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Abstract

Individual differences in educational attainment (EA) and physical health, as indexed by body mass index (BMI), are correlated within
individuals and across generations. The aim of our study was to assess the transmission of these traits from parents to their offspring in
childhood and adolescence. We analyzed BMI and EA in 13,916 families from the Netherlands. Data were available for 27,577 parents (mean
age 33) and 26,855 of their offspring at 4 and 12 years of age. We employed structural equation modeling to simultaneously estimate the
phenotypic transmission of BMI and EA from parents to offspring, the spousal correlations, and the residual child BMI-EA associations after
accounting for intergenerational transmission and testing for gender differences therein. We found a significant intergenerational
transmission of BMI to BMI in childhood (age 4; standardized regression coefficient p = .10) and adolescence (age 12; p = .20), and of EA to
academic achievement in adolescence (f = .19). Cross-trait parent-to-offspring transmission was weak. All transmission effects were
independent of parent or offspring gender. We observed within-person EA-BMI correlations that were negative in parents (~—.09), positive in
children (~.05) and negative in adolescents (~—.06). Residual EA-BMI were positive in children (~.05) and insignificant in adolescents.
Spousal correlations were .46 for EA, .21 for BMI, and ~—.09 cross-trait. After accounting for spousal correlations, the intergenerational
transmission for BMI and EA is mainly predictive within, but not across, traits. The within-person correlation between BMI and EA can

change in direction between childhood and adulthood.
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Childhood obesity is a growing problem worldwide, with adverse
effects on virtually all organ systems, and serious short- and long-
term sequelae (Daniels, 2009). The prevalence of overweight
(including obesity) in children and adolescents — defined as body
mass index (BMI) +1 standard deviations above the median — in
the Netherlands is estimated to be slightly lower than the average
for European countries. In the Netherlands, the World Health
Organization estimates the prevalence at 26.9% in children aged
5-9 years and 23.7% in children aged 10—19 years, whereas the
averages for European countries are 28.9% and 24.3% respectively.
These rates vary across countries and regions, where, for example,
in the United States the prevalence is 43% in 5- to 9-year-olds and
41.2% in 10- to 19-year-olds, with corresponding rates of 10.3%
and 8.1% in South-East Asia. Globally, overweight prevalence is
20.9% in 5- to 9-year-olds and 17.3% in 10- to 19-year-olds (World
Health Organization, 2017).

Within countries, the most important predictor of a child’s BMI
is the BMI of their parents (Butler et al., 2018; Vos & Welsh, 2010). In
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addition, low socioeconomic status (SES) (Newton et al., 2017) and
lower educational attainment (EA) (Benson et al., 2018) are strong
predictors, with overweight and obesity tending to be more prevalent
in lower SES and EA. For example, in the Netherlands, the relative
risk of overweight and obesity is twice as high for children with low
maternal education and low household income (White et al., 2022).

While the association of parental EA and offspring BMI is well
established (Benson et al., 2018; Lamerz et al., 2005; Matthiessen
et al., 2014; Silventoinen et al., 2019), the etiology of the association
is not. One the one hand, higher EA leads to better occupation and
higher income and SES, and higher income enables individuals to
afford food with higher nutritional value and lower caloric density
(Darmon & Drewnowski, 2015; Drewnowski, 2010). On the other
hand, Hanson and Conner (2014) showed that parents provide
their offspring with food of high nutritional value regardless of
income level. In addition to the possible role of nutrition, higher
income is associated with many other factors; for example, it is
associated with breastfeeding (Bartels et al, 2009) and may
facilitate physical activity in children, insofar as such activity
involves cost (e.g., club memberships, sportswear and material;
Telford et al., 2016).

Many studies have established significant associations between
parental SES and EA and offspring BMI, without controlling for
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parental BMI (Kleiser et al., 2009; Murasko, 2009; Nogueira et al.,
2013; O’Dea & Dibley, 2010; Springer et al., 2015; Wang, 2001;
Wang & Zhang, 2006). In a study of adult twins and their parents,
we found a low negative, but statistically significant, correlation of
—.06 between parental EA and offspring BMI. However, this
correlation was not statistically significant, once we controlled for
parental BMI (Alrouh et al., 2022).

SES is not the only possible pathway linking EA and obesity, as
research has shown a link between obesity and cognitive
performance, controlling for parental social class (Serensen
et al., 1983). Behavioral factors, such as self-control and delayed
gratification, are associated with both EA (Golsteyn et al., 2014; Lee
et al,, 2012; Mischel et al., 1989) and with obesity (Caleza et al.,
2016; Stoklosa et al., 2018). Decreased cognitive function is linked
to impaired metabolic pathways, such as insulin signaling (Craft &
Stennis Watson, 2004) and leptin regulation (Harvey, 2007), which
are associated with obesity. Finally, obesity, as reflected by BMI,
has significant genetic overlap with brain and cognitive measures
(Vainik et al., 2018) and with EA (Li et al., 2021).

Parental BMI is the strongest predictor of offspring BMI. In a
recent family-based study of Dutch adult twins, we found a parent-
offspring BMI correlation of .20 (Alrouh et al., 2022). This finding
is in line with meta-analytic results, which showed a mean parent-
offspring correlation of .19 for BMI (Maes et al.,, 1997). The
association is also manifest in terms of odds ratio: children with a
single obese parent have an odds ratio of 3.49 for childhood obesity
(Wang et al., 2017).

Prior studies generally examined the effects of parental EA and
SES on offspring BMI without accounting for parental BMI, or the
correlation between parental EA or SES and parental BMI.
Therefore, it is possible that the finding that children who grow up
in low EA households are more susceptible to obesity may be
confounded by parental BMI. Indeed, we found this to be the case,
when examining BMI of adult twins in the Dutch population
(Alrouh et al, 2022). In the current study, we return to this
possibility by now examining these pathways to offspring BMI at
ages 4 and 12 years in a sample of young twins and their parents
from the Dutch population and, at age 12, also include academic
achievement in children. In short, we studied the within-trait and
between-trait transmission of BMI and EA across generations,
while controlling for the spousal correlations among BMI and EA.

Methods
Participants

Participants were registered with the Netherlands Twin Register
(NTR). Since 1986, the NTR has approached parents of newborn
twins born in the Netherlands in collaboration with a commercial
‘birth felicitation” service. Additionally, recruitment is done with
the support of the Dutch Society of Parents of Multiples (NVOM,;
https://www.nvom.nl). After obtaining informed consent, the
family is registered with the NTR, and the parents receive a first
survey on pre- and perinatal variables relating to their twins, as well
as variables concerning the parent, including their height and
weight. Subsequently, the family receives periodical surveys on a
broad set of variables, including health variables and when the
twins’ developmental milestones were achieved. The NTR has
registered about 52% of all Dutch twin-pairs born between 1987
and 2017 (Ligthart et al., 2019). For the present study, we selected
twins and their parents who had completed surveys when their
twins were age 5 and 12 years (referred to as survey 5 and survey
12). We excluded families in which zygosity of twins could not be

https://doi.org/10.1017/thg.2023.18 Published online by Cambridge University Press

Hekmat Alrouh et al.

determined (67 families), resulting in a sample of 54,432
participants. The sample comprises a total of 13,916 families,
which includes 26,855 twins (13,347 males and 13,508 females)
and 27,577 parents (13,739 fathers and 13,838 mothers), aged
between 18 and 65 years at the time of birth of twins. The data were
checked for outliers and inconsistent values (i.e., values more than
4 standard deviations above or below the mean, unexplained loss of
height or weight in children during growth period, and large
disagreement between mother and father reports). We excluded
26 BMI scores due to improbable values for height and weight. All
measures of height and weight were obtained in centimeters (cm)
and kilograms (kg).

