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Abstract
Purpose We examined associations between childhood temperamental activity, physical activity (PA), and television
(TV) viewing over a 30-year period.
Method The participants (1220 boys and 1237 girls) were
aged 3, 6, 9, and 12 years in 1980 and were followed until
2011. Temperamental activity was evaluated by participants’
mothers at baseline. The PA was assessed based on maternal
ratings of the child from ages 3 to 6 and via self-report age
from the age of 9 across all measurements. TV viewing was
assessed using self-reports taken from 2001 to 2011. The
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associations between temperamental activity and the level
and change of PA and TV viewing were determined using
linear growth modeling stratified by gender and age group.
Results High temperamental activity assessed from ages 9 to
12 was associated with high levels of childhood PA in both
genders, but with a steeper decline in PA levels during the first
9 years of follow-up in boys. High temperamental activity
assessed from ages 3 to 6 was associated with the decline of
PA from childhood to youth in girls. High childhood temperamental activity was associated with decreased levels of PA in
adulthood in men, but not in women. The associations between childhood temperamental activity and TV viewing during adulthood seemed to be positive but not consistently significant in all age and gender groups.
Conclusion High temperamental activity may contribute to
the development of a physically inactive lifestyle. More evidence is needed with regard to gender differences among participants in similar study settings.
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Lack of physical activity (PA) and excessive sedentary time
are linked to unfavorable health consequences, and they increase an individual’s likelihood of developing major health
problems, such as type 2 diabetes and cardiovascular disease
[1–3]. Recent evidence shows that four out of five American
adults do not adhere to overall PA guidelines, according to
which people should engage in at least 150 min of
moderate-intensity PA per week to enhance their

Keywords Temperamental activity . Physical activity .
Sedentary behavior . Follow-up

172

cardiorespiratory fitness [4]. In Finland, approximately three
fourths of the adult working population does not meet the
current recommendations for health-enhancing PA [5]. As a
result of these concerns, health scientists have emphasized the
need for designing health promotion strategies [6]. Teachers,
leisure-time activity organizers, and policy-makers have also
recognized the importance for encouraging lifelong PA among
young people [7]. To design effective health promotion and
interventions, it is essential to examine and identify factors
that contribute to the development and maintenance of either
physically active or sedentary lifestyles [6, 7]. Early life determinants such as temperamental traits are considered to be of
especially high importance. [6].
The habits of PA and sedentary behavior begin to develop
in early childhood [8–10], and this development appears to
continue into adulthood [11–14]. In particular, television (TV)
viewing is one of the most prevalent sedentary behaviors in
adulthood [15] and excessive levels of it have been found to
be more detrimental to health than computer use and driving
[16]. It has been suggested that the PA of parents affect their
children’s PA and sedentary behavior because of model learning [11, 12]. However, the role that one’s personality plays in
the development of PA and sedentary behavior is less known.
In adults, high levels of extroversion have been associated
with higher PA, while high levels of neuroticism have been
associated with lower PA [13, 14, 17]. Only few studies have
focused on children’s temperament and PA [6, 18].
Childhood temperament might be relevant for the development of PA. Temperament traits are biologically based, partly
inherited dispositions or behavioral tendencies that comprise a
core component of personality [19, 20]. Given that temperament appears to be stable suggests it is not modifiable and,
therefore, not amenable to intervention. Temperament traits
play a key role in one’s reactivity and self-regulation [21],
i.e., how a person approaches novel or unexpected things
and situations and how a person expresses his or her emotions.
Most salient temperament dimensions include emotionality,
activity, and sociability [22]. Among temperament traits, activity levels might be of primary importance to the development of PA. Temperamental activity refers to motor vigor and
tempo [22], i.e., to the need for moving, the amount of energy
an individual uses for his or her actions, and the speed of his or
her behaviors. If a child’s temperamental activity is high, he or
she has a constant need to move [23].
There is some evidence that suggests that a high level of
temperamental activity is associated with a variety of unfavorable societal and health consequences. Children with high
temperamental activity are prone to maladaptive behavior
and poor educational achievement [24, 25]. In addition, a high
temperamental activity in childhood has been shown to contribute to increased carotid intima media thickness, indicating
a higher risk of atherosclerosis [21]. High levels of temperamental activity have been associated with symptoms of
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attention-deficit/hyperactivity disorder (ADHD) [26].
Control and regulation deficiencies, which are typical of temperamentally highly active children, are regarded as one of the
core symptoms of ADHD [26].
Research shows that biological factors mediate the association between high temperamental activity and the development
of health risk factors. For instance, highly impulsive individuals
may have a higher cortisol secretion in stressful situations [27].
Furthermore, a low resting heart rate and low parasympathetic
activity are associated with poor physiological regulation,
which may contribute to ADHD [26, 28]. The mechanisms
between temperamental activity and PA may be related to biological factors [27]; however, the relationship of a child’s temperamental activity to PA and sedentary behavior at different
phases of life has not yet been studied thoroughly [6].
In summary, there may be an innate temperament trait that
regulates one’s need for PA. A high level of temperamental
activity leads to a high need for constant movement. It has
been suggested, however, that a high level of temperamental
activity in childhood may increase the risk of diminished cardiovascular health in adulthood [21], although PA is known to
be a protective factor for cardiovascular disease. This study
examines whether or not childhood temperamental activity is
associated with PA levels and changes from childhood to
youth, as well as the level and change of PA and TV viewing
during adulthood, stratified by gender and age group. The
study was conducted over a 30-year period, using a
population-based design.

