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Twin studies have estimated the relative contribution of
genes and the environment to variance in exercise behavior
and it is known that parental education positively affects
exercise levels. This study investigates the role of parental
education as a potential modifier of variance in exercise
behavior from age 7 to 18 years. The study is based on
large datasets from the Netherlands Twin Register (NTR:
N = 24 874 twins; surveys around the ages of 7, 10, 12, 14,
16 and 18 years) and two Finnish twin cohorts
(FinnTwin12: N = 4399; 12, 14 and 17 years; FinnTwin16:
N = 4648; 16, 17 and 18 years). Regular participation in

moderate-to-vigorous exercise activities during leisure time
was assessed by survey. Parental education was
dichotomized (“both parents with a low education” vs “at
least one parent with a high education”). The mean in
exercise behavior tended to be higher and the variance
tended to be lower in children of high educated parents.
Evidence for gene-by-environment interaction was weak.
To develop successful interventions that specifically target
children of low educated parents, the mechanisms causing
the mean and variance differences between the two groups
should be better understood.

A wealth of literature supports the notion that regu-
lar physical exercise conveys strong health benefits,
such as a lower risk of cardiovascular disease, dia-
betes and cancer, and improved cardiorespiratory,
musculoskeletal and neuromotor fitness (Janssen &
Leblanc, 2010; Warburton et al., 2010; Garber et al.,
2011). In view of these positive effects that are well-
advertised by public health organizations, it is
surprising that only a modest proportion of the pop-
ulation engages in regular voluntary exercise. This
suggests that we are currently far from understand-
ing the determinants of this important lifestyle
behavior. Twin studies can provide a valuable contri-
bution to this understanding as they allow the disen-
tanglement of genetic and environmental influences
on behavior. Twin studies have investigated the
genetic architecture of exercise behavior across the
lifespan (Huppertz et al., 2012; de Geus et al., 2014).
For younger children, environmental factors shared
by co-twins explain most of the variance in exercise
behavior (Huppertz et al., 2012). For adolescents,

genetic factors have shown to be a major source of
individual differences with heritability estimates
between 50% and 85% and with environmental fac-
tors specific to each twin individual explaining the
remaining variance (van der Aa et al., 2010). In
adults, about 40% of the variance is explained by
genetic factors and 60% is explained by unique envi-
ronmental factors (Stubbe et al., 2006; Vink et al.,
2011).
An important limitation of these twin studies is

that they have ignored the possibility of interaction
between genes and the environment. The expression
of genes and thus also the genetic variance, however,
may depend on environmental circumstances (Pur-
cell, 2002). A more facilitating environment might
increase genetic variance, whereas a more restrictive
environment might suppress genetic effects. Parental
education constitutes an environmental factor that
can be relevant to exercise behavior as both
knowledge of health behaviors and the economic
position, which is positively correlated with parental
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education (Harden et al., 2007), might facilitate the
pursuit of a healthy lifestyle. Parental education has
indeed found to be positively associated with physi-
cal activity in youth (Ferreira et al., 2006; Hanson &
Chen, 2007; Singh et al., 2008). Parental education –
as a single measure or combined with occupational
status and income – has also been shown to modify
the heritability of a whole range of phenotypes in
young individuals, including intelligence (Turkhei-
mer et al., 2003), problem behavior (Rosenberg
et al., 2012) and body-mass index (Lajunen et al.,
2012). Its effect on exercise behavior has not been
modeled in previous studies. If there is an effect of
parental education on exercise behavior, it may work
in two directions: Genetic variance might be lower in
children of high educated parents as their parents
might be more inclined to support their children in
pursuing physical exercise, thereby leaving less
choice to the children of whether to participate in
this behavior. Or genetic variance might be higher in
children of high educated parents as more resources,
including more alternative hobbies and interests,
might be provided, meaning that the children can
freely express their genetic preferences. Although
these mechanisms might not be mutually exclusive
and could cancel each other out, differences in the
magnitude of effects would make it possible to detect
interactions.
A requirement to detect GxE interaction are very

large datasets of twins. Although there are a few
large twin registers in the world, not many of them
have collected data on exercise behavior in children
and adolescents as well as on parental education.
The Netherlands Twin Register (NTR) and two Fin-
nish twin cohorts are exceptions. The NTR was
founded in 1987 at the Vrije Universiteit Amsterdam,
the Netherlands, to study individual differences in
health and behavior (Boomsma et al., 2002; van Bei-
jsterveldt et al., 2013; Willemsen et al., 2013). It has
since grown to be one of the largest twin registers in
the world with around 85 000 twins and their family
members registered to take part in research. Exercise
data in young twins have been collected for more
than 10 years and now provide a rich resource for
research. The University of Helsinki, Finland, hosts
two twin cohorts that include data on twins between
age 12 and 18 years (Kaprio et al., 2002; Kaprio,
2013). In 1991, data collection of the FinnTwin16
cohort was initiated, when twins born in 1975 were
16 years old and it eventually targeted all Finnish
twins born in 1975–1979, with follow-up measures
later on. Data collection of the FinnTwin12 cohort
started in 1994 when the twins born in 1983 were 11–
12 years old and eventually targeted all Finnish
twins born in 1983–1987 that were, again, followed
over time. We are fortunate enough to be able to
base our study on these impressive resources.

Replication of any findings in independent samples is
essential and even though some differences in assess-
ments attenuate comparability, the datasets that will
be used still provide the best possible approximation
of the ideal data that should be used for this study,
even on a world-wide scale. The datasets will be ana-
lyzed separately to account for any differences
between countries and cohorts.
We aim to investigate the role of parental educa-

tion as a potential modifier of exercise behavior from
the ages 7 to 18 years. Genetic models will be fitted
conditional on parental education. It is hypothesized
that higher parental education will be associated
with higher means in offspring’s exercise behavior
and that there will be (genetic) variance differences
between the two groups.

Materials and methods
Participants

The data were derived from the NTR, the FinnTwin12 cohort
and the FinnTwin16 cohort.

The Netherlands Twin Register

In the NTR, parents of twins fill out surveys when their chil-
dren are born and at the ages of 2 (“survey 2”), 3 (“survey 3”),
5 (“survey 5”), 7 (“survey 7”), 9/10 (“survey 10”) and 12 (“sur-
vey 12”) years. From 13 years onwards, the twins are asked to
self-report on their health and behavior every two to three
years. If individuals decide not to participate in one survey,
they will still be approached for subsequent surveys. Partici-
pants are mainly Caucasian and live in all regions of the
Netherlands.

