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Abstract

The aim of this study was to estimate the contribution of genetic and environmental influences on
motives for engaging in leisure-time physical activity. The participants were obtained from the
FinnTwin16 study. A modified version of the Recreational Exercise Motivation Measure was used
to assess the motives for leisure-time physical activity in 2 542 twin individuals (mean age of 34.1
years). Linear structural equation modeling was used to investigate the genetic and environmental
influences on motive dimensions. The highest heritability estimates were found for the motive
dimensions of “enjoyment” (men 33% (95% CI 23-43%), women 53% (95% CI 45-60%)) and
“affiliation” (men 39% (95% CI 0.28-0.49%), women 35% (95% CI 0.25-0.43%)). The lowest
heritability estimates were found for others’ expectations (men 13% (95% CI 0.04-0.25%),
women 15% (95% CI 0.07-0.24%)). Unique environmental influences explained the remaining
variances, which ranged from 47% to 87%. The heritability estimates for summary variables of
intrinsic and extrinsic motives were 36% and 32% for men and 40% and 24% for women,
respectively. In conclusion, genetic factors contribute to motives for leisure-time physical activity.
However, the genetic effects are, at most, moderate, implying the greater relative role of
environmental factors.
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Introduction

Physical inactivity is a major global public health issue (Hallal et al., 2012). An increasing
body of research has examined the correlates and determinants of physical activity
behaviour. Multiple factors at individual, social, environmental and policy levels can all have
effects on physical activity behaviour (Bauman et al., 2012). Variation in physical activity
behaviour is known to be explained at least moderately by genetic differences (de Vilhena e
Santos et al., 2012; Aaltonen et al., 2014a; de Geus et al., 2014). In twin studies, heritability
estimates (i.e. the proportion of variance explained by genetic differences) of physical
activity have ranged from about 30% to 80% (de Geus et al., 2014). However, specific
molecular genetic studies have found no robustly replicated genes for physical activity
behaviour (de Vilhena e Santos et al., 2012; de Geus et al., 2014). On the other hand,
research focusing on the psychological correlates of physical activity behaviour has
indicated that motives for physical activity are likely to be a key factor in understanding
individual differences in leisure-time physical activity behaviour (Dacey et al., 2008; Garcia
Calvo et al., 2010; Bauman et al., 2012). Motives give a direction to physical activity
behaviour. Self-Determination Theory focuses on the importance of intrinsic motives in
driving human behaviour suggesting that intrinsically motivated behavior is based on three
fundamental needs that must be satisfied: competence, autonomy and relatedness (Deci &
Ryan, 1985). Intrinsically motivated people follow their innate needs and interests, while
extrinsic motives are related to rewards and punishments. In general, intrinsic motives, such
as enjoyment, are linked to regular physical activity behavior (Teixeira et al., 2012).

The disparate findings of previous research lines raises an interesting question of whether
the motives for physical activity themselves can be heritable. In the mid-sixties, an
American study with a small sample size (61 female twin pairs of 6 _ 10 years of age)
showed low to moderate heritability estimates (i.e. 26%—40%) for aspects of motives for
physical activity (Scarr, 1966). Since studies on the heritability estimates of motives are
scant, studies on exercise attitudes may be relevant. Motives and attitudes are not
conceptually identical, but both can be considered to influence behavior: motives start the
physical activity behavior and represent the individual’s feelings towards physical activity,
while attitudes determine the direction of the activity (Droba, 1933). Two studies on exercise
attitudes have indicated a genetic basis for exercise attitudes. First, Olson et al. (Olson et al.,
2001) in 2001 estimated the genetic basis of several attitudes, including attitudes toward
athleticism by comparing the similarity of monozygotic (MZ, genetically identical) and
dizygotic (DZ, genetically full siblings) twins. They found that genetic factors contribute
moderately to the variation of attitudes towards athleticism; the heritability estimate was
54%. More recently, in 2014, a Dutch study of adult twins and their siblings indicated that
genetic influences play a role in explaining individual differences in exercise attitudes
(Huppertz et al., 2014). In this study, the heritability of the attitude components of physical
activity ranged between 21% and 49%, indicating moderate genetic variation in exercise
attitudes: lack of enjoyment in men (47%) and embarrassment (49%) in women showed the
highest heritability.

Inherent differences in brain reward activation in voluntary physical activity behavior have
been shown in animal studies (Rhodes et al., 2003; Garland et al., 2011; Roberts et al.,
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2014). Recently, a study among rats selectively bred to possess low vs. high voluntary
running behavior demonstrated that the mechanisms underlying motives for physical activity
behavior are likely to have a partial genetic basis (Roberts et al., 2014). More specifically,
medium spiny neuron maturation differences in the nucleus accumbens seemed to be
responsible for differences in voluntary running motivation in rats. In a similar genetic
selection study on mice, there was evidence for the evolution of certain brain regions
responsible for increasing motivation for wheel running (voluntary running distance was
considered an index of motivation for wheel running) (Rhodes et al., 2003). These studies
suggest that genetic factors may also influence motives to engage in physical activity in
humans.

Much uncertainty still exists regarding the overall genetic architecture of motives for
physical activity behavior. Thus, quantitative genetic analyses in twins can provide a novel
understanding of the contribution of genetic factors to motives to be physically active. Our
dataset of Finnish twins offers an opportunity to investigate motives for leisure-time physical
activity and to disentangle genetic variation from environmental variation. In the present
study, the objective was to better understand the role of genetic and environmental factors
behind the individual differences in motives for engaging in leisure-time physical activity.
We aimed to estimate to what extent motives for leisure-time physical activity are heritable
among adults in their mid-thirties and also to examine whether heritability estimates differ
between intrinsic and extrinsic motive dimensions. With regard to the estimates found for
exercise attitudes, we hypothesized that the heritability estimates of the motive dimensions
of leisure-time physical activity range between 20% and 50% (Olson et al., 2001; Huppertz
etal., 2014).

