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This study investigates how consistent genetic factors are, as measured by heritability estimates (h?), in the
leisure-time physical activity index (LTPAI) and sport participation index (SPI) from early (10-14 yrs) to late
adolescence (15-19 yrs). The sample comprises 12,385 subjects from 3,378 Portuguese nuclear families.
Height and weight were measured and body mass index (BMI) was calculated, and the LTPAI and SPI were
estimated by questionnaire. Socioeconomic status (SES) was assessed by parental occupation. Analyses
were done using S.A.G.E. software. Our results showed that h? estimates for the LTPAI and SPI in the two
age groups (10-14 yrs and 15-19 yrs) were stable: for the LTPAI, h?> = 0.297 and 0.322, respectively; and for
the SPI, h? = 0.413 and 0.428, respectively. Sibling correlations and environmental correlations are higher
in the younger age group for both the LTPAI and the SPI. Spousal correlations are higher in the younger age
group for the LTPAI and lower for the SPI than the older group. Parent—offspring correlations are similar in
both age groups for the LTPAI and SPI. In conclusion, the influence of genetic factors on physical activity and
sport participation remains stable across age in adolescence. However, variation in sibling correlations —
in particular, environmental correlations — was observed. These findings suggest that shared/non-shared
environmental factors express different degrees of importance across age. Future intervention programs
aiming to promote change in behaviors need to consider these results to bring about positive changes in
physical activity and sport participation behaviors within the family setting.
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It is now well established that moderate-to-high levels of
physical activity (PA) are positively associated with a vari-
ety of psychological and biological health markers (Physi-
cal Activity Guidelines Advisory Committee, 2018) in ad-
dition to increases in longevity (Bellavia et al., 2013; Yates
et al., 2008). The evidence summarized in recent reviews
(de Vilhena e Santos et al., 2012; Lightfoot et al., 2017;
Lin et al,, 2017) indicated that biological/genetic mecha-
nisms explain a significant fraction of the variance in PA.
It has been estimated from twin data that genetic factors
explain from 0% (Joosen et al., 2005) to 85% of the total
variance of population PA levels (Stubbe et al., 2005); on
the other hand, a smaller range of estimates was obtained
from familial (nuclear or extended pedigree) data, rang-
ing from 9% (Mitchell et al., 2003) to 57% (Butte et al.,
2006).

Sport participation is a specific form of leisure-time PA
characterized by systematic training schedules and com-
petitions. Sport participation may elicit moderate-to-high
levels of energy expenditure (Patience et al., 2013), and
may contribute to the likelihood that children meet recom-
mended levels of PA (Katzmarzyk & Malina, 1998). Further,
sport participation has the potential to positively affect
health (Geidne et al., 2013) and, given the known longevity
of former athletes, increase life expectancy (Clarke
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et al, 2012; Coate & Sun, 2013). Apart from research
dealing with sport excellence and its enhancing factors in
high-level athletes (Bouchard & Hoffman, 2011), there is
limited knowledge about the magnitude of genetic factors
governing sport participation in the general population.
Available twin data showed that the heritability (h?) of
sport participation ranges from 45% (Koopmans et al.,
1994) to ~83% (Beunen & Thomis, 1999; Maia et al,,
2002). In nuclear family studies, h? is estimated lower than
in twin research and ranges from 0% (Perusse et al., 1989)
to 60% (Butte et al., 2006).

Few studies have addressed the issue of consistency of ge-
netic effects on PA and sport participation across age in chil-
dren. Stubbe et al. (2005), using data from various twin sur-
veys conducted in the Netherlands, showed that common
environmental factors are essentially responsible for sport
participation from 13 to 16 years, whereas from 17 to 20
years, a marked shift is present, with genetic factors largely
explaining individual differences in sport participation. Us-
ing a similar twin sample and the same data analysis strat-
egy, van der Aa et al. (2010) analyzed questionnaire-based
exercise behaviors across three age groups (13-14, 15-16,
and 17-19 year olds). The variation in sport participation
was largely explained by genetic factors (72-85%) across
the three age groups, while environmental influences com-
mon to the twin pair (46%) were only evident in girls aged
13-14 years.