For this particular study, twins were selected with data on
exercise behavior for the surveys around 7, 10, 12, 14, 16 and/
or 18 years of age (with a maximum age range of �2 years)
and data on education of at least one parent. Exclusion crite-
ria were a serious illness or disability (e.g., hemiplegia or heart
disease, N = 354 individuals) and unknown zygosity (N = 1
pair). If participants reported an injury that interferes with
physical activity on surveys 14, 16 and/or 18 years of age, data
were excluded for that specific survey (N = 403 individuals for
survey 14, 439 for survey 16 and 65 for survey 18). The sample
thus consisted of 24 874 twins born between 1986 and 2005
(49% males). Zygosity classification of same-sex twin pairs
was based on blood group or DNA typing for 20% of the
pairs and it was survey-based for 80%. Classification based on
questions on physical similarities and mistaking one twin for
another by relatives and strangers has previously shown 93–
97% agreement with DNA polymorphisms in the NTR (Riet-
veld et al., 2000; Willemsen et al., 2005). Participants con-
sented to take part in research of the NTR and the data
collection protocol was approved by the Medical Research
Ethics Committee of the VU University Medical Center.

The Finnish twin cohort

The Finnish twin data were collected in two young cohorts
(FinnTwin12 and FinnTwin16). At the baseline assessment of
the FinnTwin12 cohort, a survey was mailed to all Finnish
twins born between 1983 and 1987, when they were approxi-
mately 12 years old (N = 5184 twins, response rate: 94%),
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and to their parents (response rates >86%). The twins received
follow-up surveys around the ages of 14 and 17 years.

At the baseline assessment of the FinnTwin16 cohort, sur-
veys were sent out to all Finnish twins born between 1975 and
1979, when they were approximately 16 years old. The surveys
were sent out to the twins (N = 4940 twins, response rate:
88%) and their parents (response rates >79%). The twins were
approached with follow-up surveys around the ages of 17 and
18 years. All participating families provided written informed
consent and the data collection protocol was approved by the
ethics committee of the Department of Public Health, Univer-
sity of Helsinki, and the Institutional Review Board (IRB),
Indiana University.

For FinnTwin12, individuals were selected with data on
education of at least one parent and on exercise behavior
around the ages 12, 14 and/or 17 years. After exclusion of
twins with unknown zygosity (N = 134 pairs), the sample con-
sisted of 4399 individuals (51% males). Zygosity classification
for 72% of the same-sex twin pairs was based on survey items
on physical similarity at school age, supplemented with addi-
tional information such as photographs if classification was
unclear. Zygosity classification based on survey items has
shown 97% correspondence with classification based on DNA
polymorphisms in 395 same-sex twin pairs from the Finn-
Twin12 study (Jelenkovic et al., 2011). For the remaining
pairs, zygosity classification was based on DNA typing.

For FinnTwin16, data were selected of individuals with
information on parental education and on exercise behavior
around the ages 16, 17 and/or 18 years. Exercise measure-
ments were changed to missing when a serious illness or dis-
ability was consistently reported over time (N = 33
individuals). Furthermore, 103 pairs were excluded due to
missing information on zygosity. The sample thus consisted of
4648 individuals of which 48% were males. For 75% of the
same-sex twin pairs, zygosity classification was based on vali-
dated survey items (Sarna et al., 1978) and for 25%, it was
based on DNA typing.

Measures
Parental education

Within the NTR, both mothers and fathers were asked to indi-
cate their level of education shortly after their twins were born
and when the twins were 3, 7 and 10 years old. This informa-
tion was used to classify both mothers and fathers into two
levels (more recent surveys were preferred): (a) low education
(66% of the mothers, 69% of the fathers) and (b) high educa-
tion (34%, 31%). “High education” corresponds to a univer-
sity degree or a university of applied sciences degree. In 313
families, one parent was low educated and the other had not
provided any information on education. These families were
excluded as they could not be clearly assigned to one of the
two groups. Next, the parental data were combined into two
groups of parental education: families where at least one par-
ent was high educated (the other parent could be low edu-
cated, high educated or missing; 43%), and families where
both parents were low educated (57%).

Within the FinnTwin cohorts, both mothers and fathers
indicated their level of education at the baseline assessment
when their twins were 12 (FinnTwin12) or 16 (FinnTwin16)
years old. In these cohorts, “high education” corresponds to a
high school degree that allows entry to further training at a
university. Again, both mothers and fathers were grouped into
two levels of education (mothers of the FinnTwin12 cohort:
62% low, 38% high; fathers of the FinnTwin12 cohort: 76%
low, 24% high; mothers of the FinnTwin16 cohort: 73% low,

27% high; fathers of the FinnTwin16 cohort: 80% low, 20%
high). Families where one parent was low educated and the
other had not provided any information on education were
excluded (N = 260 families for FinnTwin12 and N = 369 fam-
ilies for FinnTwin16). Next, parental data were combined into
two groups: for 44% of the families in the FinnTwin12 cohort,
at least one of the parents was high educated, whereas for
56%, both were low educated. For the FinnTwin16 cohort,
these figures were 34% and 66% respectively. Table 1 depicts
the number of twins and complete twin pairs for each survey
of the NTR, the FinnTwin12 cohort and the FinnTwin16
cohort that were included in this study, split by the two levels
of parental education and sex x zygosity group.

Exercise behavior

Within the NTR, exercise behavior was quantified as weekly
metabolic equivalents of task (MET) hours spent on regular
exercise behavior during leisure time. Exercise behavior was
assessed through parental reports in the surveys around 7, 10
and 12 years of age and by self-reports in the surveys around
14, 16 and 18 years of age. Participants were asked to indicate
what kind of activities their children (parental report) or they
(self-report) participated in and – if any – (a) for how many
years, (b) for how many months a year, (c) how many times a
week and (d) how many minutes each time. Activities that
were done for less than half a year or less than 3 months a
year were excluded (e.g., skiing, sailing camps), as well as
activities that merely increase energy expenditure (e.g., playing
chess), mandatory physical education at school and activities
that are related to transportation (e.g., walking, cycling). If
exercise frequency or duration were missing while the other
one was indicated, the missing value was replaced with the
median of that specific activity within the respective survey
[see Huppertz et al. (2012)]. All reported activities were
assigned a MET score based on Ridley et al.’s (2008) com-
pendium of energy expenditures for youth. The respective
values represent the energy that is expended during the activ-
ity relative to energy expenditure at rest (which would be 1
MET). Weekly MET hours were calculated by summing the
product of frequency, duration and the MET score over all
activities that an individual took part in. Good test-retest reli-
ability of this measure has been established in previous studies
(Stubbe et al., 2007; de Moor et al., 2008). For age 7, data
were provided by both parents for 62% of the children, by
mothers only for 35% of the children and by fathers only for
3% of the children. For age 10, these were 24%, 75% and
1%, respectively, and for age 12, these were 44%, 55% and
1%. As mothers’ and fathers’ ratings correlated high at all
ages (0.73 for age 7, 0.88 for age 10, and 0.89 for age 12), their
ratings were averaged when both parents had reported on the
same child.