Measures

Parental BMI was based on self-reported height and weight from
the first survey sent after registration with the NTR, when the twins
were 9 months old on average, and was adjusted for parents’ age.
The measure of the twins BMI was based on height and weight data
as reported by the parent (mothers: 55%, fathers: 4%, both: 41%).
When both reports were available, we randomly selected one of the
parent reports. Survey 5 included questions about the twins’ height
and weight after the third birthday. We selected the data closest to
the 4th birthday of the twins (Estourgie-van Burk et al., 2010).
Survey 12, which was sent to parents when the twins were about 12
years, again included parental reports of the twins’ height and
weight. Parental EA was self-reported and categorized into four
levels (primary, lower secondary, intermediate/higher secondary,
and higher vocational/university). Child academic achievement
was based on a standardized test for educational achievement, the
CITO test (Citogroep, 2002), which is administered in the final
grade (when children are 11 or 12 years old) of elementary school
in February-March. Information on CITO scores was obtained
from parents, teachers and/or self-report by twins at later ages
(Bartels et al., 2002).

Statistical Analyses

We applied structural equation modeling (SEM) to study the
phenotypic transmission of BMI and EA from parents to BMI and
EA of their twins at age 4 and 12 years. All measures (parental and
child BMI and educational measures were analyzed as continuous
variables. Our model includes the transmission of BMI and EA
from parents to the twins, while including the correlation of BMI
and EA within and between parents. The transmission includes the
prediction of offspring BMI and EA from parental BMI and EA
within (EA to EA, BMI to BMI) and across traits (e.g., BMI to EA,
EA to BMI). We tested whether estimates of the parameters
depended on the sex of the parent and the offspring. Frequency
tables, descriptive statistics, and bivariate correlations were
obtained using IBM SPSS (version 26). We carried out the
structural equation modeling in the Lavaan package (version 0.6-6)
in R (version 3.6.1). For all statistical tests, we used the Holm-
Bonferroni correction method to control the family-wise error
rate in multiple hypothesis testing (Holm, 1979). The Holm-
Bonferroni correction is a post-hoc statistical procedure used to
adjust p values in order to reduce the probability of type I errors
when multiple statistical tests are performed simultaneously, and
has a lower increase of type II error risk than the classical
Bonferroni method (Aickin & Gensler, 1996). It works as follows:

1. All p values are sorted from smallest to largest. Let K be the
number of the p values in a family of tests.
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Figure 1. Intergenerational transmission of BMI and educational outcomes, model 1 (full model). The figure shows the full SEM. The separate transmission coefficients for sons
and daughters, cross-trait correlations for twin 2 and cross-trait, cross-twin correlations are not shown in the figure to avoid clutter.
Note: EA, educational attainment; CITO, standardized educational achievement test; MZ, monozygotic; DZ, dizygotic.

2. If the first p value is greater than or equal to o/K, the procedure
is stopped and no p values are significant. Otherwise, the first
p value is declared significant, and the procedure continues.

3. Thesecond p value is compared to o/(K-1). If the second p value
is greater than or equal to a/(K-1), the procedure is stopped and
no further p values are significant. Otherwise, the second value
is declared significant, and we go on until the i-th ordered
p value is such that: pg) > o /(K-i+1).

Model Specifications

We initially specified separate transmission parameters from
mothers and fathers to sons and daughters, to account for sex
dependence of these parameters. That is, we estimated four sets
(mother-daughter, mother-son, father-daughter, and father-son)
of six coefficients (parent EA to offspring EA, parent BMI to
offspring BMI at ages 4 and 12 (denoted BMI4 and BMI12), and all
cross-transmission coefficients). The model included the following
parameters:

o 24 parent-offspring transmission parameters: 2 parental traits
(EA & BMI) x 3 offspring traits (EA, BMI4 and BMI12) x 2
parents x 2 offspring genders

« 4 spousal correlations: 2 measures (EA and BMI) x 2 types of
correlation (within- and cross-trait)

« 2 within person EA/BMI correlations in the parental generation:
fathers and mothers

« 6 residual within-person correlations in the offspring generation:
3 trait combinations (EA/BMI4, EA/BMI12, BMI4/BMI12) x 2
genders (sons and daughters)

o 4 variances in the parental generation: 2 traits (EA, BMI) x 2
genders (fathers and mothers)

« 6 residual variances in the offspring generation: 3 traits x 2
genders

« 4 intercepts in the parental generation: 2 traits x 2 genders

« 6 intercepts in the offspring generation: 3 traits x 2 genders

o 6 residual twin correlations: 3 traits (EA, BMI4, BMI12) x 2
zygosity groups (MZ/DZ)

« 6 cross trait residual twin correlations.

https://doi.org/10.1017/thg.2023.18 Published online by Cambridge University Press

Thus, in the full model, as shown in Figure 1, we estimated
transmission parameters separately for sons and daughters and for
mothers and fathers (24 parameters in all). Subsequently, we
imposed equality constraints on these parameters across genders of
parents and offspring to test the differences in influence across
various parent-offspring gender combinations. Parameters were
obtained by Full Information Maximum Likelihood (FIML).
An advantage of FIML is that it handles missing data optimally:
it exploits all available data and is more efficient than list- or
pairwise deletion. Model fit was evaluated using the following fit
indices: comparative fit index (CFI), root mean square error of
approximation (RMSEA), and standardized root mean square
residual (SRMR). CFI values range from 0 to 1, with larger values
indicating better fit and a recommended cutoff of .95 (Xia & Yang,
2019). RMSEA is an absolute fit index, based on the fact that the
fitted model is an approximation to the true model. Interpretation
of RMSEA values is often considered according to the following: :
0 = perfect fit; <.05 = close fit; .05 to .08 = fair fit; .08 to
.10 = mediocre fit; >.10 = poor fit (Byrne, 1998). SRMR is defined
as the difference between the observed correlations and the model
implied correlation matrix. As a rule of thumb, an SRMR < .08
indicates an acceptable fit (Xia & Yang, 2019). Thus, it allows
assessing the average magnitude of the discrepancies between
observed and expected correlations as an absolute measure of
(model) fit criterion.

Results
Descriptive Statistics

Parents. Table 1 contains a summary of the average age, BMI and
EA for the parents. Mean age at first survey of fathers at was slightly
higher than mothers (33.8 vs. 31.4 years). Mean BMI was 24.9 for
fathers and 23.9 for mothers. BMI variance was higher for mothers
(14.4,95% CI [14.1, 14.8]) than fathers 9.0, 95% CI [8.8, 9.3]); age
was unrelated to BMI in both parents. The EA level of fathers was
comparable to the EA of mothers, with fathers having slightly
higher percentage of higher vocational training and university
education, and mothers having slightly higher percentage
of intermediate and higher secondary schooling (see Table 1).
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Table 1. Age, BMI, and EA in parents

Fathers Mothers
N=13,739 N=13,838
n 13,622 13,835
Age
Mean 33.84 31.43
SD 4.65 3.89
BMI n 11,364 11,716
Mean 24.88 23.87
SD 3.00 3.80
Educational 13,036 13,310
attainment
Primary school 5.4% 4.1%
Lower vocational school and 25.3% 25.8%
lower secondary school
Intermediate vocational/ 34.9% 40.3%
secondary school and higher
secondary school
Higher vocational school or 34.5% 29.8%
university
Note: EA, educational attainment.
Table 2. BMI4, BMI12, CITO in offspring
Boys Girls
N=13347  N=13,508
BMI4 n 9623 9709
Age at measurement: mean (SD) 3.91 (.17) 3.91 (.17)
Score: mean (SD) 15.35 (1.22) 15.16 (1.31)
BMI12 n 7611 7741
Age at measurement: mean (SD) 12.2 (.35) 12.2 (.36)
Score: mean (SD) 17.31 (2.38) 17.58 (2.57)
CITO n 6984 7635
Score: mean (SD) 538.5 (8.4) 537.3 (8.7)

Note: CITO, standardized educational achievement test.