To date, we were only able to identify one study that ex-
amined the stability of genetic and environment effects in
adolescence, across six different surveys (aged 7-18 years)
in exercise behavior during leisure time (Huppertz et al,,
2016). Using a twin sample, the authors demonstrated that
genetic effects tended to increase across age, and shared en-
vironmental effects tended to decrease. To the best of our
knowledge, no other study has previously examined the sta-
bility of genetic factors in leisure-time PA and sport partic-
ipation using nuclear families during adolescence.

To the extent that the partition of the phenotypic vari-
ability among groups of individuals forming defined fam-
ily structures (e.g., siblings, parent-offspring, and spouses)
allows for the quantification of the stability of genetic ef-
fects between and within a particular family structure, the
present study aims to investigate how consistent genetic
factors are at explaining the variance, particularly as in-
ferred from heritability estimates (h?) in the leisure-time
physical activity index (LTPAI) and the sport participation
index (SPI) from early to late adolescence using nuclear
family data.

Material and Methods

Sample

Between 2006 and 2009, the Portuguese Healthy Families
Study (from the Portuguese Estudo das Familias Portugue-
sas Sauddveis) enrolled families from the north and cen-

tral mainland regions of Portugal, as well as the Azores
and Madeira islands. Recruitment occurred mainly through
public schools, both preparatory and secondary, where 10-
to 19-year-old students, who had at least one brother or sis-
ter, were asked to become involved in a research project
dealing with active and healthy living. Participation was
voluntary. In phase 1, only physical activity (PA) was as-
sessed and 3,378 families offered to participate (12,385 sub-
jects). Given that Portuguese families with three or more
children over 10 years of age are very scarce in the Por-
tuguese population (Rosa & Chitas, 2010), our sample was
based on nuclear families with two siblings. Furthermore,
we excluded children with physical handicaps, psycholog-
ical disorders, and chronic diseases that may impair their
ability to be physically active or to participate in sports.
The families were divided into two groups based on the
age of both siblings: 10-14 years and 15-19 years. Fami-
lies who had siblings in more than one age group were not
considered for the analysis. This project was approved by
the Faculty of Sport, University of Porto, and governmen-
tal school authorities. Informed consent was obtained from
parents or legal guardians, and assent from all children and
adolescents.

Measures

Anthropometry. The height and weight of all adolescents
were measured using the protocols of Lohman et al. (1988).
Height was measured to the nearest 1 mm with a portable
stadiometer (Siber Hegner GPM), and weight with a Seca
scale (Model 762) with a precision of 0.1 kg. For parents,
a questionnaire was sent home where they self-reported
their height and weight, as well as their professional occu-
pation. Body mass index (BMI = weight [kg]/height [m?])
was computed for all subjects; they were classified as normal
weight, overweight, or obese according to the World Health
Organization (WHO, 2000) reference categories for adults
and Cole et al.’s (2000) reference categories for children and
adolescents.

Physical activity assessment. The Baecke questionnaire
(Baecke et al., 1982) was used to assess PA. This has been
consistently shown to be a reliable and valid instrument
compared with accelerometry (Miller et al., 1994), doubly-
labeled water (Philippaerts et al., 1999), and other question-
naires (Pereira et al., 1997). The Portuguese version of this
questionnaire has been widely used in youth (Antunes etal.,
2015; Seabra et al., 2007), twin (Maia et al., 2002), and sib-
ling studies (Pereira et al., 2017; 2018), as well as in family
studies (Maia et al., 2014; Santos et al., 2014). The Baecke
questionnaire comprises 16 questions that allow the extrac-
tion of three component scores: (1) work/school, (2) leisure
time, and (3) sport participation. In addition, a total PA in-
dex was derived, which is the unweighted sum of the three
component indexes. Each component/domain consists of a
set of questions scored mostly on a five-point Likert scale,