Within the FinnTwin cohorts, the twins self-reported on
their exercise behavior across all ages. They were asked how
often they engage in moderate-to-vigorous exercise or sport
activities during their leisure time, with the following answer
options: (a) not at all, (b) less than once a month, (c) one or
two times a month, (d) about once a week (e) two or three
times a week, (f) four or five times a week and (g) just about
every day (or more). For the baseline assessment at age 12 in
the FinnTwin12 cohort, the answer options were different,
namely: (a) daily, (b) a few times a week, (c) a few times a
month, (d) a few times in 6 months and (e) never. They were
reversely scored for the analyses so that a higher score corre-
sponds to a higher exercise level, with “1 = never”, in order to
better match the other assessments. The response categories
were treated as continuous scores in all analyses.
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Data analysis

The analyses were done for each dataset and age group sepa-
rately (six age groups in the NTR, three age groups in FinnT-
win12 and three age groups in FinnTwin16). Twin data allow
the phenotypic variance to be decomposed into variance that
is due to (a) additive genetic factors (“A”), (b) shared environ-
mental factors (“C” for “common”) and (c) unique environ-
mental factors (“E”; which includes measurement error).
Shared environmental factors are common to both individuals
of a twin pair (e.g., growing up in the same family or attending
the same school), whereas unique environmental factors are
unique to each child (e.g., having different friends or non-
shared illnesses).

To get a first indication of the relative contribution of A, C
and E to exercise behavior within the two groups of parental
education, twin correlations were estimated for each of the
five sex x zygosity groups, for children of low vs high educated
parents separately. Monozygotic (MZ) twins are genetically
virtually identical at the sequence level, whereas dizygotic
(DZ) twins share, on average, 50% of their segregating genes.
As environmental influences are assumed to be the same for
MZ and DZ twins, a higher MZ twin resemblance (rMZ
>rDZ) indicates genetic influences. A DZ twin correlation that
is larger than half of the MZ twin correlation indicates envi-
ronmental influences shared by co-twins that make DZ twins
more similar to each other than what would be expected based
on their genetic similarity alone. An MZ twin correlation that
is not unity (rMZ <1) points toward environmental influences

that the two twins of a pair do not share and that therefore
make them more different from each other. This includes mea-
surement error.

Twin correlations may also indicate quantitative and/or
qualitative sex differences. The former denotes that the same
genetic and/or environmental factors operate to different
degrees in males and females, which is reflected in different
twin correlations for males and females. Qualitative sex differ-
ences, in contrast, are present if different genetic and/or shared
environmental factors operate in males and females. This is
reflected in correlations of DZ twins of opposite-sex (DOS)
that cannot be predicted based on the dizygotic male (DZM)
and the dizygotic female (DZF) correlations (Falconer &
Mackay, 1996). Qualitative genetic and shared environmental
sex differences cannot be modeled at the same time. In our
previous work, we found the shared environmental differences
to be more relevant in this respect (Stubbe et al., 2005; Hup-
pertz, 2012).

The twin correlations were derived from saturated models
with separate means and variances for the first-born and the
second-born twin and for each sex x zygosity x parental edu-
cation group. Next, just one mean and one variance were esti-
mated across twin order and zygosity, for both sexes and
parental education groups separately (e.g., one mean for sons
of low educated parents, one mean for sons of high educated
parents, one mean for daughters of low educated parents and
one mean for daughters of high educated parents). One-by-
one, it was tested whether constraining the (a) means of males,
(b) means of females, (c) variances of males or (d) variances of

Table 1. Number of twins (complete pairs), split by parental education and zygosity. (a) Low parental education; (b) High parental education

Survey MZM DZM MZF DZF DOS

(a)
Netherlands Twin Register
7 542 (269) 647 (321) 623 (310) 549 (273) 1165 (580)
10 677 (335) 701 (345) 760 (378) 684 (339) 1433 (708)
12 1344 (664) 1260 (611) 1588 (785) 1281 (630) 2551 (1250)
14 687 (302) 619 (245) 1046 (466) 801 (342) 1370 (555)
16 472 (193) 370 (133) 753 (316) 601 (234) 867 (302)
18 185 (74) 155 (53) 423 (175) 314 (118) 390 (122)
FinnTwin12
12 394 (195) 413 (204) 426 (212) 377 (187) 811 (401)
14 364 (180) 371 (182) 398 (196) 336 (164) 726 (347)
17 323 (157) 335 (161) 375 (183) 308 (149) 645 (308)
FinnTwin16
16 397 (196) 520 (254) 549 (274) 476 (236) 1122 (556)
17 364 (175) 489 (236) 536 (265) 456 (224) 1066 (513)
18 353 (169) 485 (234) 527 (260) 465 (227) 1053 (499)
(b)
Netherlands Twin Register
7 603 (301) 580 (289) 643 (320) 535 (266) 1091 (541)
10 644 (321) 644 (318) 645 (321) 502 (248) 1160 (575)
12 954 (474) 944 (466) 1128 (560) 813 (401) 1954 (962)
14 554 (239) 525 (229) 781 (348) 586 (261) 1193 (493)
16 386 (166) 361 (135) 553 (231) 358 (130) 783 (285)
18 140 (59) 141 (51) 271 (111) 187 (78) 320 (111)
FinnTwin12
12 318 (158) 347 (171) 322 (160) 301 (147) 629 (308)
14 284 (138) 317 (155) 298 (148) 286 (140) 597 (289)
17 256 (126) 281 (136) 291 (143) 275 (137) 542 (262)
FinnTwin16
16 236 (116) 248 (121) 312 (154) 253 (123) 493 (245)
17 221 (108) 239 (116) 306 (151) 252 (122) 472 (229)
18 220 (106) 238 (114) 308 (152) 247 (118) 478 (233)

MZM = monozygotic male; DZM = dizygotic male; MZF = monozygotic female; DZF = dizygotic female; DOS = dizygotic of opposite-sex.
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females to be equal across parental education led to a signifi-
cant deterioration of the model fit. This was done to identify
any differences in means or variances between children of low
vs high educated parents. A stringent alpha level of 0.01 was
chosen to account for the large number of tests in this study.

