the basis of a
GWA discovery sample size of 328,918 in our target sample including 4,301 individuals (based
on the sample size of the educational achievement measure at age 16) has more than 80% power
to explain 0.2% of the phenotypic variance under the following circumstances; number of
independent SNPs in the GPS = 50,000; proportion of total variance explained by genetic effects
in discovery sample = 4%; covariance between genetic effect sizes in the discovery and target
sample = 2%; proportion of SNPs with no effects on discovery trait = 99%; Range of P-values

from GWA study summary statistics = 0 — 1.
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