370

https://doi.org/10.1017/thg.2018.47 Published online by Cambridge University Press

TWIN RESEARCH AND HUMAN GENETICS


https://doi.org/10.1017/thg.2018.47

Consistency of Genetic Factors in Explaining Leisure-Time Physical Activity and Sport Participation

where higher scores indicate higher PA levels. In the present
study, only two component scores were used: the LTPAI and
the SPI. The LTPAI questions are related to modes of trans-
portation to work or school, time spent watching TV, and
walking and cycling, whereas the SPI incorporates ques-
tions related to type of sport, duration and frequency of
practice, and sweating during sport practice. The two in-
dexes range from 1 to 5. Children and adolescents answered
the questionnaire following standard instructions from a
team member in their physical education classes, while par-
ents completed the questionnaire at home. Furthermore, all
research team members were available to answer any ques-
tions from parents.

Parental occupations. Classification of parental occupa-
tion was used as a proxy for socioeconomic status (SES).
Occupations were categorized into nine groups (1 = high-
est SES to 9 = lowest SES) according to the Portuguese Na-
tional Occupations Classification (Instituto do Emprego e
Formagao Profissional, 2001). The categories are as follows:
1 = central administration/politicians and executive direc-
tors, 2 = specialists of intellectual and scientific activities,
3 =technicians and intermediate-level jobs, 4 = back-office
jobs, 5 = security and individual services, 6 = farmer and
qualified farm, fish, and forest workers, 7 = industry and
qualified building jobs, 8 = machine and equipment oper-
ators, and 9 = non-qualified jobs. For all analyses, we clus-
tered the responses into three groups: 0-3 (high SES); 4-6
(medium SES); and 7-9 (low SES).

Statistical analysis. Exploratory analysis and descriptive
statistics were computed in SPSS 20, ignoring the sibling
relationships; this only trivially biases the reported standard
deviations. Variance components and heritability were esti-
mated by maximum likelihood assuming normality, as im-
plemented in the S.A.G.E. (S.A.G.E. — Statistical Analy-
sis for Genetic Epidemiology, 2016) program ASSOC. A
linear regression incorporates the covariates age, age?, sex,
BMI, and SES, and to allow for each family structure, the
correlations of the residuals from this linear regression are
expressed as functions of estimated variance components.
To better approximate normality, each individual’s random
component, expressed as the sum of shared components
and a residual chosen to keep the total variance (GZT) con-
stant (Elston et al., 1992), undergoes an estimated power
transformation; all parameters, including the power param-
eter, are simultaneously estimated and their standard errors
are determined by numerical double differentiation of the
likelihood surface. Apart from an individual-specific ran-
dom component (assumed to be due to measurement error
+ random environment), the model contains three addi-
tional random components that can be shared among two
or more relatives: additive polygenic (0;), marital (0%,),
and the excess sibling component (%) over and above
the additive polygenic component. This last component

is thus an environmental component common to siblings,
confounded with any non-additive polygenic component,
which we assume to be trivially small. Explicitly, we can
write the linear mixed model as follows:

yi=o+Pici+Picai+ ...+ pi+si+mi+e,

where, for the ith individual, y; (SPI or LTPAI) is the quan-
titative measure, c;; cy; ... are the covariates (age, agez, sex,
BM]I, and SES) taken as fixed effects, p; is the random addi-
tive polygenic effect, m; is the random marital effect (i.e., an
effect common to spouses), s; is the random excess sibling
effect (i.e., an effect common to siblings not accounted for
by additive polygenic inheritance), and ¢; is the individual-
specific random effect.

