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Implications of a genetic diagnosis

Katie Sakel, Bowling Green State University

Although the psychological well-being of family members of those

who are experiencing a genetic disease (Abbeduto et al. 2004) and of

those who are completing predictive genetic testing (Broadstock et al.

2000) has been thoroughly studied, the effects on psychological well-

being of a genetically-determined disease has left a gap in the current

literature. This also has coping implications in the mental health field

for medical patients and insurance implications when genetic testing

is being considered. The present study closes this gap by a social

media snowball sampling of individuals with chronic health disorders

(N = 47, 8.7% males, 91.3% females, Mage = 37.0, SD = 14.5) were

recruited from varying areas of the United States. After completing an

informed consent, participants were asked to complete demographic

questionnaire, Ryff’s Psychology Well-Being Scale, were asked to

‘‘Please list the medical conditions/syndromes/diseases that you have

been diagnosed with. (If there is a condition you are not sure if fits

into this category, please include it.),’’ ‘‘Can any of your medical

symptoms/disease/conditions be explained by genetics (whether

completely or partially)?,’’ ‘‘Which symptoms/diseases/conditions

can be explained by genetics (completely or partially)?,’’ and the

average frequency of their symptoms. A regression of total psycho-

logical well-being yielded significant predictors of age and average

frequency of symptoms. However, whether the medical symptom/

disease/condition is genetic is not a predictor of total psychological

well-being. Further testing is encouraged with larger sample sizes

targeting specific disease populations.

Mental health disparities as a mediator of increased

risky sexual behaviour in sexual minorities: a twin

approach

Olakunle Oginni, King’s College London; Patrick Jern, Abo

Akademi; Frühling Rijsdijk, King’s College London

Background: Mental health (MH) disparities are associated with risky

sexual behavior (RSB) in sexual minority (SM) men and women. The

role of genetic and environmental factors in these relationships has

not been previously investigated.

Objectives: To investigate MH disparities as a mediator of the rela-

tionship between sexual orientation (SO) and RSB, controlling for

genetic and environmental effects in this relationship; and testing for

sex differences in these models.

Method: Participants were recruited from a Finnish twin cohort.

Latent factors and their measured variables include: sexual orientation

(interest and probability of same-sex relationships); MH indicators

(Depressive and Anxiety symptoms, Alcohol use, Smoking tobacco)

and RSB (RSB scores). Twin models were fitted to the factor struc-

ture of the data whereby a Cholesky decomposition on the factors was

compared to a mediation submodel using OpenMx. Sex differences

were tested in the final model.

Findings: There were significant sex differences in the etiology of the

factors. Phenotypically, MH disparities partially mediated the rela-

tionship between SO and increased RSB, with comparable effects in

males and females. However, whilst this indirect route from SO to

RSB mainly contained transmitted genetic effects in males; in

females, there was a significant proportion of transmitted shared

environmental effects.

Implications: This is the first study to demonstrate the role of genetic

and environmental factors in the relationship between MH disparities

and RSB in SM individuals. The significant sex differences described

above need to be recognized in future research and intervention

design to improve sexual health in sexual minorities.

Objective assessment of physical activity in genetically

informative designs

Matthijs van der Zee, Vrije Universiteit Amsterdam; Marcel den

Hoed, Molecular Epidemiology and Translational Medicine, Uppsala

University; Katja Waller, Sport and Health Sciences, University

of Jyväskylä; Yann Klimentidis, Epidemiology and Biostatistics

Department, University of Arizona; Eco de Geus, Vrije Universteit

Amsterdam

Despite broad knowledge that regular moderate to vigorous physical

activity decreases the risk for morbidity and mortality, a large pro-

portion of the population in industrialized societies does not engage in

regular physical activity. A growing body of twin and family studies

shows that genetic factors contribute to the adoption and maintenance

of regular physical activity across the lifespan, with peak heritability
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found in late adolescence and young adulthood. These studies have

capitalized mainly on the assessment of physical activity by self-

report. With the increasing availability of activity sensors engrained

in wearables and or smartphones, reliable and objective quantification

of physical activity has become feasible for twin studies and even for

the very large samples required in a GWA. In this symposium we

present findings from the two largest twin studies on accelerometer-

derived physical activity traits to date, and reveal a number genetic

variants associated with these traits in two large GWA studies.

Increased understanding of the biological pathways creating indi-

vidual differences in regular physical activity are expected to render

important clues to improve the success of interventions on this crucial

health behavior.

How do neighborhood, familial, and school

disadvantage alter the etiology of children’s antisocial

behavior?

Sarah Carroll, Michigan State University; Kelly L. Klump, Michigan

State University; S. Alexandra Burt, Michigan State University

Disadvantaged contexts come in myriad forms and are widely known

to predict antisocial behavior, including both physical aggression and

non-aggressive rule-breaking. These predictions go beyond simple

phenotypic associations, with research now indicating that genetic

influences on antisocial behavior also vary as a function of neigh-

borhood disadvantage. These findings are typically interpreted as

evidence of a bioecological genotype-environment interaction (GxE),

such that genetic influences may be most strongly expressed in ‘av-

erage, expectable environments’ and stymied in impoverished

contexts. Because extant studies are limited in their conceptualization

of disadvantage, however, it is unclear whether the findings related to

neighborhood disadvantage also apply to familial and school disad-

vantage. We sought to fill this gap in the literature by examining

multiple forms of disadvantage as etiologic moderators of aggressive

and non-aggressive antisocial behavior, respectively. All measures of

disadvantage and antisocial behavior were assessed in a sample of

1030 pairs of school-aged twins oversampled for disadvantage. We

hypothesized that each measure of disadvantage would independently

moderate the etiology of antisocial behavior, consistent with the

predictions of the bioecological model. Factor analyses revealed two

correlated factors underlying the indicators of disadvantage. Proximal

disadvantage comprised two familial indicators and moderated the

etiology of rule-breaking in a way that was consistent with a

diathesis-stress effect, amplifying the genetic variance. Contextual

disadvantage, by contrast, comprised one school and two neighbor-

hood indicators and augmented the effect of the shared environment

on rule-breaking, consistent with a bioecological effect. Aggression

was subject to comparatively little etiologic moderation, consistent

with prior GxE research.

Identifying epigenetic biomarkers of resilience

Alexandra Vazquez, Michigan State University; Shaunna Clark,

Michigan State University; Kelly L. Klump, Michigan State

University; S. Alexandra Burt, Michigan State University

Early-life exposure to disadvantage—including low socio-economic

status, disadvantaged neighborhoods, and scholastic disadvantage—

predicts numerous health and academic disparities. Even so, not all

youth reared in disadvantaged contexts suffer these consequences,

with upwards of 40–60% evidencing resiliency.1 Although these

youth provide an important model of successful adaptation to

adversity, we know relatively little about the origins of their positive

outcomes. Moreover, the majority of research on resilience has

focused on behavioral and psycho-social predictors, neglecting bio-

logical mechanisms. One such possibility relates to the biological

embedding of stress via the methylation of genes. By buffering the

child from stress, protective factors in the environment may coun-

teract the effects of disadvantage on methylation, promoting the

expression of genes that undergird positive development. To date,

however, this provocative possibility remains speculative. The current

study sought to fill this gap in the literature, using pilot data com-

prised of male monozygotic (MZ; N = 23) and dizygotic (DZ;

N = 20) twin pairs to compare resilient (N = 46) and non-resilient

youth (N = 40). An association analysis conducted across the entire

sample to identify general epigenetic biomarkers of resilience did not

yield significant probes. There were however, 4 suggestive probes

located on genes involved in transcriptional repression and regulation,

mediating cell–cell interactions, and electron transfer activity. Anal-

yses were underpowered and thus replication with a larger sample is

needed.

References

1Vanderbilt-Adriance, E., & Shaw, D.S. (2008). Conceptualizing

and re-evaluating resilience across levels of risk, time, and domains of

competence. Clinical Child and Family Psychology Review, 11(1–2),

30–58.

Early-onset depression and risk for subsequent medical

outcomes: a nationwide study in Sweden

Marica Leone, Karolinska Institutet; Ralf Kuja-Halkola, Karolinska

Institutet; Amy Leval, Janssen Pharmaceuticals; Sarah Bergen,

Karolinska Institutet

Pediatric depression is associated with increased risk of certain sub-

sequent conditions such as coronary heart disease. The full extent of

increased risk for other disorders is not known, but would provide

valuable insights into pediatric depression co morbidity. We inves-

tigated the relationship between depression assessed at young age and

the subsequent development of somatic and psychiatric disorders.

Using national registers, we included all individuals born in Sweden

from 1982 to 1996 (N = 1,475,633). Early-onset depression was

defined as having received a diagnosis of depression or an antide-

pressant prescription between age 5 and 19. We examined a broad

range of psychiatric and somatic disorders diagnosed subsequent to

early-onset depression. Data were analyzed using Cox regression with

attained age as underlying timescale, time-varying exposure, and

adjusted for calendar year and sex. Receiving a diagnosis of depres-

sion early in life was a risk factor for a wide range of adverse physical

and mental outcomes. The strongest associations were found for

psychiatric disorders, with HRs (95% CIs) ranging from 20.43

(19.58–21.32) in personality disorders to 4.61 (4.27–4.98) in intel-

lectual disabilities; intentional self-harm (HR, 13.00; 95% CI

12.58–13.44); viral hepatitis (HR, 7.70; 95% CI 7.03–8.44); and sleep

disorders (HR, 7.56; 95% CI 7.15–7.99). These findings indicate that

early-onset depression diagnosis precedes a wide range of medical

outcomes. Additional analyses to assess the extent to which shared

genetic influences underlie these relationships are needed.
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Genetic and environmental influences

on neurobiological, cognitive, and social outcomes

in pre-school and school-age twins

Jizzo Bosdriesz, Vrije Universiteit Amsterdam; Saskia Euser, Leiden

University; Marinus van IJzendoorn, Erasmus University Rotterdam;

Marian Bakermans, Kranenburg, Vrije Universiteit Amsterdam

Recent studies have highlighted the strong contributions of (non-ad-

ditive) genetic factors in explaining individual variance in a wealth of

outcomes (Plomin et al. 2016). Moreover, the estimates of the mag-

nitude of the genetic influences seem to cluster by outcome domain

(Polderman et al. 2015). However, the majority of these studies

focused on adult populations, while it is known that heritability

estimates (can) greatly vary from childhood to adulthood. Plomin

et al. report increasing heritability over the lifespan, whereas Pold-

erman et al. report decreasing heritability over time. Therefore, we

aim to study the relative contributions of genetic and environmental

factors on neurobiological, cognitive, and social outcomes in early

and middle childhood.

We use data from a longitudinal twin study, containing same-sex

MZ and DZ twins aged 3–4 (N = 235 pairs) and 7–8 (N = 254 pairs).

We apply univariate and bivariate behavioral genetic models to

estimate the relative influence of genetic (A), shared environmental

(C), and non-shared environmental factors (E). Our outcomes include

behavioral control, temperament, mood, internalizing/externalizing

behavior, social competence, cognition, and (neuro)physiology.

Preliminary results consistently pointed towards genetic and non-

shared environmental influences (AE) for (neuro-)biological out-

comes, with estimates for A ranging from 0.19 (handedness) to 0.91

(height). Analyses on the other developmental domains are ongo-

ing. Although we have only studied a part of our intended outcomes,

clustering into specific domains already seems to emerge. Studying

such clustering in early and middle childhood can add to our under-

standing of heritability across the lifespan.

Understanding familial resemblance in eating pathology

during pre-early puberty: results from a Nuclear Twin

Family model

Shannon O’Connor, University of Chicago; S. Alexandra Burt,

Michigan State University; Matt McGue, University of Minnesota;

William Iacono, University of Minnesota; Kelly L. Klump, Michigan

State University

Eating pathology has been found to aggregate in families. Typically,

familial resemblance has been attributed to parents providing an

environment that leads to the development of eating pathology.

However, offspring raised by biological parents receive both their

environment and genes from their parents, raising the possibility that

genetic influences, environmental influences, and/or gene-environ-

ment interplay may account for familial resemblance. Past studies

have not explored the possibility of parents’ genes influencing the

environment they provide (i.e., passive gene-environment correlations

or ‘‘passive rGE’’). If present, passive rGE is most likely to ‘‘hide’’ in

estimates of shared environmental influences in classical twin models.

The current study used a nuclear twin family design to explore the

possibility of passive rGE during pre-/early puberty when past studies

demonstrate the importance of shared environmental influence.

Additionally, the present study explored whether sibling-specific (i.e.,

influences specific to the twin generation) or family-specific (i.e.,

‘‘cultural’’ influences within the home) environmental influences

accounted for shared environmental influences found in past studies.

Participants included pre-/early pubertal twins and their biological

parents from the Minnesota Twin Family Study and the Michigan

State University Twin Registry. Disordered eating was assessed with

self-report measures in the twins and parents. Pubertal status was

determined using an established cut-off on a self-report measure.

Passive rGE was not indicated in pre-/early puberty. Instead, sibling-

specific and non-shared environmental influences were most influ-

ential. Future research should explore parental influences that may

impact the twin generation only (e.g., parenting style), as this would

be represented by sibling-specific environmental influences.

Disentangle the bidirectional relationship

between ADHD and BMI with different genetically

informative approaches

Chaoyu Liu, University College London; Jean-Baptiste Pingault,

University College London; Tabea Schoeler, University College

London

Introduction: Meta-analyses showed that Attention-deficit/hyperac-

tivity disorder (ADHD) are associated with elevated Body Mass Index

(BMI)0.1,2 However, the nature of this association remains unclear.

Furthermore, observational studies are limited by unmeasured con-

founds and hence susceptible to many pitfalls. Therefore, genetically

informative approaches may provide more insight to the nature of

the relationship.

Aim and method: We apply two-sample bidirectional Mendelian

randomization using summary statistics from large-scale genome-

wide-association studies (GWAS) of ADHD and BMI to assess

whether the genetic variants associated with one trait also propor-

tionally contribute to another. We also apply twin-differences model

with data from birth to age 16 years in a large twin cohort to examine

whether changes in ADHD symptoms predict changes in later BMI

and vice versa.

Significance: The knowledge of the nature, the directionality and the

developmental changes in ADHD-BMI relationship could inform

preventive intervention and improve health outcomes for people with

ADHD and elevated BMI.

References

1Cortese S and Tessari L. Attention-Deficit/Hyperactivity Disorder

(ADHD) and Obesity: Update 2016. Curr Psychiatry Rep2017; 19: 4.
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peractivity disorder (ADHD) and being overweight/obesity: New data
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Familial co-aggregation of schizophrenia and eating

disorders in Sweden and Denmark

Ruyue Zhang, Karolinska Institutet; Janne Tidselbak Larsen, Aarhus

University; Ralf Kuja-Halkola, Karolinska Institutet; Liselotte

Vogdrup Petersen, Aarhus University; Cynthia Bulik, Karolinska

Institutet; Sarah Bergen, Karolinska Institutet

Eating disorders (ED) and schizophrenia (SCZ) are both moderately

to highly heritable and share few observable symptoms. The SNP-

based genetic correlation between them is positive and significant.

Large-scale family studies on the co-aggregation of ED and SCZ are

lacking. To address this, we studied individuals born in Sweden
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(1977–2003) and Denmark (1984–2006) and still residing there at age

6. Probands were linked to their biological parents, siblings, grand-

parents, uncles/aunts, and cousins. We obtained diagnoses for

anorexia nervosa (AN) and other EDs (OED: bulimia nervosa, binge-

eating disorder, and eating disorders not otherwise specified) for

probands and SCZ diagnoses for both probands and relatives. The

likelihood of having SCZ in those with AN or OED and their relatives

was compared with individuals without these ED diagnoses. Indi-

viduals with AN or OED were more likely to have SCZ than people

without these disorders. Full siblings of those with AN or OED had

significantly increased odds of SCZ. Odds ratios for SCZ in parents

of individuals with OED were significantly higher than those for

parents of individuals with AN. Grandparents and cousins of people

with OED were more likely to have SCZ. However, evidence for

generally elevated SCZ odds among second- and third-degree rela-

tives of those with AN or OED was inconsistent. Clinicians should be

mindful of this comorbid pattern as it may influence treatment deci-

sions. Further analyses will explore whether family history and high

genetic risk for SCZ influences ED course.

Using meta-analysis to answer unique questions

about the nature and nurture of reading ability

Sara Hart, Florida State University; Mia Daucourt, Florida State

University; Callie Little, University of New England; Florina Erbeli,

Texas A&M University; Rasheda Haughbrook, Florida State

University

Purpose: Meta-analytic methods allow not only for a robust estimate

of an effect, but also can be used to answer novel research questions

themselves, via moderator analysis. Meta-analysis techniques have

been used to explore research questions across twin studies of reading

ability. Despite fairly consistent results across twin projects, inter-

esting differences in the nature and nurture of reading ability, and its

correlation with comorbid learning disabilities, are seen due to twin

project, age, assessment, etcetera. For this talk I discussed a series of

twin study meta-analyses my lab has conducted, focusing on a recent

meta-analysis testing the Multiple Deficit Model of learning disabil-

ities (Daucourt et al. 2019).

Methods: This meta-analysis compiled 38 studies of second to sixth

grade children to estimate the average genetic, shared environmental,

and nonshared environmental correlations between reading and

ADHD symptoms, and reading and math, as well as their potential

moderators.

Results: Average genetic, shared and nonshared environmental cor-

relations between reading and ADHD symptoms were 0.42, 0.64, and

0.20, and reading and math of 0.71, 0.90, and 0.56, suggesting that

reading and math may have more common risk factors than reading

and ADHD. A number of moderators were significant sources of

heterogeneity.

Discussion: Caution is urged for twin researchers frequently pub-

lishing on the same topic from a single twin project.
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Questionnaires on compulsive symptoms, not worrying

symptoms, significantly add to obsessive–compulsive

disorder GWAS

Dirk Smit, Amsterdam University Medical Center; Karin Verweij,

Amsterdam University Medical Center; Danielle Cath, UMC

Groningen; Dorret Boomsma, Vrije Universiteit Amsterdam

We investigated whether adding population-based OCD symptom

scale scores could be exploited to increase power to detect genetic

variants, genes, or tissue-specific genetic expression in OCD. We

performed a GWAS on the obsessive (worrying symptoms)

and compulsive (behavioral symptoms) subscales of an abbreviated

version of the PADUA inventory (N = 8267). Only the GWAS for

compulsions showed a substantial and significant positive genetic

correlation with the original PGC OCD GWAS (rG = 0.61,

p = 0.010). Worrying symptoms or the total PADUA score showed

no significant genetic correlations. As in the original PGC OCD

GWAS, meta-analysis of the PGC OCD with the compulsion GWAS

revealed no significant SNPs. Two novel discoveries (WDR7 and

ADCK1) were observed in a positional gene-based analysis. Signifi-

cance of brain-expressed genes was increased as tested with

S-Predixcan, especially in hippocampal, amagdala, and caudate sub-

cortical tissues. The results show that it is feasible to exploit the

results from population based GWAS to strengthen the clinical case–

control GWAS of OCD, with best results expected with questionnaire

items on behavioral symptoms. The increased power is best observed

in gene-expression of brain tissues with known emotional and reward

processing functions, as well as memory and fear-formation

functions.

Genes related to education predict frailty among older

adults in the United States

Brooke Huibregtse, University of Colorado Boulder; Breanne Newell-

Stamper, University of Colorado Boulder; Benjamin Domingue,

Stanford School of Education; Jason Boardman, University

of Colorado Boulder

This project expands on research that links education and frailty

among older adults by considering the role of genes associated with

education. Data come from a sample of 7064 non-Hispanic and white

adults participating in the 2004–2012 waves of the Health and

Retirement Study. Frailty was measured with two indices: (1) The

Frailty Index which corresponds to a deficit accumulation model; and

(2) The Paulson-Lichtenberg Frailty Index which corresponds to the

biological syndrome/phenotype model. Genes associated with edu-

cation were quantified using a summative polygenic score.

Associations between the polygenic score and frailty indices were

tested using a series of multilevel models, controlling for multiple

observations for participants across waves. Results showed a strong

and negative association between genes for education and frailty

symptoms in later life. This association exists above and beyond years

of completed education and we demonstrate that this association

becomes weaker as older adults approach their 80 s. The results

contribute to the education-health literature by highlighting new and

important pathways through which education might be linked to

successful aging.
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Internalizing and externalizing psychopathology

in middle age: genetic and environmental architecture

and stability of symptoms over 15 to 20 years

Daniel Gustavson, University of California, San Diego; Carol Franz,

University of California, San Diego; Matthew Panizzon, University

of California, San Diego; Michael Lyons, Boston University; William

Kremen, University of California, San Diego

Internalizing and externalizing psychopathology factors explain much

of the covariance among psychiatric conditions, especially at the level

of genetic risk. However, few studies have examined internalizing

and externalizing factors in middle-aged samples with narrow age

ranges, especially their ability to predict later symptoms across

midlife. The goals of the current study were (i) to quantify the genetic

and environmental influences on internalizing and externalizing

psychopathology in individuals in their early 40 s, and (ii) examine

the extent to which these genetic and environmental influences predict

self-reported measures of internalizing and externalizing symptoms

15–20 years later. 1484 male twins completed diagnostic interviews

of psychopathology at mean age 41 and self-reported measures of

anxiety, depression, substance use, and related variables at up to two

time-points in late middle age (mean ages 56 and 62). Structural

equation modeling of the diagnostic interviews confirmed that inter-

nalizing and externalizing factors accounted for most of the genetic

variance in individual disorders, with substantial genetic (ra = 0.70)

and environmental (re = 0.77) correlations between the factors.

Internalizing psychopathology at age 41 was correlated with latent

factors capturing anxiety, depression, and/or post-traumatic stress

symptoms at ages 56 (r = 0.51) and 62 (r = 0.43). Externalizing

psychopathology at age 41 was correlated r = 1.0 with a latent factor

capturing aggression, tobacco use, and alcohol use at age 56. Stability

of both factors was driven by genetic influences. These findings

demonstrate the considerable stability of psychopathology symptoms

across middle age, especially their genetic influences, and reveal that

diagnostic interviews effectively predict self-reported symptoms and

behaviors 15–20 years later.

Does parental education influence child educational

outcomes? A developmental analysis in a full-

population sample and adoptee design

Steven Ludeke, University of Southern Denmark; Miriam Gensowski,

University of Copenhagen; Sarah Junge, Aarhus University; Oliver

John, University of California, Berkeley; Simon Andersen, Aarhus

University

Children’s educational outcomes are strongly correlated with their

parents’ educational attainment. This finding is often attributed to the

family environment (e.g., differential parental behavior and resources

driving child attainment). However, such inferences of a causal role

of the family environment depend on the largely untested assumption

that intergenerational similarities do not simply reflect genes shared

between parent and child. We examine this assumption with an

adoption design in full-population cohorts from Danish administrative

data. We test whether parental education predicts children’s educa-

tional outcomes in both biological and adopted children, looking at

four components of the child’s educational development: (a) the

child’s Conscientiousness during compulsory schooling, (b) academic

performance in those same years, (c) enrollment in academically

challenging high schools, and (d) graduation success. Parental edu-

cation was a substantial predictor of each of these child outcomes in

the full population, but had much smaller links among adoptees. That

is, little intergenerational correlation in education was observed in the

absence of genetic similarity between parent and child. Further

analysis showed that what links adoptive parents’ education had with

later-occurring components such as educational attainment and

enrollment were entirely attributable to effects earlier in development.

When controlling for academic performance, for example, adoptive

parents’ education became insignificant when predicting enrollment

in higher education. These findings highlight that the primary non-

genetic mechanisms by which education is transmitted across gen-

erations appear to have their effects on children early in their

educational development, where the consequences of those early

effects persist throughout the child’s educational development.

Using Mendelian randomization to estimate the causal

effect of maternal (intrauterine) exposures on late onset

offspring outcomes

David Evans, University of Queensland; Nicole Warrington,

Univeristy of Queensland; Gabriel Cuellar Partida, University

of Queensland; Daniel Hwang, University of Queensland

The Developmental Origins of Health and Disease (DOHaD)

hypothesis posits that adverse intrauterine environments result in

long-term developmental compensations to offspring that predispose

them to a range of diseases in later life. Whilst there is some evidence

for this theory from observational cohort studies and investigations in

experimental animals, rigorous evidence in humans so far has been

lacking. Recently, we developed a suite of statistical methods for

performing large-scale two sample Mendelian randomization studies

of maternal exposures and offspring outcomes. We used these

methods to show that the observational inverse relationship between

low offspring birthweight and increased systolic blood pressure in

later life was unlikely to be mediated by an adverse intrauterine

environment. However, our efforts to apply the same approach to

many other late onset diseases were stymied because of the paucity of

cohorts across the world with large numbers of genotyped mother–

offspring pairs-especially those where the children were old enough to

have developed many of the conditions of which we were interested.

In this presentation, we illustrate how maternal genetic effects on late

onset diseases can be estimated in large-scale GWAS, and how these

estimates can subsequently be incorporated into two sample MR

studies of maternal exposures and offspring outcomes. We illustrate

our methods in reference to a study of offspring birthweight and its

long term relationship with cardiometabolic disease.

Heritability of objectively assessed physical activity

in the Netherlands

Matthijs van der Zee, Vrije Universiteit Amsterdam; Nienke Schutte,

Amsterdam University Medical Center; Charlotte Huppertz,

Uniklinik RWTH Aachen; Stieneke Doornweerd, Amsterdam

University Medical Center; Meike Bartels, Vrije Universiteit

Amsterdam; Eco de Geus, Vrije Universteit Amsterdam; Hidde van

der Ploeg, Amsterdam University Medical Center

Purpose: Understanding the sources of the large individual differ-

ences in physical activity and sedentary behavior is of great

importance as these behaviors are associated with pre-mature mor-

tality and non-communicable diseases. Here we present the

contribution of genetic and environmental factors to the variation in

objectively assessed (accelerometer) and self-reported moderate-to-
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vigorous physical activity (MVPA) and sedentary behavior and their

shared genetic basis.

Methods: A sample of 800 individuals (twins and their siblings, mean

age 33 years) was equipped with an Actigraph accelerometer for

7 days and reported on their time spent on MVPA and sitting time on

those days using the IPAQ-SF.

Results: Genetic factors explained 47% (objectively assessed) and

14% (IPAQ-SF, non-significant) of the individual differences in

MVPA and 56% (objectively assessed) and 26% (IPAQ-SF) of the

individual differences in sedentary behavior. A modest phenotypic

correlation (- 0.27) between objectively assessed sedentary time and

MVPA was found, which was in part driven by genetic variants that

increase sedentary time and decrease MVPA or vice versa (rG

= - 0.31) as well as unique environmental factors (rE-= - 0.24).

Discussion: About half of the individual differences in objectively

assessed MVPA, and sedentary behavior could be attributed to

genetic differences. The genetic correlation showed that part of the

genetic variants relevant to MVPA is also associated with sedentary

behavior. The modest phenotypic correlation additionally demon-

strates that MVPA and sedentary behavior are not merely opposites

but different phenotypes with some shared genetic etiology.

Socioeconomic and genomic roots of verbal ability

Guang Guo

Cognitive ability is one of the most potent and contentious human

traits. Many issues surrounding cognitive ability especially those

related to heredity is highly charged. Yet, all of the discussion on

heredity has been based on non-DNA evidence. It is largely neglected

that DNA and environmental data at individual level are indispens-

able for understanding the development of cognitive ability. In this

article, we report findings from a study that uses both ability-related

polygenic scores (PGSs) and a rich set of socioeconomic measures

from Add Health. In an all-ethnicity sample excluding blacks, a

social-science model predicts verbal ability well yielding an R2 of

17.5%. Adding two ability-related PGSs increases this R2 by 1.7%.

Such models yield more accurate estimates of the effects of the PGSs

and those of SES context, and provide an estimated degree to which

SES context is influenced by parental genomes. Schooling and

neighborhood remain important to verbal ability even after an early

measure of verbal ability is adjusted in the model. Although the

influence from the genome is evident, the influences of SES context

are critical and cannot be dismissed.

Genetic influences on lung function contribute

to subsequent age changes in motor and cognitive

function

Deborah Finkel, Indiana University Southeast; Marie Ernsth Bravell,

Jönköping University

Researchers have striven to determine whether the age changes in

physical and cognitive functioning are coincident, or does change in

one domain precede functioning in the other. Dual change score

models (DCSM) facilitate testing of hypotheses about temporal pat-

terns of aging. Previous investigations in the Swedish Adoption/Twin

Study of Aging (SATSA) indicate three directional effects: age

changes in processing speed contribute to subsequent age changes in

cognition, age changes in lung function contribute to subsequent age

changes in processing speed, and age changes in motor function

contribute to subsequent age changes in processing speed. In the

current analysis we apply DCSM to twin data to examine the nature of

the longitudinal relationship between motor functioning and lung

function. Three motor functioning factors were created from 20 per-

formance measures: balance, flexibility, and fine motor movement.

Peak expiratory flow measured lung function. Participants were 829

adults aged 50–88 at the first of 9 waves of testing (mean = 4.4

waves) covering a 27-year follow-up period (mean = 13.1 years).

Model comparisons indicated that genetic influences on decline in

lung function contributed to subsequent decline in motor function.

Combined with previous results, these results suggest a pathway that

may start with age declines in lung function, which then contribute to

declines in motor function, which in turn contribute to subsequent

declines in processing speed and then cognitive decline. These data

indicate that interventions focusing on improving or maintain lung

function should have the added effect of maintaining motor and

cognitive function.

Existence of a major control locus for basic behavioral

traits

Maryam Keshavarz, Max Planck institute for evolutionary Biology

Animals show behavioral traits that can collectively be called per-

sonality and can be measured by standardized tests. We have studied

the Prader-Willi Syndrome (PWS) gene region which includes two

clusters of tandem repeats coding for small nucleolar RNAs,

SNORD115 and SNORD116. SNORD115 is known to regulate

splicing of the serotonin receptor Ht2cr and SNORD116 is predicted

to interact with the transcript of the chromatin regulator Ankrd11. In

this study we showed that both snoRNA clusters display major copy

number variation within and between populations and that this affects

the expression of more than 130 genes which are themselves known

to be involved in a variety of pathways including serotonin regula-

tion, metabolism, cognitive ability, vocalization and craniofacial

feature development. Using a set of behavioral scores related to

personality in populations of two species of wild mice, guinea pigs

and humans, we find a strong correlation between the snoRNA copy

number and these scores. These results also suggested the co evolu-

tion of personality and other traits such as metabolism, cognitive

ability, vocalization and craniofacial feature. As conclusion, this

study suggests that the SNORD clusters in the PWS region are major

regulators of personality and correlated traits. This find-

ing is very unexpected, since it suggests the existence of a ma-

jor control locus for basic behavioral traits, with an inbuilt

mechanism to ensure variance in behavioral strategies within a

population.

Genome-wide association study of habitual physical

activity in over 377,000 UK Biobank participants

Yann Klimentidis, Epidemiology and Biostatistics Department,

University of Arizona; David Raichlen, University of Arizona;

Jennifer Bea, University of Arizona; David Garcia, University

of Arizona; Nathan Wineinger, Scripps Institute; Lawrence

Mandarino, University of Arizona; Gene Alexander, University

of Arizona; Zhao Chen, Epidemiology and Biostatistics Department,

University of Arizona; Scott Going, University of Arizona

Engagement in habitual physical activity (PA) is a heritable trait that

is associated with protection against a wide range of diseases. How-

ever, little is known about specific genetic variants underlying this

heritability, motivating the search for such variants that could inform
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efforts to promote PA and target the best type of PA for each indi-

vidual. We used data from the UK Biobank to perform the largest

genome-wide association study of PA to date, using three measures

based on self-report (nmax = 377,234) and two measures based on

wrist-worn accelerometry data (nmax = 91,084). We examined

genetic correlations of PA with other traits and diseases, as well as

tissue-specific gene expression patterns. We identified ten loci across

all PA measures that were significant in both a basic and a fully

adjusted model (p\ 5 9 10-9). Among these, variants in CADM2, a

gene previously implicated in obesity, risk-taking behavior and other

traits, were found to be associated with habitual PA. We also iden-

tified three loci consistently associated (p\ 5 9 10-5) with PA

across both self-report and accelerometry measures, including

CADM2. We found genetic correlations of PA with educational

attainment, chronotype, psychiatric traits, and obesity-related traits.

Tissue enrichment analyses implicate the brain and pituitary gland as

locations where PA-associated loci may exert their actions. These

results provide new insight into the genetic basis of habitual PA, and

the genetic links connecting PA with other traits and diseases.

The genomic basis of mood instability: identification

of 46 loci in 363,705 UK Biobank participants, genetic

correlation with psychiatric disorders, and association

with gene expression and function

Joey Ward, University of Glasgow; Elizabeth Tunbridge, University

of Oxford; Cynthia Sandor, Cardiff University; Laura Lyall,

University of Glasgow; Amy Ferguson, University of Glasgow; Rona

Strawbridge, University of Glasgow; Donald Lyall, University

of Glasgow; Breda Cullen, University of Glasgow; Nicholas Graham,

University of Glasgow; Keira Johnston, University of Glasgow; Caleb

Webber, University of Oxford; Valentina Escott-Price, Cardiff

University; Michael C O’Donovan, Cardiff University; Jill Pell,

University of Glasgow; Mark Bailey, University of Glasgow; Paul

Harrison, University of Oxford; Daniel Smith, University of Glasgow

Genome-wide association studies of psychiatric phenotypes have

tended to focus on categorical diagnoses, but to understand the

biology of mental illness it may be more useful to study traits which

cut across traditional boundaries. Here we report the results of a

GWAS of mood instability as a trait in a large population cohort (UK

Biobank, N = 363,705). We also assess the clinical and biological

relevance of the findings, including whether genetic associations

show enrichment for nervous system pathways. Forty six unique loci

associated with MI were identified with a heritability estimate of 9%.

Linkage Disequilibrium Score Regression analyses identified genetic

correlations with Major Depressive Disorder, Bipolar Disorder,

Schizophrenia, anxiety and Post Traumatic Stress Disorder. Gene-

level and gene set analyses identified total 244 significant genes and 6

enriched gene sets. Tissue expression analysis from the SNP level

data found enrichment in multiple brain regions, and eQTL analyses

highlighted an inversion on chromosome 17 plus two brain-specific

eQTLs. Additionally, we used a Phenotype Linkage Network analysis

and community analysis to assess for enrichment of nervous system

gene sets using mouse orthologue databases. The PLN analysis found

enrichment in nervous system PLNs for a community containing

serotonin and melatonin receptors. In summary, this work has iden-

tified novel loci, tissues, and gene sets contributing to MI as a normal

trait and will inform future work on the biology of mood and psy-

chotic disorders, and to point the way towards potential for new

stratified medicine approaches and the identification of novel trans-

diagnostic drug targets.

Polygenic indictors of nicotine and alcohol dependence

Victoria Risner, Emory University; Chelsie Bachman, Emory

University; Lauren Bertin, Emory University; Rohan Palmer, Emory

University

Alcohol and Nicotine Dependence (AD/ND, respectively) are

enduring behavioral and physiological problems resulting from

repeated alcohol and nicotine exposure. The estimated SNP-heri-

tability of AD and ND ranges from 13 to 50%, but Polygenic Risk

Scores (PRS) calculated for AD and ND have had limited utility using

AD- and ND-specific GWAS summary statistics. We examined a

multi-trait PRS model of AD and ND using known pre- and co-

morbid pleiotropic phenotypes. PRSs were constructed for seven

traits that fell into the following categories: Personality, Externaliz-

ing, Internalizing, and Endophenotype); height was included as a

control PRS variable. Analyses employed commonly occurring bial-

lelic SNPs (MAF[= 1%). Linkage-Disequilibrium-adjusted PRSs

were derived in a non-overlapping sample of 6515 individuals of

European ancestry using PRSice. Robust regression in MPlus was

used to examine the independent and joint effects of each PRS before

accounting for age, sex, and cross-diagnosis of either AD/ND

dependence. Analyses indicated positive bias in models ignoring

covariates. Only the Schizophrenia PRS robustly predicted increased

odds for ND; height accounted for no variance in AD/ND in either

model. Notably, the combined effects of all seven PRSs were not

significantly different from a model using a singular PRS as a pre-

dictor. These findings suggest that PRS effects are confounded,

possibly due to GWASs being unable to account for a meaningful set

of covariates beyond age and sex. Lastly, assessing solitary effects

may lead to biased interpretations in the literature.

Polygenic underpinnings of learning over 100 days

Cherry Youn, University of Texas at Austin; Andrew Grotzinger,

University of Texas at Austin; Elliot Tucker-Drob, University

of Texas at Austin

Across 100 days in the COGITO study, 101 younger (age range

20–31 years) and 103 older adults (age range 65–80 years) practiced

12 cognitive batteries of perceptual speed, working memory, and

episodic memory for a total of over 183,600 assessments. With this

data, this study examined how the polygenic propensity for educa-

tional attainment obtained from a previously published Educational

Attainment Genome-Wide Association Study meta-analysis relates to

initial performance on the cognitive tasks and rate of learning on the

tasks over an extended period of time. To this end, we fit a series of

nonlinear growth curve models, which is crucial to accurately and

reliably measure longitudinal changes in outcomes over time. A key

question is whether genetic effects on initial levels of performance at

the first testing session become magnified, compressed, or retained

across the 100 days of practice.

Onset of regular cannabis use & young adult insomnia:

an analysis of genetic variation using a twin study

Evan Winiger, University of Colorado Boulder; Spencer Huggett,

University of Colorado Boulder; Alexander Hatoum, University

of Colorado Boulder; Naomi Friedman, University of Colorado

Boulder; Kenneth Wright, University of Colorado Boulder;

Christopher Drake, Henry Ford Hospital Sleep Disorders

and Research Center; John Hewitt, University of Colorado Boulder
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Insomnia is one of the most common sleep disorders and Insomnia

with short sleep (ISS) is the most biologically severe phenotype of the

disorder. Cannabis use is associated with sleep problems, increased

rates of insomnia, and decreased sleep duration. Research suggests

that the endocannabinoid system is involved in sleep regula-

tion and that various circadian rhythm and sleep related genes are

associated with cannabis use. Furthermore, a small collection of

studies has shown that early cannabis use can predict later sleep out-

comes. In a population-based twin cohort of 1882 twins (56% female,

mean age = 22.99) we explored the genetic/environmental etiology

and the relationship between onset of regular cannabis use and

insomnia-related outcomes via multivariate twin models. Controlling

for current depression symptoms, prior diagnosis of an anxiety or

depression disorder, and sex, adult twins who reported early onset for

regular cannabis use were significantly more likely to have insomnia

(b = 0.07, p = 0.024) and ISS (b = 0.08, p = 0.003). We found sig-

nificant genetic contributions for the onset of regular cannabis use

(a2 = 76%, p\ 0.001), insomnia (a2 = 44%, p\ 0.001) and ISS

(a2 = 37%, p\ 0.001). We found evidence of a significant genetic

correlation between onset of regular use and both insomnia (rA =

0.20, p = 0.047) and ISS (rA = 0.25, p = 0.008), but failed to find

environmental associations between these traits. Ultimately, we found

evidence of significant overlapping additive genetic influences

between onset of regular cannabis use and insomnia related outcomes,

implying possible common genetic liabilities and a possible pleio-

tropic influence of genes on both traits.

Twin studies of metabolomics traits and metabo-

phenotype associations

Dorret Boomsma, Vrije Universiteit, BBMRI-Netherlands; René

Pool, Vrije Universiteit Amsterdam; Fiona Hagenbeek, Vrije

Universiteit Amsterdam; Thomas Hankemeier, LACDR, Leiden;

Cornelis Kluft, GBS, Leiden; Vassilios Fanos, University of Cagliari;

Michel Nivard, Vrije Universiteit Amsterdam; Meike Bartels, Vrije

Universiteit Amsterdam; Amy Harms, LACDR, Leiden; Eline

Slagboom, LUMC, Leiden; ACTION Consortium, Vrije Universiteit

Amsterdam

High-throughput technologies enable metabolite profiling, allowing

for a holistic approach to biomarker discovery. Such approaches may

lead to a better understanding of behavioral and psychiatric pheno-

types. Metabolic profiles represent a functional read-out of the

physiological state of the human body, referred to as metabotype. The

association of metabotypes with phenotypes and with genetic varia-

tion can suggest new causal pathways, whereas genetic variants that

associate with changes in the homeostasis of metabolites as a con-

sequence of disease can inform on the biochemical context of such

changes.

For metabolic profiling, several platforms exist that can be con-

sidered as combinations of sample work-up, chemical separation and

detection technique (Mass Spectrometry or Nuclear Magnetic Reso-

nance spectroscopy) and allow for reporting on a (specific) set of

molecules. Combining platforms will optimize biochemical coverage.

For adults in the Netherlands Twin Register (NTR) we measured

metabotypes in blood across four platforms. For children, blood

sampling was replaced by less invasive urine sampling and three

platforms were used.

The metabolite database for 6585 adults and 1382 children with

additional SNP-genotyping and extensive phenotyping allows to a)

establish metabotypes—phenotypes association for aggression,

externalizing problems, migraine, depression, cognition, diabetes,

ageing and other traits; b) estimate by employing the classical twin

design total heritability and SNP data to identify associations with

genetic variants for the purpose of increasing the understanding of

pathways that influence the metabotypes; c) establish whether such

genetic variation associates to a diversity of clinical endpoints and

phenotypes.

Genetic driven markers of Th2-type inflammation

explain the link between asthma and exhaled nitric

oxide in children

Anna Hedman, Karolinska Institutet, Department of Medical

Epidemiology and Biostatistics; Ralf Kuja-Halkola, Karolinska

Institutet; Anne Örtqvist, Karolinska Institutet; Marianne van Hage,

Karolinska Institutet; Catarina Almqvist, Karolinska Institutet; Björn

Nordlund, Department of Women’s and Children’s Health,

Karolinska Institutet

Background: Asthma is the most common childhood disease which is

obstructive and often inflammatory. Several phenotypes like exhaled

nitric oxide (FENO), serum immunoglobulin E (IgE) and blood eosi-

nophil count underlie the clinical expression of asthma.

Aim: Our aim is to disentangle the covariance between asthma and

FENO into genetic and environmental contributions that can be

accounted for Th2-inflammation using prominent biomarkers of IgE

and counted blood eosinophils.

Methods: This is a population-based, cross-sectional twin study. Data

were available in 612 individual twins including asthma status, FENO-

values, IgE, and blood eosinophil blood count. Genetic model-fitting

was applied for best fitting model. Multivariate structural equation

modeling was utilized for separating the covariance between asthma

and FENO into genetic and/or environmental effects taking IgE and

eosinophils into account while controlling for inhaled corticosteroid

use and re-weighted by sampling probability.

Results: We report that the majority, 80%, of the total variance in the

phenotypic correlation of 0.18 (0.04–0.32) can be attributable to

genetic effects due to IgE and eosinophils.

Discussion: As new phenotypes for asthma are discovered, twin

studies provide a first effort in determining the contribution of genetic

and environmental factors to these traits. Differentiating and diag-

nosing asthma with use of FENO in children should be done with

caution, due to genetic effects and individual variations linked to

influencing factors of IgE and eosinophils.

Conclusion: Th2-inflammatory markers of IgE and eosinophils are

part of the same underlying construct which make asthma and FENO

associate and this can mainly be attributable to genetic factors.

The nature and nurture of individual differences

in internalizing and externalizing behavior problems:

a nuclear twin family study

Amelie Nikstat, Bielefeld University; Rainer Riemann, Bielefeld

University

Internalizing (INT) and externalizing (EXT) problem behavior is an

established risk factor for many unpleasant outcomes and psy-

chopathology in adulthood. Understanding the interplay between

genes and environment has therefore several implications for practice.

Among genetic studies on problem behavior, heritability estimates

differ widely. Most research only uses twin data and therefore

underlies certain limitations which could lead to biases. Our study is

the first investigating genetic influences on INT and EXT by

extending the Classical Twin Design to a Nuclear Twin Family

Design. Self-reported INT and EXT of 3087 twins, a sibling, and their

494 Behav Genet (2019) 49:487–557

123



parents was analyzed with structural equation modeling to estimate

heritability separately for each of three twin birth cohorts. For both,

INT and EXT, genetic influences account for about one third of the

variance, while non-shared environment account for the largest part of

the variance. In contrast, shared environmental influences were only

found for INT. Whereas for INT no significant differences in heri-

tability across different age cohorts were found, for EXT heritability

differs significant between the groups and was lowest in the youngest

cohort. Findings indicate that shared family environment play only a

minor role in behavior problems and that using the Nuclear Twin

Family Design can increase the understanding of the etiology of INT

and EXT.

Sex differences in genetic regulation

of the glucocorticoid response in humans

Sarah Moore, University of British Columbia; Elisabeth Binder, Max

Planck Institute of Psychiatry; Janine Arloth, Max Planck Institute

of Psychiatry

There are biological sex differences in the stress response, but how

sex-specific vulnerabilities to stressors relate to distinct risks for

psychiatric disorders is still poorly understood. Recently, we identi-

fied genomic variants in males regulating the initial transcriptional

response to glucocorticoid receptor (GR) activation, and these vari-

ants linked to major depressive disorder (MDD) and other psychiatric

disorders. Here, we extend these findings to a sample of males and

females. Gene expression levels were obtained before (Baseline) and

after GR-stimulation with dexamethasone (GR-response). Sex dif-

ferences in the GR response and sex-specific expression quantitative

trait loci (eQTL) associating gene expression and genotype data were

explored. Overall, more GR-response transcripts were identified for

females and the magnitude of transcriptional changes were larger in

females relative to males. When comparing cis-eQTLs, 804 signifi-

cant GR-response cis-eQTL bins were found for the joint sample, 648

in females and 705 in males. The hub genes driving major correlated

gene networks of eQTL SNPs (eSNPs) were also distinct between the

sexes. Further, female eSNPs were significantly enriched over base-

line eSNPs among GWAS SNPs for major depressive disorder.

Furthermore, we found, that these female-specific eSNPs were enri-

ched in GREs and chromatin marks for ZNF genes and repeats

compared to baseline eSNPs. Whereas, male-specific GR-response

eSNPs significantly co-localize with heterochromatin. Both eSNP sets

were enriched for repressive and quiescent marks. Taken together,

largely common GR-response transcripts are found across sexes, with

larger magnitude effects in females, in contrast to highly sex-specific

regulation of the GR-response by genetic variants.

Navigation and object-based spatial abilities are

supported by a common genetic network only partly

shared with general intelligence

Kaili Rimfeld, King’s College London; Margherita Malanchini,

University of Texas at Austin; Nicolas Shakeshaft, King’s College

London; Kerry Schofield, King’s College London; Andrew

McMillian, King’s College London; Philip S. Dale, University

of New Mexico; Yulia Kovas,; Goldsmiths University of London;

Robert Plomin, King’s College London

Performance in everyday spatial orientation tasks (e.g., map reading

and navigation) has generally been seen as separate from performance

on more abstract object-based spatial abilities (e.g., mental rotation

and visualization). However, evidence remains scarce and is charac-

terized by piecemeal approaches. We developed a novel gamified

battery to assess spatial orientation abilities in a virtual environment,

and examined its association with an online battery of object-based

spatial tests. We further investigated the role of general cognitive

ability (g) and of genetic and environmental factors in supporting

individual differences in spatial skills. Participants (N = 2660) were

part of the Twins Early Development Study (TEDS) aged 18 to 22.

The six tests of spatial orientation clustered into a single ‘Naviga-

tion’ factor that was 64% heritable. When adding the 10 object-based

tests, three factors emerged: Navigation, Object Manipulation and

Scanning/Perspective-Taking. These, in turn, loaded strongly onto a

general factor of Spatial Ability, which revealed a substantial pro-

portion of genetic variance (84%), only partially shared with g (55%).

The results point towards the existence of a common genetic network

that supports performance in spatial skills.

Global expression profiling of cognitive level

and decline in middle-aged monozygotic twins

Marianne Nygaard, University of Southern Denmark; Martin J.

Larsen, Odense University Hospital; Mads Thomassen, Odense

University Hospital; Matt McGue, University of Minnesota; Kaare

Christensen, University of Southern Denmark; Qihua Tan, University

of Southern Denmark; Lene Christiansen, Copenhagen University

Hospital

Numerous studies have investigated gene expression profiles of blood

and post-mortem brain tissue from individuals suffering from Alz-

heimer’s disease or Mild Cognitive Impairment and compared them

to gene expression profiles from non-demented controls. However,

only few studies have investigated the genome-wide transcriptome of

normative cognitive aging. In this study we therefore aimed at

investigating blood gene expression patterns associated with cognitive

aging using a population-based sample of 235 middle-aged

monozygotic twin pairs (mean age at intake 55.0 years) with longi-

tudinal data on cognitive function (2 assessments in a 10-year

interval). This unique set-up enabled examination of gene expression

differences associated with individual and intra-pair differences in

cognitive level and change while controlling for the possible influence

of underlying genetic variation and shared early environment. Over-

all, the increased expression of several gene sets was found to

strongly correlate (P\ 0.001 and FDR\ 0.05) with a lower cogni-

tive level and cognitive decline over the 10-year period. The most

significantly correlated gene sets were related to protein metabolism,

translation, RNA metabolism, infectious disease, and the immune

system, which are all processes that have previously been linked to

pathological as well as normal brain aging, and transcription signa-

tures of aging in blood. The results of our study thus suggest that the

gene expression patterns of cognitive level and decline in a popula-

tion-based sample of middle-aged individuals mirror those seen in

cognitively impaired individuals, which could point toward a more

generic response to cognitive aging and aging in general independent

of any pathologies.

CNTN5 genetic variation in metabolic and mental

health

Rona Strawbridge, University of Glasgow; Soddy Sau Yu Leung,

University of Glasgow; Mark Bailey, University of Glasgow; Breda

Cullen, University of Glasgow; Amy Ferguson, University

of Glasgow; Nicholas Graham, University of Glasgow; Keira
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Johnston, University of Glasgow; Donald Lyall, University

of Glasgow; Laura Lyall, University of Glasgow; Claire Niedzweidz,

University of Glasgow; Robert Pearsall, University of Glasgow;

Richard Shaw, University of Glasgow; Rachana Tank, University

of Glasgow; Joey Ward, University of Glasgow; Daniel Smith,

University of Glasgow

Epidemiology has convincingly demonstrated that people suffering

from serious mental illness (SMI, such as schizophrenia, bipolar

disorder and major depressive disorder) have an excess risk of obe-

sity, diabetes and cardiovascular disease. It is unclear to what extent

the increased risk of cardiometabolic disease in people with SMI is

due to social determinants and lifestyle factors or whether there are

shared biological mechanisms connecting mental and physical illness.

The CNTN5 locus has been associated with a number of car-

diometabolic traits, as well as with SMI and suicidal behavior, and

might represent a mechanism common to mental and physical illness.

In this study we explored whether CNTN5 associations with car-

diometabolic traits overlap with, or are distinct from, the associations

with psychological traits, including suicidal behavior and to assess

trans-ancestral consistency in effects.

In the UK Biobank study (N = 129,000 to 377,000, depending

upon phenotype), significant associations (multiple testing corrected

p\ 1910-6) were observed between genetic variants in CNTN5 and

neuroticism, systolic and diastolic blood pressure, with suggestive

associations.

(p\ 1910-6) being observed with mood instability, generalized

anxiety disorder, major depressive disorder and central adiposity.

Linkage disequilibrium analysis indicates that these signals are

independent. Future analyses considering the multiple signals in this

locus could provide novel insights into behaviors relating to SMI.

The mediating impact of cognitive ability on the SES-

health gradient

Patrick O’Keefe, Vanderbilt University; Mason Garrison, Vanderbilt

University; David Bard, University of Oklahoma Health Sciences

Center; Michael Hunter, Georgia Tech; William Beasley, University

of Oklahoma Health Sciences Center;Joe Rodgers, Vanderbilt

University

The SES-health gradient involves the subtle and systematic degra-

dation of health with decreases in SES. Previous work has established

a biometrical link between socio-economic status (SES) and mid-life

health (e.g., Garrison & Rodgers 2019). Furthermore this link in the

NLSY is at least partially due to a shared genetic component common

to both SES and physical health. For mental health, the link to SES

passes mostly through a shared environmental component. Prior work

has demonstrated a link between cognitive ability and SES and has

even argued that IQ is likely the critical mediating factor (Gottfredson

2004) underlying the SES-health gradient. In this paper we use a

biometrically informed analysis to address two questions pertaining to

this past work. (1) Does cognitive ability mediate the relationship

between SES and health (which we address separately for physical

and mental health)? (2) If so, though what biometrical paths does this

mediation occur? To address these questions, we use the National

Longitudinal Survey of Youth 79 data, including measures of cog-

nitive ability (AFQT scores), SES, and health measured with a health

battery at age forty.
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A genome-wide integrative study of DNA methylation

and gene expression on later life cognitive function

focusing on intra-pair differences in monozygotic twins

Mette Sørensen Thinggaard, University of Southern Denmark;

Dominika Hozakowska-Roszkowska, University of Southern

Denmark; Marianne Nygaard, University of Southern Denmark;

Martin J. Larsen, Odense University Hospital; Veit Schwämmle,

University of Southern Denmark; Matt McGue, University

of Minnesota; Kaare Christensen, University of Southern Denmark;

Lene Christiansen, Copenhagen University Hospital; Qihua Tan,

University of Southern Denmark

Monozygotic twins are genetically identical but rarely phenotypically

identical. Epigenetic and transcriptomic variations could possibly

influence phenotypic discordance and thus give clues regarding the

biology of a given phenotype.