Methods
Participants
The Young Finns Study is an ongoing, prospective,
population-based study that involved six cohorts born in
1962, 1965, 1968, 1971, 1974, and 1977. When the study
began in 1980, the participants were 3, 6, 9, 12, 15, and
18 years of age. They (N = 3596) were randomly selected
from five Finnish university cities with medical schools
(Helsinki, Kuopio, Oulu, Tampere, and Turku), as well as
from nearby communities. Follow-ups of measurements were
conducted in 1983, 1986, 1989, 1992, 2001, 2007, and 2011.
The ethics committees of the participating universities
reviewed and approved the study protocol; the protocol was
conducted according to the Helsinki Declaration and
American Psychological Association standards. Informed
consent was obtained from all subjects in accordance with
the Helsinki Declaration [29].
The four youngest cohorts (N = 2457, 49.7 % males) were
included in the present study (participants aged 3, 6, 9, and
12 years in 1980). Maternal ratings of temperamental activity
were performed in 1980. A follow-up PA measurement was
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carried out in 1983, 1986, 1989, 2001, 2007, and 2011. A TVviewing measurement was only done for the 2001, 2007, and
2011 follow-ups. However, owing to the difference in PA
assessments, the children were divided into two groups based
on age at baseline: 3 to 6 and 9 to 12 years.
Temperamental Activity
We assessed participants’ temperamental activity using the
1980 maternal ratings, which were adopted from the Health
Examination Survey [30]. Temperamental activity was determined via assessing participants’ motor activity, and this assessment was made by asking the mothers to respond to the
question: BWhich of the following describes your child most
accurately?^ The four alternative responses were (1) BMy child
is always controlled, stays calm even in situations when most
children would become restless,^ (2) BMy child is overactive or
restless only occasionally, for instance when tired,^ (3) BMy
child is continually more restless than the average child or
youth,^ and (4) BMy child is constantly moving and energetic,
even restless.^ The ratings were based on a scale of 1 to 4,
where 1 is low and 4 is very high. This temperamental activity
scale is derived from the temperament scales described by Buss
and Plomin [23]. The validity of the scale has been shown to be
acceptable [31–33], and the scale has demonstrated a high
homotypic stability over a 6-year period [25].
Physical Activity
The PA of children from the ages of 3–6 was assessed
using maternal ratings [34]. Mothers were asked questions
concerning their children’s outdoor playtime (hours/day),
the amount of PA in play compared to others of the same
age, the vigorousness of PA, the child’s enjoyment of
indoor/outdoor play, the child’s general level of PA compared to others of the same age, the encouragement given
to him or her to participate in sports, and the patterns of
PA. The items were rated using a three-point scale
(1 = low, 2 = moderate, and 3 = high), with the exception
of the item that reflected the encouragement to engage in
sports, which was rated via a two-point scale (1 = no,
2 = yes). By summing up the responses to the questions,
a PA index was computed, and the scores ranged from 8
to 23 [35]. The maternal ratings scale reliability
(Cronbach’s α) of child PA varied from 0.57 to 0.63 in
the younger group [34].
For participants aged 9 and upwards, PA was measured
using a short self-report questionnaire. The questions concerned the respondents’ frequency and intensity of leisuretime PA, participation in sports-club training, participation in
sport competitions, and habitual way of spending leisure time
as at 1980. The same questions were used with regard to 1983,
1986, and 1989. The responses to the questions were coded
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into three categories (ranging from 1 to 3, with higher scores
reflecting a higher level of PA), with the exception that a twocategory coding was used with the item that had to do with
participation in sport competitions (1 = no, 2 = yes). We created the sum of the responses (the index), and they ranged
from 5 to 14 [36]. From 2001 onward, the PA questions
consisted of items reflecting the frequency and intensity of
PA, frequency of vigorous PA, hours spent engaged in vigorous PA, average duration of a PA session, and participation in
an organized PA. The responses to the questions were coded
into three categories: 1 = low; 2 = moderate; 3 = high. The
index was calculated in the same way as during the years 1980
to 1989, and it ranged from 5 to 15 [35–37]. The test-retest
estimates for overall PA over time indicated sufficient reliability for males (ICC = 0.75) and females (ICC = 0.71). The
validity of PA was tested by showing statistically significant
correlation with the indicators of exercise capacity in a subsample (n = 102) [38] and with a 7-day pedometer study
(n = 1853) [39]. The reliability and validity of the PA index
have been described in detail elsewhere [35, 38–41].
Sedentary Behavior (TV Viewing)
Participants were asked to report how many hours on average
per day they spent watching TV in 2001 and 2007 [42]. Selfreported TV viewing in 2011 was measured separately for
weekdays and weekends in minutes, which were calculated
as a weighted average of weekday and weekend responses
[(5 × weekday + 2 × weekend)/7] and which were then converted into 1-hour increments prior to analysis.
Covariates
In 1980, the PA of parents was assessed with the use of the
question: BHow much do you engage in physical activity per
week?^ (1 = every day, 2 = 2–6 times a week, 3 = once a week,
4 = 2–3 times a month, 5 = about once month, and 6 = not at
all). The test-retest reliability of the parents’ PA over a 3-year
interval was satisfactory (ICC = 0.65). The parents’ SES was
determined by assessing educational levels and occupational
status. The educational levels were classified as (1) low (comprehensive school); (2) intermediate (high school or vocational
school); and (3) high (college/university). The occupational
levels, based on the Central Statistical Office of Finland criteria,
were categorized as (1) manual (e.g., builders, metal workers,
cleaners, and nannies); (2) lower non-manual (e.g., civil servants, specialized workers and skilled workers); and (3) upper
non-manual (e.g., administrators, managers and academics).
The highest educational and occupational levels of the parents
were used to define parents’ SES in 1980. School performance
was evaluated at 12 years by grade point averages (GPA) of all
school subjects, ranging from 4 (low) to 10 (high).
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Table 1