With the total variance as the denominator, the numer-
ator of heritability is the polygenic variance (h* = o3 /07).
Similarly, with the same denominator, the numerators for
the residual full sibling, parent-offspring, and marital cor-
relations are, respectively, the full-sibling variance plus half
the polygenic variance (o2 + 1/20%), half the polygenic
variance (1/ 20%,), and the marital component of variance
(012\4). The environmental correlation is calculated using as
denominator the total variance minus the polygenic vari-
ance, and as numerator the variance of the excess sib-
ling effect, that is, the sibling environmental correlation is
(02)/(0% — 63), on the assumption that any non-additive
polygenic effect can be ignored. (Note that it is an intraclass
correlation because there can be more than two siblings in
a sibship and we assume that after regressing out covariates,
all the siblings in a sibship have the same mean.) Details of
how the transformation — used to obtain a better fit to nor-
mality — is performed are given in Bochud (2017). Note
that the actual variance components are estimated on the
transformed scale and so are not provided in the tables. To
test for differences in heritability estimates for the SPI and
LTPAI calculated from two independent samples (younger
vs. older adolescents), an approximate large sample test was
used in which the difference between the two h? estimates
was divided by the square root of the sum of their squared
standard errors, and the result referred to a standard nor-
mal distribution. Analogously, we can test whether any
other parameter is different between the younger and older
adolescent samples.

Sex-specific familial correlations and their asymptotic
standard errors were also estimated on the raw data as well
as adjusted for covariates, based on theory developed by
Keen and Elston (2003) and Mathew et al. (2011) using the
FCOR module of S.A.G.E. (2016).

Results

Table 1 presents descriptive statistics for all family mem-
bers. On average, fathers are slightly older than mothers,
and siblings show similar ages by gender. As expected,
fathers and sons are, on average, taller and heavier than
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TABLE 1

Sample Descriptive Statistics of All Family Members (n = Number of Individuals)

Fathers (n = 840) Mothers (n = 909) Sons (n=1,016) Daughters (n = 986)

Age (years)* 43.7 £55 415+55 1424+ 25 1424+ 2.6
Height (cm)* 1714 +£71 159.7 £ 6.1 162.1+14.3 156.9 + 10.6
Weight (kg)* 78.6 +11.6 66.2+10.9 55.1 + 14.9 51.8+11.6
BMI (kg/m?)* 27.1+4.2 25.9+4.2 20.6 + 3.3 20.9 +£3.3

Overweight (%) 50.8 37.7 17.9 18.3

Obese (%) 11.5 134 2.7 3.1

LTPAI* 21+£0.7 2.6+0.7 29+07 2.6+0.7
SPI* 20+05 1.8+ 0.5 24+0.7 2.1+06
SES (%) high 14.1

Medium 37.2

Low 48.7

Note: *Mean + standard deviation.

mothers and daughters, respectively. The prevalence of
overweight and obesity is similar between sons and daugh-
ters, but the prevalence was higher in fathers compared to
mothers. On average, fathers are slightly less active than
mothers in their LTPAI, but have a slightly higher SPI. Fur-
thermore, siblings are more physically active than their par-
ents, and sons more active than daughters.

Table 2 shows parameter estimates obtained using the
S.A.GEE. program ASSOC for LTPAI after adjusting for
covariates, namely residual heritability, residual correla-
tions among family members (siblings, parent-offspring,
and spouses), and environmental correlations in the two
age groups (10-14 and 15-19 years old). The heritability
estimates are very significant (p < 107%), but moderate in
their effect size, h> = 0.297 £ 0.064 at 10-14 years and
h? = 0.322 & 0.063 at 15-19 years. Sibling residual correla-
tions are higher in the younger age group (0.386 = 0.035 vs.
0.294 + 0.044) and greater than parent-offspring correla-
tions (0.149 £ 0.032,0.161 & 0.031), and slightly larger than
marital correlations (0.312 = 0.047, 0.264 £ 0.048). Envi-
ronmental correlations are low, but higher at 10-14 years
old (0.338 &£ 0.049 vs. 0.195 % 0.066). The large sample
tests showed no significant difference between the two age
groups, in particular for the LTPAI h? estimates (z = 0.278,
p=.77).