The variance of EA was higher in fathers than in mothers (.82, 95%
CI [.80, .84] vs. .73, 95% CI [.72, .74]).

Offspring. Table 2 summarizes sample characteristics in off-
spring. Mean BMI at age 4 was slightly higher in boys (15.35, 95%
CI [15.32, 15.37]) than girls (15.16, 95% CI [15.14, 15.19]), while
mean BMI at age 12 was slightly higher in girls (17.58, 95% CI
[17.52, 17.64]) than boys (17.31, 95% CI [17.26, 17.37]). BMI4
variance was 1.50 for boys and 1.71 for girls, while BMI12 variance
was 5.66 for boys and 6.58 for girls. Mean CITO scores were
marginally higher in boys (538.5, 95% CI [538.3, 538.7], variance:
71.2) than girls (537.3, 95% CI [537.1, 537.5], variance: 76.5).

Full model. Table 3 shows results for the full model, which is
depicted in Figure 1. Within traits, the transmission parameters
were significant for all traits and all parent offspring combinations.
In the regression of BMI4 on parental BMI, the standardized
regression (i.e., transmission) coefficients (betas) ranged from .11
to .15. In the regression of BMI12 on parental BMI, the range was
from .16 to .28. In the regression of the twins’ CITO scores on
parental EA, the coefficients ranged from .18 to .20. In the
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regression analysis concerning cross-trait transmission — that is,
parental EA to offspring BMI and parental BMI to offspring EA —
we obtained mixed results. In the regression of BMI4 on the
parental EA, we found that maternal EA significantly predicted
daughters’ BMI, with a standardized beta of .04. In the regression of
BMII12 on parental EA, we found that paternal EA significantly
predicted BMI in both sons and daughters, with a standardized
beta of —.04 and —.07 respectively; that is, a higher father’s EA was
associated with lower BMI at age 12. In the regression of CITO on
parental BMI, we found that maternal BMI significantly predicted
CITO scores in both sons and daughters, with a standardized beta
of —.05; that is, a higher maternal BMI was associated with lower
CITO scores in children.

Gender differences in transmission parameters. To assess
gender differences in transmission from fathers and mothers to
sons and daughters, we first estimated the transmission coefficients
freely, and then imposed equality constraints on the transmission
coefficients. We tested these constraints by means of likelihood
ratio tests. The omnibus test of all 12 equality constraints for male
and female offspring was not significant (df=12, p = .139; see
Supplementary Table S1). Subsequent individual (post hoc) tests of
equality similarly were not significant. So, we concluded that the
transmission coefficients are equal in male and female offspring.
We then tested whether the transmission coefficients of the fathers
equaled those of the mothers. The omnibus test was not significant
(df=6, p = .074; see Supplementary Table S2). Subsequent
individual (post hoc) tests of equality similarly were not significant.
Based on these results, we arrived at model 2. Parameter estimates
in this model are shown in Table 4 and summarized in Figure 2.
These results indicate small, but significant, effects for cross-trait
transmission from parents to offspring BMI and CITO. The
within-trait transmission coefficient of BMI4 (.10) was lower than
other coefficients (BMI12: .20, CITO: .19). Estimates in this
reduced model 2 were similar to those in the full model. Both
models had good model fit measures, with negligible differences in
fit indices: comparative fit index (CFI), .83; root mean square error
of approximation (RMSEA) .068; and standardized root mean
square residual (SRMR), .061. The SRMR and RMSEA indicate
acceptable model fit, while the CFI is below the recommended
cutoff of .95. The chi square likelihood ratio test of model 1 ()*
5319.7, df: 374) vs model 2 (x* 5348.5, df: 392) had a p-value of
.0509, indicating no significant difference between the two models.
Model fit measures are presented in Supplementary Table S3.

Within-person, spousal, and twin correlations. We observed
negative within-person EA-BMI correlations for both parents
(fathers: -.10; mothers: —.08) (see Table 5) (we obtained the same
estimates in the SEM). The observed spousal correlation for EA was
46 (same estimate in the SEM). The observed spousal correlation for
BMI was .22, and its estimate in the SEM was .21. Observed cross-
trait spousal correlations were -.10 for father’s EA with mother’s BMI
and —.08 for mother’s EA with father’s BMI, and we obtained the
same estimates in SEM. In offspring, the observed correlations
between BMI4 and CITO were positive (boys: .048; girls: .057), and
the residual correlations (ie., after taking parental EA/BMI into
account) were estimated in the SEM at .057 for boys and .046 for gitls.
The observed correlations between BMI12 and CITO were negative
(boys: —.052; girls: —.070). However, the residual correlations were
not significant in the SEM after applying Holm-Bonferroni
correction. The observed correlations between BMI4 and BMI12
were .43 (boys) and.46 (girls), and their residuals did not differ
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Table 3. Direct and indirect regression coefficients, full model
Raw Standardized
Male offspring Estimate Lower CI Upper CI Estimate Lower CI Upper CI
BMI4
Paternal BMI .05% .04 .06 A1% .08 13
Maternal BMI .04* .03 .05 1% .09 13
Paternal EA .01 -.03 .05 .01 —-.02 .03
Maternal EA .05 .01 .09 .03 .01 .06
BMI12
Paternal BMI .14% 12 .16 .16* .14 .19
Maternal BMI .18% .16 .20 .26% 24 .29
Paternal EA -12% -.20 —.04 —.04* -.07 -.02
Maternal EA —.06 -15 .02 —.02 —.05 .01
CITo
Paternal EA 1.94% 1.67 221 .20% 17 22
Maternal EA 1.85% 1.56 2.15 .18% .15 .20
Paternal BMI —.06 -.15 .03 -.02 —.05 .01
Maternal BMI - 13% -.20 —.06 —.05% —.08 -.03
Raw Standardized
Female offspring Estimate lower CI Upper Cl Estimate Lower CI Upper CI
BMI4
Paternal BMI .05% .04 .06 12% .09 .14
Maternal BMI .05% .04 .06 oA 13 17
Paternal EA —.02 —.06 .01 —.02 —.04 .01
Maternal EA .06%* .02 .09 .04% .01 .06
BMI12
Paternal BMI .18* .16 .20 .22% .19 .25
Maternal BMI AT .16 .19 .28% .25 .30
Paternal EA -.18* -.26 =11 —.07* -.10 —.04
Maternal EA —.09 -17 -.01 —.03 —.06 .00
CITO
Paternal EA 1.81% 1.54 2.08 19% .16 22
Maternal EA 1.92%* 1.63 2.20 19%* .16 22
Paternal BMI —.04 -13 .04 —-.02 —.05 .01
Maternal BMI -12% -.19 —.05 —.05% —.08 —-.02

Note: EA, educational attainment; CITO, standardized educational achievement test. *significant p value based on a Holm-Bonferroni corrected target a of .05 with 24 correlated tests

appreciably in the SEM. The observed MZ twin correlations were less
than twice DZ correlations for all traits. The MZ and DZ correlations
for BMI at age 4 equaled .84 and .47 respectively. For BMI at age 12,
these are .90 and .50, respectively. For CITO, the correlations are .81
and .45, respectively (see Table 6).

