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Abstract

The bio-demographic literature has begun to use genome wide summary scores (polygenic
scores) to predict a broad set of demographic and socioeconomic outcomes to understand the
importance of genetics as well as potential life course mechanisms. However, a largely
unacknowledged issue with these studies is that parental genetics impact both child environments
and child genetics, leaving the effects of polygenic scores difficult to interpret. This paper uses
multi-generational data that collected parental polygenic scores and child outcomes for 30,000
adopted and biological children, which allows us to separate the influence of parental polygenic
scores on children outcomes between environmental (adopted children) and environmental and
genetic (biological children) effects. Our results show large effects of parental polygenic scores
on adopted children’s schooling, suggesting that polygenic scores combine genetic and
environmental influences and that additional research designs will need to be used to separate
these estimated impacts.

! This research uses data from the Wisconsin Longitudinal Study (WLS) of the University of Wisconsin-
Madison. Since 1991, the WLS has been supported principally by the National Institute on Aging (AG-
9775, AG-21079, AG-033285, and AG-041868), with additional support from the Vilas Estate Trust, the
National Science Foundation, the Spencer Foundation, and the Graduate School of the University of
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Introduction and Background

This paper focuses on the issue of separating genetic and environmental influences in
important adult socioeconomic outcomes. The rapid advancement in the collection,
measurement and understanding of genetic data, the so-called genomics revolution, has led to a
set of new genetic discovering linking specific genetic variants with health outcomes as well as
schooling outcomes.(Conley and Fletcher 2017, Okbay et al. 2016) While, individually, these
variants do not have large effects on schooling outcomes, the development of genome wide
summary scores (polygenic scores, PGS) offers the possibility of a genetically-based analytic
tool that is highly predictive of important adult outcomes, such as schooling, IQ, and
health.(Ware et al. 2017)

Indeed, several studies have examined the impacts of PGS on a series of developmental
outcomes during childhood to further understand potential mechanisms that link genes to distal
outcomes.(Belsky et al. 2016) Other studies have examined the impact of these PGS on later
life outcomes, such as earnings and wealth.(Barth, Papageorge and Thom 2017, Papageorge and
Thom 2017) Still others have used these measures to examine gene-environment
interactions.(Conley et al. 2015, Schmitz and Conley 2016)

Often, research in these areas has used an individual’s polygenic score to assess effects of
“genetic factors” without a full acknowledgment that these measures are confounded by
parentally provided environments. In particular, parental genetics impact both child
environments and child genetics, leaving the estimated effects of polygenic scores difficult to
interpret as “purely genetic” effects.’

Perhaps some of the strongest evidence that polygenic scores associations with education
phenotypes are not purely due to confounding by parental characteristics (genotype or
phenotype) are results based on sibling differences. For example, results using the Framingham
Heart Study suggest that associations between educational attainment and within-family
(between sibling) variation in polygenic scores is actually stronger than associations that use

variation between families.(Conley et al. 2015) Similar models that use Add Health data report

2 Indeed, emerging work is beginning to examine the impacts of parental genotype that are not passed
on to children on children’s outcomes, which they term “genetic nurture”. See Kong, Augustine, Gudmar
Thorleifsson, Michael L Frigge, Bjarni J Vilhjalmsson, Alexander | Young, Thorgeir E Thorgeirsson, Stefania
Benonisdottir, Asmundur Oddsson, Bjarni V Halldorsson and Gisli Masson. 2018. "The Nature of Nurture:
Effects of Parental Genotypes." Science 359(6374):424-28..
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nearly identical associations between polygenic scores and educational attainment when
comparing between family and within family (between sibling) models.(Domingue et al. 2015)
Both these results could suggest that confounding bias from parental characteristics are small or
nonexistent in practice. Alternatively, these models could be producing an alternative source of
bias even as they are eliminating bias due to the shared environments of siblings: the possibility
of spillover effects between siblings, either phenotypically or genotypically. Indeed, newer work
has begun to produce evidence of so-called “social genomic effects”, where the genetics of social
connected individuals (e.g. classmates) could play a role in own-outcomes.(Domingue and
Belsky 2017, Domingue et al. 2018). To the extent that these spillovers exist and are important,
sibling difference models suffer from SUTVA violations and can indeed produce results that are
biased in either direction. Thus, alternative research designs that do not suffer from this bias
could produce new evidence of whether parental genotype confounds the relationship between
child genotype and child outcome.