The aim of this study was to identify genes associated with cog-

nitive functioning in later life by performing integrated enrichment

analyses of the results of an epigenome-wide association analysis and

a transcriptome-wide association analysis of cognitive functioning in

452 middle-aged monozygotic twins (age range 56–80 years). Inte-

grated analyses were performed by an unsupervised approach using

KeyPathwayMinor, as well as by a supervised approach using the

KEGG and Reactome databases. The unsupervised approach resulted

in the identification of a network of 238 genes, including the APP and

NRF1 genes, which have previously shown association to cognitive

phenotypes, as well as novel candidate genes. The supervised

approach identified several enriched gene sets, including ‘‘neuroactive

ligand receptor interaction’’, ‘‘Neurotrophin signalling’’, ‘‘Alzhei-

mer’s disease’’’ and ‘‘long-term depression’’. Hence, this study

identified several previously reported genes and pathways related to

cognition, and additionally puts forward novel candidates for further

verification and validation.

Twin study of generalized prejudice

Denis Bratko, University of Zagreb; Ana Butkovic, University

of Zagreb; Jelena Matic Bojic, Institute for Social Research; Tena

Vukasovic Hlupic, University of Zagreb; Martina Pocrnic, University

of Zagreb

Prejudice is an unfavorable opinion or feeling toward members of

other groups prior to or not based on actual experience. Different

individuals have (or do not have) prejudice toward members of dif-

ferent groups. However, a person who is anti-homosexual is likely to

be anti-immigrant, or anti-atheist, leading to the concept of general-

ized prejudice which typically explains around 50 percent of the

variance of prejudice toward different groups. Dispositional approach

to prejudice situates individual differences in generalized prejudice

into the frame of other dispositions. In this study we examined the

relations between generalized prejudice, personality and intelligence

on the sample of 836 twins. We used measures of anti-atheist, anti-

immigrant, and anti-gay prejudices to measure generalized prejudice,

together with measure of the six factor personality model (HEX-

ACO), and intelligence. The aims were: (i) to examine the phenotypic
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relationships between prejudice, personality and intelligence; (ii) to

examine the heritability of generalized prejudice; (iii) to examine the

genetic/environmental structure of prejudices; and (iv) to examine

genetic and environmental overlap between generalized prejudice,

personality, and intelligence. Results suggest several conclusions:

(i) the generalized prejudice model is plausible both at the phenotypic

and genetic level; (ii) genetic, shared and non-shared environmental

influences contribute to individual differences in individual as well as

in generalized prejudice, (iii) phenotypic overlap between generalized

prejudice and openness is primarily due to the overlap between

genetic effects, while phenotypic overlap between crystallized intel-

ligence and generalized prejudice is due to overlap of genetic and

environmental influences.

No nonshared environmental correlation

between selectivity of old schools and income

in adulthood: selectivity of school matters,

but not causally

Shinji Yamagata, Nagoya University; Makiko Nakamuro, Keio

University; Tomohiko Inui, Gakushuin University; Takeshi

Hiromatsu, Institute of Information Security

This study examined genetic and environmental etiology in the

association between selectivity of high school one graduated from,

selectivity of college/university one graduated from, and one’s

income. Via internet survey, information on the name of old schools

(in the case of college/university, the name of department as well) and

income were obtained for pairs of 738 male MZ twins and 268 male

DZ twins (Mean age = 39.39, SD = 9.44). The information on old

schools were transformed into ‘‘deviation score’’, a unidimensional

index of schools’ selectivity (i.e., students’ standard academic ability

needed to pass each school’s entrance examination), by lists provided

by Japanese major cram schools. Univariate genetic analyses revealed

moderate genetic influences as well as large shared environmental

influences on the three variables (a2 = 0.26, c2 = 0.51 for high school,

a2 = 0.21, c2 = 0.53 for college/university, and a2 = 0.30, c2 = 0.39

for income). Multivariate genetic analyses revealed that the associa-

tion between selectivity of old schools (both high school and college/

university) and income are mediated only through genetic and shared

environmental influences, not through nonshared environmental

influences. These results suggested that the association between

selectivity of old schools and income cannot be explained by causal

effects of entering into selective schools (e.g., human capital forma-

tion or signaling), but may well be explained by genetic and shared

environmental pseudo correlation, where those with high genetic

potential and enriched family environment go to selective schools and

also acquire jobs with high income in adulthood.

The contribution of genetic and environmental factors

to the number of sport activities participated in

Sara Mäkelä, University of Helsinki; Sari Aaltonen, University

of Helsinki; Tellervo Korhonen, University of Helsinki; Karri

Silventoinen, University of Helsinki; Jaakko Kaprio, University

of Helsinki

This study aimed to estimate the correlation of the number of sport

activities participated in between adolescence and adulthood and to

what extent genetic and environmental factors account for this con-

tinuity over age.

The sample was obtained from the FinnTwin16 cohort born

1975–1979. The number of sport activities participated in was self-

reported at ages 17 (SD 0.1) (N = 5429 twin individuals, 53%

women) and 35 (SD 1.2) (N = 4246, 55% women). The mean number

of sport activities were 3.2 (SD 2.1) and 3.1 (SD 2.0), respectively.

We conducted quantitative genetic modeling at both ages to estimate

trait correlations and decompose it into genetic and unique environ-

mental components.

The trait correlations between the number of sport activities par-

ticipated in during adolescence and adulthood were moderate

(rtrait = 0.30, 95% CI 0.25–0.35) in men and (0.26, 95% CI 0.22–0.31)

in women. Based on the best-fitting bivariate AE-model, the genetic

correlations (rA) were 0.50 (95% CI 0.39–0.64) in men and 0.43 (95%

CI 0.34–0.55) in women, explaining the majority of the trait corre-

lations (93% and 85%, respectively). Unique environmental

influences were weakly correlated in both genders (rE=0.05, 95% CI

- 0.07–0.17 and 0.09, 95% CI 0.00–0.18, respectively) and explained

only 7% of the trait correlation in men and 15% in women. We show

that shared genetic influences explain most of the association

observed between the number of sport activities participated in during

adolescence and adulthood. The share of unique environmental

influences was small in both men and women.

The contribution of genetic and environmental factors

to the association between leisure-time physical activity

and academic performance: a longitudinal twin study

from early adolescence to young adulthood

Sari Aaltonen, University of Helsinki; Antti Latvala, University

of Helsinki; Aline Jelenkovic, University of Helsinki and University

of the Basque Country; Richard J. Rose, Indiana University; Urho M.

Kujala, University of Jyväskylä; Jaakko Kaprio, University

of Helsinki; Karri Silventoinen, University of Helsinki

Physical activity and academic performance are believed to be

associated. Though both traits are partially heritable, it remains

unclear whether these traits also share a genetic and/or environmental

background in common. We aimed to examine to what extent leisure-

time physical activity and academic performance share genetic and

environmental effects from early adolescence to young adulthood.

Participants were Finnish twins (2543–2693 individuals/study

wave) who reported their leisure-time physical activity at ages 12, 14,

17 and 24. Academic performance was assessed with teacher-reported

grade point averages at ages 12 and 14, and by self-reported educa-

tional levels at ages 17 and 24. Bivariate Cholesky decomposition at

each age and between different ages was performed to decompose the

trait correlations between leisure-time physical activity and academic

performance into genetic and environmental components.

The trait correlations between leisure-time physical activity and

academic performance were positive, but modest (rtrait = 0.08–0.22 in

males, 0.07–0.18 in females). Genetic correlations were higher than

the trait correlations (rA = 0.17–0.43 in males, 0.15–0.25 in females).

Common genetic influences explained 43–100% of the trait correla-

tions. Environmental influences shared by co-twins between leisure-

time physical activity and academic performance were also correlated

(rC = 0.27–0.54 in males, 0.21–0.69 in females) explaining 41–100%

of the trait correlations. Unique environmental influences were cor-

related only in females (rE=0.10–0.15).

To conclude, both common genetic background and shared family

environment partially account for the associations observed between

leisure-time physical activity and academic performance. However,

the estimates vary in magnitude by age.
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Is there a sensitive period for musical skill acquisition

during development? A genetically informative study

Laura Wesseldijk, Karolinska Institutet; Miriam Mosing, Karolinska

Institutet; Fredrik Ullèn, Karolinska Institutet

It has been suggested that there is a sensitive period in childhood for

musical expertise, during which training or environmental influences

have a particularly strong effects on musical skill acquisition. How-

ever, it remains unclear to what extent associations between age of

onset of musical training and musical expertise reflect an effect of

early experiences on expertise, as opposed to constitutional factors,

e.g.. that children who show more musical interests in early childhood

because of a genetic predisposition are more likely to be encouraged

to begin training earlier. Here, we examine the effect of age of onset

of training on musical aptitude and achievement in a sample of

Swedish professional musicians (N = 310) and a large sample of

Swedish twins (N = 7786). In both samples, an earlier age of onset

was significantly associated with higher musical aptitude and

achievement. However, when adjusting for lifetime practice hours, an

earlier age of onset was only associated with higher musical aptitude

(p\ 0.001), but not with more musical achievement (p[ 0.14).

When controlling for familial liability by applying co-twin-control

analyses in identical twin pairs, the association between age of onset

and musical aptitude diminished. Genetic (39%), shared environ-

mental (10%) and unique environmental factors (51%) all explained

variation in the age individuals start music training. The association

between age of onset and musical aptitude and achievement was fully

explained by familial factors. These findings provide little support for

a sensitive period in early childhood, but rather highlight the

importance of familial factors.

Gene-environment interplay in associations among IQ,

school achievement, parental education, and personality

trait-level alienation

Wendy Johnson, University of Edinburgh; Matt McGue, University

of Minnesota; William Iacono, University of Minnesota

School fills the lives of adolescents. Society and many parents tell

them that doing well there is important to later life success. But some

find school difficult, useless, and/or arbitrary. This could arise due to

low intelligence, poor intellectual stimulation at home, poor adapta-

tion to the school environment, and/or relatively low (or too high)

parental aspirations for offspring educational attainment. Personality

trait-level alienation (hostility, self-pity, and suspiciousness of others)

is a common reaction to long-term compulsory immersion in envi-

ronments, such as school for children and adolescents that impose

performance expectations on individuals who find them difficult to

meet and/or to whom they seem silly and/or futile. There is evidence

in the Minnesota Twin Family Study for moderation by IQ at age 17

of both genetic and shared environmental variances in the personality

trait of Alienation. There is also evidence that these in turn are

moderated by the variance common to parental educational attain-

ment and offspring IQ, GPA, and engagement in school. I will present

the relevant analyses and discuss their implications for understanding

personality development, educational attainment, and development of

occupational goals, directions, and expectations.

Implications of the smorgasbord model

Gregory Carey, University of Colorado

Lindon Eaves coined the term ‘‘smorgasbord model’’ for a theory of

developmental gene-environment covariance. As children and ado-

lescents become independent from parental control, they experience a

number of varied environmental events but return to those compatible

with their pre-existing phenotypes—much like one samples a number

of dishes at a smorgasbord but returns to those one really likes. In this

talk, I recall the major implication of this model, namely, that it

violates the fundamental ‘‘equal environments’’ assumption of the

simple twin model. Under the model, common environmental vari-

ance for a class of relatives is a function of the genetic relatedness that

class. Hence, MZ twins will have greater c2 than DZ twins or full-sibs

who will have greater c2 than half-sibs. In addition, application of a

simple ACE model may (sometimes seriously) underestimate the total

effects of the environment as well as common environmental

variance.

Sparse machine learning model and pathway analysis

reveal novel genetic associations with dyslexia

Hope Lancaster, Arizona State University; Xiaonan Liu, Arizona

State University; Valentin Dinu, Arizona State University; Jing Li,

Arizona State University

Dyslexia is a complex phenotype with deficits in word reading and

reading comprehension. Past research has identified a limited number

of candidate loci and genes for dyslexia using mostly a single gene

model. We hypothesized that a multi-gene-mechanism was relevant to

dyslexia. We used a combination of genome-wide association, sparse

machine learning model, and pathway analysis to identify novel

genetic associations with dyslexia. We analyzed behavioral and

genetic data from the Avon Longitudinal Study of Parents and

Children (Boyd et al. 2013). We screened genetic data using GWA,

curated SNP lists using our GWA results and prior knowledge, used

elastic net regression model to identify informative SNPs, and per-

formed a pathway enrichment analysis. We identified 54 risk SNPS

and 37 potentially protective SNPs. Thirty-nine of the risk SNPs were

located within 29 genes. Twenty-seven of the protective SNPs were

located with 16 genes. There were eight genes present in both the risk

and protective gene lists. Our analysis identified DLC1, RAPGEF2,

and TDP1 as novel genes associated with dyslexia case–control sta-

tus. Enrichment analysis revealed that risk genes were significantly

overrepresented in forebrain development (GO:0030900, q-value =

0.0001), while protective genes were significantly overrepresented in

dendrite development (GO:0016358, q-value = 0.0011). Both sets of

genes were significantly overrepresented for neuron migration

(GO:001764, risk q-value = 0.0002; protective q-value = 0.0008) and

nervous system development (GO:0007399, risk q-value = 0.0327;

protective q-value = 0.0435). Future studies should extend these

findings by exploring the roles of DLC1, RAPGEF2, and TDP1 in

neurodevelopmental disorders.

Understanding ‘‘what could be’’: an example

of ‘experimental behavioral genetics’

S. Alexandra Burt, Michigan State University; Kathryn Plaisance,

University of Waterloo; D. Zach Hambrick, Michigan State

University
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Behavioral genetic research has yielded many important discoveries

about the origins of human behavior, but offers little insight into how

we might improve those outcomes. We posit that this gap in our

knowledge base stems in part from the epidemiologic nature of

behavioral genetic research questions. Namely, behavioral genetic

studies focus on understanding etiology as it currently exists, rather

than etiology in environments that could exist but do not as of yet

(e.g., etiology following an intervention). Put another way, our field

focuses all but exclusively on the etiology of ‘‘what is’’ rather than

‘‘what could be’’ (Burt, Plaisance, & Hambrick, 2019). We propose a

way to overcome this field-wide methodological reality by explicitly

demonstrating how behavioral geneticists can incorporate an experi-

mental approach into their work. We will present the results of an on-

going ‘experimental behavior genetics’ study of 800 families that

embeds a randomized intervention within a twin design, evaluating

how randomized exposure to a brief mindset intervention alters the

heritability of academic achievement outcomes. Preliminary results

indicate that our brief intervention does in fact moderate the heri-

tability of some traits but not others. Implications and suggestions for

the future will be discussed.

References
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Contributions of genetic, home and school

environmental factors to language learning

among Chinese-English bilingual children

Connie Suk-Han Ho, The University of Hong Kong; Mo Zheng,

University of Hong Kong; Catherine McBride, Chinese University

of Hong Kong; Richard K. W. Choy, Chinese University of Hong

Kong

Research has shown that language and reading abilities are highly

heritable. Do genetic, home and school environmental factors make

different contributions to first (L1) and second language (L2) learn-

ing? A study with 370 pairs Chinese-English bilingual twins was

conducted to address this question. The children were administered

seven measures on language and reading and their parents were given

a questionnaire on information of SES, home and school factors.

Results of multiple regression show that SES, home Cantonese/

English speaking, school tier, and medium of instruction are signifi-

cant predictors of L1 and/or L2 abilities. These identified

environmental factors were examined in genetic mediation models

together with the genetic (A), shared environmental (C) and non-

shared environmental (E) factors. It was found that genetic factors

explained 53%, SES and home language explained 11% and school

factors explained 2% of variance in L1 Chinese abilities. For L2

English learning, genetic factors only accounted for 22% of variance.

44%, 17% and 11% were explained by shared environment, home and

school factors respectively. The present findings suggest that learning

a native and a second language is influenced by different genetic and

environmental factors. Since most children learn their mother tongue

from birth at home, both genetic and home factors (like home

resources and language environment) are crucial for L1 learning.

When children learn a second language, normally later from school,

school factors like resources, support, and medium of instruction

appear to show significant contribution. These findings have educa-

tional implications for supporting bilingual language learning.

Characterizing shared genetic risks between ADHD

and other phenotypes

Joanna Martin, Cardiff University; Isabell Brikell, Aarhus University;

Ebba Du Rietz, Karolinska Institutet; Caitlin Carey, Broad Institute;

Ben Neale, Broad Institute

Attention deficit hyperactivity disorder (ADHD) is a common child-

hood-onset condition that is more commonly diagnosed in males. It is

characterized by a very high degree of co morbidity with other neu-

rodevelopmental and psychiatric disorders. It is also associated with

poor long-term outcomes, including adverse health problems

throughout life. Emerging evidence suggests that ADHD shares

genetic risks with a large number of psychiatric, behavioral and

somatic phenotypes. This symposium will cover a variety of

approaches towards characterizing this genetic overlap to learn more

about the genetic architecture of ADHD and other phenotypes.

Investigating sex-specific effects of familial risk

for ADHD and other neurodevelopmental disorders

in the Swedish population

Joanna Martin, Cardiff University; Laura Ghirardi, Karolinska

Institutet; Qi Chen, Karolinska Institutet; Catharina Hartman,

University of Groningen; Mina Rosenqvist, Karolinska Institutet;

Mark Taylor, Karolinska Institutet; Andreas Birgegard, Karolinska

Institutet; Catarina; Almqvist, Karolinska Institutet; Paul

Lichtenstein, Karolinska Institutet; Henrik Larsson, Örebro

University

Many psychiatric disorders are associated with sex differences in

prevalence. Recent studies indicate that females diagnosed with

anxiety and depression carry more genetic risks related to attention

deficit hyperactivity disorder (ADHD), compared to affected males.

In this study, we tested whether females who have received clinical,

register-based diagnoses of anxiety, depressive, bipolar, and eating

disorders are at higher familial risk for ADHD and other neurode-

velopmental disorders (NDs), compared to diagnosed males.

We analysed data from a record-linkage of several Swedish

national registers, including 151,025 sibling pairs from 103,941

unique index individuals diagnosed with anxiety, depressive, bipolar,

or eating disorders, as well as data from 646,948 cousin pairs. We

compared the likelihood of having a relative diagnosed with ADHD

and NDs in index males and females.

Females with anxiety disorders were more likely than affected

males to have a brother diagnosed with ADHD [OR(CIs) =

1.13(1.05–1.22)]. Analyses of broader NDs suggested that ADHD

diagnoses were driving this association. No further significant asso-

ciations were found for ADHD in sisters or in individuals with

depressive, bipolar, or eating disorders, or for ADHD in cousins.

Follow-up analyses revealed similar point estimates for several cat-

egories of anxiety disorders, with the strongest effect observed for

agoraphobia [OR(CIs) = 1.64(1.12–2.39)].

These results provide modest support for the possibility that

familial/genetic risks for ADHD may show sex-specific phenotypic

expression. Alternatively, there could be sex-specific biases in diag-

noses of anxiety and ADHD. These factors could play a small role in

the observed sex differences in prevalence of ADHD and anxiety.
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The role of gene-environment interaction in the etiology

of self-control

Yayouk Willems, Vrije Universiteit Amsterdam; Catrin Finkenauer,

Utrecht University; Meike Bartels, Vrije Universiteit Amsterdam

Ill decisions and reckless behaviors due to low self-control are con-

currently and longitudinally costly, and revealing possible factors

contributing to individual differences in self-control is necessary (A.

Caspi et al. 2016, Nature Human Behavior. 1, 1–10). It is hypothe-

sized that genetically sensitivity interacts with life stressors in the

prediction of the development of low self-control, yet attempts to test

this hypothesis mostly concern candidate gene studies yielding

inconclusive results (D.M. Dick et al. 2015, Perspectives on Psy-

chological Science. 10(1), 37–59). The goal of this research is to bring
findings from large scale gene identification studies into the devel-

opmental psychology framework. Using data of a large population-

based twin sample, we aim to test whether polygenic risk scores for

self-control problems—based on the most recent ADHD GWAS (D.

Demontis et al. 2019, Nature Genetics. 51, 63–75)—predict self-

control problems in adults, and whether polygenic risk scores interact

with the presence of environmental stressors. Doing so allows us to

explore whether gene by environment interaction (polygenic risk

score (G) 9 life stressors (E)) is at play in the etiology of self-control.

Heritable and early environmental influences

on anxiety and depressive symptoms from childhood

to early adolescence: the role of pubertal timing

Tong Chen, Pennsylvania State University; Chang Liu, Pennsylvania

State University; Leslie Leve, University of Oregon; Jody Ganiban,

George Washington University; Misaki Natsuaki, University

of California, Riverside; David Reiss, Yale University; Daniel Shaw,

University of Pittsburgh; Jenae Neiderhiser, Pennsylvania State

University

Anxiety and depression are transmitted within families, although the

mechanisms of this transmission are unclear. In this study, we

examined heritable and early environmental influences on anxiety and

depressive symptoms from childhood to early adolescence using a

parent–offspring adoption design. We also examined whether

pubertal timing moderated these associations. The present study used

Cohort I (N = 361) from the Early Growth and Development Study to

examine associations among adoptive parents (APs) anxiety and

depressive symptoms, birth parents (BPs) lifetime internalizing

problems, and adopted child anxiety and depressive symptoms. AP

symptoms were assessed at child ages 9, 18, 27 months and 4.5 years,

child symptoms at ages 4.5, 8 and 11 years. Pubertal timing at ages 8

and 11 years were calculated using child self-reports. Moderating

effects of pubertal timing on heritable and environmental pathways

were tested for age 8 and 11 respectively, multi-group analysis was

used to allow for sex differences. Results indicated that AP symptoms

were associated with child symptoms at 4.5 years only, once stability

of problems was modeled. BP internalizing problems were not

associated with child symptoms. At age 8, pubertal timing moderated

the effects of BP internalizing problems on child symptoms in boys,

with earlier pubertal timing associated with increased symptoms in

boys only when BP internalizing problems were low. No moderating

effects of pubertal timing was found in girls or at age 11. Future

research will include direct measures of parenting to clarify envi-

ronmental transmission, and will examine mechanisms of pubertal

and sex influences.

Modeling Child Body Mass Index (BMI) z-scores

and Instability associated with heritable and rearing

environmental influences and child characteristics

Chang Liu, Pennsylvania State University; Jenae Neiderhiser,

Pennsylvania State University; Nilam Ram,Pennsylvania State

University; Leslie Leve, University of Oregon; Daniel Shaw,

University of Pittsburgh; David Reiss, Yale University; Misaki

Natsuaki, University of California, Riverside; Jody Ganiban, George

Washington University

Many studies assess the effects of heritable, child, and home char-

acteristics on individual differences in child BMI. Fewer studies

explore if these factors contribute to BMI stability over time. The

current study used a novel data analytic approach to examine the

contributions of children’s heritable characteristics, temperament, and

environmental factors to BMI z-score and instability across

childhood.

Participants included 561 adoption triads (adopted child; adoptive

parents, APs; birth parents, BPs) from the Early Growth and Devel-

opment Study. Child BMI was obtained via AP reports and medical

records, yielding an average of 9 BMI assessments per child spanning

ages 2 to 12 years. BP BMI, indexing heritable influences, was self-

reported 5–6 times from post-partum 5 months to 9 years. At child

age 4.5 years, APs reported on child negative emotionality and

effortful control, and rated environmental factors that may be asso-

ciated with child BMI (regulation of children’s eating via food

restriction, pressure to eat, and home chaos). Extent to which within-

person stability of sex- and age-adjusted BMI z-scores was related to

heritable, environmental, and child factors was examined using

multilevel location-scale models.

Findings indicated that greater environmental factors that disrupt

children’s self-regulation of eating (e.g., high family chaos and par-

ental control) and greater environmental sensitivity (heightened

negative emotionality) were related to higher child BMI instability

and may pose challenges to maintaining healthy weights. However,

children with better effortful control or at greater heritable risk for

high BMI show more stable BMIs, and may be less sensitive to

environmental factors.

Of mice and men in alcohol DNA methylation studies

Shaunna Clark, Michigan State University

Despite extensive anti-drinking efforts, * 8.5% of US adults are

addicted to alcohol. Many potential risk factors for alcohol addiction

have been identified including social environment, stress, mental

health, ethnic group and gender, however, the biological mechanisms

underpinning alcohol addiction remain uncertain. One potential bio-

logical mechanism is DNA methylation, an epigenetic modification

involving the addition of a methyl group to a cytosine base that can

regulate gene expression.

Mounting evidence suggests that methylation may increase our

understanding of alcohol addiction as it can capture fundamentally

different disease processes than other biological mechanisms, such as

examining genetic variation. For example, phenomena such as sen-

sitization and tolerance suggest that repeated alcohol use creates a

‘‘biological memory’’ affecting future responses to the drug. Because

drug-induced epigenetic changes can persist over time and have

lasting effects, methylation could be a potential mechanism behind

such phenomena.

Efforts to identify methylation sites that play an etiological role in

alcohol addiction have been complicated by a variety of factors

including ethical considerations, lack of experimental control over the
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subject’s environment, and inaccessibility of brain tissue. The use of

rodent models, therefore, provides a complimentary approach for

understanding the role of DNA methylation in alcohol addiction.

The overarching goal of this presentation is to examine the use-

fulness of rodent models in alcohol methylation studies and describe

how the integration of both human and rodent methylation studies can

further our understanding of alcohol addiction than either can alone.

CNTN5 genetic variation in metabolic and mental

health

Rona Strawbridge, University of Glasgow; Soddy Sau Yu Leung,

University of Glasgow; Mark Bailey, University of Glasgow; Breda

Cullen, University of Glasgow; Amy Ferguson, University

of Glasgow; Nicholas Graham, University of Glasgow; Keira

Johnston, University of Glasgow; Donald Lyall, University

of Glasgow; Laura Lyall, University of Glasgow; Claire Niedzweidz,

University of Glasgow; Robert Pearsall, University of Glasgow;

Richard Shaw, University of Glasgow; Rachana Tank, University

of Glasgow; Joey Ward, University of Glasgow; Daniel Smith,

University of Glasgow

Epidemiology has convincingly demonstrated that people suffering

from serious mental illness (SMI, such as schizophrenia, bipolar

disorder and major depressive disorder) have an excess risk of obe-

sity, diabetes and cardiovascular disease. It is unclear to what extent

the increased risk of cardiometabolic disease in people with SMI is

due to social determinants and lifestyle factors or whether there are

shared biological mechanisms connecting mental and physical illness.

The CNTN5 locus has been associated with a number of car-

diometabolic traits, as well as with SMI and suicidal behavior, and

might represent a mechanism common to mental and physical illness.

In this study we explored whether CNTN5 associations with car-

diometabolic traits overlap with, or are distinct from, the associations

with psychological traits, including suicidal behavior and to assess

trans-ancestral consistency in effects.

In the UK Biobank study (N = 129,000 to 377,000, depending

upon phenotype), significant associations (multiple testing corrected

p\ 1 9 10-6) were observed between genetic variants in CNTN5

and neuroticism, systolic and diastolic blood pressure, with suggestive

associations (p\ 1 9 10-6) being observed with mood instability,

generalized anxiety disorder, major depressive disorder and central

adiposity. Linkage disequilibrium analysis indicates that these signals

are independent. Future analyses considering the multiple signals in

this locus could provide novel insights into behaviors relating to SMI.

The use of genetically informed designs to investigate

environmental risk factors for psychopathology

Jessie Baldwin, University College London

Mental health problems affect the majority of the population in their

lifetime, and are associated with disability, reduced life expectancy

and high economic costs. Understanding the environmental causes of

mental health problems is key to designing effective interventions to

prevent mental health problems. However, identifying ‘true’ envi-

ronmental risk factors can be challenging as an individual’s exposure

to environments is correlated with their genotype (i.e., gene-envi-

ronment correlation). Furthermore, the effects of environmental

exposures may depend on an individual’s genotype (i.e., gene-envi-

ronment interaction). Genetically informative methods can address

these challenges by enabling environmental effects to be disentangled

from genetic influences.

Cyber-bullying and mental health in young people:

a co-twin control study

Jessie Baldwin, University College London; Tabea Schoeler,

University College London; Jean-Baptiste Pingault, University

College London

Background: The rise of accessible technology and advent of social

media has led to the emergence of cyber-bullying, which is reported

by a third of young people worldwide. However, little is known about

the impact of cyber-bullying on mental health.

Aim: To examine the direct contribution of cyber-bullying to mental

health problems in young people, using the co-twin control design to

strengthen causal inference.

Methods: Participants were 8264 British twins born in 1994–1996

and followed across development to age 21 as part of the Twins Early

Development Study (TEDS). Cyber-bullying in the past year was self-

reported at age 21 on the Multi-Dimensional Peer Victimization scale.

Mental health problems (anxiety, depression, eating disorders, con-

duct disorder, attention-deficit hyperactivity disorder [ADHD], and

psychotic experiences) were assessed through self- and parent-re-

ported questionnaires at age 21. Covariates included co-occurring

traditional bullying and prior mental health problems (assessed at age

16).

Results: Cyber-bullying was significantly associated with all mental

health problems at age 21 (standardized betas (bs) ranging from 0.08

[ADHD] to 0.38 [psychotic experiences]), although these associations

were attenuated by co-occurring traditional bullying (ad-

justed bs = 0.04–0.23). In monozygotic co-twin control analyses

controlling for traditional bullying and prior mental health, cyber-

bullying had small direct associations with anxiety, depression, con-

duct problems, and psychotic experiences (bs = 0.05–0.13) but not

ADHD or eating disorders.

Discussion: Cyber-bullying has small direct contributions to anxiety,

depression, conduct problems and psychotic experiences in young

people. As well as programs targeting both cyber- and traditional

bullying, interventions addressing pre-existing vulnerabilities in

cyber-victimized youth may be beneficial.

Genetic and environmental influences on different

forms of bullying perpetration, bullying victimization,

and their co-occurrence

Sabine Veldkamp, Vrije Universiteit Amsterdam; Dorret Boomsma,

Vrije Universiteit Amsterdam; Eveline de Zeeuw, Vrije Universiteit

Amsterdam; Toos van Beijsterveldt, Vrije Universteit Amsterdam;

Meike Bartels, Vrije Universiteit Amsterdam; Conor Dolan, Vrije

Universiteit Amsterdam; Elsje van Bergen, Vrije Universiteit

Amsterdam

Bullying comes in different forms, yet most previous genetically-

sensitive studies have not distinguished between them. Given the

serious consequences and the high prevalence, it is remarkable that

the etiology of bullying and its different forms has been under-re-

searched. We present the first study to investigate the genetic

architecture of bullying perpetration, bullying victimization, and their

co-occurrence for verbal, physical and relational bullying. Primary-

school teachers rated 8215 twin children on bullying. For each form

of bullying, we investigated, through genetic structural equation
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modeling, the genetic and environmental influences on being a bully,

a victim or both. 34% of the children was involved as bully, victim, or

both. The correlation between being a bully and being a victim varied

from 0.59 (relational) to 0.85 (physical). Heritability was * 70% for

perpetration and * 65% for victimization, similar in girls and boys,

yet both were somewhat lower for the relational form. Shared envi-

ronmental influences were modest and more pronounced among girls.

The correlation between being a bully and being a victim was

explained mostly by genetic factors for verbal (* 71%) and espe-

cially physical (* 77%) and mostly by environmental factors for

relational perpetration and victimization (* 60%). Genes play a large

role in explaining which children are at high risk of being a victim,

bully, or both. For victimization this suggests an evocative gene-

environment correlation: some children are at risk of being exposed to

bullying, partly due to genetically influenced traits. So, genetic

influences make some children more vulnerable to become a bully,

victim or both.

Common genetic and shared environmental confounds

in the association between life events and dementia

Alice Kim, Department of Psychology, University of Southern

California, Los Angeles, California; Elizabeth Munoz, University

of California Riverside, Department of Psychology; Christopher

Beam, Department of Psychology, University of Southern California,

Los Angeles, California

Negative life events correlate with dementia risk. Life events index

stress but also encompass other modifiable risk factors related to

social engagement, socioeconomic conditions, and physical health

considered to raise dementia risk. It is unclear whether common

genetic and shared environmental confounds account for the corre-

lation between negative life events and dementia risk. We

investigated whether there was evidence for an effect of life events on

dementia after adjusting for these confounds in the Swedish Adop-

tion/Twin Study of Aging (SATSA).

We analyzed 885 same-sex twin families (C 50 years) from the

first three waves of SATSA using six life event domains constructed

from exploratory and confirmatory factor analysis of variables mea-

suring ever-occurrence of life events (multidomain loss, negative filial

events, self-illness, family strife, negative spousal events, positive life

events). Dementia onset occurred after wave 3 (15.06% diagnosed).

The total phenotypic effect of life events on dementia and biometric

regression models of MZ/DZ twins for life events and dementia were

then examined. rA, rC, rE were estimated from the best-fitting models.

The phenotypic effect of life events on dementia could only be

detected for two life events, multidomain loss and negative spousal

events. Social selection factors likely play a role in the association

between these life events and dementia (multidomain loss—rCE;

negative spousal events—rGE). No significant within-family effect of

these life events on dementia were found, which suggests limited

evidence of a quasi-causal effect of life events on dementia.

Objectively measured leisure time physical activity

in the Finnish twins

Katja Waller, Sport and Health Sciences, University of Jyväskylä;

Teemu Palviainen, Institute for Molecular Medicine Finland; Henri

Vähä-Ypyä, The UKK Institute for Health Promotion Research,

Tampere; Noora Lindgren, Turku PET Centre, University of Turku,

Turku; Juha Rinne, Clinical Neurosciences, Turku University

Hospital; Jaakko Kaprio, University of Helsinki; Harri Sievänen, The

UKK Institute for Health Promotion Research, Tampere; Urho M.

Kujala, University of Jyväskylä

Introduction: Moderate-to-vigorous physical activity (MVPA) at old

age is an important indicator of good health and functional capacity

enabling independent living. This study aimed to investigate different

aspects of objectively measured MVPA.

Materials and Methods: This prospective Finnish twin study included

all available same-sex twin pairs born 1940–1944. Participants had

responded to questionnaires with extensive health-related items in

1975, 1981 and 1990. Altogether 787 individuals, 404 women, (283

complete pairs; 119 monozygotic (MZ) pairs, mean age 72.9 years)

wore a hip triaxial accelerometer for at least 4 days in 2014–2016.

This study presents longitudinal and cross-sectional results between

questionnaire data and objectively measured physical activity.

Results: High baseline mean MET (LT-mMET) index predicted

higher amounts of MVPA (increase in regression model R2 6.9% after

age- and sex-adjustment, p\ 0.001) at follow-up among individuals.

Self-reported fitness at follow-up explained moderately the variation

in measured MVPA (age and sex adjusted R2 20%). MZ pairs were

more similar (r = 0.57; 95% CI 0.44, 0.68) in objectively measured

MVPA at follow-up compared to DZ pairs (r = 0.28; 0.13, 0.43).

Using mediation analysis, we show that shared genetic factors

account for large share of the associations between midlife and later

physical activity variables (rG = 0.59; 0.44, 0.79). Some GWAS

results for objectively measured PA will also be presented.

Conclusions: Low leisure-time physical activity at younger age pre-

dicted low MVPA decades later. However, based on pairwise

analyses, genetic factors underlying midlife physical activity seem to

be important determinants of later life MVPA.

Deconstructing the association between socio-economic

indices and political and civil participation

in adolescents and young adults: a twin family study

Alexandra Zapko-Willmes, University of Bremen

Political and civil participation have been reliably found to be asso-

ciated with socio-economic status and related variables, most strongly

with educational attainment. Researchers have often merged hetero-

geneous forms of political and civil behaviors into composite scores.

In this study, we investigate the association between different forms

of political and civil participation and different forms of socio-eco-

nomic resources in order to gain a more fine-grained insight.

Following Ekman and Amnå’s typology, we differentiate between

formal political participation, activism, and civic engagement. As

socio-economic indices, we consider educational attainment and net

equivalent household income. We look at genetic and environmental

contributions to these associations and test for moderating effects of

cognitive abilities. We analyze cross-sectional data on two cohorts,

aged 17 and 23, from TwinLife, a German twin family study aimed at

shedding light on the development of social inequality. Implications

of the findings and of such differentiated approaches for political

psychology in general will be discussed.

Identifying novel types of irritability using

a developmental genetic approach

Lucy Riglin, Cardiff University; Olga Eyre, Cardiff University; Ajay

K Thapar, Cardiff University; Argyris Stringaris, National Institute

of Mental Health; Ellen Leibenluft, National Institute of Mental

Health; Daniel Pine, National Institute of Mental Health; Kate Tilling,
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University of Bristol; George Davey Smith, University of Bristol;

Michael C O’Donovan, Cardiff University; Anita Thapar, Cardiff

University

Irritability is a common reason for referral to services, strongly

associated with impairment and negative outcomes, but is a noso-

logical and treatment challenge. A major issue is how irritability

should be conceptualized. This study used a developmental approach

to test the hypothesis that there are several forms of irritability,

including a ‘neurodevelopmental/ADHD-like’ type with onset in

childhood and a ‘depression/mood’ type with onset in adolescence.

We analysed data from the Avon Longitudinal Study of Parents and

Children, a prospective UK population-based cohort. Irritability tra-

jectory-classes were estimated for 7924 individuals with data at

multiple time-points across childhood and adolescence (4 possible

time-points from approximately ages 7 to 15 years). Psychiatric

diagnoses were assessed at approximately ages 7 and 15 years. Psy-

chiatric genetic risk was indexed by polygenic risk scores (PRS) for

attention-deficit/hyperactivity disorder (ADHD) and depression

derived using large genome-wide association study results. Five

irritability trajectory classes were identified: low (81.2%), decreasing

(5.6%), increasing (5.5%), late-childhood limited (5.2%) and high-

persistent (2.4%). The early-onset, high-persistent trajectory was

associated with male preponderance, childhood ADHD (OR = 108.64

(57.45–204.41), p\ 0.001) and ADHD PRS (OR = 1.31 (1.09–1.58),

p = 0.005); the adolescent-onset, increasing trajectory was associated

with female preponderance, adolescent depression (OR = 5.14

(2.47–10.73), p\ 0.001) and depression PRS (OR = 1.20,

(1.05–1.38), p = 0.009). Both trajectory classes were associated with

adolescent depression diagnosis and ADHD PRS. Results suggest that

the developmental context of irritability may be important in its

conceptualization: early-onset persistent irritability maybe more

‘neurodevelopmental/ADHD-like’ and later-onset irritability more

‘depression/mood-like’. This has implications for treatment as well as

nosology.

DNA methylation and change in late-life cognitive

abilities

Ida Karlsson, Jönköping University, School of Health and Welfare;

Malin Ericsson, Karolinska Institutet, Department of Medical

Epidemiology and Biostatistics; Yunzhang Wang, Karolinska

Institutet, Department of Medical Epidemiology and Biostatistics;

Juulia Jylhävä, Karolinska Institutet, Department of Medical

Epidemiology and Biostatistics; Sara Hägg, Karolinska Institutet,

Department of Medical Epidemiology and Biostatistics; Anna Dahl

Aslan, Jönköping University, School of Health and Welfare; Chandra

Reynolds, University of California Riverside, Department

of Psychology; Nancy L Pedersen, Karolinska Institutet, Department

of Medical Epidemiology and Biostatistics

Epigenetic mechanisms are major players in the aging process and

may be involved in late-life changes in cognitive abilities.

Using data from 535 individuals in the Swedish Adoption/Twin

Study of Aging (SATSA), we studied associations between whole

blood leukocyte DNA methylation and longitudinal change in cog-

nitive abilities spanning up to 25 years. Methylation levels were

measured with the Infinium Human Methylation 450 K or Infinium

MethylationEpic array, and all sites passing quality control on both

arrays were selected for analysis (n = 250,816). Empirical Bayes

estimates of intercept (age 65), linear and quadratic change in cog-

nitive domains were obtained from latent growth curve models and

then used as outcomes in linear regression models. To study the

associations within twin pairs, between-within models were applied.

We identified significant associations (p\ 2.4 9 10-7) between

baseline DNA methylation and cognition at three CpG sites:

cg04767932 (RPS13) with general cognition and processing speed at

age 65, cg18064256 (PPP1R13L) with processing speed and spatial

ability at age 65, and cg08068101 (SNX6) with linear change in

processing speed. No associations were identified for memory or

verbal ability. When comparing within twin pairs, all associations

were substantially attenuated, except cg08068101 where the associ-

ation with processing speed remained comparable to the full sample.

In conclusion, we identified associations between leukocyte DNA

methylation and late-life level or change in cognitive abilities. For

two sites, associations were substantially attenuated in within pair

analyses, indicating they are partly driven by genetic factors. For the

third site, the association remained comparable, indicating it is

environmentally driven.

Intergenerational associations between maternal

internalizing and offspring temperament during early

childhood

Yasmin Ahmadzadeh, King’s College London; Espen Moen

Eilertsen, Norwegian Institute of Public Health; Laurie Hannigan, Nic

Waals Institute & University of Bristol; Line Gjerde, Norwegian

Institute of Public Health; Rosa Cheesman, King’s College London;

Eivind Ystrom, Norwegian Institute of Public Health; Tom

McAdams, King’s College London

Children of parents experiencing symptoms of anxiety and/or

depression are at increased risk for developing a range of emotional

and behavioral problems. The nature of the environmental and genetic

factors that underpin this intergenerational risk are little understood.

Here we examine associations between mothers’ internalizing

symptoms and offspring temperament during early childhood, using a

measure of child emotionality, shyness, sociability and activity. We

use longitudinal data from a subsample of families participating in the

Norwegian Mother and Child Cohort Study (MoBa). We extract data

on * 27,000 families linked by differentially related adult siblings in

the parent generation. Data on multiple children per family were

included, with mother and child data collected at child ages 1.5, 3 and

5 years. Of the four studied facets of offspring temperament, we find

that maternal internalizing was only associated (r[ 0.1) with off-

spring emotionality at each child age. Using an extended children-of-

twins/sibling design, we show that approximately half of the mother–

child association at each time point is accounted for by shared genetic

factors. Next, we construct latent growth models for maternal inter-

nalizing and offspring emotionality across the three time points, to

parameterize the level of change in each trait using latent intercept

and linear slope factors. We use the extended children-of-twins/sib-

ling design to decompose covariance between parent and child

intercept and slope factors. Results are important for building our

understanding of the risk posed by maternal internalizing symptoms

on offspring development during early childhood.

Parental substance misuse and children’s entry

to parenthood: a genetically informed study

Venla Berg, Institute for Molecular Medicine Finland, University

of Helsinki; Ralf Kuja-Halkola, Karolinska Institutet; Paul

Lichtenstein, Karolinska Institutet; Antti Latvala, University

of Helsinki

Behav Genet (2019) 49:487–557 503

123



Parents with substance misuse provide their children with a poten-

tially hazardous rearing environment, characterized by instability,

material deprivation, and even neglect and abuse. The evolutionary

life history theory states that such an environment should cause

children to calibrate their behavior towards a faster reproductive

strategy, including earlier start of reproduction. Even though findings

linking precarious childhood environments and faster reproductive

strategy are abundant, the causality of these associations remains

unclear. Parents providing their children with hazardous environ-

ments are also more likely to pass on genes that increase the

likelihood of fast life history behaviors, such as a genetic propensity

to impulsivity. With register data on all Swedish children born in

1973–1993 (N = 2,176,152), we show that children of mothers and

fathers with substance misuse enter parenthood earlier compared to

children with no parental substance misuse (HR = 1.85, 95% CI

1.81–1.88 and HR = 1.70, 1.68–1.72, respectively). Then, by using a

children-of-siblings-design in three different types of parental sibling

pairs (half-siblings, full siblings and monozygotic twins), which

increasingly control for genetic confounding, we show that the

associations between parental substance misuse and offspring’s age at

first reproduction are gradually attenuated. This pattern suggests that

the association between parental substance misuse and children’s

earlier reproduction is at least partly accounted by shared genetic

liability, and may not result from a causal calibration mechanism.

Diabetes and cognitive aging: the role of social

and genetic predictors

Justin Vinneau, University of Colorado Boulder; Ryan Milstead,

University of Colorado Boulder; Brooke Huibregtse, University

of Colorado Boulder; Thomas Laidley, Institute of Behavioral

Science, University of Colorado Boulder; Jason Boardman,

University of Colorado Boulder

Cognitive decline is a normal process associated with aging and is

known to be an essential contributor to quality of life and general

health in late adulthood. Although the mechanisms are not fully

understood, research in the fields of neurology and medicine have

identified a negative association between diabetes and cognitive

function in older adults. The aim of our manuscript are twofold: first,

we examine the relationship between diabetes and cognitive decline

in a sample of older adults. To better understand this relationship

through a social lens, we include controls for gender, educational

attainment, poverty, physical activity, and others. Second, we inves-

tigate whether or not the polygenic risk score (PRS) for type 2

diabetes is able to predict cognitive decline above and beyond a

diagnosis of diabetes. To address these goals, conduct multilevel

mixed-effects linear regression in a sample of Americans aged 50 and

older from the Health and Retirement Survey (HRS). Preliminary

findings suggest that there is a negative correlation between a diag-

nosis of diabetes and cognitive decline. Diabetic respondents

experience both lower cognitive scores at first contact and steeper

decline across time. These effects are still seen after controlling for

gender, educational attainment, poverty status, and body mass index.

Additionally, we find that the PRS for type 2 diabetes is not predictive

of cognitive decline in this sample, suggesting that polygenic risk for

diabetes is not associated with cognitive decline in older adults.

Association of genetic risk factors for eating disorders

and eating disorder traits: evidence for a dimensional

model of eating disorders from a Swedish twin sample

Lisa Dinkler, University of Gothenburg; Mark Taylor, Karolinska

Institutet; Nouchine Hadjikhani, Harvard Medical School; Maria

Råstam, Lund University; Paul Lichtenstein, Karolinska Institutet;

Christopher Gillberg, University of Gothenburg; Sebastian

Lundström, University of Gothenburg

Background: Accumulating evidence suggests that many psychiatric

disorders are the extreme end of dimensionally distributed traits rather

than etiologically distinct disorders. Whether this also applies to

eating disorders (EDs) is unknown. This study aims to investigate the

genetic links between the continuous distribution and the extremes of

ED traits/EDs in a large-scale twin population.

Method: 13,360 twins from the Child and Adolescent Twin Study in

Sweden reported ED traits at ages 15 and 18 with the Eating Disorder

Inventory-2. Individuals with ED were identified through diagnoses in

the National Patient Register, parent-reported ED treatment and/or

self-reported repeated purging behavior. Using DeFries-Fulker

extremes analysis, we investigated whether there is similar etiology of

ED traits in the whole distribution and in different percentile-based

extreme groups. In a bivariate twin model, we estimated the genetic

correlation between continuous ED traits and ED.

Results: Group heritability estimates in the extremes analysis were

consistent over the different extreme groups and similar to the heri-

tability estimates in the full sample, indicating a substantial genetic

link between the continuous distribution and the extremes of ED

traits. In the bivariate twin model, the genetic correlation between ED

traits and ED was estimated at 0.47–0.59, and the non-shared envi-

ronmental correlation at 0.42–0.56.

Conclusion: Our findings strongly suggest that EDs etiologically are

the extreme manifestation of continuous traits. This justifies studying

ED traits in the general population in genome-wide association

studies, in order to improve statistical power for identifying genetic

variants, which could help accelerating genetic findings for EDs

significantly.

Determining the contributions of stress

and inflammation to child health: harnessing

the complementary strengths of fish models and human

subjects research

Hannah Tavalire, University of Oregon; William Cresko, University

of Oregon; Leslie Leve, University of Oregon

Epidemiological studies and clinical trials using human subjects are

among the gold standards for behavioral research. However, manip-

ulations necessary to understand the mechanistic basis for changes in

behavioral health are often unethical or not feasible in human popu-

lations. Manipulative studies in model organisms, especially when

considered in parallel with human cohort studies, provide a powerful

approach to determining the biological underpinnings of shifts in

behavioral health. Here we present a research plan using an estab-

lished behavioral model fish species in combination with work in a

human adoption cohort to determine the impact of stress and

inflammation on the gut microbiome and overall child health. The

three spine stickleback (Gasterosteus aculeatus) is a genetically

diverse model organism with a rich history as an ethological model in

stress research that has rapidly been transformed into a developmental

genetic model over the last decade. We propose to expose genetically

diverse families of fish to different stressors and measure the
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transgenerational effects of environmental stress on fish health and

the gut microbiome. In parallel, we will utilize the natural partial

cross-fostering design of a human parent–child adoption study to

characterize the interplay of stress, inflammation, and the gut

microbiome in adolescents and examine how these physiological

processes affect overall physical and behavioral health. Together,

these two approaches allow us to not only describe associations

between stress, inflammation, and gut health, but also make stronger

conclusions regarding causality of disruptions in behavioral and

physical health.

Modeling Genomic heterogeneity in cross-disorder risk

for psychopathology using partitioned genomic

structural equation modeling

Andrew Grotzinger, University of Texas at Austin; Jordan Smoller,

Harvard Medical School; Phil Lee, Harvard Medical School; Michel

Nivard, Vrije Universiteit Amsterdam; Elliot Tucker-Drob,

University of Texas at Austin

Genetic risk for psychiatric disease is shared across a wide variety of

disorders (Lee et al. 2019). However, genetic overlap across traits is

likely to be heterogeneous across the genome, with certain categories

of genes (e.g., genes expressed in the prefrontal cortex) plausibly

conferring disproportionate cross-disorder risk. Using GWAS sum-

mary statistics, partitioned LD score regression (Finnucane et al.

2015) can currently be used to determine whether heritability is

enriched within certain categories of genes expressed in particular

cell-types (e.g., hippocampal cells), tissue-types (e.g., central nervous

system), or developmental epochs (e.g., genes highly expressed dur-

ing prenatal development). When this method is expanded to allow

for estimation of genetic covariance within genomic partitions,

Genomic SEM (Grotzinger et al. in press) can be used to model the

multivariate genetic architecture of traits within multiple, biologically

meaningful categories. Here, we introduce partitioned Genomic SEM

and report results of a novel application to over a dozen psychiatric

disease traits. These results elucidate gene sets that disproportionally

confer cross-disorder risk, thereby providing key insights into the

biological underpinnings of high levels of psychiatric co-morbidity.

References
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Differences in pubertal status in genetic

and environmental influences on social support

and depression among Japanese adolescents

Mami Tanaka, Chiba University; Yusuke Takahashi, Kyoto

University; Masumi Sugawara, Ochanomizu University

Social supports, such as parents, teachers, and family, are key factors

in helping children and adolescents avoid depression (Gariepy et al.

2016). Correlation between social support and incidence of

depression may be accounted for by overlapping genetic and envi-

ronmental influences in late adolescence (Wang et al. 2017).

However, differences in the effects of genetic and environmental

influences before and after the onset of puberty are poorly understood.

This study aims to examine etiological differences in relationships

between sources of social support and depression at onset of puberty,

controlling for age and sex of the participants. A total of 401 set of

twins ranging in age from 9 to 18 were enrolled. The results of a

correlated factor model revealed that genetic effects appeared to be

more important after the onset of puberty than before the onset of

puberty. Before the onset of puberty, the phenotypic correlations

(r = - 0.41 to - 0.35, p\ 0.001) between sources of social support

and depression were explained by shared common and unique envi-

ronmental factors and were not explained by genetic factors. In

contrast, the phenotypic correlations (r = - 0.43 to - 0.26,

p\ 0.001) between sources of social support and depression after the

onset of puberty were explained by shared genetic factors (rg = -

0.86 to - 0.45, which explains 64%–81% of covariance) and unique

environmental factors. These results suggest that individual differ-

ences in adolescence need to be examined, taking into account an

individual’s status with respect to the onset of puberty rather than just

chronological age.