Discussion

In a large number of two-generation Dutch nuclear families we
looked at the transmission from parents to offspring for BMI and
educational attainment. Within traits, transmission for BMI induced
a positive association between parental and offspring BMI at age 4
and BMI at 12 in the SEM. The association was twice as strong in 12-
year-olds than in 4-year-olds, that is, » = .20 versus .10 (based on a
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reduced model, in which transmission coefficients were equal for all
parent-offspring gender combinations). The parent-adolescent BMI
transmission coefficient (.20) is in the same range of transmission
coefficients observed in our prior study in an independent sample
from the Netherlands of parents and their adult offspring sample
(i.e., .15 to .26; Alrouh et al., 2022). For educational attainment, the
observed parent-offspring correlation (r = ~.28) was higher than the
standardized transmission coefficient implied by SEM (.19),
suggesting that parental BMI does contribute to the correlation
between parental EA and academic achievement in adolescents.
Across traits, offspring BMI at 4 years was positively correlated
with parental EA, while offspring BMI at 12 years was negatively
correlated with parental EA. In 4-year-olds, the observed
correlation was ~.02 in mothers and negligible in fathers, and
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Table 4. Regression coefficients of parental on offspring measures and residual
correlations, reduced model

Raw Standardized
Lower  Upper Lower  Upper
Estimate Cl Cl estimate Cl Cl

Offspring BMI4
Parent BMI .05% .04 .05 .10% .09 A1
Parent EA .02%* .01 .04 .02* .01 .03
Offspring BMI12
Parent BMI AT7* .16 .18 .20% AL 21
Parent EA —.12% -.15 —.08 —.04* —.05 -.03
Offspring CITO
Parent EA 1.88% 1.76 1.99 Al .18 .20
Parent BMI  —.09* -.13 —.06 —.03* —.04 -.02
Residual correlations
Male offspring
BMI4-CITO .62%* .30 .95 .06* .03 .09
BMI12- -.53 -1.13 .06 —-.03 —.06 .00
CITO
BMI4- 1.36* 1.27 1.44 A4 41 .46
BMI12
Female offspring
BMI4-CITO A43* .15 71 .05* .02 .08
BMI12- -.13 —.62 .36 —-.01 —.04 .02
CITO
BMI4- 1.01% .93 1.08 .39% 37 42
BMI12

Note: EA, educational attainment; CITO, standardized educational achievement test.
*significant p value based on a Holm-Bonferroni corrected target o of .05 with 12 correlated
tests.

the standardized transmission coefficient (beta) was .02 in the
reduced model. This weak correlation parallels findings in previous
twin and population-based studies, which show no association
(Morgen et al, 2017) or slightly lower BMI in the offspring of
mothers with lower education levels (Howe et al., 2011; Silventoinen
etal, 2019). In 12-year-olds, the observed correlation was about -.10,
and the standardized beta was about —.04. After accounting for
parental BMI, we saw a slight decrease in the strength of correlation
between parental EA and BMI in adolescents. This decrease is in line
with our earlier study of adult offspring, where we found that
accounting for parental BMI all but eliminated the effect of parental
EA on offspring BML. In our current study, however, the association
between parental EA and offspring BMI at age 12 remained
statistically significant. This suggests that while parental BMI may
drive some of the association between parental EA and offspring
BML, it does not account for the entire association. Parental EA does
in fact have a distinctive effect (i.e., after taking parental BMI into
account) on increasing the risk of obesity in adolescence, even if this
effect decreases as children reach adulthood. This association is
possibly due, but not limited, to the effects of parental EA on
household income and associated consequences for breastfeeding
(Bartels et al., 2009), nutrition (Darmon & Drewnowski, 2015) and
physical activity (Telford et al., 2016).

There were generally no significant differences in transmission
parameters between fathers and mothers to sons and daughters.
At the offspring level, the lack of sex differences in the transmission
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Figure 2. Intergenerational transmission of BMI and educational outcome, reduced
model. The figure displays the transmission of parental BMI and educational
attainment to children’s BMI and academic achievement, based on data from 13,916
families. The figure shows the estimated effects (in standardized units) of parental BMI
and educational attainment on their children’s BMI (at ages 4 and 12) and academic
achievement (nationally standardized test at age 12), as well as the residual
correlations between BMI and academic achievement. The paths with an asterisk (*)
had a significant p value based on a Holm-Bonferroni corrected target a of .05 with 12
correlated tests. Paths from parents to children were similar in boys and girls as well as
fathers and mothers. The figure shows this reduced model, without gender differences
in intergenerational transmission. The residual correlations are given separately for
boys/girls.

Note: EA, educational attainment.

parameters might be explained by the relatively young age of
offspring (Silventoinen et al, 2007), where gender specific
differences have yet to develop to be seen in adulthood
(Schousboe et al, 2003). On the parental level, the lack of
differences in transmission between fathers and mothers might be
due to the relatively high level of gender equality in the
Netherlands, which would result in a more comparable effect of
the EAs of father and mother on household income.

Observed correlations and residual correlations (after account-
ing for transmission in the SEM) of academic achievement in
adolescence and BMI in childhood were positive at r = ~.05,
indicating that a higher BMI in childhood was associated with
better academic achievement later in life. In 12-year-olds, however,
the observed correlation between academic achievement and BMI
was negative (r = ~—.06), but the residual correlation was not
significant. This result contrasts with our prior results in adults,
where the residual correlation between BMI and EA remained
significant at r = -.10. Whereas our measure of EA at age 12 is
mainly a reflection of cognitive ability (Bartels et al., 2002), it is
likely that additional factors influence the highest educational
degree attained in adulthood.

Our study design allowed us to estimate the phenotypic
intergenerational transmission of BMI and EA. The present
phenotypic model does not address environmental or cultural
transmission in the presence of genetic transmission. This question
can be addressed by applying the parents and twins design, which
specifies both association between parents and their twins
stemming from both types of transmission, in the presence of
phenotypic assortative mating (Fulker, 1988; Keller et al., 2009).
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Table 5. Observed covariance and correlation table for parental and offspring variables
BMI4 BMI12 CITO Father Father Mother
(male/female) (male/female) (male/female) BMI Mother BMI EA EA

BMI4 (male/female) 1.50/1.71 1.21/1.52 48/.65 .51/.59 77/.87 .00/.00 .02/.03
BMI12 (male/female) 43/.46 5.66/6.58 —.98/-1.5 1.78/1.87 2.68/3.06 —.21/-.27 -.17/-.21
CITO (male/female) .05/.06 —.05/—.07 71.2/76.5 —1.42/-1.45 —2.59/—2.96 2.14/2.14 1.91/2.09
Father BMI .09/.09 .25/.25 —.060/-.059 9.02 2.38 -.27 -.20
Mother BMI .16/.17 .29/.33 —.09/-.09 21 14.43 =35 —.26
Father EA .00/.00 -.10/-.12 .29/.27 -.10 -.10 .81 .35
Mother EA .02/.03 —.09/-.10 .27/.28 —.08 —.08 46 12

Note: EA, educational attainment; CITO, standardized educational achievement test at age 12. Upper triangle, covariance. Lower triangle: correlation. Diagonal: variance.