Descriptive statistics for main variables by gender and age groups

Variable

3- and 6-year olds (1980)

9- and 12-year olds (1980)

Males (n = 575)

Females (n = 585)

Males (n = 645)

n

M ± SD

n

M ± SD

pb

n

M ± SD

n

M ± SD

pb

Temperamental activity
Parents’ PA

564
537

2.20 ± 0.68
2.17 ± 0.65

579
546

2.09 ± 0.59
2.16 ± 0.65

0.004
0.797

634
546

2.09 ± 0.59
2.11 ± 0.64

638
575

1.99 ± 0.59
2.11 ± 0.68

0.004
0.992

Parents’ SES
School performance (GPA)

570
446

1.44 ± 0.66
7.77 ± 0.71

578
470

1.43 ± 0.68
8.16 ± 0.66

0.877
<0.001

632
594

1.35 ± 0.60
7.48 ± 0.72

640
589

1.37 ± 0.61
7.97 ± 0.69

0.706
<0.001

575

16.54 ± 2.53

579

15.72 ± 2.35

<0.001

628

9.90 ± 1.62

631

9.03 ± 1.54

<0.001

246
471

9.90 ± 1.52
9.94 ± 1.74

259
481

8.80 ± 1.27
8.96 ± 1.51

<0.001
<0.001

542
423

9.67 ± 1.98
9.02 ± 2.16

557
475

8.76 ± 1.66
8.40 ± 1.88

<0.001
<0.001

PA in 1989
PA in adulthood

440

9.75 ± 2.08

474

8.95 ± 1.80

<0.001

401

8.37 ± 2.34

520

8.24 ± 1.90

0.347

PA in 2001
PA in 2007
PA in 2011
TV viewing in adulthood

347
302
258

9.31 ± 2.28
8.86 ± 2.06
9.06 ± 1.97

441
376
326

8.99 ± 1.81
8.99 ± 1.73
9.19 ± 1.89

0.032
0.374
0.413

393
336
299

8.91 ± 2.11
8.71 ± 1.87
8.85 ± 1.90

470
422
371

8.80 ± 1.84
8.82 ± 1.79
9.19 ± 1.96

0.405
0.411
0.027

363
308
263

2.15 ± 1.21
1.86 ± 1.24
1.80 ± 1.27

461
381
329

2.10 ± 1.22
1.68 ± 1.15
1.61 ± 1.06

0.528
0.052
0.049

415
348
307

2.13 ± 1.12
1.88 ± 1.07
1.98 ± 1.12

503
427
380

1.92 ± 1.05
1.73 ± 1.03
1.72 ± 1.06

0.005
0.040
0.002

Females (n = 652)

Baseline variable (1980)

PA in childhood and youth
PA in 1980a
PA in 1983
PA in 1986

TV in 2001
TV in 2007
TV in 2011

M mean, SD standard deviation, PA physical activity, SES socioeconomic status, GPA grade point average at age of 12, TV television
a

Among 3- and 6-year olds, maternal rating of physical activity was used

b

Student’s t test for the gender differences

Statistical Analyses
All participants’ descriptive characteristics were assessed
by means, and gender differences were tested using
Student’s t test. The associations between the baseline
temperamental activity and measured variables were calculated using correlational tests. A linear growth curve
modeling (within multilevel context) was applied in the
analysis of two discrete periods of PA in childhood (1980
and 1983) and youth (1986 and 1989) and in adulthood
(2001, 2007, and 2011), as well as of TV viewing in
adulthood. The total sample size was used when applying
linear growth curve modeling. Using data with missing
information provided adequate statistical power and reduced bias in the estimation [43]. The model allowed
for the estimation of an individual’s level and change
(slope) of PA/TV. Variation in level and slope was explained by childhood temperamental activity. At the first
step, an unadjusted model (Model 1) was fitted. After
that, the model was controlled for the parents’ PA, parents’ socioeconomic status (SES), and school performance
(Model 2). The models of PA/TV-viewing in adulthood
were additionally adjusted for baseline PA (Model 3).

The descriptive statistics were calculated using SPSS
20.0 for Windows (SPSS Inc., Chicago, IL), and all further analyses were conducted with the use of the Mplus
statistical package (Version 7) [44].
The correlations and parameters of the models were estimated by using the full information maximum likelihood
method (FIML). The data were assumed to be missing at
random (MAR), i.e., absent data might be a function of observed outcomes and observed covariates. FIML uses all the
available information in the dataset and produces unbiased
parameter estimates under MAR assumption. In addition, robust standard errors were used to account for the nonnormality of the PA and TV viewing variables. All the analyses were stratified by gender and age group.

