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ABSTRACT
Introduction: Genetic factors contribute to individual differences in physical activity, but it
remains uncertain whether the magnitude of the genetic effects is modified by variations in home
environments. We aimed to examine to what extent the psychosocial home environment in
childhood and adolescence modifies the genetic influences on leisure-time physical activity in

D

young adulthood. Methods: Participants were Finnish twins (N=3,305) who reported their
leisure-time physical activity at age 24. The psychosocial home environment was assessed by

EP
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twins at ages 12, 14 and 17, as well as by their parents when the twins were age 12. Gene–
environment interaction modeling was performed with OpenMx software. Results: Parental
ratings of positive home atmosphere as well as the twins’ ratings of both positive home
atmosphere at age 14 and lower relational tensions at ages 12 and 14 predicted higher leisuretime physical activity levels in young adulthood (regression coefficients 0.33–0.64). Parental
perceptions as well as the twins’ perceptions of positive home atmosphere at ages 14 and 17
increased the additive genetic variation (moderation effects 0.60, 95% CI 0.26–1.05; 0.55, 95%

C

CI 0.29–0.80 and 0.52, 95%CI 0.19–0.87, respectively). The twins’ ratings of positive home

C

atmosphere at age 12 and lower relational tensions at ages 12 and 14 increased the unique
environmental variation of their subsequent physical activity (moderation effects 0.46, 95% CI

A

0.19–0.60; 0.48, 95% CI 0.29–0.64 and 0.85, 95% CI 0.12–0.95, respectively). Conclusions: A
psychosocial home environment that is warm and supportive in childhood and adolescence not
only increases the mean level of subsequent leisure-time physical activity in young adulthood,
but also modifies the genetic and environmental variances in leisure-time physical activity.

KEY WORDS: Adolescence, Childhood, Exercise, Home atmosphere, Longitudinal, Twins
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Numerous twin and family studies have indicated that both genetic and environmental
factors contribute to individual differences in physical activity (1-4). To date, the proportion of
the variance in physical activity attributable to genetic effects has been found to range from 27%
to 84% in twin and family studies (1-6). Two of these studies, one from Finland (6) and the other
from the Netherlands (4), have longitudinally tracked genetic and environmental influences in

D

childhood, adolescence and young adulthood confirming that the nature of genetic and
environmental influences affecting physical activity is not stable, (i.e., genetic and environmental
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influences are age- and population-specific). The role of environmental factors shared by cotwins, such as the home environment, has been suggested by both of these studies, but in the
Dutch study shared environmental effects were very strong in early childhood. Due to the small
effect of genetic and large effect of shared environmental factors in early childhood, the Dutch
study suggested that the home environment can affect a child’s physical activity behavior along
with genetic influences.

C

Many non-genetic studies utilizing direct measures of the home environment have also

C

suggested that the home environment affects physical activity behavior (7). Importantly, in
addition to the physical home environment (8, 9), socioeconomic position of a family (10, 11)

A

and built environment (12, 13), several reviews have also found that many psychosocial factors
are involved in an individual’s level of physical activity (7, 11, 14-18). These reviews of dozens
of studies published since 1970 have shown strong evidence that parental support is positively
associated with an adolescent’s physical activity level. Recently, an Australian study of families
with younger (5–6 years old) and older children (10–12 years old) examined the longitudinal
relationship between a family’s physical activity environment (i.e., role modeling, family
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participation, support and reinforcement related to physical activity) and future physical activity
behavior (19). The researchers followed the families over five years and found that there was a
significant association between baseline home environment and subsequent moderate-tovigorous physical activity among both younger and older children, even though the relationship
was weak in magnitude. Another Australian study also focused on the causal effects of the home

D

environment among children who were ages 10 to 12 at baseline (20). Interestingly, this study
found that when different home environments were compared, the home environment including
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parental role modeling, social support, as well as rules and restrictions was more important than
neighborhood physical activity environment factors in influencing the adolescents’ physical
activity behavior over five years. The importance of parental support was also emphasized by a
study of young American girls, which showed that parental support for girls at age 9 was a
significant predictor for the girls’ physical activity behavior at age 11 (21).

The studies reviewed above suggest that sibling resemblance in the regular involvement

C

in physical activity reflects a sharing of both the genetic background and home environment.