Next, a series of genetic models were fitted to the data.
First, an ACE model was fitted allowing for quantitative and
qualitative sex differences in the variance components and sex
differences in the means. In order to control for gene-environ-
ment correlation, separate means were estimated for children
of low and high educated parents (Purcell, 2002). For children
of low vs high educated parents separately, the phenotypic
variance of exercise behavior was decomposed into additive
genetic variance, shared environmental variance and unique
environmental variance. The latent A-components were con-
strained to correlate 1 for MZ twins (100% shared genes) and
0.5 for DZ twins (50% shared genes). The latent C-compo-
nents were constrained to correlate 1 for both types of (same-
sex) twins and the E-components were, by definition, not
allowed to correlate.

Separate parameters were estimated for males and females
to allow for quantitative sex differences and the correlations
between the C-components were initially estimated freely for
DOS twins to allow for qualitative sex differences at the out-
set, whereas correlations between the A-components were not
allowed to vary, in accordance with our previous work
(Stubbe et al., 2005; Huppertz, 2012). Next, it was tested
whether the correlations between the C-components of DOS
twins could be constrained to 1 without a significant deteriora-
tion of the model fit (a = 0.01). Only if this did not change the
model fit significantly, subsequent tests for differences in the
variance components between children of low and high edu-
cated parents were performed on the ACE models without
qualitative sex differences.

In order to identify differences in the variance decomposi-
tion between children of low vs high educated parents, various
constraints were subsequently imposed on the unstandardized
variance components. For males and females separately, it
was tested whether equating the A-, C- and E-components for
children of low and high educated parents, simultaneously
and one-by-one, led to a significant deterioration of the model
fit (Purcell, 2002). For the simultaneous test, again a stringent
alpha level of 0.01 was chosen to account for the large number
of tests, and for the separate tests, a Bonferroni correction
was applied (a = 0.01/3). For all analyses, the raw-data maxi-
mum likelihood procedure was used to estimate the parame-
ters. Nested submodels were compared with hierarchic v2-
tests. The �2 log-likelihood (LL) of the constrained model
was subtracted from the �2LL of the less constrained model,
and significance was tested based on the v2-distribution and
given the difference in degrees of freedom between the respec-
tive models. All analyses were run with the software package
OpenMx 2.0.1 in R 3.1.2 (Boker et al., 2011).

Results

Table 2 contains the means and variances of exercise
behavior for each survey, stratified by sex and paren-
tal education, as well as the mean ages with standard
deviations. In the NTR, means and variances of
exercise behavior tended to increase with age. Mean
exercise behavior was lower for children of parents
with a low education in 7-, 10-, 12-, 14- and 16-year-
old females and for 12-year-old males. Means were
also lower at other ages, but this did not reach

statistical significance. The variance in exercise
behavior tended to be larger in children of parents
with a low education – the effect was significant for 5
of the 12 comparisons. For 18-year-old females, an
effect in the opposite direction was found, with a sig-
nificantly lower variance in the group of low edu-
cated parents. In the Finnish twin cohorts, means and
variances were relatively stable across ages. The
means do not represent “mean frequency”, but
rather the mean of the response categories that were
assessed. It is important to note that the means at
age 12 reflect a 5-point scale, whereas at the other
ages, they reflect a 7-point scale, which explains the
much lower means for age 12. Again, means were
consistently lower for children of parents with a low
education, whereas the variances were consistently
larger for this group, with the exception of 18-year-
old females in the FinnTwin16 cohort. However, as
indicated by the p-values, the differences in means
and variances were partly significant in the FinnT-
win12 cohort, but not in the FinnTwin16 cohort.
Table 3 depicts the twin correlations and their

99% confidence intervals (CIs). In the NTR, MZ cor-
relations were consistently higher than DZ twin cor-
relations, with the exception of 16-year-old
daughters of high educated parents, and the same-
sex DZ twin correlations were larger than half of the
MZ twin correlations in all but a few cases, implying
that both genetic effects and shared environmental
effects contribute to the variance in children’s and
adolescents’ exercise behavior. DZ correlations
tended to be higher for females than for males,
implying a larger influence of shared environmental
factors in females. Especially for the younger ages,
the DOS correlations were lower than what would be
expected based on the same-sex DZ correlations,
suggesting qualitative sex differences. In the Finnish
twin cohorts, the MZ twin correlations were – with
the exception of 14-year-old daughters of high edu-
cated parents – consistently higher than the DZ cor-
relations and the same-sex DZ correlations were
higher than half of the MZ correlations, with three
exceptions. The twin correlations of males and
females were fairly similar, but the DOS correlations
were consistently lower than the same-sex DZ corre-
lations.
Figure 1, Table 4 and Figure 2 contain the results

of the genetic model fitting. The full ACE models
were compared to models that did not allow for
qualitative sex differences. In the NTR, qualitative
sex differences were present for the ages 7, 10 and
12 years in both groups of parental education, but
not for the ages 14, 16 and 18 years. The figures thus
depict the A, C and E estimates of the models with a
freely estimated correlation between the C-compo-
nents for DOS twins for the first three age groups
and with a correlation that was constrained to 1 for
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the last three age groups. In the Finnish twin cohorts,
the genetic models revealed that there were no sex-
specific shared environmental effects and thus quali-
tative sex differences were not taken into account in
the ACE models. Figure 1 depicts the unstandard-
ized variance components (A, C, E), for children of
low vs high educated parents separately. Table S1
contains the exact numbers with 99% CIs.
In the NTR, the variance of the unstandardized A-

components tended to be attenuated in children of
high educated parents compared to children of low
educated parents. The C-components tended to be
smaller in daughters of low educated parents with a
large and statistically significant effect in 16-year-
olds. In the Finnish twin cohorts, no consistent
differences in the unstandardized A-components
according to parental education could be observed.
The genetic variance tended to be lower in children
of parents with a high education in FinnTwin12 but
higher in FinnTwin16. The shared environmental
variance in males of the FinnTwin12 cohort and in

both males and females of the FinnTwin16 cohort
tended to be lower in high educated parents with the
exception of 18-year-old females in the FinnTwin16
cohort. The E-component was consistently lower in
children of high educated parents, with the exception
of 14-year-old females of the FinnTwin12 cohort.
Table 4 depicts the model fitting indices of the

models (a) simultaneously constraining the unstan-
dardized A, C and E to be equal across groups of
parental education, (b) only constraining the unstan-
dardized A to be equal, (c) only constraining the
unstandardized C to be equal and (d) only constrain-
ing the unstandardized E to be equal across the two
groups. In the NTR, comparing the models that esti-
mated A, C and E freely for the two groups and the
models that equated the three components at the
same time led to significant p-values in the ages 7, 14
and 16 for males and in all but the last age group for
females. Subsequently constraining each variance
component separately indicated significant differ-
ences after Bonferroni correction – namely in males,