Genetic associations of borderline personality features

with psychiatric and behavioral traits

Lucı́a Colodro-Conde, QIMR Berghofer Medical Research Institute;

Najaf Amin, Erasmus University Rotterdam; Quinta Helmer, Vrije

Universiteit Amsterdam; Jouke-Jan Hottenga, Vrije Universiteit

Amsterdam; Ian Gizer, University of Missouri; Fabian Streit,

University of Mannheim; Timothy Trull, University of Missouri;

Cornelia van Duijn, Erasmus University Rotterdam; Gitta Lubke,

University of Notre Dame; Marcella Rietschel, University

of Mannheim; Nicholas Martin, QIMR Berghofer Medical Research

Institute; Dorret Boomsma, Vrije Universiteit Amsterdam; Sarah

Medland, QIMR Berghofer Medical Research Institute

Borderline personality features (affective instability, identity distur-

bance, negative relationships and self-harm) are present at different

degrees in non-clinical populations. Borderline features have shown a

heritability of * 42%. Borderline personality disorder have shown

shared genetic variance with schizophrenia, bipolar disorder, and

major depressive disorder. Using the results of a GWAS meta-anal-

ysis for a total of 17,969 individuals, we investigated the genetic

correlations of borderline personality features with schizophrenia,

bipolar disorder, major depressive disorder, and other selected psy-

chological and psychiatric traits.

The GWAS meta-analysis was conducted on the continuous scores

of the Borderline Features Scale of the Personality Assessment

Inventory (PAI-BOR, Morey 1991), which did not detect genome-

wide significant hits. The genetic correlations we estimated using LD

score regression.

Borderline personality features showed a genetic correlation of

0.81 (SE 0.36, p value 0.03) with borderline personality disorder. I

also showed positive genetic correlations with neuroticism, mood

instability, autism spectrum disorder, insomnia, and major depressive

disorder; and negative correlations with subjective well-being. No

significant genetic correlations were observed with schizophrenia or

bipolar disorder.

The use of the PAI-BOR to increase our understanding of the

etiology of borderline personality seems appropriate and present some

advantages (e.g., use in community samples, continuous measure).
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A novel outlook on the conceptualization of behavioral

traits: How the field of behavior genetics can benefit

from the network approach

Inga Schwabe, Tilburg University

In every behavior genetics study, we need to specify an underlying

(psychometric) model in order to operationalize the behavioral trait of

interest. Traditionally, a reflective model is adopted, assuming that

the responses on the indicators (e.g., symptoms of a mental disorder)

are the result of an individual’s position on an underlying latent

variable. For example, when assessing a mental disorder, the latent

trait reflects an individual’s vulnerability for (a number of) internal-

izing symptoms, which are interchangeable indicators of the same

underlying condition.

Several recent papers have argued that this conceptualization may

be too simplistic. Traits (e.g., a mental disorder) may not result from

one central cause (e.g., a dysfunction that causes that mental disor-

der), but from a complex interaction between the indicators (e.g.,

symptoms of a mental disorder) which constitute a network of

symptoms and other psychological, biological, and sociological

components.

Adopting the network approach allows for a novel outlook on the

investigation of the relationship(s) between genes(s) and trait(s) and

can help move the field of behavior genetics forward in many dif-

ferent ways. For example, including the polygenic risk score (PRS) as

a variable in the symptom network of one or more mental dis-

eases (see Isvoranu, 2019) generates realistic hypotheses about

pathways to co morbidity but also allows for novel parameterizations

of gene-environment interactions.

In this talk, I will outline potential benefits of the network

approach when applied to common behavior genetics research designs

(e.g., twin designs, PRS, genomic SEM), followed by an empirical

example based on UKBB data.

The molecular basis of the genetic stability

across reading from ages 5 to 15 years

Sara Mascheretti, Scientific Institute, IRCCS Eugenio Medea; Diego

Forni, Scientific Institute, IRCCS Eugenio Medea; Michel Boivin,

Laval University; Jean-Philippe Gouin, Concordia University; Mara

Brendgen, Quebec University in Montreal; Frank Vitaro, Montreal

University; Cecilia Marino, University of Toronto; Ginette Dionne,

Laval University

Reading skills are increasingly stable and heritable from the pre-

school to the high-school years. To investigate the molecular basis of

this genetic stability, we tested association between SNPs included in

the Infinium PsychArray chip and an average score of reading skills

evaluated at 8 time-points from ages 5 to 15 years in a sample of 473

twins (154 MZ and 319 DZ) from the Québec Newborn Twin Study.

Association analyses were conducted using the –qfam function

and an adaptive permutation procedure (–aperm) implemented in

PLINK v1.9 (https://www.cog-genomics.org/plink2/; Chang et al.

2015, https://doi.org/10.1186/s13742-015-0047-8). Moreover, a

pathway/network-based association analysis within neurobiological

pathways that are prominent in prior literature on reading (i.e., cilium,

neurite outgrowth, axon guidance, neuronal migration, estrogen

receptor) was run with INRICH v1.0 (

http://atgu.mgh.harvard.edu/inrich/started.html; Lee et al. 2012,

https://doi.org/10.1093/bioinformatics/bts191). The average score

included letter knowledge at age 5, reading skills at 6, 7 and 8, teacher

reports of reading achievement at 9, 10 and 12, and reading ability at

15.

We identified a trend toward suggestive association at the SNP

rs436898 (empirical p = 0.0000051), located in an intergenic region

nearby a transmembrane protein, i.e., TMEM30A. Rs436898 regulates

TMEM30A gene expression in the cerebellum. Moreover, the asso-

ciation with the axon guidance-related pathway—a function linked to

the previously identified candidate genes in reading disability-ap-

proached significance (p = 0.076).

These findings provide the first evidence about the molecular basis

of the genetic stability of reading skills across time and will form an

important part of ongoing efforts to identify genes contributing to

reading (dis)abilities.

Does maternal stress during pregnancy predict child

emotional and behavioral problems? Accounting

for rGE and exploring GxE

Tom McAdams, King’s College London; Laurie Hannigan,

University of Bristol; Espen Moen Eilertsen, Norwegian Institute

of Public Health; Line Gjerde, Norwegian Institute of Public Health;

Eivind Ystrom, Norwegian Institute of Public Health

It has been suggested that maternal stress during pregnancy has a

direct impact upon the developing fetus, leading to a range of out-

comes including emotional and behavioral problems in childhood.

This idea has been termed the ‘‘fetal programming hypothesis’’.

While this hypothesis has been gaining traction within the literature,

most studies in humans do not control for the genetic relatedness

between mother and child, so associations between measures of

maternal stress during pregnancy and child outcomes may be at least

partially attributable to genetic confounding.

Using data from * 30,000 mothers and their children, we use a

multiple-children-of-twins-and-siblings design to assess whether

associations between maternal stress during pregnancy and childhood

emotional and behavioral problems persist after accounting for

mother–child relatedness. Further, we examine whether the nature of

associations (i.e., the proportion of the association attributable to

genetic vs. environmental effects) differs with severity of maternal

stress.

Preliminary results do not support the notion that maternal stress

during pregnancy has a main effect on childhood emotional or

behavioral problems in offspring after accounting for genetic relat-

edness. Incorporating moderation terms into the models suggest that

this lack of an association between maternal stress during pregnancy

and child outcomes (after accounting for relatedness) remains true

regardless of the severity of maternal stress.

Our results do not support the notion that maternal stress during

pregnancy ‘‘programs’’ the fetus in such a way that increases the risk

of childhood emotional or behavioral problems. Results will be dis-

cussed in the context of the wider literature.

The role of non-shared environment in overweight

and eating behavior variability: insights

from a multivariate twin study

Moritz Herle, University College London; José J. Morosoli, QIMR

Berghofer Medical Research Institute; Juan J Madrid-Valero,

University of Murcia; Lucı́a Colodro-Conde, QIMR Berghofer

Medical Research Institute; Juan Ordoñana, University of Murcia
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Background: Obesity remains one of the greatest global health

challenges. Twin and molecular studies have confirmed the genetic

basis of BMI; however, genetics cannot explain the rapid rise of

obesity rates over the past decades. Eating behaviors (EB) have been

stipulated to be the behavioral expression of genetic risk in an obe-

sogenic environment. In this study, we aimed to decompose variation

and covariation between three key EBs and their association with

BMI in a population-based sample with a high overweight prevalence.

Methods: Analysed data came from the Murcia Twin Registry

(Spain), from which a sample of adult same-sex female twins born

1940–1966 (181 MZ pairs, 171 DZ pairs) were selected. Phenotypes

included were an objectively measured BMI, and emotional eating,

uncontrolled eating and cognitive restraint, measured with the Three

Factor Eating Questionnaire. A multivariate ACE twin model was

fitted to decompose their variance and covariance.

Results: All EBs were associated with BMI (range r = 0.19–0.20).

Variation in EBs was driven by non-shared environmental factors

(56–65%), whereas the remainder was explained by familiar factors.

BMI was moderately heritable (43%). Etiological correlations implied

common non-shared environmental factors underlying the covariation

between some of the phenotypes: Emotional eating–uncontrolled

eating; rE = 0.54 (95% CI 0.43, 0.64); BMI–Cognitive restrained;

rE = 0.15 (95% CI 0.01, 0.28).

Conclusions: Results indicate that individual differences in EBs are

mostly explained by non-shared environment, which account for

some of the phenotypic correlations between the EBs and BMI. These

results support the notion that EBs are viable intervention targets to

help individuals keep a healthy weight.

A repository of polygenic scores

Aysu Okbay, Vrije Universiteit Amsterdam; Joel Becker, National

Bureau of Economic Research; Daniel Benjamin, University

of Southern California; Casper A.P. Burik, Vrije Universiteit

Amsterdam; David Cesarini, New York University; Patrick Turley,

Broad Institute

An important output of genome-wide association studies are summary

statistics from which it is possible to construct polygenic scores

(PGS): indices of SNPs that aggregate their explanatory power. In the

coming years, it is likely that the number of traits for which we can

construct accurate PGSs will increase substantially. However,

researchers who wish to use PGSs in their research continue to face a

number of obstacles: (i) there are restrictions on the summary

statistics that can be made publicly available and as a result, PGSs

based on publicly available summary statistics are often less predic-

tive than PGSs that could be constructed in principle (ii) from public

summary statistics, it requires some effort to construct PGSs (espe-

cially for researchers doing this for the first time or researchers who

wish to apply sophisticated methodologies), (iii) publicly available

summary statistics may not be based on analyses of samples that are

fully independent of the cohort for which the investigator wishes to

construct PGSs, and (iv) because different researchers construct PGSs

using different methodologies, it is hard to compare and interpret

results from different studies. In this project, we construct PGSs for a

range of traits in several datasets using a uniform methodology, and

make the scores publicly available via mechanisms agreed upon with

the cohort representatives. Since PGSs themselves are not SNP-level

summary statistics, they can be disseminated more easily than the

weights. Directly sharing the PGSs may also contribute to progress by

reducing barriers to entry for researchers interested in working with

PGSs.

Symptoms of sleep apnea and symptoms

of internalizing/externalizing behaviors

Juan J Madrid-Valero, University of Murcia; Nicola Barclay,

University of Oxford; Richard Rowe, University of Sheffield; Rotem

Perach, Goldsmiths, University of London; Daniel Buysse, University

of Pittsburgh School of Medicine; Juan Ordoñana, University

of Murcia; Thalia Eley, King’s College London; Alice Gregory,

Goldsmiths, University of London

Introduction: Sleep apnea is prevalent, related to multiple negative

health outcomes, and commonly comorbid with depression and anx-

iety. To enhance our understanding of the relationships between sleep

apnea and internalizing/externalizing behaviors, this study aimed to

estimate the magnitude of: (1) genetic and environmental influences

on self-reported apnea symptoms; (2) the relationship between self-

reported apnea symptoms and symptoms of internalizing/externaliz-

ing traits; (3) genetic and environmental influences on the

associations between self-reported apnea symptoms, internalizing

behaviors and externalizing behaviors.

Methods: The sample comprised 1556 individual twins/siblings

(mage = 20.3; range 18–27; SD = 1.8) from the G1219 sample. Uni-

variate and multivariate models were fitted to estimate both individual

variance and sources of covariance between symptoms of sleep apnea

and internalizing/externalizing behaviors.

Results: Our results show that genetic influences account for 40% of

the variance in sleep apnea symptoms. There were modest associa-

tions between symptoms of apnea with anxiety, depression and

externalizing behaviors (ranging from r = 0.22 to 0.29), but the ori-

gins of these associations differ. The genetic correlation between

apnea symptoms and anxiety was non-significant (rA = 0.24; 95% CI

- 0.02, 0.51). However, there were moderate to high genetic corre-

lations between apnea symptoms and depression (rA = 0.60; 95% CI

0.32, 0.92); and between apnea symptoms and externalizing behaviors

(rA = 0.42; 95% CI 0.13, 0.72).

Conclusions: A substantial proportion of the variance for symptoms

of sleep apnea is explained by genetic factors. Furthermore, most of

the covariance was explained by genetic factors as well.

Investigating the effect of genetic variants

for chronotype preference on mood disorder and sleep

phenotypes in two population cohorts

Amy Ferguson, University of Glasgow; Laura Lyall, University

of Glasgow; Joey Ward, University of Glasgow; Breda Cullen,

University of Glasgow; Nicholas Graham, University of Glasgow;

Keira Johnston, University of Glasgow; Rona Strawbridge, University

of Glasgow; Mark Bailey, University of Glasgow; Donald Lyall,

University of Glasgow; Daniel Smith, University of Glasgow

Background: Chronotype refers to an individual’s preference for

activity at specific times of day and is considered to be influenced by

a combination of genetics and psychosocial inputs. There is growing

evidence that an individual’s behavioral preference for activity

(namely morning vs. evening person) is associated with increased risk

of health conditions and mood disorder. However, this relationship is

unclear.

Method: Polygenic risk scores (PRS) for morningness (morning

person, as opposed to evening person or neutral) and eveningness

(evening person) were generated for participants of both UK Biobank

and Avon Longitudinal Study of Parents and Children (ALSPAC).

The PRS were then investigated for their associations to mood traits.

Two-sample Mendelian randomization (MR) was also undertaken to
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study the potential causal relationship between chronotype and mood

disorders.

Results: Increased genetic loading for eveningness (eveningness PRS)

was associated with greater bipolar disorder (BD) risk in UK Biobank

(O.R. 1.07, 95% CI 1.01/1.13, P 0.019) but with lower risk of

hypomania (a BD-related trait) in ALSPAC (O.R. 0.84, 95% CI 0.72/

0.98, P 0.029). This raises the possibility of differential effects of

chronotype at different life stages. There was evidence of depression

having a causative effect on morningness (IVW beta - 0.24, IVW

P 7.31 9 10-10).

Conclusion: To our knowledge, this is the first use of chronotype PRS

to investigate mood disorders. These findings strengthen the

hypothesis of a relationship between chronotype and mood disorders,

although these results are in need of replication.

Polygenic score of BMI is associated with longitudinal

trajectories of child eating behavior during the first

10 years of life

Moritz Herle, University College London; Mohamed Abdulkadir,

University of Geneva; Christopher Hübel, Karolinska Institutet; Ruth

Loos, Icahn School of Medicine, Mount Sinai; Diana Santos Ferreira,

University of Bristol; Rachel Bryant-Waugh, University College

London; Cynthia Bulik, Karolinska Institutet; Bianca De Stavola,

University College London; Nadia Micali, University College

London

Background: The genetic contribution to BMI is well documented.

However, the relationship between BMI-associated genomic variants

and eating behaviors (EB) is not fully understood. Here, we investi-

gated if polygenic scores of BMI (BMI-PGS) and anorexia nervosa

(AN-PGS) are associated with EB trajectories (undereating, overeat-

ing, and fussy eating) across the first 10 years of life.

Methods: We calculated a BMI-PGS (discovery data: Genetic

Investigation of ANthropometric Traits [GIANT] consortium & UK

Biobank) and an AN-PGS (Psychiatric Genomics Consortium) in the

Avon Longitudinal Study of Parents and Children (n = 7825). We

performed multinomial logistic regression models to examine the

association (Relative Risk Ratios, RRR) between PGS and the EB

trajectories.

Results: BMI-PGS was associated with overeating (R2 = 0.014,

p = 9.1 9 10-5), undereating (R2 = 0.004, p\ 0.001) and fussy

eating (R2 = 0.007, p\ 0.001). One standard deviation (SD) increase

in BMI-PGS was associated with a 29% (RRR = 1.29, 95% CI

1.17–1.45) greater risk to continuously overeat. One SD increase in

BMI-PGS was associated with a 19% (RRR = 0.81, 95% CI

0.65–0.97) decrease in persistent undereating, as well as a 15%

(RRR = 0.85, 95% CI 0.78–0.93) decrease in persistent high fussy

eating. There were no associations between AN-PGS and EB trajec-

tories, but coefficients were in the expected directions.

Discussion: The BMI-PGS was associated with trajectories of child-

hood EB, supporting their role as behavioral expressions of BMI

genomics. Associations between AN-PGS and EB were non-signifi-

cant possibly due to low power. EB may be actionable targets in

childhood for prevention of later overweight.

Adjustments for smoking behaviors in EWAS

Hope Wolf, Virginia Commonwealth University; Timothy York,

Virginia Commonwealth University

Background: Epigenome wide association studies (EWAS) of DNA

methylation (DNAm) are used to identify genomic regions associated

with environmental exposures and disease pathology. Cigarette

smoking is associated with persistent changes in genome-wide

DNAm and may confound epigenetic studies when tobacco use is

highly correlated with the trait of interest.

Methods: This study compares two phenotypic definitions of smoking

as covariates in an EWAS of exposure to childhood sexual abuse

(CSA), a traumatic life event associated with an increased risk of

tobacco use in adults. DNAm was measured in peripheral blood in an

all-white sample of adult, monozygotic female twins (N = 89). An

extended co-twin control design was used to identify site-specific

differences in DNAm associated with exposure to CSA. Covariates

adjusting for lifetime history of smoking and current cigarette use

were compared using linear mixed models.

Results: Less than one third of the differentially methylated positions

(DMPs) identified by the unadjusted model remained significant after

adjustment for smoking. Self-reported smoking behaviors were not

significantly correlated with a history of CSA (lifetime smoking:

r = 0.18, p = 0.09; 30-day smoking: r = 0.17, p = 0.10). However,

the DMPs identified by linear mixed models differed in both number

and location when adjusted for lifetime versus current smoking

behaviors.

Conclusions: Adjustments for lifetime and current smoking behaviors

yield similar, but non-equivalent results in downstream analyses of

EWAS. Covariates to adjust for smoking behavior should be carefully

defined, particularly in EWAS of traits associated with initiation and

increased frequency of cigarette smoking.

Childhood adoption and mental health in adulthood:

the role of genetic confounding

Kelli Lehto, Karolinska Institutet; Sara Hägg, Karolinska Institutet;

Donghao Lu, Karolinska Institutet; Robert Karlsson, Karolinska

Institutet; Nancy L Pedersen, Karolinska Institutet; Miriam Mosing,

Karolinska Institutet

Being adopted early in life, an objective indicator of exposure to early

life adversity, has been consistently associated with poor mental

health outcomes in adulthood. Such associations have largely been

attributed to stressful environments, e.g., exposure to trauma, abuse or

neglect. However, mental health is substantially heritable, and genetic

influences may contribute to exposure to childhood adversity,

resulting in potential genetic confounding of such associations. Here

we explored associations between childhood adoption and mental

health-related outcomes in mid-life in 243 797 UK Biobank partici-

pants (n adopted = 3151). We used linkage disequilibrium score

regression and polygenic scores for depressive symptoms,

schizophrenia, neuroticism and subjective wellbeing to address

potential genetic confounding (gene-environment correlations) and

gene-environment interactions. As outcomes we explored depressive

symptoms, bipolar disorder, neuroticism, loneliness, and mental

health-related socioeconomic and psychosocial measures in adoptees

compared to non-adopted participants. Adoptees were significantly

worse off on almost all mental, socioeconomic and psychosocial

measures. Each SD increase in polygenic risk for depressive symp-

toms, schizophrenia, and neuroticism was associated with 6%, 5%,

and 6% increase in the odds of being adopted, respectively. Signifi-

cant genetic correlations between adoption status and depressive

symptoms, major depression, and schizophrenia were observed. No

evidence for gene-environment interaction between genetic risk and

adoption on mental health was found. We conclude that the associ-

ation between childhood adversity and mental health cannot fully be

attributed to stressful environments, but is partly explained by
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differences in genetic risk between adoptees and those not-adopted

(i.e., gene-environment correlation).

Common and independent pathway models in high-

dimensional data

Eric Turkheimer, University of Virginia; Erik Pettersson, Karolinksa

Institutet

Following the derivation of how to calculate bivariate heritability based

on family data, it became possible to apply multivariate data reduction

methods to genetic and environmental covariance matrices. Originally,

this approach consisted of submitting separately derived matrices to

principal component analysis, but later advances allowed for more

formal testing of confirmatory models within a structural equation

modeling framework. Kendler and colleagues developed a statistical

test of whether such a nested model fit better compared to one in which

the genetic and environmental factors were estimated separately. They

labeled the model in which the genetic and environmental factors were

free an Independent PathwayModel (IPM), and the nested version with

proportional variances a Common Pathway Model (CPM).

Although statistical comparisons between multivariate IPM and

CPM have become commonplace, we will present some reservations

about this practice. Our argument rests on the observation that IPMs

typically extract three times as many factors as CPMs after removing

the proportionality constraints. Whereas this approach is straightfor-

ward when dealing with three observed variables, it becomes

problematic when there are more than three. In high-dimensional data,

the choice between an IPM and CPM is more analogous to rotation of

phenotypic exploratory factors, including the indeterminacy that is

inherent in factor rotation. We propose that the nature of the research

question should guide the choice between the twomodels.We apply our

approach to the classic National Merit personality data and to a psy-

chiatric data set drawn from the Swedish national patient register.

Developmental patterns of substance use: a longitudinal

twin study of risk and multi-substance use

Stephanie Zellers, University of Minnesota; Irene Elkins, University

of Minnesota; William Iacono, University of Minnesota; Matt

McGue, University of Minnesota; Scott Vrieze, University

of Minnesota

Objective: I focus on the average developmental course of alcohol,

nicotine, marijuana, and other illicit substances and individual vari-

ation around that course. Using data spanning ages 14–40 from 1881

twin pairs with up to 6 waves of assessment, I examine the rela-

tionship between adolescent externalizing (a highly heritable risk

factor for drug use) and development of substance use, relationships

between substances, and genetic variation shared between substances.

Methods: Using two methods, factor models and biometric random

effects of age, I decompose longitudinal phenotypic variation and

examine relationships between externalizing and substance use.

Results: Early use, increase in adolescence, decrease in young

adulthood are heritable and positively correlated across sub-

stances (nicotine: h2 * 0.5 for early use, h2 * 0.5 for increase

across adolescence, h2 * 0.1 for decline in adulthood). Early use and

increase in use are positively related to adolescent externalizing,

whereas decrease in use is negatively related (nicotine: r * 0.8 for

early use, r * 0.3 for increase across adolescence, r * - 0.4 for

decline in adulthood). Males increase their drug use more rapidly than

females across all substances. Drug use factors are also

heritable across time, but the factor model explains less variance in

drug use as participants age, meaning that use of one substance

becomes less related to other substances over time.

Conclusions: Further investigation will be needed to investigate sex

differences in adult use. Results inform us about average patterns of use

and how they relate to risk, which could inform prevention efforts.

A genetically informed prediction model for violent

crime and intentional self harm

Ashley Thompson, Karolinska Institutet; Omowonuola Akingbuwa,

Vrije Universiteit Amsterdam; Paul Lichtenstein, Karolinska

Institutet; Ralf Kuja-Halkola, Karolinska Institutet

Few behaviors cause more damage than violent criminal behavior and

intentional self-harm, defined as attempted or completed suicide or

non-suicidal self-injury. Although intentional self-harm and violent

behavior are often seen as separate constructs, there is evidence for an

intrinsic link [1]; most palpable in psychiatric disorders with impul-

sive features, e.g., Attention-Deficit/Hyperactivity Disorder and

Borderline Personality Disorder [2]. As similar predictors are fre-

quently indicated as important for aggression and intentional self-

harm, it is of interest to discern the overlapping and unique predictors

for both outcomes. Understanding the risk factors behind these

extreme behaviors is critical to provide interventions to adolescents

most at risk. Thus, we aimed to produce a model that could differ-

entiate who will intentionally self-harm, commit violent crimes, or

both, by age 20. This model was created using register data, parental

reported mental and health questionnaires, and relevant polygenic risk

scores. Multi-label classification with a tree-based machine learning

method, XGBoost, was used. Multi-label classification indicates that a

participant is able to be classified as self-harming, violent, neither, or

both. Preliminary results indicate that our model had an accuracy of

0.742 (95% CI 0.727–0.756). The positive and negative-predictive

validity for the classes varied between 0.417–0.927 and 0.877–0.984

respectively. Most informative predictors included self-reported

anxiety and ADHD scores at age 18.

References
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Neuropsychophysiological correlates of wellbeing using

a twin design

Justine Gatt, Neuroscience Research Australia & UNSW; Miranda

Chilver, Neuroscience Research Australia & UNSW; Javad Jamshidi,

Neuroscience Research Australia & UNSW; Arthur Montalto,

Neuroscience Research Australia & UNSW; Peter Schofield,

Neuroscience Research Australia & UNSW; Leanne Williams,

Stanford School of Medicine

The research pursuit of the Gatt Resilience Group is to understand the

neuroscience and genetics of mental wellbeing across the lifespan and

how it differentiates from depression and anxiety symptoms. This talk

will report on significant neuropsychophysiological correlates of
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wellbeing from the longitudinal TWIN-E study of over 1600 healthy

adult twins (18–60 years) conducted across Australia. Various mea-

sures were collected in these twins including DNA samples,

neurocognitive performance measures, and neuroimaging measures

including electroencephalography (EEG) and magnetic resonance

brain imaging (MRI/fMRI) measures. The first key outcome from this

study was the development of the COMPAS-WWellbeing Scale (Gatt

et al. 2014, Psychiatry Research) which is a 26-item scale of com-

posite wellbeing measuring both hedonia and eudemonia. We will

report on distinct correlates of wellbeing including various measures

of neurocognitive performance (e.g., executive functioning and

behavioral response to emotional faces), pontine gray matter volume

differences and unique alterations in resting EEG power bands. The

varying role of shared genetic and environmental factors in each of

these relationships using multivariate twin modeling will also be

discussed.
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Midlife study of the Louisville twins: connecting

cognitive development to biological and cognitive aging

Christopher Beam, University of Southern California; Eric

Turkheimer, University of Virginia; Deborah Finkel, Indiana

University Southeast; Morgan Levine, Yale University; Ebrahim

Zandi, University of Southern California; Thomas Guterbock,

University of Virginia; Evan Giangrande, University of Virginia;

Lesa Ryan, University of Louisville; Deborah Davis, University

of Louisville

The Louisville Twin Study (LTS) is the most intensively studied

population of child and adolescent twins, focusing on cognition,

personality, and social development. Now that the majority of twins

are middle-aged ([ 63% aged 40–64), the LTS provides the oppor-

tunity to study the genetic and environmental mechanisms mediating

effects of early life cognitive development on biological aging and

general cognitive functioning at midlife. Several midlife pilot studies

have been completed. First, in 2016 we conducted two separate

efforts to demonstrate that LTS twins can be located and consented to

participate in additional follow-ups after a 16-year hiatus. For each

effort, 100 families were randomly drawn from the LTS database.

Results suggest that 85–95% of twins can be relocated. Second, in

2018 we conducted in-person cognitive and physical assessments of

40 twins (pairs = 24). Each twin was administered cognitive mea-

sures, blood draws, functional ability measures (e.g., lung function

and gait speed), and psychiatric (SCL-90) and physical health (SF-36)

measures. Biomarkers from blood draws were used for estimation of

biological age (Levine 2013). Longitudinal correlations of FSIQ

scores are stable from childhood through middle age; higher increases

in cognitive development predict higher IQ at midlife and lower

biological age; and accelerated biological age correlates with worse

memory and physical functioning measures but not IQ at midlife.

Broader research aims in the LTS twins are discussed.
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Developmental nicotine exposure, epigenetics,

and ADHD: translational efforts in adolescent mice

and human models

Valerie Knopik, Purdue University; Jordan Buck, University

of Colorado Boulder; Heidi O’Neill, University of Colorado Boulder;

Kelsey Sanders, University of Colorado Boulder; Charles Wageman,

University of Colorado Boulder; Jerry Stitzel, University of Colorado

Boulder; Kristine Marceau, Purdue University; John McGeary, Brown

University; Rohan Palmer, Emory University; Allison Evans, Brown

University; Alexandre Todorov, Washington University Medical

School, St Louis; Andrew Heath, Washington University Medical

School, St Louis

Maternal smoking during pregnancy, a form of developmental nico-

tine exposure (DNE), is associated with increased nicotine use and

neurodevelopmental disorders such as ADHD in children, though

results are mixed are human genetically-informed studies. Animal

models of DNE, however, show a more robust association. Here, we

will briefly discuss the characterization of behavioral, rhythmometric,

neuropharmacological, and epigenetic consequences of DNE in the

G1 (first) and G2 (second) generation adolescent offspring of mice

exposed to nicotine prior to and throughout breeding. Results from

these animal models imply a multigenerational effect and demonstrate

ADHD-like diurnal and nocturnal hyperactivity and anomalies in the

rhythmicity of home cage activity. These ADHD-like anomalies are

observed in both the G1 and G2 offspring and are normalized by

methylphenidate. Pharmacological characterization of nicotinic and

dopaminergic systems in striatum and frontal cortex reveals altered

expression and dysfunction of nicotinic acetylcholine receptors

(nAChRs), hypersensitivity to nicotine-induced nAChR-mediated

dopamine release, and impaired dopamine transporter (DAT) function

in DNE mice. Global DNA methylation assays indicate DNA

methylome alterations in striatum and frontal cortex of DNE mice.

These results in DNE mice complement findings from a human study

of siblings discordant for maternal smoking during pregnancy (first-

generation children) in which (i) data suggest an association between

smoking during pregnancy and hyperactive/impulsive behavior

measured by multiple assessments, and (ii) preliminary analyses

reveal differential methylation as a function of smoke exposure

(quantity and timing). Strategies, challenges, and limitations of

translational approaches and collaborative efforts in this area will be

discussed.

Evidence of greater sibling divergence in picture

vocabulary test scores at higher levels of parental

wealth

Kristy Yoo, University of Southern California; Alice Kim, University

of Southern California; Christopher Beam, University of Southern

California; Alyssa Morris, University of Southern California; Juliana

Gottschling, Université du Luxembourg; Evan Giangrande,

University of Virginia

Heritability of cognitive ability is higher in privileged populations,

particularly in United States samples (Tucker-Drob and Bates 2016).

Greater heritability of cognition may reflect sibling divergence:

monozygotic twins, by virtue of their genetic similarity, ‘‘will tend to

choose the same kind of adaptation and remain concordant, while the

opposite will be true for [dizygotic] twins’’ (Fischbein 1978). Thus, less

genetically-related individuals should be less concordant in advanta-

geous environments, leading to greater genetic effects on cognitive

ability among wealthier persons. Using monozygotic,dizygotic,full
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siblings, half siblings, and nonrelated pairs of siblings (N = 2330) from

wave 1 of the National Longitudinal Study of Adolescent Health, we

tested the hypothesis that siblings born to wealthier parents are less

similar than siblings born to impoverished parents. Cognitive ability

was operationalized using twins’ picture vocabulary test scores and

socioeconomic status was operationalized using a single item assessing

parents’ total income in 1992/1993. Results support the prediction that

less genetically-related siblings show greater divergence than more

genetically-related siblings when born tomore highly educated parents.

Results fit with theories positing that enriched environments are the

basis for persons to maximize their genetically-influenced potential for

cognitive development (Bronfenbrenner and Ceci 1994).
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Genetic factors influencing quantitative measures

of subjective and psychological wellbeing using

the COMPAS-W scale in a healthy Australian twin

cohort

Javad Jamshidi, 1.Neuroscience Research Australia, Sydney, NSW,

Australia 2.School of Psychology, University of New South Wales,

Sydney, NSW, Australia; Arthur Montalto, 1.Neuroscience Research

Australia, Sydney, NSW, Australia 2.School of Psychology,

University of New South Wales, Sydney, NSW, Australia; Miranda

Chilver, 1.Neuroscience Research Australia, Sydney, NSW, Australia

2.School of Psychology, University of New South Wales, Sydney,

NSW, Australia; Claudio Toma, 1.Neuroscience Research Australia,

Sydney, NSW, Australia 3.School of Medical Science, University

of New South Wales, Sydney, NSW, Australia; Peter Schofield,

1.Neuroscience Research Australia, Sydney, NSW, Australia

3.School of Medical Science, University of New South Wales,

Sydney, NSW, Australia; Leanne Williams, 4. Stanford School

of Medicine, Stanford University, Stanford, California, USA; Janice

Fullerton, 1.Neuroscience Research Australia, Sydney, NSW,

Australia 3.School of Medical Science, University of New South

Wales, Sydney, NSW, Australia; Justine Gatt, 1.Neuroscience

Research Australia, Sydney, NSW, Australia 2.School of Psychology,

University of New South Wales, Sydney, NSW, Australia

The genetics of wellbeing is a highly active area of research with

large genome wide association studies (GWAS) have recently been

published (1–3). These studies have identified common genetic

variants influencing wellbeing, and enable polygenic risk score (PRS)

profiling for independent samples. Our longitudinal cohort includes

1600 healthy Caucasian Australian twins with genome-wide geno-

types, neurophysiological and environmental data, to explore factors

influencing wellbeing and resilience. EEG and (f)MRI measurements

are available for a subset (450 and 250 people, respectively), pro-

viding the opportunity to examine the interaction between genetic,

neurophysiology and environment on wellbeing and brain function.

Quantitative measures of both subjective and psychological wellbeing

are defined using the COMPAS-W questionnaire (4), as well as the

questions used in previous GWAS to define wellbeing. A GWAS in

the twin sample using quantitative COMPAS-W scores identified 8

suggestive SNPs (P-value\ 1E10-5), but none exceeded genome-

wide significance. Next, we calculated PRS using PRSice software

and GWAS summary statistics for wellbeing and other related traits

such as personality and satisfaction with life. The best predictive

value of wellbeing-PRS was observed from Baselmans 2019 sum-

mary stats in COMPAS-W scores. We find wellbeing-PRS relates to

previously defined ‘‘languishing’’ and ‘‘flourishing’’ categories, and

explore the impact of stress, wellbeing-PRS and depression symptoms

in this longitudinal cohort.
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Anorexia nervosa and inflammatory bowel diseases

Janne Tidselbak Larsen, Aarhus University; Cynthia Bulik,

Karolinska Institutet; Laura M. Thornton, University of North

Carolina, Chapel Hill; Preben Bo Mortensen, Aarhus University;

Liselotte Vogdrup Petersen, Aarhus University

Gastrointestinal (GI) complications in eating disorders are well docu-

mented; however, the nature and direction of the association is less

clear. GI disturbances can emerge secondary to severe malnourish-

ment, binge eating, and purging. Alternatively, inflammatory bowel

diseases (IBD) cause inflammation of different areas of the digestive

tract and can lead to malnutrition, fatigue, and weight loss, that could

increase risk of developing eating disorders. However, a previous study

reported a non-significant negative genetic correlation between anor-

exia nervosa and Crohn’s disease and no correlation between anorexia

nervosa and ulcerative colitis. In order to advance our understanding of

the relationship between eating disorders and IBD, we are conducting

an investigation of their association using genetic and diagnostic data

from Danish national registers. We include genotype information from

the iPSYCH/ANGI-DK sample (N = 80,000) consisting of all indi-

viduals born in Denmark 1981–2005 and diagnosed in a hospital with at

least one of six psychiatric disorders, including anorexia nervosa

(N = 5000), and a random sample of controls from the background

population. We calculate polygenic risk scores for anorexia nervosa

and IBD, including Crohn’s disease and ulcerative colitis, and combine

the genomic data with diagnostic information from the registers. We

examine the associations between the polygenic risk scores for anor-

exia nervosa and IBD and explore whether high polygenic risk scores

for each illness predict a diagnosis of the other disorder in the registers.

Genetic and environmental contributions

to the association between ADHD symptoms

and unhealthy dietary habits in adulthood: a large

population-based twin study

Lin Li, Örebro University; Mark Taylor, Karolinska Institutet;

Katarina Bälter, Mälardalen University, Karolinska Institutet; Qi

Chen, Karolinska Institutet; Tor-Arne Hegvik, University of Bergen,

Karolinska Institutet; Ashley Thompson, Karolinska Institutet; Ralf

Kuja-Halkola, Karolinska Institutet; Zheng Chang, Karolinska

Institutet; Alejandro Arias-Vasquez, Radboud University Medical
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Center; Catharina Hartman, University of Groningen; Henrik Larsson,

Örebro University, Karolinska Institutet

ADHD may be associated with unhealthy dietary habits in children

and adolescents. The link between diets and adult ADHD symptoms

are not well established and the underlying genetic and environmental

mechanisms remain unclear. Therefore, we firstly estimated associa-

tions between ADHD symptoms (inattention, hyperactivity or both)

and three unhealthy dietary groups (unhealthy food, high-sugar food,

and high-fat food), and also stratified based on age, sex, and

socioeconomic status (SES). This was done using self-report data

from a Swedish population-based twin study on ADHD symptoms

and food frequency questionnaire in 17,999 twins, aged 20 to

47 years. Secondly, univariate and bivariate twin model-fitting anal-

yses were conducted to determine the relative contribution of genetic

and environmental factors to the observed associations. We have

found that at the phenotypical level, ADHD total score were posi-

tively associated with unhealthy food (r = 0.11, 95% CI 0.09, 0.13),

high-sugar food (r = 0.10, 95% CI 0.08, 0.12), and high-fat food

(r = 0.11, 95% CI 0.09, 0.13). Similar association patterns were also

found when analyzing separately the inattention and hyperactivity

symptoms of the ADHD total score. All these associations remained

stable across age, sex, and SES. Genetic and non-shared environ-

mental effects accounted for similar proportions of the phenotypical

correlations. The highest bivariate heritability was between ADHD

total score and high-sugar food (h2= 40%, 95% CI 7, 70). This study

is the first to provide evidence for a genetic overlap between ADHD

symptoms and unhealthy dietary habits. The remaining non-shared

environmental effects also suggest an opportunity for treatments and

interventions targets that focus on modifiable non-genetic risk factors.

Does depression in old age reflect prodromal dementia?

A polygenic risk score approach

Kelli Lehto, Karolinska Institutet; Ida Karlsson, Jönköping

University; Margaret Gatz, University of Southern California; Nancy

L Pedersen, Karolinska Institutet

The extent to which depression in old age reflects prodromal dementia

remains controversial. A genetic investigation could provide further

clarification to the depression-dementia association.

This project utilized the polygenic risk score (PRS) approach to

compare the contribution of genetic risk for depression and dementia

to depression assessed in (1) a population-based sample of older

individuals and (2) dementia cases prior to dementia diagnosis.

Data were drawn from Screening Across the Lifespan of Twins

study (SALT)(genetic data n * 10,000), with probable depression

assessed in 1998–2002 (CESD; cut-off 9 of 32; mean time prior to

dementia = 13.7y), and subsequent dementia diagnoses (n * 700)

from national health registries. PRSs were computed based on the

most recent GWAS on Major Depression (MD) and Alzheimer’s

Disease (AD). The associations between PRS, depression and

dementia were tested using logistic regression, and variance explained

calculated from Nagelkerke R2.

The PRSmd p-value threshold 0.05 and PRSad 10-5 explained the

most variance in depression (0.3%) and dementia (2.5%), respec-

tively. PRSad did not contribute to depression in the total sample. In

those who later developed dementia, however, PRSad explained more

variance in depression than did PRSmd (0.32% vs. 0.19%). In addi-

tion, the PRSad was a stronger predictor of subsequent dementia

among those with depression (OR = 11.9 for the highest vs. lowest

PRSad decile) than among those without depression (OR = 4.6 for the

highest vs. lowest PRSad decile).

These results suggest that depression prior to dementia is geneti-

cally more strongly associated with dementia than major depression,

implying that depression in old age may indicate prodromal dementia.

Family co-aggregation of asthma and ADHD: a Swedish

register-based study

Shihua Sun, Karolinska Institutet; Ralf Kuja-Halkola, Karolinska

Institutet; Zheng Chang, Karolinska Institutet; Samuele Cortese,

University of Southampton; Catarina Almqvist, Karolinska Institutet;

Henrik Larsson, Örebro University

A significant cross-sectional association between asthma and ADHD

was reported from a recent meta-analysis and population based study.

Asthma and ADHD both aggregate in families, but whether and to

what extent the phenotypic association can be explained by familial

liability remain unknown. In this Swedish national register-based

study, we investigated how asthma and ADHD co-aggregate within

individuals and within families to test for the shared familial liability.

We studied 2 714 000 individuals born in Sweden between 1983 and

2009, and extracted clinical diagnosis records of asthma and ADHD

from Swedish registers. Logistic regression was used to estimate odds

ratios (ORs) and 95% confidence intervals (95% CI) the association

between clinically diagnosed asthma and ADHD both within indi-

viduals and families. Individuals with asthma had higher risk of

having ADHD compared to individuals without asthma (OR = 1.85,

95% CI 1.81–1.90). Within families, the association was stronger in

monozygotic twins (OR = 1.96, 95% CI 1.25–3.07) than in dizygotic

twins (OR = 1.62, 95% CI 1.36–1.92), full-siblings (OR = 1.50, 95%

CI 1.46–1.55), maternal-half siblings (OR = 1.27, 95% CI 1.21–1.32),

paternal half-siblings (OR = 1.11, 95% CI 1.06–1.16), full-cousins

(OR = 1.12, 95% CI 1.10–1.14) and half-cousins (OR = 1.06, 95% CI

1.03–1.09). The pattern of associations estimated from different

degrees of relatives supports shared familial liability, especially

genetic overlap, underlying clinically diagnosed asthma and ADHD.

Depression genetics: next steps in genome-wide

and intergenerational transmission analyses

Thalia Eley, King’s College London; Gerome Breen, King’s College

London; Nicholas Martin, QIMR Berghofer Medical Research

Institute; Line Gjerde, Norwegian Institute of Public Health; Meike

Bartels, Vrije Universiteit Amsterdam

Depression genetics have been advancing rapidly in the past couple of

years. In this symposium we hope to demonstrate exciting new ave-

nues of research relating to depression including genetics of bipolar

and anxiety disorders, maximizing the potential for clinical and

experimental work incorporating genetic risk, and disentangling the

role of genetics versus the environment on intergenerational trans-

mission. We begin with a genome-wide exploration of genetic

relationships and dimensional sharing across all mood disorder sub-

types, using a large dataset amassed by the PGC bipolar and MDD

groups. Next, we have an update on GWAS analyses from the Aus-

tralian depression study. This is followed by a description of the

newly launched Genetic Links to Anxiety and Depression (GLAD)

Study which has been designed to facilitate genetically informed

clinical, experimental and longitudinal research. We end with the

largest genetically sensitive study to date exploring associations

between maternal depression and offspring psychopathology during

early childhood. These studies illustrate how we are harnessing the
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power of big data approaches to move beyond discovery into

translation.

The genetic links to anxiety and depression (GLAD)

study

Thalia Eley, King’s College London; Molly Davies, King’s College

London; Gursharan Kalsi, King’s College London; Anamaria

Brailean, King’s College London; Anthony J. Cleare, King’s College

London; Jonathan R.I. Coleman, King’s College London; Charles

Curtis, King’s College London; Susannah C.B. Curzons, King’s

College London; Katrina A.S. Davis, King’s College London; Megan

Hammond-Bennett, King’s College London; Matthew Hotopf, King’s

College London; Christopher Huebel, King’s College London;

Jennifer Leng, King’s College London; Bethany D. Mason, King’s

College London; Monika McAtarsney-Kovacs, King’s College

London; Dina Monssen, King’s College London; Elisavet

Palaiologou, King’s College London; Carmine Pariante, King’s

College London; Alicia J. Peel, King’s College London; Henry C.

Rogers, King’s College London; Megan Skelton, King’s College

London; Anna Spaul, King’s College London; Eddy L.A. Suarez,

King’s College London; Bronte L. Sykes, King’s College London;

Allan H. Young, King’s College London; Evangelos Vassos, King’s

College London; David Veale, King’s College London; Gerome

Breen, King’s College London

Anxiety and depression are common, debilitating and costly. These

disorders are influenced by multiple risk factors, from genes to psy-

chological vulnerabilities and environmental stressors but research is

hampered by a lack of sufficiently large comprehensive studies. We

are recruiting 40,000 individuals with lifetime depression or anxiety,

with broad assessment of risks to facilitate future research. Specifi-

cally, the Genetic Links to Anxiety and Depression (GLAD) Study (

www.gladstudy.org.uk) recruits individuals with depression or anxi-

ety into the NIHR Mental Health BioResource. Participants invited to

join the study via traditional and social media campaigns. They

provide demographic, environmental and genetic data, as well as

consent for medical record linkage and recontact. Online recruitment

was highly effective. Having launched in September 2019, over 25 k

participants consented and over 17 k completed the questionnaire by

March 2019. Participants’ questionnaire data identified very high

rates recurrent depression, severe anxiety and comorbidity. Partici-

pants reported high rates of treatment receipt. The age profile of

sample is biased toward young adults, with higher recruitment of

females and the better educated, especially at younger ages. The

GLAD Study represents a large, recontactable resource that will

enable future research into risks, outcomes and treatment for anxiety

and depression. We welcome enquiries from investigators interested

in collaborating.

Phenotypic, genetic and environmental correlations

between diagnosed ADHD, neurodevelopmental,

internalizing and externalizing disorders

Ebba Du Rietz, Karolinska Institutet; Laura Ghirardi, Karolinska

Institutet; Isabell Brikell, Aarhus University; Catharina Hartman,

University of Groningen; Henrik Larsson, Örebro University; Ralf

Kuja-Halkola, Karolinska Institutet

ADHD is currently classified as a neurodevelopmental disorder

(NDD) and clustered together with Autism Spectrum Disorder and

intellectual disabilities in the recently updated diagnostic manuals

(DSM-5/ICD-11). There is, however, evidence for strong genetic

overlap of ADHD with not only NDDs but also with internalizing and

externalizing disorders, as well as with a general psychopathology-

factor. These genetic findings challenge the accuracy of the current

nosology of ADHD. In this study we therefore aimed to compare the

strength of phenotypic, genetic and environmental correlations of

ADHD with NDDs, internalizing and externalizing disorders, to

explore if ADHD is more closely linked to one of these disorder

domains. We further aimed to determine the etiological overlap

between ADHD and the domains after accounting for a general

psychopathology-factor. We identified full and maternal half siblings

in the Swedish population and linked diagnostic data from the

National Patient Register. Through structural equation modeling we

fitted a confirmatory factor model, where one general factor loaded

onto all disorders, and disorder clusters (NDD, internalizing, exter-

nalizing) each had a factor loading onto the disorders. We allowed

ADHD to have loading from each of the cluster factors and the

general factor. Initial findings showed similar magnitudes of genetic

overlap of ADHD with NDDs (rg = 0.52–0.70) and internalizing

disorders (rg = 0.58–0.68). Further analyses will be extended to

include externalizing disorders, and to estimate etiological overlap

after accounting for a general psychopathology-factor. Our findings

may be informative for the nosology of ADHD as well as for

increasing our understanding of the etiology of psychiatric disorders.

The genetic/environmental transmissions

and innovations across 8 reading measures from ages 5

to 15 years

Ginette Dionne, Laval University; Sara Mascheretti, Scientific

Institute, IRCCS Eugenio Medea; Bei Feng, Laval University; Jeffrey

Henry, Laval University; Alexandra Remon, Laval University; Sophie

Aubé, Laval University; Cecilia Marino, University of Toronto; Frank

Vitaro, Montreal University; Mara Brendgen, Quebec University

in Montreal; Michel Boivin, Laval University

Context: Few studies have looked at the genetic/environmental eti-

ology of reading skills spanning from pre-school to high-school. This

study examines the additive genetic and environmental transmissions

and innovations across reading skills at 8 time-points from ages 5 to

15 years.

Method: We used a Cholesky decomposition on data from 960 twins

from the Québec Newborn Twin Study. Measures included letter

knowledge at 5, teacher report reading skills at 6, 7, 9, 10 and 12, and

direct measures of reading at 8 and 15.

Results: Correlations across ages ranged from 0.19 to 0.50 before age

8, and increased thereafter (0.31 to 0.76). Genetic influences were

moderate up to age 8 (0.24 to 0.39) and increased from age 9 onward

(0.55 to 0.68). Genetic transmission from age 5 accounted for 21% to

58% of the heritability of all subsequent reading skills. Genetic

innovation at 6 was transmitted to age 9 reading skills. There were no

subsequent genetic innovations. Shared environment innovations at

ages 5 and 7 transmitted to ages 6 and 9 respectively. Unique envi-

ronment influences (0.22 to 0.41) were mainly time-specific.

Conclusions: Reading skills are increasingly stable and heritable from

ages 5–15, with an etiological shift occurring by 8–9 years. Additive

genetic influences present at 5, and possibly before, largely contribute

to stability. These findings are consistent with recent evidence

showing that reading-susceptibility genes affect early brain develop-

ment, neuronal migration, neurite outgrowth, cortical morphogenesis

and ciliary structure/function. New studies must gain momentum to

understand the pathways of reading-susceptibility genes and GWAS

PGRS upon both the genetic stability and the time-specific

innovations.
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Genetic correlations between ADHD and phenome-wide

latent factors in the UK Biobank

Caitlin Carey, Broad Institute; Rebecca Shafee, Harvard Medical

School; Raymond Walters, Massachusetts General Hospital; Duncan

Palmer, Massachusetts General Hospital; Liam Abbott, Broad

Institute; Daniel Howrigan, Massachusetts General Hospital; Claire

Churchhouse, Massachusetts General Hospital; Ben Neale, Broad

Institute; Elise Robinson, Harvard School of Public Health

Attention deficit/hyperactivity disorder (ADHD) has been robustly

associated with negative outcomes (e.g., lower educational attain-

ment, substance use) across the lifespan. However, prior studies have

been limited in scope of phenotypes assessed, and typically have

focused only on diagnosed individuals. Since ADHD is strongly

influenced by common polygenic variation, every individual carries

some degree of genetic risk. Biobanks with large-scale phenotypic

and genomic data, such as the UK Biobank (UKB), can therefore be

leveraged to better understand the full spectrum of outcomes asso-

ciated with such risk, even in undiagnosed individuals.

Beginning with more than 4000 traits measured in UKB (European

ancestry subset, N = 361,144), we performed a factor analysis of 730

items with sufficient representation to limit associations with survey

missingness and identified a 36-factor solution yielding cohesive and

interpretable factors. The factors included a wide range of physical

(e.g., body size), behavioral (e.g., neuroticism), and lifestyle (e.g.,

education) dimensions. For each factor, we performed a genome-wide

association study (GWAS) and evaluated its heritability and genetic

correlation with ADHD using LD Score Regression and the latest

Psychiatric Genomics Consortium ADHD GWAS results. Initial

results suggest that ADHD is associated with a wide range of factors

across the phenome, with education (rg = - 0.61), alcohol use

(rg = 0.58), and cardiovascular disease (rg = 0.46) among the stron-

gest correlations. These results highlight the widespread phenotypic

correlates of ADHD genetic risk, support prior epidemiological and

clinical findings, and pinpoint novel genetic associations across the

phenome.

The contribution of ADHD genetic risk to somatic

health in late life

Isabell Brikell, Aarhus University; Yi Lu, Karolinska Institutet;

Joanna Martin, Cardiff University; Henrik Larsson, Örebro

University; Paul Lichtenstein, Karolinska Institutet

Genetic risk variants associated with ADHD have been linked to

comorbid psychiatric health problems, however less is known about

how these genetic factors contribute to somatic health across the life-

span. The aim of this study is to assess whether polygenic risk scores

(PRS) for ADHD are associated with late-life somatic health prob-

lems in a general population sample never diagnosed with ADHD.

We derived ADHD PRS for 15,701 Swedish twins born

1911–1958 using results from an independent ADHD genome-wide

association study meta-analysis (Demontis et al, 2018). Somatic

health outcomes in cardiovascular, metabolic, autoimmune, and

neurological domains were defined via self-report in the Screening

Across the Lifespan Twin study (Lichtenstein et al. 2006) and from

clinical diagnoses in the National Swedish Patient Register. Associ-

ations between ADHD PRS and somatic health problems were

estimated using generalized estimating equations.