Table 3 provides results for the SPI. The heritability
estimates are very significant (p < 1077), but moder-
ate in size: h* = 0.413 £ 0.068 at 10-14 years, and
h? = 0.428 + 0.068 at 15-19 years. The sibling resid-
ual correlation is slightly higher in the younger age group
(0.410 % 0.037 vs. 0.316 £ 0.041), larger than the parent-
offspring correlation in both age groups (0.206 £ 0.034,
0.214 % 0.034), and slightly larger than the marital corre-
lation in the younger age group (0.361 &= 0.048) but slightly
smaller in the older age group (0.408 =+ 0.047). Environ-
mental correlations are low, but higher at 10-14 years old
(0.332 + 0.061 vs. 0.178 %+ 0.070). No significant differ-
ence between the two age groups was given by the approxi-
mate large sample test, in particular for the SPI h? estimates
(z=0.156, p = .79).

Familial correlations for all possible sex-specific types
using the raw data, as well as adjusted for covariates, are
presented in Table 4 and were obtained from the S.A.G.E.
program FCOR. Correlations between father or mother and
siblings are lower than between siblings for the two phe-
notypes (LTPAI and SPI). Further, correlations are of sim-
ilar size in families with siblings aged 10-14 and 15-19
years of age. These values remain similar when correlations
were calculated using residuals from models adjusted for
covariates.

Discussion

This study examined how consistent genetic factors are
for the LTPAI and SPI from early to late adolescence. Re-
sults showed moderate LTPAI and SPI heritabilities in both
age groups (10-14 and 15-19 yrs). Further, no significant
difference was observed in h? estimates in the two age
groups, suggesting that the portion of the total variance ex-
plained by genes remains consistent across age in adoles-
cence; however, the sets of genes involved remain uniden-
tified. Recent reports have identified some putative effects
of specific candidate genes on PA and physical exercise lev-
els, as well as sport participation in different populations
(de Geus et al., 2014; de Vilhena e Santos et al., 2012; Light-
foot, 2011). However, the results are unclear, and large-scale
replication is needed before any confirmation of these find-
ings can be achieved. For example, in a review by de Vilhena
e Santos et al. (2012), the authors reported genome-wide
linkage data with markers near different physical activity-
related genes — EDNRB, MC4R, UCP1, FABP2, CASR, and
SLC9A9. However, no marker was present in more than one
study. On the other hand, a review by Lightfoot (2011) re-
vealed two candidate genes that showed consistent associa-
tions in the regulation of PA: dopamine receptor 1 (DRDI)
and helixloop helix 2 (NHLH2). Although the dopamine
gene is apparently involved in the regulation of PA, specif-
ically its links to locomotion (Yao et al., 2013), the precise
mechanism of how DRD1 regulates the manifold PA expres-
sions is not yet fully known (Lightfoot, 2011). NHLH2 has a
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TABLE 2

Heritability, Residual Familial Correlations, and Environmental Correlations for
Leisure-Time Physical Activity Index (LTPAI) of Families Whose Siblings’ Age is Within

10-14 or 15-19 Years of Age

10-14 years old* (n = 1,878**)

15-19 years old** (n = 1,631***)

Parameters Estimate  S.E. p value Estimate  S.E. p value
Heritability 0.297 0.064 <1077 0.322 0.063 <<107¢
Residual familial correlations

Sibling 0.386 0.035 <1077 0.294 0.044 <1077
Parent-offspring 0.149 0.032 <10°° 0.161 0.031 <107¢
Marital (spouse) 0.312 0.047 <1077 0.264 0.048 <1077
Environmental correlation  0.338 0.049 <1077 0.195 0.066  0.003

Note: *Significant covariates included: sex and age.

**Significant covariates included= age, sex, and BMI.

***Total number of pedigree members.

TABLE 3

Heritability, Residual Familial Correlations, and Environmental Correlations for Sport
Participation Activity Index (SPI) of Families Whose Siblings’ Age is Within 10-14 or

15-19 Years of Age

10-14 years old* (n = 1,878"**)

15-19 years old** (n = 1,631***)

Parameters Estimate  S.E. p value Estimate  S.E. p value
Heritability 0.413 0.068 <1077 0.428 0.068 <1077
Residual familial correlations

Sibling 0.401 0.037 <1077 0.316 0.041 <1077
Parent-offspring 0.206 0.037 <1077 0.214 0.034 <1077
Marital (spouse) 0.361 0.048 <1077 0.408 0.047 <1077
Environmental correlation  0.332 0.061 <1077 0.178 0.070 0.011

Note: *Significant covariates included = age, sex, and BMI.
**Significant covariates included = age and BMI.

