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Abstract

Author Manuscript

Introduction—Previous longitudinal research suggests that motor proficiency in early life
predicts physical activity in adulthood. Familial effects including genetic and environmental
factors could explain the association, but no long-term follow-up studies have taken into account
potential confounding by genetic and social family background. The present twin study
investigated whether childhood motor skill development is associated with leisure-time physical
activity levels in adulthood independent of family background.
Methods—Altogether, 1 550 twin pairs from the FinnTwin12 study and 1 752 twin pairs from
the FinnTwin16 study were included in the analysis. Childhood motor development was assessed
by the parents’ report of whether one of the co-twins had been ahead of the other in different
indicators of motor skill development in childhood. Leisure-time physical activity (MET hours/
day) was self-reported by the twins in young adulthood and adulthood. Statistical analyses
included conditional and ordinary linear regression models within twin pairs.

Author Manuscript

Results—Using all activity-discordant twin pairs, the within-pair difference in a sum score of
motor development in childhood predicted the within-pair difference in the leisure-time physical
activity level in young adulthood (p<0.001). Within specific motor development indicators,
learning to stand unaided earlier in infancy predicted higher leisure-time MET values in young
adulthood statistically significantly in both samples (FinnTwin12 p=0.02, FinnTwin16 p=0.001)
and also in the pooled dataset of the FinnTwin12 and FinnTwin16 studies (p<0.001). Having been
more agile than the co-twin as a child predicted higher leisure-time MET values up to adulthood
(p=0.03).
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Conclusions—More advanced childhood motor development is associated with higher leisuretime MET values in young adulthood at least partly independent of family background, in both
men and women.
Keywords
ADOLESCENCE; EXERCISE; MOTOR SKILLS; PHYSICAL ACTIVITY; TWINS

Introduction

Author Manuscript

The benefits of physical activity include the reduced risk of several diseases and mortality
(5, 21, 27). However, to obtain these health benefits, regular and consistent physical activity
is needed. Proficient motor skill competence may be a prerequisite for leisure-time physical
activity (3, 32, 33). Cross-sectional studies have shown that motor skills play an important
role in explaining individual differences in leisure-time physical activity levels. Specifically,
motor proficiency may be positively associated with physical activity levels in childhood
and adolescence (10, 11, 25, 37, 38). Thus, the most coordinated children seem to be the
most physically active, and children with motor problems are less likely to participate in
regular physical activity (11). In contrast, a study on a large sample of Australian
adolescents found that even though motor competence was highly correlated with several
physical measures, such as physical fitness, it was not correlated with physical activity (14).

Author Manuscript

A 20-year follow-up study showed that motor skill proficiency at the age of 6 years is highly
related to motor skill proficiency in adolescence at the age of 16 years and young adulthood
at the age of 26 years (23). A longitudinal Finnish study has also revealed that early infant
motor development seems to predict higher levels of physical activity in adolescence at the
age of 14 years (29). Moreover, childhood motor skills seem to predict leisure-time physical
activity behavior in later childhood (23) and adolescence (4, 23). This view is supported by
the study of 8 061 children aged 8 years at baseline, which showed that children with
suspected motor problems tend to have a higher risk of physical inactivity in adolescence
(16). Early infant motor development may also be associated with higher physical
performance in thirties (28).

Author Manuscript

Although some longitudinal studies have provided preliminary evidence about motor
proficiency in early life as a predictor of physical activity in later life, long-term follow-ups
from infancy to adulthood are few and limited in size and scope. Furthermore, family
background may confound the association between motor proficiency in early life and
physical activity in later life since longitudinal observational follow-up studies may be
affected by unobserved confounding factors, such as the childhood environment. Many of
the possible factors associated with physical activity seem to have their roots in childhood
and family experiences (8, 9, 12, 34, 35, 39). Hence, familial factors could explain at least a
part of the association between motor proficiency and physical activity. Importantly,
possible familial influences also include genetic factors, which may underlie individual
biological differences in motor development and preference for physical activity. However,
no long-term follow-up studies have taken into account potential confounding by family
background. The twin study design allows taking family background, not just single
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confounding factors e.g. parental socioeconomic position, into account. By the family
background we mean all household, neighborhood and parenting factors shared by co-twins,
which makes co-twins to be perfectly matched for family environment. Thus, the
longitudinal Finnish twin studies provide a unique opportunity to disentangle the predictors
of leisure-time physical activity from infancy to adulthood when adjusting for genetic
factors and childhood family environment. Specifically, comparing co-twins discordant for
motor development enables adjustment for all factors shared by co-twins.