Higher ADHD PRS were associated with a small increased risk of

coronary heart disease based on self-report (OR = 1.11, 95% CI =

1.02–1.20) and clinical diagnoses (OR = 1.09, 95% CI = 1.02–1.16),

after false discovery rate correction. We also found statistically

significant associations between ADHD PRS and obesity, type 1

diabetes, arthritis, psoriasis, and migraine, although results varied by

information source. Our results suggest that polygenic risk for ADHD

is associated with small increases to risk of somatic health problems

in cardiovascular and autoimmune domains. These findings warrant

further research into mechanisms influencing long-term health out-

comes in ADHD. Next, we will test for mediation via socioeconomic

variables, evaluate genetic causality using twin-comparison methods,

and test for replication in a younger, clinical ADHD sample.

Using various methods to examine genetic

and environmental influences on children’s cognitive

development

Sara Hart, Florida State University

With this symposium, four authors from different groups around the

world will use various methods to examine research questions related

to identifying the genetic and environmental influences on cognitive

development.

Giulia Borriello uses an adoption study to examine the intergen-

erational transmission of mathematics achievement from parents to

their children during early childhood. Elsje van Bergen will use a

newer analytical method combining twin methods with molecular

genetics to examine the causal role of ADHD on reading and math

skills. Sara Hart will use meta-analysis to examine novel research

questions regarding genetic and environmental influences on reading,

math, and the relation among ADHD, reading and math. Kaili Rim-

feld will present results from a twin study examining the genetic and

environmental influences on a novel gamified battery to assess spatial

orientation abilities in a virtual environment.

Chandra Reynolds will serve the discussant of our symposium,

leading the audience in what will surely be a lively discussion about

newer methods to examine cognitive development.

The relationships between physical activity, dementia

mortality and cognition in Finnish twins

Paula Iso-Markku, University of Helsinki; Katja Waller, Sport

and Health Sciences, University of Jyväskylä; Eero Vuoksimaa,

University of Helsinki; Henri Vähä-Ypyä, UKK Institute for Health

Promotion Research, Tampere; Noora Lindgren, Turku PET Centre,

University of Turku, Turku; Kauko Heikkilä, University of Helsinki;

Harri Sievänen, UKK Institute for Health Promotion Research,

Tampere; Juha Rinne, Clinical Neurosciences, Turku University

Hospital; Jaakko Kaprio, University of Helsinki; Urho M. Kujala,

University of Jyväskylä

Introduction: Physical activity (PA) has been associated with better

cognition and less dementia in many earlier prospective studies, but

genetic selection may bias the results.

Methods: In the older Finnish Twin Cohort, comprehensive health

questionnaires, including many questions on PA, were sent to the

cohort members in 1975 and 1981 (average age in 1981

40.5–49.1 years old, participation rates 89% and 84%). Dementia

mortality was followed until the end of the year 2011. The cohort

members aged at least 65 years have been offered the possibility to

participate in telephone cognition interviews (n = 3050, participation

rate 78%, average age 74.2 years). The twins born in 1940–1944 were

also offered the possibility to participate (n = 791, 54% participation

rate) in a week-long accelerometer monitoring. In individual-level
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analyses, regression analyses were performed comparing individuals.

In pairwise analyses, the intra-pair differences were compared.

Results: In individual-level analyses, midlife self-reported vigorous

PA was associated with both better cognition over two decades later

and with decreased dementia mortality in fully-adjusted models. No

dose–response between the volume of PA and cognition was seen. In

late-life, measured sedentary behavior was negatively and light PA

positively associated with cognition, but the effect sizes were small.

In within-family analyses, no statistically significant associations

were found.

Conclusion: Midlife vigorous PA is associated with decreased

dementia mortality and better cognition over two decades later. Late-

life sedentary behavior and light PA are weakly associated with

current cognition. These associations were at least partly explained by

genetics and shared environmental factors.

Discovery of GWAS variants underlying common

executive function shows separability of cognitive

ability dimensions and implications for health

and wellness

Alexander Hatoum, University of Colorado Boulder; Claire Morrison,

CU Boulder; Evann Mitchell, CU Boulder; Luke Evans, CU Boulder;

Matthew Keller, CU Boulder; Naomi Friedman, Colorado

Executive functions (EFs) are top-down cognitive control mecha-

nisms that enable goal-directed behavior. Little is known about the

molecular underpinnings of EF individual differences. Furthermore,

genome-wide studies of EFs use individual tasks, which are impure

measures of higher-order processes. While, multiple tasks can be used

to tap general EF and probe its genetic associations with health and

behavior, some have claimed that this is simply tapping an underlying

IQ factor. We conducted a GWAS of Common EF (cEF), measured

with multiple tasks (n = 93,024 * 427,037 across tasks) in the UK

Biobank. We discovered significant genome-wide polygenic signal in

299 independent loci. Gene-based analysis found neuronal, potassium

channel and GABA pathways associated with cEF. We found genetic

correlations between cEF and intelligence, almost all psychiatric

traits, behavioral traits and health outcomes. Using Genomic SEM

and polygenic scores we demonstrate that cEF is the component of

cognitive ability that genetically correlates with psychiatric outcomes

over and above genes influencing IQ and demonstrate that IQ’s

genetic association with psychiatric outcomes is due to common

genetic variation IQ shares with cEF, while IQ is more genetically

associated to life outcomes over and above cEF. This work estab-

lishes a molecular profile of cEF that is correlated but separable from

IQ and has important implications for human health and behavior.

Ideology, religion, identity and genome wide runs

of homozygosity

Martin Fieder, University of Vienna; Susanne Huber, University

of Vienna

It is known for long that consanguine marriage increases the overall

homozygosity of individuals, leading in severe cases to genetically

associated diseases. As much less in known on the genetic conse-

quences of behavioral traits and attitudes on homozygosity we aimed

to investigate whether religious and identity ‘‘in–group preferences’’

are associated with an increase in homozygosity. On the basis of

phenotypic and genetic data from the Wisconsin Longitudinal Study

(n = 2740 males, 2884 females, 713,014 genome-wide SNPs), we

analyzed if homozygosity (defined as runs of homozygosity, the

number of homozygous segments (NROH) and the total length of

homozygous segments (SROH)) is associated with nine phenotypes

representing the answers to questions regarding ideology, religion,

and identity. We find that out of the nine different questions regarding

ideology, religion, and identity, only two show a significant associ-

ation with ROH. The direction of the two significant associations is

unexpected as both a more left (liberal) political orientation and a

higher degree of ethnocentrisms are associated with a higher NROH.

Also on the phenotypic level, we find no association between political

orientation and ethnocentrism for the Wisconsin dataset. We cannot

draw any conclusions on causalities but can only speculate that par-

ticularly ethnocentrism may have led to stronger within-group

marriage behavior, resulting in an increase in inbreeding and, as a

consequence, an increase in ROH. Alternatively, ROH might directly

influence ethnocentrism so that more homozygous individuals show

more ethnocentrism due to any gene–phenotype association.

Neuroticism as a predictor of frailty in old age:

a genetically informative approach

Hilda Björk Danı́elsdóttir, Karolinska Institutet; Juulia Jylhävä,

Karolinska Institutet; Sara Hägg, Karolinska Institutet; Yi Lu,

Karolinska Institutet; Lucı́a Colodro-Conde, QIMR Berghofer

Medical Research Institute; Nicholas Martin, QIMR Berghofer

Medical Research Institute; Nancy L Pedersen, Karolinska Institutet;

Miriam Mosing, Karolinska Institutet; Kelli Lehto, Karolinska

Institutet

Objective: Neuroticism is associated with poor health outcomes, but

its contribution to the accumulation of health deficits in old age, i.e.,

Frailty Index, is largely unknown. We aimed to explore associations

between neuroticism and frailty cross-sectionally and over up to

29 years, and to investigate the contribution of shared genetic

influences.

Method: Data were derived from the UK Biobank (UKB,

n = 502,631), the Australian Over 50’s Study (AO50, n = 3011) and

the Swedish Twin Registry (SALT n = 23,744, SATSA n = 1637).

Associations between neuroticism and the Frailty Index were inves-

tigated using regression analysis cross-sectionally in UKB, AO50 and

SATSA, and longitudinally in SALT (25–29 y follow-up) and

SATSA (6 and 23y follow-up). The co-twin control method was

applied to explore the contribution of underlying shared familial

factors (SALT, SATSA, AO50). Genome-wide polygenic risk scores

for neuroticism in all samples were used to further assess whether

genetic variants associated with neuroticism predict frailty.

Results: Neuroticism was consistently associated with greater frailty

cross-sectionally (adjusted b [95% confidence intervals] in UKB =

0.32[0.32–0.33]; AO50 = 0.35[0.31–0.39]; SATSA = 0.33[0.27–0.39])

and longitudinally up to 29 years (SALT = 0.24[0.22–0.25]; SATSA

6 year = 0.31[0.24–0.38]; SATSA 23 year = 0.16[0.07–0.25]). When

controlling for underlying shared genetic and environmental factors with

the co-twin control method the neuroticism-frailty association remained

significant, although attenuated. Polygenic risk scores for neuroticism

significantly predicted frailty in the two larger samples (meta-analyzed

total b = 0.06[0.05–0.06]).

Conclusion: Neuroticism at mid-life is associated with frailty in late-

life. Both environmental and genetic influences, including neuroti-

cism-associated genetic variants, contribute to this relationship.
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Genome-wide association study of a frailty Index in UK

Biobank and TwinGene

Juulia Jylhävä, Karolinska Institutet, Department of Medical

Epidemiology and Biostatistics; Luke Pilling, University of Exeter

Medical School, Epidemiology and Public Health Group; Dylan

Williams, Karolinska Institutet, Department of Medical Epidemiology

and Biostatistics; Yi Lu, Karolinska Institutet, Department of Medical

Epidemiology and Biostatistics; Nancy L Pedersen, Karolinska

Institutet, Department of Medical Epidemiology and Biostatistics;

David Melzer, University of Exeter Medical School, Epidemiology

and Public Health Group; Janice Atkins, University of Exeter Medical

School, Epidemiology and Public Health Group

Frailty is a common geriatric syndrome and a strong predictor of

adverse outcomes, such as disability and mortality. The mechanisms

of frailty are multifactorial and not well understood, but the heri-

tability from twin studies ranges between 19 and 43%. This study was

undertaken to analyze the genomic underpinnings of frailty.

We performed a genome-wide association study of the frailty

index (FI) based on participants of European descent from the UK

Biobank (n = 164,610, aged 60–70 years) and replicated the top hits

using a genetic risk score for FI (GRSFI) in the Swedish TwinGene

study (n = 10,616). We also associated the FI with DNA methylation

levels in those CpG sites that are genetically regulated i.e., associated

with methylation quantitative trait loci (mQTL) in the Swedish

Adoption/Twin Study of Aging (SATSA).

We identified 26 independent genetic signals (6150 variants total)

at 24 loci associated with the FI (p\ 5*10-8), including a large peak

on chromosome 6, in the HLA region. Several of these signals have

previously been associated cardiovascular disease, intelligence, and

educational attainment, but six of the signals were novel i.e., unique

to FI. The SNP-based heritability (h2) of the FI was estimated at 0.14

(SE = 0.0057). The GRSFI was significantly associated with FI in

TwinGene (beta = 0.11, 95% CI 0.02–0.20, p = 0.018). Nine mQTL-

regulated CpG sites showed an association (p\ 0.05) with the FI in

SATSA, all but one mapping to HLA region.

Variants in the HLA region appear to be crucial for frailty. Some

of the variants may express their effects through DNA methylation.

Heritability of subjective cognitive decline in older

Australian twins

Vibeke Catts, Centre for Healthy Brain Ageing, University of New

South Wales; Anbupalam Thalamuthu, Centre for Healthy Brain

Ageing, University of New South Wales; Teresa Lee, Centre

for Healthy Brain Ageing, University of New South Wales; John

Crawford, Centre for Healthy Brain Ageing, University of New South

Wales; Perminder Sachdev, Centre for Healthy Brain Ageing,

University of New South Wales

Subjective cognitive decline (SCD) has been promoted as a preclin-

ical stage of dementia, being pre-mild cognitive impairment (MCI).

However, little or no heritability for SCD, derived from the TELE

cognition screen, was found in the Swedish HARMONY twin study.

We examined the heritability of SCD in the Older Australian

Twins Study. Participants completed the self-report Memory Com-

plaint Questionnaire (MAC-Q). In parallel, participant-nominated

informants completed the Informant Questionnaire on Cognitive

Decline in the Elderly (IQCODE, short version). Inclusion criteria:

twin pairs[ 65 years. Exclusion criteria: current or recent (\ 1 year)

active cancer, self-report history of head trauma, diagnosis of

Parkinson’s disease or dementia, expert consensus diagnosis of MCI

or dementia based on neuropsychological assessment.

The contributing sample consisted of 77 MZ and 57 DZ twin pairs

with an average age of 71 years (range 65–90 years). The average

years of education were 11 years (range: 6–22 years) and 65% of the

sample were female. Genetic heritability for MACQ scores (n = 134

twin pairs) estimated under AE model was found to be h2 = 0.59

(95% CI 0.44–0.70) and no significant effects observed for the

covariates age and sex, but education had a significant effect (p-

value = 0.02). The informant assessment of cognitive decline

(n = 133 twin pairs) had no suggestion of genetic heritability

(h2 = 0.13, 95% CI 0–0.34).

Having established moderate genetic heritability with data from

the MACQ, future work will examine heritability of SCD determined

by other scales as well as the contribution of influencing factors, such

as personality traits.

You are only as old as you feel

Catalina Zavala, University of Southern California; Thalida

Arpawong, University of Southern California; Carol Prescott,

University of Southern California

As we grow older, the experience of aging is often increasingly

subjective. Assessing self-rated health (SRH) and subjective age

provides intuitive, albeit enigmatic, input regarding how an individual

is feeling about their overall health and aging. Longitudinal studies

suggest that both measures predict mortality in older adults. To what

extent are SRH and subjective age tapping into the same underlying

mechanisms? We evaluated biometric twin models to determine the

degree to which SRH and subjective age may have common genetic

and environmental sources of covariation. Analyses are based on

1400 twin pairs from the Project Talent Twin and Sibling (PTTS)

Study, including 710 pairs with complete data for the full bivariate

model (MZ = 280; DZ = 430). Participants were, on average,

70 years old when interviewed in 2014. Individuals reporting their

SRH as ‘good’ or ‘very good’ also tended to endorse feeling

younger than their age (r = 0.52). Univariate twin modeling indicated

that about a third of the variance in SRH was attributed to additive

(A) genetic influences, with little familial (C) environmental influ-

ences, and remaining variance attributed to individual

(E) environmental influences. Similar ACE results were found for the

univariate twin model for subjective age. The bivariate twin model

attributed covariation between SRH and subjective age to the genetic

(A) component, with much of the remaining residual variance in

subjective age due to (E) environment. Current results suggest (1)

common genes may be responsible for associations between SRH and

subjective age and (2) each measure retained unique variation due to

individual-specific environmental influences.

Does genetic risk of insomnia influence aggression?

Reece Lavender, Queensland Institute of Medical Research &

University of New England; Andrea Allegrini, King’s College

London; Koen Bolhuis, Erasmus University Rotterdam; Fiona

Hagenbeek, Vrije Universiteit Amsterdam; Teemu Palviainen,

Institute for Molecular Medicine Finland; Meike Bartels, Vrije

Universiteit Amsterdam; Dorret Boomsma, Vrije Universiteit

Amsterdam; Iryna Fedko, Vrije Universiteit Amsterdam; Jouke-Jan

Hottenga, Vrije Universiteit Amsterdam; Jaakko Kaprio, Institute

for Molecular Medicine Finland, University of Helsinki; Maria

Elisabeth Koopman-Verhoeff, Erasmus University Rotterdam;

Tellervo Korhonen, Institute for Molecular Medicine Finland,

University of Helsinki; Sander Lamballais, Erasmus University
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Rotterdam; Lannie Ligthart, Vrije Universiteit Amsterdam; Kaili

Rimfeld, King’s College London; Henning Tiemeier, Erasmus

University Rotterdam; Toos van Beijsterveldt, Vrije Universiteit

Amsterdam; Eero Vuoksimaa, Institute for Molecular Medicine

Finland, University of Helsinki; Alyce Whipp, Institute for Molecular

Medicine Finland, University of Helsinki; Nicholas Martin, QIMR

Berghofer Medical Research Institute; Lucı́a Colodro-Conde, QIMR

Berghofer Medical Research Institute; Sarah Medland, QIMR

Berghofer Medical Research Institute

Insomnia is linked to emotional and behavioral difficulties particu-

larly in young people. Insufficient sleep, overtiredness and insomnia

have been found to predict externalizing behaviors including

aggression. Whilst associations between sleep quality and emotional

and behavioral difficulties have been found in young people, the

extent to which genetic liability for insomnia can predict aggression is

unknown.

This is a collaborative project involving * 14,000 participants

across 5 cohorts from the ACTION Consortium. Using data collected

from QIMR participants we assessed insomnia and aggression from

the Buss-Perry Aggression Scale, we replicated our findings with data

from four additional cohorts from Finland, The Netherlands, and the

UK. We used polygenic risk scores from the Jansen et al. (2018)

GWAS of insomnia to test whether genetic risk for insomnia pre-

dicted aggression or any of its components. Data were analysed using

linear mixed models including the effects of age, sex, their interac-

tion, genetic principal components, and a genetic relationship matrix

to account for relatedness.

Insomnia polygenic risk scores predicted aggression traits in the

QIMR sample (total aggression score, physical aggression, anger,

hostility; but not verbal aggression). The results were replicated at a

nominal level within all cohorts.

These results suggest that genetic vulnerability to insomnia may

be a useful predictor of aggression. Prevention and early treatment

interventions remain important to treat the behavioral manifestations

arising from insomnia, such as emotion dysregulation and distress

intolerance, which are associated with aggressive behaviors.

Testing structural models of psychopathology

at the genomic level

Irwin Waldman, Emory University

Recent Genome-wide Association Studies (GWAS) have revealed

hundreds of genetic loci that underlie major psychiatric disor-

ders. Post-GWAS analyses have also revealed substantial genetic

correlations among various psychiatric disorders. This suggests these

disorders share common genetic causes, implying the presence of a

higher-order structure of psychopathology, although the exact nature

of this structure is unknown. Herein we test multiple structural models

of psychopathology at the genomic level using the genetic correla-

tions among fourteen psychiatric disorders and related traits. We

show that the best-fitting model contains three correlated factors,

Externalizing, Internalizing, and Thought Problems—and an uncor-

related Neurodevelopmental Disorders factor, but no General

Psychopathology factor. These factors show distinct patterns of

genetic correlations with relevant traits and account for substantial

genetic variance in their constituent disorders. These findings also

suggest a similar structure of psychopathology at the genomic and

phenotypic levels. Such higher-order psychopathology factors are

potentially better targets for GWAS than individual disorders and are

more predictive of external criterion variables.

Dissecting the genetic architecture of chronic pain using

CTG-VL: complex-traits genetics virtual lab

Mischa Lundberg, University of Queensland Diamantina Institute;

Adrian Campos, QIMR Berghofer Medical Research Institute; Miguel

Renteria, QIMR Berghofer Medical Research Institute; Trung Ngo,

University of Queensland Diamantina Institute; Gabriel Cuellar

Partida, University of Queensland Diamantina Institute

Chronic pain (CP) affects 30–50% of the population and is one of the

leading causes of disability worldwide. Observational studies show

that CP increases the risk of opioid use disorder, illicit drug use and

depression. Despite these major public health issues, research into the

underlying genetics of CP is limited compared with other common

chronic disorders.

Here, we present a genome-wide association study (GWAS) of CP

using UK Biobank data (controls N = 78,691; cases N = 209,426).

CP was modeled as a binary trait and assessed by participants’ survey

responses to pain occurring in any body region for C 3 months. Two

genome-wide significant associations (P\ 5 9 10-8) were identified

which mapped to genes ADAMTS6 (a risk locus for inguinal hernia)

and LEMD2 (required for embryonic development).

Furthermore, we present CTG-VL (https://genoma.io) which is a

new freely available online platform that integrates an extensive suite

of post-GWAS analysis tools and results from[ 1500 complex traits.

Genetic correlation analyses using the platform revealed a strong

association of CP with smoking (rG = 0.4264, P = 2.6688 9 10-24)

and other compulsive behaviors or addictions to any substances

(rG = 0.2928, P = 0.0024).

In conclusion, we identified two novel genome-wide significant

associations, ADAMTS6 and LEMD2. A gene-based test

(P\ 5 9 10-5) also revealed genes in the 17q21.31 locus (DCAKD

and NMT1) associated with CP using the CTG-VL.

Children’s emotionality in context: family to school

spillover

Elizabeth Shewark, Pennsylvania State University; Jenae Neiderhiser,

Pennsylvania State University; Jody Ganiban, George Washington

University; Daniel Shaw, University of Pittsburgh; David Reiss, Yale

University; Misaki Natsuaki, University of California, Riverside;

Leslie Leve, University of Oregon

Parent–child and teacher–child relationships are critical for child

behavioral adjustment, yet we know little about the role of the child

and how their relationships with parents influence relationships with

teachers. We examined how child’s inherited negative emotionality

may evoke close or conflictual relationships with their parents (via

evocative rGE), and how this association impacted the child’s later

relationships with their teachers.

Using data from the longitudinal adoption Early Growth and

Development Study (N = 561) we examined how genetic influences

on child sadness and anger (inferred from latent factors of birth

parents’ negative emotionality and behavioral activation), and parent–

child relationships (parent–child closeness and conflict at age 6) affect

teacher–child closeness and conflict (age 7).

Results of the structural equation model. Mother–child closeness

was associated with low conflict between children and their teacher a

year later (b = - 0.20, p\ 0.05). Of interest, inherited child anger

played a significant role in impairing the child’s closeness to mother

(b = - 0.02, p\ 0.05) but not to father. In comparison, inherited

child anger evoked more conflictual relationships with mother

(b = 0.03, p\ 0.01) and father (b = 0.02, p\ 0.01). Reveled here is

an unanticipated role of children’s ability to regulate their own anger
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in a chain of positive relationships, first with parents and then—via

these parent–child relationships—with teachers (b = 0.05, p\ 0.05).

These findings assist in elucidating potential heritable and child

specific mechanisms by which parent–child relationships are associ-

ated with teacher–child relationships.

No evidence was found for the influence of genetic

effects on sleep duration in the Japanese population

Fujio Inui, Kio University; Karri Silventoinen, University of Helsinki;

Chika Honda, Osaka University; Rie Tomizawa, Osaka University;

Daisuke Matsumoto, Kio University; Kae Nakatani, Kio University;

Norio Sakai, Osaka University

Background: Sleep duration in Japan is one of the shortest worldwide.

Sleep duration in Japan has also decreased after the high economic

growth period of the 1960s. It is still not known in which extent

genetic and environmental factors affect sleep duration in the Japa-

nese population.

Method: The sleep duration data were collected by questionnaires

sent to 697 twin pairs in 2014 and 750 pairs in 2016. After excluding

clearly erroneous values (N = 221), we had 319 monozygotic and 69

dizygotic complete twin pairs. The data were analyzed using uni-

variate genetic twin modeling after adjusting the analyses for age and

sex effects.

Results: The average time of sleep duration on the weekday in MZ

twins (age = 54.3 SD = 18.8) was 7.2 h (SD = 1.3) and in DZ twins

(age = 53.2 SD = 21.9) 7.1 h (SD = 1.3). The average sleep duration

on the weekend in MZ twins was 7.9 h (SD = 1.4) and in DZ twins

8.1 h (SD = 1.6). The within-pair correlations were largely similar in

both zygosity groups (MZ: weekday r = 0.40, weekend r = 0.41; DZ:

r = 0.44 and 0.48, respectively). In the genetic twin modeling, the

common environment/unique environment (CE) model showed the

best fit according to the AIC fit index. For weekday sleep duration, the

common environmental effect was 0.44 (95% CI 0.35–0.52) and

unique environmental effect 0.56 (95% CI 0.48–0.65) whereas for

weekend sleep duration the estimates were 0.44 (95% CI 0.35–0.51)

and 0.56 (95% 0.49–0.65), respectively.

Conclusions: No evidence was found for the influence of genetic

effects on sleep duration in the Japanese population.

Association of different BDNF, COMT, HTR2A

and DRD2 genotypes with levels of emotional

intelligence and brain activity characteristics

in Armenians

Ekaterina Kovsh, Southern Federal University; Elena Vorobyeva,

Don State Technical University; Vladimir Kosonogov, Southern

Federal University; Pavel Ermakov, Southern Federal University

The purpose of this work was to study the association of polymor-

phisms genotypes Val66Met BDNF, Val158Met COMT, 4692G[A

HTR2A, and 32806C[T DRD2 in genes, related to brain neuro-

transmitter systems, with levels of emotional intelligence (EmIn) and

characteristics of brain activity in Armenians.

Research hypotheses: various genotypes of BDNF, COMT, HTR2A,

DRD2 genes might be associated with different levels of EmIn and

characteristics of electrical brain activity in Armenians.

The study involved 100 Armenian subjects aged 18 to 22.

Psychodiagnostics: The Mayer–Salovey–Caruso Emotional Intelli-

gence Test (MSCEIT) in the adaptation of E.A. Sergienko; self-

reference questionnaires ‘‘EmIn’’ (by D. Lusin, N.Hall) were used.

Psychophysiology: 32-channel EEGs were recorded (‘‘Neurovizor-

136’’, ‘‘MCS’’, Russia); EEG recordings processed using ‘‘MatLab’’

software with ‘‘EEGLab’’, ‘‘WinEEG’’ and ‘‘Statistica 13.0’’

packages.

Genetics: PCR analyses of DNA, isolated from buccal epithelial cells,

(‘‘BiReT’’, Russia).

Statistical analyses: ANOVA; post hoc Fisher’s test (p B 0.05).

Conclusion: The heterozygous BDNF Val/Met genotype was asso-

ciated with significantly higher EmIn levels, than the BDNF Val/Val

genotype (F = 3.93; p = 0.049; g2p = 0.03). The studied genotypes

were associated with differential characteristics of the electrical brain

activity. The BDNF gene exerted a significant impact on the power of

Beta rhythm in central leads (F = 4.52; p = 0.036; g2p = 0.037): car-

riers of the Val/Met genotype showed significantly higher values of

the power of beta rhythm compared with carriers of the Val/Val

genotype.

The COMT, HTR2A, DRD2 genes demonstrated no significant

effects on the power indices of EEG rhythms.

*Supported by RFBR, project 18-01301019.

A sex limitation model of self-esteem using twin and sib

data

Rainer Riemann, Bielefeld University

Gender differences – to the effect that females on average report less

self-esteem than males – can be observed in many different cultures

over a large age range (Bleidorn et al. 2016). In addition, there is

ample evidence that individual differences in self-esteem are partially

based on genetic differences. One reason for gender differences might

be that the genetically and environmentally influenced) processes

underlying self-esteem differ for females and males.

Our TwinLife study, a larger German twin family study, is

restricted to mono- and dizygotic same-sex twins reared together and

their families. In order to test for quantitative and qualitative differ-

ences in the etiology of self-esteem, we analyzed the data from

monozygotic and dizygotic, female and male twin pairs and their

same-sex or opposite sex-twins (8 groups). Structural equation

modeling indicates marginal quantitative differences in heritability

but substantial qualitative differences (sex-limitation).

Whether or not these results may help to explain mean sex dif-

ferences will be the focus of the discussion.

Self-control and grit across socioeconomic backgrounds

Sofieke Kevenaar, Vrije Universiteit Amsterdam; Eveline de Zeeuw,

Vrije Universiteit Amsterdam; Elsje van Bergen, Vrije Universiteit

Amsterdam; Dorret Boomsma, Vrije Universiteit Amsterdam

Academic performance (AP) in children can be partially predicted by

parental socioeconomic status (SES), with children from lower SES

having lower AP than children from a high SES. Here we look at non-

cognitive skills, like self-control and grit, that are important for AP,

independent of cognitive skills. SES differences in these non-cogni-

tive skills might explain why children from lower SES do not always

go to the secondary educational track that their cognitive skills would

allow. We analyzed teacher-rated data that indexed non-cognitive

skills, i.e., self-control (N = 4747) and grit (N = 3389) in twelve-

year-old twins from the Netherlands Twin Register. The aim of the

study was to estimate the heritability of self-control and grit while

allowing for moderation of genetic and non-genetic parameters by

SES. Children from high SES had more self-control and were grittier

518 Behav Genet (2019) 49:487–557

123



than children from lower SES backgrounds and girls had more self-

control and were grittier than boys. Results also revealed that for self-

control total variance decreased with increasing SES, while heri-

tability did not differ across SES strata, resembling earlier results for

AP from the Netherlands. For grit, there was no moderation of SES on

the genetic and environmental variance. Thus, for both self-control

and grit the heritability did not depend on SES, but for self-control

variance components were larger for children of lower SES.

Polygenic scores for educational attainment in adults

predict inter-individual differences in working memory

among teenagers

Bruno Sauce, Karolinska Institutet; Nicholas Judd, Karolinska

Institutet; John Wiedenhoeft, University of Göttingen; Jeshua Tromp,

Utrecht University; Sebastian Ghomri, Karolinska Institutet; Bader

Chaarani, University of Vermont; Alexander Schliep, University

of Gothenburg; Hugh Garavan, University of Vermont; Torkel

Klingberg, Karolinska Institutet

Working memory (WM) is the ability to maintain and manipulate

information in active attention. WM is central to a wide range of

behaviors, and seems to play an important role in school performance.

Despite recent advances, genetic studies on WM have typically been

small and focused on a few candidate genes. Furthermore, the genetic

overlap between WM and educational attainment is still poorly

understood. Polygenic scores (PGS) are a concept/analysis that

combines genetic variants from large genome-wide association

studies to provide weighted scores to each genotyped participant from

a new study—lending it a greater statistical power. Here, we used a

published genome-wide association study on educational attainment

in adults (n = 1.1 million) to obtain PGS in an independent sample of

14-year-old European teenagers from IMAGEN (n = 1434). We

estimated WM scores by performing an exploratory factor analysis on

three relevant cognitive tasks: the spatial working memory task, the

pattern recognition memory task, and the rapid visual information

processing task. This WM latent factor explained 28% of the common

variance among the tasks. We then found that teenagers with higher

PGS for educational attainment (based on 5709 SNPs) had signifi-

cantly higher WM scores (beta = 0.19). This prediction was

significant even after controlling for the effect of socioeconomic

status, which is known to influence educational attainment. These

results suggest that the effect of PGS for educational attainment could

partly be mediated by its effect on WM. This might be relevant for

future studies on the plasticity of WM and its role in education.

Early manifestations of genetic risk for ADHD

in Norwegian children

Ragna Bugge Askeland, Norwegian Institute of Public Health; Laurie

Hannigan, Lovisenberg Diaconal Hospital; Helga Ask, Norwegian

Institute of Public Health; Martin Tesli, Norwegian Institute of Public

Health; Elizabeth Corfield, Norwegian Institute of Public Health;

Alexandra Havdahl, Lovisenberg Diaconal Hospital, Norwegian

Institute of Public Health & University of Bristol; Ted Reichborn-

Kjennerud, Norwegian Institute of Public Health

Background: Attention Deficit/hyperactivity disorder (ADHD) is a

common neurodevelopmental disorder affecting 4–5% of children. It

is highly heritable and a substantial amount of the genetic variance is

explained by common single nucleotide polymorphisms (SNPs). We

know little about how the phenotypic expressions of genetic risk for

ADHD manifest in early childhood. Recent advances in genetic

methods and the availability of biological samples in population-

based cohorts have made it possible to prospectively examine the

manifestations (i.e., signs, symptoms and disorders) of genetic risk for

ADHD.

Aim: How does genetic risk for ADHD manifest at different stages of

child development, from infancy through early childhood and up to

8 years?

Study sample: A sub-sample of genotyped data from 9891children

drawn from the Norwegian Mother and Child Cohort (MoBa) was

used in these analyses. MoBa is a longitudinal pregnancy cohort study

including about 114,000 children and their mothers and fathers.

Methods: We calculated polygenic risk scores (PRS) for ADHD,

based on European samples from the most recent Psychiatric Geno-

mics Consortium genome-wide association study (GWAS). Mother-

reported questionnaire data was collected as part of MoBa when

children were aged 6 months, 18 months, 3, 5, and 8 years. It

includes dimensional measures of development, such as attention,

activity, language, motor and social communication. Linear regres-

sion was used to assess associations between the PRS for ADHD and

dimensional measures of neurodevelopment at all ages measured in

MoBa. Knowing that there are sex differences when in diagnosis of

these disorders, we investigated possible differences between boys

and girls.

Geographical gene-environment interaction in ASD

and ADHD traits

Zoe Reed, University of Bristol; Henrik Larsson, Örebro University;

Claire Haworth, University of Bristol; Richard Thomas, University

of Bristol; Andrew Boyd, University of Bristol; George Davey Smith,

University of Bristol; Robert Plomin, King’s College London; Paul

Lichtenstein, Karolinska Institutet; Oliver Davis, University of Bristol

Where we live can affect the balance of genetic and environmental

influences on many developmental disorders and traits. For example,

some genetic influences may be drawn out specifically by urban or

rural environments. We used two different approaches to investigate

the influence of location on autism spectrum disorder (ASD) and

attention deficit hyperactivity disorder (ADHD), on both national and

local scales.

First, using data from Sweden’s Child and Adolescent Twin Study,

we used spACE structural equation models to estimate spatial patterns

of genetic, shared environmental and non-shared environmental

influences on symptoms of ASD and ADHD at ages 9 and 12 for

thousands of locations across the country. We compared the maps to

our previous analyses in the UK’s Twins Early Development Study.

Second, we explored how polygenic risk for ASD and ADHD

varies across a single city-region using data at age 10 from the Avon

Longitudinal Study of Parents and Children (ALSPAC) in Bristol,

UK. We obtained effect estimates at multiple locations across the

study area using weighted linear regression models of polygenic risk.

We found geographical variation in genetic and non-shared

environmental influences for both ASD and ADHD in Sweden, par-

alleling our previous results from the UK. We also found evidence of

geographical variation in polygenic risk on a local scale in Bristol and

surrounding areas. The maps produced by these analyses may inform

the discovery of novel environments that draw out or mask genetic

risk, facilitating the discovery of genetic variants and the develop-

ment of targeted environmental interventions.
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To what extent can passive genetic transmission account

for associations between maternal depressive symptoms

and child early life psychopathology symptoms?

Line Gjerde, Norwegian Institute of Public Health; Espen Moen

Eilertsen, Norwegian Institute of Public Health; Laurie Hannigan,

University of Bristol; Thalia Eley, King’s College London; Espen

Røysamb, University of Oslo; Ted Reichborn-Kjennerud, Norwegian

Institute of Public Health; Frühling Rijsdijk, King’s College London;

Tom McAdams, King’s College London; Eivind Ystrom, Norwegian

Institute of Public Health

Maternal depressive symptoms are associated with preschool off-

spring’s psychopathology symptoms. However, it is not clear to what

extent different mechanisms, such as genetic confounding, can

account for these associations. We aimed to estimate the relative

importance of genetic transmission and direct environmental exposure

in these associations at three occasions in early childhood. Data from

22,316 maternal sisters and their 35,589 children from the Norwegian

Mother and Child Cohort Study were modeled using Multiple Chil-

dren of Twins and Siblings models. Mothers reported their own

depressive symptoms 1.5, 3 and 5 years after birth using the Symptom

checklist. Mothers also reported their offspring’s concurrent symp-

toms of psychopathology using the Child Behavior Checklist. The

mother-offspring phenotypic correlations varied from 0.17 to 0.22 for

child emotional problems, and could predominantly be explained by

genetic transmission at age 1.5 and 3. At age 5, however, correlations

were more due to direct environmental exposure. For child behavioral

problems, the mother–offspring phenotypic correlations varied

between 0.18 and 0.21. For this outcome, the relative importance of

genetic transmission and environmental exposure did not change from

age 1.5 to age 5 years. In conclusion, associations between maternal

depressive symptoms and offspring psychopathology symptoms

remained after accounting for shared genes, consistent with a small,

causal effect. For offspring emotional problems, this effect was

strongest at age 5. Our findings imply that treatment of maternal

depressive symptoms could also benefit the offspring, and that genetic

confounding need to be considered when investigating associations

between maternal depression and offspring outcomes.

Investigation of environmental influence on bone health

among Japanese female twins

Chika Honda, Osaka University; Rie Tomizawa, Osaka University;

Soichiro Saeki, Osaka University; Fujio Inui, Kio University; Osaka

Twin Research Group, Osaka University; Norio Sakai, Osaka

University

Osteoporosis is a disease characterized by decreased bone strength

leading to increased risk of fracture, and considered as a significant

public health issue, especially in super-aged societies like Japan. Hip

fracture is one of the most concerning osteoporosis-related fracture

types and negatively affects both QOL of patients and the society as a

whole, causing decline of physical and cognitive function of patients

and increased mortality. In Japan, it is estimated that over 13 million

people have osteoporosis and the number is on the rise. Prevention of

osteoporosis and the following fractures is important.

Human phenotypes are affected by genetic and environmental

factors, and so is bone strength. For better understanding of roles of

genetic and environmental factors, we studied twins longitudinally

and showed how bone strength changes over time with different

degree of environmental factors that are considered important in bone

health management.

Subjects were 20 pairs of monozygotic twins, post-menopausal

women.

Bone mineral density was assessed using quantitative ultrasound

(QUS).

We analyzed the measurement of bone mineral density in the

second wave as an outcome, and dietary intake of calcium, Vitamin

D, Vitamin K, BMI and exercise habits in the first wave as exposure.

We found that dietary intake of minerals, exercise habit and BMI

were not statistically significant.

The current study is still preliminary with a limited number of

participants and more study is needed to better clarify the environ-

mental influence on bone health.

The role of parents in the development of emotional

and behavioral problems in their children: genetically

informative approaches using the Norwegian mother

and child cohort study

Fartein Ask Torvik, Norwegian Institute of Public Health; Helga Ask,

Norwegian Institute of Public Health; Yasmin Ahmadzadeh, King’s

College London; Rosa Cheesman, King’s College London; Tom

McAdams, King’s College London

Symposium Overview: Emotional and behavioral problems in children

are predicted by the environments that parents provide for them.

Parental psychopathology, personality and socioeconomic status have

all been associated with the development of child psychopathology.

However, most research does not account for the potential con-

founding of genetic relatedness. For example, the offspring of parents

experiencing psychopathology can inherit both genes and environ-

ments associated with psychopathology risk from their parents. In this

symposium we describe findings from a subsample of the Norwegian

Mother and Child Cohort Study (a study of * 90,000 moth-

ers, * 70,000 fathers, and * 114,000 children), including twin and

sibling pairs in the parent generation. We explore several parent–child

associations using genetically-informative methods to distinguish

potentially true environmental risk from genetic transmission. In

complementary intergenerational genomic analyses, we use * 8100

parent–offspring trios to estimate the effect of environments provided

by parents, as indexed by the parental genome.

Shared polygenetic variation between ASD and ADHD

exerts opposite association patterns with educational

attainment

Beate St Pourcain, Max Planck Institute for Psycholinguistics; Jakob

Grove, Center for Genomics and Personalized Medicine; Chin Yang

Shapland, MRC IEU, University of Bristol; Ditte Demontis, Center

for Genomics and Personalized Medicine; Stephen Burgess, MRC

Biostatistics Unit, University of Cambridge; Dheeraj Rai, Bristol

Medical School, University of Bristol; Anders Borglum, Center

for Genomics and Personalized Medicine; Ellen Verhoef, Max Planck

Institute for Psycholinguistics

Autism Spectrum Disorder (ASD) and Attention-Deficit/Hyperactiv-

ity Disorder (ADHD) are genetically complex neurodevelopmental

disorders that often co-occur. Besides some shared genetic etiology,

both conditions display apparent differences in their genetic archi-

tectures, especially in their genetic overlap with educational

attainment (EA). Here, we investigate ASD-specific, ADHD-specific

and cross-disorder genetic associations with EA using a multivariable
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regression (MVR) framework and EA, ASD and ADHD genome-

wide association summary statistics from large consortia

(10,610 B N B 766,345). Our findings show that EA-related poly-

genic variation is shared across ASD and ADHD, irrespective of

opposite association profiles. For example, ASD risk-increasing

alleles selected at threshold Pthr\ 0.0015 (NSNPs = 1973), showed a

0.009 increase (SE = 0.003) in years of education per log-odds ASD

liability. Conditional on these effects, the same alleles captured a

0.029 decrease (SE = 0.004) in years of education per log-odds

ADHD liability. Likewise, ADHD risk-increasing alleles (Pthr\
0.0015, NSNPs = 2717) showed an inverse ADHD-specific associa-

tion with EA (b = - 0.012(SE = 0.003)), conditional on positive

cross-disorder effects shared with ASD (b = 0.022(SE = 0.003)).

MVR effect sizes increased when variants were restricted to markers

tagging both ASD and ADHD, which at Pthr\ 0.0015 (NSNPs = 83)

implicated many regulatory loci. The discovered inverse ADHD/ASD

cross-disorder effects on EA were stronger and larger than for other

combinations of psychiatric disorders, but are unlikely to be limited to

ASD and ADHD. Thus, shared polygenic ASD/ADHD variation can,

involving different combinations of the same risk-increasing alleles,

reveal an opposite association profile with EA. These inverse patterns

may affect the detectable net genetic overlap between ASD and

ADHD in cross-disorder investigations.

Modeling stability and change in the genetic

architecture of language and literacy development

Ellen Verhoef, Max Planck Institute for Psycholinguistics; Philip S.

Dale, University of New Mexico; Simon E. Fisher, Max Planck

Institute for Psycholinguistics; Chin Yang Shapland, University

of Bristol; Beate St Pourcain, Max Planck Institute

for Psycholinguistics

Expressive and receptive vocabulary during infancy crucially shapes

children’s cognitive development during later life, and may involve

shared biological foundations. However, knowledge of genetic

interrelations between early language skills and language- and liter-

acy-related abilities (LRAs) during mid-childhood is scarce. Here, we

investigate shared and unique genetic influences underlying vocabu-

lary skills during early childhood (15, 24 and 38 months) as well as

reading, spelling, phonemic awareness, listening comprehension, non-

word repetition and verbal intelligence quotient during mid-childhood

(7–13 years) using data from the ALSPAC cohort (4121 B NB6524).

We dissect their multivariate genetic architecture using Genetic-re-

lationship-matrix Structural Equation Modeling (Cholesky

decomposition). Our findings show that both expressive (EV) and

receptive vocabulary (RV) are genetically heterogeneous, with

modest, but detectable, SNP-heritabilities (0.11–0.18). Genetic fac-

tors for EV at 15 months explained very little variance in later skills.

However, at 24 months novel genetic factors arise, explaining 10.1%

of phenotypic variation in EV at 24 months, 7.1% in EV at 38 months

and 11.0% in RV at 38 months. This shared genetic factor also

explained variance in mid-childhood LRAs (B 8.6%). Unique genetic

factors arising at 38 months, especially for RV, explained

29.4–45.1% phenotypic variation in mid-childhood LRAs, primarily

reading. In comparison, the explained variation by this genetic factor

in RV at 38 months was small (3.7%). We identified little evidence

for LRA-specific genetic factors that arise during mid-childhood. This

suggests that genetic factors influencing mid-childhood LRAs can be

detected from 24 months onwards and may encode biological

mechanisms that become increasingly important with progressing

age.

Adjusting for heritable covariates might sometimes be

a good idea in genome-wide association studies

Robbee Wedow, Broad Institute of MIT and Harvard

In an important piece by Aschard, Vihjalmsson, Joshi, Price, and

Kraft published in 2015 in the American Journal of Human Genetics,

the authors explain that controlling for heritable covariates in a

GWAS regression equation introduces unintended bias with respect to

the primary outcome as a result of covariate adjustment. Further, this

collider bias might lead to false positives. While we take the authors’

point, we do not agree that heritable covariates should never be

considered as controls in the GWAS regression framework. Instead

there might times when it is useful to run a conditional GWAS,

especially as we have increasingly large biobank datasets with addi-

tional covariates that could be used as conditioning variables. In this

study we consider weight controlling for height (i.e., Body Mass

Index) as an exemplar of this type of thinking, and we then consider

other salient examples that might allow researchers to achieve cleaner

measures of their phenotype of interest (e.g., cognition) or that might

allow researchers to proxy for phenotypes that do not already have

large GWAS sample sizes (e.g., cognitive decline).

Investigating the genetic architecture of ADHD

and ASD in young adulthood

Lucy Riglin, Cardiff University; Beate Leppert, University of Bristol;

Kate Tilling, University of Bristol; George Davey Smith, University

of Bristol; Evie Stergiakouli, University of Bristol; Anita Thapar,

Cardiff University

Attention Deficit Hyperactivity Disorder (ADHD) and autism spec-

trum disorder (ASD) are neurodevelopmental disorders that onset in

early childhood. They are often considered childhood disorders but

also affect adults. There has been considerable research into the

genetic architecture of ADHD and ASD in childhood—that have been

shown to be highly heritable and genetically correlated with each

other and additional psychiatric disorders. However less is known

about the genetic underpinnings of these phenotypes in adulthood and

data from large population-based samples are lacking. We set out to

investigate (i) the SNP heritability of self-rated and parent-rated

ADHD and ASD symptoms in young adults using genetic-relation-

ship-matrix restricted maximum likelihood (GREML), and (ii) the

genetic overlap, in young adults, between ADHD and ASD symptoms

and their genetic correlations with additional psychiatric disorders

(schizophrenia, depression, anxiety, childhood ADHD, childhood

ASD) using bivariate GREML and polygenic risk scores. We will

present findings from newly collected data of parent- and self-rated

ADHD and ASD symptoms at age 25 years in the Avon Longitudinal

Study of Parents and Children, a prospective UK population-based

cohort.

Relationships between anxiety symptoms and cardiac

autonomic function: a specific link with baroreflex

sensitivity

Zeynep Nas, King’s College London; Harriëtte Riese, University

of Groningen; Arie M. van Roon, University of Groningen; Frühling

Rijsdijk, King’s College London

Anxiety disorders are associated with various cardiovascular health

conditions, though underlying mechanisms are poorly understood.
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Increasing evidence suggests that autonomic nervous system (ANS)

dysfunction may play a role in this relationship. In this study, we

investigated the phenotypic, genetic and environmental associations

between a latent anxiety factor and three cardiac autonomic function

measures; inter-beat interval, heart rate variability and baroreflex

sensitivity. Multivariate twin models were fit using data on female

twins (N = 250) drawn from the Twin Interdisciplinary Neuroticism

Study (TWINS). A significant negative association was identified

between latent anxiety and baroreflex sensitivity factors (r = - 0.24,

95% CI = - 0.40, - 0.07). Findings suggest that this relationship

could potentially be explained by correlated shared environmental

influences, as we found no evidence of pleiotropic genetic and unique

environmental effects. We also identified negative relationships

between anxiety and heart rate variability (r = - 0.17, 95% CI = -

0.34, 0.00) and inter-beat interval (r = - 0.13, 95% CI = - 0.29,

0.04) but these associations did not reach statistical significance. Our

findings, of decreased efficiency in short-term blood pressure regu-

lation with higher anxiety scores provide support for autonomic

dysfunction with anxiety pathology and highlight the baroreflex

system as a key mechanism underlying the anxiety-cardiovascular

health relationship.

GWAS of non-cognitive skills using genomic SEM:

part 2

Margherita Malanchini, University of Texas at Austin; Perline

Demange, Vrije Universiteit Amsterdam; Travis Mallard, University

of Texas at Austin; Andrew Grotzinger, University of Texas

at Austin; Hill Ip, Vrije Universiteit Amsterdam; Jasmin Wertz, Duke

University; Benjamin Domingue, Stanford School of Education;

Colter Mitchell, University of Michigan; Eveline de Zeeuw, Vrije

Universiteit Amsterdam; Elsje van Bergen, Vrije Universiteit

Amsterdam; Dorret Boomsma, Vrije Universiteit Amsterdam; Pietro

Biroli, University of Zurich; Elliot Tucker-Drob, University of Texas

at Austin; Daniel Belsky, Columbia University; Michel Nivard, Vrije

Universiteit Amsterdam; Paige Harden, University of Texas at Austin

The predictive ability of genome-wide polygenicscores (PGS) con-

structed from the latest genome-wide association study (GWAS)of

educational attainment (EA3) is likely to reflect most of those heri-

table characteristics that propel individuals to different educational

trajectories. The current work examined which characteristics, beyond

cognitive abilities, are reliably captured by the EA3 PGS. After

applying Genomic Structural Equation Modeling to create a GWAS

of non-cognitive factors (Talk 3), we examined the associations

between the genetic variants associated with the cognitive and non-

cognitive portions of EA3 and a host of cognitive, educationally-

relevant and health phenotypes. Five cohorts, based in the USA

(Texas Twin Project and Add Health), the United Kingdom (E-Risk),

the Netherlands (Netherlands Twin Registry) and New Zealand

(Dunedin) contributed genetic and phenotypic data.

The cognitive and non-cognitive portions of EA3 were uncorre-

lated (r = - 0.0002, p = 0.9909).Genetic correlations between

cognitive, personality and health-related traits and the non-cognitive

portion of EA3 differed from the cognitive portion. The non-cognitive

piece was positively associated with the genetics of IQ, openness to

experience, schizophrenia and bipolar disorder but negatively asso-

ciated with neuroticism, conscientiousness and BMI. Polygenic

predictions across cohorts suggested an important role of the non-

cognitive PGS in accounting for variation in experience-seeking

behaviors. Our results point first to the differential links between the

cognitive and non-cognitive parts of EA3 and the genetics of

schizophrenia and bipolar disorder. Secondly, our findings highlight

the role of experience-seeking as an important mediating path

connecting genetic predisposition to individual variation in educa-

tional attainment.

The genetic and environmental overlap

between callous-unemotional traits and ADHD

symptoms among five year old twins

Sofi Fröberg, Orebro University; Henrik Larsson, Orebro University;

Catherine Tuvblad, Orebro University

Disruptive behavior disorders (e.g., attention-deficit/hyperactivity

disorder [ADHD], oppositional defiant disorder [ODD], conduct

disorder [CD]) affect 5–10% of youth and represent the primary

reason for youth referrals to clinicians (APA, 2013). DSM-V includes

callous-unemotional (CU) traits (specifier ‘with prosocial emotions’)

to CD (APA, 2013; Frick et al. 2014). Research suggests an associ-

ation between CU traits and ADHD symptoms (Graziano et al. 2016;

Babinski et al. 2017; Haas et al. 2018). The genetic and environ-

mental overlap between CU traits and ADHD symptoms were

examined in a sample of 1189 five year-old children using teacher-

ratings, the PrEschool Twin Study in Sweden (PETSS). The corre-

lations between CU traits and hyperactivity/impulsivity, and between

CU traits and inattention were rp = 0.53, p\ 0.05 and 0.44,

p\ 0.05, respectively. For CU traits, genetic factors accounted for

25%, p\ 0.05 of the variance, the shared environment accounted for

48%, p\ 0.05, and the non-shared environment for 27%, p\ 0.05.

For hyperactivity/impulsivity, genetic factors accounted for 85%,

p\ 0.05 of the variance and the non-shared environment accounted

for 15%, p\ 0.05. For inattention, genetic factors accounted for 43%,

p\ 0.05 of the variance, the shared environment accounted for 38%,

p\ 0.05, and the non-shared environment for 19%, p\ 0.05. For CU

traits and hyperactivity/impulsivity, rg = 0.58 (0.36, 0.88), rc = 0.84

(0.46, 1.00), re = 0.24 (0.10, 0.37). For CU traits and inattention,

rg = 0.33 (0.00, 0.61), rc = 0.63 (0.43, 0.82), re = 0.30 (0.17, 0.43).

These findings indicate that CU traits and ADHD symptoms partly

share a common genetic and environmental etiology.

Identifying plausible causal risk factors for self-harm:

a polygenic risk scoring and Mendelian randomization

approach

Kai Lim, King’s College London; Frühling Rijsdijk, King’s College

London; Saskia Hagenaars, King’s College London; Adam Socrates,

King’s College London; Shing Wan Choi, King’s College London;

Jonathan R.I. Coleman, King’s College London; Kylie P. Glanville,

King’s College London; Cathryn M. Lewis, King’s College London;

Jean-Baptiste Pingault, University College London

Introduction: Self-harm is a complex trait any act of self-injury and

self-poisoning carried out by an individual, regardless of intention or

motivation associated with multiple personal risk factors. Using

genetic information, methods such as polygenic risk scoring (PRS)

and Mendelian Randomization (MR) can be used to strengthen the

causal inference between these risk factors and self-harm.