Moreover, we hypothesized that extrinsic motive dimensions are less heritable than intrinsic
motive dimensions, since intrinsic motives seem to be important for the progression to and
maintenance of actual activity, while extrinsic motives, such as the expected appearance
consequences of physical activity, are found to be dominant during the early stages of
physical activity behavior adoption (Deci & Ryan, 1985; Ryan et al., 1997; Segar et al.,
2008). Intrinsic activities highlighted in Self-Determination Theory are those that people do
naturally and spontaneously when they follow their inner interests (Deci & Ryan, 1985),
and, thus, intrinsic motive dimensions related to people’s inner interests may have a higher
genetic predisposition than extrinsic motive dimensions. Extrinsic motive dimensions may
be influenced more by external factors, such as cultural and social factors.

Finally, we will investigate to what extent different motive dimensions of leisure-time
physical activity behavior share the same genetic and environmental variations. We present
the results of genetic modeling by sex, since previous studies have shown that motives for
physical activity differ between men and women (Gill et al., 1996; de Andrade Bastos et al.,
2006; Dacey et al., 2008).
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The data were derived from the latest data collection wave of the FinnTwin16 study, which
was conducted between the years 2010 and 2012 (Kaprio, 2013). The twins were originally
identified via Finland’s Central Population Register, and they have been taking part in the
study since the age of 16. For the fifth wave of data collection, an invitation letter to
participate in an internet survey was sent to all twins in the birth cohorts between the years
October to December 1974 and 1975 to 1979, and who lived in Finland. Of the 6 132 twins
who were contacted irrespective of their participation in earlier study waves, 4 414 twins
participated in this wave of the survey (response rate 72%). The mean age of the twins who
completed the online questionnaire was 34.1 (SD 1.16) years. The zygosity of the twins had
been determined earlier using a well-validated questionnaire (Jelenkovic et al., 2011).

Altogether 3 933 twin individuals responded to the items on the motives for leisure-time
physical activity. Missing data rates for single motive items ranged from 5% to 6%. Since
we know that pregnancy can reduce the ability to be physically active in women, we
excluded pregnant women from the analysis (n=191), and twins with unknown/uncertain
zygosity were also excluded (n=201). After these exclusions, we had data available on 3 541
twin individuals. Data on all motive dimensions for both co-twins of a twin pair were
available for 1 271 twin pairs (2 542 twin individuals). Of these, 183 were MZ and 196 were
DZ male twin pairs, 275 were MZ and 198 were DZ female twin pairs, and 419 were DZ
twin pairs of opposite sex.

Assessment of the motives for leisure-time physical activity

To evaluate the participants’ motives for leisure-time physical activity, a modified version of
the Recreational Exercise Motivation Measure (REMM) (Rogers & Morris, 2003; Aaltonen
et al., 2014b) was used. The REMM measure is designed to assess adults’ physical activity
motives and it is based on Self-Determination Theory (Deci & Ryan, 1985). The original
version of the REMM measure consisted of 73 items representing both intrinsic and
extrinsic motives for leisure-time physical activity. They form eight dimensions of 8 to 13
items. In the FinnTwin16 study, each of the eight dimensions was represented by only one
item due to restrictions on space on the online survey questionnaire.

The dimensions of the REMM measures were (representative item in parentheses) 1)
mastery (“improve skills and/or get better at an activity”), 2) enjoyment (“have a good time
and enjoy exercising”), 3) affiliation (“be with friends and/or do activity with others”), 4)
competition/ego (“be fitter and/or look better than others™), 5) others’ expectations
(“conform to others’ expectations”), 6) physical fitness (“be physically fit”), 7)
psychological state (“improve psychological health/wellbeing™), and 8) appearance
(“maintain/improve appearance and body shape™). The dimensions of “mastery” and
“enjoyment” represent intrinsic motives, whereas all the others represent aspects of extrinsic
motivation. Participants were asked to rate each item on a 5-point Likert scale ranging from
strongly disagree (1) to strongly agree (5). All the items were introduced by the stem “I
exercise...”.
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In addition to the single motive dimensions, we created summary scores for intrinsic and
extrinsic motives. The grouping is in accordance with Self-Determination Theory. The
intrinsic motive summary score was constructed by summing over the single motive
dimensions representing intrinsic motives namely “mastery” and “enjoyment”, whereas the
extrinsic motive summary score was constructed by summing over the dimensions
representing extrinsic motives namely “affiliation”, “competition/ego”, “others’
expectations”, “physical fitness”, “psychological state” and “appearance”. After adding up
the single dimensions, the sum was divided by how many dimensions there where i.e. two in
the summary score of intrinsic motives and six in extrinsic motives. Thus, the new intrinsic
and extrinsic motive summary variables varied between the values 1 and 5, similarly to the
values of the initial single motive dimensions.

The developers of the REMM have validated the original REMM measure (Rogers &
Morris, 2003). The Finnish version of the 73-item REMM has also been validated (Pajunen,
2004) and the internal consistencies of the dimensions were found to be similar to those
cited by the developers of the original measure, Rogers and Morris (2003) (Rogers &
Morris, 2003). Nevertheless, the use of the abbreviated scale may have consequences for the
validity and reliability of the measure, even though the dimensions of the modified REMM
questionnaire are exactly the same as those used in the original version of the REMM
questionnaire.