C

However, the potential interactions between the genetic factors and home environment should
also be studied when trying to explain how individual differences in physical activity behavior

A

arise. Dzewaltowski et al. (2008) (22) showed that social bonding within a family moderated the
relationship between the levels of the parents’ and an adolescent’s physical activity, which may
suggest that the genetics of physical activity interact with the psychosocial home environment.
However, to the best of our knowledge, no previous study has investigated whether the
psychosocial home environment in childhood and adolescence can modify the genetic variance
in physical activity, even though it is important to know whether the home environment can
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enhance or reduce the potential genetic propensity for physical activity. It is possible that due to
genetic factors some children are more prone to the effects of the home environment than others,
and this may have long-term effects on physical activity behavior.

Our aim was to examine the extent to which the psychosocial home environment in

D

childhood and adolescence modifies the effects of genetic factors on leisure-time physical
activity in young adulthood in Finnish twins. We chose to focus on leisure-time physical activity,
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because it may better express voluntary behavior and show greater variation by reflecting the
wishes and/or inherent abilities of the twins than their daily total physical activity level. In
addition, we examine whether the psychosocial home environment in childhood and adolescence
modifies the effects of unique environmental factors on leisure-time physical activity in young
adulthood. There are previous studies that have demonstrated the existence of clear gene–
environment interaction between the psychosocial home environment and several factors, such as
psychological traits (23), smoking behavior (24) and alcohol use (25). This suggests that the

C

psychosocial home environment may modify the manifestation of the genetic potential related to

C

human behavior. We speculate that it is also the case when studying leisure-time physical

A

activity.

METHODS

PARTICIPANTS

The participants were drawn from the longitudinal FinnTwin12 study focusing on health
and behavior in Finnish twins born between 1983 and 1987, as well as their families (26). The
twins were initially identified from the Central Population Registry of Finland, and the relevant
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data for the study were collected through mailed questionnaires. In the first phase of data
collection, both the twins and their parents completed questionnaires when the twins were 11–12
years old. Subsequently, the twins were surveyed again at the mean ages of 14 (range 13.9–14.9),
17.6 (range 17.2–19.5) and 24.2 (range 20.5–27.5) (27). The response rates have been high in
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each wave of data collection, ranging from 73% to 90% (26).

There were 3,305 twin individuals who reported their level of leisure-time physical
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activity in young adulthood. Of these, 3,129 (57% females) had reported on their home
atmosphere at age 12, 2,997 (57% females) at age 14, and 2,864 (58% females) at age 17, while
3,137 (57% females) reported on relational tensions at age 12, 3,012 (57% females) at age 14,
and 2,864 (58% females) at age 17. Parental assessment of the home atmosphere was available
for 3,043 twin individuals, and on relational tensions for 3,052 twin individuals who had
reported their leisure-time physical activity at age 24. The number of complete twin pairs with
full data available for each zygosity group across the ages 12, 14 and 17 were as follows:

C

monozygotic (MZ) male pairs: n=170–184, MZ female pairs: n=264–282, dizygotic (DZ) male

C

pairs: n=151–162, DZ female pairs: n=217–225, and DZ opposite sex pairs: n=323–359.

A

ASSESSMENT OF LEISURE-TIME PHYSICAL ACTIVITY
Leisure-time physical activity behavior was assessed at the latest wave of the study, when

the twins had a mean age of 24. The assessment of physical activity level was based on a series
of structured questions on all types of leisure-time physical activity (i.e., monthly frequency,
mean duration, and mean intensity of leisure-time physical activity sessions). The overall activity
level was assessed as leisure-time metabolic equivalent units (MET index), which were created
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by assigning a multiple of the resting metabolic rate (MET score) to each activity, and by
calculating the product of the activity, defined as intensity × duration × frequency. The MET
indices were expressed as the sum score of leisure-time MET hours/day. The MET values for
leisure-time physical activity intensity were 4 for intensity corresponding to walking, 6 for
intensity corresponding to vigorous walking to jogging, 10 for intensity corresponding to

D

jogging, and 13 for intensity corresponding to running. Previous studies have shown moderate to
high correlations between the leisure-time physical activity questions used in the present study
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and physical activity data obtained by interview (r=0.56, p<0.001) (28) or by a detailed
assessment of 12-month leisure-time physical activity history (r=0.73, p<0.001) (29).