Aims: This study aimed to (1) use PRS of multiple personal risk

factors to predict self-harm, hence identifying individual risk factors

that has plausible causal relationship with self-harm; and (2) inves-

tigate if the putative causal relationship between personal risk factors

identified in PRS analyses can be further demonstrated in MR

analyses.

Methods: Using genotype data and online Mental Health Question-

naire responses in the UK Biobank sample (N = 125,925), PRS
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generated for 24 individual risk factors were used to predict self-harm

in binomial regression models. MR analyses were then conducted for

significant risk factors identified in PRS analyses.

Results: Self-harm was predicted by PRS for six personal risk factors,

which are major depressive disorder (MDD), attention deficit/hyper-

activity disorder (ADHD), bipolar disorder, schizophrenia, alcohol

dependence and lifetime cannabis use. Subsequent MR analyses

showed causal relevance for MDD, ADHD and schizophrenia with

self-harm.

Conclusion: We demonstrated that genetic predisposition for personal

risk factors could predict self-harm, hence suggesting plausible causal

relationships between these risk factors and self-harm. The links

between these risk factors and self-harm are important to inform

prevention strategies.

Frailty and mortality: sex differences

and socioeconomic influences in Swedish twins

Malin Ericsson, Karolinska Institutet; Nancy L Pedersen, Karolinska

Institutet; Stefan Fors, Karolinska Institutet & Stockholm University;

Ralf Kuja-Halkola, Karolinska Institutet; Miriam Mosing, Karolinska

Institutet; Juulia Jylhävä, Karolinska Institutet; Anna Dahl Aslan,

University of Jönköping

Frailty is a construct that captures the general health condition of an

individual and is strongly associated with mortality. The prevalence

of frailty is not equally distributed within the aging population, and

socioeconomic factors, sex, and genetic influences are suggested to be

important in the development of frailty. We used data from the

Screening Across the Lifespan Twin study (SALT) which included

Swedish twins born 1886–1958 linked to the Cause of Death Register.

The final sample (n = 43,636) was restricted to participants with

available data to create the Frailty Index (FI). Linear regression was

used to estimate the effect of social class on frailty. Cox regression

was applied to investigate social class influences on mortality risk by

level of frailty. All models were stratified by sex. Co-twin control

methods were used to evaluate familial and genetic confounding. We

found a clear negative association between social class and frailty

which was stronger for women than for men. In the co-twin control

analyses, the effect remained similar for men, but for women, the

within-pair effect was strongly attenuated. Mortality followed a

socioeconomic gradient which was larger with a higher degree of

frailty. In co-twin control analyses, using monozygotic pairs this

association was not evident. Our results indicate that the relationship

between social class and frailty may be attributed to familial con-

founding for women, but not for men. However, the social gradient in

mortality risk, which was higher in more severe levels of frailty,

reflected familial confounding for both men and women.

Inhibition in the antisaccade task: an endophenotype

for ADHD?

Monica Siqueiros Sanchez, Karolinska Institutet; Terje Falck-Ytter,

Karolinska Institutet; Daniel Kennedy, Indiana University; Sven

Bölte, Karolinska Institutet; Brian D’Onofrio, Indiana University;

Paul Lichtenstein, Karolinska Institutet; Erik Pettersson, Karolinska

Institutet

Objectives: An inhibition deficit has been hypothesized to underpin

the characteristic behavioral manifestations of the Attention Deficit

and Hyperactivity Disorder (ADHD) (Barkley, 1997). In this study we

assess (1) if inhibition deficits differentially predict ADHD traits and,

(2) the degree to which unique and/or shared genetic/environmental

factors influence these associations.

Methods: 320 pairs between the ages of 9–14 years (50% Monozy-

gotic) from the Child and Adolescent Twin Study in Sweden

(CATSS) participated. We used an inhibition eye-tracking paradigm,

the Antisaccade, indexing inhibitory deficits as direction errors and

anticipatory eye movements. We measured ADHD traits using the

Conners-3P. We assessed the association between inhibition and

ADHD-trait measures using multiple linear regression mixed-effects

models. Genetic and environmental influences, unique and shared,

were estimated using multivariate twin models.

Results: Anticipatory eye movements were significantly associated

with inattention (b = 0.168, 95% CI 0.041, 0.312), while controlling

for hyperactivity and covariates. We found moderate to low heri-

tability estimates for anticipatory eye movements (h2 = 0.399) and

inattention (h2 = 0.553). There was a significant genetic correlation

between the two (0.193, 95% CI 0.017, 0.361), however it did not

hold after including covariates. We found no relation between the

percentage of direction errors and ADHD traits.

Conclusions: Anticipatory eye movements could be an endopheno-

type for inattention. However, caution is advised as larger studies

with higher power are required.

References
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Separating child and parent influences on child

emotional problems using genomic family data

Rosa Cheesman, King’s College London; Espen Moen Eilertsen,

Norwegian Institute of Public Health; Yasmin Ahmadzadeh, King’s

College London; Line Gjerde, Norwegian Institute of Public Health;

Laurie Hannigan, Nic Waals Institute & University of Bristol;

Alexandra Havdahl, Nic Waals Institute at Lovisenberg Diaconal

Hospital; Norwegian Institute of Public Health; University of Bristol;

Thalia Eley, King’s College London; Eivind Ystrom, Norwegian

Institute of Public Health; Tom McAdams, King’s College London

Adoption and children-of-twins designs provide some evidence that

the family environment influences child anxiety and depression over

and above shared genes, but results so far are inconsistent. No

research to date has applied intergenerational genomic tools to shed

more light on the mechanisms underlying the transmission of anxiety

and depression. A new intergenerational genomic heritability method,

Relatedness Disequilibrium Regression (RDR), allows parent and

offspring influences to be disentangled, and the effect of the parental

environment can be indexed by parents’ measured DNA. In a sample

of 3895 parent–offspring trios from the Norwegian Mother and Child

Cohort Study (MoBa), we use RDR to estimate parent and child

genetic influences on emotional problems in childhood. Results sug-

gest that variance in anxiety at age 8 is largely influenced by direct

genetic effects, whereas depression is mainly driven by genetic fac-

tors shared with parents. Next, we will incorporate newly genotyped

trios to increase power. This is the first use of genomic tools to

understand the transmission of anxiety and depression within fami-

lies. Unlike biometric designs, RDR is agnostic to parent phenotype

and estimates how much the parent genome, which captures all

unmeasured heritable parental behaviors, influences the child via the

environment. Additionally, RDR enables accurate estimation of the

direct effect of childrens’ own DNA on their traits, unconfounded

with effects of parental genes through the environment. Our results
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are relevant to debates about how to intervene to mitigate the inter-

generational transmission of emotional problems.

Comparison of adopted and non-adopted individuals

reveals gene-environment interplay for education

in the UK Biobank

Rosa Cheesman, SGDP Centre; Avina Hunjan, King’s College

London; Jonathan R.I. Coleman, King’s College London; Yasmin

Ahmadzadeh, King’s College London; Robert Plomin, King’s

College London; Tom McAdams, King’s College London; Thalia

Eley, King’s College London; Gerome Breen, King’s College London

Individual-level polygenic scores now explain * 10% of the varia-

tion in number of years of completed education. However,

associations between polygenic scores and education capture not only

genetic propensity but information about the environment that indi-

viduals are exposed to. This is because individuals passively inherit

the effects of their parents’ genotypes, who typically also provide the

rearing environment. In other words, the strong correlation between

offspring and parent genotypes results in an association between the

offspring genotypes and the rearing environment. This is termed

passive gene-environment correlation. We present an approach to test

for passive gene-environment correlation for education without

requiring intergenerational data. Specifically, we use information

from 6311 individuals in the UK Biobank who were adopted in

childhood to compare genetic influence on education between adop-

tees and non-adopted individuals. Adoptees’ rearing environments are

less correlated with their genotypes, because they do not share genes

with their adoptive parents. We find that polygenic scores are twice as

predictive of years of education in non-adopted individuals compared

to adoptees (R2 = 0.074 vs. 0.037, difference test p = 8.23 9 10-24).

We provide another kind of evidence for the influence of parental

behavior on offspring education: individuals in the lowest decile of

education polygenic score attain significantly more education if they

are adopted, possibly due to educationally supportive adoptive envi-

ronments. Overall, these results suggest that genetic influences on

education are mediated via the home environment. As such, polygenic

prediction of educational attainment represents gene-environment

correlations just as much as direct genetic effects.

A cross-disorder phenome-wide association study of 5

major psychiatric disorders in UK Biobank

Beate Leppert, University of Bristol; Louise Millard, University

of Bristol; Lucy Riglin, Cardiff University; George Davey Smith,

University of Bristol; Anita Thapar, Cardiff University; Kate Tilling,

University of Bristol; Esther Walton, University of Bath; Evie

Stergiakouli, University of Bristol

Psychiatric disorders are highly heritable and associated with adverse

socio-economic factors and health problems. However, most of these

studies have been observational and hypothesis-driven and conclu-

sions regarding causality are therefore limited.

We conducted a hypothesis-free phenome-wide association study

in about 300,000 participants from the UK Biobank to examine

associations of polygenic risk scores (PRS) for five psychiatric dis-

orders (depression (MDD), bipolar disorder, schizophrenia, attention-

deficit/hyperactivity disorder (ADHD) and autism spectrum disorder

(ASD)) with 23,004 outcomes in UK Biobank, using the open-source

PHEnome Scan ANalysis Tool (PHESANT). Spectral decomposition

was applied to correct for multiple testing (p\ 2.55 9 10-06).

There was strong evidence for associations of PRSs with 226

outcomes, most of them attributed to association of PRSMDD

(n = 120) and PRSADHD (n = 77) with mental health and socio-de-

mographic factors, respectively. We found strong evidence of

associations between a higher PRSADHD with younger age at first

sexual intercourse (b: - 0.03 95% CI - 0.03, - 0.02) and higher

frequency of experiencing physical abuse (b:0.04 95% CI 0.02,0.05);

PRSASD with reduced heel bone mineral density (b: - 0.01 95% CI

- 0.02, - 0.01), PRSSCZ with playing computer games (OR 0.98

95% CI 0.98, 0.99); PRSMDD with cannabis use (OR 1.04 95% CI

1.03, 1.06) and PRSBP with increased odds of having a university

degree (OR 1.04 95% CI 1.03, 1.05). The highest overlap of associ-

ated outcomes was seen between ADHD and bipolar disorder with 11

socio-demographic and 12 physical health outcomes associated with

PRS for both disorders.

Genetic liability for five psychiatric disorders impacts on long-

term aspects of adult socio-demographic and health outcomes, even in

the general population who do not necessarily present with a psy-

chiatric disorder diagnosis.

Education and lifestyle differences in level of sickness

absence: a prospective twin cohort study

Karoline Seglem, Norwegian Institute of Public Health; Margarete

Vollrath, Norwegian Institute of Public Health; Espen Røysamb,

University of Oslo; Fartein Torvik, Norwegian Institute of Public

Health; Ragnhild Ørstavik, Norwegian Institute of Public Health

Objectives: There is a well-known and robust relationship between

educational attainment and both health related lifestyle factors and

sickness absence. Mixed findings in the empirical literature suggests

that confounding of unobserved traits seem to be a major issue in

understanding why these interrelationships occur. In the present

study, we use twin data to (1) investigate whether there is a likely

causal effect of lifestyle differences on sickness absence across

education levels, and (2) estimate the etiological pathways, i.e., to

what degree the associations are explained by common genetic and

environmental factors.

Methods: Data from a population-based sample of 8806 twins in the

Norwegian Twin Registry, born between 1948 and 1979, who com-

pleted health questionnaires during the 1990s, was linked to registry

data on medically certified sickness absence during the years 2000 to

2014 from the Historical-Event Database and highest completed

education in 2014 from the Norwegian Educational Database. Ques-

tionnaire-assessed lifestyle factors were smoking, alcohol use,

physical activity and BMI (height and weight). Regression analyses

and multivariate twin models are used.

Preliminary results: Individual-level findings show that lifetime

smoking is significantly associated with sickness absence among

those with lower compared to those with higher education, whereas

there were no significant differences across educational attainment in

the association between physical activity, BMI or alcohol use and

later sickness absence. Detailed analyses of adjusted effects and

genetic and environmental pathways will be presented at the

conference.

Genetic contribution to inter-individual differences

in human natural audio-visual experiences

Shunsuke Toyoda, Osaka University; Satoshi Nishida, National

Institute of Information and Communications Technology; Chika

Honda, Osaka University; Mikio Watanabe, Osaka University; Miina
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Ollikainen, University of Helsinki; Eero Vuoksimaa, University

of Helsinki; Jaakko Kaprio, University of Helsinki; Mx. Osaka Twin

Research Group, Osaka University; Shinji Nishimoto, National

Institute of Information and Communications Technology

Everyone uniquely perceives and recognizes the world, but little is

known about how genetic and environmental factors influence indi-

vidual differences. Twin studies provide a powerful method to

evaluate them because monozygotic twins share 100% of their genes,

whereas dizygotic twins share on average 50%. Many reports have

been demonstrating that genetic factors contribute to various types of

cognitive functions. However, its influences on the representation of

natural experiences are still largely unclear. To address this question,

we recruited healthy Japanese twins including 21 monozygotic (MZ)

pairs and 18 dizygotic (DZ) pairs from the Osaka University Center

for Twin Research. Then, whole-brain activity was measured using

functional magnetic resonance imaging (fMRI) while twin partici-

pants viewed 70 min of natural audio-visual movies consisting of a

large variety of complex scenes to induce various perception and

cognition in daily-life situations. We estimated a representational

similarity structure of the movie clips for each participant, and the

inter-individual similarity was quantified using correlation analyses.

We found that the neural representations were more similar within

MZ pairs compared to DZ pairs. Heritability was estimated to be

higher in frontal and parietal association cortices compared to other

regions. Our results suggest that genetic factors may contribute to

higher-level cognitive representation during natural audio-visual

experiences.

Preliminary results from the SSGAC’s GWAS

on income: part 1

Hyeokmoon Kweon, Vrije Universiteit Amsterdam; Casper A.P.

Burik, Vrije Universiteit Amsterdam; Richard Karlsson Linner, Vrije

Universiteit Amsterdam; Ronald De Vlaming, Vrije Universiteit

Amsterdam; Aysu Okbay, Vrije Universiteit Amsterdam; Thomas A.

DiPrete, Columbia University; Philipp D. Koellinger, Vrije

Universiteit Amsterdam

Poverty and economic deprivation are major risk factors for mental

and physical diseases, lower life expectancy, and antisocial behavior.

Furthermore, socio-economic status (SES) is important to health not

only for those in poverty, but at all levels of SES. Thus, understanding

the sources of income inequality is of fundamental importance both as

a matter of science and social policy. A major challenge in this

context is the need to disentangle behavioral and environmental

effects from possible genetic confounds and to study their interaction.

Well-powered GWAS results on individual income would enable new

possibilities to address these challenges.

To make progress along those lines, the Social Science Genetic

Association Consortium (SSGAC) recently started a large-scale

GWAS initiative on income. We will discuss our analytic strategy and

present GWAS results from the UK Biobank that rely on a novel

algorithm that imputed individual income from standardized occu-

pation codes with high accuracy (N & 236,000). We identified 36

approximately independent loci associated with imputed income

(r2\ 0.1), 13 of which have not previously been associated with any

other phenotype. Yet, genetic correlations show strong genetic simi-

larities between imputed income with other measures of SES. Our

preliminary results suggest that multivariate GWAS approaches can

be pursued in the future to further boost statistical power for genetic

discoveries in the SES spectrum.

Polygene-by-prenatal adversity interactions predict

pubertal timing in boys

Kristine Marceau, Purdue University; Olivia Robertson, Purdue

University; Gregor Horvath, Purdue University; Valerie Knopik,

Purdue University

Pubertal timing is influenced by both genes and environments. The

fetal programming hypothesis and life history perspectives suggest

that the prenatal environment is a milieu for conditional adaption,

such that more adverse prenatal environments will bias individuals

towards earlier pubertal onset. Similarly, adverse postnatal environ-

ments, particularly in the first five years, have also been found to

confer risk for earlier pubertal timing. However, it is unclear whether

these influences operate independently or in interaction. Using the

Avon Longitudinal Study of Parents and Children (ALSPAC), we

examined polygenic score (PGS)-by-prenatal and PGS-by-postnatal

adversity interactions for pubertal timing. Timing was the age of

reaching the midpoint of puberty estimated from logistic growth

curves from 8 to 17 years (higher values = later timing). Genetic

influences were a weighted PGS score for later pubertal timing

derived from SNPs significantly (p\ 5e-8) predicting later age at

menarche from Day et al. (2017) and applied to ALSPAC data (337

SNPs). Prenatal and postnatal (0–4 years) adversity was derived from

the Family Adversity Index. The PGS significantly predicted later

timing of puberty in all models. For boys’ pubic hair, there was an

interaction such that genetic predisposition for later puberty only

predicted later puberty at lower levels of prenatal adversity: pre-

sumably higher levels of prenatal adversity overwhelmed the genetic

influences on pubertal timing. There was a main effect for boys’

timing of pubic hair and genital development: postnatal adversity

predicted earlier timing of puberty. Surprisingly, neither prenatal nor

postnatal adversity predicted girls’ timing of puberty independently or

interaction with genetic influences.

Developing gene-environment interaction models

for smoking initiation with LD score regression

Brad Verhulst, Michigan State University; Elizabeth Prom-Wormley,

Virginia Commonwealth University; Joshua Pritikin, Virginia

Institute for Psychiatric and Behavioral Genetics; Michael Neale,

Virginia Institute for Psychiatric and Behavioral Genetics

The behavioral genetics literature has identified numerous gene-en-

vironment interactions (GxE) that highlight the importance of the

interplay between genetic and environmental factors for substance use

behaviors. For example, in protective environments, individuals with

the highest genetic risk for addiction may be shielded from the neg-

ative impact of substance abuse. In risky environments, even those

with relatively low levels of genetic risk may be susceptible to

addiction. Twin studies provide preliminary evidence for the exis-

tence of GxE and highlight the importance of understanding the

genotypic sensitivity of addiction phenotypes to a range of environ-

mental factors (e.g., Kendler et al. 1995). Novel methodological

strategies are required to illuminate the molecular genetic mecha-

nisms that increase or decrease the influence of environmental risk

factors. Doing so requires theoretically delineating the underlying

processes that drive GxE effects on a molecular level, while taking

the appropriate precautions to enhance replication and reproducibility

efforts (see Duncan & Keller, 2011; Culverhouse et al. 2017). To

achieve this goal, we have developed a method for extracting the

necessary test statistics from a genome-wide gene-environment

interaction analyses that allows us to conduct a LD score regression

analyses that can estimate moderated snp heritability (snph
2). These
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results will allow for direct comparisons with twin GxE methods,

providing both quantitative moderation (different amounts of snp snph
2

at different levels of the environment) as well as qualitative moder-

ation (different genes affecting the phenotype in different

environments). We will apply these novel methods to a gene-x-age

interaction model of smoking initiation.

Preliminary results from the SSGAC’s GWAS

on income: part 2

Hyeokmoon Kweon, Vrije Universteit Amsterdam; Casper A.P.

Burik, Vrije Universiteit Amsterdam; Ronald de Vlaming, Vrije

Universiteit Amsterdam; Richard Karlsson Linner, Vrije Universiteit

Amsterdam; Aysu Okbay, Vrije Universiteit Amsterdam; Thomas A.

DiPrete, Columbia University; Philipp D. Koellinger, Vrije

Universiteit Amsterdam

Based on GWAS results on imputed income in the UK Biobank, we

conduct out-of-sample polygenic predictions of individual income in

the Health and Retirement Study (HRS) and the Wisconsin Longi-

tudinal Study (WLS). Our polygenic score (PGS) predicts self-

reported income consistently in both cohorts, including within fami-

lies. We compare the results of predicting income with a PGS for

income to a PGS for educational attainment. The predictive accuracy

of both scores is similar, although the GWAS of income was con-

ducted in a much smaller sample. This highlights the possible

improvement of the predictive power of an income PGS with a larger

GWAS sample in the future.

Moreover, we further utilize our GWAS findings to investigate

potential sources of income inequality. In particular, we investigate to

which extent additional education translates into higher income—a

thoroughly studied topic in economics. Our analysis uses GIV

regression to control for potential confounding biases due to pleio-

tropy effects on income and educational attainment. Our results

suggest substantial financial returns to schooling even after control-

ling for genetic effects.

GWAS of non-cognitive skills using genomic SEM:

part 1

Perline Demange, Vrije Universiteit Amsterdam; Margherita

Malanchini, University of Texas at Austin; Travis Mallard, University

of Texas at Austin; Andrew Grotzinger, University of Texas

at Austin; Hill Ip, Vrije Universiteit Amsterdam; Jasmin Wertz, Duke

University; Benjamin Domingue, Stanford School of Education;

Colter Mitchell, University of Michigan; Eveline de Zeeuw, Vrije

Universiteit Amsterdam; Elsje van Bergen, Vrije Universiteit

Amsterdam; Dorret Boomsma, Vrije Universiteit Amsterdam; Pietro

Biroli, University of Zurich; Eliot Tucker Drob, University of Texas

at Austin; Daniel Belsky, Columbia University; Paige Harden,

University of Texas at Austin; Michel Nivard, Vrije Universiteit

Amsterdam

Background: Educational attainment (EA) is influenced both by

cognitive skills (e.g., intelligence) and non-cognitive skills (e.g., grit,

attention, conscientiousness). While recent large-scale GWAS of EA

and cognitive performance (CP) exist, the lack of reliable/valid

measurements of non-cognitive skills is a barrier to well-powered

GWAS.

Methods and Results: To overcome this problem, we applied Geno-

mic Structural Equation Modeling (GSEM) to summary statistics of

the GWAS of EA and CP. We estimated the per-SNP effects shared

between EA and CP (Cog; 282 genome-wide-significant variants) and

per-SNP effects on EA independent of CP, which we interpret as

effects on non-cognitive skills (NonCog; 157 genome-wide-signifi-

cant variants). To validate if we truly separate Cog and NonCog, we

conducted genetic-correlation analysis with childhood-IQ (Cog rG =

0.7, SE = 0.07 compared to NonCog rG = 0.3, SE = 0.06) and

polygenic-score-association analysis of cognitive-test scores in inde-

pendent samples. NonCog associations were weaker than Cog

associations, but greater than zero. To identify specific gene-sets

related to the etiology of either Cog or NonCog, we tested the

enrichment of gene-sets expressed specifically in 250 (sub)types of

brain cells. Despite Cog and NonCog being orthogonal by construc-

tion (rG = 0), we observed a high degree of similarity in enrichment

for Cog and NonCog.

Conclusion: Our analysis partly distinguishes cognitive from non-

cognitive genetic contributions to educational attainment. Cognitive

and non-cognitive genetic etiologies of education are associated with

similar cell-types within the brain. Our GSEM GWAS of non-cog-

nitive skills provides a platform for investigating the etiology of EA

and its genetic correlations with behavioral and health traits.

Causal influences between ADHD-symptoms

and academic skills

Elsje van Bergen, Vrije Universiteit Amsterdam; Kees-Jan Kan,

University of Amsterdam; Sara Hart, Florida State University; Dorret

Boomsma, Vrije Universiteit Amsterdam; Eveline de Zeeuw, Vrije

Universiteit Amsterdam

Children with ADHD more often have comorbid dyslexia than chil-

dren without an ADHD diagnosis, and vice versa. Also, the full

ranges of the associated traits (ADHD symptoms and reading, spel-

ling, and arithmetic skills) are correlated. There is evidence of shared

etiological factors (i.e., genetic and environmental) and shared cog-

nitive factors (e.g., processing speed). These shared factors may fully

explain the covariation among the symptom dimensions. Alterna-

tively, there may be causal effects at the behavioral level. We seek to

investigate whether ADHD-symptoms and achievement affect each

other through a behavioral pathway.

Children in the Netherlands Twin Register were assessed at age 7

and 10 on ADHD symptoms (teacher reports) and academic skills

(tests of reading fluency, spelling, and arithmetic). 19,125 twin chil-

dren and 2150 siblings had at least one data point.

Twins and singletons had similar levels of ADHD symptoms and

academic skills. Twin correlations revealed for all phenotypes high

heritabilities. We will run MZ difference models to test whether

phenotypic covariance between ADHD symptoms and academic

skills is due to genetic pleiotropy or phenotypic causality. Further-

more, we will fit bivariate cross-lagged models, within each model

one ADHD dimensions (attention or hyperactivity) and one academic

skill. The autoregressive paths indicate whether the rank order within

a phenotype stays the same over time, and the cross-lagged paths

indicate whether the other phenotype explains part of the reshuffling

over time. Together, the analyses will show whether the ADHD-

achievement association is due to shared etiology or phenotypic

causality.

Polygenic associations with mathematics coursetaking

in U.S. high schools

Paige Harden, University of Texas at Austin; Benjamin Domingue,

Stanford University; Daniel Belsky, Columbia University; Jason
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Boardman, University of Colorado Boulder; Robert Crosnoe,

University of Texas at Austin; Michel Nivard, Vrije Universiteit

Amsterdam; Elliot Tucker-Drob, University of Texas at Austin;

Kathleen Harris, University of North Carolina, Chapel Hill

The foundation of the STEM (science, technology, engineering, math)

pipeline is the highly cumulative sequence of math courses that

young people must navigate in secondary school. In a sample of over

3000 European-ancestry students from U.S. high schools, we use data

about student genetics as a molecular tracer to understand the flow of

students through the high school math curriculum. Polygenic scores

were calculated using results from a previous genome-wide associa-

tion study of educational attainment in 1.1 million people.

Mathematics coursetaking over 4 years was obtained from official

school transcripts. Students with higher education polygenic scores

were tracked to more advanced math at the beginning of high school

(around age-14) and persisted for more years of math coursetaking.

These genetic associations were robust to measured differences in

school- or family-socioeconomic status (SES), and associations with

persistence were observed above previous-year course grades. The

dynamics of the mathematics pipeline varied between high-SES and

low-SES schools. High-SES schools tracked students with high-

polygenic scores into more advanced math classes at the start of high

school, and they buffered students with low polygenic scores from

dropping out of math. These results directly connect discoveries in

molecular genetics to a common target of educational policy reforms.

10-year epigenetic change: age-associated CpGs are

differentially heritable

Chandra Reynolds, University of California Riverside, Department

of Psychology; Qihua Tan, University of Southern Denmark;

Elizabeth Munoz, University of California Riverside, Department

of Psychology; Juulia Jylhävä, Karolinska Institutet, Department

of Medical Epidemiology and Biostatistics; Jacob Hjelmborg,

University of Southern Denmark, Odense, Denmark; Lene

Christiansen, University of Southern Denmark, Odense; Copenhagen

University Hospital, Rigshospitalet, Copenhagen, Denmark; Sara

Hägg, Karolinska Institutet, Department of Medical Epidemiology

and Biostatistics; Nancy L Pedersen, Karolinska Institutet,

Department of Medical Epidemiology and Biostatistics

Epigenetic processes may contribute to differential health and mor-

tality outcomes, however the etiologies of stability and change in

DNA methylation have rarely been examined longitudinally. We

evaluated 10-year change in DNA methylation in: (1) the Swedish

Adoption Twin Study of Aging (53 pairs, 53% female; MAGE wave 1:

62.9 years,MAGE wave 2: 72.5 years); and (2) the Longitudinal Study

of Aging Danish Twins (43 pairs, 72% female; MAGE wave 1:

76.2 years, MAGE wave 2: 86.1 years). A series of bivariate Cholesky

models were fitted to M-values of 359,399 methylation probes from

whole blood leukocyte DNA, adjusting for age, sex and scalar dif-

ferences across country. Broad heritable contributions were on

average small (23.8% wave 1) and decreased across 10 years (18.0%

wave 2). Genetics contributed to 10-year stability while non-shared

environment contributed to novel influences. Among CpG sites

identified in epigenetic clocks and aging EWAS, stronger herita-

ble influences were apparent, with up to 1.5- to 2.5-fold higher

heritabilities. Among 776 available CpG sites from three epigenetic-

clocks, ADE fit best for 490 CpGs and broad heritability estimates

were 1.25- and 1.08-fold greater than the full CpG set or those where

ADE fit best (p\ 0.00818), respectively. Hannum clock sites tended

to show stronger genetic and shared environmental contributions than

Horvath or Levine clock sites when ACE was the better fitting model

(p\ 0.007), but not for ADE. Altogether, CPG sites related to aging

may show relatively elevated heritable influences consistent with

genetic regulation of the rate of biological aging.

Integrating human and non-human behavior genetic

research: towards a better understanding of health

Erica Spotts, Office of Behavioral and Social Sciences Research/NIH

Behavior genetic research has been invaluable for moving our

understanding of health and related factors forward. This symposium

will highlight how integrating human and non-human animal studies

is a challenging but necessary step for moving the science forward.

Iteratively working between human and non-human models will allow

researchers to better characterize phenotypes and environments rela-

ted to health and health behavior; better understand critical and

sensitive periods of relevance to health outcomes; characterize

intergenerational processes; and speed up identification of loci and

genes involved in disease processes. This symposium features pro-

jects that integrate human research with rodent and fish models while

examining stress and inflammation; alcohol addiction; personality;

and the effect of smoking during pregnancy on ADHD. Using these

specific examples as a starting point, participants and attendees will

be able to discuss challenges and benefits of this type of integrative

research, as well as advice for getting started.

Symposium: noncognitive skills

Paige Harden, University of Texas at Austin

Noncognitive skills—such as motivation, self-control, persistence,

and curiosity—are considered critical for success in school and life.

However, existing measurements of putative noncognitive skills have

been criticized for poor reliability, and little is known about their

genetic architectures. This symposium presents four papers that

advance understanding of the genetics of noncognitive skills. First,

Paige Harden examines how an educational attainment polygenic

score is associated with students’ persistence in math coursetaking

and discusses challenges to understanding whether genetic associa-

tions with persistence reflect cognitive or noncognitive processes.

Next, LaTasha Holden examines grit and growth mindsets as longi-

tudinal predictors of reading comprehension in child twins. Neither

grit nor mindset was genetically correlated with reading, nor did they

predict gains in reading comprehension, illustrating the current

problems with standard psychological approaches to measuring

noncognitive skills. Third, Perline Demange uses Genomic SEM

analyses to conduct a GWAS-by-subtraction, i.e., to identify SNPs

associated with educational attainment independent of intelligence.

She discovers 157 genome-wide significant lead SNPs associated with

latent (unmeasured) non-cognitive skills. Margherita Malanchini

follows up these genetic discoveries. In contrast to intelligence,

noncognitive skills show a positive genetic correlation with multiple

psychiatric disorders, and polygenic score analyses in five cohorts

spanning childhood to mid-life test associations with specific, edu-

cationally-relevant personality traits. Finally, Patrick Turley

concludes the symposium by discussing current challenges and future

directions in the genetics of education.
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Differential causal associations of genetic liability

to ADHD and Autism with educational attainment:

evidence from a two-sample Mendelian randomization

study

Evie Stergiakouli, University of Bristol; Christina Dardani, University

of Bristol; Beate Leppert, University of Bristol; Lucy Riglin, Cardiff

University; Dheeraj Rai, Bristol Medical School, University

of Bristol; Anita Thapar, Cardiff University; Laura Howe, University

of Bristol; Neil Davies, University of Bristol; George Davey Smith,

University of Bristol; Kate Tilling, University of Bristol; Emma L

Anderson, University of Bristol

Background: The relationship of Attention Deficit Hyperactivity

Disorder (ADHD) and Autism (ASD) with educational attainment

(EA) is complex. Understanding whether the associations between

genetic liability to ADHD, ASD and EA are causal and deciphering

the role of IQ, is an important step towards improving the life out-

comes of the affected individuals.

Methods: Using two-sample Mendelian randomization (MR), we

assessed the bidirectional associations between genetic liability to

ADHD, ASD and EA. Instruments for each exposure were obtained

from the latest publicly available GWAS meta-analyses for ADHD,

ASD and EA. Estimates were generated using an inverse variance

weighted model. Sensitivity analyses were conducted to test the

influence of horizontal pleiotropy and multivariable MR (MVMR)

was used to test for the effects of IQ.

Results: We found evidence consistent with a negative causal effect

of genetic liability to ADHD on EA (IVWb = - 0.061; 95 %CI - 0.1,

- 0.02; p = 4*10-3), largely independent of IQ. Genetic liability to

higher EA was associated with 74% lower risk of ADHD (IVWOR:

0.26; 95%CI 0.23, 0.30; p = 9*10-84), independent of IQ. Genetic

liability to ASD was associated with a positive effect on EA, in the

presence of horizontal pleiotropy (MR Egger intercept = - 0.01,

p = 0.03; MR Eggerb = 0.123; 95%CI 0.04, 0.21; p = 0.049).

Conclusions: We found different causal associations of genetic lia-

bility to ADHD and ASD with EA. The extent to which our findings

reflect parentally transmitted effects on offspring neurodevelopmental

and later academic outcomes will be answered by advances in MR

allowing the investigation of transgenerational effects.

New insights into the molecular genetic architecture

of physical activity from large-scale GWAS

Fleur Meddens, Erasmus University Rotterdam; Ronald de Vlaming,

Vrije Universiteit Amsterdam; Travis Mallard, the University

of Texas at Austin; Carson Chow, NIH/NIDDK; Daniel Benjamin,

University of Southern California; Philipp D. Koellinger, Vrije

Universiteit Amsterdam

Physical activity is associated with a substantially lower risk of

metabolic disease, cancer, dementia, and depression and anxiety, as

well as improved bone health, cognition, sleep quality, and overall

increased quality of life and lifespan. If these health effects are causal,

lack of adherence to physical activity guidelines is estimated to result

in $117 USD bn in annual health care costs in the US, and a 10%

increase in premature mortality. Insights into the molecular genetic

architecture of physical activity would open up new possibilities to

investigate the relationships between physical activity and health.

Published GWAS of physical activity have either focused on a

small sample with accelerometer data, or they have exclusively

analyzed single-question variables related to exercise behaviors. We

will present preliminary results from a new project of the Social

Science Genetic Association Consortium (SSGAC) that will break

new grounds in our understanding of the molecular genetic archi-

tecture of physical activity. In our study, we develop a composite

measure of self-reported physical activity in the UK Biobank that

includes information from all spheres of life. Our measure aims to

maximize the statistical power for genetic discoveries on physical

activity by simultaneously reducing measurement error in the

dependent variable and by making optimal use of available sample

size in the UKB, yielding an analysis sample of N = 438 k. We will

meta-analyze the UKB results with 23andme (N = 272 k) and the

Million Veterans Program (N & 500 k), making this one of the lar-

gest GWAS initiatives to date.

Genetic and environmental factors of individual

differences in spatial recognition memory

Victoria Ismatullina, Psychological Institute of RAE; Ivan Voronin,

Psychological Institute of RAE; Ilya Zakharov, Psychological

Institute of RAE; Sergey Malykh, Psychological Institute of RAE

Spatial recognition memory can be defined as a process of compar-

ison between the spatial characteristics of an object in a memory

storage and the stimuli presented to the sensory system. The aim of

our study was to investigate genetic and environmental factors of

variation in spatial recognition memory. The sample included 314

twin pairs (113 MZ, 201 DZ), aged from 10 to 17 years (mean age

12.8, SD 2.2) from Russia and Kyrgyzstan. We used the ‘‘Spatial

recognition memory’’ (SRM) test from the battery of neuropsycho-

logical tests CANTAB eclipse. SRM is a test of spatial recognition

memory in forced-choice paradigm. All test’s measures were adjusted

for age and country. Latency parameters were logarithmically trans-

formed. Cross-twin correlations of ‘‘Number correct’’ SRM measure

were 0.169 for MZ and 0.170 for DZ. The individual differences in

‘‘Number correct’’ measure were explained by shared environmental

(C = 17%) and non-shared environmental (E = 83%) effects (AIC =

1470.03; - 2LL = 2718.03, p = 0.05). For ‘‘Mean correct latency’’

parameter the cross-twin correlations were 0.323 for MZ and 0.282

for DZ. Most suitable model was full model where A = 3%, C = 27%

and E = 69% (within the accuracy of 1%, AIC = - 1067.961;

- 2LL = 180.03, p = 0.713). While for ‘‘Mean incorrect latency’’

measure cross-twin correlation was higher for MZ (0.405) than for

DZ (0.108). The model that included additive genetic (36%) and

unique environmental effects (64%) showed the best fit for this

measure (AIC = - 228.549; - 2LL = 239.451, p = 0.673). Thus,

different measures of spatial recognition memory were associated

with either additive genetic or common environmental factors with

substantial impact of non-shared environment.

Perinatal maternal stress and early-life behavioral

and emotional problems: examining the role

of genetically-influenced environmental sensitivity

in mothers and offspring

Laurie Hannigan, Nic Waals Institute & University of Bristol; Ragna

Bugge Askeland, Norwegian Institute of Public Health; Helga Ask,

Norwegian Institute of Public Health; Martin Tesli, Norwegian

Institute of Public Health; Elizabeth Corfield, Norwegian Institute

of Public Health; Tom McAdams, King’s College London; Anne-Siri

Øyen, Nic Waals Institute; George Davey Smith, University

of Bristol; Ted Reichborn-Kjennerud, Norwegian Institute of Public
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Health; Alexandra Havdahl, Nic Waals Institute, Norwegian Institute

of Public Health & University of Bristol

Background: Perinatal maternal stress is considered a potential risk

factor for children developing behavioral and emotional problems in

childhood. One hypothesized explanation for this link is that mothers’

stressful experiences influence the environmental conditions they

provide for their developing child—both in utero and early in life. If

this is the case, then genes influencing sensitivity to environmental

influence may act in either generation to moderate associations

between perinatal maternal stress and offspring outcomes.

Aims: In this project, we aim to test whether associations between

perinatal maternal stress and offspring behavioral and emotional

problems are moderated by polygenic scores indexing stress sensi-

tivity in both mothers and their children.

Sample: The analytic sample was a genotyped sub-set of mother–

child pairs (N = 8992) from the Norwegian Mother and Child cohort

study (MoBa).

Methods: We observe phenotypic associations between composite

measure of stress (indexing maternal exposure to work stress, stressful

life events, and relationship difficulties) during the perinatal period

and in early childhood, and offspring emotional and behavioral

problems at 1.5, 3, and 5 years (measured using the Child Behavior

Checklist [CBCL]). Next, we test moderation of these associations by

polygenic scores based on maternal non-transmitted alleles (to isolate

stress-sensitivity-associated genes in mothers) and paternal transmit-

ted alleles (to isolate stress-sensitivity-associated genes in offspring).

The polygenic scores are generated based on recent GWAS of phe-

notypes hypothesized to index sensitivity to environmental stress,

such as neuroticism and post-traumatic stress disorder. Finally, we

explore extended models incorporating simultaneous control of pas-

sive genetic confounding of the association.

Longitudinal associations of childhood anxiety

and emotional problems with substance misuse:

a prospective twin study

Suvi Virtanen, Institute for Molecular Medicine Finland, University

of Helsinki; Ralf Kuja-Halkola, Karolinska Institutet; Henrik Larsson,

Örebro University; Sebastian Lundström, University of Gothenburg;

Paul Lichtenstein, Karolinska Institutet; Antti Latvala, Institute

for Molecular Medicine Finland, University of Helsinki

Anxiety and depression are linked to subsequent substance misuse,

but it remains unclear to what extent these associations are explained

by shared underlying liabilities. We investigated associations of

childhood anxiety and emotional problems with subsequent substance

misuse accounting for familial factors, and estimated genetic and

environmental contributions to the association between emotional

problems and substance misuse.

In the Swedish longitudinal CATSS study, parents rated their twin

children (n = 12,412) on anxiety (range: 0–3) and emotional prob-

lems (0–12) at age 9/12 years. Substance misuse was defined as (1)

AUDIT score exceeding cut-off at age 18, and (2) register-based ICD-

10 alcohol/drug use disorder diagnosis or alcohol/drug-related crim-

inal conviction.

Childhood anxiety symptoms were associated with a lower risk of

high AUDIT score at age 18 (one-unit increase: OR = 0.71 [95% CI

0.51–0.98]). The association was similar in within-pair analyses of

dizygotic twin pairs (OR = 0.57 [0.37–0.88]) and slightly higher and

non-significant in monozygotic twins (OR = 0.82 [0.39–1.75]).

Emotional problems were not associated with AUDIT score. Anxiety

symptoms were associated with a lower risk (HR = 0.76 [0.58–0.98])

and emotional problems with a higher risk (HR = 1.23 [1.15–1.31])

of register-based substance misuse. The associations were non-sig-

nificant in within-family models. The best-fitting bivariate

quantitative genetic model for any emotional problems and register-

based substance misuse included additive genetic and individual-

specific environmental components and a shared genetic pathway

explaining the covariance (rG = 0.21).Childhood anxiety and emo-

tional problems have opposite associations with subsequent substance

misuse. The association with emotional problems is mainly explained

by genetic factors.

The heritability of fear conditioning as a model

for anxiety disorder and treatment response

Kirstin Purves, King’s College London; Georgina Krebs, King’s

College London; Thomas McGregor, King’s College London; Elena

Constantinou, King’s College London; Kathryn Lester, University

of Sussex; Tom Barry, University of Hong Kong; Michael Treanor,

University of California, Los Angeles; Michael Sun, University

of California, Los Angeles; Juergen Margraf, Ruhr-university

of Bochum; Michelle Craske, University of California, Los Angeles;

Gerome Breen, King’s College London; Thalia Eley, King’s College

London

Anxiety disorders are highly prevalent with an early age of onset.

Understanding the etiology of factors that are core to the emergence,

maintenance and recovery from anxiety will be important for estab-

lishing preventative measures and optimizing treatment. One way to

examine the heterogeneous features of anxiety is using experimental

approaches to model endophenotypes. One such endophenotype may

be metrics of fear learning during a fear conditioning task.

We have developed a smartphone application (the Fear Learning

and Anxiety Response, or FLARe app) that remotely delivers a fear

conditioning experiment. Participants undergo a fear acquisition

phase where they are exposed to two neutral shape stimuli, one of

which is repeatedly paired with a loud aversive noise, while the other

remains ‘safe’. They then undergo an extinction phase where shapes

are presented without of the aversive noise. Throughout, participants

rate how much they expect the aversive outcome to occur when they

see either shape. Using this app we have collected data from a fea-

sibility sample of 516 twin pairs from the Twins Early Development

(TEDS) study (nMZ = 247; nDZ = 269). Preliminary data using

multivariate twin modeling approaches to suggest the contribution of

additive genetic effects and unique environment on fear expectancy

during fear learning and fear extinction respectively. Additionally, the

data suggest that heightening fear expectancy toward the safe stim-

ulus and poorer extinction learning share some of the same genetic

influences.

Genetic, pre-pregnancy, and postnatal obesity risk

for early pubertal timing

Olivia Robertson, Purdue University; Kristine Marceau, Purdue

University; Misaki Natsuaki, University of California, Riverside;

Daniel Shaw, University of Pittsburgh; David Reiss, Yale University;

Leslie Leve, University of Oregon; Jenae Neiderhiser, Penn State

University; Jody Ganiban, George Washington University

Associations between greater childhood body mass index (BMI) and

early puberty are consistently found in girls although findings are

mixed in boys. The mechanisms by which obesity and puberty are

linked are speculative, yet they are likely connected by a combination

of heritable, prenatal, and/or postnatal influences. Using cohort I
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(n = 361) of the Early Growth and Development Study, a US-based

sample of children adopted into non-relative families at birth, we

examined genetic risk (birth parent BMI), birth mother pre-pregnancy

BMI (indexing prenatal risk), genetic*pre-pregnancy BMI interac-

tions, and postnatal obesogenic environment (adoptive parent BMI)

associations with earlier puberty in 11-year-old boys and girls, and

whether these effects were mediated by childhood BMI (average BMI

from 4 to 7 years). Results showed that higher pre-pregnancy BMI

predicted earlier puberty in girls (b = 0.35, se = 0.15, p = 0.02), but

not in boys (b = 0.03, se = 0.07, p = 0.73). A significant genetic*pre-

pregnancy BMI interaction for girls (b = - 0.17, se = 0.08,

p = 0.031) was found, indicating that associations between genetic

risk for obesity and going through puberty later were stronger at

higher levels of pre-pregnancy BMI than at lower levels of pre-

pregnancy BMI. Genetic risk did not predict pubertal timing for boys

or girls. Childhood BMI did not mediate any of the associations with

earlier pubertal timing. Results suggest that pre-pregnancy BMI

seems to be particularly salient for pubertal timing in girls, while the

relationship is less clear in boys and may operate through different

mechanisms. The direction of the interaction was unexpected given

prior work and warrants replication with validated genetic measures

of puberty.

Extended genetics of eating behavior and disordered

eating

Christopher Hübel, King’s College London; Moritz Herle, University

College London; Ruyue Zhang, Karolinska Institutet; Janne Tidselbak

Larsen, Aarhus University; Mohamed Abdulkadir, University

of Geneva

Over the past ten years, genomic variants have been identified that are

associated with complex traits. Results suggest that the line between

metabolic and behavioral genetic etiologies is not clear-cut. For

example, enrichment analyses that partitioned the genomic compo-

nent of body mass index (BMI) have shown that several associated

variants are specifically expressed in central nervous system tissue,

leading to a characterization of BMI as a metabo-behavioral trait with

a strong genetic component.

Intriguingly, genomic research on anorexia nervosa has yielded

the first significant genome-wide associations and identified its

genetic overlap with other psychiatric disorders, BMI, and metabolic

traits, including insulin resistance and high-density lipoprotein

cholesterol, suggesting complementarily that anorexia nervosa may

best be conceptualized as a metabo-psychiatric illness.

In our symposium, we will discuss the shared genetic etiology of

BMI, anorexia nervosa, eating behavior, inflammatory bowel disease,

and schizophrenia. Our speakers will bring a variety of genetically-

informed techniques, including family studies, genetic correlations,

and genetic risk scoring to bear on investigations of the genetic

relationship among these traits in large Danish, Swedish, and United

Kingdom-based population samples.

Schizophrenia precipitates as dominant inheritance

in a pedigree due to accumulation of rare genomic

variants including the DUP3p26.3 and DUP16p23.3

duplications

Josep Pol-Fuster, 1. Health Research Institute of Balearic Islands

(IdISBa) 4. Cell Biology Area, Department of Biology, University

of Balearic Islands (UIB); Francesca Cañellas, 1. Health Research

Institute of Balearic Islands (IdISBa) 3. Psychiatry Service,

University Hospital Son Espases; Laura Ruiz-Guerra, 1. Health

Research Institute of Balearic Islands (IdISBa) 2. Research Unit,

University Hospital Son Espases; Aina Medina-Dols, 1. Health

Research Institute of Balearic Islands (IdISBa) 2. Research Unit,

University Hospital Son Espases; Bàrbara Bisbal-Carrió, 1. Health

Research Institute of Balearic Islands (IdISBa) 4. Cell Biology Area,

Department of Biology, University of Balearic Islands (UIB); Vı́ctor

Asensio, 1. Health Research Institute of Balearic Islands (IdISBa) 2.

Research Unit, University Hospital Son Espases; Diego Marzese, 1.

Health Research Institute of Balearic Islands (IdISBa) 2. Research

Unit, University Hospital Son Espases; Jerònia Lladó, 1. Health

Research Institute of Balearic Islands (IdISBa) 4. Cell Biology Area,

Department of Biology, University of Balearic Islands (UIB); Gabriel

Olmos, 1. Health Research Institute of Balearic Islands (IdISBa) 4.

Cell Biology Area, Department of Biology, University of Balearic

Islands (UIB); Damià Heine-Suñer, 1. Health Research Institute

of Balearic Islands (IdISBa) 5. Genomic Service Balearic Islands

(GEN-IB), University Hospital Son Espases; Antònia Flaquer, 6.

Institute of Genetic Epidemiology, Helmholtz Zentrum München,

German Research Center for Environmental Health, Neuherberg,

Germany 7. Chair of Genetic Epidemiology, IBE, Faculty

of Medicine, LMU Munich, Germany; Cristòfol Vives-Bauzà,

1. Health Research Institute of Balearic Islands (IdISBa)

2. Research Unit, University Hospital Son Espases 4. Cell Biology

Area, Department of Biology, University of Balearic Islands (UIB)

Background: the genomic architecture of schizophrenia has been

associated to the contribution of both common and rare genetic risk

variants. The current challenge in this study is to identify a family-

based genomic architecture using systemic genomic approaches.

Methods: we studied a family of 33 members with 5 affected indi-

viduals of major mental disorders (MMDs). Amongst them, there is a

mother affected with bipolar disorder I, with five children (two

healthy twins, two affected with schizophrenia, and one affected with

schizoaffective disorder). In addition, the daughter of the mother’s

cousin is also affected with bipolar disorder I. Patients were first

karyotyped (n = 2), genotyped by SNP-arrays (n = 13) and sequenced

by whole exome sequencing (n = 5). Cognition was evaluated using

MATRICS.

Results: CNV analysis identified two duplications (DUP-3p26.3 and

DUP-16p23.3) previously associated to behavioral disorders. All

affected members, except the daughter of the mother’s cousin, carry

at least one of the two duplications. In the studied pedigree these

duplications seem to be correlated with low cognitive performance.

Linkage analysis identified four suggestive regions on chromosomes

1, 3, 4 and 11. Within these regions, 5 rare genetic variants were

shared among all affected members. Comprehensive analysis

demonstrated that common and rare variants shared by affected

individuals strongly correlated with neuronal plasticity, neuronal

projection and dendritic spine organization.

Conclusions: although further studies in other families are needed to

confirm these findings, the results presented here show that systemic

genomic approaches may be feasible to elucidate the genomic

architecture of MMDs in pedigrees with high prevalence.

Longitudinal effects of parenting behaviors

on mathematics achievement in middle childhood

Giulia Borriello, Purdue University; Amanda Ramos, Penn State

University; Andy Field, University of Sussex; Leslie Leve, University

of Oregon; Jody Ganiban, George Washington University; Misaki

Natsuaki, University of California, Riverside; David Reiss, Yale
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University; Daniel Shaw, University of Pittsburgh; Jenae Neiderhiser,

Pennsylvania State University

A growing literature examines the transmission of mathematics

achievement from parents to their young children in an effort to

understand how parenting impacts early mathematics development.

Phenotypic studies typically assume that environmental pathways

drive parent–child associations in mathematics achievement; how-

ever, these studies rarely consider whether heritable influences

confound these associations.

Using data from Cohort I (n = 361) of the Early Growth and

Development Study, a parent–offspring adoption sample, this study

examines the extent to which specific parenting behaviors explain

associations between mathematics achievement in linked sets of birth

parents, adoptive parents (mothers and fathers), and the adopted child.

We predict substantial heritable and environmental influences on

mathematics achievement in middle childhood.

We measured mathematics achievement, using the Woodcock-

Johnson III’s mathematics fluency subtest, in birth and adoptive

parents when adopted children were either 54, 72, or 84 months, and

in adopted children at age 7.We assessed adoptive parent behaviors

(sensitivity, scaffolding, and commanding behaviors) via observer

reports of parent–child puzzle play at child age 4.5.

Preliminary findings indicated that, after adjusting for birth parent

mathematics achievement, adoptive father, but not mother, sensitivity

was significantly positively associated with later child mathematics

achievement (t = 2.46, p = 0.02). Additional analyses will examine

whether adopted child executive function, a heritable trait, at

27 months and at age 4.5 elicit adoptive father sensitivity during

puzzle play and subsequently influence child mathematics achieve-

ment. These findings suggest that paternal, rather than maternal,

rearing behaviors may be more influential for mathematics develop-

ment in middle childhood.

Genetic and environmental influences on the association

between ADHD and school achievement

Andreas Jangmo, Karolinska Institutet; Ralf Kuja-Halkola,

Karolinska Institutet; Isabell Brikell, Aarhus University; Inna

Feldman, Uppsala University; Catarina Almqvist, Karolinska

Institutet; Cynthia Bulik, Karolinska Institutet; Henrik Larsson,

Örebro University

Twin research has suggested that genetic factors are important for

ADHD. Likewise, a recent twin study in suggested that school

achievement at age 16 could be attributed by 52–58% to genetic

factors, 24–31% to shared environmental effects, and 11–18% to

unique environmental effects. Polygenic risk scores (PRS) for edu-

cational attainment (EA) has been found to predict educational

achievement and ADHD symptoms in children, and PRS for ADHD

predicts educational outcomes in the general population. Few twin

studies have explored the overlap between ADHD and school

achievement, and no study has explored this overlap using school

grades.