Table 6. Observed/residual twin correlations

BMI4 BMI12 cITo
. BMI4 .84/.85 - _
BMI12 43/.40 .90/.89 =
cITo .03/.03 —.09/-.02 81/.79
B2 BMI4 47/.45 - _
BMI12 23/.17 50/.42 =
CITo .01/.01 —.03/.02 45/.38

Note: MZ, monozygotic; DZ, dizygotic; CITO, standardized educational achievement test at
age 12. Lower triangle, cross-trait correlations. Diagonal, within-trait correlations.

The present data are suitable to conduct such a follow-up study.
Alternatively, polygenic scores can be used to detect phenotypic
transmission in the presence of genetic transmission. This
approach requires genetic data in the in the parents and their
twins, and phenotypic data in the twins (Bates et al., 2018; Hart
et al,, 2021; Kong et al., 2018; Okbay et al., 2022).

It is well known that positive cultural transmission is a source of
additive genetic (A) and common environment (C) covariance,
and that A-C covariance biases upwards the estimated C variance
component in the classical twin design (Purcell, 2002). The C
component of the CITO scores is known to be low in the
Netherlands. For CITO, we have previously reported standardized
variance components of 0.74 (A), 0.08 (C), and 0.18 for unique
environment (E; de Zeeuw et al., 2016). In contrast, the twin
correlations for BMI suggest a substantial C component. We have
previously reported on BMI standardized variance components of
~.65(A), ~.16(C), and ~.19(E) at age 4 and ~.78 (A), ~.11(C) and
~.10(E) at age 12 (Silventoinen et al., 2007). The small C
component of CITO does not rule out cultural transmission, but
does suggest that the effect of cultural transmission is likely to be
small. Indeed, in previous work we found for children’s CITO
scores no genetic-nurture effect (de Zeeuw et al., 2020). The larger
C component of BMI could well be attributable partly to cultural
transmission.

The main strengths of this study are a large sample size and a
wide age range for parents. Our study sample covers different
geographic areas and socioeconomic classes in the Netherlands.
Recruitment of twins — who are generally considered represen-
tative of the general population to which they belong (Hur et al.,
2019) — and their families into the NTR was done through
multiple channels, leading to a sample that is reasonably
representative of the Dutch population. Although the study relied
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on self-reported measures for height, weight and EA for parents
and offspring, the reliability in self-reporting of height and weight
is good: in an analysis of a subsample of 6026 individuals, we
observed a correlation of .93 between self-reported BMI and BMI
measured by a research nurse or assistant (Willemsen et al., 2010).
We analyzed BMI as a continuous variable rather than a (clinical)
binary variable (obese/overweight vs. normal weight), because we
wanted to address the process of transmission as it pertains to the
full range of BMI in the general population in the Netherlands.
In this approach, we assume that the process of transmission as we
identify it is relevant to the full range of BMI and EA. We note that
it is possible to fit our present model (see Figure 1) to a binary BMI
variable, but this would merely result in a loss of information.
Specifically, the analysis in the case of a binary BMI variable is
based on the liability threshold model, in which the model is fitted
to latent continuous BMI variables. There is no advantage to this
compared to fitting the directly to observed continuous BMI
variables, but there is the disadvantage of a loss of power associated
with loss of information. For this reason, we opted to use BMI as a
continuous variable in our analysis.

There are also some limitations to the current study. While
BMI is a common, convenient measure of obesity, other methods,
such as skinfold thickness and percent body fat from dual energy
X-ray absorptiometry, may provide more accurate estimates.
In our analyses, we have modeled the process of transmission
of EA and BMI from adult parents to adult offspring. Our resulting
model is supposed to represents this process as it takes place
in the general Dutch population with respect to the full range of
BMI. As such, this model assumes that the process is the same
regardless of the actual level of BMI in the parents or their
offspring. We recognize that it is possible that the transmission
process may differ in extremes of the BMI distribution. Detecting
such heterogeneity is a statistically challenging task, which is
beyond our present aim.

Our results pertain to young offspring who are still in the parental
household, whereas our earlier study examined intergenerational
transmission in adult offspring. The differences between findings in
young and adult offspring may highlight different parental effects on
child and adult obesity, especially given that younger offspring share
the same household environment with their parents while adult
offspring do not. One of the striking findings is the persistent
association between low BMI in childhood and low academic
achievement in adolescence, even after accounting for parental
transmission. This highlights the need to address childhood
underweight as well as overweight, as either condition can cause a
different set of adverse outcomes later on in life.


https://doi.org/10.1017/thg.2023.18

150

Supplementary material. To view supplementary material for this article,
please visit https://doi.org/10.1017/thg.2023.18.

Financial support. This work was supported by The Dutch Research Council
(NWO): The impact of parental genes on offspring health: nurture via nature
(Hestia; VidW.1154.19.013); Zwaartekracht CID: Individual development:
Why some children thrive, and others don’t (through the Gravitation program
of the Dutch Ministry of Education, Culture, and Science and the NWO (Grant
024.001.003)); Twin-family database for behavior genetics and genomics studies
(NWO-MagW NWO 480-04-004); and 480-15-001/674: Netherlands Twin
Registry Repository: researching the interplay between genome and environ-
ment. Elsje van Bergen is a Jacobs Foundation Research Fellow.

Competing interests. None.

Ethical standard. The authors assert that all procedures contributing to this
work comply with the ethical standards of the relevant national and institutional
committees on human experimentation and with the Helsinki Declaration of
1975, as revised in 2008.

References

Aickin, M., & Gensler, H. (1996). Adjusting for multiple testing when reporting
research results: The Bonferroni vs Holm methods. American Journal of
Public Health, 86, 726-728.

Alrouh, H., van Bergen, E., de Zeeuw, E., Dolan, C., & Boomsma, D.I. (2022).
Intergenerational transmission of body mass index and associations with
educational attainment. BMC Public Health, 22, 890. https://doi.org/10.1186/
§12889-022-13270-1

Bartels, M., Rietveld, M. J. H., Van Baal, G. C. M., & Boomsma, D. 1. (2002).
Heritability of educational achievement in 12-year-olds and the overlap with
cognitive ability. Twin Research, 5, 544-553. https://doi.org/10.1375/
136905202762342017

Bartels, M., van Beijsterveldt, C. E. M., & Boomsma, D. I. (2009).
Breastfeeding, maternal education and cognitive function: A prospective
study in twins. Behavior Genetics, 39, 616-622. https://doi.org/10.1007/
§10519-009-9293-9

Bates, T. C., Maher, B. S.,, Medland, S. E., McAloney, K,
Wright, M. J., Hansell, N. K., Kendler, K. S., Martin, N. G., &
Gillespie, N. A. (2018). The nature of nurture: Using a virtual-parent
design to test parenting effects on children’s educational attainment in
genotyped families. Twin Research and Human Genetics, 21, 73-83. https://
doi.org/10.1017/thg.2018.11

Benson, R., von Hippel, P. T., & Lynch, J. L. (2018). Does more education
cause lower BMI, or do lower-BMI individuals become more educated?
Evidence from the National Longitudinal Survey of Youth 1979. Social
Science & Medicine, 211, 370-377. https://doi.org/10.1016/j.socscimed.2017.
03.042

Butler, E. M., Derraik, J. G. B., Taylor, R. W., & Cutfield, W. S. (2018).
Prediction models for early childhood obesity: Applicability and existing
issues. Hormone Research in Paediatrics, 90, 358-367. https://doi.org/10.
1159/000496563

Byrne, B. M. (1998). Structural equation modeling with LISREL, PRELIS, and
SIMPLIS: Basic concepts, applications, and programming. Psychology Press.