ASSESSMENT OF THE PSYCHOSOCIAL HOME ENVIRONMENT

The psychosocial home environment was independently assessed by mothers and fathers,
as well as by both co-twins when the twins were age 12 by using an 8-item questionnaire. Twins
later also reported their subjective view of their psychosocial home environment at ages 14 and

C

17. The following items were used in the questionnaire: 1) warm and caring, 2) creative and
supportive, 3) trusting and understanding, 4) open, 5) hard discipline, 6) unjust, 7)

C

argumentative, and 8) indifferent. A 5-point scale was used with options ranging from “strongly

A

disagree” to “strongly agree”. The first four items describe the home atmosphere, whereas the
remaining items represent relational tensions between children and parents. We conducted an
unrotated factor analysis using Stata software, version 14.1 (StataCorp, College Station, TX,
USA), and found that one factor at every time-point explained the majority of the variation for
the home atmosphere (62% for twin ratings at age 12, 70% for twin ratings at age 14, 70% for
twin ratings at age 17 and 62% for parental ratings) and the other factor for relational tensions
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(61% for twin ratings at age 12, 44% for twin ratings at age 14, 61% for twin ratings at age 17
and 56% for parental ratings), whereas eigenvalues for the remaining factors were low (ranging
0.50 to 0.97), indicating only two relevant factors. Item number 5 (hard discipline) did not fit
well on either of the factor scores and was therefore excluded from these analyses. Thus, the two
created factor scores were used in the analyses and scaled in such a way that high scores indicate

EP
TE

STATISTICAL METHODS

D

a positive home atmosphere and low relational tensions between children and parents.

We began the analyses by calculating the descriptive statistics for the psychosocial home
environment and leisure-time physical activity. In these analyses, twins were analyzed as
individuals, meaning that the observations and their error terms between members of a pair may
be correlated, and, therefore, we adjusted the analyses for twin clustering (30) and used the Wald
test for equality of means to derive the proper p-values and confidence intervals (CI).
Furthermore, we calculated correlations between the psychosocial home environment and

C

leisure-time physical activity variables by using polychoric correlations to estimate the

C

associations between two normally distributed, continuous, latent variables from two observed
ordinal variables. Again, we adjusted the analyses for twin clustering (31). All analyses were

A

conducted using Stata, version 14.1 and the significance level was set at p<0.05.

Data were further analyzed by using the quantitative genetic modeling of twin data based

on the different genetic relatedness of MZ and DZ co-twins (31). The variance of leisure-time
physical activity behavior can consist of four sources of variation: additive genetic variation (A),
dominant genetic variation (D), common environmental variation (C), and unique environmental
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variation (E) (32). Measurement error is included in the unique environmental variation. MZ cotwins share approximately all of their genetic material (the correlation is 1.0 for additive and
dominant genetic influences), DZ co-twins share, on average, 50% of their segregating genes
(the correlation is 0.5 for additive and 0.25 for dominant genetic influences). Common
environmental effects refer to all environmental influences that make members of a twin pair

D

alike, so by definition they correlate 1.0 in both MZ and DZ twins. Unique environmental effects
denote all environmental influences that make members of a twin pair not alike, and, thus, are

EP
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uncorrelated in both MZ and DZ twins. Since all twins who participated in this study were reared
together, we were unable to simultaneously estimate dominant genetic and common
environmental influences.

Genetic modeling began by computing a univariate model (31). The findings of our
previous study of genetic and environmental influences on longitudinal changes in leisure-time
physical activity examining the same data-set used in the present study suggested that the full

C

ACE -model would act as a reasonable starting point for genetic modeling (6). First, we

C

determined whether common environmental factors are present to explain the variation in twins’
leisure-time physical activity behavior at age 24 by comparing the full ACE -model to the AE -

A

model; no difference between models indicates that the simpler model describes the data as
adequately as the more complex model, and unnecessary parameters can consequently be
eliminated. The comparison of models showed that common environmental components could be
dropped from the model, because dropping the common environmental path coefficient did not
lead to a significant deterioration of model fit (p=0.58). Thus, the best fitting model, in which
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additive genetic and unique environmental components explain the variance and covariance of
leisure-time physical activity was used in the gene-interaction modeling.

Subsequently, we tested whether sex-specific genetic factors were related to leisure-time
physical activity behavior by analyzing whether the genetic correlations for opposite-sex twins

D

could be constrained to 0.5. The analysis revealed no evidence for a sex-specific genetic effect
(p=0.66), indicating that the same genetic components appear to affect leisure-time physical
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activity in men and women. We also tested whether there were differences in genetic and
environmental variances between men and women in leisure-time physical activity behavior in
young adulthood, but found no significant differences in either absolute genetic and
environmental variances (p=0.60) or relative genetic and environmental variances (p=0.66).

