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ABSTRACT
Subjective well-being is crucial during the developmental stage of adolescence. It affects a large range
of developmental outcomes, such as psychological functioning during the transition to adulthood. Although the
link between physical activity and well-being or mental health is one of the oldest areas of study in psychology,
identifying the protective factors and specifically the beneficial role of physical activity in adolescents’ wellbeing have become topics of interest particularly in the last decade. Despite this recent attention, the
underlying or psychological mechanisms of the link between physical activity and well-being are still poorly
understood. This dissertation, therefore, aims to shed more light on the role of aspects of the physical selfconcept in the relation between physical activity and the cognitive aspect of subjective well-being—life
satisfaction—in adolescents. Furthermore, it takes a closer look at how different these relations are across the
sexes and explores if there is a stress-buffering effect of physical activity on life satisfaction. To that end, three
studies, using multinational or longitudinal data, are presented in this dissertation. Multilevel methods were
used and three-way interactions were modeled to gain more understanding of the role of weight perceptions
and social physique anxiety in the link between physical activity and life satisfaction.
The results of this work suggest a mediating role of weight perceptions and a moderating role of social
physique anxiety in the relationship between physical activity and life satisfaction. Specifically, negative weight
perceptions partly explained the relationship, as physical activity was negatively correlated with under- and
overweight perceptions, which in turn were negatively correlated with life satisfaction. Social physique anxiety,
on the other hand, weakened the link between physical activity and life satisfaction, suggesting that only
adolescents with low anxiety levels can benefit from physical activity in that matter. Further, results reveal
significant sex differences in these mediating and moderating effects, suggesting that the link between physical
activity and life satisfaction appears to be of different strength for male adolescents compared to female
adolescents and that they might cope differently with body-related perceptions and anxieties. Last, this work
demonstrates that a stress-buffering effect of physical activity on life satisfaction is dependent on intrinsic
motivation, providing further evidence about the circumstances under which physical activity and life
satisfaction are connected.
This dissertation provides new insights on how to see beyond the relationship between physical activity
and life satisfaction in adolescents, bringing into the discussion the role of two aspects of the physical selfconcept, weight perception and social physique anxiety. Additionally, it sheds more light on important sex
differences that suggest there is a reason to treat male and female adolescents differently in physical activity
settings.
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1. Introduction
Adolescence is defined as the time between puberty and adult independence. Its length can differ
depending on individual development and cultural norms (Blakemore, 2019). Current scientific opinion defines
adolescence more specifically as the time between age 10 and 24 years, subdivided into young (10–14 years),
middle (15–19 years), and late (20–24 years) adolescence (Kinghorn et al., 2018). This broad range from 10
to 24 years was chosen because most individuals in this age group are going through biological changes as
well as social role transitions, which have historically been part of the definition of adolescence (Sawyer et al.,
2018). As pointed out in the early work of Havighurst (1948) and Erikson (1994), building new relationship
patterns within these social roles, as well as the development of one’s own identity, is one of the main tasks
during this developmental stage. Adolescence can therefore be seen as a sensitive life phase that—when the
individual has opportunities and resources—is important for the psychological functioning and transition into
adulthood (Sawyer et al., 2018).
During this developmental stage, life satisfaction is crucial for a large range of positive developmental
outcomes, including better psychological functioning and a healthier lifestyle (Proctor & Linley, 2014). Life
satisfaction is defined as the cognitive-evaluative aspect of subjective well-being (Diener, 1984) and represents
the cognitive appraisal of life as a whole (Shin & Johnson, 1978). Further, apart from being a component of
subjective well-being, life satisfaction is also well established as an indicator of happiness (Proctor et al., 2017;
Suldo & Huebner, 2006).
Mostly due to the various changes that come along with puberty and to changes in satisfaction within
specific domains (such as one’s social life or leisure time), global life satisfaction levels drop during early and
middle adolescence (Cheng et al., 2020; McAdams et al., 2012). This is concerning because low levels of life
satisfaction in adolescence have been shown to increase behavioral risk factors, such as substance abuse
and violent behavior, and to be associated with poor self-rated physical and mental health (Proctor et al.,
2017). Thus, it is important to identify protective factors that contribute to higher or more stable levels of life
satisfaction during this vulnerable age span.
