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Purpose: The association between overall physical activity (PA) and life
satisfaction has been confirmed in adolescents. However, the associations
between different forms of PA at various intensities and life satisfaction are
under-studied. This study aimed to explore the association between vigorous
PA (VPA) and life satisfaction, and whether the associations vary by gender
and age.

Methods: Using data from the Health Behavior in School-aged Children
(HSBC) investigation, the research samples of 11- to 15-year-old adolescents
were included for further. The information on VPA was collected via
two self-reported questions, including frequency per week and hours per
week. Life satisfaction was assessed by a ladder of 0-10 scores, with
being higher indicating better life satisfaction. Logistic models were carried
out to analyse the association between VPA and life satisfaction among
adolescents, and results were presented with odd ratio (OR) and associated
95% confidence interval.

Results: Among the 214,080 (49.2% male) adolescents studied, both boy and
girl participants reporting higher frequency of VPA per week were more likely
to be associated with higher life satisfaction (e.g., in boys, VPA for every day:
OR = 1.054; in girls: VPA for every day: OR = 1.047). More hours of VPA was
also associated with better life satisfaction in adolescents (in overall sample,
7h or more: OR =1.178).

Conclusions: In conclusion, this research provided evidence on the roles
of VPA on life satisfaction among adolescents aged 11-15. Considering life
satisfaction is regarded as an indicator of adolescents’ psychological health
development, our study supports and extends the evidence for the importance
of VPA in adolescence.

vigorous physical activity, adolescence, life satisfaction, health, HSBC

Introduction

Mental health educators and professionals are concerned about adolescents’ well-
being promotion (1-3). A lot of constructs related well-being are proposed, and it is
widely recognized that fostering an understanding of life satisfaction is important to goal
achievement (4, 5). Life satisfaction is an overall and cognitive appraisal of individuals’
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life (6, 7). Life satisfaction is a crucial component of positive
psychology, which can be defined as a subjective sensitivity
of the multiple life aspects in people (8-10). Life satisfaction
involves a cognitive assessment in humans’ whole character of
life (11), which also includes self-satisfaction, family satisfaction,
as well as school satisfaction (12). Better life satisfaction is linked
with improved health outcomes (13). Besides, life satisfaction
has also been regarded as being related to future externalizing,
internalizing behaviors and peer victimization experiences in
previous studies (14, 15). Life satisfaction is also a predictor
of health-related quality of life (16), behavioral problems
(17) (i.e., violence (18)) and psychological problems (i.e.,
depressive disorders (19), suicidal ideation (20)) in adolescents.
Empirical evidence indicated that a decline in life satisfaction in
adolescents (21-24).

Owing to the significance and practical implications,
improving life satisfaction is of great importance. According to
the empirical evidence, physical activity (PA) has been regarded
as an optative strategy to boost children’s and adolescents’
mental (25) and physical health (26, 27). Recently, there is
evidence showing that higher PA levels are related to children’s
and adolescents’ life satisfaction (10, 28). In general, PA and life
satisfaction’s positive relationship has been reported in several
previous studies (29-32). For example, PA was positively related
with life satisfaction in US middle school children (29). Besides,
one cross-sectional research that investigated 4,758 adolescents
in South Carolina revealed that life satisfaction was favorably
associated with PA, and gender and ethnicity had effect on this
association (30). Another study of 1,002 Chinese middle school
students also supported the positive association, and adolescents
who participated in more PA had a higher life satisfaction (31).
Besides, results from the CASPIAN-IV study demonstrated that
PA may be a better way to achieve optimal life satisfaction than
reducing screen time among children and adolescents (33, 34).

Although the associations between overall PA and life
satisfaction have been established, some research gaps remain,
that needs to be addressed by future research. The first one
is that little is known about the different forms of PA and
life satisfaction. As we implied above, one evident research
gap is rare evidence concerning VPA and life satisfaction.
If researchers can verify the association between VPA and
life satisfaction in adolescents, it would be more beneficial
to promote wellbeing in this population subgroup. Second,
previous studies mostly focused on adolescents from single
country. This lack of evidence from multiple countries would
limit research findings generalization, as evidence based on more
countries or regions can be applied widely for adolescents’ health
promotion. For example, one recent study highlighted a positive
association between frequency of VPA and life satisfaction
Italian Adolescents (35). Unclearly, it cannot be judged whether
VPA or specific PAs have a positive influence on life satisfaction
in other countries.
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Thus, this study aims to explore the associations between
VPA and life satisfaction in adolescents using a multiple-country
data. This study hypotheses that high participationsof VPA
would be associated with higher life satisfaction in adolescents.