The hypothesis that the psychosocial home environment in childhood and adolescence
interacts with the genetic effects on the twins’ leisure-time physical activity in young adulthood

C

was assessed with gene–environment interaction models (33). These models test whether the

C

genetic and environmental effects differ between different levels of measured environmental
exposures. In practice, we tested whether the genetic and environmental variances of leisure-time

A

physical activity change as a function of the psychosocial home environment. Figure 1 illustrates
the gene–environment interactions. In the figure, the moderator factor (psychosocial home
environment) is denoted as M. The moderator factor can affect the mean value of leisure-time
physical activity (βM), as well as modify the effects of genetic (βA) and unique environmental
factors (βE) on leisure-time physical activity. This means that the psychosocial home
environment can affect both the mean value of leisure-time physical activity as well as genetic
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and environmental variances. The mean value of leisure-time physical activity is modeled as a
mean moderation effect, which takes both gene–environment correlations and a causal effect of
the psychosocial home environment on leisure-time physical activity into account.

Genetic modeling was carried out with OpenMx (version 2.0.1) software, which is a

D

package for extended structural equation modeling on the R statistical platform (34). We
analyzed data from men and women together, not only due to the similar sex-specific genetic
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effects and similar genetic and environmental variances found in men and women, but also due
to statistical power requirements, because the detection of significant gene–environment
interactions requires a large sample size. Further, we used both same-sex and opposite-sex twin
pairs in the analyses, and the analyses were conducted using the raw data option, allowing for the
inclusion of data from a single twin in the absence of their co-twin. Unstandardized parameter
estimates were favored in order to examine an absolute change rather than proportional change.
Statistically significant results were primarily judged by 95% CIs, but we also calculated p-

C

values for results that were initially shown to be significant based on 95% CIs. To be able to

C

counteract the problem of multiple comparisons, Bonferroni multiple testing correction was
applied to adjust the significance threshold (α/n=0.05/4, n represents the number of tests

A

performed in home atmosphere and relational tensions analyses), meaning results are significant
at the p=0.012 level.
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ETHICS OF THE STUDY
The ethics committees of the Department of Public Health at the University of Helsinki
(Helsinki, Finland) and the Helsinki University Central Hospital District (Helsinki, Finland),
along with the Institutional Review Board of Indiana University (Bloomington, IN, USA)
approved the FinnTwin12 study protocol. The parents of the participating twins (at baseline) or

D

twins themselves as young adults provided written informed consent for participation in the
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study.

RESULTS

Means and standard deviations of the home atmosphere and relational tensions, measured
in childhood and adolescence, as well as leisure-time physical activity assessed in young
adulthood are presented by sex and zygosity in Table 1. We assessed mean differences between
sex and zygosity groups and found several differences in the home atmosphere and relational
tensions variables that reached statistical significance (p-values from <0.001 to 0.04).

C

Interestingly, MZ twins almost systematically reported slightly higher values for a positive home

C

atmosphere and lower relational tensions than DZ twins. However, many of these differences
were small in magnitude and became statistically significant because of the large sample size.

A

Parental ratings of the relational tensions when the twins were age 12 did not differ between
sexes or zygosities (psex=0.36 and pzygosity=0.65). In terms of leisure-time physical activity, men
were more active than women (psex=0.009), but no differences by zygosity were found
(pzygosity=0.22).
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The twins’ assessments of their home atmosphere and relational tensions in childhood
and adolescence were positively correlated with each other across survey waves (Table 2);
polychoric correlations ranged from 0.12 to 0.62. Positive correlations were also found between
the twins’ and parents’ assessments of the psychosocial home environment; these were moderate
in size (polychoric correlations from 0.21 to 0.30) indicating some differences in the subjective

D

perceptions of the home atmosphere and relational tensions between the generations. Most
importantly, the twins’ assessments of their psychosocial home environment were positively
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associated with leisure-time physical activity behavior in young adulthood (from 0.04 to 0.10).
Parental assessments of the home atmosphere were more weakly correlated with the twins’
subsequent leisure-time physical activity behavior (r=0.04), whereas no association was found
between parental ratings of relational tensions and the twins’ leisure-time physical activity in
young adulthood (r=-0.0001).