Caleza, C., Yaiiez-Vico, R. M., Mendoza, A., & Iglesias-Linares, A. (2016).
Childhood obesity and delayed gratification behavior: A systematic review of
experimental studies. The Journal of Pediatrics, 169, 201-207.el. https://doi.
org/10.1016/j.jpeds.2015.10.008

Citogroep. (2002). Cito: Eindtoets basisonderwijs. https://www.cito.nl/

Craft, S., & Stennis Watson, G. (2004). Insulin and neurodegenerative disease:
Shared and specific mechanisms. The Lancet Neurology, 3, 169-178. https://
doi.org/10.1016/S1474-4422(04)00681-7

Daniels, S. R. (2009). Complications of obesity in children and adolescents.
International Journal of Obesity, 33, S60-65. https://doi.org/10.1038/ijo.
2009.20

Darmon, N., & Drewnowski, A. (2015). Contribution of food prices and diet
cost to socioeconomic disparities in diet quality and health: A systematic

https://doi.org/10.1017/thg.2023.18 Published online by Cambridge University Press

Hekmat Alrouh et al.

review and analysis. Nutrition Reviews, 73, 643-660. https://doi.org/10.1093/
nutrit/nuv027

de Zeeuw, E. L., Hottenga, J.-J., Ouwens, K. G., Dolan, C. V., Ehli, E. A.,
Davies, G. E., Boomsma, D. I., & van Bergen, E. (2020). Intergenerational
transmission of education and ADHD: Effects of parental genotypes.
Behavior Genetics, 50, 221-232. https://doi.org/10.1007/s10519-020-09992-w

de Zeeuw, E. L., van Beijsterveldt, C. E. M., Glasner, T. J., de Geus, E. J. C., &
Boomsma, D. I. (2016). Arithmetic, reading and writing performance has a
strong genetic component: A study in primary school children. Learning and
Individual Differences, 47, 156-166. https://doi.org/10.1016/j.lindif.2016.
01.009

Drewnowski, A. (2010). The cost of US foods as related to their nutritive value.
The American Journal of Clinical Nutrition, 92, 1181-1188. https://doi.org/
10.3945/ajcn.2010.29300

Estourgie-van Burk, G. F., Bartels, M., Boomsma, D. I., & Delemarre-van de
Waal, H. A. (2010). Body size of twins compared with siblings and the
general population: From birth to late adolescence. The Journal of Pediatrics,
156, 586-591. htps://doi.org/10.1016/j.jpeds.2009.10.045

Fulker, D. (1988). Genetic and cultural transmission in human behavior. In S.
B. Weir, E. J. Eisen, M. M. Goodman & G. Namkoong (Eds.), Proceedings of
the Second International Conference on Quantitative Genetics (pp. 318-340).
Sinauer Associates.

Golsteyn, B. H. H., Grongvist, H., & Lindahl, L. (2014). Adolescent
Time Preferences Predict Lifetime Outcomes. The Economic Journal, 124,
F739-F761. https://doi.org/10.1111/ec0j.12095

Hart, S. A,, Little, C., & van Bergen, E. (2021). Nurture might be nature:
Cautionary tales and proposed solutions. NPJ Science of Learning, 6, 1-12.
https://doi.org/10.1038/s41539-020-00079-z

Harvey, J. (2007). Leptin regulation of neuronal excitability and cognitive
function. Current Opinion in Pharmacology, 7, 643-647. https://doi.org/10.
1016/j.coph.2007.10.006

Holm, S. (1979). A Simple Sequentially Rejective Multiple Test Procedure.
Scandinavian Journal of Statistics, 6, 65-70.

Howe, L. D., Tilling, K., Galobardes, B., Smith, G. D., Ness, A. R., & Lawlor,
D. A. (2011). Socioeconomic disparities in trajectories of adiposity across
childhood. International Journal of Pediatric Obesity, 6, e144-e153. https://
doi.org/10.3109/17477166.2010.500387

Hur, Y.-M,, Bogl, L. H., Ordoiana, J. R., Taylor, J., Hart, S. A., Tuvblad, C.,
Ystrom, E., Dalgard, C., Skytthe, A., & Willemsen, G. (2019). Twin Family
Registries Worldwide: An Important Resource for Scientific Research. Twin
Research and Human Genetics, 22, 427-437. https://doi.org/10.1017/thg.
2019.121

Keller, M. C., Medland, S. E., Duncan, L. E., Hatemi, P. K., Neale, M. C.,
Maes, H. H. M., & Eaves, L. J. (2009). Modeling extended twin family data I:
Description of the cascade model. Twin Research and Human Genetics, 12, 8-
18. https://doi.org/10.1375/twin.12.1.8

Kleiser, C., Schaffrath Rosario, A., Mensink, G. B., Prinz-Langenohl, R., &
Kurth, B.-M. (2009). Potential determinants of obesity among children and
adolescents in Germany: Results from the cross-sectional KiGGS study. BMC
Public Health, 9, 46. https://doi.org/10.1186/1471-2458-9-46

Kong, A., Thorleifsson, G., Frigge, M. L., Vilhjalmsson, B. J., Young, A. L.,
Thorgeirsson, T. E., Benonisdottir, S., Oddsson, A., Halldorsson, B. V.,
Masson, G., Gudbjartsson, D. F., Helgason, A., Bjornsdottir, G.,
Thorsteinsdottir, U., & Stefansson, K. (2018). The nature of nurture:
Effects of parental genotypes. Science, 359(6374), 424-428. https://doi.org/
10.1126/science.aan6877

Lamerz, A., Kuepper-Nybelen, J., Wehle, C., Bruning, N., Trost-Brinkhues,
G., Brenner, H., Hebebrand, J., & Herpertz-Dahlmann, B. (2005). Social
class, parental education, and obesity prevalence in a study of six-year-old
children in Germany. International Journal of Obesity, 29, 373-380. https://
doi.org/10.1038/sj.ij0.0802914

Lee, N. C., Krabbendam, L., Dekker, S., Boschloo, A., de Groot, R. H. M., &
Jolles, J. (2012). Academic motivation mediates the influence of temporal
discounting on academic achievement during adolescence. Trends in
Neuroscience and Education, 1, 43-48. https://doi.org/10.1016/j.tine.2012.
07.001