Table 2. Means and variances of weekly MET hours (NTR) and items on frequency of exercise behavior (FinnTwin), split by sex and parental

education, and P-values that result from equating means or variances to be equal for children of low and high educated parents. (a) Males; (b)

Females

Survey Mean age (SD) Low parental education High parental education P-value mean* P-value variance*

(a)
Netherlands Twin Register
7 7.53 (0.34) 14.31 (151.00), 1772 15.27 (127.40), 1727 0.04 2.6e-3
10 9.83 (0.44) 22.36 (388.51), 2092 22.88 (363.64), 1867 0.46 0.20
12 12.24 (0.39) 24.54 (437.36), 3872 27.33 (454.48), 2872 3.3e-6 0.33
14 14.63 (0.59) 29.05 (909.67), 1939 31.18 (734.93), 1648 0.04 2.1e-5
16 16.87 (0.44) 30.76 (1175.00), 1212 32.67 (944.54), 1114 0.19 4.2e-4
18 18.76 (0.53) 24.43 (800.51), 491 23.78 (731.59), 410 0.75 0.37
FinnTwin12
12 11.42 (0.30) 3.39 (2.00), 1215 3.65 (1.55), 980 7.9e-5 1.3e-4
14 14.05 (0.09) 5.05 (2.42), 1088 5.13 (2.10), 896 0.25 0.04
17 17.62 (0.22) 4.79 (2.97), 970 5.02 (2.56), 804 9.7e-3 0.04
FinnTwin16
16 16.17 (0.13) 4.69 (2.82), 1475 4.81 (2.76), 730 0.14 0.76
17 17.14 (0.08) 4.78 (2.82), 1372 4.99 (2.71), 693 0.02 0.57
18 18.61 (0.17) 4.69 (2.71), 1344 4.78 (2.52), 694 0.25 0.31

Survey Mean age (SD) Low parental education High parental education P-value mean* P-value variance*

(b)
Netherlands Twin Register
7 7.51 (0.34) 9.47 (92.24), 1754 10.63 (85.97), 1725 1.9e-3 0.21
10 9.85 (0.43) 14.58 (244.58), 2163 16.61 (229.69), 1728 4.3e-4 0.24
12 12.24 (0.39) 16.53 (317.13), 4152 19.32 (303.72), 2921 1.9e-8 0.28
14 14.63 (0.61) 19.58 (625.80), 2584 23.32 (519.88), 1991 2.6e-6 5.2e-5
16 16.89 (0.46) 18.16 (567.56), 1851 22.34 (585.12), 1327 1.3e-5 0.58
18 18.76 (0.49) 14.68 (434.10), 976 17.77 (528.98), 649 0.01n.s. 8.7e-3
FinnTwin12
12 11.41 (0.30) 2.85 (2.11), 1206 3.04 (2.08), 937 9.3e-3 0.80
14 14.04 (0.08) 4.90 (2.41), 1107 5.08 (1.97), 886 0.02 3.5e-3
17 17.61 (0.23) 4.80 (2.62), 1016 5.00 (2.19), 841 1.3e-2 1.2e-2
FinnTwin16
16 16.15 (0.13) 4.67 (2.46), 1589 4.68 (2.13), 812 0.90 0.03
17 17.13 (0.07) 4.74 (2.27), 1539 4.84 (1.97), 797 0.16 0.04
18 18.59 (0.16) 4.72 (2.13), 1539 4.70 (2.20), 797 0.74 0.64

*Compared to the model where means and variances are equal across twin order and zygosity status, but not across sex and parental education.
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a lower E-component with high educated parents for
7-year-olds, and in females, lower A-components
with high educated parents for the ages 10, 12, 14
and 16 years, a higher C-component for age 16 and
higher E-components for the ages 10, 12 and 14. In
the Finnish twin cohorts, few of the observed differ-
ences were significant. For the FinnTwin12 cohort,
constraining A, C and E simultaneously led to a sig-
nificant deterioration of the model fit for 12-year-old
males and for 14-year-old females. For the FinnT-
win16 cohort, significant differences were apparent
for 16-year-old males and both males and females
aged 17 years old. Post-hoc tests consistently
revealed significant differences in the E-components,
with a smaller unique environmental variances in
children of higher educated parents.
Figure 2 depicts the variance components relative

to the total variance (e.g., for A: A/V) as percent-
ages. The exact numbers with 99% CIs can be
found in Table S2. In the NTR, the relative contri-
bution of genetic effects to the total variance tended
to be lower in children of high educated parents
compared to children of low educated parents,
whereas the relative influence of shared and non-
shared environmental effects was comparable
between the two groups, in accordance with the
findings for the unstandardized variance compo-
nents. In the Finnish twin cohorts, patterns were
again less consistent.

Discussion

This study aimed to investigate the role of parental
education as a potential modifier of genetic and envi-
ronmental effects on exercise behavior in children
and adolescents based on data of the NTR and two
Finnish twin cohorts. To this end, means, variances
and genetic and environmental variance components
were compared between children with two low edu-
cated parents and children with at least one high edu-
cated parent. Based on twin data, it was tested
whether (a) means and variances were different for the
two groups and (b) whether the contribution of genetic,
shared environmental and unique environmental fac-
tors to the variance in exercise behavior differed. It was
hypothesized that higher parental education would be
associated with a higher mean in offspring’s exercise
behavior which was largely confirmed in both the
Dutch and the Finnish data. Total variances tended to
be lower in children of high educated parents. Evidence
for gene-by-environment interaction was weak. Data
in Dutch females partly supported the hypothesis of a
reduction in genetic variance in children of high edu-
cated parents, but data of males did not. The Finnish
data provided no support at all.
Based on a large number of previous studies, we

expected that children of high educated parents
would exercise more than children of low educated
parents (Ferreira et al., 2006; Hanson & Chen, 2007;

Table 3. Twin correlations, split by zygosity and parental education (99% CIs). (a) Netherlands Twin Register; (b) The Finnish twin cohorts

Zygosity Education Survey 7 Survey 10 Survey 12 Survey 14 Survey 16 Survey 18

(a)
MZM Low 0.90 (0.86; 0.92) 0.90 (0.87; 0.92) 0.87 (0.85; 0.90) 0.57 (0.46; 0.66) 0.60 (0.46; 0.70) 0.64 (0.43; 0.78)

High 0.91 (0.88; 0.93) 0.89 (0.86; 0.92) 0.88 (0.85; 0.90) 0.53 (0.40; 0.63) 0.43 (0.25; 0.57) 0.47 (0.18; 0.68)
DZM Low 0.80 (0.74; 0.84) 0.57 (0.47; 0.66) 0.61 (0.54; 0.67) 0.38 (0.24; 0.51) 0.41 (0.19; 0.58) 0.45 (0.17; 0.66)