The heritability (i.e., the proportion of total variance explained by genetic variance) for

C

the leisure-time physical activity at age 24 was 61% (95% CI 56–66%), and the remaining
proportion of the variance explained by unique environmental influences was 39% (95% CI 34–

C

44%). In the gene-interaction modeling, we confirmed that the twins’ ratings of a positive home

A

atmosphere at age 14, as well as their ratings of lower relational tensions at ages 12 and 14,
predicted higher leisure-time physical activity at age 24. Regression coefficients for the
moderation of the mean leisure-time physical activity by psychosocial home environment
variables (βMM) ranged from 0.36 (p<0.001) to 0.64 (p<0.001) (Table 3). There was a similar
trend of positive association between parental ratings of the home atmosphere and the twins’
leisure-time physical activity in young adulthood (regression coefficient 0.33 (p=0.004)).
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Further analyses of the modification effects of the psychosocial home environment on
genetic and unique environmental influences showed that the psychosocial home environment in
mid- and late adolescence modified the additive genetic variation of the twins’ leisure-time
physical activity in young adulthood. Higher levels of a positive home atmosphere as rated by
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twins at ages 14 and 17, as well as parents, statistically significantly increased the additive
genetic variation of the twins’ leisure-time physical activity in young adulthood (moderation
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effects 0.60 (95% CI 0.26–1.05), p<0.001; 0.52 (95% CI 0.19–0.87), p=0.001 and 0.55 (95% CI
0.29–0.80), p<0.001, respectively) (Table 3). Moreover, we found that a positive psychosocial
home environment in childhood and mid-adolescence increased the unique environmental
variation of the twins’ future leisure-time physical activity; the variance moderation effects were
statistically significant for home atmosphere at age 12 (moderation effect 0.46 (95% CI 0.19–
0.60), p=0.001) and relational tensions at ages 12 (moderation effect 0.48 (95% CI 0.29–0.64),

C

p<0.001) and 14 (moderation effect 0.85 (95% CI 0.12–0.95), p=0.006) (Table 3).

C

DISCUSSION

In this study, we focused on the effect of the childhood and adolescence psychosocial

A

home environment on the mean level of leisure-time physical activity in young adulthood as well
as its potential moderation effects on the genetic and environmental variances in that physical
activity. Subjective assessments of a positive home atmosphere in mid-adolescence, as well as
lower relational tensions between parents and children in childhood and mid-adolescence,
increased the twins’ mean level of leisure-time physical activity as young adults. Parental ratings
of the home atmosphere when the twins were 12 years old had a similar increasing effect on the
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twins’ level of leisure-time physical activity in young adulthood. Gene–environment interaction
analyses revealed that the subjective ratings of having a psychosocial home environment that is
warm and supportive in childhood and mid-adolescence increased both the genetic variance and
the unique environmental variance in the twins’ leisure-time physical activity in young
adulthood. The home atmosphere experienced in late adolescence modified only the genetic
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influences on leisure-time physical activity. This may suggest the greater importance of the
childhood psychosocial home environment as a modifying factor of the additive genetic and
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environmental influences on future physical activity behavior.

Our results are consistent with recent reviews confirming that the psychosocial home
environment is involved in the level of physical activity (7, 11, 14-18). The present results
support the idea that there may be a potential long-term and predictive association between the
psychosocial home environment in childhood and adolescence and physical activity behavior in
later life (19, 21). Davison et al. (2006) (21) showed, in their two-year follow-up study, that

C

parental support for young girls can lead to increased physical activity, and similarly, Cleland et

C

al. (2011) (19) found a positive relationship between the home environment and subsequent

A

moderate-to-vigorous physical activity after five years.

In our study, the follow-up period was longer than in the previously mentioned studies

(19, 21), showing that the effect of the psychosocial home environment can last years, even
across the transition from childhood to young adulthood. In the previous studies, only parents
self-reported their view of the psychosocial home environment, while in our study we were able
to take both the twins' and parents' perceptions into account. Our study design produced results
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consistent with previous evidence by showing that the twin and parental ratings of the home
atmosphere in childhood and adolescence were only weakly correlated with the twins’ leisuretime physical activity behavior. This was found even though the twin and parental ratings of the
home atmosphere in childhood and adolescence were all only moderately, at most, correlated
with the twins' leisure-time physical activity. These weak associations are likely explained by the

D

fact that the influence of the childhood and adolescence home environment decreases when
children grow up and other environmental factors involved in leisure-time physical activity
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behavior than those related to the childhood home environment appear.