Results
The boys had a higher temperamental activity level than
the girls at baseline in both age groups (Table 1). In childhood, youth, and young adulthood (1980 to 1989), male
participants were physically more active than females. In
adulthood (2001 to 2011), no differences were found
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between men’s and women’s PA. Men watched TV more
than women in adulthood. No gender differences were
found regarding parents’ PA and parents’ SES among participants. The girls had higher GPAs compared to the boys.
In the group of children whose temperamental activity was
assessed at ages 3 to 6, temperamental activity was inversely
associated with school performance in girls but not with parents’ SES in either gender (Table 2). Temperamental activity
was positively associated with concurrent PA levels in both
genders, but inverse associations were observed in girls 9 years
later. Among boys, temperamental activity at ages 3 to 6 was
inversely associated 27 years later with adult PA and positively
associated with adult TV viewing 21 years later. In the group of
children whose temperamental activity was assessed at ages 9
to 12, temperamental activity was inversely associated with
school performance but not with parents’ PA and SES in either
gender. Temperamental activity was positively associated with
PA 3 years later in boys and 6 years later in girls, but inverse
associations were observed in boys 9 years later.
Temperamental activity at ages 9 to 12 was inversely associated
21 years later with the PA of adult men and positively associated with women’s TV viewing 21 and 27 years later.
Table 3 shows the unstandardized regression coefficients for childhood temperamental activity on level and
Table 2

change (slope) for PA during the first 9 years of followup. Temperamental activity at ages 3 to 6 was inversely
associated with the PA slope during the 9 years of followup with girls. No associations were found regarding the
PA levels in the same group. Temperamental activity at
ages 9 to 12 was positively associated with the PA levels
in both genders and inversely associated with the PA
slope during the 9-year follow-up with boys. These associations remained significant after adjustment for school
performance, parents’ PA, and parents’ SES.
Temperamental activity at ages 9 to 12 was inversely associated with the PA levels in adulthood (2001 to 2011) in men
only (Table 4). After adjusting for the potential covariates, the
associations disappeared. After additional adjustments for
baseline PA, the association remained significant.
Table 5 shows that temperamental activity from ages 3
to 6 was positively associated with the level of TV viewing in men, independent of school performance, baseline
PA, parents’ PA, and parents’ SES. Temperamental activity from ages 9 to 12 was positively associated with the
level of TV viewing in women. The association disappeared, however, after adjusting for all covariates.
Childhood temperamental activity was not associated with
changes to TV viewing in adulthood.

Correlation coefficients of baseline temperamental activity and measured variables by gender and age groups

Variable

3- and 6-year olds (1980)
Males (n = 575)

9- and 12-year olds (1980)
Female (n = 585)

Males (n = 645)

Females (n = 642)

r

pb

r

pb

r

pb

r

pb

−0.09
−0.02
−0.06

0.054
0.643
0.200

−0.09
−0.02
−0.10

0.053
0.674
0.018

−0.02
−0.04
−0.09

0.702
0.316
0.042

0.00
−0.01
−0.16

0.974
0.896
<0.001

0.13
0.06
0.01
0.06

0.002
0.406
0.834
0.150

0.09
−0.02
0.01
−0.12

0.034
0.772
0.805
0.006

0.07
0.10
0.00
−0.08

0.125
0.021
0.934
0.044

0.05
0.07
0.09
−0.01

0.239
0.093
0.046
0.932

−0.09
−0.12
−0.06

0.097
0.041
0.299

−0.04
−0.02
0.01

0.436
0.699
0.764

−0.10
−0.04
−0.01

0.043
0.497
0.873

−0.05
−0.02
−0.06

0.295
0.631
0.254

0.11
0.05
0.05

0.018
0.402
0.425

0.02
−0.03
0.02

0.732
0.570
0.688

0.02
−0.03
0.02

0.732
0.570
0.688

0.09
0.11
0.04

0.058
0.009
0.363

Baseline variable (1980)
Parents’ PA
Parents’ SES
School performance (GPA)
PA in childhood and youth
PA in 1980a
PA in 1983
PA in 1986
PA in 1989
PA in adulthood
PA in 2001
PA in 2007
PA in 2011
TV viewing in adulthood
TV in 2001
TV in 2007
TV in 2011

PA physical activity, SES socioeconomic status, GPA grade point average at age of 12, TV television, r correlation coefficient
a

Among 3- and 6-year olds, maternal rating of physical activity was used

b

p value for significance of a correlation coefficient
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Table 3 Linear growth curve model of childhood temperamental
activity (1980) in predicting level and slope of physical activity in
childhood and youth (1980–1989) by gender and age groups
Level
β

Slope
s.e.

pb

β

Level
s.e.