Physical activity, which is defined as the movement of the body produced by skeletal muscles resulting
in energy expenditure that varies from low to high (Caspersen et al., 1985), has been shown to have the
potential to be one of these protective factors during adolescence (Johnson & Taliaferro, 2011; Lubans et al.,
2016). It has been demonstrated that physical activity has positive effects not only on adolescents’ physical
health but more importantly, also on different indicators of well-being, such as health-related quality of life or
mood (Biddle et al., 2021; Koch et al., 2020; Salvini et al., 2018). Besides this direct effect, physical activity
has also been shown to have a stress-buffering effect on different health aspects (Gerber & Pühse, 2009).
Although the link between physical activity and well-being or mental health is one of the oldest areas
of study in psychology (Ekkekakis & Dafermos, 2012), there is still conflicting evidence and questions about
the psychological mechanisms underlying or influencing this effect (Biddle et al., 2021). For example, little is
known about how aspects of the physical self-concept, such as perceptions of weight and the anxiety of being
judged or evaluated on one’s physique, might affect the benefits of physical activity for adolescents’ life
satisfaction. Therefore, this dissertation takes a closer look at the role of these factors in the relationship
between physical activity and life satisfaction. Additionally, it aims to shed more light on potential sex
differences in these relationships.
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In Section 2 of this dissertation, the theoretical background and the current state of research on the
link between physical activity and life satisfaction, the role of two aspects of the physical self-concept (weight
perceptions and social physique anxiety), and additional moderating effects of sex are presented. Section 3
lays out the research questions and the dissertation concept, and Section 4 presents an overview of the
methods and measures used in the studies that make up this dissertation. Section 5 then comprises a synopsis
of the results. Finally, in Section 6, a general discussion of the main findings of this dissertation and future
research perspectives are presented.
2. Theoretical Background
2.1 Physical Activity and Life Satisfaction During Adolescence
Over the last decade, a growing body of research has examined the link between physical activity and
different measures of well-being, such as happiness and mental health, in adolescence (for reviews, see Biddle
et al., 2019; Eime et al., 2013; Rodriguez-Ayllon, 2019). Specifically regarding the association between
physical activity and life satisfaction, Zullig and White (2011) showed with a sample of 245 U.S. students that
not engaging in vigorous physical activity over 7 days and not playing on a sports team were significantly
associated with reduced life satisfaction levels in adolescents. In a multinational study with over 23,000
adolescents (soccer players and a reference sample from the Health Behavior of School-aged Children [HBSC]
study), athletes with higher levels of moderate-to-vigorous leisure-time physical activity reported higher levels
of life satisfaction compared to the reference sample (Wold et al., 2013). Similarly, a survey study with 4,085
Polish students found that physical activity was a significant cross-sectional predictor of life satisfaction
(Kleszczewska et al., 2018). Likewise, a recent study using data from the HBSC survey in Lithuania with 4,191
adolescents found associations between moderate or vigorous physical activity and life satisfaction
(Slapšinskaitė et al., 2020). In addition, a study with 714 adolescents from Spain showed that a higher
frequency of physical activity longitudinally predicted higher life satisfaction 1 year later (Gomez-Baya et al.,
2018).