We found that the psychosocial home environment in childhood and adolescence
modified the genetic and environmental influences of leisure-time physical activity in young
adulthood. As far as we know, this is the first study to explain these kinds of modifying roles,
although there is a previous study that suggested moderating effects of the home environment on
an offspring’s physical activity behavior; a positive moderating effect of social bonds in families

C

was revealed by Dzewaltowski et al. (2008) (22). Our results confirm this previous evidence by

C

suggesting that if you believe your parents are emotionally warm, supportive and encouraging in
your family interactions in childhood or mid-adolescence, it might enhance your genetic

A

potential for voluntary physical activity, as well as enhance the utilization of your living
environment to increase your physical activity behavior in young adulthood, whereas the same
parental interactions in late adolescence may be less likely to lead to the same results. Thus, a
positive psychosocial home environment is more likely to support a child’s tendency to be
physically active even in later life. It is important to note that the study by Dzewaltowski et al.
(22) was a cross-sectional design that revealed concurrent associations between the factors, while
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the design we used was longitudinal, suggesting that the effect is also long-term and may
potentially be causal.

In our study, the twins’ subjective ratings of their psychosocial home environment were
assessed in childhood and adolescence, not at the same time as the assessments of leisure-time
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physical activity in young adulthood. A disadvantage of this approach is that the physical activity
level of the twins in childhood and adolescence may itself have affected the psychosocial home
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environment and parental attitudes toward their children. Thus, the measured association
between the psychosocial home environment and physical activity behavior may have been
biased by not taking this baseline physical activity behavior into account. However, an advantage
of this approach is that it helps to prevent potential recall bias with regard to the childhood and
adolescence home environment. Interestingly, it seemed that the children’s subjective perception
of their psychosocial home environment was more important than what the parents perceived,
because the parents’ subjective perceptions of the same home environment did not predict their

C

offspring's future physical activity behavior as strongly as the offspring’s own perceptions. This
was also revealed in a longitudinal study of personality and social development (35), in which it

C

was found that how the children experience their parents’ behavior is more important than how

A

the parents actually behave. The type of parenting we describe in the present study (i.e., warm
and supportive) is called child-centered parenting by Pulkkinen (2017) (35), and based on her
longitudinal studies, child-centered parenting has been shown to be associated with responsible
behavior in children. It is very likely that the high level of physical activity may also be a part of
this kind of responsible behavior in children and, thus, could partly explain our results.
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The psychosocial home environment and leisure-time physical activity were assessed by
self-reported questionnaires, which may be one potential limitation of the present study because
self-reports have been shown to have shortcomings with respect to validity and reliability (36).
This may not be a concern in terms of the psychosocial home environment, since self-report is
the only way to measure perceived home atmosphere and relational tensions. For physical

D

activity, however, more objective measures are available (e.g., using accelerometers). Although
these objective measurements do not always correspond well to self-reports, the validity of the

EP
TE

physical activity questionnaires we used for leisure-time physical activity has been repeatedly
demonstrated (29, 37-39). For the twin analysis, we made the assumptions that neither the twins’
psychosocial home environment in childhood and adolescence nor their leisure-time physical
activity behavior in young adulthood differ from those of the general population. However, twins
are often born prematurely and hence are lower in weight than average singleton newborns (40),
but these differences between singletons and twins disappear in adolescence and are not present

C

in adults.

C

One of the main advantages of the twin study design is that the design can be used to
disentangle genetic and environmental effects. A key strength of the present study is also the

A

longitudinal study design, which provides an opportunity to assess the effects of the psychosocial
home environment in childhood and adolescence measured at three time-points on leisure-time
physical activity behavior in young adulthood. Studying factors over time is not proof of a causal
relationship per se, but it enables testing the temporal directions of the association.
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A further strength of this study is that both children and parents rated their perceptions of
the psychosocial home environment when twins were 12 years old, providing an opportunity to
compare the differences between different persons living in the same home environment. Due to
the population-based sample, our study sample was relatively heterogeneous in nature with
relatively equal sex representation, suggesting good generalizability of the findings. An

D

additional advantage of this study is its large sample size, which ensures sufficient statistical
power to detect statistically significant associations. Moreover, various selection biases are

EP
TE

unlikely in our study due to the high response and low “lost to follow-up” rates in the survey.
Also, physical activity was assessed as MET indices by taking the frequency, mean duration and
mean intensity of leisure-time physical activity sessions into account.