https://doi.org/10.1017/thg.2023.18
https://doi.org/10.1186/s12889-022-13270-1
https://doi.org/10.1186/s12889-022-13270-1
https://doi.org/10.1375/136905202762342017
https://doi.org/10.1375/136905202762342017
https://doi.org/10.1007/s10519-009-9293-9
https://doi.org/10.1007/s10519-009-9293-9
https://doi.org/10.1017/thg.2018.11
https://doi.org/10.1017/thg.2018.11
https://doi.org/10.1016/j.socscimed.2017.03.042
https://doi.org/10.1016/j.socscimed.2017.03.042
https://doi.org/10.1159/000496563
https://doi.org/10.1159/000496563
https://doi.org/10.1016/j.jpeds.2015.10.008
https://doi.org/10.1016/j.jpeds.2015.10.008
https://www.cito.nl/
https://doi.org/10.1016/S1474-4422(04)00681-7
https://doi.org/10.1016/S1474-4422(04)00681-7
https://doi.org/10.1038/ijo.2009.20
https://doi.org/10.1038/ijo.2009.20
https://doi.org/10.1093/nutrit/nuv027
https://doi.org/10.1093/nutrit/nuv027
https://doi.org/10.1007/s10519-020-09992-w
https://doi.org/10.1016/j.lindif.2016.01.009
https://doi.org/10.1016/j.lindif.2016.01.009
https://doi.org/10.3945/ajcn.2010.29300
https://doi.org/10.3945/ajcn.2010.29300
https://doi.org/10.1016/j.jpeds.2009.10.045
https://doi.org/10.1111/ecoj.12095
https://doi.org/10.1038/s41539-020-00079-z
https://doi.org/10.1016/j.coph.2007.10.006
https://doi.org/10.1016/j.coph.2007.10.006
https://doi.org/10.3109/17477166.2010.500387
https://doi.org/10.3109/17477166.2010.500387
https://doi.org/10.1017/thg.2019.121
https://doi.org/10.1017/thg.2019.121
https://doi.org/10.1375/twin.12.1.8
https://doi.org/10.1186/1471-2458-9-46
https://doi.org/10.1126/science.aan6877
https://doi.org/10.1126/science.aan6877
https://doi.org/10.1038/sj.ijo.0802914
https://doi.org/10.1038/sj.ijo.0802914
https://doi.org/10.1016/j.tine.2012.07.001
https://doi.org/10.1016/j.tine.2012.07.001
https://doi.org/10.1017/thg.2023.18

Twin Research and Human Genetics

Li, Y., Cai, T., Wang, H., & Guo, G. (2021). Achieved educational attainment,
inherited genetic endowment for education, and obesity. Biodemography and
Social Biology, 66, 132-144. https://doi.org/10.1080/19485565.2020.1869919

Ligthart, L., Beijsterveldt, C. E. M. van, Kevenaar, S. T., Zeeuw, E. de,
Bergen, E. van, Bruins, S., Pool, R., Helmer, Q., Dongen, J. van, Hottenga,
J.-J., Ent, D. van’t, Dolan, C. V., Davies, G. E., Ehli, E. A., Bartels, M.,
Willemsen, G., Geus, E. J. C. de, & Boomsma, D. I. (2019). The Netherlands
Twin Register: Longitudinal research based on twin and twin-family designs.
Twin Research and Human Genetics, 22, 623-636. https://doi.org/10.1017/
thg.2019.93

Maes, H. H. M., Neale, M. C., & Eaves, L. J. (1997). Genetic and environmental
factors in relative body weight and human adiposity. Behavior Genetics, 27,
325-351. https://doi.org/10.1023/A:1025635913927

Matthiessen, J., Stockmarr, A., Biltoft-Jensen, A., Fagt, S., Zhang, H., &
Groth, M. V. (2014). Trends in overweight and obesity in Danish children
and adolescents: 2000-2008 % exploring changes according to parental
education. Scandinavian Journal of Public Health, 42, 385-392. https://doi.
org/10.1177/1403494813520356

Mischel, W., Shoda, Y., & Rodriguez, M. L. (1989). Delay of Gratification in
Children. Science, 244, 933-938. https://doi.org/10.1126/science.2658056

Morgen, C. S., Andersen, P. K., Mortensen, L. H., Howe, L. D,
Rasmussen, M., Due, P., Sorensen, T. I. A., & Andersen, A.-M. N.
(2017). Socioeconomic disparities in birth weight and body mass index during
infancy through age 7 years: A study within the Danish National Birth Cohort.
BM] Open, 7, e011781. https://doi.org/10.1136/bmjopen-2016-011781

Murasko, J. E. (2009). Socioeconomic status, height, and obesity in children.
Economics & Human Biology, 7, 376-386. https://doi.org/10.1016/j.ehb.
2009.04.004

Newton, S., Braithwaite, D., & Akinyemiju, T. F. (2017).
Socio-economic status over the life course and obesity: Systematic review
and meta-analysis. PloS One, 12, €0177151. https://doi.org/10.1371/journal.
pone.0177151

Nogueira, H., Gama, A., Mourio, 1., Marques, V., Ferrdao, M., & Padez, C.
(2013). The associations of SES, obesity, sport activity, and perceived
neighborhood environments: Is there a model of environmental injustice
penalizing portuguese children? American Journal of Human Biology, 25,
434-436. https://doi.org/10.1002/ajhb.22384

O’Dea, J. A., & Dibley, M. J. (2010). Obesity increase among low SES Australian
schoolchildren between 2000 and 2006: Time for preventive interventions to
target children from low income schools? International Journal of Public
Health, 55, 185-192. https://doi.org/10.1007/s00038-009-0079-x

Okbay, A., Wu, Y., Wang, N, Jayashankar, H., Bennett, M., Nehzati, S. M.,
Sidorenko, J., Kweon, H., Goldman, G., Gjorgjieva, T., Jiang, Y., Hicks, B.,
Tian, C., Hinds, D. A., Ahlskog, R., Magnusson, P. K. E., Oskarsson, S.,
Hayward, C., Campbell, A., ... Young, A. I. (2022). Polygenic prediction
of educational attainment within and between families from genome-wide
association analyses in 3 million individuals. Nature Genetics, 54, 437-449.
https://doi.org/10.1038/s41588-022-01016-z

Purcell, S. (2002). Variance Components models for gene-environment
interaction in twin analysis. Twin Research and Human Genetics, 5, 554-571.
https://doi.org/10.1375/twin.5.6.554

Schousboe, K., Willemsen, G., Kyvik, K. O., Mortensen, J., Boomsma, D. I.,
Cornes, B. K., Davis, C. J., Fagnani, C., Hjelmborg, J., Kaprio, J., de Lange,
M., Luciano, M., Martin, N. G., Pedersen, N., Pietildinen, K. H., Rissanen,
A., Saarni, S., Sorensen, T. I. A., van Baal, G. C. M., & Harris, J. R. (2003).
Sex differences in heritability of BMI: A comparative study of results from
twin studies in eight countries. Twin Research, 6, 409-421. https://doi.org/
10.1375/136905203770326411

Silventoinen, K., Bartels, M., Posthuma, D., Estourgie-van Burk, G. F.,
Willemsen, G., van Beijsterveldt, T. C. E. M., & Boomsma, D. I. (2007).
Genetic regulation of growth in height and weight from 3 to 12 years of age:
A longitudinal study of Dutch twin children. Twin Research and Human
Genetics, 10, 354-363. https://doi.org/10.1375/twin.10.2.354

Silventoinen, K., Jelenkovic, A., Latvala, A., Yokoyama, Y., Sund, R.,
Sugawara, M., Tanaka, M., Matsumoto, S., Aaltonen, S., Piirtola, M.,

https://doi.org/10.1017/thg.2023.18 Published online by Cambridge University Press

151

Freitas, D. L., Maia, J. A., Oncel, S. Y., Aliev, F., Ji, F., Ning, F., Pang, Z.,
Rebato, E., Saudino, K. J., ... Kaprio, J. (2019). Parental education and
genetics of BMI from infancy to old age: A pooled analysis of 29 twin cohorts.
Obesity, 27, 855-865. https://doi.org/10.1002/0by.22451

Sorensen, Thorkildl. A., Sonne-Holm, S., & Christensen, U. (1983).
Cognitive deficiency in obesity independent of social origin. The Lancet,
321, 1105-1106. https://doi.org/10.1016/50140-6736(83)91940-2