Author Manuscript

We are not aware of previous twin studies with detailed information on the leisure-time
physical activity of twin pairs discordant for motor development in childhood. Therefore,
the aim of the present study is to investigate whether childhood motor skill development,
reported by parents, is associated with leisure-time physical activity levels in young
adulthood and adulthood, as reported by twins themselves years later independent of family
background. Based on the previous studies, we hypothesize that more advanced motor
development in infancy and childhood would predict higher leisure-time physical activity
values in young adulthood and adulthood.

METHODS
The twins were drawn from two Finnish twin studies: the FinnTwin12 (FT12) and
FinnTwin16 (FT16) studies (17). Both are longitudinal studies of health and behavior in
Finnish twins, their parents and siblings. The FT12 study comprises twins born between the
years 1983 and 1987, and the FT16 study twins born between the years 1974 and 1979. The
twins for both studies were identified from the Central Population Registry of Finland.

Author Manuscript

The data were collected through mailed or online questionnaires. The questionnaires
covered extensive medical-social topics, including several items on lifestyle and health
status; the parents have also assessed aspects of the twins’ behavior and development in
early childhood. In addition, the parents have reported the birth weight and birth order of the
twins.

Author Manuscript

In the first phase of the FT12 study, the twins and their parents completed questionnaires
when the twins were 11–12 years old. After that, three follow-ups occurred when the twins
were at the mean ages of 14, 17.5 and 21.9 years (18, 19). The baseline assessment of the
FT16 study was conducted for all the twins within 60 days of their 16th birthday. The twins
were surveyed again in adolescence at the mean ages of 17.1 and 18.6 years and again when
they were young adults at the mean age of 24.5 years. The last data collection wave of the
FT16 study was performed when the twins were in their mid-thirties, at the mean age of 34.0
years. The achieved response rates were 72–90% in each wave of data collection (17, 18).
Previous studies have shown no gender differences in motor competence (14), but clear
gender differences seem to exist in the leisure-time physical activity levels (6, 13, 20). Thus,
only monozygotic (MZ) and same-sex dizygotic (DZ) twin pairs were included in the
analyses and male-female pairs were excluded. The zygosity of the twins was defined on the
basis of validated questions on whether people frequently confused the twins in childhood

Med Sci Sports Exerc. Author manuscript; available in PMC 2016 October 01.

Aaltonen et al.

Page 4

Author Manuscript

and how similar they were in appearance. The level of agreement between blood tests and
the questionnaire diagnosis of zygosity has been high among the Finnish Twin Cohort (30).

Author Manuscript

Baseline family questionnaire data was collected from 1 656 twin pairs (834 MZ, 822 samesexed DZ) in the FT12 study and from 1 852 twin pairs (919 MZ, 933 same-sexed DZ) in
the FT16 study. However, since several chronic diseases may restrict the development of
motor skills and the ability to be physically active, pairs in which one or both co-twins had
congenital or childhood chronic diseases were excluded. The excluded diseases included e.g.
cerebral palsy, minimal brain dysfunction, mental retardation and severe hearing
impairment. After the exclusion criteria were applied, 1 550 twin pairs (795 MZ, 755 samesexed DZ) from the FT12 study and 1 753 twin pairs (882 MZ, 871 same-sexed DZ) from
the FT16 study were included in the analyses. However, the number of twin pairs who
fulfilled our discordance criterion was not equal in each motor development indicator. Thus,
the number of pairs varies between the motor development indicators. In both cohorts, the
number of MZ pairs was slightly higher than the number of same-sex DZ pairs. The
percentages of men and women were nearly equal (the FT12 study men 50.3%/women
49.7% and the FT16 study men 48.8%/women 51.2%).
The present study was conducted according to accepted ethical standards. The ethics
committee of the University of Helsinki and the Institutional Review Board of Indiana
University approved the study protocols. The parents of the participating twins provided
written informed consent for their own and their children’s participation, and the twins
provided their own written informed consent for taking part in the study as adults.
Motor development differences

Author Manuscript

The term “motor development” refers to the age-related development of movements (15). In
both Finnish twin studies, the parents retrospectively reported on motor developmental
differences between the co-twins of a twin pair. Differences in infancy and childhood were
reported at age 11–12 years (the FT12 study) or at age 16 (the FT16 study). It is important to
note, that the measure of motor developmental differences is based on parent-reported
perceived differences in motor skills rather than exact motor developmental differences.
Since parents may not remember the exact dates of developmental milestones, they were
asked to report whether one of the co-twins had been ahead of the other in motor skill
development.