Given the consistency of the association between physical activity and life satisfaction and other forms
of well-being across multiple studies, the question of potential explanatory mechanisms arises. Several
theoretical frameworks suggest that physical activity has the potential to improve well-being (and the absence
of ill-being, such as depression) through a combination of some neurobiological but mostly psychological
factors (Hautzinger & Wolf, 2012; Lubans et al., 2016). The neurobiological explanations are based primarily
on the hypothesis that physical activity can have a similar effect to that of an antidepressant, mainly because
it can activate the cannabinoid receptor expression in the brain (Charytoniuk et al., 2020). In the psychology
domain, researchers have focused on different psychological mechanisms that can explain why physical
activity can be beneficial to different aspects of adolescents' subjective well-being. First, physical activity can
improve the development of autonomy, which directly improves adolescents' subjective well-being and also
increases the intrinsic motivation to be more active (Rose & Soundy, 2020). A second explanatory mechanism
is the social interaction hypothesis: Interaction with others during physical activity enhances the positive effect
physical activity has on subjective well-being, mostly through feelings of connectedness (Downward &
Rasciute, 2011; Lubans et al., 2016). Last, another model proposed that physical self-perceptions work as the
strongest mechanism: Physical activity can lead to a change in physical self-perceptions, which has been
found to be directly connected to indicators of well-being (e.g., self-esteem; Lubans et al., 2016). This last
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model suggests an important role of the physical self-concept. The next section describes how the physical
self-concept can influence the relationship between physical activity and life satisfaction in adolescence.
2.2 The Role of Two Physical Self-Concept Aspects in the Link Between Physical Activity and Life
Satisfaction
The self-concept sums up the awareness of one’s own qualities and limits (Shavelson et al., 1976).
Shavelson et al. (1976) provided a hierarchical model of the self-concept, with the general concept being
divided into an academic and a nonacademic self-concept. The nonacademic concept consists of the social,
the emotional, and last, the physical self-concept. The physical self-concept itself is in this definition divided
into physical ability and physical appearance. Later, researchers proposed a four-factor model of physical selfconcept, consisting of ability, condition, attractiveness, and strength (Esnaola et al., 2011; Fox & Corbin, 1989).
As adolescence can be understood as a critical period for the relevance of appearance (Gordon et al., 2013),
it seems appropriate to take a closer look particularly at the attractiveness factor of the physical self-concept.
Adolescence is characterized by various changes. Aside from those in the social and cognitive
domains, hormonal and body changes are omnipresent (Blakemore, 2019), including changes in body
proportions or fat distribution (Loomba-Albrecht & Styne, 2009). These physical changes that accompany
puberty and the increased focus on the body and physical appearance during adolescence raise the risk for
developing negative body perceptions or body dissatisfaction during this life phase (Mitchell et al., 2012;
Ricciardelli & Yager, 2015). For the development of self-perceptions of any kind, Sonstroem (1998) categorized
two kinds of information sources for building a self-concept: external sources (i.e., reflected appraisals and
social comparisons) and internal sources (i.e., self-perceptions of competence). Especially for adolescents,
comparison with others is an important tool for developing their self-concept (Sebastian et al., 2008). In
consequence, most adolescents are particularly sensitive about how others evaluate their bodies (Hagger et
al., 2010; Sabiston et al., 2007; Thompson & Chad, 2002).
This sensitive phase of developing a physical self-concept also has an effect on aspects of health
behavior. For example, young people with a rather negative physical self-concept are less likely to engage in
physical activity than those with a more positive one (Babic et al., 2014). There is also some longitudinal
evidence suggesting that physical self-worth—a concept close to the physical self-concept—is associated with
later physical activity in adolescents (Inchley et al., 2011). Additionally, evidence links a low physical selfconcept to lower life satisfaction levels in adolescents (Grao Cruces et al., 2014). Hence, it seems clear that
this construct is important to consider when investigating potential positive effects of physical activity.
Since the physical self-concept is linked to both physical activity and life satisfaction, it is the logical
next step to explore its role in their relationship. In the following sections, this dissertation focuses on two
specific aspects of the attractiveness factor of the physical self-concept (Esnaola et al., 2011)—weight
perceptions and social physique anxiety—and their link to physical activity and life satisfaction.
2.2.1 Weight Perceptions
Perceived physical appearance or attractiveness are the terms mostly used synonymously for the
concept of body image. Both of these constructs represent an evaluation of individuals’ body size or body
weight, with a higher value representing a more positive self-evaluation (Babic et al., 2014). Weight perception
itself represents a specific, cognitive component of body image, where people evaluate their weight as either
normal, underweight, or overweight (Cash & Smolak, 2011; Currie et al., 2014). Furthermore, Binkley et al.