Ethics of the study

The ethics committee of the Department of Public Health of the University of Helsinki,
Helsinki, Finland and the Institutional Review Board of Indiana University, Bloomington,
Indiana, USA approved the FinnTwin16 study protocol. The fifth wave of data collection
was also approved by the Ethics Committee of the Central Finland Health Care District in
Jyvaskyld, Finland. The participating twins and families were provided with information
about the study at baseline (15t wave, 1991-1996) and the twins also provided informed
consent at the fifth wave of data collection, which was related to the measurement of
motives for leisure-time physical activity (2010-2012).

Statistical methods

First we produced the descriptive statistics of the motive dimensions using Stata 13.0
(StataCorp, College Station, Texas). Further, data were analyzed with quantitative genetic
modeling to examine the extent to which variation in a trait is accounted for by genetic and
environmental influences in a particular population at a particular time (Plomin et al., 2000).
The proportion of variation accounted for by genetic influences is called heritability.
Standard deviations (SD) for the means and 95% confidence intervals (CI) for the
correlations between MZ and DZ twins and for the estimates of genetic and environmental
influences are reported.

In general, twin studies are a valuable source of information about complex traits as they can
uncover underlying genetic and environmental influences. The trait variance, here the
variance of the motives for leisure-time physical activity, can consist of four sources of
variation: additive genetic variation (A), dominant genetic variation (D), common
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environmental variation (C), and unique environmental variation (E) (Rijsdijk & Sham,
2002). Measurement error is included in the unique environmental variation. The
quantitative genetic method is based on the different genetic relatedness of MZ and DZ co-
twins. Whereas MZ co-twins share approximately all of their genetic material (the
correlation is 1 for additive (A effects) and dominant (D effects) 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 (C effects) refer
to all environmental influences that make members of a twin pair alike as they correlate 1.0
in both MZ and DZ twins. Unique environmental effects (E effects) denote all environmental
influences that make members of a twin pair unlike as they are uncorrelated in both MZ and
DZ twins. In the classical twin design having only twins reared together, dominant genetic
and common environmental influences cannot be estimated simultaneously.

Statistical modeling was carried out with OpenMx (version 2.0.1) software, which is a
package for extended structural equation modeling on the R statistical platform (Boker et al.,
2011; Revelle, 2011). We started with information on the resemblances of MZ and DZ
twins. By estimating intraclass correlation coefficients, we quantified the degrees to which
MZ and DZ twins resemble each other with regard to motives for leisure-time physical
activity. If MZ co-twins more closely resemble each other than DZ co-twins, it is evidence
of a genetic component. Furthermore, if the DZ correlation is more than half of the MZ
correlation, this suggests the potential presence of common environmental factors.

The heritability estimates of the motives for leisure-time physical activity were assessed
with genetic models. First, univariate models were fitted to find the best-fitting model for
each motive dimension, starting with the ACE model to determine whether additive genetic,
common and/or unique environmental factors explain variation in the motive dimensions
(Plomin et al., 2000). Thus, model-fitting analyses were started by computing a series of
univariate models. Then, the AE models were compared to the full ACE models to
determine whether common environmental factors explain variation in the motive
dimensions. Subsequently, we tested whether sex-specific genetic factors were related to
motives for leisure-time physical activity. In practice, we tested whether the genetic
correlations for opposite-sex twins could be constrained to be 0.5. The analyses revealed no
sex-specific genetic effects (p-values ranged from 0.20 to 0.94), indicating that the same
genetic components affect motives for leisure-time physical activity in men and women.
Then, we tested whether there were differences in the absolute genetic and environmental
variances between men and women. These results showed significant differences in genetic
and environmental variances in several motive dimensions between men and women:
“enjoyment” p=0.01, “physical fitness” p<0.001, “psychological state” p<0.001 and
“appearance” p=0.002 (Supplementary table 1). In addition to testing absolute variances, we
further tested whether there were differences in the relative genetic and environmental
variances (i.e. in standardized variances) between men and women. These analyses revealed
that the magnitude of additive genetic variances (i.e. heritability) was significantly different
in the motive dimensions of “enjoyment” p=0.001 and “competition/ego” p=0.01 in men and
women.
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A similar procedure was used to analyze the summary variables for intrinsic and extrinsic
motives for leisure-time physical activity. Analyses revealed neither sex-specific genetic
effects related to intrinsic or extrinsic motives (p-values of 0.35 and 0.67), nor significant
differences in the relative genetic and environmental effects between men and women (p-
values of 0.35 and 0.67). However, there was a significant difference in the absolute genetic
and environmental variances between men and women in the summary variable of extrinsic
motives p<0.001 (Supplementary table 1).

Next, a multivariate Cholesky decomposition was conducted to estimate genetic and
environmental correlations. We used a correlated factor solution of the Cholesky
decomposition (Neale & Cardon, 1992). Genetic and environmental correlations were
examined to see to what extent the variation of the motive dimensions was explained by the
same genetic and environmental factors. The structure of the Cholesky decomposition was
based on the univariate model-fitting results. To increase statistical power, we used also the
Cholesky decomposition to estimate the relative genetic and environmental variations of
motives for leisure-time physical activity.

The means and standard deviations of the motive dimensions for leisure-time physical
activity stratified by zygosity and sex are provided in Table 1. There were no significant
differences by zygosity groups. In all groups, physical fitness and psychological wellbeing
were the highest and others’ expectations the least rated reasons for engaging in leisure-time
physical activity. Intraclass correlations of the motives to engage in leisure-time physical
activity within twin pairs are presented in Table 2. Correlations for MZ twins were clearly
higher than correlations for DZ twins, suggesting the presence of genetic variation. The
exception was the dimension related to the willingness to conform to others’ expectations in
women.