Author Manuscript

Seven indicators were identified for childhood motor skill development. The same indicators
were used in both studies. In infancy, the motor skill development indicators assessed by
questionnaire were 1) turning over from back to stomach, 2) standing unaided, 3) walking
unaided and 4) climbing stairs unaided. The possible response options for parents were 1)
the first born twin was ahead, 2) the second born twin was ahead, 3) there were no
differences (within two months of each other) and 4) cannot say. The rest of the motor
development indicators represented motor proficiency in late childhood and early
adolescence. These indicators were 1) fundamental motor skills at age 6 years, 2) agility at
the ages of 7–10 years (the FT12 study)/at the ages of 7–12 years (the FT16 study) and 3)
physical strength at the ages of 7–10 years (the FT12 study)/at the ages of 7–12 years (the
FT16 study). The response options for the question of fundamental motor skills at age 6
Med Sci Sports Exerc. Author manuscript; available in PMC 2016 October 01.
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were the same as those used in questions related to motor development in infancy. However,
the response options for agility and strength questions were slightly different. The five
options used were 1) the first born twin was clearly superior, 2) the first born twin was
somewhat better, 3) the co-twins were equal, 4) the second born twin was somewhat better
and 5) the second born twin was clearly superior. If the parents reported that one of the cotwins was ahead of the other in a motor development indicator, the co-twins of twin pair
were considered to be discordant for motor development in terms of that indicator.

Author Manuscript

In addition to the separate motor development indicators, we created a summary score for
within-pair motor developmental differences in order to obtain an overall perspective on
motor skill differences within twin pairs. The summary score was constructed by summing
over all the motor development indicators. When the summary scores were created, each
indicator was given the value 1, 0 or -1 for each twin pair. The value 1 was assigned if the
first born twin was ahead in motor development, and the value -1 was assigned if the second
born twin was ahead. If no difference was reported, value 0 was assigned. Thus, after
summing over the indicators, the new summary variable varied between the values 7 (the
first born twin was ahead in every indicator) and -7 (the second born twin was ahead in
every indicator). An additional two other summary scores were constructed by summing
over the first infancy motor development indicators (turning over from back to stomach,
standing unaided, walking unaided and climbing stairs unaided) and the second childhood
motor skill indicators at age 6 years and older (fundamental motor skills at the age of 6
years, agility at the ages of 7–10/7–12 years and strength at the ages of 7–10/7–12 years).
These summary variables were constructed as described above. Thus, the values for the
infancy motor development summary score were between 4 and -4 and for the childhood
motor development summary score between 3 and -3.

Author Manuscript

Leisure-time physical activity

Author Manuscript

Leisure-time physical activity was assessed when the twins were young adults at the mean
age of 24.2 years in the FT12 study and of 24.5 years in the FT16 study. Leisure-time
physical activity was based on questionnaire data, and the activity level was assessed as
leisure-time metabolic equivalent units (MET index). The MET indexes were based on a
series of structured questions on leisure-time physical activity: the monthly frequency, mean
duration and mean intensity of leisure-time physical activity sessions, and physical activity
during journeys to and from work or school. All types of leisure-time and commutingrelated physical activity were taken into account. If the twins were not working or studying,
they were recorded as not having commuting-related physical activity. The indexes were
calculated 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 indexes 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 jogging, and 13 for intensity corresponding to running (1). MET value 4
(walking) was used for the intensity of commuting-related physical activity. Further, it was
assumed that commuting-related physical activity was done on five days per week.
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Additionally, we were interested in a longer term relationship between motor skill
development indicators and leisure-time physical activity habits than we were able to study
during the follow-up from infancy to young adulthood. In the FT16 study, leisure-time
physical activity data was available from adulthood (the mean age of the participants was
34.0 years). These data were utilized in some analyses to obtain a more precise view of the
long-term association between motor skill development and leisure-time physical activity
habits.
Statistical analyses

Author Manuscript

The associations between childhood motor development indicators and leisure-time physical
activity levels in young adulthood (the FT12 study, the FT16 study and the pooled dataset of
FT12 and FT16 studies) and adulthood (only the FT16 study) were analyzed with a
conditional linear regression analysis (i.e., fixed-effects regression models) using the xtreg
modeling command with the fixed effects (fe) option in Stata 12.0 (31). These models use a
within estimator to compare the physical activity levels of co-twins discordant for childhood
motor development, and thus adjust for all unmeasured factors shared by co-twins. The
associations between summary scores for within-pair motor developmental differences and
within-pair leisure-time physical activity differences were analyzed using linear regression
models. When the summary scores were analyzed, the MZ and DZ twin pairs were also
analyzed separately in order to determine possible genetic influences in relation to motor
development and leisure-time physical activity. Because MZ twins derive from one zygote,
they have the same genome sequence, whereas DZ twins on average share 50% of their
segregating genes. Finding an association within the DZ pairs, but not within the MZ pairs,
would suggest that the association is confounded by genetic influences. The linear
regression model was also run with a dataset pooled together from the existing FT12 and
FT16 studies. MET indices from adulthood were also used in the FT16 study. Birth order
and birth weight were included as covariates in the analyses. The data was analyzed using
Stata, version 12.0 (31).