4 BEYOND THE RELATIONSHIP BETWEEN PHYSICAL ACTIVITY AND LIFE SATISFACTION

(2009) suggested that perceptions of weight status are an important key factor for the healthy development of
the physical self-concept.
Weight perceptions—compared to actual weight status—have shown to be strongly associated with
health behaviors, such as physical activity or healthy eating behaviors (Voelker et al., 2015). Concepts highly
correlated with weight perception, for example, body satisfaction (Duong & Roberts, 2016), have also been
associated with physical activity (Neumark-Sztainer et al., 2004). More specifically, body dissatisfaction is
negatively correlated with physical activity in adolescents (Añez et al., 2018). Monteiro Gaspar et al. (2011)
also found that physical activity was linked to lower body dissatisfaction in adolescents and suggested that
physical activity is a protective factor against developing a negative body image and therefore also negative
weight perceptions at this age. However, most of the studies investigating this direction are cross-sectional,
which precludes the interpretation of potential directional effects.
That weight perceptions are not always accurate was shown by a large representative study from
France in which nearly one-third of the adolescents misperceived their body weight (Deschamps et al., 2015).
Another nationwide study with Iranian students reporting that nearly 40% of adolescents misperceived their
body weight. They also found that these misperceptions were associated with lower odds for life satisfaction
(Heshmat et al., 2015). Further, it has been shown that the link between being overweight or obese and low
life satisfaction in adolescence operates mostly through negative self-perceptions (Forste & Moore, 2012).
Although it has become evident that weight perceptions are associated with both physical activity and
life satisfaction, little is known about their effect on the link between these two constructs or if they play an
explanatory role. Therefore, this work seeks to fill this gap by examining if negative weight perceptions mediate
the link between physical activity and life satisfaction.
2.2.2 Social Physique Anxiety
The perceptions of one’s body or weight, especially negative perceptions, can also be associated with
anxieties regarding one’s own body, such as social physique anxiety (Caglar et al., 2010). Social physique
anxiety is defined as a connection between one’s body image and one’s satisfaction with that image (Hart et
al., 1989). Beyond this definition, Hart et al. (1989) argued that social physique anxiety can also be understood
as the anxiety associated with being evaluated by others on one’s physique, which includes, for example, body
fat, muscularity, tone, and body proportions. Especially during adolescence and its accompanying increasing
physical maturation, social physique anxiety levels likely increase (Gay et al., 2011; Niven et al., 2009).
Since during physical activity there is also a strong focus on the physique, social physique anxiety has
been associated not only with the frequency of physical activity but also with motives for participating in or
avoiding physical activity (Sabiston et al., 2014). In a review, Sabiston et al. (2007) summarized that
adolescents mostly use avoidance of physical activity as a strategy for coping with social physique anxiety
during physical activity settings, especially in school sports lessons. It is also possible that adolescents with
social physique anxiety experience negative affect or victimization of their bodies, which might in turn also lead
to avoidance as a coping strategy and to more negative feelings about themselves and their bodies (Puhl &
Luedicke, 2012). Therefore it is not surprising that social physique anxiety levels were negatively associated
with intentions to be physically active in high school students (Sicilia et al., 2016).
Beyond a negative association with physical activity, social physique anxiety has also been shown to
be directly related to life satisfaction in late adolescence (Üngür & Karagözoğlu, 2013). For instance, evidence
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suggests that social physique anxiety is related to the life satisfaction of athletes (Alcaraz-Ibáñez et al., 2017).
Further, social physique anxiety in children and adolescents is associated with body dissatisfaction (Thompson
& Chad, 2002), which together with the fear of being overweight is in turn related to reduced life satisfaction
(Saloumi & Plourde, 2010).