Model 1
Model 2d
Females
Model 1
Model 2

Slope

β

s.e.

pa

β

s.e.

pa

−0.33
−0.27
−0.26

0.17
0.17
0.17

0.050
0.106
0.123

0.01
0.01
0.01

0.02
0.02
0.02

0.400
0.417
0.570

−0.12
−0.10

0.14
0.13

0.401
0.477

0.01
0.02

0.02
0.02

0.432
0.403

Model 3
−0.07
9- and 12-year olds

0.14

0.610

0.01

0.02

0.422

−0.36
−0.28

0.18
0.17

0.045
0.101

0.03
0.03

0.02
0.02

0.138
0.143

Model 3
Females
Model 1

−0.37

0.16

0.019

0.04

0.02

0.076

−0.14

0.14

0.335

0.00

0.02

0.913

Model 2
Model 3

−0.11
−0.13

0.14
0.14

0.455
0.326

0.00
0.00

0.02
0.02

0.932
0.935

pb

3- and 6-year oldsa
Males
c

Table 4 Linear growth curve model of childhood temperamental
activity (1980) in predicting level and slope of physical activity in
adulthood (2001–2011) by gender and age groups

3- and 6-year olds
0.05
0.07

0.14
0.14

0.740
0.618

0.02
0.02

0.03
0.03

0.606
0.474

0.09

0.10

0.392

−0.07

0.03

0.009

0.09

0.10

0.365

−0.05

0.03

0.047

9- and 12-year olds
Males
Model 1

0.28

0.12

0.022

−0.05

0.02

0.015

Model 2
Females

0.28

0.12

0.017

−0.04

0.02

0.040

Model 1
Model 2

0.19
0.20

0.10
0.10

0.068
0.046

−0.01
0.00

0.02
0.02

0.680
0.950

Males
Model 1b
Model 2c
Model 3d
Females
Model 1
Model 2

Males
Model 1
Model 2

β unstandardized regression coefficient, s.e. standard error
a

Among 3- and 6-year olds, the models were fitted for time interval
1983–1989

b

p value for significance of regression coefficient

c

Unadjusted model

d

Adjusted for school performance at age of 12, parents’ physical activity,
and parents’ socioeconomic status

β unstandardized regression coefficient, s.e. standard error
a

p value for significance of regression coefficient

b

Unadjusted model

c

Discussion

Adjusted for school performance at age of 12, parents’ physical activity,
and parents’ socioeconomic status

d

This study examined whether childhood temperamental activity was associated with PA and TV viewing over 30 years.
High temperamental activity from ages 9 to 12 was associated
with high levels of childhood PA in both genders but with a
steeper decline in PA levels from childhood to youth in boys.
High temperamental activity from ages 3 to 6 was associated
with the decline in PA from childhood to youth in girls. High
childhood temperamental activity was associated with decreased levels of PA in adulthood in men but not in women.
The associations between childhood temperamental activity
and adulthood TV viewing seem to be positive but not consistently significant in all age and gender groups. The results
indicate that high temperamental activity might influence
health-related behaviors from childhood to adulthood, particularly for men.
Our results are in line with previous studies of temperament
and cognitive, behavioral, and health outcomes. The results
show a relationship between temperamentally active boys
with low PA levels in youth and adulthood and high TV viewing in adulthood and are partly consistent with previous research regarding temperamental activity and sedentary behavior [6]. Studies of temperament and PA are, however,

Additionally adjusted for physical activity in 1980

relatively rare [6, 18]. Sedentary behavior has also been
shown to contribute to morbidity and mortality [45].
Research shows that high temperamental activity is associated
with poor school performance in adolescent girls [46] and
adult atherosclerosis in women [21]. High levels of temperamental activity are also shown to be related to ADHD [47].
The mechanisms between temperamental activity and decreased levels of PA may be related to biological processes
[27]. High temperamental activity may also be related to lack
of behavioral control and regulation [26]. Accordingly, temperamental activity may be a vulnerability factor for the formation of total energy output [19, 20, 23]. Thus, we can carefully posit that high temperamental activity may contribute to
irregular behavioral styles. This may, in turn, decrease the
likelihood of developing PA habits that require more or less
systematic behavioral functioning [38, 48]. Biological factors
may affect these linkages.
Parents and caregivers are important socializing agents in
terms of children’s behavioral development at an early age
[49]. Teachers and leisure-time activity leaders later become
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Table 5 Linear growth curve models of childhood temperamental
activity (1980) in predicting level and slope of TV viewing in
adulthood (2001–2011) by gender and age groups
Level
β

Slope
s.e.

pa

β

s.e.

pa

3- and 6-year olds
Males
Model 1b
Model 2c
Model 3d
Females

0.17
0.17
0.19

0.08
0.08
0.08

0.036
0.034
0.019

−0.01
−0.01
−0.01

0.01
0.01
0.01

0.292
0.209
0.154

0.01
−0.04

0.09
0.09

0.918
0.672

0.00
0.00

0.01
0.01

0.786
0.995

Model 3
−0.06
9- and 12-year olds

0.09

0.537

0.00

0.01

0.891

0.02
−0.02

0.10
0.10

0.804
0.874

0.01
0.01

0.01
0.01

0.476
0.546

Model 3
Females
Model 1

−0.04

0.10

0.720

0.01

0.01

0.477

0.17

0.08

0.029

−0.01

0.01

0.582

Model 2
Model 3

0.11
0.12

0.08
0.08

0.168
0.147

−0.01
0.00

0.01
0.01

0.615
0.636

Model 1
Model 2

Males
Model 1
Model 2

β unstandardized regression coefficient, s.e. standard error
a

p value for significance of regression coefficient

b

Unadjusted model

c

Adjusted for school performance at age of 12, parents’ physical activity,
and parents’ socioeconomic status

d

developing a physically active lifestyle. Multidisciplinary cooperation might be useful for meeting this goal.