Author Manuscript

RESULTS

Author Manuscript

The mean birth weight of the twin participants was 2 698 g (SD=506 g) in the FT12 study
and 2 657 g (SD=507 g) in the FT16 study. The participants’ leisure-time mean MET values
in young adulthood are presented in Table 1 according to the motor developmental
differences in infancy and childhood, i.e. more advanced co-twins and less advanced cotwins are presented separately. The co-twins who were more advanced in motor
development in infancy and childhood consistently reported higher leisure-time MET values
in young adulthood.
Conditional linear regression analysis was used to predict the association between the
separate childhood motor development indicators and leisure-time MET values in young
adulthood (Table 2). In both cohorts, all regression coefficients were positive (coefficients
varied from 0.14 to 1.86), indicating that childhood motor development is positively
associated with leisure-time physical activity level in young adulthood. Further examination
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revealed that in young adulthood the associations appeared to be stronger in the FT12 study
(from 0.3 to 1.86) than in the FT16 study (from 0.14 to 1.06).

Author Manuscript

Although the associations between childhood motor development indicators and leisure-time
physical activity levels showed a systematic pattern, only some of the associations were
statistically significant. This may be due to the limited statistical power of some of the motor
development indicators. In both cohorts, learning to stand unaided earlier in infancy
predicted significantly higher leisure-time MET values in young adulthood (the FT12 study
p=0.02, the FT16 study p=0.001 and the pooled dataset of the FT12 and FT16 studies
p<0.001). In the FT16 study, having been ahead in climbing stairs unaided (p=0.04), in
agility (p=0.02) and in fundamental motor skills (p=0.005) predicted significantly higher
leisure-time MET values as young adults. Moreover, the co-twins who had learned to walk
unaided earlier had statistically significantly higher leisure-time MET values in young
adulthood in the FT12 study and in the pooled dataset of FT12 and FT16 studies (both
p=0.03). In the pooled dataset of the FT12 and FT16 studies, all the childhood motor
development indicators except “strength” showed statistically significant associations
between leisure-time physical activity levels in young adulthood. The significance of the
associations were robust to adjustment for birth weight and birth order with the exception of
the indicators “standing unaided” in the FT12 study and “walking unaided” in the pooled
dataset of FT12 and FT16 studies (Table 2).

Author Manuscript

Since physical activity data was available in adulthood (mean age 34.0 years) in the FT16
study, the conditional linear regression model was run using leisure-time MET values
assessed in adulthood. Although the associations between childhood motor development
indicators and leisure-time physical activity were weaker in adulthood (from 0.09 to 0.56)
than in young adulthood (from 0.14 to 1.06), childhood motor development was still
positively associated with the leisure-time physical activity level in adulthood. The results
were also consistent with those of young adulthood in terms of agility: having been more
agile as a child predicted significantly higher leisure-time MET values in adulthood
(p=0.03). Again, the significance of this association was robust to adjustment for birth
weight and birth order.

Author Manuscript

Linear regression models for the summary scores of within-pair motor developmental
differences and within-pair differences in leisure-time physical activity were also carried
out. The results were parallel to those found in the conditional linear regression models for
separate motor development indicators (Table 3). That is, a greater within-pair difference in
childhood motor development predicted a greater within-pair difference in leisure-time
physical activity in young adulthood. When the MZ and DZ twin pairs were analyzed
together, the regression coefficients varied from 0.34 to 0.69, and the results were
statistically significant in both cohorts (the FT12 study p=0.002 and p=0.003 after birth
weight adjustment; the FT16 study p<0.001 and p<0.001 after birth weight adjustment). The
models were also analyzed separately for the MZ and DZ pairs, but no dramatic change was
seen compared to the analyses among all pairs with the exception of the DZ twin pairs in the
FT12 study: the significance of the association weakened and became non-significant after
birth weight adjustment among the DZ twin pairs in the FT12 study (p=0.07) (Table 3). In
the final stage of the summary score analysis of within-pair motor developmental
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differences and within-pair differences in leisure-time physical activity, we pooled the two
existing datasets together. The analysis of the pooled FT12 and FT16 datasets did not
change the actual results, except that the statistical significance increased to p<0.001 in all
cases.