We started the genetic modeling by selecting the best fitting models to be used in the further
analyses. The comparison of different models showed that common environmental
components could be dropped from the model, since dropping the C path coefficients did not
lead to a significant deterioration of model fit (Supplementary table 1, p-values ranged from
0.44 to 1). Full ACE models are presented in Supplementary table 2, and the best fitting AE
models are presented in Table 3. According to the best fitting AE models, the heritability
estimates of the motives for leisure-time physical activity ranged from 13% to 39% in men
and from 15% to 53% in women. The motive dimensions of “enjoyment” and “affiliation”
showed the highest heritability estimates in both sexes, while the lowest heritability
estimates were seen in the dimensions of “conform to others’ expectations” in both sexes
and “mastery” in women. The low estimates of genetic influences indicate a greater role of
unique environmental influences. As expected, the motive dimension of “enjoyment”, as a
strong intrinsic motive dimension, was among the most heritable traits, while the heritability
estimate of the other intrinsic motive dimension in our measure, “mastery”, was estimated to
be low, especially in women. The motive dimension “enjoyment” had the greatest difference
in heritability estimates between men (33%) and women (53%).
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Trait correlations between the eight motive dimensions fluctuated strongly, but were
consistent for both sexes, ranging from —0.04 to 0.79 in men and from —0.13 t0 0.75 in
women (Table 4). The motive dimensions for leisure-time physical activity were mainly
positively correlated with each other. The willingness to conform to others’ expectations
regarding leisure-time physical activity behavior was the only motive dimension negatively
correlated with several other dimensions (Table 4). In men, the motive dimensions
“affiliation” and “appearance” were also negatively correlated with each other. The highest
trait correlations were found between the dimensions of “physical fitness” and
“psychological state”, both in men (0.79) and women (0.75). The additive genetic influences
explained from 2% to 77% of the trait correlations. Table 4 shows the trait correlations
between all the motive dimensions of the study. The additive genetic correlations between
the motive dimensions ranged from very small correlations (0.01 between the dimensions of
“affiliation” and “physical fitness” in men) to very highly correlated motive dimensions
(0.92 between the dimensions of both “physical fitness” and “mastery” and “physical
fitness” and “psychological state”, in women) (Table 4). In most cases, the unique
environmental correlations between the motive dimensions were lower than the genetic
correlations, ranging from zero to 0.77. There were no consistent sex differences.

For the summary variables of both intrinsic and extrinsic motives for leisure-time physical
activity, the best fitting models were AE models (Supplementary table 1). The heritability
estimates of intrinsic motives for men and women were 36% and 40%, respectively (Table
3). For extrinsic motives, the heritability estimates were 32% for men and 24% for women.
The trait correlations between the summary variables of intrinsic and extrinsic motives for
leisure-time physical activity were 0.58 for men and 0.44 for women (Table 4). The additive
genetic correlations between the intrinsic and extrinsic motives for leisure-time physical
activity were similar for men and women (0.71 and 0.73, respectively). However, the unique
environmental correlations between the intrinsic and extrinsic motives were higher for men
0.52 than women 0.31 as indicated by non-overlapping confidence intervals (Table 4).

Discussion

In this study we analyzed genetic and environmental variations behind the individual
differences in motives for leisure-time physical activity behavior. The results indicate that
additive genetic and unique environmental factors explain the variation in motives for
leisure-time physical activity. The heritability estimates of the motive dimensions for leisure-
time physical activity ranged from low to moderate in both men and women. Motives related
to enjoyment and the social aspect of physical activity behavior were revealed to have the
highest heritability in both sexes. When intrinsic and extrinsic motives were analyzed as
summary variables, the heritability estimate of intrinsic motives was slightly higher,
especially in women, than the heritability estimate of extrinsic motives (even though
confidence intervals overlapped also in women). Because the heritability estimates were
moderate at most, the relative role of unique environmental influences was also important.
Some of the heritability estimates for the motives for engaging in leisure-time physical
activity were slightly different for men and women. We observed differences in genetic and
environmental variances in the summary variable of extrinsic motives as well as in four

single motive dimensions between men and women: “enjoyment”, “physical fitness”,
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“psychological state” and “appearance”. However, the magnitude of additive genetic effects
(i.e. heritability) was significantly different only in the dimension of “enjoyment” between
men and women. The additive genetic influences differed also in the dimension of
“competition/ego” between sexes, but there was no significant difference in the absolute
variance in this dimension.

The heritability estimates of our study are in line with those obtained by previous studies of
exercise attitudes (Olson et al., 2001; Huppertz et al., 2014) and the study of genetic factors
in activity motivation (Scarr, 1966). These previous studies found that the heritability
estimates of exercise attitudes and activity motivation ranged from 21% to 54%, and from
24% to 40%, respectively, whereas we found at range from 13% to 53% for the heritability
estimates of the motives for leisure-time physical activity. Interestingly, the highest
heritability estimates seem to be associated with the feeling of enjoyment in two of these
studies; the lack of enjoyment was estimated to be the most highly heritable in men in the
Dutch study (Huppertz et al., 2014) and the motive dimension named “enjoyment” had one
of the highest heritability estimates in our study. The relatively modest heritability estimates
raise the possibility that motives are context-specific, and hence part of the variability
fluctuates over time as circumstances change (e.g., the transition from student to work life)
rather than being attributed to specific and more stable environmental factors (such as
parental models of physical activity). While we have not measured either of these influences,
their existence has implications for policies aiming to increase physical activity by
enhancing motives.