We linked parent rated DSM-IV ADHD-symptoms at age 9 and

PRS for ADHD and educational attainment, from a sample of 11,242

twins in the Child and Adolescent Twin Study in Sweden, to measures

of school achievement (e.g., GPA) from Swedish national registers.

Multivariate twin modeling was used to estimate the heritability of

each trait, and the genetic correlation between the traits. ADHD-

symptoms correlated negatively with school performance, - 0.30.

The heritability of ADHD-symptoms and school achievement were

estimated to 62 and 58 percent respectively. The genetic correlation

between ADHD symptoms and school performance was estimated to

- 0.40 and the genetic contribution to the phenotypic correlation was

75 percent.

These findings suggest a strong, shared genetic influence between

ADHD and school performance.

Pathways to the development of social competence

through the parent-youth dyad

Amanda Ramos, Penn State University; Elizabeth Shewark, Penn

State University; David Reiss, Yale University; Jenae Neiderhiser,

Penn State University

Positive youth development (e.g., social competence) has generally

been attributed to parent socialization and has largely ignored the role

of the adolescent, and their inherited characteristics. There is support

for genetic influences on both social competence and parenting

behaviors; however, there is less work exploring the etiology of the

association between the parent-youth interaction and adolescent

social competence. Using the Nonshared Environment in Adolescent

Development (NEAD) project, a longitudinal twin/sibling family

study (N = 720; Mage = 14.8 for older siblings and 12.6 for younger

siblings), we examined genetic and environmental influences on the

association between parent-adolescent expression of affection and

adolescent social competence. Parents and youths reported on the

dyadic expression of affection in the parent-youth dyad with the

Expression of Affection scale at Time 1, and the youths reported on

their social competence using the Child Behavior Checklist at Time 2.

Trivariate Cholesky decompositions were used to examine associa-

tions between parent-adolescent expressions of affection and social

competence separately for mothers and fathers. Results indicated that

for mothers, expressions of affection within the parent-adolescent

dyad were associated with adolescent social competence due to

shared and nonshared environmental influences only. For fathers,

expressions of affection were associated with adolescent social

competence due to genetic and shared environmental influences.

These findings help to clarify that etiological differences in the

association between the parent-adolescent dyad and social compe-

tence depends on parent’s gender. Therefore, studies that focus only

on mothers’ miss important nuances in the mechanisms involved in

family processes.

Negative affectivity and psychopathology

across preschool: associations between negative

affectivity and symptoms

Dorothy White, George Washington University; Julia Mancini,

George Washington University; Jody Ganiban, George Washington

University; Kimberly Saudino, Boston University

Heightened negative affectivity is associated with child, adolescent

and adult psychopathology. Some have argued that negative affec-

tivity represents a general genetic liability for psychopathology, yet

few studies have tested this hypothesis during childhood. The current

study explores the genetic and environmental underpinnings of

associations between negative affectivity, internalizing behaviors, and

externalizing behaviors.

Participants included 310 same-sex twin pairs from the Boston

University Twin Project assessed at ages 3, 4 and 5 years. All mea-

sures were parent report. Analyses controlled for the effects of

gender; due to non-normal distributions, ranked data were used.

Trivariate Cholesky decompositions were conducted at each age to

estimate genetic and environmental contributions to variance in
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negative affectivity, internalizing and externalizing, and their

associations.

At all ages, latent genetic factors associated with negative affec-

tivity explained covariance between internalizing and externalizing

symptoms. By age 5, shared environmental factors associated with

negative affectivity also explained covariance. These findings suggest

that negative affectivity, in part, may be a marker for genetic liability

for psychopathology. However, the shared environment also plays an

increasing role in child negative affectivity and co-morbidity between

internalizing and externalizing symptoms. With the rise of individu-

alized treatment due to high levels of comorbid psychopathology,

understanding genetic and environmental vulnerabilities will be cru-

cial, as well as understanding early risk factors for effective

preventative intervention.

Home Chaos and genetic risk predicting childhood

externalizing behaviors: a parent–child adoption study

Gregor Horvath, Purdue University; Kristine Marceau, Purdue

University; Valerie Knopik, Purdue University; Daniel Shaw,

University of Pittsburgh; David Reiss, Yale University; Misaki

Natsuaki, University of California, Riverside; Jody Ganiban, George

Washington University; Leslie Leve, University of Oregon; Jenae

Neiderhiser, Penn State University

Childhood externalizing problems, including hyperactivity, inatten-

tion, and aggressive/oppositional behaviors, are associated with later

violence, criminality, substance use, and lower academic achieve-

ment. Understanding the genetic and home environmental influences

on externalizing problems, as well as their interactions, can inform the

development of early and targeted interventions that disrupt trajec-

tories of antisocial behavior. Thus, we used a parent–child adoption

approach to assess interactions between genetic risk for externalizing

(measured by birth mothers’ and fathers’ symptoms, diagnoses, onset

age, and family history of externalizing problems) and chaotic home

environment in adoptive homes at 4.5 years to predict externalizing

behaviors at age 7 years on the Child Behavior Checklist. Data came

from the Early Growth and Development Study, n = 561 sets of

children and birth/adoptive parents. Results from linear regressions

indicated that higher levels of home chaos were associated with

higher levels of child externalizing problems, b = - 0.39, SE = 0.15,

p\ 0.001, after including demographic covariates, but there was no

significant interaction with or main effect of genetic risk. Further, the

effect of home chaos became non-significant when externalizing

behaviors at age 4.5 years were included in the model, suggesting that

home chaos may affect later externalizing problems through earlier

externalizing problems. Results did not support the hypothesis that

there is a gene-by-home-chaos interaction predicting externalizing

behaviors in childhood. These results contrast with prior literature

indicating direct effects of home chaos and genetic risk on childhood

externalizing problems, as well as greater genetic effects in more

chaotic households.

Baseline variance components of traumatic events, post-

traumatic stress disorder symptoms and amygdala

activation in twin children from the ABCD study

Daniel Bustamante, Virginia Commonwealth University; Michael

Neale, Virginia Institute for Psychiatric and Behavioral Genetics

Abnormal amygdalae activation is associated with increased risk for

post-traumatic stress disorder (PTSD), for which genetic factors

account for 40–72% of the variance. Most neuroimaging research in

PTSD has assessed adults. Among genetically informative studies of

children, relatively few have been longitudinal. The present study

extends research in these fields by analyzing data from twin children

(SS twin pairs = 777, n = 1554, nMZ = 668, nDZ = 886, Mage= 10.1,

SD = 0.56, F = 48.65%, M = 51.35%) from the ABCD study

(n = 11,878), a longitudinal long-term study of brain development

and childhood health in the U.S. Zygosity was determined using pi-

hat values (MZ = 0.89–1.0, DZ = 0.4–0.6). Traumatic events (TE)

and PTSD were assessed through the K-SADS for DSM-5. Amyg-

dalae activation during reward was established using task fMRI mean

beta weights of positive and negative feedback contrast. ACE models

indicated that shared environment account for the majority of the

variance in TE (A = 0.03, C = 0.76, E = 0.21) and PTSD symptoms

(A = 0.02, C = 0.71, E = 0.27). Bivariate GxE analyses showed that

PTSD symptoms exhibited increased heritability (A = 0.07) at high

levels of TE. However, PTSD additive genetic effects did not vary

significantly across TE levels (p = 0.36), possibly due to high cor-

relations between TE and PTSD (r = 0.92, se = 0.004), whereas most

of the variance in amygdala activation during reward can be

accounted by unique environment (Left = 0.82, Right = 0.84), with

additive genetic factors explaining between 16 and 18% of their

variance (Left = 0.18, Right = 0.16).

Loneliness and DNA methylation of variants

in the conserved transcriptional response to adversity

(CTRA) pathway

Dianna Phillips, University of California, Riverside; Yunzhang Wang,

Karolinska Institutet, Department of Medical Epidemiology

and Biostatistics; Nancy L Pedersen, Karolinska Institutet; Sara Hägg,

Karolinska Institutet, Department of Medical Epidemiology

and Biostatistics; Chandra Reynolds, University of California

Riverside, Department of Psychology

Loneliness predicts a variety of adverse outcomes related to physical,

mental, and cognitive health and is potentially modifiable. Although

mechanisms behind these associations remain to be elucidated, prior

work suggests that persons who are chronically lonely have altered

expression of genes in blood leukocytes related to inflammation and

immune processes referred to as a conserved transcriptional response

to adversity (CTRA).

We explored the association between loneliness and methylation

at 1586 CpG sites (measured from whole blood using the Illumina

HumanMethylation450 array) associated with 105 CTRA genes by

fitting Bayesian mixed-effects growth models to longitudinal

methylation data from 386 twins (60.1% female, 48–94 years,

Mage = 68.66, SD = 9.22) from the Swedish Adoption Twin Study of

Aging (SATSA), adjusting for age and sex. 82 CpGs from 50 CTRA

genes showed nominal significance (p\ 0.05) for effects of time-

varying loneliness on methylation level or change, including multiple

CpGs in SLC12A7, EP400, HNRPL, TOP2B, STAT1, PTPN12,

IGFBP3, and COL6A2. Notably, among CpGs most strongly asso-

ciated with change (p\ 0.0027), age-associated methylation

increases were observed among those who felt lonely for sites in

CPT1B, SMARCC1, and TOP2B. No effects were significant after

correcting for multiple testing. We evaluated causality versus con-

founding of observed associations considering baseline loneliness and

longitudinal methylation, observing within-pair effects of increased

methylation for the lonelier twin for the TOP2B site (cg19472303),

that was reduced for MZ versus DZ pairs. Altogether, the effects of

loneliness on longitudinal methylation, while modest, suggest possi-

ble sensitivity to experiences of perceived loneliness.
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Exploring sex differences in the genetics of UK Biobank

phenotypes

Raymond Walters, Massachusetts General Hospital; Michel Nivard,

Vrije Universiteit Amsterdam; Matthijs van der Zee, Vrije

Universiteit Amsterdam; Nikolas Baya, Broad Institute of MIT

and Harvard; Caitlin Carey, Broad Institute; Duncan Palmer,

Massachusetts General Hospital; Karin Verweij, Amsterdam

University Medical Center; Ben Neale, Broad Institute

Sex differences are commonly observed for numerous human traits

(e.g., sexual dimorphism of height and weight, sex bias in psychiatric

diagnoses), likely reflecting both biological (e.g., sex hormones) and

environmental (e.g., cultural norms) effects. Twin studies and gen-

ome-wide association studies (GWAS) have suggested that genetic

effects are predominantly shared across sexes. Nevertheless, there is

evidence that for certain phenotypes, such as waist-hip ratio

and disorders involving alcohol use, genetic effects may differ by sex.

Detecting these differences remains challenging, however, since the

sex differences in genetic effects are likely smaller than the genetic

main effects. We use the large-scale genotyping data (N = 361,194

unrelated individuals of European ancestry) of UK Biobank (UKB) to

evaluate whether sex differences in genetic effects can be detected

across the breadth of UKB phenotypes.

Beginning with[ 4000 phenotypes observed in UKB, we iden-

tify[ 600 phenotypes with robust SNP-heritability and sufficient

power for separate GWAS in female (N = 194,174) and male

(N = 167,020) individuals. For each phenotype, we then use LD score

regression to evaluate whether SNP-heritability differs by sex and

whether the genetic correlation (rg) between the sexes is significantly

less than 1. In preliminary results, we find that on average most

autosomal genetic effects are shared between sexes (mean rg = 0.92),

but significant differences are observed for reported substance use,

body mass index, and insomnia, among other phenotypes. We com-

pare these estimates to analyses of siblings in UKB, and identify

individual loci showing significant differences in effects between the

GWAS in each sex.

The moderating role of sleep problems in the etiology

of academic competence in middle childhood

Gianna Rea-Sandin, Arizona State University; Reagan S.

Breitenstein, Arizona State University; Leah D. Doane, Arizona State

University; Kathryn Lemery-Chalfant, Arizona State University

Children’s sleep problems are associated with reduced academic

performance (Astill et al. 2012, Psychological Bulletin, 138,

1109–1138). This study examined whether sleep problems moderated

the variance components on measures of academic competence in

middle childhood. The sample was drawn from the Arizona Twin

Project (Lemery-Chalfant et al. 2013, Twin Research and Human

Genetics, 16, 404–411) and included 323 twin pairs (mean age =

8.49 years). Primary caregivers completed the Children’s Sleep

Habits Questionnaire (Owens et al. 2000, Sleep, 23, 1043–1052), and

research assistants administered the Woodcock-Johnson III assess-

ment (Woodcock et al. 2001) in the home. Additive genes and the

shared environment explained differences in child sleep problems (A:

69%, C: 20%, E: 11%), picture vocabulary (A: 33%, C: 44%, E: 24%)

and applied problems (A: 58%, C: 25%, E: 16%), and passage

comprehension was influenced by additive genes and the nonshared

environment (A: 63%, E: 26%). Bivariate moderation models

revealed that sleep problems increased the heritability of picture

vocabulary (Dv2(8) = 0.26, p[ 0.99). Sleep problems could index

both a heritable trait as well as a chaotic home environment,

suggesting a diathesis stress model where risky environments increase

the heritability of performance on academic tests.

Funding: R01 HD079520 Social and Genetic Contributions to Chil-

dren’s Sleep, Health, and Functioning; R01 HD086085 Genetic and

Environmental Origins of the Development of Pain in Children.

Does parents’ level of depressive symptomatology

moderate cousins’ similarity in depressive

symptomatology?

Alyssa Morris, University of Southern California; Christopher Beam,

University of Southern California; Darby Saxbe, University

of Southern California; Paul Lichtenstein, Karolinska Institutet;

David Reiss, Yale University; Erica Spotts, Office of Behavioral

and Social Sciences Research/NIH; Jody Ganiban, George

Washington University; Jenae Neiderhiser, Penn State University

Children of twins (CoT) studies show that parents transmit risk of

depression to children via both genetic and environmental, namely

parenting, pathways (McAdams et al. 2015). It is unknown whether

parents’ level of depressive symptomatology moderates the heri-

tability of children’s psychopathology. In the current study, we extend

the modified twin correlation model (Turkheimer et al. 2017) to CoT

designs to test the hypothesis that between family differences in

parents’ levels of depressive symptomatology moderates cousins’

psychopathology. We present findings using 909 pairs of twins and

their children from the Twin and Offspring Study in Sweden. Twin

parents’ and childs’ depressive symptoms were measured using the

Center for Epidemiologic Studies Depression Scales. Child anxiety,

internalizing, and externalizing symptoms were measured via the

Youth Self-Report. Findings suggest that at the low end of parent

depression cousins’ heritability estimates are higher than at the low

end of parent depression. These findings suggest that environments

parents provide, in this case exposure to parental depressive symp-

toms, has an impact on the heritability of child psychopathology.
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Not all measures of alcohol use and abuse are created

equal

Toni Clarke, University of Edinburgh; Sandra Sanchez-Roige,

University of California, San Diego; Abraham Palmer, University

of California, San Diego; Pierre Fontanillas, 23andMe; Sarah Elson,

23andMe; Mark Adams, University of Edinburgh; David Howard,

King’s College London; Howard Edenberg, Indiana University; Gail

Davies, University of Edinburgh; Ian Deary, University of Edinburgh;

Andrew McIntosh, University of Edinburgh

Alcohol use disorder is a common condition that has enormous social

and economic consequences. We performed a genome-wide associ-

ation study (GWAS) using the Alcohol Use Disorders Identification
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Test (AUDIT), which is a 10-item screening tool that has been

included in several large population-based studies. Specifically, we

used quantitative measures of AUDIT from UK Biobank (UKB;

N = 121,604) and 23andMe (N = 20,328); all subjects were of

European ancestry. We also performed separate GWAS on items 1–3,

which focus on alcohol consumption (AUDIT-C), and on items 4–10,

which focus on the problematic consequences of use (AUDIT-P).

Meta-analysis of the GWAS for AUDIT total score identified 10

associated risk loci. All three traits (AUDIT, AUDIT-C, and AUDIT-

P) showed positive genetic correlations with alcohol consumption

(rg = 0.76–0.92) and DSM-IV alcohol dependence (rg = 0.33–0.63).

AUDIT-P and AUDIT-C scores showed significantly different pat-

terns of association across a number of traits. For example, AUDIT-P

score was significantly positively genetically correlated with

schizophrenia (rg = 0.22), major depressive disorder (rg = 0.26), and

attention deficit hyperactivity disorder (rg = 0.23), whereas AUDIT-

C score was significantly negatively genetically correlated with major

depressive disorder (rg = - 0.24) and ADHD (rg = - 0.10). This

study also identified thresholds for a dichotomous version of AUDIT

that optimized genetic correlations with DSM-IV alcohol dependence

(control B 4; case C 12). We conclude that AUDIT scores ascer-

tained in population-based cohorts can be used to explore the genetic

basis of alcohol consumption, and the problematic consequences of

alcohol use, which is a partially independent trait that is more closely

tied to externalizing and other forms of psychopathology.

Screening for major risk alleles for Schizophrenia

in Qatari population

Hassen Al-Amin, Weill Cornell Medicine in Qatar; Mohammed El-

Asrag, Leeds Institute of Medical Research, University of Leeds;

Suhaila Ghuloum, Department of Psychiatry, Hamad Medical

Corporation, Doha, Qatar; Alastair Cardno, Leeds Institute of Health

Sciences, University of Leeds; Rifka Chamali, Weill Cornell

Medicine in Qatar; Nancy Kiwan, Weill Cornell Medicine in Qatar;

Steven Clapcote, School of Biomedical Sciences, University

of Leeds; Manir Ali, Leeds Institute of Medical Research, University

of Leeds; Chris Inglehearn, Leeds Institute of Medical Research,

University of Leeds

Schizophrenia is a common mental disorder with an estimated heri-

tability at 60–80%. The ninefold increase in sibling versus population

risk provides evidence for genetic involvement, and Genome-Wide

Association Studies identified 179 SNPs significantly associated with

schizophrenia. Families might share rare high-penetrance alleles, but

these could be missed in association studies because of their low

frequency. In order to look for recessive susceptibility alleles of

significant effect in schizophrenia, we carried out whole exome

sequencing (WES) on 89 Qatari patients with schizophrenia.

Following sequence analysis, vcfs of homozygous, nonsynony-

mous exonic and splice-site, variants called with high-quality were

obtained from each sample and filtered to remove any with a minor

allele frequency (MAF) of greater than 1% in either dbSNP 147, the

1000 Genomes, EVS, ExAC or gnomAD. Copy number variation

(CNV) analysis and homozygosity mapping were also performed

using WES data.

Our analyses identified a variant in BMP2 K as a strong candidate

susceptibility allele potentially involved in schizophrenia. Genome-

wide CNV analysis identified sequence gain at chromosome 1q21

encompassing the NBPF12 gene as the most common CNV in Qatari

schizophrenia. Both loss and gain at this locus have previously been

implicated in international studies as the fifth most significantly

associated CNV. Confirmation of sequence gain in this Qatari

schizophrenia cohort is, therefore, a significant new finding. Further

analysis of this substantial cohort of ethnically homogeneous

schizophrenia patients, together with 1082 controls, derived from a

population with high consanguinity, should provide further insight

into common risk variants contributing to schizophrenia in Qatar.

Mechanisms linking parental education with symptoms

of ADHD and depression in children

Fartein Ask Torvik, Norwegian Institute of Public Health; Espen

Moen Eilertsen, Norwegian Institute of Public Health; Helga Ask,

Norwegian Institute of Public Health; Kristin Gustavson, Norwegian

Institute of Public Health; Tom McAdams, King’s College London;

Eivind Ystrom, Norwegian Institute of Public Health

Background: Mental disorders like ADHD and depression are more

common among children from families with low socioeconomic

status. Since partially the same genetic risk factors influence

socioeconomy and psychopathology, the genetic factors that lead to

low socioeconomic status in one generation could influence ADHD

and depression in the next generation. A natural experiment has

previously shown that increased income among poor parents has an

effect on externalizing, but not internalizing psychopathology. It is

uncertain whether these findings are generalizable to European

societies.

Aims: In the present study, we investigate to what degree the inter-

generational association between parental educational attainment and

child symptoms of ADHD and depression at age 8 can be explained

by shared genetic risk factors, shared environmental risk factors, and

direct phenotypic effects.

Methods: Norwegian Mother and Child Cohort Study consists of

approximately 114,000 children, 90,000 mothers and 70,000 fathers.

We utilize twins and siblings in the parent generation to adjust for

associations for genetic effects and shared environments.

Results: The association between parental education and ADHD is

explained by direct phenotypic effects as well as shared genetic

factors, whereas associations between parental education and child

depression is explained by shared genetic factors alone.

Conclusion: Maternal and paternal educational attainment plausibly

have causal influences on symptoms of ADHD among 8 year olds.

There may also be separate genetic pathways. Associations between

maternal and paternal educational attainment and symptoms of

depression better explained by shared genetic pathways.

Parental depression and the longitudinal synchrony

of parent ratings of children’s internalizing

and externalizing behavior: novel findings

from an adoption study

Andrew Dismukes, Pennsylvania State University; Leslie Leve,

University of Oregon; Daniel Shaw, University of Pittsburgh; Jody

Ganiban, George Washington University; David Reiss, Yale

University; Misaki Natsuaki, University of California, Riverside;

Jenae Neiderhiser, Penn State University

Parents’ perceptions of their child have developmental consequences

for child health and well-being and inform emotional, cognitive, and

behavioral responses between parents and children. The present

investigation sought to extend this finding through characterization of

parental synchrony in perceptions of child behavior, and examine how

depressive symptoms in birth and adoptive parents may moderate

synchrony. Parental asynchrony could lead to deficits in co-parenting

and instability within the family and paternal depression as a
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moderator of synchrony is especially understudied. Data from 361

adopted children (43% girls) and birth and adoptive parents recruited

as part of the Early Growth and Development Study were used to

examine synchronization of parent ratings of child internalizing and

externalizing behavior through six CBCL assessments from child

18 months to 8 years of age. Both internalizing and externalizing

behavior decreased across time. Mothers reported higher levels of

child internalizing and externalizing behavior (B = 0.52, p\ 0.001,

and B = 1.48, p\ 0.001) overall but did not differ from fathers on

slopes. Parents were synchronized in appraisal of both internalizing

(B = 0.35, p\ 0.001) and externalizing (B = 0.40, p\ 0.001)

behaviors. Specifically with regard to perceptions of internalizing

behavior, parental depressive symptoms moderated synchrony such

that adoptive mother depressive symptoms at baseline predicted

increased synchrony between parents (B = 0.02, p\ 0.01) whereas

adoptive father depressive symptoms predicted asynchrony

(B = - 0.02, p\ 0.05); results for adoptive mother depressive

symptoms held when controlling for birth mother depressive

symptoms.

Sex-specific effect of NRXN1 and NRG1 genes

polymorphisms on individual differences in working

memory

Sergey Malykh, Lomonosov Moscow State University, Psychological

Institute of RAE; Renata Enikeeva, Institute of Biochemistry

and Genetics, Subdivision of the Ufa Federal Research Centre

of the Russian Academy of Sciences; Anastasia Kazantseva, Institute

of Biochemistry and Genetics, Subdivision of the Ufa Federal

Research Centre of the Russian Academy of Sciences; Elza

Khusnutdinova, Lomonosov Moscow State University, Institute

of Biochemistry and Genetics, Subdivision of the Ufa Federal

Research Centre of the Russian Academy of Sciences

Working memory capacity represents the amount of information that

can be temporarily maintained in an accessible state, making it useful

for many cognitive tasks. Previously, it was suggested that individual

differences in working memory are caused by both genetic and

environmental factors. Differences in synaptic plasticity represent the

most important neurochemical basis for learning and memory for-

mation. Since neurexin 1 (NRXN1) and neuregulin 1 (NRG1) as cell

adhesion molecules are involved in the regulation of synaptic plas-

ticity, examination of NRXN1 and NRG1 genes with respect to

cognitive parameters is of interest. The present study aimed to esti-

mate the main effect of NRG1 (rs6994992) and NRXN1 (rs1045881

and rs4971648) gene polymorphisms on working memory capacity

measured with the Corsi Blocks task. The study involved 288 men-

tally healthy individuals of Caucasian origin (Russians, Tatars) from

Republic of Bashkortostan (75% women) (mean age

20.3 ± 3.87 years). A written inform consent was obtained from all

the participants after they were acquainted with all the procedures.

SNPs genotyping was performed via real-time PCR based on TaqMan

technology (TestGen, Russia). Statistical analysis was conducted with

Plink v.1.07. The results of linear regression analysis indicate the

association of NRXN1 rs1045881 minor allele and a higher working

memory capacity in the male group (P = 0.02; b = 1.34; r = 8.39),

while a decreased working memory capacity was observed in females

bearing NRG1 rs6994992 T-allele (P = 0.005; b = 0.92; r = 3.62).

This study was supported by the Russian Science Foundation

(project §17-78-30028).

Psychiatric and metabolic genetic risk is associated

with adolescent eating disorders and related symptoms

in a general population cohort

Mohamed Abdulkadir, University of Geneva; Christopher Hübel,

Karolinska Institutet; Moritz Herle, University College London;

Gerome Breen, King’s College London; Ruth Loos, Icahn School

of Medicine, Mount Sinai; Cynthia Bulik, Karolinska Institutet; Nadia

Micali, University College London

Background: Recent research has highlighted that anorexia nervosa

(AN), an eating disorder (ED), has a metabolic and anthropometric

genetic component. We investigated whether a range of polygenic

scores (PGS) of psychiatric disorders and body composition traits

were associated with EDs and related symptoms.

Methods: We calculated PGS in up to 4,000 participants from the

Avon Longitudinal Study of Parents and Children using data from 26

well-powered discovery genome-wide association studies of psychi-

atric and metabolic traits. We estimated the association of these PGS

with a diagnosis of AN, bulimia nervosa (BN), binge-eating disorder

(BED), purging disorder (PD), and associated behaviors (i.e., fasting,

purging, excessive exercise) and cognitions (i.e., weight/shape con-

cerns, body dissatisfaction, thin ideal internalization). We compared

the performance of a multi-PGS model with a single-PGS model

using the area under the curve (AUC) and the Akaike information

criterion (AIC).

Results: The multi-PGS model performed better than the single-PGS

model for all ED diagnoses (P\ 0.001; AUC improvement

0.05–0.07), associated behaviors (P\ 0.001; AUC improvement

0.02–0.06), and cognitions (P\ 0.001; decrease in AIC 32–66).

Discussion: Our findings further strengthen the notion that ED and

associated symptoms may best be considered as multifactorial with

both psychiatric and metabolic/anthropometric genetic components.

An extended twin-pedigree study of voluntary exercise

behavior in the Netherlands

Matthijs van der Zee, Vrije Universiteit Amsterdam; Quinta Helmer,

Vrije Universiteit Amsterdam; Dorret Boomsma, Vrije Universiteit

Amsterdam; Eco de Geus, Vrije Universteit Amsterdam

In the current research we investigated the heritability of voluntary

regular exercise behavior using extended pedigrees, this allowed us to

estimate the contribution of shared household effects in the presence

of non-additive genetic effects. In addition, rather than assessing the

total volume of exercise as a unitary construct we have separate this

across three domains: spent on (1) team versus solitary (2) competi-

tive versus non-competitive (3) internally- versus externally-paced

exercise.

For the participants in the Netherlands Twin Register (NTR) we

constructed the extended pedigrees which specify all relations among

nuclear and larger twin families in the register. For 56,161 adolescent

and adult NTR participants in 20,897 families data were available on

harmonized scores for total weekly MET hours (METhrs), and the six

domains. We analyzed these data in the Mendel software package.

The estimated broad-sense heritability of any voluntary exercise

and sports was 41% (26% additive genetic effects (A), and 15% non-

additive genetic effects (D)). A shared household effect explained

24% and unique environmental factors explained the remaining 35%

of the variance. For team-based exercise non-additive (dominance)

genetic factors (28%) were a larger contributor compared to additive

genetic factors (19%), while in solitary exercise these results were

reversed.
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In concordance with previous literature, our results suggest that

exercise is a heritable trait, however our varying results in the various

domains of exercise suggest that, at least in behavioral genetics,

splitting exercise over domains rather than treating it as a unitary

construct may be preferable.

The familial co-aggregation of ADHD and cerebral

palsy: a population-based cohort study

Tor-Arne Hegvik, University of Bergen, Karolinska Institutet; Ralf

Kuja-Halkola, Karolinska Institutet; Qi Chen, Karolinska Institutet;

Paul Lichtenstein, Karolinska Institutet; Jan Haavik, University

of Bergen, Haukeland University Hospital; Kari Klungsøyr,

University of Bergen, Norwegian Institute of Public Health; Henrik

Larsson, Örebro University, Karolinska Institute

Cerebral palsy (CP) is a chronic, non-progressive neurological dis-

order characterized by motor dysfunction believed to be due to

disturbances to the developing brain. Several studies have reported

that the symptoms of attention-deficit/hyperactivity disorder (ADHD)

may be common among individuals with CP. Likewise, clinically

diagnosed ADHD has been associated with CP, both within individ-

uals and across siblings. However, it is unknown whether ADHD and

CP co-aggregate within extended families, which would further

support the presence of shared familial factors in the etiology of the

two disorders. To further assess the relationship between ADHD and

CP, we conducted a population-wide familial co-aggregation study.

With the use of Swedish national registries we defined a birth

cohort born 1960–2010, 5 178,255 individuals, and their biological

relatives. We then identified individuals diagnosed with ADHD and/

or CP and investigated the familial co-aggregation of ADHD and CP

using logistic regression.

ADHD was associated with CP within individuals, adjusted odds

ratio (OR) = 2.10 (95% confidence interval: 1.94–2.27), and across

relatives with ADHD being associated with CP in mothers, OR =

1.51 (1.20–1.93), fathers, OR = 1.82 (1.44–2.29), full siblings,

OR = 1.28 (1.16–1.41), and cousins, OR = 1.11 (1.05–1.17).

Our preliminary findings suggest that ADHD and CP share etio-

logical factors, which may also include genetic factors. This may have

consequences for our understanding of both ADHD and CP. Fur-

thermore, shared etiological mechanisms underlying ADHD and CP

may indicate that the psychological and pharmacological treatments

of ADHD could have a role in the treatment of some of the impair-

ments common among individuals with CP.

Pre-birth factors, post-birth factors, and voter turnout:

evidence from Swedish register data

Sven Oskarsson, Department of Government, Uppsala University;

Rafael Ahlskog, Department of Government, Uppsala University;

Karl-Oskar Lindgren, Uppsala University

Understanding how the inclination to be politically active is repro-

duced across generations is of paramount interest to scholars of

political behavior. In this paper we use population-wide register data

from Sweden, including validated turnout information from five

national elections held between 1970 and 2010, to address this issue.

We use our data to construct five samples of parent–child pairs. The

first one includes parent–child pairs in which the children were raised

by their biological parents (N[ 11,000,000). The second sample

consists of all native adoptees aged 18–50 at each of the five elections

paired with their adoptive and biological parents (N[ 35,000). The

first third sample includes transnational adoptees and their (Swedish)

adoptive parents (N[ 52,000). The fourth sample is composed of

monozygotic twins and their children (N[ 10,000). The final sample

consists of genotyped twins from the Swedish Twin Registry linked to

their non-genotyped children (N[ 20,000). For the genotyped indi-

viduals in this sample we have access to a polygenic score for

educational attainment that is highly predictive of voter turnout

behavior.

Our estimates suggest that the overall intergenerational association

in voter turnout is both social and biological in nature. However, the

relative importance of the biological and social transmission path-

ways differs quite drastically depending on the individuals’ age and

the consistency in parental cue giving. In essence, the social and

biological pathways behave like communicating vessels such that the

conditions that amplify the social transmission at the same time

weaken the biological mechanisms, and vice versa.

New insights on the externalizing spectrum from large-

scale GWAS

Philipp D. Koellinger, Vrije Universiteit Amsterdam; Danielle Dick,

Virginia Commonwealth University; Paige Harden, University

of Texas at Austin; Abraham Palmer, University of California, San

Diego; S. Alexandra Burt, Michigan State University

The externalizing spectrum is a constellation of co-morbid disorders

and behaviors that are characterized by under-controlled or impulsive

action. Externalizing psychopathology encompasses multiple clinical

diagnoses across development, including attention deficit hyperac-

tivity disorder (ADHD), conduct disorder (CD), oppositional defiant

disorder (ODD), antisocial personality disorder (ASPD), alcohol

dependence (AD), and other substance use disorders (SUDs). Con-

sidered together, externalizing psychopathology imposes a significant

public health burden. Multiple twin and family studies have found

that much of the genetic influence on any one disorder is broadly

shared with other externalizing spectrum traits and with personality

traits that are characterized by behavioral disinhibition.

In the past, efforts to identify specific genes involved in many

externalizing phenotypes have been hampered by limited sample size.

In this symposium, we present findings from two large-scale GWAS

initiatives that shed new light on the genetic architecture of alcohol

use and abuse. Furthermore, we present preliminary results from the

Externalizing Consortium—a collaborative effort that capitalizes on

several large-scale GWAS with the goals of (a) estimating genetic

correlations across the externalizing phenotypes, (b) identifying genes

involved in a shared underlying liability to externalizing psy-

chopathology versus genes that are unique to specific outcomes, and

(c) increasing the predictive ability of polygenic scores for external-

izing phenotypes.

The externalizing consortium: part 1

Richard Karlsson Linner, Vrije Universiteit Amsterdam; Travis

Mallard, University of Texas at Austin; Peter Barr, Virginia

Commonwealth University; Sandra Sanchez-Roige, University

of California, San Diego; Andrew Grotzinger, University of Texas

at Austin; Ronald de Vlaming, Vrije Universiteit Amsterdam; Elliot

Tucker-Drob, University of Texas at Austin; Arpana Agrawal,

Washington University in St. Louis; Irwin Waldman, Emory

University; Abraham Palmer, University of California, San Diego;

Paige Harden, University of Texas at Austin; Philipp D. Koellinger,
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Vrije Universiteit Amsterdam; Danielle Dick, Virginia

Commonwealth University

The externalizing spectrum is a constellation of behaviors, traits, and

disorders that are characterized by under-controlled, impulsive, or

norm-violating action. It encompasses multiple clinical diagnoses

across development, and twin and family studies have found that

genetic influences on these phenotypes tend to be broadly shared

across the externalizing spectrum. Here, we introduce the External-

izing Consortium—a collaborative research initiative that aims to

characterize the molecular genetic architecture of the externalizing

spectrum using a multivariate approach that combines large-scale

GWAS results on relevant traits. We describe our analytic strategy

and present GWAS results from more than 1 million independent

observations on[ 10 externalizing outcomes.

Biological annotations of the Neuroticism general

factor, residual group factors, and items

Yuri Kim, University of Minnesota; James Lee, University

of Minnesota

Competing models of personality assert differing number of facets for

the Big Five factors of personality. Nagel et al. (2018) found through

hierarchical cluster analysis of 12 Neuroticism items (Eysenck Per-

sonality Questionnaire—Revised Short Form) that two genetically

homogenous clusters emerged. They identified the clusters as

matching two of three facets previously characterized as Depressed

Affect and Worry (Mor et al. 2008). In the present work, we used

Genomic SEM to determine which SNPs act on the specifically on the

items, the two facets, and the general factor. We will run biological

annotations on each of these SNP categorizations. For the Neuroti-

cism general factor, we employed DEPICT and identified 60 likely

causal genes, 212 significantly enriched gene sets, and 23 significantly

enriched tissues. The most significant gene set is increased anxiety-

related response (P = 5.02 9 10-8). which is defined in the Mam-

malian Phenotype database as those genes leading to ‘‘more responses

thought to be indicative of anxiety in behavioral tests’’ when per-

turbed in model organisms. We are currently analyzing SNPs

identified as acting through the facets (residual group factors) and

those whose effects on the items are not well predicted by their factor

loadings.

The externalizing consortium: part 2

Travis Mallard, University of Texas at Austin; Richard Karlsson

Linner, Vrije Universiteit Amsterdam; Peter Barr, Virginia

Commonwealth University; Sandra Sanchez-Roige, University

of California, San Diego; Andrew Grotzinger, University of Texas

at Austin; Ronald De Vlaming, Vrije Universiteit Amsterdam; Elliot

Tucker-Drob, University of Texas at Austin; Arpana Agrawal,

Washington University in St. Louis; Irwin Waldman, Emory

University; Abraham Palmer, University of California, San Diego;

Paige Harden, University of Texas at Austin; Philipp D. Koellinger,

Vrije Universiteit Amsterdam; Danielle Dick, Virginia

Commonwealth University

In part 2 of our presentation of preliminary results from the Exter-

nalizing Consortium, we will describe the genetic factor structure of

the externalizing spectrum, as estimated from large-scale GWAS

results of substance use, risky behavior, and related phenotypes using

Genomic SEM. Next, we will characterize the genetic architecture of

the latent factors that drive the genetic correlations across the

externalizing spectrum. We will also present results from holistic

replication analyses with an emphasis on antisocial behavior and

problematic alcohol use. Finally, will further validate our results with

a series of polygenic prediction models that we use to evaluate the

empirical usefulness and robustness of the factor-specific summary

statistics. Our polygenic predictions focuses on cohorts that have

(i) good measures of all relevant dimensions of the externalizing

spectrum, (ii) longitudinal data, and/or (iii) family structure (e.g.,

dizygotic twins, full siblings, trios) that allows us to test for popu-

lation structure and genetic nurture.

Longitudinal examination of parental hostility,

inhibitory control and externalizing behaviors:

a siblings-reared-apart design

Amanda Griffin, University of Oregon; Leslie Leve, University

of Oregon; Misaki Natsuaki, University of California, Riverside;

Daniel Shaw, University of Pittsburgh; David Reiss, Yale University;

Jody Ganiban, George Washington University; Jenae Neiderhiser,

Penn State University

Children with elevated levels of externalizing behaviors often have

poor inhibitory control and experience parental hostility. Externaliz-

ing behaviors, inhibitory control, and parental hostility are, in part,

heritable. Heritable influences on externalizing behaviors or inhibi-

tory control may evoke parental hostility and increase later

externalizing behaviors. This study used a siblings-reared-apart

design from a subsample of families who participated in the Early

Growth and Development Study, a prospective longitudinal adoption

study. Our subsample included adopted children living with the

adoptive parents (n = 135) and biological children living with birth

parents (n = 191). Using linked adoptee and sibling data, we exam-

ined heritable (birth parent psychopathology), environmental

(parental hostility), and child (inhibitory control) influences on

externalizing behaviors. Heritable risk was indexed with birth parent

externalizing and internalizing symptoms. Parental hostility was

assessed at 7 and 9 years with the Iowa Family Interaction Scale.

Child inhibitory control was assessed at 7 years with the Children’s

Behavior Questionnaire. Externalizing behaviors were assessed at

7 years with the Child Behavior Checklist and at 9 years with the

Strength and Difficulties Questionnaire. Preliminary findings indi-

cated that poor child inhibitory control was genetically influenced

(b = 0.14, p\ 0.05), which then predicted later parental hostility

(b = 0.16, p\ 0.05) and child externalizing behaviors (b = 0.14,

p\ 0.05). Parental hostility was associated with later child exter-

nalizing behaviors (b = 0.14, p\ 0.05), suggesting an environmental

role of parental hostility. The within-sibling pair correlations indi-

cated that reared-apart siblings were not correlated on parental

hostility, inhibitory control, or externalizing behaviors, suggesting

that environmental influences play a role in sibling differences in

externalizing behavior.

Month of birth effects on cognitive and psychological

outcomes

Adele Wang, University of Bristol; Stephanie von Hinke, University

of Bristol

It has long been established that month of birth (MoB) can have an

effect on childhood and later life outcomes. A commonly discussed

outcome is intelligence or academic achievement. Evidence suggests
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that this is due to school admissions cut-offs, with older individuals in

a classroom tending to do better than younger ones.

Using data from over 400,000 participants in UK Biobank, we

explored MoB effects on cognition, as well as psychiatric and per-

sonality characteristics, using a family fixed effects methodology. We

found that those born in June tend to spend less years in education,

those born in September score higher in fluid intelligence while there

were no month of birth effects for neuroticism and depressive

symptoms. Sex differences were also observed.

We looked to see if there are systematic genetic differences

between those born in different months, using polygenic scores (PGS)

for years of education and major depressive disorder. Our results

showed that no such differences existed, adding support for the use of

MoB as a proxy for environmental influences.

Finally, we looked at the interaction between month of birth and

genetic predispositions. We found no gene-environment interactions

meaning that the effect of genetics is the same for those born in

different months. However, we argue that genetic factors can com-

pensate for negative month of birth effects. In addition to the school

admissions explanation, we explore alternative explanations such as

nutritional and weather effects in utero and in early life.

Genetic overlap and presence of causal associations

between tobacco use and psychotic experiences

in adolescents and adults

Wikus Barkhuizen, Birkbeck University of London; Angelica Ronald,

Birkbeck University of London

Background: This study investigated genetic and causal associations

between smoking and psychiatric disorders and psychotic experiences

and negative symptom traits (PENS).

Methods: GWAS summary statistics were obtained for smoking initia-

tion (SmkInit), cigarettes per day (CPD), age of initiation (AgeInit) and

current versus former smokers (CurSmk) (N = 262,990–632,802), ado-

lescent PENS (N = 6297–10,098), adult schizotypy (hypomania,

perceptual aberrations, physical- and social anhedonia;N = 3967–4057),

adult psychotic experiences (un-real voices, visions, communications

and conspiracies; N = 116,787–117,794) and schizophrenia, bipolar

disorder and major depression (N = 41,653–173,005). Genetic and

causal associations were estimated between PENS, psychiatric disorders

and smoking phenotypes using LD-score regression and with SmkInit

using Generalized Summary-basedMendelian Randomization (GSMR).

Results: Significant genetic correlations were found, corrected for

multiple testing, including between un-real voices and CurSmk

(rg = 0.40), un-real visions and CPD (rg = 0.33) and hypomania and

SmkInit (rg = 0.17). Adolescent paranoia/hallucinations genetically

covaried with SmkInit and AgeInit and adolescent negative symptom

traits with SmkInit. Results replicated genetic correlations between

smoking with schizophrenia (rg = 0.09–0.15) and depression (rg =

0.32–38). Bipolar disorder genetically correlated with SmkInit and

CPD (both rg = 0.10). Initial GSMR results supported a causal role of

SmkInit on adolescent cognitive (b = 1.03, p = 8.02 9 10-5) and

negative symptoms (b = 0.51, p = 0.013), schizophrenia (b = 0.65,

p = 6.89 9 10-9), bipolar disorder (b = 0.81, p = 7.82 9 10-8) and

depression (b = 0.85, p = 1.51 9 10-24).

Conclusions: Smoking behavior shares genetic influences with PENS

across age in the community and with psychiatric disorders. Smoking

behavior may play a causal role in development of cognitive and

negative symptoms during adolescence.

Prescription opioid analgesic receipt among adolescents

and young adults and subsequent substance abuse

Patrick Quinn, Indiana University; Martin Rickert, Indiana

University; Katja Boersma, Örebro University; Paul Lichtenstein,

Karolinska Institutet; Henrik Larsson, Örebro University; Brian

D’Onofrio, Indiana University

Increases in opioid overdoses and related public health harms, par-

ticularly in North America, have led to great concerns about opioid

pharmacotherapies for pain. However, the extent of the contribution

of prescribed opioid analgesic use, as opposed to illicit opioid use or

medication diversion, to the etiology of substance abuse among young

people remains uncertain. This study used a co-twin-control design in

data from a linkage of nationwide Swedish registers to examine risk

of substance abuse. We identified a birth cohort of Swedish adoles-

cents and young adults who were naı̈ve to prescription opioid

analgesics (aged 13–29 years; N = 1,541,862). Between 2007 and

2013, approximately 13% of these individuals initiated prescription

opioid analgesic receipt (n = 193,922). Relative to non-recipients

matched 1:1 on demographics, prescription opioid analgesic recipi-

ents had greater rates of subsequent substance abuse, as indexed by

registered diagnoses, medication treatments, causes of death, and

convictions for drug-or-alcohol-related crimes (HR, 2.29; 95% CI

2.21–2.36). This association was somewhat attenuated but persisted in

comparisons of co-twins and other multiple births (HR, 1.47, 95% CI

1.15–1.87). That is, a family-based comparison could not rule out at

least some causal role for prescription opioid analgesic receipt in risk

of substance abuse among young people. Further research is needed to

determine the extent to which within-family confounding explains the

remaining association.

The first longitudinal investigation of cognitive ability

in adult (301) adoptive families

Emily Willoughby, University of Minnesota; Matt McGue, University

of Minnesota; James Lee, University of Minnesota

Does the effect of rearing environment on childhood IQ persist well

into adulthood? Early adoption studies found that parental IQ corre-

lated significantly with that of adopted children, but that in

adolescents this relationship was smaller or nonexistent (Scarr &

Weinberg, 1983). Newer research has demonstrated an effect of

family environment of 4.4 IQ points (SE = 0.75) in 18–20-year-old

Swedish adoptees (Kendler et al. 2015). It is unclear whether this

relationship would remain robust after the offspring are well into

adulthood. At the Minnesota Center for Twin and Family Research,

the Sibling Interaction and Behavior Study is undergoing its fourth

follow-up on a unique sample of 409 adoptive and 208 non-adoptive

families (McGue et al. 2007). At intake (circa 1998), the average age

of these children was 14.9 (SD = 1.9), and IQ of adopted children had

a weak but significant association with parental IQ (r = 0.09;

p = 0.04). As of March 2019, we have assessed over half of these

families on a variety of measures, with IQ data entry nearing com-

pletion. We find that scores of biological offspring (N = 165; mean

age = 31.75) on a 16-item cognitive assessment correlate with parent

scores at r = 0.21 (p = 0.008), and adopted offspring (N = 171, mean

age = 32.2) with parent scores at r = –0.05 (p = 0.497). Along with

IQ, education, SES, personality and parenting behavior are also

examined as mediators for the first time in a fully-matured adult,

longitudinal adoption sample.
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Media and mental health: how DNA differences

contribute to the good and bad side of online media use

Ziada Ayorech, King’s College London; Robert Plomin, King’s

College London; Sophie von Stumm, University of York

By the year 2020, the number of worldwide online media users will

exceed 4 billion, over half of the Earth’s population. Understanding

the impact of our increasingly digital world on individual’s mental

health and wellbeing is of major societal importance given the stag-

gering costs of national rises in mental health problems. To date,

research on the impact of online media use on mental health has

largely ignored the role of genetics, which could challenge the

assumption that media effects are entirely environmentally driven.

By capitalizing on over 4000 twin pairs, we perform the first

genetically sensitive investigation of the association between online

media use and mental health. We test for the role of genetics on

positive uses of online media such as posting social media content and

watching video clips, as well as on negative sides of online media use

such as online victimization and Internet addiction, and their links

with mental health. We show that both positive and negative media

use are moderately heritable (up to 49%) and that their association

with mental health and wellbeing is primarily due to the effect of

correlating genetic influences.

These results suggest efforts to harness online media use for

promoting mental health will have greatest impact when adopting an

individualized approach, tailoring tactics to individual needs. They

also challenge the idea that the impact of media use on mental health

is causal and instead suggest that online media use merely reflects

individual genetic propensities to good and bad mental health

outcomes.

Can you clap to the beat? Findings from the first large-

scale genome-wide association study on rhythm

Reyna Gordon, Vanderbilt University Medical Center; Maria

Niarchou, Vanderbilt University Medical Center; J. Fah

Sathirapongsasuti, 23andMe; Nori Jacoby, Max Planck Institute

for Empirical Aesthetics; 23andme Research Team, 23andMe; J.

Devin McAuley, Michigan State University; Eamonn Bell, Columbia

University; Miriam Mosing, Karolinska Institutet; Peter Straub,

Vanderbilt University Medical Center; Nicole Creanza, Vanderbilt

University; Fredrik Ullèn, Karolinska Institutet; Nancy Cox,

Vanderbilt University Medical Center; David Hinds, 23andMe; Lea

Davis, Vanderbilt University Medical Center

Across musically trained and non-musically trained individuals, there

is substantial variability in the ability to perceive and produce

rhythms accurately. Individual differences in musical rhythm have

been linked to a brain network involving primarily auditory, motor,

and subcortical/basal ganglia circuitry. Family-based studies

demonstrate a moderate genetic contribution to rhythmic ability.

However, understanding the molecular basis of rhythm necessitates

genome-wide interrogation in a well-powered sample. Here we

applied Genome-Wide Association Study (GWAS) methodology to

identify common variants associated with musical rhythm, collected

from N = 606,825 research participants from the personal genetics

company 23andMe. Individuals responded to the question ‘‘Can you

clap in time with a musical beat?’’. To validate this single question,

we also conducted a separate (behavioral) study using Mechanical

Turk in N = 734; individuals who answered Yes (vs. No) to this self-

report question also performed better on a musical rhythm perception

task (p = 0.0006). In the genetic cohort, preliminary GWAS revealed

68 independent loci that surpassed the threshold for genome-wide

significance. We found two loci on chromosome 4q, replicating prior

findings of linkage to musicality in this region, as well as new loci

including 16p11.2, 2p16.1 and 17q21.31. GWAS results held after

conditioning on known markers of IQ, using mtcojo, revealing

independence of genetic markers of rhythm and IQ. LD-score

regression showed 5% SNP-based heritability of the rhythm pheno-

type. Tissue-based analyses with GTEx models showed enrichment of

brain and pituitary tissues. Taken together, these findings provide

promising evidence of genetic architecture that may be involved in

rhythmic ability in humans.

The heritability of behavioral dimensions associated

with anxiety and depression

Harry Smolker, Institute for Behavioral Genetics, University

of Colorado Boulder; Marie Banich, Department of Psychology

and Neuroscience, University of Colorado Boulder; John Hewitt,

Institute for Behavioral Genetics, University of Colorado Boulder;

Naomi Friedman, Institute for Behavioral Genetics, University

of Colorado Boulder

Dimensional models of psychopathology have emerged as powerful

tools for disentangling issues surrounding co-morbidity, overlapping

symptomology, and heterogeneity of psychopathologies. Yet, despite

considerable work interrogating the heritability of categorical mea-

sures of psychopathology, the genetic and environmental

contributions to individual differences in psychopathology-related

dimensions in the general population remains largely under investi-

gated. Expanding upon Watson and Clark’s tripartite model to include

cognitive processes characteristic of internalizing disorders, the cur-

rent project introduces a novel 5-factor dimensional model of anxiety

and depression. This model includes the three dimensions originally

posited by Watson and Clark (anxious arousal, anhedonia, and neg-

ative affect), but adds anxious apprehension and rumination

dimensions to capture the more cognitive behaviors associated with

anxiety and depression that were largely absent from Watson and

Clark’s original model. The current model organizes dimensions of

anxiety and depression symptomology along two axes: a cognitive

(i.e., anxious apprehension and rumination) to affective (i.e., anxious

arousal and anhedonia) axis, as well as a threat (i.e., anxious arousal

and anxious apprehension) to reward (i.e., anhedonia and rumination)

axis, with negative affect serving as a common factor capturing

general levels of psychological distress. Focusing on this 5-factor

model, the current project employed structural equation modeling

techniques across 329 same-sex adult twin pairs (167 Mz pairs) to

investigate the current model’s underlying factor structure and heri-

tability. Our results provide support for the validity of this 5-factor

model while illuminating the genetic and environmental contributions

to individual differences in psychopathology-related dimensions.

The familial co-aggregation of stress-related disorders

and autoimmune diseases

Huan Song, Center of Public Health Sciences, Faculty of Medicine,

University of Iceland; Yuyang Yao, Karolinska Institutet, Department

of Medical Epidemiology and Biostatistics; Fang Fang, Karolinska

Institutet, Department of Medical Epidemiology and Biostatistics;

Paul Lichtenstein, Karolinska Institutet; Brian D’Onofrio, Indiana

University; Catarina Almqvist, Karolinska Institutet; Henrik Larsson,

Örebro University; Unnur Valdimarsdóttir, Center of Public Health

Sciences, Faculty of Medicine, University of Iceland
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Background: Evidence has emerged indicating a role of stress-related

disorders in the development of autoimmune diseases. However, it

remains unknown whether genetic components contribute to the

observed association. We therefore investigated the co-aggregation of

stress-related disorders and autoimmune diseases in individuals and

their family members in the Swedish population.