Author Manuscript

A linear regression model was run using leisure-time MET values assessed not only in
young adulthood but also in adulthood (the FT16 study). The regression coefficient was
weaker in adulthood (0.25) than it was in young adulthood (0.38) (Table 3). Nevertheless,
the within-pair difference in childhood motor development predicted the within-pair
difference in leisure-time physical activity in adulthood (p=0.004 and p=0.004 after birth
weight adjustment). When the model was run separately in the MZ and DZ twin pairs, the
significance of the association was observed only in the DZ pairs. An interaction test
between zygosity (MZ vs. DZ) and within-pair difference in childhood motor development
was not statistically significant (p=0.78), suggesting that the results are not explained by
genetic influences.

DISCUSSION

Author Manuscript

The present study found a positive association between childhood motor skill development
as reported by parents and self-reported leisure-time physical activity levels in young
adulthood and adulthood after adjusting for family background. In other words, a within-pair
difference in motor development in childhood predicted a high within-pair difference in
leisure-time physical activity level in later life. Several motor development indicators
showed that having been more advanced in motor development skills as a child predicts
higher leisure-time physical activity levels in later life. Learning to stand unaided was the
only indicator replicating statistically significant results in both study samples. In the FT16
study, having been more agile as a child was the only indicator that showed a significant
association between childhood motor development and leisure-time physical activity level
both in young adulthood and adulthood. In the pooled dataset of the FT12 and FT16 studies,
both learning to stand unaided and having been more agile as a child were the indicators that
were the most significantly associated with later physical activity level. Consequently,
agility and the ability to stand unaided may be good indicators to separate children in terms
of later physical activity behavior. However, the ability to stand is more likely to be a valid
and reliable indicator than agility due to a possible recall bias by the parents.

Author Manuscript

The results corroborate previous findings in this field. A large volume of published studies
describe the important role of motor proficiency on physical activity levels (10, 11, 25, 37,
38). Longitudinal studies have also demonstrated that early motor skill proficiency is highly
related to physical activity levels in later life (4, 23, 24, 29). Our findings support these
previous studies suggesting that even infant motor development may predict physical
activity behavior in adulthood. Moreover, our results extend the prior studies by indicating
that genetic or familial influences do not account for the association between motor
proficiency in childhood and physical activity behavior in adulthood.
In general, the systematic pattern of the associations revealed by the present study, which
used co-twin comparisons to adjust for unmeasured family background factors, suggests that
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the association between childhood motor skill development and leisure-time physical
activity levels in later life is not fully explained by such confounding factors. In contrast, our
results are compatible with a causal relationship. Having poor motor skills as a child may
result in lower self-esteem related to physical activity and decrease enjoyment of physical
activity. Thus, regular participation for physical activity may be decreased also in adulthood
among those who were having poor motor skills as a child.

Author Manuscript

A longitudinal follow-up of a childhood motor skill intervention showed that once the
improvement in motor skills has reached a certain point, the skills gained remain for several
years (38). Based on this result, motor skill interventions in childhood are believed to be
worthwhile. In contrast, a motor proficiency intervention carried out on children did not
result in higher physical activity participation in adolescence (4). Although interventions
have examined the association between motor proficiency and the later physical activity
level, the true impact of motor skill interventions can only be examined in randomized
controlled trials. However, as far as we know no randomized controlled trials exist on motor
skill development with a long-term follow-up from childhood to young adulthood.
A key strength of this study lies in its longitudinal design, which enabled us to examine the
associations between motor development and leisure-time physical activity over time and
deepen the understanding of why some people fail to engage in regular, consistent leisuretime physical activity in adulthood. We were able to investigate the relationship between
childhood motor skill development indicators and physical activity habits, not only in young
adulthood but also 10 years later in adulthood.

Author Manuscript

The present study was specifically designed to evaluate familial confounders by comparing
co-twins discordant for childhood motor development. Twin studies are a valuable source of
information about complex traits such as physical activity, since twins are perfectly matched
for age, family background if reared in the same family, and perhaps also for other social
and medical variables. The MZ co-twins are also perfectly matched for genomic sequence.
Hence, the co-twin control study design makes it possible to take these confounding factors
into account. This is a clear strength compared to studies carried out on singletons. A further
strength of the present study is its adequate sample size; the study sample was representative
of the population and had a high response rate. Participants with overt chronic diseases were
excluded, which should have minimized the possibility of the influence of diseases on the
level of leisure-time physical activity reported by the participants.