Previous animal studies have suggested that genetic influences may play a role in naturally
rewarding exercise (Rhodes et al., 2003; Garland et al., 2011; Roberts et al., 2014). These
studies have shown that the brain areas and functions associated with the motives for
physical activity seem to be inherently different between the physically active and inactive
rodents. Rodents with a high propensity to run may naturally reward themselves by running,
and the reward the rodents obtain for running is the enhancement of the feeling of
enjoyment. Thus, the feeling of enjoyment may be associated with brain areas inherently
different for reward activation in voluntary physical activity behavior. This phenomenon is in
line with our results, which showed that “enjoyment” was the highest heritable motive
dimension for engaging in leisure-time physical activity.

Our hypothesis of the higher heritability of intrinsic motives was supported by the result that
the heritability estimate of the summary variable of intrinsic motives was somewhat higher
than what was the estimate of extrinsic motives. In addition, when the motive dimensions
were analyzed separately, enjoyment in engaging in leisure-time physical activity was one of
the most heritable motive dimensions. Enjoyment is considered a strong intrinsic motive.
Previous studies have revealed that intrinsic motives seem to be key factors in maintaining
physical activity behavior (Ryan et al., 1997; Ingledew et al., 1998), which could partly be
explained by the high genetic basis of enjoyment found in this study. However, the
relationship between heritability and intrinsic motives may not be that simple. Against our
hypothesis, the other intrinsic motive dimension of the REMM measure, the dimension of
“mastery”, was only slightly heritable; especially in women, individual environmental
factors were clearly more important than genetic influences. Thus, our study was unable to
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fully support the hypothesis that intrinsic motives have a higher heritability. Based on Self-
Determination Theory, the satisfaction of the psychological needs for autonomy,
competence, and relatedness should be met to enjoy the activity per se. It may be that these
needs of intrinsic motives are not thoroughly met in the dimension of “mastery” and,
therefore, the heritability estimate of the dimension somewhat contradicted our hypothesis.

In general, the highest ranked motives for leisure-time physical activity among twins were
“physical fitness” and “psychological state”. High trait correlation and genetic correlation
were found between these motives in both sexes. The high trait correlation suggests that
those who are motivated highly by the state of their body and/or the ability to perform
physical duties are also motivated highly by the mental wellbeing offered by exercise.
Furthermore, the high genetic correlations between these motive dimensions suggest that
these dimensions partly share the same genetic characteristics. \ery high genetic correlation
was also found between the motives related to the willingness to improve one’s skills and
the enjoyment of engaging in physical activity in both sexes. In addition, the dimension of
“mastery”, or skill improvement, was very highly genetically correlated with physical fitness
in women. Overall, no clear pattern of sex differences was seen in genetic correlations
between the motive dimensions, although the highest genetic correlations were observed in
women; men had no correlations over 0.9, while three motive dimensions correlated higher
than 0.9 in women. Genetic correlations found between the summary variables of intrinsic
and extrinsic motives for leisure-time physical activity were also high and very similar for
both sexes.

A key strength of the present study is its good statistical power. The large sample size of
twins ensures that the statistical power is enough to capture the differences between the
genetic and environmental influences on motives for leisure-time physical activity.
Moreover, various selection biases are unlikely in our study due to a rather high participation
rate in the survey and the inclusion of multiple domains in the questionnaire.

However, some limitations also need to be considered. The assumption we made for the twin
analysis is that the twins’ motives for engaging in leisure-time physical activity do not differ
from those of the general population. However, twins are often born premature and hence
lower in weight than average singleton newborns (Buckler & Green, 2004), but these
differences between singletons and twins disappear in adolescence and are not present in
adults. The psychological profile of twins and singletons is also very similar. Thus, it is
unlikely that our results cannot be generalized to other same-aged adults in industrialized
countries. Twin studies assume that mate selection is random. To our knowledge no studies
examine the motives for physical activity in spouse pairs. Non-random mate selection would
increase the estimate of the common environmental component and thus underestimate
heritability (Neale & Cardon, 1992). However, evidence for a common environmental
component was not found in the present study. Moreover, one critical assumption of the twin
analyses is that the non-genetic causes of similarity are the same for MZ and DZ pairs. In
the present study, the similarity of means and variances suggests that this assumption is not
violated.
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All the survey items in our study were self-reported, which can also be an issue. Socially
acceptable answers by participants can affect a survey. However, the motives for leisure-time
physical activity may be less biased as they may not have such strictly socially desirable
requirements as those for physical activity behavior or nutrition. In addition, to better control
for measurement error related to self-reports, we created the summary scores for intrinsic
and extrinsic motives for leisure-time physical activity.

Although this study extends our knowledge of the genetic basis of the motives for leisure-
time physical activity, longitudinal genetic studies are needed since quantitative genetic
modeling can provide heritability estimates only at a particular time; a follow-up of the trait
is needed to obtain the longitudinal evolution of genetic and environmental influences. In
addition, the motives for physical activity seem to vary with age (Finkenberg et al., 1994;
Trujillo et al., 2004), which would also support longitudinal examination of the
phenomenon.

Highly heritable attitudes have been suggested to be psychologically “stronger” traits than
low heritability attitudes, and these traits can also be more difficult to change (Tesser, 1993).
As far as we know, this idea has not been tested for motives, but as mentioned earlier,
attitudes and motives as a concept are closely related. Based on this idea and our results,
enjoyment of leisure-time physical activity can be seen as this kind of psychologically
“stronger” trait. Thus, those who enjoy exercising may be very likely to continue their habit.
The question remains of how to support those who do not enjoy exercising. Even though
highly heritable and psychologically “stronger” traits are more difficult to change, they can
still be learned since both genes and environment play a role in influencing complex traits.