This paper overcomes these issues by using multi-generational data that collected
parental polygenic scores and child outcomes for 30,000 adopted and biological children, which
allows us to separate the influence of parental polygenic scores on children outcomes between

environmental (adopted children) and environmental and genetic (biological children) effects.

Data

The Wisconsin Longitudinal Study (WLS) is a long-term study of over 10,000 men and
women, a random 1/3 sample of the graduating high school class of 1957 in Wisconsin (Herd,
Carr and Roan 2014). These individuals continue to be followed through the present. The WLS
provides an opportunity to study the life course, relationships, family functioning, physical and
mental health and well-being, and morbidity and mortality from late adolescence through 2008.
WLS data also cover social background, youthful aspirations, schooling, military service, labor
market experiences, family characteristics and events, social participation, psychological
characteristics, and retirement. Further, in the latest complete round of survey collection, the
respondents have provided biological specimens for DNA analysis. The WLS now contains
genome-wide DNA information for over 8,000 respondents. In addition to the graduate and

sibling respondents reporting information on their own lives, they also report educational and
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other information on all their surviving children, including the relationships with each child
(biological, step, adopted)’ so that our sample size of parent/child pairs is over 30,000.

Table 1 presents descriptive statistics of the sample and stratifies these descriptive
statistics by child status of adopted, biological, and both. Nearly two thirds of the children have
parents who are graduate respondents (compared to their siblings). The graduate respondents
were born in a narrow window around 1939 (recall that they are the graduating class of 1957),
although the sibling respondents have a larger range. By construction, the education polygenic
score of parents is centered at 0, although an important finding is that the polygenic scores of
parents who have adopted children are higher than those who have biological children. We will
return to this issue in the analysis. Parents of adopted children also have higher educational
attainments. The birth years of the children are centered in the mid 1960s, although as expected
the birth years of adopted children are later. Children’s educational attainment is over 14 years

on average, although this figure is lower for adopted children.

Results

Table 2 presents basic regression results predicting children’s educational attainments.
Key variables include parental polygenic score (PGS) and biological status of the child; we also
control for child sex and age (birth year). Our key result is that we find that parental PGS
predicts child education for adopted children—a one standard deviation increase in PGS is
associated with 0.14 years of schooling in adopted children, though the result is marginally
statistically significant. Because, for biological children, the correlation between parental and
child PGS is approximately 0.5, our result suggests that prior research using child PGS to predict
own outcomes, such as schooling, are likely biased by parental genotype.

Table 2 also contains findings consistent with past research. As expected, we find that
parental PGS predicts child education for biological children—a standard deviation increase in
parental PGS predicts 0.36 (0.14+0.22) years of additional schooling for the child. This is a
reasonable magnitude, as the effects of child PGS on child educational attainment are 0.37 in
Add Health (Domingue et al. 2015), where the analysis used the previous version of the PGS that

had lower predictive accuracy. We also find that biological children have nearly 2/3rds a year

® For each child, the respondent was asked the relationship, with possible choices: biological, adopted,
step, foster, legal ward, niece/nephew, other non-relative, child of lover/partner
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more schooling, compared to adopted children. In Table 3, we find evidence that parental PGS

predicts schooling differentially for male versus female children—the effect on adopted children
is strong for males but non-existent for females. This difference deserves additional analysis for
possible explanations and/or mechanisms.

Table 4 extends the model in Table 2 to control for parental education attainment. We
estimate this model for two reasons. First, we want to examine whether there are both
environmental and genetic effects of parental PGS, and we interpret the parental phenotype
(conditional on the PGS) as a reasonable “environmental” measure.* We also want to provide
evidence of whether controlling for parental educational is “enough” to delink the possible
confounding of child genotype with parental genotype on child educational attainment.
Including a control for maternal education does reduce the link between maternal PGS and child
education for adopted children by a small amount. We do not find differences in the associations
between parental education and child education by adoptive/biological status.