Author Manuscript

A few limitations need to be considered. First, although the overall twin sample size was
large, the sample sizes of the co-twins discordant for childhood motor development
indicators were limited, which meant that the statistical power to detect small differences
between the more advanced and less advanced co-twins was relatively low. Thus, pooling
the datasets was an important step in the analysis. Second, the exact ages of motor
development milestones were not assessed. Since the motor development indicators used in
the present study provided information only on the order of the motor development between
the co-twins, direct associations between absolute levels of variables could not be assessed.
Third, questionnaires may not be the best possible way to measure motor development or
physical activity habits. The validity of the retrospective measure of motor developmental
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differences in twins has not been proven, but earlier analyses of the Finnish twin studies
have shown high correlations between responses to similar leisure-time physical activity
questions and physical activity data obtained by interview (36). Leisure-time physical
activity questions and a detailed assessment of the volume of leisure-time physical activity
over the previous 12 months (12-month MET index) also correlated highly when the
assessment and questionnaire were conducted at the same time point (22).

Author Manuscript

Retrospective questionnaires, such as those we used to assess childhood motor skill
development in the present study, are even more complex. In our study, motor
developmental differences in infancy and childhood were reported by the parents at baseline
when the twins were at ages 11–12 (the FT12 study) or at age 16 (the FT16 study). The
results of the study revealed that the effects in regression analyses were stronger in the FT12
study than they were in the FT16 study. This may indicate that the parents remembered their
children’s childhood motor development better when the questions were asked four years
earlier. However, it is important to note that fewer statistically significant associations in the
FT12 study compared to the FT16 study may also be due to a smaller sample size.

Author Manuscript

The present study is based on twin analyses. Twin analyses raise the question of whether
twins are representative of the general population. One of the most important assumptions of
the twin analysis is that the twins do not differ from the general population in terms of the
trait. It is known that twins are often born premature and hence lower in weight than average
singleton new-borns (7), but catch up on growth quickly. Twins share the same womb and
are thus exactly the same age, and because they are the same age they tend to be in the same
school and share many of the same peers. This may cause twins to be more alike than nontwin siblings. Nevertheless, there is evidence that being a twin does not affect behavior (26)
or several lifestyle or disease-related characteristics (2). Representativeness is also a
potential concern in this study for the reason that we included only twin pairs with
differences in motor development indicators in our study. However, no evidence was found
that the discordant twin pairs differed from concordant twin pairs in terms of leisure-time
physical activity (results not shown). Further, a majority of twin pairs, i.e. 72%, differed in
at least one motor development indicator supporting the representativeness of the study.

Author Manuscript

The higher leisure-time mean MET values for the FT12 study participants may be due to
two facts. First, the assessments of leisure-time physical activity behavior in the FT12 and
FT16 studies were carried out at different times: the assessment of leisure-time physical
activity was carried out in 2000–2002 (mean age of the twins 24.5 years) in the FT16 study
and in 2006–2009 (mean age of the twins 24.2 years) in the FT12 study. Reported leisuretime physical activity levels have slightly increased since the late 90s (6, 13). Second, the
response options for the frequency of leisure-time physical activity were slightly different.
In the FT16 study, the response options for the frequency of the physical activity ranged
from “not at all” to “about every day”. In the FT12 study, one more option was offered: the
options ranged from “not at all” to “several times per day”. Despite the social changes and
minor differences in the questionnaires described above, the results of these two cohorts
were parallel in the present study.
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In the future, more research with larger sample sizes would strengthen the investigation of
the topic. Longitudinal studies are still rare, although they would be ideal for investigating
the significance of motor skills over time. If motor proficiency actually is among the
determinants of physical activity, intervention studies could provide more information on
this association. Large randomized controlled trials could offer more definitive evidence, but
they are, unfortunately, restricted by time and financial resources.

Author Manuscript

In conclusion, the present study aimed to investigate whether within-pair differences in
childhood motor skill development reported by parents are associated with leisure-time
physical activity levels in young adulthood and adulthood reported by twins. To the best of
our knowledge, this study is the first to give a picture of the association when family
background is adjusted for by using within-family comparisons. Our data support a positive
association between childhood motor skill development and physical activity levels in later
life. Moreover, our study shows that the association is at least partly independent of family
background, compatible with a causal relationship. Understanding the association between
early motor development indicators and leisure-time physical activity levels in later life
could help us to develop effective physical activity counseling and early targeted
interventions to promote physical activity. This knowledge also helps us to tailor physical
activity interventions to enhance health. Motor skill development may be one of the key
strategies in childhood interventions aiming to promote long-term physical activity.
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Leisure-time physical activity levels expressed as mean MET hours/day at the mean ages of 24.2 years (the
FT12 study) and 24.5 years (the FT16 study). The MET values are presented according to the childhood motor
developmental differences (more advanced co-twins vs. less advanced co-twins). Only the healthy MZ and
same-sexed DZ twin pairs were included in the analyses. It is important to note that the assessments of leisuretime physical activity behavior in the FT12 and FT16 studies were carried out at different times and that the
response options for the frequency of leisure-time physical activity were slightly different in the FT12 and
FT16 studies.
Motor skill development in infancy and childhood