As social physique anxiety leads to avoidance of physical activity, it stands to reason that adolescents
with social physique anxiety might have had negative experiences related to physical activity and therefore
avoid further activities (Fuchs et al., 2017). In line with this, it might even be that social physique anxiety
influences the relationship between physical activity and life satisfaction negatively, but this has been largely
neglected in previous research. To fill this gap, the present work aims to explore if social physique anxiety has
a moderating effect on the link between physical activity and life satisfaction in adolescents.
2.3 Sex Differences in Physical Activity, Life Satisfaction, and Physical Self-Concept
As highlighted by Rosenberg and Simmons (1975), sex differences in various psychological constructs
emerge during adolescence. Female adolescents are more worried about what other people think of them and
whether they are pleasing others. In consequence, they become more vulnerable to criticism (Rosenberg &
Simmons, 1975). Rosenberg and Simmons (1975) suggested that these differences are a consequence of
sex-role socialization. Therefore, it is likely that male and female adolescents also show significant differences
in how they define and evaluate their physical self-concepts (Babic et al., 2014; Klomsten et al., 2004). These
sex differences become even stronger between the ages of 12 and 19 (Hagger et al., 2010). For this age
group, evidence points as well to sex differences in physical activity and life satisfaction (e.g., Dumith et al.,
2011; Goldbeck et al.,2007; Moksnes & Espnes, 2013). Since these sex differences seem to be present in
physical activity and life satisfaction as well as in the physical self-concept, it seems to be important to know
more about what these differences are to better understand their consequences for adolescent development.
A closer look at the existing evidence on sex differences reveals that, on average, female adolescents
report having a less positive self-concept than male adolescents (Karadi, 2008). This might be partly the reason
why female adolescents are also more likely to report having a poorer body image than male adolescents
(Perry & Pauletti, 2011). Female adolescents often invest in a thin ideal and view themselves as “fatter” than
other female peers and therefore become more dissatisfied with their bodies (Brunet et al., 2010; Harter, 2006).
A recent study also showed that even though trained adolescents showed better body perceptions overall,
female adolescents showed a greater dissatisfaction with their physical appearance than male adolescents in
both trained and untrained groups (Fischetti et al., 2020). Female adolescents’ dissatisfaction with their bodies
also seems to begin at a lower body mass index (BMI) percentile than male adolescents’ (Calzo et al., 2012).
Since female adolescents are more dissatisfied with their bodies, it is not surprising that they also tend to
misperceive their weight more often than male adolescents (Deschamps et al., 2015). Female adolescents are
more apt to assess themselves as being overweight and more frequently report wanting to lose weight
compared to male adolescents (Duong & Roberts, 2016; Karadi, 2008; Roberts & Duong, 2013).
Consequently, females also score higher than males in social physique anxiety during adolescence as well as
through their entire life span (for a review, see Sabiston et al., 2014). A reason for female adolescents reporting
higher social physique anxiety levels could be that they experience higher levels of teasing in organized sports,
although they participate in organized sports at a lower rate than male adolescents (Slater & Tiggemann,
2011). Especially the fact that female adolescents report being teased by both same-sex and opposite-sex
peers could explain why they develop more anxieties or avoid physical activity in general (Slater & Tiggemann,

6 BEYOND THE RELATIONSHIP BETWEEN PHYSICAL ACTIVITY AND LIFE SATISFACTION

2011). In addition to these differences in body-related issues, there is substantial evidence of lower physical
activity levels in general and also a stronger decrease in physical activity from childhood to adulthood for
female individuals (Dumith et al., 2011). Female adolescents show significantly lower levels of vigorous
physical activity, especially, than male adolescents (Caspersen et al., 2000), and a lower percentage of female
than male adolescents reaches the guidelines for physical activity (60 min per day) provided by the World
Health Organization (McMahon et al., 2017). Additionally, female adolescents report significantly lower general
and lower health-related satisfaction with life (Goldbeck et al., 2007). Cross-cultural evidence has even shown
that female individuals’ lower life satisfaction levels seem to start in adolescence and continue to adulthood
(Grant et al., 2009).