Methods: We identified 4,123,631 individuals born in Sweden

between 1953 and 1993. Based on information from the Multi-Gen-

eration Register, we conducted cohorts of relatives of varying

relatedness. Logistic regression was used to estimate the association

between clinical ascertained stress-related disorders (i.e., acute stress

reaction, posttraumatic stress disorder [PTSD], adjustment disorder,

and other severe stress reactions) and autoimmune diseases (36 dif-

ferent types) in individuals and in families, presenting relative risks as

odds ratios (ORs).

Results: Individuals with stress-related disorder were at higher risk of

having autoimmune diseases compared with individuals who did not

have stress-related disorder (OR = 1.66, 95% confidence intervals

(CI) 1.63–1.69). Within families, the association seemed strongest

between monozygotic twins (OR = 1.47, 95% CI 1.07–2.03), and

then decreased with descending dyads of familial/genetic related-

ness̄OR was 1.28 (95% CI 0.97–1.67), 1.16 (95% CI 1.14–1.18), 1.05

(95% CI 1.02–1.09), 1.06 (95% CI 1.03–1.10), 1.05 (95% CI

1.04–1.06), and 1.00 (95% CI 0.98–1.04) for dizygotic twins, full

siblings, maternal half siblings, paternal half siblings, full cousins,

and half cousins, respectively. Further analyses on PTSD and

autoimmune diseases obtained similar estimates.

Conclusion: The pattern of the association across twin zygosity and

varying familial relatedness supports the hypothesis of a genetic

overlap between stress-related disorders and autoimmune diseases

which warrants further exploration.

The moderating role of early-life parent factors

on the genetic and environmental contributions

to objective sleep duration in middle childhood

Samantha Miadich, Arizona State University; Gianna Rea-Sandin,

Arizona State University; Leah D. Doane, Arizona State University;

Mary Davis, Arizona State University; Kathryn Lemery-Chalfant,

Arizona State University

Objective: Early-life parental positive personality and stress can

impact offspring health, including sleep. This study examined the

moderating role of early-life parental stress and positive parent per-

sonality on the heritability of sleep duration.

Methods: A subset of 341 families (30% MZ, 39% same-sex DZ, 31%

opposite-sex DZ twins) from the Arizona Twin Project (Lemery-

Chalfant et al. 2013, Twin Research & Human Genetics, 16, 376–384)

were included in this study. Primary caregivers reported on multiple

dimensions of stress as well as their own personality when the twins

were 12 months. Seven years later (Mean age = 8.47), twins (51%

female; 57% White, 25% Hispanic) wore actigraph watches on their

non-dominant wrist for seven consecutive days to assess their sleep

with excellent compliance.

Results: A univariate ACE model indicated sleep duration was

moderately heritable. Early-life positive parent personality moderated

the genetic contribution on sleep duration where both the moderated

C and E paths could be dropped (D-2LL = 2.12, Ddf = 2, p = 0.35);

as positive parent personality increased the heritability of duration

decreased. Early-life parental stress also moderated the genetic con-

tribution on sleep duration and the moderated C and E paths could be

dropped (D-2LL = 1.75, Ddf = 1, p = 0.42); as parental stress

increased the heritability of duration increased. Cross-sectional

composites of both positive parent personality and parental stress had

the same pattern of findings.

Conclusions: Findings highlight the contribution of parent traits and

experiences to the genetic effects on children’s sleep and health;

therefore, interventions may need to target parental factors in early-

life to support children’s healthy sleep.

Examining grit and mindset in concurrent and future

reading comprehension: a twin study

LaTasha Holden, Florida State University; Kimberly Martinez,

Florida State University; Sara Hart, Florida State University; Jeanette

Taylor, Florida State University

Early reading difficulties predict a variety of poorer outcomes. Grit

and Intelligence Mindset have gained attention as intervention targets

for children struggling in school because they predict academic suc-

cess. Mindset interventions for reading show promise, but less is

known about Grit. Twin studies of Mindset, Grit, and achievement

suggest genetic and non-shared environmental influences but only

focus on concurrent ability. Our twin design addresses how Mindset

and Grit relate to reading concurrently and two years later, while

examining genetic and environmental influences underlying these

relations. Using the Wave 2 and Wave 3 assessments in the Florida

Twin Project on Reading, Behavior, and Environment, we conducted

multiple regressions and multivariate twin models to investigate these

questions. Using one randomly chosen twin, gender, age, Mindset and

Grit were regressed onto Wave 2 reading and only Mindset signifi-

cantly predicted concurrent reading. Gender, age, Mindset and Grit

were then regressed onto Wave 3 reading and, again, only Mindset

significantly predicted reading (two years later). Finally, gender, age,

Mindset, Grit and Wave 2 reading were regressed onto Wave 3

reading, and only Wave 2 reading significantly predicted reading two

years later—indicating neither Mindset nor Grit contributed to change

in reading. Next, two trivariate and one quadrivariate Cholesky

decomposition were applied to the full twin data. Only Mindset and

concurrent reading had significant overlap through the non-shared

environment. Mirroring regression results, when adding previous

reading, this was the only significant predictor of reading two years

later, with genetic and shared environmental influences underlying the

relation.

Educational attainment polygenic risk scores predict

surface area of cortical regions important for language

and memory

Brittany Mitchell, QIMR Berghofer Medical Research Institute;

Gabriel Cuellar Partida, University of Queensland; Katrina Grasby,

QIMR Berghofer Medical Research Institute; Lachlan Strike,

Queensland Brain Institute; Paul Thompson, University of Southern

California; Sarah Medland, Queensland Brain Institute; Nicholas

Martin, QIMR Berghofer Medical Research Institute; Margaret

Wright, Queensland Brain Institute; Miguel Renteria, QIMR

Berghofer Medical Research Institute

Individual differences in educational attainment (EA) correlate with a

wide variety of social, health and economic outcomes. Previous

studies have uncovered the existence of shared genetic factors influ-

encing both cognitive function and brain structure. Here, we

investigate the relationship between brain imaging traits (surface area

of cortical regions of interest) and EA, as a proxy for cognitive ability,

using a polygenic scoring (PGS) approach. We leverage data from the
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largest genome-wide association study (GWAS) of EA to date (EA3,

discovery sample) and estimate polygenic scores (PGS) in two

independent target samples of young adults with neuroimaging data

from Australia (N = 1165) and the USA (N = 723), to examine how

the genetic factors underlying educational attainment and cognitive

ability relate to brain structure. Higher EA-PGS significantly pre-

dicted larger global brain morphometry measures, such as intracranial

volume and total surface area (R2 = 0.006 and 0.016 respectively,

p\ 0.001) in both independent samples. Remarkably, EA-PGS also

predicted cortical surface area of three frontal and three temporal

regions in both target samples (over and above total surface area). The

identified regions have been robustly implicated in language, mem-

ory, visual recognition and cognitive processing. Additionally,

individuals with higher EA-PGS achieved higher scores in cognitive

tests and we demonstrate that these identified brain regions partly

mediate the association between EA-PGS and cognitive test perfor-

mance, accounting for approximately 20% of the variance explained

in IQ scores. Altogether, these findings advance our understanding of

the neurobiology that underpins educational attainment and cognitive

ability and provide focus points for future research.

Update on Australian genetics of depression study

Nick Martin, QIMR Berghofer Medical Research Institute

More than 20.000 depression cases have been enrolled at DNA and

GWAS have been obtained on[ 16,000 of these. Early results will be

presented with a focus on response to anti-depressant medication.

Five ways to analyze 50,000 pairs of related persons

in the National Longitudinal Survey of Youth

Michael Hunter, Georgia Tech; Mason Garrison, Vanderbilt

University; William Beasley, University of Oklahoma Health

Sciences Center; Patrick O’Keefe, Vanderbilt University; David Bard,

University of Oklahoma Health Sciences Center; Joe Rodgers,

Vanderbilt University

With the rise of molecular genetics methodologies like genome-wide

complex trait analysis (GCTA), it becomes critical to viscerally

understand how these newer methods relate to the older twin and

family methods. Such an understanding informs what novel findings

may result from the new methods. This presentation uses the National

Longitudinal Survey of Youth (NLSY) to exemplify the techniques.

The NLSY is an excellent test-bed for a wide array of biometric

analysis methods due to its (a) large, representative sample from the

United States, (b) copious number of diverse outcomes, (c) longitu-

dinal data collection, and (d) burgeoning cross-generational structure.

We analyze both standard and unconventional outcomes from the

NLSY in five related ways. First, we analyze outcomes in the standard

form of a structural equation model (SEM). Second, the identical

analyses are conducted as a multilevel SEM. Third, multiple large

blocks of pedigrees are used to include extended relationships such as

cousins. Fourth, the entire data are analyzed as a single genetically-

related family using the conventional GCTA software. Fifth, multi-

variate outcomes are studied for the entire data using the OpenMx

software. Each of these ways of structuring the analysis for the NLSY

allows certain questions to be answered while forcing the researcher

to omit or make assumptions about others.

GWAS on the Internet: systematic review of online

news and blog articles about GWAS publications

from 2005 to 2018

José J. Morosoli, QIMR Berghofer Medical Research Institute; Lucı́a

Colodro-Conde, QIMR Berghofer Medical Research Institute; Fiona

K. Barlow, University of Queensland; Sarah Medland, QIMR

Berghofer Medical Research Institute

In this study, we present a systematic review of news and blog articles

on GWAS since its inception, combining statistical analysis with text

mining techniques. GWAS publications were identified via the

NHGRI-EBI GWAS Catalogue and classified into phenotype cate-

gories using the ICD-10. Blog and news articles about these studies

were identified using the Altmetric database.

As of 19/09/18, there were 3557 GWAS studies on 1945 different

traits. We found 5349 different English language websites that

mentioned these publications. Only 41.4% of those websites offered

original content (not copied from another website). The most

researched areas were non-disease traits (e.g., body mass index,

educational attainment, metabolic traits, etc.; N = 1197), neoplasms

(N = 462), and mental and behavioral disorders (N = 371). However,

only 20.1%, 21.4%, and 15.9% of scientific papers in these areas were

mentioned in two or more websites, respectively. Year of publication,

number of hits, impact factor, and sample size, were positively and

significantly associated with number of online mentions. Non-disease

traits generated 2.5 times more mentions than predicted by those

variables, while behavioral disorders generated 2 times less, sug-

gesting different patterns in public interest. The Top 5 topics in the

news were genetics of Alzheimer’s disease, depression, breast cancer,

intelligence, and asthma. Finally, readability analysis revealed that

more than 95% of all online articles required at least university-level

reading skills to understand them. Implications for science commu-

nication and genetic literacy campaigns will be discussed.

A cross-country, cross-reporter twin study

of oppositional defiant disorder

Katrina Grasby, QIMR Berghofer Medical Research Institute; Lucı́a

Colodro-Conde, QIMR Berghofer Medical Research Institute; José J.

Morosoli, QIMR Berghofer Medical Research Institute; Christel

Middeldorp, University of Queensland; Toos van Beijsterveldt, Vrije

Universiteit Amsterdam; Dorret Boomsma, Vrije Universiteit

Amsterdam; Nicholas Martin, QIMR Berghofer Medical Research

Institute; Meike Bartels, Vrije Universiteit Amsterdam; Sarah

Medland, QIMR Berghofer Medical Research Institute

Oppositional defiant disorder (ODD) is characterized by a persistent

pattern of anger, defiance, or vindictiveness that impairs social

functioning. Often beginning during preschool years, temporally it

precedes most comorbid disorders. Genetics contributes to the etiol-

ogy of ODD but research that associates parenting practices with

ODD has not been conducted in a genetically sensitive design. We

examined the heritability of ODD symptoms in two twin cohorts, one

Australian and one Dutch. In Australia, mothers (N = 1281) reported

ODD for twins at age * 14.3 using the SWAN, and twins self-re-

ported (N = 2210) lifetime incidence of ODD at age * 27. An

overlapping sample on both measures was available on 246 individ-

uals (110 complete pairs). In the Netherlands, mothers (N = 16,584)

and fathers (N = 11,676) reported ODD at age * 12.2 using the

CBCL12, and twins self-reported (N = 4841) ODD at age * 16.9

using the YRS. An overlapping sample on parental and self-report

was available for 904 monozygotic and 1138 dizygotic complete
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pairs. ODD was moderately heritability across all measures and both

countries. Heritability was higher in Australia, 59–76% from mothers

and self-report, compared to the Netherlands, 37–51% from mothers,

fathers, and self-report. The family environment was only influential

in the Netherlands. Mothers and fathers report variance decomposi-

tion could be equated and implies a high degree of similarity in

parental perception of ODD behaviors. In Australia, ODD score from

mothers was associated with self-reported ODD. In the Netherlands,

parental report of ODD had a small correlation with self-report

4 years later and this correlation was mainly due to genetic factors.

Criteria for DSM-5 personality disorders and risk

of alcohol and substance abuse in Norwegian twins

Tom Rosenström, University of Helsinki; Fartein Ask Torvik,

Norwegian Institute of Public Health; Eivind Ystrom, Norwegian

Institute of Public Health; Steven Aggen, Virginia Commonwealth

University; Nathan Gillespie, Virginia Commonwealth University;

Robert Krueger, University of Minnesota; Nikolai Olavi Czajkowski,

University of Oslo; Kenneth Kendler, Virginia Commonwealth

University; Ted Reichborn-Kjennerud, Norwegian Institute of Public

Health

Personality disorders (PDs) are associated with alcohol (AUD) and

substance use disorders in the general population. However, the

DSM-5 definitions of PDs have been criticized and the PDs are highly

comorbid with each other. A series of three studies on etiologic

specificity and mechanisms behind the PD-AUD associations is dis-

cussed. We investigated 2801 Norwegian twins using structured

interviews on PDs, AUD, and other substance use. When all 80 DSM-

5 PD criteria were adjusted for each other in an Elastic Net regression

model, only three specific PD criteria predicted AUD. These specific

criteria were for Antisocial (ASPD) and Borderline (BPD) PDs.

ASPD and the three specific criteria, self-damaging impulsivity (BPD

criterion #4), childhood conduct disorder (ASPD #8), and violations

of social norms on lawful behavior (ASPD #1) each mediated over

50% of effects of childhood stressful life events on AUD according to

a genetically informative mediation model, whereas BPD appeared as

a confounded variable in such mediation model. Finally, a bifactor

model indicated that the PD-related AUD risk factors all reflected

some latent dimension of risk for all ASPD and BPD criteria rather

than more specific factors. These findings are discussed in the light of

emerging hierarchical taxonomy of psychopathology and in the

context of clinical environments. For example, personality-based

indirect indices of substance-abuse risk could be valuable when

making decisions regarding prescriptions of potentially addictive

drugs.

Well-being, loneliness, and self rated health; what’s

the chicken and what’s the egg?

Meike Bartels, Vrije Universiteit Amsterdam; Margot van de Weijer,

Vrije Universiteit Amsterdam; Bart Baselmans, Vrije Universiteit

Amsterdam

Existing literature has established that loneliness, characterized by a

sense of emptiness, worthlessness, and a lack of control, is negatively

associated with well-being. Moreover, self-rated health, a subjective

evaluation of one’s current health status, has also been pointed out as

an important predictor of well-being, due to its high proportion of

shared variance with well-being.

The correlation between two variables can reflect reverse causa-

tion or unobserved factors that influence both. Mendelian

Randomization (MR) can be used to get a better hold on causality by

estimating the causal effect of a risk or protective factor on an out-

come, provided that genetic variants are known that influence the risk

factor.

In order to answer questions like: ‘‘Do lonely people become

unhappy or is unhappiness the driver for a lonely life’’, or ‘‘are people

happy because they are healthy or the other way around’’, we will

apply an MR approach. We will use the summary statistics of large

Genome-Wide Association Studies for well-being (Baselmans et al.

2018), loneliness (Abdellaoui et al. 2018), and self-rated health

(Harris et al. 2017) and conduct two sample bidirectional MR anal-

yses to establish whether well-being affects loneliness and/or self-

rated health, or vice versa.

Using polygenic scores for unbiased SNP-heritability

estimation

Ronald de Vlaming, Vrije Universiteit Amsterdam; Casper A.P.

Burik, Vrije Universiteit Amsterdam; Thomas A. DiPrete, Columbia

University; Philipp D. Koellinger, Vrije Universiteit Amsterdam

In recent years, many methods have been proposed to estimate SNP-

based heritability. Methods such as GREML are sensitive to several

assumptions about the genetic architecture of traits (e.g., regarding the

relationship between MAF, LD, and effect size). In addition, methods

using summary statistics, such as LD-score regression, typically

suffer from attenuation bias when used to infer SNP-based heri-

tability, as a result of differences in LD between the reference and

GWAS samples. Finally, heuristic methods based on polygenic scores

(PGSs) also suffer from attenuation bias, as the inferred PGS based on

a finite-sample GWAS is a noisy approximation of the true PGS.

However, a major strength of PGS-based approaches is that they

are agnostic about the exact genetic architecture of a trait. In addition,

the attenuation bias in a PGS-based approach can be ameliorated by

constructing different PGSs for the same trait using different GWAS

results, and then applying GIV regression, thereby obtaining an

unbiased estimate of SNP-based heritability, regardless of the exact

genetic architecture of the trait at hand.

In addition to trait architecture, there is a plethora of further sta-

tistical nuisances that may bias classical SNP-heritability estimation,

such as assortative mating and gene–environment correlations,

including population stratification and genetic nurture.

We now combine a within-family design with GIV regression, and

investigate the potential of this new approach for unbiased SNP-

heritability estimation in the presence of various genetic architectures,

as well as genetic nurture and population-level confounds, such as

population stratification and assortative mating.

Low back pain, neck pain, and sleep quality. Genetic

and environmental relationships

Juan J Madrid-Valero, University of Murcia; Alessandro Andreucci,

Aalborg University; Juan F Sánchez-Romera, University of Murcia;

Paulo Ferreira, University of Sydney; Juan Ordoñana, University

of Murcia

Background: There is a close relationship between sleep quality and

both neck and low back pain, that includes common genetic influ-

ences among them. However, this relationship has not been widely

studied. Therefore, the aim of this study was to investigate the genetic
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and environmental influences on these three phenotypes and the

sources of covariance among them.

Methods: The sample comprised 1928 (655 MZ, 709 same-sex DZ

and 564 opposite-sex DZ) individual twins from the Murcia Twin

Registry (Spain). Sleep quality was assessed through the Pittsburgh

Sleep Quality Index and neck and back pain were assessed using self-

reported questions derived from the Spanish National Health Survey.

A multivariate Cholesky genetic analysis was performed to fit the

data. Cholesky results were transformed into a correlated factor

solution.

Results: The three phenotypes were moderately influenced by genetic

factors with heritability ranging between 0.25 and 0.33. An AE model

provided the best fit. As expected, a high genetic correlation was

found between neck and back pain (rG = 0.87; 95% CI 0.57, 1).

Significant genetic correlations between sleep quality and neck pain

(rG = - 0.37; 95% CI - 0.66, - 0.10) and back pain (rG = - 0.42;

95% CI - 0.78, - 0.12) were also found. All environmental corre-

lations were significant too, although of lower magnitude (rE = 0.50;

95% CI 0.36, 0.63; rE = - 0.17; 95% CI - 0.29, - 0.05 and rE =

- 0.15; 95% CI - 0.28, - 0.02 for neck pain-back pain, sleep

quality-neck pain and sleep quality-back pain respectively).

Conclusion: Our results show that there is a significant genetic

association between sleep quality and neck/back pain. Nonetheless,

environmental factors still account for a substantial part of these

associations.

Modeling polygenic and environmental predictors

across complex traits in adolescence

Andrea Allegrini, King’s College London; Saskia Selzam, King’s

College London; Kaili Rimfeld, King’s College London; Jean-

Baptiste Pingault, University College London; Robert Plomin, King’s

College London

As Genome Wide Association Studies (GWAS) sample size grows

predictive power of genome wide polygenic scores (GPS) is steadily

increasing. Multiple GPS can be employed in multivariable predic-

tion models combining environmental and genetic factors to improve

prediction. GPS can also be employed to investigate gene-environ-

ment interplay, such as gene-environment interactions (GxE),

underlying individual differences in developmental outcomes.

Here we compare penalized regression prediction models incor-

porating proximal and distal environmental effects (EF) and GPS for

cognitive, anthropometric and psychopathological traits, assessing

their performance with respect to out-of-sample prediction accuracy.

We focus on prediction of educational achievement (EA) in a popu-

lation based sample of adolescents at age 16, and compare results

with two other phenotypes at the same age: body mass index (BMI)

and behavioral problems. We conduct post selection inference on our

best models and further apply regularized regression techniques to

automatically discover interactions and investigate whether prediction

can be improved by GxE effects.

We test our models using data from the UK Twin Early Devel-

opment Study (TEDS), a large longitudinal study involving 16,810

pairs of twins born in England and Wales between 1994 and 1996,

with DNA data available for 10,346 individuals (including 3320

dizygotic twin pairs and 7026 unrelated individuals). Results will be

followed up for replication in independent cohorts participating in the

CAPICE consortium, a large interdisciplinary collaboration of pop-

ulation-based cohorts across Europe.

The genetic and environmental architecture

of synesthesia and its association with autism, ADHD

and OCD: a twin study

Mark Taylor, Department of Medical Epidemiology and Biostatistics,

Karolinska Institutet, Stockholm; Tessa van Leeuwen, Donders

Institute for Brain, Cognition and Behavior, Radboud University,

Nijmegen; Ralf Kuja-Halkola, Department of Medical Epidemiology

and Biostatistics, Karolinska Institutet, Stockholm; Sven Bölte,

Center of Neurodevelopmental Disorders (KIND), Centre

for Psychiatry Research; Department of Women’s and Children’s

Health, Karolinska Institutet, Stockholm Health Care Services,

Region Stockholm, Stockholm; Janina Neufeld, Center

of Neurodevelopmental Disorders (KIND), Centre for Psychiatry

Research; Department of Women’s and Children’s Health, Karolinska

Institutet, Stockholm Health Care Services, Region Stockholm,

Stockholm

Synesthesia is a non-pathological sensory phenomenon where certain

stimuli such as sounds, letters, or weekdays lead to additional sen-

sations such as color or texture. Synesthesia runs in families and is

more common in people with Autism Spectrum Disorder (ASD)

compared to the general population. However, the genetic and envi-

ronmental contributions to synesthesia are unknown and it is unclear

whether it also co-occurs with other neurodevelopmental or psychi-

atric conditions, such as Attention Deficit Hyperactivity Disorder

(ADHD) or Obsessive Compulsive Disorder (OCD).

We are investigating the genetic environmental architecture

underlying synesthesia as well as its association with ASD vs. other

neurodevelopmental/psychiatric conditions for the first time in a

population-based twin sample from the Child and Adolescent Twin

Study in Sweden (CATSS). Synesthesia, ASD, ADHD, and OCD, and

other neurodevelopmental/psychiatric conditions were assessed as

traits using self-report at age = 18yrs.

A preliminary univariate analysis on 287 complete same-sex twin-

pairs (N(MZ) = 128, N(DZ) = 159) indicates that synesthesia is to

67% genetic (CI 52–75%) and to 33% influenced by unique envi-

ronment (CI 25–45%) while the impact of shared environment is

negligible (CI 0–11%). Synesthesia correlated similarly with autistic

traits (Spearman’s rho = 0.1, p\ 0.01), ADHD traits (Spearman’s

rho = 0.1, p\ 0.001) and OCD traits (Spearman’s rho = 0.2,

p\ 0.001), but not psychotic-like experiences or anxiety. The small

phenotypic correlations between synesthesia and ASD, ADHD and

OCD were largely (78–100%) genetic.

The results indicate that synesthesia is a heritable condition while

unique environmental factors play a smaller but significant role. They

further indicate that not only ASD but also ADHD and OCD traits are

associated (genetically) with synesthesia.

Dissecting the genetic architecture of chronic pain using

CTG-VL: complex-traits genetics virtual lab

Mischa Lundberg, University of Queensland Diamantina Institute;

Adrian Campos, QIMR Berghofer Medical Research Institute; Miguel

Renteria, QIMR Berghofer Medical Research Institute; Trung Ngo,

University of Queensland Diamantina Institute; Gabriel Cuellar

Partida, University of Queensland Diamantina Institute

Chronic pain (CP) affects 30–50% of the population and is one of the

leading causes of disability worldwide. Observational studies show

that CP increases the risk of opioid use disorder, illicit drug use and

depression. Despite these major public health issues, research into the
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underlying genetics of CP is limited compared with other common

chronic disorders.

Here, we present a genome-wide association study (GWAS) of CP

using UK Biobank data (controls N = 78,691; cases N = 209,426).

CP was modeled as a binary trait and assessed by participants’ survey

responses to pain occurring in any body region for C 3 months. Two

genome-wide significant associations (P\ 5 9 10-8) were identified

which mapped to genes ADAMTS6 (a risk locus for inguinal hernia)

and LEMD2 (required for embryonic development).

Furthermore, we present CTG-VL (https://genoma.io) which is a

new freely available online platform that integrates an extensive suite

of post-GWAS analysis tools and results from[ 1500 complex traits.

Genetic correlation analyses using the platform revealed a strong

association of CP with smoking (rG = 0.4264, P = 2.6688 9 10-24)

and other compulsive behaviors or addictions to any substances

(rG = 0.2928, P = 0.0024).

In conclusion, we identified two novel genome-wide significant

associations, ADAMTS6 and LEMD2. A gene-based test

(P\ 5 9 10-5) also revealed genes in the 17q21.31 locus (DCAKD

and NMT1) associated with CP using the CTG-VL.

Genetic and environmental contributions

to comorbidity between ADHD and emotional problems

in school aged children

Kristin Gustavson, Norwegian Institute of Public Health; Fartein Ask

Torvik, Norwegian Institute of Public Health; Line Gjerde,

Norwegian Institute of Public Health; Helga Ask, Norwegian Institute

of Public Health; Tom McAdams, King’s College London; Ted

Reichborn-Kjennerud, Norwegian Institute of Public Health; Espen

Moen Eilertsen, Norwegian Institute of Public Health; Eivind Ystrom,

Norwegian Institute of Public Health

Background: ADHD is one of the most common psychiatric diag-

noses among children, and is often comorbid with internalizing

problems. The causes of the comorbidity are not fully understood.

ADHD tends to appear at an earlier age than internalizing problems,

suggesting that academic or relational problems associated with

inattention and/or hyperactivity may cause internalizing problems.

Alternatively, comorbidity may be due to shared etiology.

Aims: The aim of the current study was to examine comorbidity

between the sub dimensions of ADHD (inattention and hyperactivity)

and internalizing problems in a genetic informative sample of school-

aged children.

Methods: We used data from The Norwegian Mother and Child

Cohort Study (MoBa), which follows children from almost 113,000

pregnancies. The sample included monozygotic and dizygotic twins,

half-and full siblings, as well as cousins.

When the children were 8 years old, mothers reported on inattention

and hyperactivity symptoms as well as internalizing problems.

Results: The best fitting model showed additive genetic and unique

environmental effects on inattention, hyperactivity, and internalizing

problems. There was no evidence of shared environmental or twin-

specific effects. Comorbidity between ADHD (inattention and

hyperactivity) and internalizing problems was due to common genetic

effects, with no contribution from common environmental effects.

There was a unique genetic association between inattention and

internalizing problems, not shared with hyperactivity, while all the

genetic association between hyperactivity and internalizing problems

was also shared with inattention.

Conclusion: Results from this extended twin design suggest that

comorbidity between ADHD and internalizing problems in school-

aged children is due to common genetic factors.

Evaluating the causal effect of heart rate on antisocial

behavior: a multivariable Mendelian randomization

study

Lucy Karwatowska, University College London; Tabea Schoeler,

University College London; Essi Viding, University College London;

Jean-Baptiste Pingault, University College London

Background: Antisocial behavior (ASB) is a major public health

concern which imposes substantial economic and emotional costs on

society. Observational studies have reported robust associations

between low resting heart rate and higher levels of ASB; yet it

remains unclear whether this relationship is causal. Mendelian ran-

domization (MR) is a technique that is increasingly being used to

strengthen causal inference by using known genetic variants as

instrumental variables. By extension multivariable MR can simulta-

neously estimate the causal effect of several risk factors.

Objective: To investigate the causal effect of two measures of heart

rate (resting heart rate and heart rate variability) on ASB.

Design: Multivariable MR study.

Sample: Summary data from existing Genome Wide Association

Studies (GWAS): CardiOmics (n = 265 046), Genetic Variance in

Heart Rate Variability (n = 53 174), Broad Antisocial Behavior

Consortium (n = 16 400).

Measures: Genetic instruments for resting heart rate and heart rate

variability were selected from published GWAS. The outcomes

included 7 measures of ASB.

Results: The predicted causal effects of resting heart rate and heart

rate variability on ASB were not observed. Avoiding the epidemio-

logical problems of bias, confounding and reverse causation, the

current multivariable MR findings provide evidence that individual

differences in heart rate are unlikely to be a major determinant of

ASB.

Conclusions: Research investigating the potentially causal influence

of heart rate on ASB offer important insights regarding the etiological

mechanisms predisposing the development of ASB and could help

inform clinical assessments and consequent evidence-based

treatments.

Polygenic risk scores of temperament: associations

with temperament in Anorexia Nervosa

Jessica Baker, University of North Carolina; Zeynep Yilmaz,

University of North Carolina; Laura M. Thornton, University of North

Carolina, Chapel Hill; Stephanie Zerwas, University of North

Carolina; Katherine Schaumberg, University of Wisconsin; Fernando

Fernandez-Aranda, University Hospital Bellvitge-IDIBELL; Susana

Jimenez-Murcia, Instituto de Salud Carlos III; Andreas Karwautz,

Medical University of Vienna; Karen Mitchell, Boston VA;

Psychiatric genomics consortium eating disorders working group,

University of North Carolina; Cynthia Bulik, University of North

Carolina

Individuals with anorexia nervosa (AN) tend to score higher on

temperament measures of harm avoidance and lower on character

measures of self-directedness, which may persist after recovery. We

can now explore the genetic association between AN and aspects of

temperament as genome-wide association studies (GWAS) of both

temperament and AN currently exist. Here, we created Temperament

and Character Inventory (TCI) polygenic risk scores (PRS; defined

continuously) and examined associations with TCI subscale z-scores

in target individuals with AN. Secondarily, we examined the asso-

ciation between TCI subscale z-scores and an established AN PRS.
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For current analyses, the AN PRS was defined continuously. The AN

discovery sample was drawn from the Eating Disorders Working

Group of the Psychiatric Genomics Consortium (PGC) Freeze 2

(n = 15,960 cases; n = 51,958 controls). The TCI discovery sample

was from a published GWAS meta-analysis (n = *12,000). The

target sample comprised PGC AN cases with TCI information

(n = * 1000 per subscale). Significant associations were found when

predicting TCI scores in the AN target samples from TCI PRS: AN

cases with higher harm avoidance PRS (R2 = 0.007; pemp\ 0.05) and

higher reward dependence PRS (R2 = 0.09; pemp\ 0.05) had lower

persistence scores. Further, AN cases with higher AN PRS had sig-

nificantly higher self-transcendence scores (R2 = 0.01; pemp\ 0.01).

Although phenotypic associations between AN and temperament tend

to be strongest with harm avoidance and self-directedness, genetic

associations appear more pronounced with self-transcendence and

persistence. Higher self-transcendence and persistence may play an

etiologic role in AN via genetic mechanisms. Increasing sample sizes

for AN will enable confirmation of results.

Polygenic risk and ADHD developmental course

Jessica Agnew-Blais, King’s College London; Louise Arseneault,

King’s College London; Cathryn M. Lewis, King’s College London

We examined how ADHD polygenic risk score (PRS) from the most

recent ADHD GWAS (1) is associated with the course of ADHD over

development, both across childhood and into young adulthood. The

E-Risk Study is a population-based cohort of 2232 twins born in

England and Wales in 1994 and 1995. ADHD was assessed four times

across childhood, ages 5, 7, 10 and 12, based on mother- and teacher-

report, and in young adulthood at age 18 based on self-report. We

examined the association of ADHD PRS with total ADHD symptoms,

and inattention and hyperactivity/impulsivity separately. We also

investigated how ADHD PRS is associated with course of ADHD

across childhood, and with persistence, remission and late-onset of

ADHD by age 18. We found higher ADHD PRS was associated with

more mother- and teacher-reported ADHD symptoms, as well as with

higher risk of ADHD diagnosis, at each childhood assessment. ADHD

PRS had a stronger association with hyperactivity/impulsivity

symptoms than inattention symptoms. At age 18, those with persistent

ADHD had the highest mean PRS, followed by remitted ADHD; both

groups had higher PRS than those without ADHD. Those with late-

onset ADHD did not have a higher mean ADHD PRS than those

without ADHD. In addition to ADHD polygenic risk predicting

symptoms and diagnosis at childhood assessments, higher ADHD

PRS was associated with a more pernicious and persistent course of

ADHD across development.

References

(1) Demontis D, et al. Discovery of the first genome-wide

significant risk loci for attention deficit/hyperactivity disorder.

Nature Genetics, 2019;51(1):63–75.

Associations between violations of the classical ACE

model, phenotypic complexity, and SNP heritability

Evan Giangrande, University of Virginia; Lucas Matthews,

University of Virginia; Eric Turkheimer, University of Virginia

In the classical ACE model, the proportion of variance attributable to

shared environmental factors (C) is constrained to be greater than

zero. When modeling twin correlations for cognitive ability and

education, it is not uncommon to observe cases in which monozygotic

(MZ) twin correlations are more than twice as large as dizygotic (DZ)

correlations. This results in negative estimates of C, in violation of the

classical twin model.

We sought to document the frequency with which such violations

occur across a variety of traits. We hypothesized that the frequency

and magnitude of violations would be positively associated with

phenotypic complexity. We predicted that psychological traits (par-

ticularly highly complex behavioral traits such as cognitive ability

and personality) would be more likely to violate the ACE model than

non-psychological phenotypes (e.g., height). Further, we hypothe-

sized that conditional on twin heritability, higher probability of C\ 0

would be associated with lower SNP heritability.

Twin correlations were extracted from relevant studies included in

the Meta-Analysis of Twin Correlations and Heritability (MaTCH).

For each trait, we first calculated the proportion of studies where-

in rMZ was numerically greater than 2*rDZ. We then estimated the

probability of C\ 0 for each trait, and applied a false discovery rate

controlling procedure. Heritability was estimated using median twin

correlations for each trait and compared to corresponding SNP heri-

tability estimates.

Examining the phenotype of parenting via polygenic

risk scores for educational attainment

Tim Bates, University of Edinburgh

New techniques are shedding light on the role of shared environ-

ments—including parenting, neighborhoods, and shared cultural

beliefs). We will briefly discuss two findings: an effect of non-

transmitted parental alleles on offspring educational attainment (EA)

and BMI, and an apparent large role of shared environment in the

trait of generativity (‘‘concern to establish and guide future genera-

tions’’). First, PRS-based analyses suggest that parental alleles

associated with EA but not transmitted to their offspring have around

1/3rd the effect size of the same alleles when transmitted. Data for

BMI suggest effects in some national cultures but not in others. The

findings reinforce the conclusion that genetic effects of parenting are

substantial.

Common etiological pathways underlying body-related

and internalizing symptoms

Patrizia Pezzoli, Åbo Akademi University; Jan Antfolk, Åbo

Akademi University; Ada Johansson, Åbo Akademi University;

Pekka Santtila, New York University Shanghai

Disordered eating attitudes, body image dissatisfaction and sexual

distress are expressions of body-related distress, often co-occurring

with internalizing disorders like depression and anxiety (Forbes et al.

2016; Forbush et al. 2018). However, symptoms of body-related

distress also strongly correlate with each other (Pinheiro et al. 2010).

Accordingly, some studies have supported their classification within

the internalizing dimension of psychopathology (Kotov et al. 2017),

whereas others have proposed that they might constitute a distinct

dimension (Pezzoli et al. 2017). To clarify whether body-related and

internalizing symptoms reflect distinct dimensions, while explaining

their comorbidity, research needs to identify their shared and unique

risk factors, which might include genetic liabilities and adverse
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environmental exposures, such as child victimization. Thus, in a

Finnish population-based twin sample (N = 9562; 3248 MZ and 6314

DZ twins; aged 18–43, M = 29.28, SD = 6.99), we estimated the

genetic and environmental sources of covariance between body-re-

lated and internalizing symptoms. Then, we investigated whether

different types of child victimization predicted body-related and

internalizing symptoms to a different extent, conceivably contributing

to their separate occurrence. Our results suggested the presence of two

latent factors, one accounting for the covariance and etiology of

depression, anxiety and sexual distress, and a second one accounting

for the covariance and etiology of disordered eating attitudes, body

image dissatisfaction, and, to a smaller extent, all remaining indica-

tors. For both factors, only emotional abuse and neglect emerged as

significant predictors. Altogether, our findings provided evidence of

common etiological pathways underlying body-related distress and

internalizing symptoms.

The bivariate heritability of personality and sexual

wellbeing

Kenzhane Pantin, University of Illinois at Urbana-Champaign; Jaime

Derringer, University of Illinois at Urbana-Champaign

Like personality, sexual wellbeing manifests genetic (A), common

(C), and unique environmental (E) precursors which prime for indi-

vidual difference characteristics (Zietsch et al. 2010; Martin 1978).

However, joint investigation into their heritability has been sparse. By

conducting bivariate and multivariate genetic analyses we will be able

to partition the degree of relation exhibited by these factors and add to

the understanding of these constructs. Data on 345 twin pairs from the

Midlife in the United States (MIDUS; a national longitudinal study on

health and wellbeing) were used. Participants were 40 to 90 years old

(M = 62, SD = 11) and had provided self-report data on sexual

wellbeing and the Big Five personality traits (Neuroticism,

Extraversion, Conscientiousness, Agreeableness, and Openness to

Experience). The current study estimated (1) a univariate ACE

models for the physical satisfaction and emotional importance factors

of sexual wellbeing; (2) bivariate ACE models examining the genetic

and environmental overlap between the sexual wellbeing factors and

each of the Big Five; and (3) a multivariate model exploring the

extent to which variance in sexual wellbeing overlaps with the

entirety of the Big Five constructs. Findings and implications for our

understanding of the etiology of adult sexual wellbeing will be

discussed.

DNA methylation patterns in adolescents and their

parents. Is there a link between parent–child

relationships and child development?

Viktoria Chubar, KU Leuven, Mind–Body Research Group,

Department of Neuroscience, Leuven, Belgium; Dries Bleys, Faculty

of Psychology and Educational Sciences, KU Leuven, Belgium; Bart

Soenens, Ghent University, Department of Developmental,

Personality and Social Psychology, Ghent, Belgium; Patrick Luyten,

Faculty of Psychology and Educational Sciences, KU Leuven,

Belgium and 3 Research Department of Clinical, Educational

and Health Psychology, University College London, UK; Stephan

Claes, University Psychiatric Center KU Leuven, Leuven, Belgium

Numerous studies have shown that there are multiple routes through

which parent behavior as well as parent–child relationships can

influence and shape children’s development. Among those routes are

environmentally induced epigenetic variations, such as DNA methy-

lation patterns in the glucocorticoid receptor gene (NR3C1), which is

involved in the stress-response system. It was shown that NR3C1

methylation patterns were different in children with and without

internalizing problem behavior and were affected by neglect and

stressful life events. Therefore, there has been increased interest in the

epigenetic mechanisms through which family induced experience

might contribute to individual development.

The current study investigates the role of DNA methylation as a

mechanism linking parent–child relationships and stressful life events

to child development. We collected DNA from 250 family trios

(mean age adolescents: 15.14, SD = 1.9; mothers: 45.83, SD = 4.2;

fathers: 47.77, SD = 4.7). In addition, a number of questionnaires

were administered to assess the parent–child relationships.

DNA was isolated from saliva samples and methylation levels of 8

CpG sites in NR3C1 (1F region) were examined via Pyrosequencing

(mean methylation adolescents: 2.12, SD = 0.51; mothers: 2.1,

SD = 0.49; fathers: 2, SD = 0.47). Next, we examined associations

between methylation signatures in all three family members in rela-

tion to stressful life events, as well as internalizing/externalizing

symptoms and somatic symptoms. The findings from this study will

help to shed light on the interactions between DNA methylation,

parent–child relationships, stressful life events and adolescents’

development.

Studies on alcohol dependence genetics from the US

million veteran program

Joel Gelernter, Yale University School of Medicine; Renato

Polimanti, Yale University School of Medicine; Rachel Kember,

University of Pennsylvania School of Medicine; Zhongshan Cheng,

Yale University School of Medicine; Hang Zhou, Yale University

School of Medicine; Daniel Levey, Yale University School

of Medicine; Krishnan Radhakrishnan, VA CT Healthcare Center;

Mihaela Aslan, VA CT Healthcare Center; John Concato, VA CT

Healthcare Center; Murray Stein, University of California San Diego;

Dr. Henry Kranzler, University of Pennsylvania School of Medicine;

Department of Veterans Affairs Cooperative Studies Program

(#575B); VA Million Veteran Program

Habitual alcohol use and alcohol dependence both cause serious

problems to individuals and to society. Discovery of genetic factors

underlying these behaviors, for improved understanding of the biol-

ogy and eventually, treatment. We conducted genomewide

association studies (GWAS) relevant to alcohol use, with traits

maximum habitual alcohol use (MaxAlc), alcohol use disorder

(AUD), and AUDIT-C, which is a quantity/frequency measure.

European-American and African-American subjects, and other pop-

ulations, were included. Depending on the trait and populations

included, sample size ranged from[ 140,000 to[ 270,000.

ADH1B, on chromosome 4, was the lead locus for all traits in both

populations: lead variant for European-Americans, rs1229984; lead

variant for African-Americans, rs2066702. The strongest significance

results was seen for AUDIT-C at rs1229984, with p = 3.6E10–133

(all populations). Numerous other results of interest were seen for

each trait; for example, CRHR1 (corticotropin-releasing hormone

receptor 1) for MaxAlc; the protein product of this gene is involved in

stress and immune responses.

Post-genomewide association analysis identified strong linkage dise-

quilibrium score regression (LDSC) evidence for genetic correlation

to other alcohol-related traits, smoking-related traits, and educational

attainment, among many others. MaxAlc in MVP was strongly cor-

related to AUD from the Psychiatric Genomics Consortium study

(r = 0.87). AUD and AUDIT-C diverged in their observed
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correlations—only AUD was correlated for numerous other psychi-

atric traits.

The MVP proved to be a rich resource for gene identification.

These studies support several previously unknown alcohol use risk

loci.

The ABCD study: multilevel modeling of twin data

in OpenMx

Michael Neale, Virginia Institute for Psychiatric and Behavioral

Genetics; Hermine Maes, Virginia Institute for Psychiatric

and Behavioral Genetics; Joshua Pritikin, Virginia Institute

for Psychiatric and Behavioral Genetics; Michael Hunter, Georgia

Tech

The Adolescent Behavioral and Cognitive Development study

(abcdstudy.org) has completed its first wave of data collection from

11,874 9–10 year-old youth, including over 800 pairs of twins. This

NIH/NIDA funded project includes neuroimaging, genomic, cogni-

tive, psychopathology and substance use assessments, and is planned

to span 12 funded years to follow participants through early adulthood

at least. The multi-site design and differences in MRI scanner tech-

nologies used across the sites has the potential to generate variance.

Accordingly, we developed a multilevel twin model to incorporate

site variance. Initial analyses on a subset of the data indicate little site

variance in anthropometric or psychometric measures, but MRI

measures appear sensitive to site differences. We also describe

OpenMx developments to speed processing of high dimensional data.

Heritability of and discordance in reading and spelling

difficulties in Finnish

Minna Torppa, University of Jyväskylä; Priyanka Patel, University

of Jyväskylä; Jaakko Kaprio, University of Helsinki

Purpose: This study examines heritability of reading and spelling

difficulties in Finnish. In addition, we examine if there exist discor-

dant twins in reading and spelling skills. Discordance in the skills of

the MZ twins may suggest environmental differences, which are

examined via adult-age retrospective interviews of a sub-sample.

Method: Sample 1 involved[ 1500 12-year-old MZ and DZ twins

with parental and teacher reports on children’s reading and spelling

skills as well as self-reports and parental reports on environmental

characteristics, such as print exposure, illnesses and accidents. Of

them 120 participated in adult-age skill assessments and interviews.

Sample 2 involved 339 adult twins who completed an online reading

fluency assessment.

Results: Preliminary results suggest significant heritability estimates

based on the twin data and for all measures but also differences

between the measures of different type. Discordance in reading and

spelling skills were rare. However, there were MZ twins (n = 50

pairs) that had clearly discordant skills based on teacher/parent

reports. Analyses on potential reasons for the differences in sample 1

are underway. Parental evaluation of reading difficulties had the

highest heritability estimate (0.88) whereas both online reading test

and teacher evaluations on child skills in reading and spelling had

heritability estimates between 0.50 and 0.60.

Conclusion: The findings showed significant heritability estimates but

also show that findings depend on the measures in question. Clearly

discordant MZ twins in reading and spelling skills were rare.

Characterizing the regulatory role of DNA methylation

in early-onset major depression

Eva Lancaster, Virginia Commonwealth University; Timothy York,

Virginia Commonwealth University; Roxann Roberson-Nay, Virginia

Commonwealth University

Background: DNA methylation (DNAm) can modify gene expression

(GE) by eliciting conformational changes in regulatory regions.

Epigenome-wide association studies hypothesize that marks of

DNAm contribute to the development of complex diseases, such as

major depression (MD), but infer transcriptional mechanisms without

testing for functional evidence. Recently, our lab identified 136 dif-

ferentially methylated positions (DMPs) by lifetime MD status. By

assessing concomitant GE, these analyses were extended to examine

specific mechanisms involved in MD pathophysiology.

Objective: To assess the mechanistic role of DNAm in early-onset

MD by examining the relationship of DMPs with both proximal and

distal GE.

Method: DNAm and GE in blood was measured in 75 monozygotic

adolescent twin pairs. DNAm and GE was measured by microarray.

CpG sites within a transcript and 2500 base pairs upstream were

considered cis to the corresponding gene. All other sites beyond this

range were considered to be in trans. The DMPs-GE association was

tested using linear mixed-effects models.

Results: Only 52 DMPs mapped to measured transcripts in cis, and

none reached significance after multiple testing correction. Associa-

tions between all DMPs and all measured transcripts yielded a total of

40,982 significant DNAm-GE pairs (* 2% of total tests). Preliminary

annotations of results reveal overlaps with distal regulatory elements.

Conclusions: This study identified significant associations between

MD-associated CpGs and distal GE. Our results identify potential

issues with restricting DMP-transcript annotations to small genomic

intervals and question the validity of assuming a canonical cis

DNAm-GE pathway when investigating epigenetic mechanisms

involved in complex diseases.

Association of parental substance use disorder

with offspring cognition: a population family-based

study

Lotfi Khemiri, Karolinska Institutet; Henrik Larsson, Karolinska

Institutet; Ralf Kuja-Halkola, Karolinska Institutet; Brian D’Onofrio,

Indiana University; Paul Lichtenstein, Karolinska Institutet; Nitya

Jayaram-Lindström, Karolinska Institutet; Antti Latvala, University

of Helsinki

Background: Parental substance use disorder (SUD) has been asso-

ciated with lower cognitive ability in offspring, but the nature of this

association is not known.

Method: A national register-based cohort study of more than 3 million

individuals in Sweden. Exposure was parental SUD, operationalized

as having a parent with lifetime SUD diagnosis or substance related

criminal conviction in the National Patient Register or Crime

Register, respectively. Outcomes were cognitive test score at military

conscription (n = 1,215,690) and final high school grades

(n = 2,517,030). Linear regression with increased adjustment of

covariates was performed in the full population. In addition, the

mechanism of the association was investigated with children-of-sib-

ling analyses using fixed-effects regression with three types of

sibling-parents with increasing genetic relatedness (half-siblings, full

siblings and monozygotic twins).
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Results: In the full population, parental SUD was associated with

decreased cognitive test score at conscription and lower high school

grades. There was evidence of a dose–response relationship, in that

having two parents with SUD was associated with even lower cog-

nitive ability than having one parent with SUD. In the children-of-

siblings analyses when accounting for genetic relatedness, these

negative associations were attenuated, suggestive of shared underly-

ing genetic factors.

Conclusions: The findings indicate that there are shared genetic fac-

tors between parental SUD and offspring cognitive function,

suggesting that cognitive deficits may constitute a genetically trans-

mitted risk factor in SUD. Cognitive deficits may be intrinsic to the

SUD syndrome, which has significant implications for early preven-

tion, diagnostic classification and development of novel treatments of

SUD.

Parenting gets under the skin: epigenetic consequences

of harsh parenting

Candace Lewis, Arizona State University; Reagan S. Breitenstein,

Arizona State University; Adrienne Henderson, Translational

Genomics Research Institute; Hayley Sowards, Arizona State

University; Matt Huentelman, TGen; Leah Doane, Arizona State

University; Kathryn Lemery-Chalfant, Arizona State University

Harsh parenting is commonly associated with increased negative

health outcomes including increased psychiatric vulnerability

throughout life. Early life trauma such as abuse and neglect can alter

epigenetic regulation of hypothalamic pituitary adrenal (HPA) genes

and subsequent function. Maladaptive alterations in HPA axis activity

are a common endophenotype across psychiatric disorders. The

question remains whether harsh parenting influences health through

long-lasting alteration to HPA gene methylation. We investigated

associations between harsh parenting at 2.5 years (Mage = 31 months)

and methylation of HPA genes at 8 years (Mage = 102 months). Our

sample included 96 MZ twins (48 families; 51% male; 50% Non-

Hispanic White, 14.6% Hispanic/Latinx, 8.3% African American,

4.2% Asian American), recruited from state birth records. Primary

caregivers reported parenting and punishment practices in toddler-

hood. Methylation was quantified from buccal cells and saliva

samples were collected three times a day across three typical days in

naturalistic environments to estimate the cortisol diurnal rhythm. We

used principal components analysis to characterize methylation

levels. Controlling for sex, cell heterogeneity, and batch effects, we

found harsh parenting at 2.5 years significantly predicted methylation

of several HPA axis genes at 8 years. Importantly, we found NR3C1

methylation predicted higher 30 min post waking cortisol levels and a

steeper diurnal slope. These results suggest harsh parenting may

influence DNA methylation and typical HPA function. The relation-

ship between early life stress and psychiatric vulnerability is clear;

elucidating the molecular consequences of harsh parenting can inform

policies to support best parenting practices and provide potential

treatment targets.

Intergenerational transmission of parental neuroticism

to offspring neuroticism, anxiety, and depression

Helga Ask, Norwegian Institute of Public Health; Espen Moen

Eilertsen, Norwegian Institute of Public Health; Kristin Gustavson,

Norwegian Institute of Public Health; Tom McAdams, King’s

College London; Fartein Ask Torvik, Norwegian Institute of Public

Health; John M. Hettema, Virginia Commonwealth University; Ted

Reichborn-Kjennerud, Norwegian Institute of Public Health; Line

Gjerde, Norwegian Institute of Public Health; Eivind Ystrom,

Norwegian Institute of Public Health

Background: Neuroticism is a basic personality trait defined as the

enduring tendency to experience negative emotions and cognitions. A

high score on neuroticism is associated with a variety of negative

outcomes within the individual, but also between generations. For

example, high parental neuroticism is associated with emotional

distress and emotional instability in offspring. The nature of this

intergenerational association is not fully understood.

Aims: We aim to investigate the intergenerational transmission of

neuroticism using three different outcomes in 8-year-old children:

neuroticism, symptoms of anxiety, and symptoms of depression. We

will estimate shared genetic, shared environmental, and direct phe-

notypic modes of transmission.

Sample: We use longitudinal data from families participating in the

Norwegian Mother, Father and Child pregnancy cohort study (MoBa),

comprising approximately 30,000 adult siblings (including half sib-

lings and twins), their spouses, and their children (with siblings). In

total, MoBa includes around 90,000 mothers, 70,000 fathers, and

114,000 children.

Methods: Differentially related adults with offspring were used in an

extended children-of-twins design to estimate modes of transmission.

The main extensions of the design were the inclusion of full and half

siblings in the parental generation, the inclusion of multiple children

per family, as well as modeling of assortative mating in the parental

generation.

Results: Our results indicate that the associations between maternal

neuroticism and child outcomes remained after accounting for genetic

relatedness. These results are consistent with a direct effect of

maternal neuroticism on offspring neuroticism, symptoms of anxiety

and symptoms of depression.

The role of shared genes between hostile attribution

bias and delinquent behaviors in preschool twins

Lisabeth DiLalla, Southern Illinois University School of Medicine

Children with hostile attribution biases tend to interpret and respond

to ambiguous social situations in more negative ways, which may lead

to engagement in delinquent activities and having delinquent peers.