Mean MET index (MET hours/day)±SD
FT12

FT16

(N=68 pairs)

(N=309 pairs)

More advanced co-twin

8.20±9.38

5.73±5.45

Less advanced co-twin

6.59±6.86

5.11±4.68

Turning over from back to stomach

Author Manuscript

(N=81 pairs)

(N=340 pairs)

More advanced co-twin

9.68±6.22

6.12±5.70

Less advanced co-twin

7.84±5.42

5.06±4.62

(N=186 pairs)

(N=563 pairs)

More advanced co-twin

7.64±9.27

5.53±5.10

Less advanced co-twin

6.26±7.53

5.30±4.82

Standing unaided

Walking unaided

(N=38 pairs)

(N=179 pairs)

More advanced co-twin

8.87±8.32

5.90±5.90

Less advanced co-twin

7.30±8.88

5.00±4.63

(N=153 pairs)

(N=314 pairs)

More advanced co-twin

8.53±10.40

5.63±5.15

Less advanced co-twin

7.16±8.76

4.78±4.40

Climbing stairs unaided

Fundamental motor skills at age 6

Author Manuscript

(N=179 pairs)

(N=449 pairs)

More advanced co-twin

7.52±8.85

5.54±5.16

Less advanced co-twin

6.27±7.11

4.86±4.58

(N=186 pairs)

(N=443 pairs)

More advanced co-twin

6.98±6.85

5.45±5.08

Less advanced co-twin

6.32±6.76

5.15±4.69

Agility at age 10 (FT12)/at age 12 (FT16)

Strength at age 10 (FT12)/at age 12 (FT16)

MET=metabolic equivalent, SD=standard deviation

Author Manuscript
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1.58 (-0.68 to 3.86)

Birth weight + birth
order

1.48 (-0.14 to 3.10)

Birth weight + birth
order

1.32 (0.01 to 2.62)

Birth weight + birth
order

1.09 (-1.58 to 3.76)

Birth weight + birth
order
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1.42 (-0.13 to 2.96)

Birth weight + birth
order

1.28 (-0.04 to 2.59)

Birth weight + birth
order

No covariates

0.66 (-0.50 to 1.82)

Strength at age 10 (FT12)/at age 12 (FT16)

1.25 (-0.08 to 2.59)

No covariates

Agility at age 10 (FT12)/at age 12 (FT16)

1.36 (-0.20 to 2.93)

No covariates

Fundamental motor skills at age 6

1.56 (-1.32 to 4.45)

No covariates

Climbing stairs unaided

1.38 (0.15 to 2.62)

No covariates

Walking unaided

1.86 (0.31 to 3.40)

No covariates

Standing unaided

1.61 (-0.60 to 3.82)

No covariates

Turning over from back to stomach

0.26

0.06

0.06

0.07

0.09

0.42

0.28

0.05

0.03

0.07

0.02

0.17

0.15

0.31 (-0.22 to 0.82)

0.79 (0.25 to 1.33)

0.68 (0.13 to 1.23)

0.94 (0.35 to 1.52)

0.84 (0.26 to 1.44)

0.94 (0.06 to 1.82)

0.91 (0.03 to 1.78)

0.17 (-0.27 to 0.62)

0.23 (-0.21 to 0.67)

1.02 (0.39 to 1.65)

1.06 (0.44 to 1.67)

0.60 (-0.08 to 1.28)

0.63 (-0.05 to 1.30)

Regression coefficient
(95% CI)

Regression coefficient
(95% CI)

p-value

FT16 mean age 24.5 years

FT12 mean age 24.2 years

0.25

0.004

0.02

0.002

0.005

0.04

0.04

0.45

0.30

0.002

0.001

0.08

0.07

p-value

0.53 (0.06 to 0.99)

0.55 (0.06 to 1.04)

0.50 (0.04 to 0.96)

0.37 (-0.18 to 0.93)

0.36 (-0.19 to 0.92)

0.34 (-0.51 to 1.18)

0.31(-0.52 to 1.13)

0.09 (-0.35 to 0.53)

0.11 (-0.33 to 0.54)

0.43 (-0.16 to 1.02)

0.37 (-0.21 to 0.94)

0.28 (-0.33 to 0.89)

0.32 (-0.29 to 0.92)

Regression coefficient (95% CI)

FT16 mean age 34.0 years

Leisure-time physical activity (MET hours/day)