Additionally adjusted for physical activity in 1980

essential referents for school-aged children along with parents
and peers [50, 51]. As children’s temperamental characteristics remain relatively unchanged [22, 52], it is important that
adults pay attention to the contents of sports activities and to
the contexts in which the activities are performed. Evaluating
different kinds of sports activities and educational settings in
relation to a child’s or a child group’s temperamental activity
levels might be useful for designing lifelong physical activities. For instance, professionals interested in the effects of
child motor development on PA [6] might benefit from knowledge regarding motor activity and PA when planning exercises. Furthermore, children’s age-related developmental
stages should be taken into account when utilizing information on temperamental activity differences. Obtaining information from children regarding their motivation and preferences might also be beneficial. Overall, this study provided
evidence for the role of temperament in lifelong, healthrelated behaviors that may benefit teachers, leisure-time activity organizers, health professionals, and policy-makers in designing and implementing actions that support children in

Limitations and Strengths
The results should be interpreted in light of certain limitations.
PA was measured differently, but not objectively, between
young children and youth and adults in the present study.
However, the tracking correlations of PA from youth to adulthood have been shown to be parallel to the inter-age correlations assessed in youth [35], indicating that the construct of
self-reported PA can be captured using slightly more distinct
questions at different ages. Furthermore, the PA questionnaires
did not capture all the possible domains (e.g., commuting to
work, work-related PA, and domestic work). Another limitation
involved the maternal ratings of children’s behaviors, which
might be slightly affected by the mothers’ personality traits
and the quality of their relationship with the children [53, 54].
However, the test-retest reliability and predictive validity of
maternal ratings of child temperament were previously shown
to be reasonably high [21, 33, 55]. Although the maternal ratings of temperamental activity and PA in early childhood appear to be related to each other, we cannot rule out the possibility that childhood PA might have increased children’s energy
expenditure, which in turn might have affected the mothers’
evaluations of temperamental activity [18, 56]. Finally, the
study was conducted among a predominantly homogeneous
Finnish sample; thus, the results can only be cautiously generalized to other populations, especially to those with high levels
of socioeconomic and ethnic differences.
The most evident strength of the study is its prospective
study design, which allowed us to examine the associations
concerning the children’s temperament characteristics and PA
and TV viewing over the course of 30 years. Linear growth
curve modeling provided an appropriate framework for these
assessments. In addition, the study was population-based and
included a large sample size.

Conclusions
A high temperamental activity level may contribute to the development of a physically inactive lifestyle. Understanding the
role of temperamental activity in lifelong health behaviors may
benefit teachers, leisure-time activity organizers, health professionals, and policy-makers. Greater understanding of temperamental activity levels and PA would help in the design and
implementation of recreational activities that support the development of a physically active lifestyle from childhood to adulthood. More evidence is needed with regard to gender differences among participants in similar study settings.

178

Int.J. Behav. Med. (2017) 24:171–179

Acknowledgments This study was financially supported by the
Academy of Finland (grants no. 77841, 210283, 123621 (L.P.-R.),
258578 (M.H.), 121584, 124282), Social Insurance Institution of
Finland (O.R., J.S.A.V.), Ministry of Education and Culture (X.Y.,
K.K.), Turku University Foundation (O.R., J.S.A.V.), Special Federal
Grants for Turku University Hospital (O.R., J.S.A.V.), Research Funds
of the University of Helsinki (M.H.), Juho Vainio Foundation (L.P.-R.,
X.Y.), Finnish Foundation of Cardiovascular Research (O.R., J.S.A.V.),
Emil Aaltonen Foundation (M.H.), Finnish Medical Foundation, Finnish
Cultural Foundation, Yrjö Jahnsson Foundation (O.R., J.S.A.V.), and
Urheiluopistosäätiö (K.K.).

13.

14.

15.

16.
Compliance with Ethical Standards All procedures followed were in
accordance with the ethical standards of the responsible committee on
human experimentation (institutional and national) and with the Helsinki
Declaration of 1975, as revised in 2000. Informed consent was obtained
from all participants for inclusion in the study. For the retrospective study,
formal consent was not required.
Conflict of Interest The authors declare that they have no conflict of
interest.

17.
18.

19.
20.
21.