Male adolescents, on the other hand, tend to show a different pattern in these constructs: First, they
usually have more positive self-perceptions regarding their bodies compared to female adolescents (Caglar et
al., 2010; Sallis et al., 2000). Male adolescents are more likely to show dissatisfaction with their weight at a
higher BMI percentile than female adolescents do (Calzo et al., 2012). This leads to not only lower social
physique anxiety levels but also a stronger decline in social physique anxiety during adolescence (Hagger et
al., 2010). In addition, males show not only higher but also more constant levels of physical activity during
adolescence compared to females (Caglar et al., 2010). Similarly, in a recent large representative study with
adolescents from 36 countries, males reported more physical activity across all countries but especially in
gender-unequal countries (de Looze et al., 2019). Last, besides the lower levels of negative body perceptions
and anxieties as well as higher levels of physical activity, male adolescents have also reported higher levels
of life satisfaction than female adolescents (Heshmat et al., 2015; Moksnes & Espnes, 2013). A recent metaanalysis further confirmed a slight difference in favor of male adolescents regarding their life satisfaction (Chen
et al., 2020).
Most studies investigating physical activity and life satisfaction or subjective well-being have found the
effects for both sexes. Some results, however, suggest that the association between lower physical activity
and poorer mental health is particularly present among female adolescents (McMahon et al., 2017). This is in
line with Gomez-Baya et al. (2018), who found an effect of physical activity on life satisfaction to be significant
only in female adolescents. Although there is evidence of sex differences in physical activity, life satisfaction,
and aspects of the physical self-concept, little is known about potential sex differences in the mechanisms of
these associations. For example, it is still uncertain if the direct link between physical activity and life
satisfaction or mediating or moderating effects on this link might differ for male and female adolescents.
2.4 Stress-Buffering Effect of Physical Activity on Life Satisfaction
As summarized in the previous sections, physical activity is closely associated with life satisfaction
and with aspects of the physical self-concept. Besides having a direct association with life satisfaction, physical
activity has also been shown to work as a stress buffer on physiological and psychological outcomes (Gerber
& Pühse, 2009). Just as there are multiple theories about the direct link between physical activity and life
satisfaction, different explanations exist for how physical activity can work as a stress buffer (Fuchs &
Klaperski, 2018). This dissertation focuses on two of these explanations: First, physical activity can enhance
personal resources, such as self-efficacy or social support, which through cognitive evaluation help people
better adapt to stress. Second, it can have a direct physiological effect on the stress reaction (i.e., cognitive,
affective, behavioral, and biological). In both of these cases, it potentially leads to a better adaptation or acts
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as a buffer of a potentially negative effect from stress on psychological outcomes such as life satisfaction
(Fuchs & Klaperski, 2018).
In line with this model, physical activity has been shown to buffer the effect of family conflicts (as a
stressful event) on depressed mood (Sigfusdottir et al., 2011). A concept close to physical activity,
cardiorespiratory fitness, has also been shown to buffer the severity of stressful life events on health-related
quality of life (Gerber et al., 2017). Further, a potential stress-buffering effect of physical activity has been
confirmed on the association between stress and negative affect in young adults (Flueckiger et al., 2016).
Klaperski (2018) summarized the main findings in this research area and concluded that physical activity or
exercise seems to be an effective way of both reducing and regulating stress, particularly in very stressful
periods.
Although there is a large body of evidence showing that physical activity can work as a stress buffer
under different situations, most previous studies focused on adults or were performed using cross-sectional
designs (Gerber & Pühse, 2009). Therefore, little is known about potential directions of effects in adolescence
and most importantly, the stress-buffering effect on the specific construct of life satisfaction.

Summary. In sum, the literature shows a positive association between physical activity and life
satisfaction or other forms of well-being. However, there is still little known about the psychological factors that
contribute to this relationship. Aspects of the physical self-concept are closely associated with both physical
activity and life satisfaction, but researchers have mostly neglected these aspects and have not investigated
their role in the direct link between physical activity and life satisfaction. Especially studies with adolescents
are rare and often conducted cross-sectionally. The present dissertation seeks to add to a better understanding
of the role of aspects of adolescents' physical self-concept. More specifically, it investigates a potential
mediating role of weight perceptions and a moderating role of social physique anxiety in the link between
physical activity and life satisfaction. Finally, it also aims to shed light on the importance of sex differences.