High 0.80 (0.74; 0.85) 0.70 (0.62; 0.77) 0.62 (0.54; 0.68) 0.31 (0.15; 0.46) 0.23 (�0.01; 0.44) 0.33 (�0.01; 0.59)
MZF Low 0.89 (0.85; 0.92) 0.91 (0.88; 0.93) 0.92 (0.91; 0.93) 0.74 (0.68; 0.79) 0.64 (0.55; 0.72) 0.58 (0.45; 0.69)

High 0.86 (0.81; 0.89) 0.85 (0.81; 0.89) 0.86 (0.83; 0.88) 0.51 (0.40; 0.60) 0.61 (0.50; 0.70) 0.74 (0.59; 0.83)
DZF Low 0.82 (0.76; 0.87) 0.67 (0.58; 0.74) 0.69 (0.64; 0.74) 0.45 (0.32; 0.56) 0.26 (0.11; 0.40) 0.15 (�0.09; 0.37)

High 0.81 (0.75; 0.86) 0.80 (0.74; 0.85) 0.76 (0.70; 0.81) 0.39 (0.24; 0.52) 0.67 (0.49; 0.78) 0.16 (�0.15; 0.44)
DOS Low 0.40 (0.30; 0.48) 0.38 (0.29; 0.46) 0.40 (0.34; 0.46) 0.13 (0.03; 0.24) 0.20 (0.04; 0.34) 0.35 (0.15; 0.51)

High 0.50 (0.41; 0.58) 0.45 (0.36; 0.53) 0.44 (0.37; 0.51) 0.28 (0.16; 0.39) 0.21 (0.05; 0.35) 0.20 (�0.05; 0.42)

Zygosity Education FinnTwin12 FinnTwin16

Survey 12 Survey 14 Survey 17 Survey 16 Survey 17 Survey 18

(b)
MZM Low 0.70 (0.59; 0.78) 0.66 (0.54; 0.76) 0.71 (0.59; 0.79) 0.64 (0.52; 0.74) 0.59 (0.45; 0.70) 0.63 (0.50; 0.74)

High 0.59 (0.44; 0.71) 0.62 (0.46; 0.73) 0.77 (0.65; 0.85) 0.75 (0.63; 0.84) 0.75 (0.62; 0.84) 0.72 (0.58; 0.82)
DZM Low 0.50 (0.35; 0.62) 0.43 (0.26; 0.57) 0.41 (0.22; 0.57) 0.41 (0.26; 0.53) 0.37 (0.21; 0.51) 0.38 (0.22; 0.52)

High 0.46 (0.29; 0.60) 0.31 (0.11; 0.48) 0.49 (0.29; 0.64) 0.49 (0.29; 0.65) 0.44 (0.22; 0.61) 0.38 (0.16; 0.57)
MZF Low 0.70 (0.60; 0.78) 0.66 (0.55; 0.75) 0.64 (0.52; 0.74) 0.71 (0.62; 0.78) 0.70 (0.61; 0.77) 0.66 (0.56; 0.74)

High 0.70 (0.59; 0.79) 0.49 (0.31; 0.63) 0.65 (0.51; 0.76) 0.68 (0.55; 0.78) 0.79 (0.70; 0.86) 0.74 (0.63; 0.82)
DZF Low 0.61 (0.47; 0.71) 0.41 (0.23; 0.57) 0.32 (0.12; 0.50) 0.44 (0.29; 0.56) 0.50 (0.36; 0.62) 0.30 (0.13; 0.45)

High 0.66 (0.52; 0.76) 0.51 (0.33; 0.65) 0.43 (0.23; 0.59) 0.51 (0.31; 0.66) 0.43 (0.22; 0.60) 0.31 (0.09; 0.51)
DOS Low 0.28 (0.15; 0.39) 0.28 (0.15; 0.40) 0.22 (0.08; 0.35) 0.19 (0.08; 0.29) 0.20 (0.09; 0.31) 0.20 (0.09; 0.31)

High 0.34 (0.20; 0.46) 0.08 (�0.07; 0.23) 0.15 (�0.01; 0.30) 0.20 (0.04; 0.35) 0.24 (0.08; 0.39) 0.25 (0.09; 0.40)

Based on the fully saturated model; MZM = monozygotic male; DZM = dizygotic male; MZF = monozygotic female; DZF = dizygotic female;

DOS = dizygotic of opposite-sex.
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Singh et al., 2008). This trend was indeed seen both
in the Dutch and the Finnish data, but significant
differences were mainly seen in Dutch females which
is in accordance with previous studies suggesting a
stronger association between socioeconomic status
(Hanson & Chen, 2007), as well as parental educa-
tion in particular (Drewnowski et al., 1994), and
exercise behavior in females than in males. Hanson
and Chen argued that males might be physically
more active whilst interacting with their peers,
whereas for females, exercise levels might be more
dependent on structured activities that in turn are
more likely to involve parental influence. As an addi-
tion to our analyses, we calculated the percentage of

non-exercisers for both parental education groups
separately and found that this percentage was consis-
tently – and for a large part significantly – lower in
children of high educated parents (Table S3).
It is not known why children of high educated par-

ents exercise more than children of low educated par-
ents, but several possible mechanisms have been
proposed. Most obviously, high educated parents
might be more aware of the benefits of regular exer-
cise behavior and might therefore be more inclined
to promote this behavior in their children. In addi-
tion, these parents are likely to have better financial
resources to promote healthy behavior. It has also
been shown that high educated parents spent more

(a) Netherlands Twin Register
Survey 7 Survey 10 Survey 12

Survey 14 Survey 16 Survey 18

(b) FinnTwin12

Survey 12 Survey 14 Survey 17

(c) FinnTwin16

Survey 16 Survey 17 Survey 18

Fig. 1. Unstandardized additive genetic (dark gray), shared environmental (gray) and non-shared environmental (light gray)
variance components, split by sex and parental education (M/l = males, low educated parents; M/h = males, high educated
parents; F/l = females, low educated parents; F/h = females, high educated parents). (a) Netherlands Twin Register; (b)
FinnTwin12; (c) FinnTwin16.
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Table 4. Model fit indices for constraining the unstandardized additive genetic (A), shared environmental (C) and non-shared environmental (E)

variance component to be equal for children of low and high educated parents, split by sex