Methods
Study design and participants

With the public data from the Health Behavior School-aged
Children (HBSC) survey, we conducted this cross-sectional
research and studied it in accordance with the international
HBSC protocol. HBSC is
collaborative WHO research that gathers health behavior
data every 4 years from a nationally typical sample of 11-13-15

considered a multinational

ages” adolescents, where “school classes” will be considered the
main sampling unit. Systematic bunch sampling applies the
population’s eventuality proportional to obtain a nationally
typical sample. The samples’ class teachers were told and asked
to transmit each student an information sheet that included
some basic information about the research, which was expected
to be provided to their parents or guardians (27). An opt-out
form will be signed and returned only in the event of refusal
to participate. Study participants were invited to take in this
survey voluntarily. A formal consent from study participants
was obtained prior to data collection.

Data required were collected in an anonymous manner
and standard safeguards to ensure confidentiality. A well-
trained teacher granted a normal and self-made questionnaire to
students. According to the survey in 2013/2014, the reaction rate
of school/class and student level in most areas exceeded 85%.

Measures

Vigorous physical activity (independent
variables)

VPA was surveyed by the two terms in below. The first item
was “In your spare time, how many opportunities do you have
to exercise until you’re out of breath or sweaty?” The answers
maybe every day, 4-6 times/week, 2-3 times/week, once a week,
once a month even less, and never. The second item was “Outside
school hours, how many hours per week do you typically exercise
during spare time to get breathless or sweaty? “The answers
maybe zero, ~0.5h, ~1h, about 2-3 h, about 4-6h, about 7h
even more.

Life satisfaction (outcome)

Life satisfaction was assessed based on the ladder life scale
(36). The participants were asked to tick the box. The ladder
numbers correspond to 0-10 from bottom to top, with 10 at the
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top representing the best life, and 0 at the bottom representing
the worst life. Which class do you think you are in now? 10 is the
best life, 0 is the worst, previous research has shown that even
a single life satisfaction survey can be very accurate, very valid,
credible. The scores are also high and are basically the same as
multiple measures of life satisfaction. (37-39).

Covariates

Sociodemographic factors included sex (boy or girl), age
(11, 13 and 15 years), alcohol use last 30 days (On how many
days have you drunk alcohol?), socioeconomic status (family
well off), smoking (in the last 30 days, on how many days have
you smoked cigarettes?), watching television/, playing computer
games and body mass index (BMI). Family well off was assessed
by a question, that was “How well of do you think your family
is?”. BMI was estimated by self-reported height and weight. The
reason of above covariates were chosen is that they were included
in previous studies on physical activity and mental health in
children and adolescents (40). According to the previous studies,
these controlling variables (e.g., drinking alcohol, family well
off, smoking, watching tv/DVD/video, playing computer games,
vigorous physical activity and BMI) were highly linked with life
satisfaction (41-44). In addition, socioeconomic status is also
associated with life satisfaction (35).

Statistical process

All the statistical analysis was performed using the SPSS
25.0. Prior to final analysis, some procedures have been
made. Study participants provided valid cases of variables of
interest of this study were targeted for further analysis. Missing
cases of variables of interest were deal with completed case
analysis, as the proportion of missing case was under 8% of
total sample. Descriptive analysis was used to report sample
characteristics. Categorical data are shown as numbers and
percentages, while continuous data are displayed as the mean
and standard deviation. The Kolmogorov-Smirnov test and
normal probability plot were applied to test the assumption
of normality of continuous variables (ie., BMI and life
satisfaction). To assess the associations between VPA and life
satisfaction, Generalized Linear Models were used as this model
is highly compatible with the different kinds of distributions of
the studied variables. Three models were established, the first
one was the associations between VPA and life satisfaction in
the overall sample while controlling for all the covariates. The
second model concerned with the associations between VPA and
life satisfaction by sex while controlling for all the covariates
except for sex. The third model concerned with the association
between VPA and life satisfaction by age while controlling for all
the covariates except for age. In all the models, “none” (hours of
VPA per week) and “never” (frequency of VPA per week) were
treated as reference group. Odd ratio (OR) with 95% confidence
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TABLE 1 Association between vigorous physical activity and
life satisfaction.