Springer, A. E., Li, L., Ranjit, N., Delk, J., Mehta, K., & Kelder, S. H. (2015).
School-level economic disadvantage and obesity in middle school children in
central Texas, USA: A cross-sectional study. International Journal of
Behavioral Nutrition and Physical Activity, 12, S8. https://doi.org/10.1186/
1479-5868-12-S1-S8

Stoklosa, M., Shuval, K., Drope, J., Tchernis, R., Pachucki, M., Yaroch, A., &
Harding, M. (2018). The intergenerational transmission of obesity: The role
of time preferences and self-control. Economics & Human Biology, 28,
92-106. https://doi.org/10.1016/j.ehb.2017.12.004

Telford, R. M., Telford, R. D., Cochrane, T., Cunningham, R. B., Olive, L. S.,
& Davey, R. (2016). The influence of sport club participation on physical
activity, fitness and body fat during childhood and adolescence: The LOOK
Longitudinal Study. Journal of Science and Medicine in Sport, 19, 400-406.
https://doi.org/10.1016/j.jsams.2015.04.008

Vainik, U., Baker, T. E., Dadar, M., Zeighami, Y., Michaud, A., Zhang, Y.,
Garcia Alanis, J. C., Misic, B., Collins, D. L., & Dagher, A. (2018).
Neurobehavioral correlates of obesity are largely heritable. Proceedings of the
National Academy of Sciences, 115,9312-9317. https://doi.org/10.1073/pnas.
1718206115

Vos, M. B., & Welsh, J. (2010). Childhood obesity: Update on predisposing
factors and prevention strategies. Current Gastroenterology Reports, 12,
280-287. https://doi.org/10.1007/s11894-010-0116-1

Wang, Y. (2001). Cross-national comparison of childhood obesity: The
epidemic and the relationship between obesity and socioeconomic status.
International Journal of Epidemiology, 30(5), 1129-1136. https://doi.org/
10.1093/ije/30.5.1129

Wang, Y., Min, J., Khuri, J., & Li, M. (2017). A systematic examination of the
association between parental and child obesity across countries. Advances in
Nutrition, 8, 436-448. https://doi.org/10.3945/an.116.013235

Wang, Y., & Zhang, Q. (2006). Are American children and adolescents of low
socioeconomic status at increased risk of obesity? Changes in the association
between overweight and family income between 1971 and 2002. The
American Journal of Clinical Nutrition, 84, 707-716. https://doi.org/10.1093/
ajcn/84.4.707

White, P. A., Awad, Y. A., Gauvin, L., Spencer, N. J., McGrath, J. J., Clifford,
S. A., Nikiema, B., Yang-Huang, J., Goldhaber-Fiebert, J. D.,
Markham, W., Mensah, F. K., van Grieken, A., Raat, H., Jaddoe,
V. W. V., Ludvigsson, J., & Faresjo, T. (2022). Household income and
maternal education in early childhood and risk of overweight and obesity in
late childhood: Findings from seven birth cohort studies in six high-income
countries. International Journal of Obesity, 46(9), 1703-1711. https://doi.org/
10.1038/s41366-022-01171-7

Willemsen, G., Geus, E. J. C. de, Bartels, M., Beijsterveldt, C. E. M. T. van,
Brooks, A. 1., Burk, G. F. E., Fugman, D. A., Hoekstra, C., Hottenga, J.-J.,
Kluft, K., Meijer, P., Montgomery, G. W., Rizzu, P., Sondervan, D., Smit,
A. B., Spijker, S., Suchiman, H. E. D., Tischfield, J. A., Lehner, T, ...
Boomsma, D. I. (2010). The Netherlands Twin Register Biobank: A resource
for genetic epidemiological studies. Twin Research and Human Genetics, 13,
231-245. https://doi.org/10.1375/twin.13.3.231

World Health Organization. (2017). Prevalence of overweight among children
and adolescents, BMI > +1 standard deviations above the median
(crude estimate) (%). https://www.who.int/data/gho/data/indicators/indicator-
details/GHO/prevalence-of-overweight-among-children-and-adolescents-
bmi-1-standard-deviations-above-the-median-(crude-estimate)-(-)

Xia, Y., & Yang, Y. (2019). RMSEA, CFI, and TLI in structural equation
modeling with ordered categorical data: The story they tell depends on the
estimation methods. Behavior Research Methods, 51, 409-428. https://doi.
0rg/10.3758/s13428-018-1055-2


https://doi.org/10.1080/19485565.2020.1869919
https://doi.org/10.1017/thg.2019.93
https://doi.org/10.1017/thg.2019.93
https://doi.org/10.1023/A:1025635913927
https://doi.org/10.1177/1403494813520356
https://doi.org/10.1177/1403494813520356
https://doi.org/10.1126/science.2658056
https://doi.org/10.1136/bmjopen-2016-011781
https://doi.org/10.1016/j.ehb.2009.04.004
https://doi.org/10.1016/j.ehb.2009.04.004
https://doi.org/10.1371/journal.pone.0177151
https://doi.org/10.1371/journal.pone.0177151
https://doi.org/10.1002/ajhb.22384
https://doi.org/10.1007/s00038-009-0079-x
https://doi.org/10.1038/s41588-022-01016-z
https://doi.org/10.1375/twin.5.6.554
https://doi.org/10.1375/136905203770326411
https://doi.org/10.1375/136905203770326411
https://doi.org/10.1375/twin.10.2.354
https://doi.org/10.1002/oby.22451
https://doi.org/10.1016/S0140-6736(83)91940-2
https://doi.org/10.1186/1479-5868-12-S1-S8
https://doi.org/10.1186/1479-5868-12-S1-S8
https://doi.org/10.1016/j.ehb.2017.12.004
https://doi.org/10.1016/j.jsams.2015.04.008
https://doi.org/10.1073/pnas.1718206115
https://doi.org/10.1073/pnas.1718206115
https://doi.org/10.1007/s11894-010-0116-1
https://doi.org/10.1093/ije/30.5.1129
https://doi.org/10.1093/ije/30.5.1129
https://doi.org/10.3945/an.116.013235
https://doi.org/10.1093/ajcn/84.4.707
https://doi.org/10.1093/ajcn/84.4.707
https://doi.org/10.1038/s41366-022-01171-7
https://doi.org/10.1038/s41366-022-01171-7
https://doi.org/10.1375/twin.13.3.231
https://www.who.int/data/gho/data/indicators/indicator-details/GHO/prevalence-of-overweight-among-children-and-adolescents-bmi-1-standard-deviations-above-the-median-(crude-estimate)-(-)
https://www.who.int/data/gho/data/indicators/indicator-details/GHO/prevalence-of-overweight-among-children-and-adolescents-bmi-1-standard-deviations-above-the-median-(crude-estimate)-(-)
https://www.who.int/data/gho/data/indicators/indicator-details/GHO/prevalence-of-overweight-among-children-and-adolescents-bmi-1-standard-deviations-above-the-median-(crude-estimate)-(-)
https://doi.org/10.3758/s13428-018-1055-2
https://doi.org/10.3758/s13428-018-1055-2
https://doi.org/10.1017/thg.2023.18

	Intergenerational Transmission of BMI and Educational Outcomes in Children and Adolescents
	Methods
	Participants
	Measures
	Statistical Analyses
	Model Specifications

	Results
	Descriptive Statistics
	Parents
	Offspring
	Full model
	Gender differences in transmission parameters
	Within-person, spousal, and twin correlations


	Discussion
	References