Survey Model* Males Females

�2LL v2 Ddf P-value �2LL v2 Ddf P-value

Netherlands Twin Register
7 Full model** 49 321.1 – – – 49 321.1 – – –

ACE equal 49 342.3 21.2023 3 9.6e-5 49 333.0 11.8514 3 0.0079
A equal 49 321.1 0.0431 1 0.8355 49 327.6 6.5305 1 0.0106
C equal 49 324.1 2.9934 1 0.0836 49 321.3 0.2325 1 0.6297
E equal 49 330.7 9.5878 1 0.0020 49 329.5 8.4230 1 0.0037

10 Full model 63 814.2 – – – 63 814.2 – – –
ACE equal 63 817.2 3.0086 3 0.3903 63 830.4 16.2249 3 0.0010
A equal 63 815.3 1.0721 1 0.3005 63 824.0 9.8151 1 0.0017
C equal 63 814.3 0.0701 1 0.7912 63 815.9 1.7513 1 0.1857
E equal 63 814.4 0.2628 1 0.6082 63 824.8 10.592 1 0.0011

12 Full model 115 286.6 – – – 115 286.6 – – –
ACE equal 115 287.7 1.1094 3 0.7748 115 340.6 53.9805 3 1.1e-11
A equal 115 286.6 0.0004 1 0.9835 115 304.1 17.5573 1 2.8e-5
C equal 115 286.8 0.2302 1 0.6314 115 291.9 5.2743 1 0.0216
E equal 115 286.8 0.1943 1 0.6594 115 333.1 46.4837 1 9.2e-12

14 Full model 75 413.3 – – – 75 413.3 – – –
ACE equal 75 432.0 18.7622 3 0.0003 75 462.5 49.2505 3 1.2e-10
A equal 75 414.5 1.2905 1 0.2560 75 422.6 9.3752 1 0.0022
C equal 75 413.3 0.0024 1 0.9607 75 413.3 0.0452 1 0.8317
E equal 75 413.4 0.0011 1 0.9739 75 442.4 29.1015 1 6.9e-8

16 Full model 51 489.3 – – – 51 489.3 – – –
ACE equal 51 509.8 20.4875 3 0.0001 51 502.9 13.5651 3 0.0036
A equal 51 492.6 3.2733 1 0.0704 51 501.8 12.4781 1 0.0004
C equal 51 489.5 0.1611 1 0.6882 51 502.8 13.4432 1 0.0002
E equal 51 494.4 5.1001 1 0.0239 51 490.0 0.7140 1 0.3981

18 Full model 22 933.5 – – – 22 933.5 – – –
ACE equal 22 936.8 3.3488 3 0.3409 22 940.9 7.4019 3 0.0601
A equal 22 934.2 0.7744 1 0.3789 22 935.6 2.1312 1 0.1443
C equal 22 933.5 0.0339 1 0.8540 22 933.7 0.2127 1 0.6446
E equal 22 935.6 2.1406 1 0.1434 22 933.5 0.0129 1 0.9097

FinnTwin12
12 Full model 14 383.8 – – – 14 383.8 – – –

ACE equal 14 399.3 15.5043 3 0.0014 14 385.6 1.8028 3 0.6143
A equal 14 384.2 0.4042 1 0.5249 14 384.4 0.6510 1 0.4198
C equal 14 385.1 1.2857 1 0.2568 14 384.5 0.6710 1 0.4127
E equal 14 384.9 1.0828 1 0.2981 14 384.0 0.2017 1 0.6534

14 Full model 14 024.6 – – – 14 024.6 – – –
ACE equal 14 030.2 5.5637 3 0.1349 14 038.8 14.1226 3 0.0027
A equal 14 025.3 0.6893 1 0.4064 14 030.5 5.8522 1 0.0156
C equal 14 026.1 1.4513 1 0.2283 14 026.8 2.1491 1 0.1427
E equal 14 024.7 0.0625 1 0.8026 14 026.0 1.3333 1 0.2482

17 Full model 13 267.4 – – – 13 267.4 – – –
ACE equal 13 277.6 10.2019 3 0.0169 13 277.7 10.3034 3 0.0162
A equal 13 267.4 1.47e-6 1 0.9990 13 268.4 0.9438 1 0.3313
C equal 13 267.5 0.0344 1 0.8528 13 268.0 0.5421 1 0.4616
E equal 13 273.9 6.4670 1 0.0110 13 270.7 3.2928 1 0.0696

FinnTwin16
16 Full model 16 713.3 – – – 16 713.3 – – –

ACE equal 16 725.0 11.7615 3 0.0082 16 721.0 7.7081 3 0.0524
A equal 16 716.4 3.0935 1 0.0786 16 713.3 0.0282 1 0.8665
C equal 16 714.6 1.2825 1 0.2574 16 713.4 0.1037 1 0.7474
E equal 16 723.6 10.3076 1 0.0013 16 715.9 2.6574 1 0.1031

17 Full model 15 760.7 – – – 15 760.7 – – –
ACE equal 15 773.0 12.3249 3 0.0063 15 778.1 17.4459 3 0.0006
A equal 15 764.2 3.5088 1 0.0610 15 766.3 5.5907 1 0.0181
C equal 15 762.3 1.5564 1 0.2122 15 766.7 6.0525 1 0.0139
E equal 15 773.0 12.3126 1 0.0004 15 774.2 13.5205 1 0.0002

18 Full model 15 638.5 – – – 15 638.5 – – –
ACE equal 15 642.2 3.7706 3 0.2873 15 645.9 7.4005 3 0.0602
A equal 15 638.9 0.4028 1 0.5256 15 640.1 1.5935 1 0.2068
C equal 15 638.7 0.2720 1 0.6020 15 638.5 0.0501 1 0.8229
E equal 15 641.6 3.1229 1 0.0772 15 645.3 6.7912 1 0.0092

*The unstandardized variance components were equated simultaneously (ACE) and separately (A, C, E).

**Includes males and females.
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time with their children and that they are better at
effectively tailoring their own behavior to their chil-
dren’s specific needs. In addition to a more sensitive
and responsive handling of their children, these par-
ents are also thought to be more effective at manag-
ing their children’s lives, including recreational
activities, and at promoting talent and skill develop-
ment (Kalil et al., 2012). It is reasonable to assume
that these more optimal parenting behaviors ulti-
mately lead to healthier behavior in the children.
This direct effect of parenting might mainly apply

to younger children that are more dependent on their
parents when it comes to exercise activities as
opposed to older children (Huppertz, 2012). Adoles-
cents, in contrast, spend less time at home and the

direct influence of parents might be outweighed by
the influence of peers and the school environment
(West, 1997). In this age group, the influence of par-
ents may take a more indirect path. High educated
parents tend to have high educated children that in
turn might pursue health behaviors to take care of
themselves, although their priorities might lie else-
where. It is important to shed further light on the
possible mechanisms causing children of low edu-
cated parents to exercise less in order to develop
effective interventions.
Interestingly, we also found a consistent trend for

a lower variance in children of high educated par-
ents, both in the Dutch and the Finnish data,
although only a few differences were significant.