To conclude, this study with a large sample size provided a novel understanding of the
contribution of genetic and environmental influences on the motives for physical activity
behavior in humans. The study has identified low to moderate heritability estimates for
motives to engage in leisure-time physical activity, suggesting the greater relative role of
environmental factors. Motives related to the enjoyment and social aspect of physical
activity behaviour showed the highest heritability estimates along with the summary variable
of intrinsic motives. The results of the multivariate analysis showed high genetic correlations
between physical fitness and psychological wellbeing and between the willingness to
improve one’s skills and enjoyment in both sexes.

Perspective

Motives affect leisure-time physical activity behavior and individual differences in motives
are explained by various factors. The present study gives evidence that genetic differences
between individuals explain a part of the variation in motives for leisure-time physical
activity, although the proportions are not high. The heritability estimates were somewhat
higher for the intrinsic than for extrinsic motives. It is known from previous studies that
intrinsic motives are more important than extrinsic motives to induce consistent physical
activity (Deci & Ryan, 1985; Ryan et al., 1997; Ingledew et al., 1998; Segar et al., 2008).
Clinically, the question remains of how to advise those who are not intrinsically motivated
for physical activity. In general, however, complex traits are always a product of both genes
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and environment along with their possible interactions; learning can be possible of even
highly heritable motives for leisure-time physical activity, leading to the adoption of greater
physical activity levels. Further studies are needed to elucidate how various environmental
factors studied by interventions may modify the genetic and environmental components of
the different motive dimensions of leisure-time physical activity, especially among those
with low levels of intrinsic motives for physical activity.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

The research work has been supported by the Academy of Finland (grant 266592 to SA and KS, grant 257075 to
EV, and grants 100499, 205585, 141054, 265240, 263278 and 264146 to JK), the Finnish Ministry of Education
and Culture (to UMK, SA and KS), the Juho Vainio Foundation (to UMK, SA and KS), and the Finnish Cultural
Foundation (to SA). Data collection of the FinnTwin16 Study has also been supported by the U.S. National Institute
of Alcohol Abuse and Alcoholism (grants AA-12502, AA-00145, and AA-09203 to R.J. Rose).

References

Aaltonen S, Kujala UM, Kaprio J. Factors behind leisure-time physical activity behavior based on
Finnish twin studies: The role of genetic and environmental influences and the role of motives.
Biomed Res Int. 2014:931820. [PubMed: 24809061]

Aaltonen S, Rottensteiner M, Kaprio J, Kujala UM. Motives for physical activity among active and
inactive persons in their mid-30s. Scand J Med Sci Sports. 2014; 24:727-35. [PubMed: 23331765]

Bauman AE, Reis RS, Sallis JF, Wells JC, Loos RJ, Martin BW. Lancet Physical Activity Series
Working Group. Correlates of physical activity: Why are some people physically active and others
not? Lancet. 2012; 380:258-271. [PubMed: 22818938]

Boker S, Neale M, Maes H, Wilde M, Spiegel M, Brick T, Spies J, Estabrook R, Kenny S, Bates T,
Mehta P, Fox J. OpenMx: An open source extended structural equation modeling framework.
Psychometrika. 2011; 76:306-317. [PubMed: 23258944]

Buckler JM, Green M. A comparison of the early growth of twins and singletons. Ann Hum Biol.
2004; 31:311-332. [PubMed: 15204347]

Dacey M, Baltzell A, Zaichkowsky L. Older adult’s intrinsic and extrinsic motivation toward physical
activity. Am J Health Behav. 2008; 32:570-582. [PubMed: 18442337]

de Andrade Bastos A, Salguero A, Gonzalez-Boto R, Marquez S. Motives for participation in physical
activity by Brazilian adults. Percept Mot Skills. 2006; 102:358-367. [PubMed: 16826657]

de Geus EJ, Bartels M, Kaprio J, Lightfoot JT, Thomis M. Genetics of regular exercise and sedentary
behaviors. Twin Res Hum Genet. 2014; 17:262-271. [PubMed: 25034445]

de Vilhena e Santos DM, Katzmarzyk PT, Seabra AF, Maia JA. Genetics of physical activity and
physical inactivity in humans. Behav Genet. 2012; 42:559-578. [PubMed: 22426782]

Deci, EL., Ryan, RM. Intrinsic motivation and self-determination in human behavior. Vol. 5-10. New

York: Plenum Press; 1985. p. 35-39.

Droba DD. The nature of attitude. J Soc Psychol. 1933; 4:444-462.

Finkenberg ME, DiNucci JM, McCune SL, McCune ED. Analysis of course type, gender, and personal
incentives to exercise. Percept Mot Skills. 1994; 78:155-159. [PubMed: 8177654]

Garcia Calvo T, Cervello E, Jimenez R, Iglesias D, Moreno Murcia JA. Using self-determination
theory to explain sport persistence and dropout in adolescent athletes. Span J Psychol. 2010;
13:677-684. [PubMed: 20977017]

Garland T Jr, Schutz H, Chappell MA, Keeney BK, Meek TH, Copes LE, Acosta W, Drenowatz C,
Maciel RC, van Dijk G, Kotz CM, Eisenmann JC. The biological control of voluntary exercise,

Scand J Med Sci Sports. Author manuscript; available in PMC 2018 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Aaltonen et al.