0.03

0.03

0.03

0.19

0.2

0.43

0.46

0.69

0.63

0.15

0.21

0.37

0.31

p-value

0.4 (-0.09 to 0.88)

0.97 (0.44 to 1.49)

0.85 (0.33 to 1.37)

1.02 (0.41 to 1.63)

0.96 (0.35 to 1.57)

1.00 (0.20 to 1.79)

1.03 (0.24 to 1.81)

0.42 (-0.03 to 0.87)

0.49 (0.05 to 0.93)

1.10 (0.55 to 1.64)

1.16 (0.63 to 1.7)

0.81 (0.17 to 1.44)

0.85 (0.22 to 1.47)

Regression coefficient
(95% CI)

0.11

<0.001

0.001

0.001

0.002

0.01

0.01

0.07

0.03

<0.001

<0.001

0.01

0.007

p-value

Pooled FT12 and FT16 mean age 24.4
years

Conditional linear regression models for motor skill development indicators and leisure-time physical activity. The models are presented for both the
FT12 and FT16 studies. Only the healthy MZ and same-sexed DZ twin pairs were included in the analyses.
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0.30 (-0.82 to 1.42)

0.59

0.14 (-0.44 to 0.73)

Regression coefficient
(95% CI)

Regression coefficient
(95% CI)

MET=metabolic equivalent, CI=confidence intervals

Birth weight + birth
order

FT16 mean age 24.5 years

Author Manuscript
p-value

Author Manuscript

FT12 mean age 24.2 years

0.63

p-value
0.39 (-0.11 to 0.89)

Regression coefficient (95% CI)

FT16 mean age 34.0 years

0.13

p-value
0.22 (-0.3 to 0.73)

Regression coefficient
(95% CI)

0.41

p-value

Pooled FT12 and FT16 mean age 24.4
years

Author Manuscript

Leisure-time physical activity (MET hours/day)
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Linear regression models for the summary score of within-pair motor developmental differences and withinpair differences in leisure-time physical activity. The models are presented separately for the FT12 and FT16
studies and for the pooled dataset. Only the healthy MZ and same-sexed DZ twin pairs were included in the
analyses.
Summary variable for within-pair motor developmental
differences

Within-pair difference in leisure-time physical activity (MET hours/day)
Regression coefficient

95% CI

p-value

No covariates N=395

0.53

0.20 to 0.87

0.002

Birth weight N=394

0.51

0.17 to 0.84

0.003

No covariates N=238

0.69

0.17 to 1.21

0.01

Birth weight N=238

0.69

0.17 to 1.22

0.01

No covariates N=157

0.47

0.007 to 0.94

0.05

Birth weight N=156

0.44

-0.04 to 0.91

0.07

No covariates N=1 189

0.38

0.20 to 0.56

<0.001

Birth weight N=1 174

0.38

0.20 to 0.57

<0.001

No covariates N=605

0.47

0.13 to 0.81

0.006

Birth weight N=598

0.46

0.12 to 0.80

0.008

No covariates N=584

0.34

0.12 to 0.57

0.003

Birth weight N=576

0.35

0.12 to 0.58

0.003

No covariates N=1 291

0.25

0.08 to 0.42

0.004

Birth weight N=1 274

0.25

0.08 to 0.42

0.004

No covariates N=651

0.18

-0.14 to 0.51

0.27

Birth weight N=642

0.20

-0.12 to 0.53

0.22

No covariates N=640

0.27

0.06 to 0.48

0.01

Birth weight N=632

0.27

0.06 to 0.48

0.01

No covariates N=1 584

0.44

0.27 to 0.60

<0.001

Birth weight N=1 568

0.43

0.27 to 0.59

<0.001

FT12, mean age 24.2 years
All pairs

Only MZ pairs

Author Manuscript

Only DZ pairs

FT16, mean age 24.5 years
All pairs

Only MZ pairs

Only DZ pairs

Author Manuscript

FT16, mean age 34.0 years
All pairs

Only MZ pairs

Only DZ pairs

Author Manuscript

FT12 and FT16 pooled, mean age 24.4 years
All pairs

Only MZ pairs
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Summary variable for within-pair motor developmental
differences

Within-pair difference in leisure-time physical activity (MET hours/day)
Regression coefficient

95% CI

p-value

No covariates N=843

0.60

0.29 to 0.85

<0.001

Birth weight N=836

0.58

0.30 to 0.86

<0.001

No covariates N=741

0.38

0.18 to 0.58

<0.001

Birth weight N=732

0.38

0.17 to 0.59

<0.001

Only DZ pairs

MET=metabolic equivalent, CI=confidence intervals
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