That sex differences in weight perceptions and social physique anxiety, as well as in physical activity and life
satisfaction levels, have been previously reported begs the question of whether these potential influencing and
explanatory factors are different for male and female adolescents. Besides investigating the direct effect
between physical activity and life satisfaction, the present dissertation further explores a potential stressbuffering effect of physical activity on life satisfaction.
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3. Research Questions
This dissertation investigates the relationship between physical activity and life satisfaction and the
role of two aspects of the physical self-concept in that relationship in adolescents: weight perceptions and
social physique anxiety. Additionally, it focuses on potential sex differences in the mechanisms of the
associations. Last, the dissertation also examines a potential stress-buffering effect of physical activity on life
satisfaction. These different topics are investigated with three studies. Figure 1 provides an overview of the
three studies and the research questions they explored:
Study 1 (Meyer, Weidmann, & Grob, 2021). Research Question 1A: Do weight perceptions mediate
the relationship between physical activity and life satisfaction? Research Question 1B: Are
these effects different for male and female adolescents?
Study 2 (Meyer, Lang, Ludyga, Grob, & Gerber, 2021). Research Question 2A: Is the relationship
between physical activity and life satisfaction moderated by social physique anxiety? Research
Question 2B: Are these effects different for male and female adolescents?
Study 3 (Meyer, Grob, & Gerber, 2021). Research Question 3: Does physical activity have a stressbuffering effect on life satisfaction?

Weight
Perception

Physical
Activity

Stress

Life Satisfaction

Social Physique
Anxiety

Figure 1. Dissertation concept. Arrows in green denote associations tested in Study 1, the arrow in orange
denotes the associations tested in Study 2, and arrows in blue denote associations tested in Study 3.
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4. Method
4.1 Samples and Procedures
Study 1. Study 1 used cross-sectional data from 44 countries of the international HBSC study (Roberts
et al., 2009). The HBSC study collects data every 4 years from students aged 10–17 years. Students are
randomly asked to complete a standardized questionnaire in school, including questions on their health and
well-being, social environments, and health behaviors. We used data from the survey waves from the years
2002, 2006, 2010, and 2014. We included all participating countries for which there were data on physical
activity, life satisfaction, and weight perception in all study waves. Our final sample, after excluding participants
with missing responses in the main study variables, was N = 727,865. The mean age of our participants was
13.59 years and 51.3% of the participants were female.
Study 2. In Study 2 data from the Effects of a Physical Education-based Coping Training (EPHECT)
study were used. Students were recruited from two vocational training schools in Switzerland. Participants
completed a battery of questionnaires, including questions about stress, sleep, and different health behaviors.
The assessments were carried out at the beginning (t1) and the end (t2) of the academic year, during a
curricular physical education lesson in a group setting. A final sample of N = 864 completed the assessment
at both measurement points. The mean age was 17.8 years (range: 16-25 years) and 43% of the participants
were female. Additionally, we used the full sample (N = 1,242) at t1 to conduct cross-sectional analyses.
Study 3. For Study 3 the same data as Study 2 were used, except that in Study 3 only the longitudinal
sample of N = 864 was analyzed.
4.2 Measures
The main study variables, which were the same across all studies, were physical activity and life
satisfaction. For Study 1, we used the questionnaire of the HBSC study and for Studies 2 and 3 the
questionnaire of the EPHECT study consisting of different items to analyze the variables.