As we noted above, one issue with these comparisons between families who adopt and
those who do not is our finding that parental PGS is higher among adoptive parents, which
suggests the possibility of other family-level differences between families with adopted versus
biological children. In order to more fully investigate this issue, we pursue two strategies. First
we focus our analysis on families who have both adopted and biological children. Second we
deploy a “cousin fixed effects” strategy that makes use of the fact that the parents in the sample
have siblings who are also in the sample. In this way, we can compare the transmission of
parental PGS to children outcomes among parents who are more similar (i.e. siblings) than are a
random parent in the population.

Table 5 reports results for families with both adoptive and biological children. The
results are now stronger when we remove some of the selectivity of having adopted children.
The estimate suggests that parental PGS is associated with an increase in adopted children’s
education by 0.23 years, although again the result is not statistically significant in our modest
sample. In these families, we also find that biological children complete over a year of additional

schooling on average compared with adopted children.

* An issue with this interpretation is that the PGS is measured with error, so that some of the effects of
parental genetics may still “load onto” the phenotypic measure of education.
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Finally, to more fully control for selection, we take advantage of a feature of the WLS
sample, where respondents (parents in our case) and their siblings have been surveyed
longitudinally. This allows a comparison of the outcomes of cousins (children of the siblings),
holding constant larger family level factors. Table 6 reports these results. We find that parental
PGS is associated with a 0.31 increase in child’s years of schooling, and importantly we find no
difference for adopted children. Like earlier results, this finding suggests that parental genotype
is associated with the outcome of children, both adopted (who have no biological relationship

with the parent) and also biological children.

Conclusion

A large and growing literature is leveraging the rapid and important advances in
genotyping and prediction in genetics and the associated creation of polygenic scores to create
new understandings in the links between genetics and phenotypes of interest. A key component
of this literature focuses on estimating statistical associations between individual genotype and
phenotype with a parsimonious set of controls because of the logic that genetic variation
“happens first” in developmental processes and is immune to environmental feedback.

A limitation of this logic is that children’s genotype is highly correlated with parental
genotype, and, by extension, is correlated with some environmental inputs during childhood.
Children with high PGS for education are likely to have grown up in households with highly
educated parents and both influences (genetics and environments) likely contribute to the
children’s educational attainment. Indeed, this issue is part of the logic in earlier work that used
adopted children to break the link between child genotype and parental genotype/environment.

The results in our paper show that the limitation in the logic in the literature linking
genotype-phenotype using polygenic scores is consequential—an implication of our results, that
parental genotype is associated with adopted children’s phenotypes, is that estimates of the
associations between child genotype on child phenotypes are not ‘purely genetic’ effects.
Results in the literature tying own genotype to outcomes, especially socioeconomic outcomes,
are a combination of genetic and environmental factors and are not as “pure” as typically
interpreted in the literature. This suggests that since polygenic scores combine genetic and

environmental influences, additional research designs will need to be used to separate these
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estimated impacts. One such design is a return to adoption studies, which we have pursued in

this work.
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Tables

Table 1
Summary Statistics: Wisconsin Longitudinal Study
Comparing Biological and Adopted Children

Total biological adopted
Graduate Respondent Family 0.65 0.66 0.67
Parent Birth Year 1939 1939 1939
SD 3.98 3.97 3.75
Education Polygenic Score -0.02 -0.01 0.09
SD 1.00 1.00 0.90
Parent Educational Attainment 13.61 13.57 14.35
SD 2.31 2.29 2.57
Child Birth Year 1966 1967 1969
SD 9.40 6.79 11.92
Child Educational Attainment 14.33 14.42 13.72
SD 2.43 2.41 2.65
N 24467 21637 905
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Table 2
Associations between Child Educational Attainment and Parent Genetics
Child Educational Attainment
Constant 13.93
SE 127.79
Parent Polygenic Score 0.14
1.46
Biological Child Indicator 0.66
6.00
Male -0.31
-2.24
Child Birth Year -0.04
-5.41
Polygenic Score X Biological Child 0.22
2.38
Polygenic Score X Male 0.05
1.71
Biological Child X Male 0.09
0.67
Polygenic Score X Child Birth Year -0.01
-2.26
Biological Child X Child Birth Year 0.03
4.25
N.groups 7545.00
N.obs 21733.00
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Table 3
Associations between Child Education and Parent Genetics
Stratified Results by Sex-of-Child