CONCLUSION

This study demonstrated that the child’s subjective view, especially, but also the parents’,
of having a psychosocial home environment that is warm and supportive in childhood and mid-

C

adolescence may increase not only the child’ subsequent leisure-time physical activity behavior,

C

but also modify additive genetic and unique environmental influences on leisure-time physical
activity behavior more than 10 years after the influence of the psychosocial home environment in

A

childhood. The interplay between the genes and psychosocial home environment in childhood
and adolescence seem to be important when explaining differences in leisure-time physical
activity behavior in young adults. For future studies, large randomized controlled trials would
help to develop a broader picture of the causal relationships between the childhood and
adolescence psychosocial home environment and subsequent leisure-time physical activity
behavior. Moreover, replications regarding the modifying role of the childhood and adolescence
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psychosocial home environment on the genetic influences of leisure-time physical activity are
needed. Since our results indicate that leisure-time physical activity is sensitive to the childhood
and adolescence home environment, it potentially emphasizes a need to implement more
knowledge from social sciences to human genetics to better understand the role of familial
effects behind differences in voluntary physical activity behavior. In terms of clinical

D

implications, it would be important to find ways to help parents create a home environment that
is both warm and supportive for their children because it can go a long way toward developing

A

C

C

EP
TE

their offspring’s interest in physical activity even later in life.
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Figure 1 A path diagram of the gene–environment interaction model. A=additive genetic
variation, E=unique environmental variation, M=environmental moderator, μ=mean path
coefficient, a=additive genetic path coefficient, e=unique environmental path coefficient,
βMM=mean moderator effect, βAM=additive genetic moderator effect, βEM=unique environment
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D

moderator effect.
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Table 1 Mean value comparisons of home atmosphere, relational tensions and leisure-time physical activity by sex and zygosity.
Formal mean comparisons by zygosity were conducted using only same-sex twin pairs.
Women

MZ
Mean

DZ
SD

Mean

MZ
SD

Mean

Home atmosphere

DZ
SD

Mean

OSDZ
Mean
SD

Fsex

D

Men

SD

Fzygosity

-0.02
0.96 -0.07
1.03
(N=788)
(N=843)

0.16
1.08 0.04
0.99
(N=837)
(N=736)

-0.03
0.99
(N=1,577)

14.67
4.76
(p<0.001) (p=0.03)

Twins self-rating at
age 14

0.05
0.92 0.01
0.94
(N=702)
(N=753)

0.08
1.05 -0.07
1.08
(N=773)
(N=670)

-0.03
1.01
(N=1,439)

1.98
(p=0.16)

4.39
(p=0.04)

Twins self-rating at
age 17

0.09
0.94 0.04
0.94
(N=626)
(N=676)

0.07
1.03 -0.11
1.07
(N=751)
(N=642)

-0.06
0.98
(N=1,295)

2.06
(p=0.16)

5.42
(p=0.02)

Parental rating when
twins were at age 12
Relational tensions
Twins self-rating at
age 12

-0.02
0.98 -0.02
0.97
(N=765)
(N=817)

0.17
0.92 -0.04
1.02
(N=793)
(N=715)

-0.03
1.05
(N=1,488)

3.77
(p=0.05)

4.25
(p=0.04)

-0.04
1.03 -0.07
1.06
(N=797)
(N=844)

0.16
0.93 0.02
0.98
(N=838)
(N=739)

-0.02
0.99
(N=1,580)

22.58
4.06
(p<0.001) (p=0.04)

Twins self-rating at
age 14

-0.01
0.63 -0.05
0.68
(N=710)
(N=753)

0.07
0.97 -0.03
0.86
(N=773)
(N=669)

-0.05
0.78
(N=1,450)

7.01
5.20
(p=0.008) (p=0.03)

Twins self-rating at
age 17

0.13
0.95 0.02
1.08
(N=631)
(N=675)

0.03
0.94 -0.14
1.05
(N=748)
(N=637)

-0.02
0.99
(N=1,289)

10.12
8.27
(p=0.002) (p=0.004)

-0.02
0.94 0.02
0.91
(N=765)
(N=823)

0.07
1.06 -0.02
1.04
(N=793)
(N=713)

-0.02
1.04
(N=1,498)

0.84
(p=0.36)

C

C

A

Parental rating when
twins were at age 12

EP
TE

Twins self-rating at
age 12

6.10 4.87
5.07
4.65
5.90 4.56
5.65
4.63
5.45
Leisure-time physical 5.63
(N=464)
(N=439)
(N=647)
(N=530)
(N=1,023)
activity at age 24
MZ=monozygotic twins, DZ=same-sex dizygotic twins, OSDZ= opposite-sex dizygotic twins, SD=standard deviation

0.21
(p=0.65)

6.91
1.49
(p=0.009) (p=0.22)
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Table 2 Polychoric correlations for home atmosphere, relational tensions and leisure-time physical activity assessed by twins and
parents. Twins assessed their childhood and adolescence home atmosphere and relational tensions at ages 12, 14 and 17 and their
leisure-time physical activity at age 24, while parents gave their assessment of the home atmosphere and relational tensions when
twins were at age 12. Number of participants is given in brackets.

