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Obijective of the study:

To develop and evaluate a novel genetic measurement of an inherited tendency to develop non-cognitive
skills influencing life course socioeconomic attainment.

Expanded Background & Significance. Success in school and socioeconomic attainment in adulthood are
important determinants of healthy lifespan (1). Understanding the etiology of this pattern of achievement is
therefore of public health significance (2). In life-course longitudinal studies, individual differences in cognitive
skills and other skills loosely referred to under the umbrella of “non-cognitive skills” influence success in
school and beyond (3-5). Individual differences in cognitive and so-called non-cognitive skills are heritable (6,
7). Recently, genome-wide association studies of educational attainment and cognitive test performance have
begun to outline the molecular basis of this heritability (8). Polygenic scores, summary measures of tiny-effect
genetic influences from across the whole genome (9), can be derived from these GWAS and, in independent
samples, predict educational and economic outcomes as well as individual differences in cognitive and non-
cognitive skills (10-14). These data suggest education GWAS discoveries reflect genetics influencing both
cognitive and non-cognitive skill development. At present, it is not possible to study these genetics separately;
the educational attainment polygenic score measures their combined influence on success in school. Having
available measurements of genetics that uniquely affect development of either cognitive or non-cognitive skills
would enhance opportunities to investigate independent etiologies and sequelae of cognitive and non-
cognitive skills.

Data analysis methods:

Stage 1. Development

We propose to use the new Genomic Structural Equation Modeling (GSEM) suite of methods (15) to derive a
GWAS of non-cognitive skills from published GWAS results for the phenotypes of educational attainment and
cognitive test performance. We will use GSEM to approximate an analysis which effectively runs a GWAS of
educational attainment with a covariate for cognitive test performance. The residual genetic coefficients from
this model, by construction, reflect genetic influences on non-cognitive skills influencing educational
attainment. GSEM will actually produce two novel sets of GWAS summary statistics. One set will reflect
genetic influences shared between education and cognitive test performance. The second set will reflect
genetic influences on education that are not shared with cognitive test performance, i.e. “non-cognitive”
summary statistics.

The structural equation path diagram can be visualized below (path coefficients from preliminary analysis)



Development analyses will be conducted by the laboratories of M Nivard & Elliott Tucker-Drob at the Vrije
University Amsterdam and the University of Texas at Austin. Development analyses involve only GWAS
summary data and will not involve any Dunedin Data.

Stage 2. Validation

We will conduct analyses of 4 polygenic scores:

EA3 — based on the original education GWAS summary statistics (8)

IQ — based on original GWAS of cognitive test performance (16)

Cog — based on the overlap between EA3 and IQ GWAS

NonCog — based on genetics unique to EA3 GWAS and that do not overlap with 1IQ GWAS

We will conduct 3 sets of analyses using E-Risk and Data:
1) Test correlations among derived polygenic scores
2) Test correlations of derived polygenic scores with
a. Educational attainment - measured as in (12)
b. 1Q —measured in childhood (wfsiq713) as and at age 38 (wfsig38).

i. We propose analysis of WAIS subtests and potential follow-up in CANTAB tests
because the GWAS of cognitive test performance consists mostly of samples with
cognitive tests of “fluid” intellectual functions (such as are measured by the WAIS
Matrix Reasoning and Digit-Symbol Coding sub-tests). Therefore, a possible
outcome of our GSEM analysis is that we will parse the EA3 GWAS results into a
component reflecting primarily fluid intellectual functions and a component that
comprises some combination of so-called “crystalized” cognitive functions (such as
are measured by the WAIS Information subtest) and non-cognitive skills.

c. Self Control — measured as in (3)
d. Big 5 Personality Traits — measured at age 38 (Big 5 variables)
3) Test multivariate associations of derived polygenic scores with the outcomes in (2)

We will conduct parallel analyses of similar phenotypes in the Add Health Study, the Texas Twin Study, and,
pending approval from the Study Pls, the E-Risk Study and other studies.

The primary objective of validation analysis is to test if derived NonCog PGS associations with non-cognitive
phenotypes (personality, self-control) are stronger than NonCog PGS associations with cognitive phenotypes
(1Q, potentially WAIS subtests/ CANTAB scales). In parallel, we will test of Cog PGS associations with
cognitive phenotypes are stronger than Cog PGS associations with non-cognitive phenotypes. A secondary
objective is to compare effect-sizes for the two polygenic scores for cognitive and non-cognitive phenotypes
and for educational attainment. A caveat to this secondary objective is that statistical power is not equivalent
for derivation for the cognitive and non-cognitive PGSs, so results will not permit strong inference about the
genetic architecture of the phenotypes. However, these analyses will shed light on how these polygenic
scores should be interpreted in future analyses.

Validation analyses using Dunedin data will be conducted by DW Belsky with collaboration from TE Moffitt, A
Caspi, K Sugden, D Corcoran, and J Prinz.
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Stage 3. Phenotypic Annotation
Phenotypic annotation analysis will test associations of newly derived polygenic scores with outcomes in
school and beyond using data from studies with follow-up into adulthood.

We propose analysis of social mobility in the Dunedin Study following the analysis in (12).

Variables needed at which ages:

Childhood Self-Conftrol from Moffitt et al. 2011 PNAS (3) [Isc311]].

Childhood 1Q [wfsig713]

Adult 1Q [wfsig38] (would prefer avg of 38-45 when available)

Age-38 WAIS subscales (would prefer avg of 38-45 when available)

Childhood SES [sesav115]

Adulthood SES [sesHIHMk38, sesHi38]

Educational Attainment [Educ263238]

Big 5 ratings [BF variables — asking for guidance re: research worker vs. informant vs.
combined ratings; happy to follow precedent, e.qg. Israel et al. 2014 JPSP]

Significance of the Study (for theory, research methods or clinical practice):

The significance of this project is primarily for research. A genetic measurement of non-cognitive skills could
be used to test (a) how non-cognitive skills develop, including potential “genetic nurture” effects; (b) the extent
to which non-cognitive skills influence performance on measurements of academic skills/abilities and
cognitive tests; (c) the importance of non-cognitive skills to life attainments, health behaviors, and healthy
lifespan.
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