Overall
Frequency p OR 95%CI
Every day 0.000 1.050 1.041 1.059
4-6 times a week 0.000 1.025 1.016 1.034
2-3 times a week 0.000 1.016 1.007 1.024
Once a week 0.767 1.001 0.993 1.010
Once a month 0.984 1.000 0.990 1.010
Less than once a month 0.001 0.983 0.974 0.993
Never REF
Hours a week ?r OR 95%CI
None REF
Half an hour 0.003 1.070 1.023 1.119
1 hour 0.000 1.098 1.050 1.148
2-3 hours 0.000 1.144 1.094 1.197
4-6 hours 0.000 1.145 1.091 1.202
7 hours or more 0.000 1.178 1.120 1.239

OR, odd ratio; CI, confidence interval; REE reference group.

Bold fonts denote statistical significance.

Models controlled for sex, age, family socioeconomic status, smoking, alcohol use,
television viewing time, computer games time, computer use time, body mass index.

interval (CI) was presented. The statistical significance was set
up as p < 0.05.

Results

Supplementary Table S1 presents several characteristics of
the sample adopted in this study. The sample consisted of
105,414 boys and 108,666 girls, accounting for 49.2 and 50.8% of
the total sample, respectively. Besides, the largest proportion of
adolescents in the entire sample, 34.6%, were 13 years old, while
adolescents aged 11 and 15 years old occupied 32.2 and 33.1%
separately, in the study. In addition, among all adolescents those
who never smoked or had not consumed alcohol in the past 30
days made up most of the sample. However, they generally spent
half an hour per day playing computer games on weekdays but
spent 2 h or less a day on weekends basically. Finally, the average
body mass index (BMI) of adolescents reached 19.6, and their life
satisfaction level on average was about 8. Information on study
participants by country can be found in Supplementary Table S2.

As shown in Table 1, for the whole sample, the highest
likelihood of reporting high life satisfaction was observed among
participants who exercised more than once a week (Every day:
OR = 1.050; 95% CI: 1.041-1.059; 4-6 times a week: OR = 1.025;
95% CI: 1.016-1.034; 2-3 times a week: OR = 1.016; 95% CI:
1.007, 1.024). On the contrary, in general, the possibilities of
reporting better life satisfaction were significantly higher in the
participants with more hours spent for VPA.

Moreover, Table 2 illustrates the relationship between VPA
and life satisfaction of the participants by gender. VPA was
related to higher life satisfaction in both boys (OR = 1.054; 95%
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TABLE 2 Association between vigorous physical activity and life
satisfaction by gender.

10.3389/fpubh.2022.944620

TABLE 3 Association between vigorous physical activity and life
satisfaction by age group.