References
1.
2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

Katzmarzyk PT. Physical activity, sedentary behavior, and health: paradigm paralysis or paradigm shift? Diabetes. 2010;59(11):2717–25.
De Rezende LFM, Rodrigues Lopes M, Rey-López JP, Rodrigues
Matsudo VK, Luiz ODC. Sedentary behavior and health outcomes:
an overview of systematic reviews. PLoS One. 2014;9(8):e105620.
Thorp AA, Owen N, Neuhaus M, Dunstan DW. Sedentary behaviors
and subsequent health outcomes in adults a systematic review of longitudinal studies, 1996-2011. Am J Prev Med. 2011;41(2):207–15.
U.S. Centers for Disease Control and Prevention. One in five adults
meet overall physical activity guidelines. Press Release (accessed
June 2013). 2013.
Husu P, Suni J, Vähä-ypyä H, et al. Suomalaisten aikuisten
kiihtyvyysmittarilla mitattu fyysinen aktiivisuus ja liikkumattomuus
(The level of physical activity and sedentary behaviour in Finnish
adults. Abstract in English). Suomen Lääkärilehti. 2014;69(25–32):
1860–6.
Øglund GP, Stensrud T, Ekelund U. Early life determinants of physical activity and sedentary time: current knowledge and future research. Norsk Epidemiologi. 2014;24(1–2):177–86.
Holt NL, Talbot M. Lifelong engagement in sport and physical
activity: participation and performance across the lifespan
(ICSSPE perspectives). New York: Routledge; 2011.
Timmons BW, Leblanc AG, Carson V, et al. Systematic review of
physical activity and health in the early years (aged 0–4 years).
Appl Physiol Nutr Metab. 2012;37:773–92.
Leblanc AG, Spence JC, Carson V, et al. Systematic review of
sedentary behaviour and health indicators in the early years (aged
0-4 years). Appl Physiol Nutr Metab. 2012;37:753–72.
Jones RA, Hinkley T, Okely AD, Salmon J. Tracking physical
activity and sedentary behavior in childhood: a systematic review.
Am J Prev Med. 2013;44(6):651–8.
Anderson CB, Hughes SO, Fuemmeler BF. Parent-child attitude
congruence on type and intensity of physical activity: testing multiple mediators of sedentary behavior in older children. Health
Psychol. 2009;28(4):428–38.
Yang X, Telama R, Laakso L. Parents’ physical activity, socioeconomic status and education as predictors of physical activity and

22.

23.
24.

25.

26.

27.

28.

29.

30.
31.

32.

33.

sport among children and youths—a 12-year follow-up study. Int
Rev Soc Sport. 1996;31(3):273–91.
Brunes A, Augestad LB, Gudmundsdottir SL. Personality, physical
activity, and symptoms of anxiety and depression: the HUNT study.
Soc Psychiatry Psychiatr Epidemiol. 2013;48(5):745–56.
De Moor MHM, Beem AL, Stubbe JH, Boomsma DI, De Geus
EJC. Regular exercise, anxiety, depression and personality: a
population-based study. Prev Med. 2006;42(4):273–9.
Clark BK, Healy GN, Winkler E a H, et al. Relationship of television time with accelerometer-derived sedentary time: NHANES.
Med Sci Sports Exerc. 2011;43(5):822–8.
Basterra-Gortari FJ, Bes-Rastrollo M, Gea A, Nunez-Cordoba JM,
Toledo E, Martinez-Gonzalez MA. Television viewing, computer
use, time driving and all-cause mortality: the SUN cohort. J Am
Heart Assoc. 2014;3(3):e000864.
Rhodes RE, Smith NEI. Personality correlates of physical activity: a
review and meta-analysis. Br J Sports Med. 2006;40(12):958–65.
Anderson S, Bandini L, Dietz W, Must A. Relationship between
temperament, nonresting energy expenditure, body composition,
and physical activity in girls. Int J Obes. 2004;28(2):300–6.
Buss A, Plomin R. A temperament theory of personality development. New York: Wiley; 1975.
Cloninger C, Svrakic D, Przybeck T. A psychobiological model of
temperament and character. Arch Gen Psychiatry. 1993;50:975–90.
Keltikangas-Järvinen L, Pulkki-Råback L, Puttonen S, Viikari J,
Raitakari OT. Childhood hyperactivity as a predictor of carotid artery
intima media thickness over a period of 21 years: the cardiovascular
risk in young Finns study. Psychosom Med. 2006;68(4):509–16.
Buss A. The EAS theory of temperament. In: Strelau J, Anglneitner
A, editors. Explorations in temperament. New York: Plenum Press;
1991. p. 43–60.
Buss A, Plomin R. Temperament: early developing personality
traits. Hills-dale (NJ): Erlbaum; 1984.
Räikkönen K, Keltikangas-Järvinen L. Childhood hyperactivity
and the mother-child relationship as predictors of risk type A behavior in adolescence: a six-year follow-up. Personal Individ Differ.
1992;13:321–7.
Pulkki-Råback L, Pullmann H, Hintsanen M, et al. Hyperactivity in
childhood as a predictor of school performance in elementary
school: modifying effect of a serotonin receptor gene (5-HTR2A).
Electron J Res Educ Psychol. 2010;8(3):971–90.
Nigg JT, Goldsmith HH, Sachek J. Temperament and attention
deficit hyperactivity disorder: the development of a multiple pathway model. J Clin Child Adolesc Psychol. 2004;33(1):42–53.
Donzella B, Gunnar MR, Krueger WK, Alwin J. Cortisol and vagal
tone responses to competitive challenge in preschoolers: associations with temperament. Dev Psychobiol. 2000;37:209–20.
Calkins SD, Fox NA. Self-regulatory processes in early personality
development: a multilevel approach to the study of childhood social
withdrawal and aggression. Dev Psychopathol. 2002;14:477–98.
Raitakari OT, Juonala M, Rönnemaa T, et al. Cohort profile: the
cardiovascular risk in Young Finns Study. Int J Epidemiol.
2008;37(6):1220–6.
Wells E. Behavioral patterns of children in school. Vitality Health
Stat. 1980;1980:113.
Pesonen A, Räikkönen K, Keskivaara P, Keltikangas-Järvinen L.
Difficult temperament in childhood and adulthood: continuity from
maternal perceptions to self-ratings over 17 years. Personal Individ
Differ. 2003;34:19–31.
Pulkki-Råback L, Elovainio M, Kivimäki M, Raitakari OT,
Keltikangas-Järvinen L. Temperament in childhood predicts body
mass in adulthood: the Cardiovascular Risk in Young Finns Study.
Health Psychol. 2005;24(3):307–15.
Katainen S, Räikkönen K, Keltikangas-Järvinen L. Childhood temperament and mother’ s child-rearing attitudes: stability and interaction in
a three-year follow-up study. Eur J Personal. 1997;11:249–65.