However, genetic effects on these biases have not been studied. If

these negative responses and propensity to engage with delinquent

peers are correlated, it is possible that shared genes are an important

factor, rather than or in addition to learned negative responses to

interactions with others. This study of 267 twins tested at age 5

involved asking children to complete social vignettes; half of these

involved threatening or negative situations and half were ambiguous.

Responses were scored as aggressive or not, and a difference score

was calculated as aggressive responses to threatening vignettes minus

aggressive responses to ambiguous vignettes. This controlled for

individual responses to threatening situations. Parents completed the

Child Behavior Checklist assessing children’s delinquency problem

behaviors. Using mixed model multilevel linear regression, a within

family effects was significant, beta = - 0.45, p = 0.011, demon-

strating a causal relationship such that the sibling within the family

who showed hostile attribution bias was more likely to be rated by

parents as higher on delinquency problem behaviors at age 5. Addi-

tionally, a significant interaction with zygosity, beta = 0.63,

p = 0.003, demonstrated that this relationship is partly a function of

shared genes. Similar analyses showed the same effects predicting

delinquent behaviors 1–5 years later. These shared genes between
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hostile attribution bias and rule-breaking behaviors may underlie

children’s peer relationship difficulties.

Socioeconomic status as a mediating factor

in the genetic association between substance use

and psychiatric disorders

Karin Verweij, Amsterdam University Medical Center; Andries

Marees, Amsterdam University Medical Center; Dirk Smit,

Amsterdam University Medical Center; Michel Nivard, Vrije

Universiteit Amsterdam; Abdel Abdellaoui, Amsterdam University

Medical Center; Wim van den Brink, Amsterdam University Medical

Center; Damiaan Denys, Amsterdam University Medical Center;

Eske Derks, QIMR Berghofer Medical Research Institute

There is high comorbidity between substance use and psychiatric

disorders, for example between alcohol use and depression, and

between cannabis use and schizophrenia. Previous genetic studies

have shown strong genetic correlations, suggesting that part of the

associations between these traits may be due to overlapping genetic

influences. Substance use and psychiatric disorders also are geneti-

cally associated with educational attainment and socioeconomic

status (SES), although the direction of the association may differ

between traits.

Here we investigate to what extent the genetic associations

between substance use traits and psychiatric disorders are mediated

by SES. We fitted mediator models in Genomic SEM using summary

statistics from large-scale genome-wide association studies of sub-

stance use traits (nicotine, alcohol, and cannabis use), nine main

psychiatric disorders, and three measures related to SES (educational

attainment, household income, Townsend Index; combined into one

latent factor).

We show substantial genetic correlations of substance use traits

and psychiatric disorders with SES. We show that the SNP-based

heritability of some traits is substantially attenuated when accounting

for SES, in particular for ADHD, Alcohol use frequency, and Anxi-

ety. Last we find strong genetic associations between substance use

traits and psychiatric disorders, and that some of these associations

change substantially when SES is included as mediator in the model.

Our findings highlight the complexity of the genetic etiology of

complex mental health traits and their comorbidity.

Genetic and environmental influences on academic

achievement of twins

Yulia Chertkova, Lomonosov Moscow State University; Marina

Egorova, Lomonosov Moscow State University; Oxana Parshikova,

Lomonosov Moscow State University

Sample: 2282 pairs of twins living in 17 subjects of Russia; repre-

sentative population of schoolchildren. Data: academic performance

(grades across all subjects).

Method: comparison of intrapair similarity of MZ and same-sex DZ

twins to evaluate the relative contribution of genotypic and environ-

mental components to the variability of the trait.

MZ twins show the high similarity in all measures of school perfor-

mance, and their similarity increases with age and reaches 0.947 for

total score of basic subjects in high school.

On average, genetic factors determine about 40% of the pheno-

typic variance of academic success at school age, shared

environment—45% and non-shared environment—15%.

After the transition from primary to secondary and high school, the

rate of heritability increases, which corresponds to the data on the

age-related increase in the role of genetic factors in the dispersion of

cognitive abilities. Thus, in primary school genetic influences cause

about 25% of the variance of the academic performance, in secondary

school they explain 51% of the variance.

The change in the genotype-environment ratio in the variability of

academic performance in the humanitarian subjects and math is

nonlinear. This may be due to gene expression alteration at different

ages, qualitative restructuring of the cognitive environment of chil-

dren in puberty, some changes in environmental influences due to

changes in the methods of teaching school subjects at different ages,

etc. In general, we can say that genetic factors are important for the

variance of all measures of academic performance in the period of

schooling.

Sex-specific gene expression and sex-differences

in behavior and mental health

Abdel Abdellaoui, Amsterdam University Medical Center; Iryna

Fedko, Vrije Universiteit Amsterdam; Michel Nivard, Vrije

Universiteit Amsterdam; Karin Verweij, Amsterdam University

Medical Center

There are substantial sex-differences in the prevalence of psychiatric

disorders; autism, substance use and ADHD are more common in

males, whereas eating disorders, depression and anxiety are more

common in females. Current diagnostics, prevention, and treatment

practices often do not take into account effects of biological sex on

disease etiology, symptomatology, or disease course. In this project

we will examine sex-differences in the causes and presentation of

mental health problems using gene-expression and genomics data. We

will re-analyze existing gene expression data from the Gene-Ex-

pression Omnibus (GEO) database (N[ 5000) in order to map sex-

differences in gene expression across the genome in a range of tissues.

The patterns of tissue-specific gene expression sex-differences we

find will be integrated with genome-wide effect size estimates from a

range of large-scale genome-wide association studies (GWASs) on

mental health in order to further improve our understanding of the

biological sources of sex differences in behavior and mental health.

Loss of a twin sibling and subsequent risk of psychiatric

disorders

Huan Song, Center of Public Health Sciences, Faculty of Medicine,

University of Iceland; Fang Fang, Karolinska Institutet, Department

of Medical Epidemiology and Biostatistics; Patrik Magnusson,

Karolinska Institutet, Department of Medical Epidemiology

and Biostatistics; Catarina Almqvist, Karolinska Institutet; Henrik

Larsson, Örebro University; Nancy L Pedersen, Karolinska Institutet;

Unnur Valdimarsdóttir, Center of Public Health Sciences, Faculty

of Medicine, University of Iceland

Background: Given close genetic and emotional connections between

a twin pair, the death of a co-twin sibling may considerably affect the

mental health of the surviving twin. However, evidence from popu-

lation-based cohort studies is currently lacking.

Methods: Based on the Swedish health registers, we identified 4528

exposed twins whose twin sibling died between 1973 and 2013. For

comparison, 22,640 matched unexposed twins (i.e., had twin sibling

but didn’t experience such a loss) and 4939 full siblings of these

exposed twins were included. Controlling for multiple confounders,
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we used Cox models to estimate hazard ratios (HRs) with 95% con-

fidence intervals (CIs) of clinical ascertained psychiatric disorders

after loss of a co-twin.

Results: The median age at a co-twin loss was 59 years. Compared to

the unexposed twins, exposed twins were at increased risk of psy-

chiatric disorders (HR = 1.65 [95% CI 1.48–1.83]). The association

seemed stronger for loss of a monozygotic twin (HR = 2.02 [95% CI

1.56–2.61]) than loss of a dizygotic twin (HR = 1.46 [95% CI

1.27–1.67]), and was evident after loss by natural causes (HR = 1.49

[95% CI 1.32–1.69]). Additionally, such risk was most pronounced

during the first year after loss and when loss occurred at young age.

The HR was 1.55 (95% CI 1.31–1.82) when compared exposed twins

to their full siblings who also exposed to loss of a normal full sibling

due to the death of the deceased twin.

Conclusions: Losing a co-twin is a strong life stressor indicated by the

increased subsequent risks of psychiatric disorders among the sur-

viving twins.

Genetic architecture of functional brain connectivity

Andrew Reineberg, Institute of Behavioral Genetics, University

of Colorado Boulder; Alexander Hatoum, University of Colorado

Boulder; John Hewitt, University of Colorado Boulder; Matthew

Keller, University of Colorado Boulder; Luke Evans, University

of Colorado Boulder; Naomi Friedman, University of Colorado

Boulder

Functional brain connectivity as measured by resting-state fMRI is an

important candidate intermediate phenotype between the genome and

variation in outcomes such as psychopathology or cognitive abilities.

Family/twin studies as well as preliminary SNP-based work has

established a genetic basis of functional connectivity, but little is

known about the genetic architecture of functional connectivity. We

investigated the role of less common SNPs in the heritability of many

functional connections using resting-state fMRI and genotype data of

17,369 unrelated, European-ancestry participants from the UK Bio-

bank. We first examined a single component GREML model as

implemented in GCTA (only genotyped SNPs with MAF[ 0.05).

We then explored the results of multi-component GREML models

using imputed SNPs binned by frequency (MAF = 0.001–0.05 or[
0.05) and SNP LD score (\ or[mean SNP LD score) to determine

heritability associated with various SNP annotations. First, we found

evidence of ‘‘missing heritability’’ for many connections: h2twin
derived in prior work ranged from 0 to 0.456 whereas h2arraySNP ranged

from 0.034 to 0.265. In a preliminary multi-component analysis, we

found the uncommon SNP bin contributed to heritability more than

the common bin in more cases than the inverse suggesting a large role

of less common SNPs. Additionally, SNPs in low LD tended to

contribute more than SNPs in high LD. We will discuss how con-

nections with different genetic architectures map on to known

ontologies of functional connectivity (e.g., connection associated with

cognitive abilities vs. connections associated with clinical diagnoses).

Smoking behaviors and cognitive functioning in mid-

to late-adulthood: gene-environment interplay

Shandell Pahlen, University of California, Riverside; William

Kremen, University of California, San Diego; Chandra Reynolds,

University of California Riverside

Smoking has been associated with several health outcomes, however,

its impact on the etiology of cognitive functioning in older adults is

unclear. We tested moderation of genetic and environmental contri-

butions to cognition across mid and late-adulthood by smoking

behaviors in 8 twin studies from the international IGEMS consortium

(N = 11,764; Mage = 63.1 years). Cognitive measures included

Symbol Digit, Block Design, Synonyms, Digits Backward and For-

ward. Smoking behaviors included smoking status and log pack years.

Mixed effects regression suggested the strongest negative effects of

smoking on Symbol Digit (Bpackyears = - 1.42, p\ 0.0001) and

Block Design (Bpackyears = - 1.79, p = 0.0008), controlling for pair

dependency, age, sex, and country. Sex moderation was not observed.

Smoking behaviors and age were moderators of genetic and envi-

ronmental components contributing to cognitive performance. An

ADE model fit best for Symbol Digit while ACE models fit best for

all other cognitive tasks. Biometrical model results suggested gen-

erally lower contributions of genetic and non-shared environmental

influences, and for ACE models, higher shared environmental con-

tributions on cognition by smoking status and pack years. Synonyms

and Digits Forward, however, suggested higher genetic and lower

environmental contributions by smoking status. Likelihood ratio tests

supported significant moderation for Symbol Digit and Synonyms

only. Overall, results illustrate an increasing saliency of smoking

related environmental influences, particularly for processing speed,

but amplified genetic influences for traits such as verbal ability.

Cognitive tasks with speed components may be particularly vulner-

able to smoking exposures, implicating important health and

neurobiological pathways.

Supported by NIH: R56 AG037985, R01 AG060470.

Missense SNPs in dopamine receptors: function,

evolution and associations

Hugo Zeberg, Karolinska Institutet; Kristoffer Sahlholm, Umeå

Universitet

Dopamine is an important neurotransmitter in many psychiatric dis-

orders and an important regulator of human behavior. Here we focus

on missense polymorphisms in dopamine receptors D2 and D4.

We have identified three missense variants in dopamine receptors

D2 in the UK Biobank; S311C, K327E and R360H, all of which are

located in the third intracellular linker. Two of these are associated

with an increased susceptibility to schizophrenia, schizotypical and

delusional disorder (ICD: F20–29; S311C, R360H; p\ 0.05). The

OR of S311C, * 1.4, is similar to previous reports. So far we have

characterized the dopamine potency of S311C in the Xenopus oocyte

expression system. However, the dopamine potency is unaltered by

the amino acid replacement. Thus, the functional effect of S311C

remains to be resolved.

On the human lineages (anatomically modern humans, Nean-

derthals, and Denisovans) the dopamine receptors are evolutionary

conserved. Given the four high-coverage genomes yet available of

archaic humans, we find only one fixed variant, namely R4C in

dopamine receptor D4 on the Neanderthal lineage. We have no

phenotypic data of R4C and functional studies in Xenopus oocytes

show no effect on dopamine potency. We conclude that, functionally,

dopamine receptors are likely to be evolutionary conserved for at least

500 ka on the human lineages.
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Contextual Influences of prenatal environments

on executive function risk for adolescent substance use

and externalizing behavior

Emily Rolan, Purdue University; Kristine Marceau, Purdue

University; Lauren Micalizzi, Brown University; Valerie Knopik,

Purdue University

High rates of adolescent substance use (SU) and externalizing

behavior (EXT) underscore the need to understand why certain teens

develop these problems. Both executive function (EF) problems and

smoking during pregnancy (SDP) exposure are implicated in SU and

EXT. Therefore, SDP and EF may interact to predict EXT and SU, as

has been observed for preadolescent delinquency. The goal of this

study was to use the sibling-comparison framework to test if EF

predicts adolescent SU and EXT and if SDP exacerbates the associ-

ation between EF-SU and EF-EXT during adolescence. A benefit of

this approach is that it facilitates evaluating whether associations are

environmental or explained by familial confounding.

The Missouri Mothers and Their Children sample consists of 173

families in which siblings are discordant for SDP. Three components

of EF were measured (i.e., Delis-Kaplan Executive Function System

and Wechsler Intelligence Scale for Children—backward digit span)

to create a global EF factor score. EXT was a combined teacher-

parent score of oppositional defiant disorder and conduct disorder

(i.e., Child Behavior Checklist-Parent and Teacher Report Form). We

tested multi-level models using SAS PROC MIXED to account for

the nested structure of the sibling comparison design. Variance was

mostly within family (SU = 72% and EXT = 79%). There were

within-family effects; the sibling with better EF had greater EXT

(b = 1.55, p = 0.01), and approached significance for SU (b = 0.18,

p = 0.07). Results suggest that the sibling with greater EF exhibit

more EXT, but the role of SDP for EXT and SU is completely con-

founded by familial effects.

Analysis of the distribution of responses to emotionally-

charged pictures among Russians subjects with various

combinations of BDNF and COMT polymorphisms

Ekaterina Kovsh, Southern Federal University; Pavel Ermakov,

Southern Federal University; Elena Vorobyeva, Don State Technical

University; Alexander Stoletniy, Southern Federal University

The objective of the study was to investigate effects of different

combinations of Val66MetBDNF and Val158MetCOMT polymor-

phisms in Russian subjects on their evaluation of emotionally-charged

pictures.

Materials and methods: 58 healthy volunteers, aged 18 to 22 years,

were categorized in three groups depending on their genotypes’

combinations, determined using the PCR of DNA, isolated from

buccal epithelial cells, (‘‘BiReT’’, Russia): group A, BDNFVal/

Val ? COMT Val/Val (n = 18), group B, BDNF Val/Val ? COMT

Val/Met (n = 26), and group C, BDNF Val/Met ? COMT Val/Met

(n = 14).

Participants were proposed to review 445 pictures with various situ-

ational contexts and evaluate each one as « negative » , « neutral » ,

or « positive » by pressing one of respective keys. The inter-stimulus

interval was 500–1500 ms, pictures were presented in a random

succession.

Data processing was carried out using the ‘‘REdaS Package’’ for

‘‘R’’, confidence intervals for relative response frequencies were

calculated (a = 0.05).

Results: Analysis of responses revealed no significant differences

between groups with different polymorphisms combinations in the

distribution of negative responses.

In the Group A the proportion of neutral responses were significantly

lower (M = 22.12), than in the groups B (M = 29.2) or C

(M = 26.02), and significantly more neutral responses were given in

the group B than C (p\ 0.05).

Significantly more (M = 46.74) positive responses to stimuli were

given in the group A than in the group B (M = 39.55) or C

(M = 42.66, p\ 0.05).

Conclusion: Thus, the carriers of the BDNF-Val/Val and COMT-Val/

Val polymorphisms combination tended to overestimate positively the

emotional context of perceived visual stimuli.

*Supported by MESRF project 3336.

Association of the COMT Val/Val genotype

with aggressive behavior in men and women of different

ethnic groups living in the South of Russia

Ekaterina Kovsh, Southern Federal University; Pavel Ermakov,

Southern Federal University; Elena Vorobyeva, Don State Technical

University; Semenova Fayzura, Karachay Cherkess State University

WJ Aliyev; Olga Mikhaylenko, Kabardino-Balkaria State University

named after H.M.Berbekov; Irina Abakumova, Don State Technical

University

In order to determine characteristic features of aggressive behavior in

people with the COMT Val/Val genotype, 412 men and women of

various ethnic groups, aged 18 to 30, living in the South of Russia,

were screened using Buss-Durkee Hostility Inventory test and PCR

method for genotyping (« Biret » , Russia).

Results: The COMT Val/Val (high enzyme activity) genotype was

associated significantly (p B 0.05) with: in Dagestani men: an

increased index of aggression (M = 70.3); high levels of physical

aggression (M = 82); moderately elevated levels of irritation

(M = 61.7).

In Karachai men: the lowest in the studied sample index of hostility

(M = 28.9), suspicion (M = 33.3) and resentment (M = 24.6).

In Kabardians men: high levels of physical aggression (M = 73.3);

high levels of guilt (M = 71.2).

In Armenian men: a moderately increased index of aggression

(M = 60.3).

In Karachai women: the highest index of aggression among

women (M = 66.6), high levels of indirect aggression (M = 59) and

negativism (M = 73.3).

In Armenian women: moderately elevated levels of irritation

(M = 60) and negativism (M = 70.9).

In Russian women: high levels of indirect aggression (M = 60),

high levels of guilt (M = 72.5).

In the Crimean Tatars: high levels of indirect aggression (M = 58),

irritation (M = 69.8), high levels of guilt (M = 79.8).

Adyghe and Kabardians women: high levels of guilt (M = 71.2).

Thus, among different ethnic groups of the South of Russia, in

both men and women, the COMT Val/Val genotype is predominantly

associated with high levels of aggression, both direct and indirect.

Supported by RSF (16-18-10222).
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Polygenic by intervention effects on longitudinal

trajectories of alcohol use

Kit Elam, Arizona State University; Thao Ha, Arizona State

University; Sally Kuo, Virginia Commonwealth University; Kathryn

Lemery-Chalfant, Arizona State University; Danielle Dick, Virginia

Commonwealth University

A growing literature finds genotype-by-intervention (GxI) effects on

alcohol use such that genetic effects are present in control but not

intervention groups (Russell et al. 2018, Prevention Science, 19,

27–37), suggesting that psychosocial interventions can mitigate

genetic risk. However, few studies have identified developmentally

distinct effects.

Low income, ethnically diverse participants participated in a

longitudinal randomized prevention trial (N = 626). Covariates

included age, gender, and the first three ancestry principal compo-

nents. From ages 14–29 participants self-reported alcohol

consumption quantity across six time-points. SNPs were selected

from the GSCAN meta-GWAS of drinks per week and polygenic risk

scores (PRSs) were formed at various p-value thresholds. Time-

Varying-Effects-Models were used to estimate longitudinal regression

coefficients as a function of continuous time.

Results included PRS effects (PRS p\ 0.001) and PRSxI effects

on alcohol use from 14 to 17.5 years (PRSxI Beta range = - 15.49

95% CI [- 30.50, - 0.48] to - 4.82, 95% CI [- 9.50, - 0.12]; PRS

Beta range = 15.58 95% CI [0.56, 30.60] to - 5.03, 95% CI [0.11,

9.95]) and from 26.75 to 28.75 years (PRSxI Beta range = - 3.29

95% CI [- 6.53, - 0.06] to - 3.84, 95% CI [- 7.39, - 0.29]; PRS

Beta range = 3.31 95% CI [0.10, 6.52] to 3.69, 95% CI [0.13, 7.24]).

Robustness of results across intervention/control and ethnicity will be

reported. In sum, during adolescence and early/mid-adulthood, the

alcohol use PRS was positively associated with alcohol use. During

the same developmental periods, GxI effects indicated attenuated

genetic influences on alcohol use for those in the intervention group.

Altruism is an evolutionarily adaptive behavior:

from a behavioral genetic viewpoint

Juko Ando, Keio University

Altruism is a significant characteristic for human beings as a highly

social animal which might had been developed especially in an

evolutionary history of primates.

Behavioral genetic studies of altruism provided mixed results.

Rushton et al. (1986) reported A (56%)/E (44%) in alturistic behavior

towards other persons. Kruger, Hicks, & McGue (2001) reported

C(35%)/E(65%). Gregory et al. (2009) reported A(21%)/C(13%)/

E(65%) by self-report of prosocial behavior towards others (A(39%)/

E(61%) by parental report).

A possible reason for these mixed results might be differential

relationship between an actor and a recipient of altruism because

status of a recipient is important for evolution. In this study, three

different recipient types of altruistic behaviors were distinguished

according to its relationship—altruism between family members as

kin selection, friends as direct reciprocity, and others as indirect

reciprocity—using the Self-Report Altruism Scale Distinguished by

the Recipient (SRAS-DR) (Oda et al. 2012).

491 adult twin pairs (287 female MZ, 66 male MZ, 76 female DZ,

19 male DZ, 43 opposite sex DZ; mean age = 29.0 yrs (SD = 5.2))

Univariate and multivariate behavioral genetic analysis indicated that

altruism toward family and others were affected mainly by genes and

non-shared environment (A = 30–40%, E = 60–70%), but altruism

toward friends was affected significantly by shared environment

(C = *35%) which was mediated by extraversion.

These results indicated that altruism toward friends (direct

reciprocity) was a genetically saturated psychological characteristics

to adapt to a small sized community (within Dumber’s number) in the

age of the Environment of Evolutionary Adaptation.

Pulse pressure differences in Japanese twins: two wave

study

Rie Tomizawa, Center for Twin Research, Graduate School

of Medicine, Osaka University; Chika Honda, Osaka University;

Fujio Inui, Kio University; Osaka Twin Research Group, Osaka

University; Norio Sakai, Osaka University

Pulse pressure, which is the difference between systolic blood pres-

sure and diastolic blood pressure, is an independent marker as a risk

factor for cardiovascular disease (mainly myocardial infarction).

High blood pressure is affected by genetics, and genetic poly-

morphisms related to blood pressure and pulse pressure have also

been identified in some races.

We compared changes in mean blood pressure and pulse pressure

at two time points with a gap of 5 to 7 years. The subjects of analysis

were 37 monozygotic (MZ) pairs and 5 dizygotic (DZ) pairs from the

Osaka University Center for Twin Research. The average age at the

first point was 58.0 ± 14.4, and the average age at the second time

was 63.9 ± 14.7, including 10 pairs of men and 32 pairs of women.

Twenty-six patients had high blood pressure at 2 time points, and four

had between 2 time points. While there were pairs in which the pair

tended to have the same average value and pulse pressure at two time

points, there were also pairs in which the pair tended to be different.

Further investigation what differed the difference among pairs is

needed.

Exploring the impact of overlap and first degree

relatives on over fitting in polygenic risk score analyses

Sarah Medland, QIMR Berghofer Medical Research Institute

Independence of the discovery and target samples is essential to avoid

estimation bias due to over-fitting within polygenic risk score anal-

yses. Although this is a well-known methodological issue, in recent

years perceptions have arisen that this may not matter with biobank

type discovery samples when the overlap is very small and few

authors have considered the impact of relatedness across the dis-

covery and target samples. To empirically examine these issues a

discovery sample of * 340,000 individuals were extracted from the

UK Biobank (app. 25,331) and GWAS were conducted for a con-

tinuous (height) and a binary trait (day-time sleepiness) and for

random continuous and binary traits. Polygenic risk scores were

calculated and polygenic risk score analyses were conducted using

target samples comprising randomly selected baseline samples of

2000, 5000 and 10,000 individuals who were not in the discovery

sample. To examine over-fitting due to non-independence, the target

samples were spiked with 5, 10, 50, 100 and 200 individuals who had

been part of the discovery sample or their first degree relatives.

Sample size was maintained between baseline and spiked samples and

1000 replicates were performed. As expected degree of over-fitting

increased with degree of overlap, decreased with total target size and

also arose due to non-independence due to relatives. Over-fitting

was present with as few as 5 overlapping individuals (0.001% of the

initial discovery sample) confirming the importance of independence
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for accurate estimates of variance explained. The impact of non-

independent controls (in the absence of overlapping cases) will also

be presented.

A genetic epidemiological mega study of smoking

initiation and quantity in adolescents

Hermine Maes, Virginia Institute for Psychiatric and Behavioral

Genetics; Elizabeth Prom-Wormley, Virginia Commonwealth

University; Lindon Eaves, Virginia Institute for Psychiatric

and Behavioral Genetics; Judy Silberg, Virginia Institute

for Psychiatric and Behavioral Genetics; Soo Hyun Rhee, Institute

of Behavioral Genetics, University of Colorado Boulder; John Hewitt,

Institute of Behavioral Genetics, University of Colorado Boulder;

Robin Corley, Institute of Behavioral Genetics, University

of Colorado Boulder; Matt McGue, University of Minnesota; William

Iacono, University of Minnesota; Lenn Murrelle, Venebio; Dorret

Boomsma, Vrije Universteit Amsterdam; Meike Bartels, Vrije

Universiteit Amsterdam; Paul Lichtenstein, Karolinska Institutet;

Vicky White, Deakin University; Jaakko Kaprio, University

of Helsinki; Richard J. Rose, Indiana University; Danielle Dick,

Virginia Commonwealth University; Michael Neale, Virginia

Institute for Psychiatric and Behavioral Genetics

Previous studies suggested a changing role for contributions of

genetic and shared environmental factors to liability of smoking ini-

tiation from early adolescence to young adulthood. Measures of

smoking quantity show a larger contribution of genetic factors.

However, estimates of overlap in risk factors for smoking initiation

and quantity have been less consistent. Individual studies were

underpowered to estimate these factors reliably, especially in early

adolescence. This study combines data from twin registries in the US

and worldwide to jointly estimate mean levels and causes of indi-

vidual differences in smoking initiation and quantity. Sample sizes

reached 2000–8000 individuals at any given age between 12 and 19

for initiation and 500–2500 for quantity. SEM was used to fit alter-

native genetic models in OpenMx and test whether liabilities to

initiation and quantity are independent or correlated and whether sex

differences exist in causes of variation. Cross-sectional twin corre-

lations suggested that both additive genetic and shared environmental

factors influenced the liability of smoking initiation and quantity

across adolescence with their roles shifting throughout adolescence

such that genetic factors gradually explain larger proportions of

variance. Liabilities to smoking initiation and quantity were inde-

pendent in early adolescence and correlated in later adolescence.

Thus different factors appear to influence whether someone starts to

smoke, and how much they smoke in early adolescence where at least

partly the same factors contributed to whether and how much one

smokes in later adolescence. These results may have important

implications for prevention/intervention efforts to decrease the con-

sequences of smoking.

The role of evocative gene-environment correlation

in observed negative parenting: moderation

by socioeconomic status

Veronica Oro, Arizona State University; Leah D. Doane, Arizona

State University; Kathryn Lemery-Chalfant, Arizona State University

Examinations of parenting as a causal factor influencing children’s

development have traditionally prevailed in the literature, diminishing

the role children enact in eliciting responses from their parents.

However, children-as-twins designs present evidence that children’s

heritable traits do, in fact, affect parenting behaviors (Avinun &

Knafo, 2014, Personality and Social Psychology Review, 18(1),

87–102). We examined socioeconomic status (SES) as a moderator of

genetic and environmental influences on observed negative parenting.

The sample was comprised of 300 twin pairs (Mage = 7.97 years)

drawn from the Arizona Twin Project (Lemery-Chalfant et al. 2013,

Twin Research and Human Genetics, 16, 404–111). Parent–child

conflict discussion tasks were coded for negative parenting behaviors,

e.g., critical statements, negative commands, and diminishment of

child autonomy. SES was a standardized composite of family income,

primary caregiver education level, and partner education level. For

negative parenting, the MZ and DZ twin ICCs were 0.43 and 0.39,

respectively, suggesting minimal additive genetic influence on neg-

ative parenting. However, moderation models revealed that

heritability was greatest at the extremes of SES and negligible at

average levels while variance attributable to shared environmental

influence declined as SES increased (Dv2(1) = 1.54, p = 0.21). Total

variance in negative parenting also decreased as SES increased.

Results suggest that factors operating at both the low and high

extremes of SES may contribute to parents being more negatively

reactive to their children’s heritable traits.

Elucidating mechanisms of familial transmission

for general psychopathology: results from a nuclear

twin-family model

Veronica Oro, Arizona State University; Carol Van Hulle, University

of Wisconsin-Madison; Hill Goldsmith, University of Wisconsin-

Madison; Kathryn Lemery-Chalfant, Arizona State University

Findings from both measured gene and quantitative genetic studies

call into question the level of specificity at which genetic influences

on psychopathology should be examined, evidencing pleiotropic

genetic effects on multiple mental disorders and highly herita-

ble common factors of psychopathology (Kendler, 2005, American

Journal of Psychiatry, 162(7), 1243–1252; Kendler, Myers, & Keyes,

2011, Twin Research and Human Genetics, 14(6), 516–523). We

aimed to further elucidate the etiology of general psychopathology,

utilizing the nuclear twin-family design to examine genetic and

environmental mechanisms of familial transmission. The sample was

comprised of five hundred adolescent twin pairs (Mage = 13.24 years)

and their parents drawn from the Wisconsin Twin Project. Twins and

parents completed independent diagnostic interviews (DISC and

CIDI, respectively). General factor models were fitted in both gen-

erations, and factor scores were subsequently extracted and used in

nuclear twin-family model testing. The best fitting reduced model was

an ASE model. Genetic influences on general psychopathology were

modest in magnitude (8%) and additive in nature (dominant genetic

influences could be constrained to zero). Sibling-specific shared

environmental influences were also modest (25%), where nonshared

environmental influences were moderate (67%). Findings indicate

that parent–offspring–transmission of psychopathology was accoun-

ted for by shared genetics. Lastly, there was modest evidence of

assortative mating on general psychopathology. Results provide novel

insight into the etiology of the familial aggregation of general

psychopathology.
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The genetic landscape of human behavioral traits:

insights from molecular genetics studies

Seonkyeong Jang, University of Minnesota Twin Cities; Mengzhen

Liu, University of Minnesota Twin Cities; Scott Vrieze, University

of Minnesota

Family and gene-mapping studies have revealed that behavioral

phenotypes are heritable, genetically correlated, and have relevant

biological pathways. Since most GWASes of behaviors are conducted

on an individual phenotype basis, the comparison of their results has

not been readily available, including the potential variability in her-

itability and the structure of genetic correlations. Furthermore, despite

accumulating functional pathways findings, the specificity of these

results have not been investigated. By synthesizing findings from

large scale GWAS, we evaluated differential heritability, genetic

structure, and specificity of functional pathways of a wide spectrum of

behavioral phenotypes. We analyzed summary statistics from well-

powered GWAS for 61 phenotypes (each with N[ at least 200,000)

from six behavioral domains (substance use, psychopathology, cog-

nitive ability, reproductive, sleep, and personality/lifestyle), structural

brain measures, and compared them with non-behavioral phenotypes

including anthropometric and medical disease phenotypes. The cross-

domain comparison of the LD-score SNP-based heritability revealed

relatively larger heritability for non-behavioral and structural brain

compared to behavioral phenotypes. The graph analysis of genetic

correlation matrix suggested two externalizing-related modules—one

related to cognition/education and the other related to risk-taking-,

and another psychopathology module. Finally, a majority of the

enriched functional pathways were shared across different behaviors

and clustered around brain development, neurotransmitter, transcrip-

tion/ligase activity. Further work should be directed to the potential

source of the differential heritability and the degree of specificity of

the functional pathways among behavioral phenotypes.

Matching the NLSY-children and the NLSY97

respondents and families: methodologies and potential

substantive studies

Joe Rodgers, Vanderbilt University; Patrick O’Keefe, Vanderbilt

University

The NLSY97 is an 18-year replication of NLSY79; female NLSY97

respondents are mothers of the NLSY-Children (NLSYC). The link

between the two is subtle, but interesting. NLSY79 mothers had

children between the 1970’s until recently; the birth years in the

NLSY97 (1980 to 1984)correspond to the peak NLSY79 childbear-

ing. Thus, NLSY97 respondents/kinship pairs/families can be age and

gender matched to the NLSYC; and, other important matching vari-

ables can be used, with traditional matching methods, or using

propensity score methods. This connection supports creation of

‘‘proxy mothers’’ from NLSY79 to NLSY97, and ‘‘virtual siblings’’

from NLSYC to NLSY97. This design is similar in approach to the

virtual twin design (Segal et al., 2007), with non-related ‘‘twins’’

(siblings of the same age related by adoption) that have environmental

but no genetic relatedness.

The individuals/families matched during this process can be used

in several types of potentially valuable studies. They can be used

biometrically to estimate ACE models for relevant phenotypes. Or,

they can be used in sibling-comparison designs. One such design

compares similarity between actual siblings and virtual siblings to

assess the effect of shared ancestral influences, to estimate the amount

of unobserved heterogeneity related to ancestry for a particular

phenotype. Finally, this kind of design can address the interesting

question of how similar non-related but matched individuals can be,

in relation to different types of matching methods and variables.

Using matched NLSYC and NLSY97 individuals/families, we

empirically illustrate several such designs.

Polygenic environmental sensitivity predicts growth

in internalizing symptoms in early childhood

Kathryn Lemery-Chalfant, Arizona State University; Kit Elam,

Arizona State University; Jenn-Yun Tein, Arizona State University;

Sierra Clifford, Arizona State University; Veronica Oro, Arizona

State University; Gianna Rea-Sandin, Arizona State University;

Chardee Galan, University of Pittsburgh; Melvin Wilson, University

of Virginia; Daniel Shaw, University of Pittsburgh

Differential Susceptibility Theory stipulates that some individuals are

more sensitive to environmental influence, for better or for worse

(Belsky & Pluess, 2009, Psychological Bulletin, 135, 885–908). We

hypothesized that a polygenic score representing environmental sen-

sitivity based on identical twin differences in emotional problems

(Keers et al. 2016, Psychotherapy and Psychosomatics, 85, 146–158)

would predict young children’s emotional problems, but only for

those not invited to participate in the Family Check-Up intervention

(focused on improving parental positive behavioral management

skills). Low income, ethnically diverse participants (n = 515) at risk

for behavior problems were drawn from the Early Steps Multisite

randomized prevention trial. Covariates included age, gender,

income, study site, and the first two of 20 ancestry principal com-

ponents. Internalizing symptoms were assessed through parent report

on the CBCL at child ages 2, 3, and 4 years, and bi-factor models

were fitted at each age. Measurement equivalence was demonstrated,

and growth in the p-factor, and residual internalizing and external-

izing factors were modeled. As hypothesized, polygenic sensitivity

predicted growth in internalizing symptoms from age 2 to 4

(p = 0.005) for children in the control but not the intervention group.

In conclusion, a theoretically-based, targeted polygenic score showed

specificity in association with early internalizing but not externalizing

problems, supporting theoretical underpinnings of differential envi-

ronmental influence.

Telomere length in autism spectrum disorder

Brittany Braden, Arizona State University; Candace Lewis, Arizona

State University; Francis Taguinod, TGen; Wayne Jepsen, TGen;

Christopher Smith, Southwest Autism Research and Resource Center;

Matt Huentelman, TGen

Telomeres are repetitive DNA nucleotides that protect genes by

capping chromosomes. Telomere length (TL) is associated with ASD

and familial relation. Shortened TL is associated with age-related

cognitive decline. The relationship between TL and cognitive func-

tion or sensory symptoms in individuals with ASD and family

members is unknown. We investigated relationships between TL,

cognition, and ASD-related behaviors in affected children, unaffected

siblings, and parents. Participants (n = 380) included 69 male NT

controls (7.1 ± 2.3 years), 108 individuals with ASD (11

female;8.3 ± 8.4 years), 136 unaffected siblings (66 female;10.3 ±

7.3 years), and 67 parents (43 female;38.7 ± 8.4 years). TL of DNA

derived from blood leukocytes was determined with an established

qPCR method. Among male NT, ASD, and unaffected siblings, there

was a significant ANCOVA [F(2,232) = 6.12, p = 0.003], with NT
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males having longer TL than males with ASD (p = 0.001) and

unaffected siblings (p = 0.05). Males with ASD were not different

from male unaffected siblings [F(1,160) = 2.48, p = 0.12]. However,

when including both sexes, unaffected sibling’s TL were longer than

individuals with ASD [F(1, 232) = 5.39, p = 0.02], driven by females

[F(1,70) = 4.77, p = 0.03]. In individuals with ASD, TL was not

related to core symptoms, but negatively related to sensory symp-

toms [r(86) = - 0.27, p = 0.001]. TL was positively related to

cognition in parents [r(44) = 0.40, p = 0.006]. We replicated short-

ened TL in individuals with ASD compared to NT controls and

shorter TL in unaffected siblings. We add new relationships with

sensory symptoms. We demonstrate TL is coupled with cognition in

parents. Further research should determine if TL is both a biological

mechanism of symptoms in individuals with ASD and a potential

treatment target.

Original and replication research with the NLSY79

and NLSY97 kinship links

Will Beasley, Howard Live Oak, LLC; Michael Hunter, Georgia

Tech; David Bard, University of Oklahoma Health Sciences Center;

Mason Garrison, Vanderbilt University; Patrick O’Keefe, Vanderbilt

University; Joe Rodgers, Vanderbilt University

The 24,000 subjects in the NLSY79 and their children have supported

over 75 biometric publications since 1993, thanks to four distinct

funding cycles to estimate the Rs of the 42,000 familial pairs. Our

current project updates both generations of the NLSY79, as well as

introduces an additional 2500 kinship links for the 9000 subjects in

the newer NLSY97 sample.

We discuss how these intra-individual longitudinal datasets can

quickly contribute to different types of behavior genetic research labs.

1. Small labs (who do not possess the time or funding to establish

their own life course dataset) can immediately download 37 years of

detailed history of the NLSY79 extended families and publish their

findings.

2. Maturing labs (who are planning which instruments to introduce

in their expanding twin study) can run similar analyses of this

nationally-representative sample to evaluate and justify their

proposals.

3. Distinguished labs (who manage their own productive twin

study) can leverage the thousands of economic, cognitive, education,

and health variables to replicate and further support their substantive

findings.

We have derived and released additional datasets the can actuate non-

BG investigations, and are available in all modeling software. R users

may further benefit from the [NlsyLinks](http://liveoak.github.io/

NlsyLinks/) package, which allows researchers to estimate basic bio-

metric models with ten lines of code.

Patterns of phenotype-environment correlation

within cognitive development outcomes of NLSY

children

David Bard, University of Oklahoma Health Sciences Center;

Michael Hunter, Georgia Tech; Mason Garrison, Vanderbilt

University; William Beasley, University of Oklahoma Health

Sciences Center; Patrick O’Keefe, Vanderbilt University; Joe

Rodgers, Vanderbilt University

Rising heritability across development is a widely observed phe-

nomenon for a number of phenotypes. Recently, explanations for

rising heritability of cognitive ability have been aided by models that

consider gene-environment (G-E) correlations (passive, active, or

evocative) by way of a phenotype-environment (P-[E) transmission

process. Using longitudinal data for children ages 5 to 14 from the

National Longitudinal Survey of Youth-Child/Young Adult (NLSYC/

YA) sample, we identified a general increase in heritability of cog-

nitive ability as measured through a g factor model representation of

four outcomes: PIAT-Math, PIAT-Reading Recognition and PIAT-

Reading Comprehension scores, and WISC-R Digit Span scores.

Significant P-[E correlations were also evident, but only when

children reached the preteen (11–14) years. In earlier (5–10) years of

development, autoregressive simplex models fit the data better and

highlighted stable genetic influences that were disproportionately

amplified over time relative to environmental sources of variance.

Models that incorporated household SES as a modifier of genetic

amplification and gene-environment correlation offered a slightly

altered view, whereby significant P -[E correlation was present

across this entire developmental span. Interestingly, the SES modi-

fication of P -[E effects changed over time, reflecting greater G–E

correlation among higher SES families in the early years and among

lower SES families in the preteen years. These findings are discussed

within the context of existing theories of SES modification of cog-

nitive heritability, reaction range theories of child development, and

transactional models of gene-environment correlation.

Heritability of objectively assessed physical activity

in the United Kingdom

Marcel den Hoed, Molecular Epidemiology and Translational

Medicine, Uppsala University; Soren Brage, University of Cambridge

School of Clinical Medicine; Jing Hua Zhao, University

of Cambridge School of Clinical Medicine; Kate Westgate,

University of Cambridge School of Clinical Medicine; Ayrun Nessa,

Kings College London; Ulf Ekelund, Norwegian School of Sport

Sciences; Tim Spector, King’s College London; Nick Wareham,

University of Cambridge School of Clinical Medicine; Ruth Loos,

Icahn School of Medicine, Mount Sinai

Twin and family studies that estimated the heritability of daily

physical activity have been limited by poor measurement quality and

small sample sizes.

We examined the heritability of daily physical activity and

sedentary behavior assessed objectively by using combined heart rate

and movement sensing in a large twin study.

Physical activity traits were assessed in daily life for a mean

(± SD) 6.7 ± 1.1 days in 1654 twins from 420 monozygotic and 352

dizygotic same-sex twin pairs aged 56.3 ± 10.4 years with body

mass index (in kg/m2) of 26.1 ± 4.8. We estimated the average daily

movement, physical activity energy expenditure, and time spent in

moderate-to-vigorous intensity physical activity and sedentary

behavior from heart rate and acceleration data. We used SEM to

examine the contribution of additive genetic, shared environmental,

and unique environmental factors.

Additive genetic factors explained 47% of the variance in physical

activity energy expenditure (95% CI 23–53%) and time spent in

moderate-to-vigorous intensity physical activity (95% CI 29–54%),

35% of the variance in acceleration of the trunk (95% CI 0–44%), and

31% of the variance in the time spent in sedentary behavior (95% CI

9–51%). The remaining variance was predominantly explained by

unique environmental factors, whereas shared environmental factors

played a marginal role for all traits with a range of 0–15%.

The between-individual variation in daily physical activity and

sedentary behavior is mainly a result of environmental influences.

Nevertheless, genetic factors explain up to one-half of the variance,
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suggesting that innate biological processes may be driving some of

our daily physical activity.

Substance use: interplay between polygenic risk

and neighborhood environment

Joëlle Pasman, Radboud University Nijmegen; Karin Verweij,

Amsterdam University Medical Center; Abdel Abdellaoui,

Amsterdam University Medical Center; Jouke-Jan Hottenga, Vrije

Universiteit Amsterdam; Iryna Fedko, Vrije Universiteit Amsterdam;

Gonneke Willemsen, Vrije Universiteit Amsterdam; Dorret

Boomsma, Vrije Universiteit Amsterdam; Jacqueline Vink, Radboud

University Nijmegen

Tobacco, alcohol, and cannabis use are prevalent risk behaviors that

are influenced by both genetic and environmental factors. An

important class of etiological factors for these behaviors is formed by

the characteristics of the neighborhood of residence. Possibly, genetic

and neighborhood factors do not act in isolation; we examined

whether neighborhood characteristics moderate the effect of genetic

risk on substance use outcomes (gene-environment interaction, GxE)

and the association between genetic and neighborhood risk factors

(gene-environment correlation, rGE).

Polygenic scores (PGS) for smoking initiation, cigarettes per day,

glasses of alcohol per week, and cannabis initiation were created

based on summary statistics from large genome-wide association

studies. These PGS were used to predict their respective phenotype in

a large population-based sample from the Netherlands Twin Register

(N = 6567). From Statistics Netherlands, we obtained characteristics

for the neighborhood of residence that could be summarized in a

metropolitan and socioeconomic factor.

The PGS significantly predicted their respective phenotypes. The

effects of neighborhood characteristics on substance use were small

and differed per neighborhood factor and the substance use phenotype

under investigation. There was one significant GxE between the PGS

for alcohol use and SES. In exploratory analyses that used a different

procedure to summarize the predictors there were additional sug-

gestions for 2 GxE and one rGE relationship.

We conclude that both genetic and neighborhood-level factors are

predictors for substance use and there might be some interplay

between them. Future research is needed to establish the robustness of

these findings.

Depression and bipolar disorder PGC analyses

Gerome Breen, King’s College London; Jonathan R.I. Coleman,

King’s College London; Helena Gaspar, King’s College London;

Julien Bryois, Karolinska Institutet

Mood disorders affect 10–20% of the population, ranging from brief,

mild episodes to severe, incapacitating conditions that markedly

impact lives. Despite the diagnostic distinction between unipolar and

bipolar mood disorders, multiple approaches have shown considerable

sharing of risk factors across the disorders. To clarify the molecular

genetic basis of this sharing, and to highlight disorder-specific asso-

ciations, we meta-analysed data from the latest Psychiatric Genomics

Consortium (PGC) genome-wide association studies of major

depression (MDD, including data from 23andMe) and bipolar disor-

der (BD), and an additional MDD cohort from UK Biobank (total:

185,285 cases, 439,741 controls; non-overlapping N = 609,424). 73

loci reached genome-wide significance in the meta-analysis, including

15 novel for mood disorders. More genome-wide significant loci from

PGC MDD than PGC BD reached genome-wide significance in the

meta-analysis. Genetic correlations revealed that type II BD correlates

strongly with recurrent MDD. Systems biology analyses highlight

similarities, including serotonergic neuronal cell types, but also dif-

ferences between MDD and BD, particularly in the (mouse) brain cell

types implicated by the expression patterns of BD and MDD asso-

ciated genes. MDD and BD also differ in their genetic correlation

with educational attainment, positive in BD but negative in MDD.

Overall, we provide evidence for a genetic mood disorders spectrum.

Polygenic risk: predicting depression outcomes

in clinical and epidemiological cohorts of youth

Thorhildur Halldorsdottir, Max Planck Institute of Psychiatry;

Charlotte Piechaczek, University Hospital Munich; Ana Paula Soares

de Matos, University of Coimbra; Darina Czamara, Max Planck

Institute of Psychiatry; Verena Pehl, University Hospital Munich;

Petra Wagenbuechler, University Hospital Munich; Lisa Feldmann,

University Hospital Munich; Peggy Quickenstedt-Reinhardt,

University Hospital Munich; Antje-Kathrin Allgaier, University

Hospital Munich; Franz Joseph Freisleder, KBO Heckscher-Klinikum

Munich; Ellen Greimel, University Hospital Munich; Tuomas Kvist,

University of Helsinki; Jari Lahti, University of Helsinki; Katri

Räikkönen, University of Helsinki; Monika Rex-Haffner, Max Planck

Institute of Psychiatry; Eirı́kur Örn Arnarson, University of Iceland;

Edward Craighead, Emory University School of Medicine; Gerd

Schulte-Körne, University Hospital Munich; Elisabeth Binder, Max

Planck Institute of Psychiatry

Objective: Identifying risk factors for major depression (MD) and

depressive symptoms in youth could have important implications for

prevention efforts.This study examines the association of polygenic

risk scores (PRS) for a broad depression phenotype derived from a

large-scale GWAS in adults, and its interaction with childhood abuse,

with clinically relevant depression outcomes in clinical and epi-

demiological youth cohorts.

Method: The clinical cohort comprised 279 youth with MD (Mean-

age = 14.76y(SD = 2.00), 68% female) and 187 healthy controls

(Meanage = 14.67y(SD = 2.45), 63% female). The first epidemiolog-

ical cohort included 1450 youth (Meanage = 13.99y(SD = 0.92), 63%

female). Of those, 694 not clinically depressed at baseline were fol-

lowed up at 6-months, 1-year and 2-years. The replication

epidemiological cohort comprised children assessed at ages 8

(n = 184; 49.2% female) and 11 (n = 317; 46.7% female) years. All

cohorts were genome-wide genotyped and completed measures of

MD, depressive symptoms and/or childhood abuse. Summary statis-

tics from Wray et al.(2018) were used to calculate the depression

PRS.

Results: In the clinical cohort, the depression PRS predicted case–

control status (OR = 1.560[95% CI 1.230–1.980], pFDR = 0.001),

depression severity (b = 0.177, se = 0.069, pFDR = 0.010) and age-at-

onset (b = - 0.375, se = 0.160, pFDR = 0.036). In the first epidemi-

ological cohort, depression PRS predicted baseline depressive

symptoms (b = 0.557, se = 0.200, pFDR = 0.012) and prospectively

predicted onset of moderate-severe depressive symptoms (HR =

1.202[95% CI 1.045–1.383], pFDR = 0.020). The associations with

depressive symptoms were replicated in the second epidemiological

cohort. Evidence for an additive effect, but not interactive, of the

depression PRS and childhood abuse on depression outcomes was

found.

Conclusions: Depression PRSin adults generalize to depression out-

comes in youth and may serve as an early indicator of clinically

interfering levels of depression.
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A comparison of the ASEBA adult self report (ASR)

and the brief problem monitoring (BPM18-59’s)

Lianne de Vries, Vrije Universiteit Amsterdam; Margot van de

Weijer, Vrije Universiteit Amsterdam; Lannie Ligthart, Vrije

Universiteit Amsterdam; Dorret Boomsma, Vrije Universteit

Amsterdam; Gonneke Willemsen, Vrije Universiteit Amsterdam; Bart

Baselmans, Vrije Universiteit Amsterdam; Meike Bartels, Vrije

Universiteit Amsterdam

Background: The Adult Self Report (ASR) is a well-validated

instrument to assess adult psychopathology. With 126 items, the

length is a burden for its use. An 18-item version has been introduced,

the Brief Problem Monitoring (BPM). The present study investigated

to what extent the BPM can serve as an alternative for the ASR for

clinical and scientific purposes.

Methods: Among a large sample of adult twins (N = 9.835) from the

Netherlands Twin Register (NTR), we compared the reliability,

clinical classification concordance, means, and variances of the BPM

and ASR. Using the classical twin design we investigated the genetic

architecture. For external validation, the associations with well-being

were compared.

Results: The reliability of the BPM (* a = 0.75) was somewhat

lower than the ASR (* a = 0.85), with the BPM Externalizing scale

showing the lowest reliability (a = 0.63). ASR and BPM scores

showed good clinical classification concordance (0.61–0.80) and were

highly correlated ([ 0.88). Unexpectedly, men scored lower on the

BPM Externalizing scale than women, whereas the ASR showed the

expected pattern. Genetic (* 0.31–0.53) and environmental compo-

nents (* 0.47–0.69) explain the variance to a similar extent for the

ASR and BPM. Furthermore, the phenotypic and genetic associations

with well-being are comparable.

Conclusion: If replicated, the BPM can be an efficient alternative for

the ASR. In situations where a sum score is sufficient or the focus is

on Internalizing or Attention problems, the BPM performs as well as

the longer ASR. The Externalizing scale performs less, with a lower

reliability and an unexpected shift in mean differences.

Using genomic structural equation modeling

to understand the co-morbidity between anxiety

and depression

Michel Nivard, Vrije Universiteit Amsterdam; Yayouk Willems,

Vrije Universiteit Amsterdam; Anne Hendriks, Vrije Universiteit

Amsterdam

Anxiety and depression are prevalent and burdensome, and there is

much reason to inquire what specific etiological processes gives rise

to their co-morbidity. Existing research identifies substantial genetic

correlations between both traits, here we ask what model gives rise to

these genetic correlations. Applying the novel Genomic Structural

Equation Modeling (SEM) technique (A. Grotzinger et al. 2019,

Nature Human Behavior. 3(5), 513–525), we tested two etiological

models which possibly explaining the genetic correlations between

symptoms of anxiety and depression. The common cause approach,

where a latent depression and anxiety trait explain the covariance with

each disorder and the correlation between the latent traits fully

explains the co-morbidity, and a network model, where the relations

between the individual symptoms are direct. Each model has specific

implications for the relationship between endogenous traits (ADHD,

EA, Bipolar, Schizophrenia) and the symptoms of anxiety and

depression. Preliminary results suggest 2 latent common causes are

not sufficient to give rise to the covariance between symptoms within

and between disorders. Further applications of Genomic SEM and the

relevance of our understanding for the co-occurrence of mental dis-

orders will be discussed.

Publisher’s Note Springer Nature remains neutral with regard to

jurisdictional claims in published maps and institutional affiliations.
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