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Abstract

Background: Evidence on whether leisure-time physical activity (LTPA) facilitates individuals’ adoption of multiple
healthy behaviors remains scarce. This study investigated the associations of diverse longitudinal LTPA trajectories
from childhood to adulthood with diet, screen time, smoking, binge drinking, sleep difficulties, and sleep duration
in adulthood.
Methods: Data were drawn from the Cardiovascular Risk in Young Finns Study. Participants were aged 9–18 years
(N = 3553; 51% females) in 1980 and 33–49 years at the latest follow-up in 2011. The LTPA trajectories were
identified using a latent profile analysis. Differences in self-reported health-related behaviors across the LTPA
trajectories were studied separately for women and men by using the Bolck-Croon-Hagenaars approach. Models
were adjusted for age, body mass index, education level, marital status, total energy intake and previous
corresponding behaviors.
Results: Persistently active, persistently low-active, decreasingly and increasingly active trajectories were identified
in both genders and an additional inactive trajectory for women. After adjusting the models with the above-
mentioned covariates, the inactive women had an unhealthier diet than the women in the other trajectories
(p < 0.01; effect size (ES) > 0.50). The low-active men followed an unhealthier diet than the persistently and
increasingly active men (p < 0.01; ES > 0.50). Compared to their inactive and low-active peers, smoking frequency
was lower in the increasingly active women and men (p < 0.01; ES > 0.20) and persistently active men (p < 0.05;
ES > 0.20). The increasingly active men reported lower screen time than the low-active (p < 0.001; ES > 0.50) and
persistently active (p < 0.05; ES > 0.20) men. The increasingly and persistently active women reported fewer sleep
difficulties than the inactive (p < 0.001; ES > 0.80) and low-active (p < 0.05; ES > 0.50 and > 0.80, respectively)
women. Sleep duration and binge drinking were not associated with the LTPA trajectories in either gender, nor
were sleep difficulties in men and screen time in women.
(Continued on next page)
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(Continued from previous page)
Conclusions: Not only persistently higher LTPA but also an increasing tendency to engage in LTPA after
childhood/adolescence were associated with healthier diet and lower smoking frequency in both genders, having
less sleep difficulties in women and lower screen time in increasingly active men. Inactivity and low activity were
associated with the accumulation of several unhealthy behaviors in adulthood. Associations were stronger in
women.

Keywords: Physical activity, Diet, Sleep, Alcohol, Binge drinking, Smoking, Screen time, Longitudinal, Trajectory, Life-
course

Background
Non-communicable diseases, such as cardiovascular dis-
ease, diabetes mellitus, and several cancers, cause over
70% of deaths worldwide with unhealthy behaviors
usually causing these diseases [1]. Physical activity (PA),
dietary behavior, smoking and consuming alcohol are
traditionally seen as the major four behaviors impacting
health [2]. Lately, sleeping and sedentary behavior have
been identified as important additional behaviors
impacting it as well [3–6]. Physical inactivity, unhealthy
diet, regular smoking, and binge drinking [7], shortened
[4] and prolonged sleep duration [3, 4], insomnia [5],
and sedentary behavior [6, 8] (e.g., prolonged television
viewing [9] and total screen time [10]) have been found
to be associated with a higher risk of non-communicable
diseases and mortality.

Behavioral risk factors tend to accumulate to same in-
dividuals which may have synergistic effects on health
[11]. A study examining smoking, alcohol intake, diet,
PA, television viewing, and sleep together showed that a
combination of multiple health-compromising behaviors
was strongly associated with cardiovascular disease mor-
tality and all-cause mortality [12] while a combination of
multiple health-enhancing behaviors have been found to
decrease the relative risk for all-cause mortality [13].
Thus, promoting the adoption of multiple healthy be-
haviors is essential for improving public health.