Boy 11 years
Frequency p OR 95%CI Frequency 4 OR 95%CI
Every day 0.000 1.054 1.041 1.067 Every day 0.000 1.335 1.200 1.485
4-6 times a week 0.000 1.031 1.019 1.044 4-6 times a week 0.023 1.132 1.017 1.26
2-3 times a week 0.000 1.014 1.002 1.026 2-3 times a week 0.593 1.029 0.927 1.143
Once a week 0.07 1.002 0.990 1.015 Once a week 0.098 0.91 0.814 1.017
Once a month 0.07 0.995 0.980 1.011 Once a month 0.300 0.926 0.8 1.071
Less than once a month 0.08 0.992 0.977 1.006 Less than once a month 0.021 0.857 0.752 0.977
Never REF Never REF
Hours a week P OR 95%CI Hours a week P OR 95%CI
None REF None REF
Half an hour 0.770 1.010 0.944 1.081 Half an hour 0.943 0.997 0.914 1.087
1h 0.036 1.073 1.005 1.146 1h 0.052 1.088 0.999 1.185
2-3h 0.000 1.154 1.082 1.231 2-3h 0.087 1.078 0.989 1.174
4-6h 0.000 1.147 1.071 1.228 4-6h 0.259 1.055 0.961 1.158
7h or more 0.000 1.188 1.108 1.273 7h or more 0.023 1.122 1.016 1.238
Girl 13 years
Frequency p OR 95%CI Frequency P OR 95%CI
Every day 0.000 1.047 1.034 1.059 Every day 0.000 1.600 1.447 1.769
4-6 times a week 0.000 1018 1.006 1.030 4-6 times a week 0.000 1.305 1.182 1.442
2-3 times a week 0.000 1.017 1.005 1.029 2-3 times a week 0.000 1.216 1.103 1.341
Once a week 0.10 1.000 0.988 1.012 Once a week 0.256 1.06 0.959 1.172
Once a month 0.07 1.003 0.989 1.017 Once a month 0.662 1.027 0911 1.158
Less than once a month 0.06 0.981 0.968 0.993 Less than once a month 0.806 0.986 0.882 1.103
Never REF Never REF
Hours a week P OR 95%CI Hours a week p OR 95%CI
None Ref None Ref
Half an hour 0.001 1.106 1.042 1.175 Half an hour 0.006 1.119 1.033 1.211
1h 0.000 1.118 1.052 1187 1h 0.001 1.143 1.057 1.236
2-3h 0.000 1.130 1.062 1.202 2-3h 0.000 1.223 1.131 1323
4-6h 0.000 1.141 1.066 1.222 4-6h 0.000 1.244 1144 1.354
7 h or more 0.001 1.333 1.051 1.221 7h or more 0.000 1.316 1.206 1.437
OR, odd ratio; CI, confidence interval; REF, reference group. 15 years
Bold fonts denote statistical significance. Frequency P OR 95%CI
Models controlled for age, family socioeconomic status, smoking, alcohol use, television Every day 0.000 1.758 1.605 1.927
viewing time, computer games time, computer use time, body mass index. .
4-6 times a week 0.000 1.426 1.301 1.562
2-3 times a week 0.000 1.261 1.153 1.379
CI: 1.041, 1.067), and girls (OR = 1.047; 95% CI: 1.034, 1.059). Once a week 0.000 1.181 1.077 1.295
Similarly, VPA more than twice a week was associated with Once a month 0.004 1.166 1.051 1.295
higher life satisfaction in both boys and girls as well. Meanwhile, Less than once a month 0.495 0.967 0878 1.065
life satisfaction was reported to be higher as the hours of VPA a Never REF
0/
week increased. Hours a week P OR 95%CI
. . . . . None Ref
Results for the relationship between VPA and life satisfaction
. . Half an hour 0.131 1.056 0.984 1.135
by age are illustrated in Table 3. In general, adolescents aged
1h 0.228 1.044 0.973 1.121
13 and 15 years old who had VPA more frequently per
) ) ) ] ) 2-3h 0.000 1.153 1.074 1.238
week appeared more likely to report high life satisfaction.
¢ b k. adol 4 4-6h 0.000 1.166 1.08 1.259
In terms of VPA hours per week, adolescents aged 13 or 7h or more 0,000 L168 1.079 1.265

15 years who engaged in more tended to report higher life
satisfaction. Conversely, adolescents aged 11 years, especially
for those engaging in VPA every day (OR = 1.335; 95% CI:
1.200-1.485) or those with more than 7 h a week for VPA (OR =
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OR, odd ratio; CI, confidence interval; REF, reference group.

Bold fonts denote statistical significance.

Models controlled for sex, family socioeconomic status, smoking, alcohol use, television
viewing time, computer games time, computer use time, body mass index.
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1.222; 95% CI: 1.016-1.238) were more likely to report higher
life satisfaction.