Page 13

spontaneous physical activity and daily energy expenditure in relation to obesity: Human and
rodent perspectives. J Exp Biol. 2011; 214:206-229. [PubMed: 21177942]

Gill DL, Williams L, Dowd DA, Beaudoin CM, Martin JJ. Competitive orientations and motives of
adult sport and exercise participants. J Sport Behav. 1996; 19:307-318.

Hallal PC, Andersen LB, Bull FC, Guthold R, Haskell W, Ekelund U. Lancet Physical Activity Series
Working Group. Global physical activity levels: Surveillance progress, pitfalls, and prospects.
Lancet. 2012; 380:247-257. [PubMed: 22818937]

Huppertz C, Bartels M, Jansen IE, Boomsma DI, Willemsen G, de Moor MH, de Geus EJ. A twin-
sibling study on the relationship between exercise attitudes and exercise behavior. Behav Genet.
2014; 4:45-55.

Ingledew DK, Markland D, Medley AR. Exercise motives and stages of change. J Health Psychol.
1998; 3:447-489.

Jelenkovic A, Ortega-Alonso A, Rose RJ, Kaprio J, Rebato E, Silventoinen K. Genetic and
environmental influences on growth from late childhood to adulthood: A longitudinal study of two
Finnish twin cohorts. Am J Hum Biol. 2011; 23:764-773. [PubMed: 21957002]

Kaprio J. The Finnish twin cohort study: An update. Twin Res Hum Genet. 2013; 16:157-162.
[PubMed: 23298696]

Neale, MC., Cardon, LR. Dordrecht, (The Netherlands): Kluwer Academic Publishers. 1992.
Methodology for Genetic Studies of Twins and Families; p. 14-16.p. 158-159.

Olson JM, Vernon PA, Harris JA, Jang KL. The heritability of attitudes: A study of twins. J Pers Soc
Psychol. 2001; 80:845-860. [PubMed: 11414369]

Pajunen, K. Master’s Thesis in Finnish. University of Jyvaskyla; 2004. Vapaa-ajan liikunnan
motivaatiomittarin psykometriset ominaisuudet; p. 42-47.

Plomin, R., DeFries, JC., McClearn, GE., McGuffin, P. Behavioral Genetics. 4. New York (USA):
Worth Publishers; 2000. p. 327-371.

Revelle, W. R package version 1.5.1. Evanston (IL): Northwestern University; 2015. psych. Procedures
for Personality and Psychological Research.

Rhodes JS, Garland T Jr, Gammie SC. Patterns of brain activity associated with variation in voluntary
wheel-running behavior. Behav Neurosci. 2003; 117:1243-1256. [PubMed: 14674844]

Rijsdijk FV, Sham PC. Analytic approaches to twin data using structural equation models. Brief
Bioinform. 2002; 3:119-133. [PubMed: 12139432]

Roberts MD, Toedebusch RG, Wells KD, Company JM, Brown JD, Cruthirds CL, Heese AJ, Zhu C,
Rottinghaus GE, Childs TE, Booth FW. Nucleus accumbens neuronal maturation differences in
young rats bred for low versus high voluntary running behaviour. J Physiol. 2014; 592:2119-2135.
[PubMed: 24665095]

Rogers, H., Morris, T. An overview of the development and validation of the Recreational Exercise
Motivation Measure (REMM). X1 the European Congress of Sport Psychology —Proceedings;
Copenhagen. 2003. p. 144

Ryan RM, Frederick CM, Lepes D, Rubio N, Sheldo KM. Intrinsic motivation and exercise adherence.
Int J Sport Psychol. 1997; 28:335-354.

Scarr S. Genetic factors in activity motivation. Child Dev. 1966; 37:663-673. [PubMed: 6008135]

Segar ML, Eccles JS, Richardson CR. Type of physical activity goal influences participation in healthy
midlife women. Womens Health Issues. 2008; 18:281-291. [PubMed: 18468920]

Teixeira PJ, Carraca EV, Markland D, Silva MN, Ryan RM. Exercise, physical activity, and self-
determination theory: A systematic review. Int J Behav Nutr Phys Act. 2012; 9:78. [PubMed:
22726453]

Tesser A. The importance of heritability in psychological research: The case of attitudes. Psychol Rev.
1993; 100:129-142. [PubMed: 8426878]

Trujillo KM, Brougham RR, Walsh DA. Age differences in reasons for exercising. Curr Psychol. 2004;
22:348-367.

Scand J Med Sci Sports. Author manuscript; available in PMC 2018 November 01.



Page 14

Aaltonen et al.

Author Manuscript

uoljeINap plepuels=Aas ‘0nobAzip=zq ‘onobAzouow=z\
*(uswiom d1106Azouow ui ssauly. [eaisAyd pue JuswAolus ‘Aisisew) 00, 01 (Usw droBAzouow ui a3ess [ea160joydAsd) g8y Wwouy pabuel SUOISUSWIP SAIIOW U} Ul SFENPIAIPUI UIA] JO Jaquinu 8yl