Changing one behavior may translate into changing
other behavior as well, especially if both behaviors are
health-enhancing or health-risky [14]. Previous evidence
suggests that PA might play an important role for adopt-
ing to multiple healthy lifestyle factors, e.g. eating
healthier [15, 16]. A longitudinal study found that adults
who increased their PA also improved their diet when
compared to their decreasingly active peers [17], whereas
low PA was found to associate with higher risk of sleep
problems and incident short sleep time among middle-
aged and older adults [18]. Additionally, physical inactiv-
ity in adolescence predicted smoking [19] and weekly
alcohol intoxication in young adulthood, especially in
women [20]. Our previous longitudinal studies showed
that persistently physically active adult women watched
television less than low-active women [21], leisure-time

physical activity (LTPA) evolved in tandem with fruit
and vegetable consumption from childhood to adulthood
[22], persistent inactivity was associated with smoking
[23, 24] whereas, in contrast, persistent higher LTPA
was associated with regular alcohol drinking [23].

However, previous research has mainly focused on the
association of PA or LTPA with single health behavior.
Moreover, longitudinal studies on whether a specific
LTPA life-course developmental pathway facilitates the
adoption of several other health-enhancing behaviors in
adulthood are lacking. This study aimed to investigate
whether cross-sectionally measured health-related be-
haviors in adulthood – including diet, screen time,
smoking, binge drinking, sleep difficulties, and sleep
duration – differ by LTPA pathways measured from
childhood to adulthood in men and women. LTPA was
defined as participation in PA and sport by querying in-
tensity, duration and frequency of PA, and participation
in organized sports. Occupational PA was not queried.
Data-driven trajectory modeling [25] was chosen as the
method for identifying LTPA pathways, as trajectories
can yield novel information on the complexity of PA be-
havior [26].

Methods
Study design and participants
The data were drawn from the ongoing population-
based longitudinal Cardiovascular Risk in Young Finns
Study (YFS). The study involves five Finnish university
cities (Helsinki, Kuopio, Oulu, Tampere, and Turku) and
their rural surroundings. Participants with different so-
cioeconomic backgrounds were randomly selected from
the population register of these areas to produce a repre-
sentative sample of Finnish children and adolescents
[27]. In 1980, 3596 children and adolescents (boys and
girls aged 3–18 years; 83% of those invited) participated
in the baseline study. Follow-up studies have thus far
been conducted in 1983, 1986, 1989, 1992, 2001, 2007
and 2011. The study sample comprised six cohorts aged
3, 6, 9, 12, 15 and 18 years at baseline and thus 33–49
years at the 2011 follow-up. The representativeness of
the study population has been studied by comparing the
baseline (1980) characteristics between the sample of the
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year 2001 and those lost to follow-up [27]. The results
showed that participants were older and more often fe-
males than non-participants. No significant differences
between the non-participants and participants were ob-
served in LTPA, body mass index (BMI), or parental
years of education. A more detailed description of the
YFS protocol, attrition analysis and reasons for non-
participation have been published previously [27].

Measurements
Life-course leisure-time physical activity
LTPA was parent-reported before turning 9 years of age
and self-reported thereafter. To avoid biased results,
parent-reported data were excluded from the present
study. Participants with at least one measurement of
self-reported LTPA (N = 3553) were included in the
present study (see more in [Supplementary file 1]). Self-
reported LTPA was treated as the exposure variable for
other adulthood health-related behaviors. In the years
1980–1989, the LTPA questionnaire comprised items on
the frequency and intensity of PA, habitual ways of
spending leisure-time, and participation in sports-club
training and sport competitions. After 1989, the ques-
tionnaire was slightly modified, as LTPA differs between
school-aged children and adults. In the years 1992–
2011, the LTPA questionnaire comprised items on the
frequency and intensity of PA, frequency of vigorous PA,
hours spent in vigorous PA, average duration of a PA
session, and participation in organized PA. Occupational
PA was not queried. Responses on each item were first
recoded into three categories (1 = irregular activity / low
activity / inactivity; 2 = regular weekly activity / moder-
ate activity; 3 = regular daily activity / vigorous activity)
and scores were then summed to create a LTPA index
ranging from 5 to 15 [28]. The development of the index
has been reported in detail elsewhere (see Table S1 and
S2 in [23]).