Females Males
Child Educational Attainment | Child Educational Attainment

Constant 13.91 13.67

SE 122.68 112.44
Parent Polygenic Score -0.02 0.23
-0.14 1.72

Biological Child Indicator 0.65 0.69
5.60 5.58

Child Birth Year -0.02 -0.03
-2.81 -3.06

Polygenic Score X Biological Child 0.38 0.17
3.03 1.30
Polygenic Score X Male NA NA
NA NA
Biological Child X Male NA NA
NA NA

Polygenic Score X Child Birth Year -0.01 0.00
-1.59 -1.26

Biological Child X Child Birth Year 0.03 0.02
3.26 1.93

N.groups 6195.00 6280.00
N.obs 10761.00 10972.00
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Table 4
Associations between Child Education, Parental Genetics, and Parental Education
Child Education Child Education
Constant 12.79 12.79
SE 93.03 37.98
Parent Polygenic Score 0.11 0.09
1.14 0.94
Biological Child Indicator 0.67 0.67
6.10 1.97
Male -0.32 -0.32
-2.34 -2.35
Child Birth Year -0.04 -0.01
-5.54 -4.86
Parental Education 0.11 0.10
13.62 3.44
Polygenic Score X Biological Child 0.23 0.25
242 2.63
Polygenic Score X Male 0.05 0.05
1.60 1.60
Biological Child X Male 0.10 0.10
0.73 0.74
Polygenic Score X Child Birth Year -0.01 -0.01
-2.53 -2.47
Biological Child X Child Birth Year 0.03 NA
4.05 NA
Biological Child X Parental Education 0.01
0.21
N.groups 7486.00 7486.00
N.obs 21573.00 21573.00
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Table 5
Associations between Child Education and Parental Genetics
Sample of Families with Both Adoptive and Biological Children

Estimate Std Error | T-stat Pr(>|t])
Parental Polygenic Score 0.23 0.18 1.24 0.22
Biological Child Indicator 1.05 0.16 6.74 0.00
Grad/sib sample -0.04 0.23 -0.16 0.87
Male Child -0.27 0.10 -2.69 0.01
Child Birth Year -0.02 0.01 -3.18 0.00
Child Birth Order -0.07 0.04 -1.68 0.09
Polygenic Score X Biological Child 0.31 0.16 1.89 0.06
Polygenic Score X Grad Sample 0.37 0.25 1.47 0.14
Biological X Grad Sample -0.09 0.27 -0.34 0.73
PGS x Bio X Grad -0.50 0.29 -1.73 0.08
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Table 6
Associations between Child Education and Parental Genetics

Cousin Fixed Effects

Estimate Std. Error t value Pr(>t])
Parental Polygenic Score 0.31 0.06 5.59 0.00
Adopted Child Indicator -0.80 0.20 -3.99 0.00
Male Child -0.24 0.03 -7.51 0.00
Child Birth Year -0.02 0.00 -5.16 0.00
Child Birth Order -0.03 0.01 -1.83 0.07
Polygenic Score X Adopted Child -0.05 0.11 -0.46 0.65
Polygenic Score X Male Sample 0.04 0.03 1.44 0.15
Polygenic Score X Child Birth
Year -0.01 0.00 -3.42 0.00
Polygenic Score X Birth Order 0.02 0.01 1.54 0.12
Adopted X Male -0.07 0.16 -0.45 0.66
Adopted X Child Birth Year -0.03 0.01 -3.18 0.00
Adopted X Birth Year -0.04 0.07 -0.63 0.53
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