Int.J. Behav. Med. (2017) 24:171–179
34.

Telama R, Viikari J, Välimäki I, et al. Atherosclerosis precursors in
Finnish children and adolescents. X. Leisure-time physical activity.
Acta Paediatr. 1985;(Scand Suppl 318):169–180.
35. Telama R, Yang X, Leskinen E, et al. Tracking of physical activity
from early childhood through youth into adulthood. Med Sci Sports
Exerc. 2014;46(5):955–62.
36. Telama R, Yang X, Laakso L, Viikari J. Physical activity in childhood and adolescence as predictor of physical activity in young
adulthood. Am J Prev Med. 1997;13(4):317–23.
37. Yang X, Hirvensalo M, Hintsanen M, et al. Longitudinal associations between changes in physical activity and depressive symptoms in adulthood: the young Finns study. Int J Behav Med.
2014;21:908–17.
38. Telama R, Yang X, Viikari J, Välimäki I, Wanne O, Raitakari O.
Physical activity from childhood to adulthood: a 21-year tracking
study. Am J Prev Med. 2005;28(3):267–73.
39. Hirvensalo M, Telama R, Schmidt MD, et al. Daily steps among
Finnish adults: variation by age, sex, and socioeconomic position.
Scand J Public Health. 2011;39(7):669–77.
40. Yang X, Telama R, Hirvensalo M, et al. Leadership component of
type A behavior predicts physical activity in early midlife. Int J
Behav Med. 2012;19(1):48–55.
41. Mansikkaniemi K, Juonala M, Taimela S, et al. Cross-sectional
associations between physical activity and selected coronary heart
disease risk factors in young adults. The Cardiovascular Risk in
Young Finns Study. Ann Med. 2012;44(7):733–44.
42. Helajärvi H, Rosenström T, Pahkala K, et al. Exploring causality
between TV viewing and weight change in young and middle-aged
adults. The cardiovascular risk in young Finns study. PLoS One.
2014;9(7):e101860.
43. Raghunathan TE. What do we do with missing data? Some options for
analysis of incomplete data. Annu Rev Public Health. 2004;25:99–117.
44. Muthén L, Muthén B. Mplus user’s guide (1998–2015). Seventh
Edition. Los Angeles: Muthén & Muthén.
45. Katzmarzyk PT, Church TS, Craig CL, Bouchard C. Sitting time
and mortality from all causes, cardiovascular disease, and cancer.
Med Sci Sports Exerc. 2009;41(5):998–1005.

179
46.

Alatupa S, Pulkki-Råback L, Hintsanen M, Mullola S, Lipsanen J,
Keltikangas-Järvinen L. Childhood disruptive behaviour and
school performance across comprehensive school: a prospective
cohort study. Psychology. 2011;02(06):542–51.
47. Zentner M, Shiner RL. Handbook of temperament. NY: The
Guilford Press; 2015.
48. Telama R, Yang X, Hirvensalo M, Raitakari O. Participation
in organized youth sport as a predictor of adult physical activity: a 21-year longitudinal study. Pediatr Exerc Sci.
2006;17:76–88.
49. Edwardson CL, Gorely T. Parental influences on different types and
intensities of physical activity in youth: a systematic review.
Psychol Sport Exerc. 2010;11(6):522–35.
50. Roth J, Brooks-Gunn J, Linver M, Hofferth S. What happens during
the school day? Time diaries from a national sample of elementary
school teachers. Teach Coll Rec. 2003;105(3):317–43.
51. Slater SJ, Nicholson L, Chriqui J, Turner L, Chaloupka F. The
impact of state laws and district policies on physical education
and recess practices in a nationally representative sample of U.S.
public elementary schools. Arch Pediatr Adolesc Med.
2012;166(4):311–6.
52. Bauman AE, Reis RS, Sallis JF, Wells JC, Loos RJF, Martin BW.
Correlates of physical activity: why are some people physically
active and others not? Lancet. 2012;380:258–71.
53. Clark LA, Kochanska G, Ready R. Mothers’ personality and its
interaction with child temperament as predictors of parenting behavior. J Pers Soc Psychol. 2000;79(2):274–85.
54. Whiffen VE. Maternal depressed mood and perceptions of child
temperament. J Genet Psychol: Res Theory Hum Dev.
1990;151(3):329–39.
55. Räikkönen K, Katainen S, Keskivaara P, Keltikangas-Järvinen L.
Temperament, mothering, and hostile attitudes: a 12-year longitudinal study. Personal Soc Psychol Bull. 2000;26(1):3–12.
56. Anderson S, Bandini L, Must A. Child temperament does not predict adolescent body composition in girls. Int J Obes. 2005;29(1):
47–53.