(a) Netherlands Twin Register
Survey 7 Survey 10 Survey 12

Survey 14 Survey 16 Survey 18

(b) FinnTwin12
Survey 12 Survey 14 Survey 17

(c) FinnTwin16
Survey 16 Survey 17 Survey 18

Fig. 2. Standardized additive genetic (dark gray), shared environmental (gray) and non-shared environmental (light gray)
variance components, split by sex and parental education (M/l = males, low educated parents; M/h = males, high educated
parents; F/l = females, low educated parents; F/h = females, high educated parents). (a) Netherlands Twin Register; (b)
FinnTwin12; (c) FinnTwin16.
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Variance differences are hardly even mentioned in
studies that assess differences in health behavior by
education level. There is no reason to assume that
parental education only affects mean levels of exer-
cise behavior and not the variance, however.
Voluntary exercise behavior has been hypothesized

to be influenced by genetic effects on the general
drive to be physically active, on exercise ability and
on the balance of the appetitive and aversive effects
in the psychological response during and shortly
after exercise (de Geus & de Moor, 2008). We
expected these genetic effects to be affected by paren-
tal education. There was a tendency for the unstan-
dardized genetic components to be attenuated in
daughters of high educated parents in the Dutch
data. Combined with the fact that exercise behavior
is higher in this group, these children or their parents
may be more capable to suppress an unfavorable
genetic predisposition that would prevent engage-
ment in regular voluntary exercise behavior, such as
a low innate drive, ability and/or enjoyment. Low
educated parents may leave the choice to exercise
much more to the children themselves, thereby
increasing genetic variance. However, neither in the
Dutch data of males nor in the two large Finnish
twin cohorts, a clear pattern in the variance decom-
position emerged. One possible explanation could be
that for part of the sample, the genetic variance was
actually larger in high educated parents, as outlined
in the introduction, which might have attenuated the
effect of a lower genetic variance in the remainder of
the sample. Additional covariates such as parenting
style and (financial) resources should be assessed and
taken into account in the future in order to differen-
tiate between possibly diverse groups in this regard.
The most consistent finding in the Finnish data was
that the unique environmental variance tended to be
higher in children of low educated parents. Possible
reasons for this could be earlier individuation of chil-
dren in low educated families and/or more twin-spe-
cific peer influences in this group, or simply more
measurement error.
When interpreting our results, one should bear in

mind some fundamental differences between the
Dutch and the Finnish data. First of all, the defini-
tion of what constitutes a “high education” was lar-
gely different in the two datasets. In the Dutch
dataset, a high education corresponded to a univer-
sity degree or a university of applied sciences degree.
In the Finnish dataset, this was a high school degree
which is a requirement, but no guarantee, for univer-
sity education. Although the distribution of low vs
high educated individuals turned out to be compara-
ble (about 40% high and 60% low), a relatively high
educational level in the “low education” group of the
Dutch dataset and a relatively low education level in
the “high education” group of the Finnish dataset

may have occurred. Second, exercise behavior was
quantified as weekly MET hours in the Dutch twins
and as frequency of moderate-to-vigorous activity in
the Finnish twins. The former takes duration and
intensity of the activity into account, the latter does
not. A person that exercises twice a week, for
instance, might have a weekly MET hours score that,
depending on the activity and the duration, could
vary between 2 (2 9 15 min at an intensity of 4
MET) and 20 (2 9 60 min at an intensity of 10
MET) or more. The partly differential findings in the
Dutch and Finnish datasets may thus reflect differ-
ences in assessments and should not be interpreted as
genuine differences between the two countries based
on cultural or even genetic effects.
Gene-by-environment (GxE) interaction has been

investigated several times with physical activity as a
potential modifier of, for instance, body size and/or
body composition, with promising results. Both,
effects of physical activity on the heritability of body
size/composition (Mustelin et al., 2009) and effects
of physical activity on expression of specific genes
related to body size/composition have been reported
(Vimaleswaran et al., 2009). Taken the substantial
genetic contribution to physical activity (den Hoed
et al., 2013) and the genetic correlations between
exercise, fitness and body composition (Mustelin
et al., 2011), these studies might qualify as tests of
gene-by-gene interaction, which may apply to the
present study as well. The exposure to certain envi-
ronments (such as parental education) is partly
under genetic control (Kendler & Eaves, 1986),
which adds complexity to the interpretation of the
results. Moreover, there might be gene frequency dif-
ferences present in the two parental education
groups. If the genes in question then also affect chil-
dren’s exercise behavior, this gene-environment cor-
relation (rGE) might lead to results that mimic GxE
interaction in absence of any true interaction. One
way to control for rGE is estimating separate means
for low and high educated parents, which has been
done in the present study (Purcell, 2002).
Notwithstanding its limitations, this study consti-

tutes a relevant addition to the literature as it is the
first to investigate GxE interaction with exercise
behavior as the outcome variable. Identifying GxE
interaction is of importance for at least two reasons.
From a public health perspective, identifying modi-
fiers of genetic effects on exercise behavior can
improve intervention strategies. From a scientific
perspective, the identification of GxE interaction
might improve gene-hunting studies as these could
add an interaction term (Sung et al., 2014). This
would not only increase the probability to find signif-
icant associations, but it may also lead to the identifi-
cation of loci or genes that are selectively expressed
under certain circumstances.
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Perspective

Our study found only weak evidence for GxE inter-
action effects of parental education on children’s and
adolescents’ exercise behavior. Nonetheless, the
fairly consistent trends in the expected directions for
the means and the total variances of exercise behav-
ior in both datasets do point to a role for parental
education in offspring exercise behavior. The lower
genetic variances in exercise behavior in Dutch
daughters of high educated parents suggest that these
trends could in part be due to a suppression of
genetic effects in children of high educated parents
that would act against exercise behavior. That signif-
icant effects were found in females only fits the stron-
ger association between socioeconomic status, as
well as parental education, and physical activity in
females that has been reported in previous studies
(Drewnowski et al., 1994; Hanson & Chen, 2007). A
better understanding of the parental behaviors that
lead to the observed patterns is needed to develop
appropriate interventions that increase exercise
behavior in children of low educated parents. In
addition, it is of importance that further GxE inter-
action studies with exercise behavior as the outcome
variable are performed to shed more light on poten-
tial modifiers of this behavior and for comparability
purposes.

Key words: Gene-environment interaction, family
environment, genetics, physical activity, sport,
health, adolescence.
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