Home atmosphere at
age 12
(twins)
Home atmosphere at
age 14
(twins)
Home atmosphere at
age 17
(twins)
Home atmosphere
(parents)

1
(N=5,049)

Relational tensions at
age 12
(twins)
Relational tensions at
age 14
(twins)
Relational tensions at
age 17
(twins)
Relational tensions
(parents)

Home
atmosphere
(parents)

1
(N=4,588)

0.26***
(N=4,097)

0.42***
(N=4,039)

1
(N=4,187)

0.30***
(N=4,686)

0.25***
(N=4,265)

0.19***
(N=3,972)

1
(N=4,835)

0.42***
(N=4,972)

0.24***
(N=4,404)

0.14***
(N=4,098)

0.25***
(N=4,696)

0.14***
(N=4,417)

Relational
tensions at
age 12
(twins)

Relational
tensions at
age 14
(twins)

Relational
tensions at
age 17
(twins)

Relational
tensions
(parents)

Leisuretime
physical
activity
at age 24

0.17***
(N=4,698)
0.08***
(N=3,129)

1
(N=5,061)

0.31***
(N=4,533)

0.15***
(N=4,050)

0.12***
(N=4,290)

0.12***
(N=4,424)

1
(N=4,606)

0.29***
(N=4,030)

0.62***
(N=4,155)

0.16***
(N=3,962)

0.16***
(N=4,085)

0.19***
(N=4,044)

1
(N=4,176)

0.17***
(N=4,275)

0.11***
(N=3,976)

0.44***
(N=4,815)

0.21***
(N=4,706)

0.12***
(N=4,298)

0.14***
(N=3,967)

1
(N=4,848)

0.06**
(N=2,864)

0.04*
(N=3,043)

0.08***
(N=3,137)

0.06***
(N=3,012)

0.03
(N=2,864)

-0.0001
(N=3,052)

C

0.18***
(N=4,086)

C

0.39***
(N=4,398)

A

Leisure-time physical
activity at age 24

Home
atmosphere
at age 17
(twins)

D

Home
atmosphere
at age 14
(twins)

EP
TE

Home
atmosphere
at age 12
(twins)

0.10***
(N=2,997)

*=p<0.05, ** =p<0.01, ***=p<0.001
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1
(N=3,305)

Table 3 Modification effects of home atmosphere and relational tensions on additive genetic and unique environmental variance components and

Mean
95% CI

Twins self-rating at age 12

0.13

Twins self-rating at age 14

0.53

Twins self-rating at age 17

0.21

Parental rating when twins were at
age 12

0.33

Home atmosphere

Twins self-rating at age 12

Unique environment
factors
Moderator 95% CI
effect
(βEM)

Moderator
effect
(βAM)

95% CI

-0.08,
0.34
0.34, 0.73

-0.12

-0.38, 0.16

0.46

0.19, 0.60

0.60

0.26, 1.05

0.16

-0.14, 0.42

-0.002,
0.43
0.11, 0.55

0.52

0.19, 0.87

-0.15

-0.41, 0.10

0.55

0.29, 0.80

0.22

-0.01, 0.45

C

Relational tensions

Additive genetic factors

EP
TE

Moderator
effect
(βMM)

D

means with 95% CIs for leisure-time physical activity at age 24. Statistically significant results are highlighted in bold.

0.36

0.17, 0.56

0.14

-0.09, 0.36

0.48

0.29, 0.64

0.64

0.56, 0.69

-1.01

-1.05, 1.33

0.85

0.12, 0.95

Twins self-rating at age 17

0.08

-0.04

-0.43, 0.34

-0.32

-0.65, 0.02

Parental rating when twins were at
age 12

-0.007

-0.15,
0.31
-0.26,
0.25

-0.27

-0.52, -0.02

0.25

0.04, 0.35

A

C

Twins self-rating at age 14

CI=confidence interval
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