Discussion

This study aimed to explore the associations between
frequency and duration of VPA and life satisfaction in
adolescents aged 11-15 years. The results generally suggested
a relationship between a higher frequency of VPA and higher
levels of life satisfaction in adolescents regardless of gender
differences. Farren et al. (45) discovered that VPA presented a
negative relationship with depression symptoms in adolescents.
The authors, based on their results, recommended indirectly
improving the quality of life and mental health of adolescents
by increasing VPA. In addition, Hrafnkelsdottir et al. found
that adolescents in Iceland who undertook more frequent VPA
together with decreased screen time were less likely to report
mental health problems. One research carried out by Bélair et al.
(46) concluded that low levels of VPA were related to depression
symptoms, based on the evidence from the sample of Canadian
adolescents. This indicated that more frequent VPA should
contribute to lower depression levels in adolescents, resulting
in better life satisfaction. Additionally, the study carried out
by Costigan et al. (47) further emphasized the role played
by frequent VPA in improving life satisfaction in adolescents,
recommending VPA for adolescents three times a week. For this
regard, Oberste et al. (48) suggested that MPA or VPA played an
essential role in treating mental health in adolescents. One of the
most prevalent explanations for this finding is that PA prevents
underlying mental health problems such as depression, anxiety,
lower self-esteem, and suicidal tendencies, therefore increasing
life satisfaction levels in youth (49).

Adolescents with more hours spent in VPA outside of school
hours were less likely to report higher scores of life satisfaction,
especially in those with none, half an hour and 1h a week for
VPA. These findings are consistent with the positive associations
between VPA and adolescents’ better life satisfaction in several
previous studies (50-52). The positive association may be
interpreted by Graham et al. (1) increased physical health (i.e.,
Cardiometabolic fitness (53), functional capacity (54)). Besides,
another explanation might be the effects of physical activity on
psychological problems, such as anxiety, depressive symptoms
(55). These benefits that adolescents obtain from physical
activity might increase their satisfaction with life. Data from
one HBSC study revealed that VPA was a stronger predictor
of life satisfaction than MVPA in adolescents, especially for
boys, which implied that the promotion of VPA might be an
efficient way to foster life satisfaction among adolescents (51).
Thus, not participating in PA not only has an impact on current
life satisfaction but also is associated with dissatisfaction during
adulthood (30). Although socioeconomic status was not the aim
of this study, it has been regarded as a confounding factor.
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As implied by the results, there was a age difference
in the association between VPA and life satisfaction. This
finding is consistent with the results presented by GarciaGarcia
et al. (56) that VPA of children and adolescents aged 11
did not play a significant role in the health-related quality
of life (HRQoL) and less maturity groups™ correlation. Other
researchers have reached different outcomes which mainly on
the VPA duration and life satisfaction’s correlation among
adolescents’ subgroups by age. On one hand, Olofsson et al. (57)
suggested a negative association between VPA and HRQoL as
well as life satisfaction in adolescents. Nevertheless, it should
be noted that the adolescents participating in the study were
treated for isolated congenital valvular aortic stenosis, which
means that the results achieved by the scholars might be distinct
among healthy adolescents. On the other hand, other researchers
have discovered a positive connection between the duration of
VPA and life satisfaction levels among adolescents. According
to Cao et al. (58), the study carried out among teenagers aged
11-16 indicated that frequent VPA of sufficient time should
be a protective factor for depression among the participants
including boys and girls from junior high schools, which means
that sufficient VPA was positively associated with more life
satisfaction among adolescents. Besides, although Urchaga et al.
(59) did not specify the connection between VPA and life
satisfaction for the 12-16-year-old adolescents in the sample,
they recommended in their study that school-age adolescents
should conduct VPA for 60 min at a time.

Study strengths and limitations

The main strengths are standardized and validated data
collection procedures, based on the international HBSC study,
and the use of a large and representative sample to investigate
the association between VPA and life satisfaction in adolescents.
Some inherent limitations should be acknowledged within this
study’s participants, measure and design. First, because the
design of the study is cross-sectional, no causal conclusion could
be drawn from the current study; it is impossible to make
sure the orientation of independence and outcomes’ connection.
Second, the self-reported measures are taken in the study to
collect variable data, and they are subject to the social desirability
of participants and the recall bias. Due to the limitations, it is
suggested that future research focus on the generation of strong
proof. Although there are some mentioned restrictions, but the
research also has advantages.

Conclusion

In conclusion, this cross-sectional study suggested that more
frequent VPA might associated with better life satisfaction
among adolescents. however, this association between may be
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influence by age of adolescents and this research finding needs
further confirmation. Generally, with the purpose of achieving
higher life satisfaction among adolescents, VPA with higher
frequency and longer duration is recommended. The practical
implication of this study is to encourage the future research may
be paid specific attention on the association VPA related to life
satisfaction, which would be conducive to well-being promotion
in adolescents.
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