***Total number of pedigree members.

potential functional relationship with PA through its effect
on B-endorphin production as well as an interaction with
melanocortin-4 receptor (Good et al., 2008). However, we
were not able to find a study that investigated changes in
the effects of these candidate genes in different PA manifes-
tations across age.

Notwithstanding what is stated above, available cross-
sectional family studies using the Baecke questionnaire
have reported different h? estimates ranging from 0.17 to
0.63 in the LTPAI, and from 0.19 to 0.68 in the SPI (Choh
etal,, 2009; Eriksson et al., 2006; Maia et al., 2002; Mustelin
et al,, 2012; Seabra et al., 2008). Similarly, previous stud-
ies focusing on the effect of age on h? also showed var-
ied results. For example, Stubbe et al. (2005) reported that
SPI h? estimates increased with age from 0 in two younger
age groups (13-14 and 15-16 yrs) to 0.85 in an older age
group (19-20 yrs). One possible explanation for this shift
in results may be associated with the age period, that is,
when youth finish high school and cease to have manda-
tory involvement in PA through physical education classes,
the additive effects of genetic influences and familial envi-
ronment emerge. On the other hand, and based on adult
data, Aaltonen et al. (2010) examined changes in the ge-
netic and environmental influences on the LTPAI in twins
over a 6-year follow-up; they showed that genetic influ-
ences declined from baseline to follow-up and specific envi-

ronmental influences increased from baseline to follow-up.
Notwithstanding the use of different methodological strate-
gies among studies that make comparisons difficult, there
appears to be a clear fluctuation of the effect sizes of en-
vironmental factors in PA across age. For example, previ-
ous studies indicated that key life periods have been associ-
ated with changes in PA and that PA tends to decline with
age (Sallis, 2000), especially during adolescence (Dumith
et al,, 2011). This PA change may occur as a result of the
interaction between individual characteristics and the en-
vironment in which the individual lives, learns, works, and
plays. For example, D’Haese et al. (2016), using longitu-
dinal data, examined changes in individual and social en-
vironmental characteristics relative to PA changes and re-
ported that most individual and social factors became less
positive toward PA after the transition to secondary school.
Van Der Horst et al. (2007) suggested in their systematic
review that PA correlates for both children and adolescents
were sex, self-efficacy, and family/parental support. How-
ever, attitude, goal orientation/motivation, physical educa-
tion, and peer support were mostly linked with PA during
adolescence. Similarly, the systematic review of Wendel-Vos
etal. (2007) on correlates of PA among adults revealed that
socio-cultural environmental, social support, and having a
companion for PA were mostly important in different PA
types and intensities.
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Residual full-sibling correlations after allowing for co-
variates tend to decrease across age groups for both the LT-
PAI (from p =.386 to p =.294, 10-14 and 15-19 age groups,
respectively) and the SPI (from p =.410 to p = .316, 10-14
and 15-19 age groups, respectively). These results may be
explained by changes in unmeasured environment factors
shared among the siblings. Usually during infancy and pre-
adolescence, siblings tend to share common environmental
factors, namely their neighborhood and recreational envi-
ronments, as well as school and common friends (Jago et al.,
2017; Maitland et al., 2013; Sullivan et al., 2017); yet, dur-
ing adolescence and early adulthood, there is growing ev-
idence suggesting that peer relationships (e.g., friends and
couples; Barnett et al., 2013; Chung et al., 2017) and intrin-
sic motivation (Teixeira et al., 2012) are more likely contrib-
utors to unshared environmental factors on PA. This is in
line with the observation that environmental correlations
in the younger group are higher than in the older group
in both the LTPAI and the SPI It is now acknowledged
that across the life course — that is, as a person grows and
becomes more independent — that she/he tends to create
her/his own environment, influenced by all the significant
others who are considered important. Additionally, we also
showed that parent-offspring correlations are low and that
there are practically no changes in their values across age,
for both the LTPA and the SPI. Unfortunately, we were not
able to identify a study that investigated changes in parent-
offspring resemblance across age to make any comparisons.
However, previous studies also reported low correlations
between parents and their siblings, ranging from 0 to 0.19
(Horimoto et al., 2011; Jacobi et al., 2011; Maia et al., 2014).
These results may also suggest that, notwithstanding the
transmission of genetic factors that may impact PA levels
in offspring, there are probably generation-specific environ-
mental factors promoting higher resemblance among sib-
lings rather than across generations (parents to offspring;
De Moor et al., 2011).