In the YFS, the original aim of the LTPA index was
not to measure the absolute amount or exposure to
LTPA but rather to rank the participants according to
their LTPA level. Previously conducted validation ana-
lyses show that the LTPA questionnaire is an acceptably
valid subjective measure of LTPA [29–32]. Correlations
between the LTPA index and indicators of exercise cap-
acity (hypothetical maximal workload sustainable for 6
min) have been studied in subsamples of participants
and found to be significant with medium effect sizes in
childhood (girls: r = 0.39; boys: r = 0.33) and medium to
large effect sizes in adulthood (women: r = 0.49; men:
r = 0.53) [30]. The index also correlated with the total
volume of movement assessed with accelerometers, in-
cluding frequency, intensity, and duration of activity
bouts (r = 0.26–0.45) [31], and with 7-day pedometer
data on total steps and aerobic steps (r = 0.25–0.31) [32]

with the effect sizes ranging from small to medium. In
1980, internal consistency coefficients, as indicators of
reliability, varied from 0.44 to 0.69 in females and 0.49
to 0.76 in males, and in 2001, the corresponding values
were 0.59 to 0.85 and 0.74 to 0.85 [30].

Measurements of health-related behaviors in adulthood
In 2011, the adulthood health-related behaviors assessed
with self-reports were diet, screen time, smoking, binge
drinking, sleep difficulties and sleep duration. These be-
haviors were treated as the outcome variables for the
LTPA trajectories.

Diet was assessed with a validated Finnish self-
administered food frequency questionnaire [33]. Partici-
pants reported the frequencies of their habitually
consumed food and drink items. Average daily food in-
take was converted into grams by using the Finnish
National Food Composition Database (Fineli®). A sum
index indicating a healthy diet was created. It included
foods considered healthy (whole grain products; fruits
excluding fruit juice; vegetables and legumes excluding
potatoes; fish; vegetable fats and oils) or unhealthy (red
meat and meat products; sugared beverages; fried and
deep-fried potatoes; desserts including budding, ice
cream, biscuits, sweet pastry, chocolate and candy). Par-
ticipants were first divided into quartiles (Q) based on
their mean daily intake scores for each food item: the
higher the consumption of healthy foods, the higher the
score (Q1 = 0; Q2 = 1; Q3 = 2; Q4 = 3 points) and the
higher the consumption of unhealthy foods, the lower the
score (Q1 = 3; Q2 = 2; Q3 = 1; Q4 = 0 points). Points were
then summed to create a diet index ranging from 0 to 27:
the higher the value, the healthier the participant’s diet.

Television viewing time and computer use were
assessed with two questions: “How many hours per day
on average day do you spend: 1) watching television and
videos at home, and 2) using a computer at home?”
Mean daily television and computer times were calcu-
lated separately ([(5 × weekday) + (2 × weekend)] / 7)
after which the mean values of the two sedentary behav-
iors were summed to form an index of daily screen time
during leisure (hours/day).

The categories for current smoking status were: (1)
non-smoker (never smoked), (2) former smoker (on strike
or stopped smoking), (3) occasional smoker (less than
once a week), and (4) regular smoker (once or more a
week). Binge drinking was determined as consuming six
or more alcoholic drinks on a single occasion. The cat-
egories for binge drinking frequency were: (1) six times a
year or less, (2) one to three times a month, (3) once a
week, and (4) twice a week or more often.

Sleep difficulties were assessed with Jenkins’s scale
which has proven valid and reliable [34, 35]. The scale
comprises four items on sleep difficulties corresponding
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