60TFLLE OTTFS8€ | 60TF./8¢€ 3
0ZTFOTE CTF0CE | 02TFSTE o aoueseaddy
TL0F09% T90F .97 | 850F997 3
G8'0F Gy €80F VY 080FEVY 0 arels [ea1bojoyohsd
€90 ¥ G9Y 8G0F0LY | SSOFTLY 3
080 F €5 vLOFeSy | 8LOFIGY | 2 ssouny [eaIsAuyd
860FTLT L60FTLT | 860F0LT 3
T0TF187T 00TF€8T | COTF06T o | suonepadxa ,s18410
LTTF8TE GETFSTE | SCTFVEE 3
TZTF9CE 8TT¥82¢ | GeT¥ere | » oBauonnadwo)d
STTFYTE GZTFCTE | LTT¥8TE 3
STTFYEE €CTFGEE | cecTFLzE | 2 oI Y
00T F8T¥ 0TFeTy | 860FLTY 3
€60 F 6TV 860F ¢TIy | COTFL07 | » waw/oluzg
6T'TF8GE 8TTFV9€ | 6TTF29€ 3
CTTF88¢E TITF18E | LOT*T6E | 2 AgiseN
das F sues|\ as Fsues|N | S FsuesN | XaS
xas ayisoddo suimy zg | xes awes suimy zq SuIml ZIN uoISuUsWIp sAIION

"Xas pue A1soBAz Ag suIm] Ul SUOISUSWIP SAIOW JO SUOIIRIASP pPJepuUBlS pue SUBaIA

T alqeL

Author Manuscript

Author Manuscript

Author Manuscript

Scand J Med Sci Sports. Author manuscript; available in PMC 2018 November 01.



Page 15

Aaltonen et al.

S[eAJa)ul 82UBpIU0d=|D ‘d10BAZIp=Z7Q ‘onobAzouow=Zz\

(61°0-80°0-) 90°0 (0v'0-61°0) 00 6

(61°0-0) T'0 (92°0-10'0-) €T°0 (Leo-0T0) V20 | # soueseaddy
(62°0-€0°0) LT°0 (¥€'0-TT°0) £2°0 6

(¥2'0-90°0) ST'0 (€2°0-¥0'0-) 0T'0 (98'0-600) €20 | o | ores [ea1Bojoyahsd
(TZ'0-90'0-) L0'0 (52'0-00'0) ¢T'0 6

(ST'0-v0'0-) 90°0 (¥2'0-200-) TT0 (Leo-0T0) V20 | # ssaully [ea1sAud
(¥2'0-v00-) T'O (TZ'0-€0°0-) 60°0 6

(Tz'0-€00) 210 (ST'0-€T°0-) T0'0 (62°0-200) 9T'0 o | suonepsdxa ,s18410
(z'0-20'0-) 900 (T€'0-80°0) 02'0 6

(91°0-€00-) 200 (T€'0-70'0) 870 (ero-LT0)0E0 | # oBa/uonnaduwod
(¥€'0-80°0) T2'0 (zv'0-TZ'0) 2E0 6

(c0-100) TT0 (6€°0-2¢1°0) 92°0 (15°0-L2°0) 00 o oI
(2€'0-90'0) 6T°0 (T9'0-¥t'0) €5°0 6

(92°0-20'0) 9T°0 (0e'0-€00) LT'0 (or0-0z0)eeo | » wawAofug
(¥2'0-€0'0-) TT'0 (2£'0-51°0) 92°0 6

(T'0-600-) 100 (€2°0-600-) 600 (zv'0-51°0) 62°0 0 Kisise|y
(sared 6TH=N) (1D %56) 24 xas ausoddo suimy za | (sared #6€=N) (1D %G6) 24 Xos awes suiml Zza | (sared 85y=N) (1D %S56) 4 SUIMI ZIN | Xas

uolle|al109 ssejoeanu|

UOISUBLUIP A0

Author Manuscript

¢ 9lqeL

Author Manuscript

"Xas pue A1IsobAz Ag suim] 10J SIUBID1YB0I UOIR|21I00 SSejdRU|

Author Manuscript

Author Manuscript

Scand J Med Sci Sports. Author manuscript; available in PMC 2018 November 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Aaltonen et al.

Table 3

Page 16

Parameter estimates for the motive dimensions of leisure-time physical activity and for the summary variables

of intrinsic and extrinsic motives by sex in the best-fitting AE models.

Motive dimension Relative variance components
Sex | A (95% CI) E (95% CI)
Mastery J 0.23 (0.11-0.34) | 0.77 (0.66-0.89)
Q 0.15 (0.06-0.26) | 0.85 (0.74-0.96)
Enjoyment o | 0.33(0.23-0.43) | 0.67 (0.57-0.77)
Q 0.53 (0.45-0.60) | 0.47 (0.42-0.55)
Affiliation o | 0.39(0.28-0.49) | 0.61(0.51-0.72)
Q 0.35 (0.25-0.43) | 0.65 (0.57-0.75)
Competition/ego J 0.27 (0.16-0.38) | 0.73 (0.62-0.84)
Q 0.19 (0.09-0.28) | 0.81(0.72-0.91)
Others’ expectations | o' 0.13 (0.04-0.25) | 0.87 (0.75-0.96)
Q 0.15 (0.07-0.24) | 0.85 (0.76-0.93)
Physical fitness J 0.24 (0.14-0.35) | 0.76 (0.65-0.86)
Q 0.20 (0.12-0.29) | 0.80 (0.71-0.88)
Psychological state J 0.24 (0.14-0.35) | 0.76 (0.65-0.86)
Q 0.29 (0.19-0.39) | 0.71(0.61-0.81)
Appearance J 0.23 (0.12-0.33) | 0.77 (0.67-0.88)
Q 0.28 (0.17-0.37) | 0.72 (0.63-0.83)
Intrinsic motives J 0.36 (0.24-0.46) | 0.64 (0.54-0.76)
Q 0.40 (0.31-0.49) | 0.60 (0.51-0.69)
Extrinsic motives J 0.32(0.21-0.42) | 0.68 (0.58-0.79)
Q 0.24 (0.14-0.34) | 0.76 (0.66-0.86)

A=additive genetic influences, E=unique environmental influences
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