In the present study, the LTPA marital residual corre-
lations were 0.312 + 0.032 for the 10-14 year-old sib-
ling sample and 0.264 £ 0.048 for those 15-19 years old,
whereas for the SPI, the correlations were 0.361 £ 0.048
and 0.408 =+ 0.047, respectively. Available spousal correla-
tions from Canada (Simonen et al., 2002), the United States
(Mitchell et al., 2003), France (Jacobi et al., 2011), and Brazil
(Horimoto et al., 2011) varied substantially from 0.02 (95%
CI [0.00, 0.15]) with pedometer weekdays” information in
French couples, to 0.43 & 0.06 in Canadian spouses using
their past-year PA information. Although these spouse cor-
relation discrepancies may be due to different family sam-
pling strategies, diverse covariate adjustment, different sta-
tistical techniques used to compute correlations, and the
phenotypic expression and instruments used, none of these
studies tested the possible processes by which spouses cor-
relate in their PA behaviors. In addition, spousal support,
attitudes, number of marriage years, and lifestyle choices of
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spouses can also play important roles (Barnett et al., 2013;
Falba & Sindelar, 2008). Although we do not have any infor-
mation regarding spouses’ number of marriage years in our
family data, and no such reference was made in the previous
reports, we think that the mutual interaction-influence ef-
fect might explain these Portuguese results given their shar-
ing of cultural assets, health beliefs, background behaviors,
and their multifaceted experiences as couples. Further, in
this study, although an increase in marriage years is implied
by siblings’ age categories (10-14 vs. 15-19), the correla-
tions were similar.

This study is not without limitations. First, the use of
questionnaires to obtain information about PA, sport, or
physical exercise levels is susceptible to errors. Yet, self-
report instruments are very often used, especially when
sample sizes are relatively large as is the case of twin and
nuclear family studies. Additionally, the Baecke question-
naire is frequently used in Portuguese and Brazilian studies
with valid and reliable results (Santos et al., 2014; Seabra
et al., 2007; Silva et al., 2016). Second, we do not have lon-
gitudinal data that investigated chronometric time effects
in genetic and environmental links with PA manifold man-
ifestations. Third, no direct measures of environmental fac-
tors are available so that direct effects could be properly
analyzed and interpreted. This limitation is present in all
available studies. Finally, we cannot generalize our results
to other populations because of existing environmental and
possibly genetic differences.

In conclusion, we showed that LTPA and SPI heritabil-
ity remains stable across age, from early to late adolescence.
This observed familial resemblance is the net result of com-
bined environmental influences that are shared within a
family, as well as their genetic endowments. In adolescence,
shared environment plays an important role on individ-
ual differences in LTPA or SPI. However, the influence of
unique environment tends to increase from adolescence to
young adulthood. Irrespective of the importance of these
findings, there is a need to investigate the complex and dy-
namic relationships that emerge within and across families
followed longitudinally in their varied contexts to more pre-
cisely identify the genetic and environment roles in various
physical activity manifestations. These are of utmost impor-
tance to achieve more efficient health-enhanced behavioral
changes and for preventive medicine.
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