Study 1. In Study 1 all variables were measured with single items, because of the nature of the survey
data.1 Physical activity was measured with the following single item: “Over the past 7 days, on how many days
were you physically active for a total of at least 60 min per day?” The answer was given on a scale of 0 (0
days) to 7 (7 days). Life satisfaction was measured with the Cantril Ladder (Cantril, 1965), whereby students
were presented with a picture of a ladder where the top is labeled “the best possible” and the bottom “the worst
possible” life. Students then had to evaluate where they felt they stood on that ladder at that moment. In Study
1 we also used the variable weight perception, which was assessed with the item: “Do you think your body
is…?” Students had to mark their answer on a 5-point Likert scale (1 = much too thin, 2 = a bit too thin, 3 =
about right, 4 = a bit too fat, 5 = much too fat). These answers were divided into two variables: The answers 1
to 3 were coded as underweight perception and the answers 3 to 5 as overweight perception, while answer 3
worked as the zero point. All items of the HBSC study were translated into the languages of the participating
countries. All these items have been shown to be valid and reliable (Currie et al., 2014).
Study 2. In Study 2, physical activity was assessed using the short form of the International Physical
Activity Questionnaire, translated into German (Craig et al., 2003). Two questions asked on how many days
in the last week the students were vigorously and moderately physically active for at least 10 min. Students

1

For more information on the items and scales used in the HBSC study, see Currie et al. (2014).
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were given examples of moderate and vigorous activities. A combined variable of moderate-to-vigorous
physical activity was used in the analysis. Life satisfaction was assessed with the three items with the highest
factor loadings of the Satisfaction With Life Scale, translated into German (Pavot & Diener, 2008). Students
were asked to rate three items, (1) “In most ways, my life is close to my ideal” (2) “I’m satisfied with my life”
and (3) “So far I have gotten the important things I want in life” on a 7-point Likert scale ranging from 1
(completely incorrect) to 7 (completely correct). Additionally, the variable social physique anxiety was assessed
with the German translation of the Social Physique Anxiety Scale (Hart et al., 1989). Students rated nine items,
for example, “I worry that there are parts of my body that people may not like,” on a 5-point Likert scale ranging
from 1 (not at all) to 5 (extremely).
Study 3. Physical activity and life satisfaction variables were the same in Study 3 as in Study 2, with
the exception that besides the combined variable of moderate-to-vigorous physical activity, separate variables
of moderate and vigorous physical activity were also used. For Study 3 we also used the variables perceived
stress and intrinsic motivation. Perceived stress was assessed with 30 items (those with the highest factor
loadings) from the German translation of the Adolescent Stress Questionnaire (Byrne et al., 2007). Students
were asked how stressful different situations of their daily life (such as home life, peer pressure, or school
performance) were. Answers were given on a 5-point Likert scale ranging from 1 (not stressful at all) to 5 (very
stressful). Finally, intrinsic motivation was measured with the three items of the Self-Concordance of Sportand Exercise-Related Goals Scale (Seelig & Fuchs, 2006), an original German questionnaire assessing
different motivational regulations of physical activity participation. Students had to give rate statements such
as “I simply enjoy doing sports” on a 4-point Likert scale ranging from 1 (incorrect) to 4 (correct). All items in
Studies 2 and 3 showed good internal consistency (Cronbach’s ⍺ ranging from .77 to .91).
4.3 Statistical Analyses
Study 1. To account for the interdependent structure of the data across nations in Study 1, multilevel
modeling techniques were used. Level 1 represents the variation among individuals within nations, and Level
2 the variation among the 44 nations. All study variables were country-mean centered and z standardized. The
analyses were controlled for age, sex, BMI, and gross domestic product (GDP) of the investigated nations. To
test the hypotheses, a multilevel mediation model was used with physical activity as the independent variable,
life satisfaction as the dependent variable, and under- and overweight perception as mediation variables. In
the next step, we also tested age and sex as moderators. For the multilevel mediation models, MLmed
(Rockwood, 2017) in SPSS was used, while for the interaction effects, simple slope analyses were conducted
with the medmod package (Selker, 2017) in R.
Study 2. In Study 2, conditional process modeling was used to examine three-way interactions, with
physical activity as the predictor variable, life satisfaction as the dependent variable, and social physique
anxiety and sex as moderator variables. The PROCESS macro (Hayes, 2016) in SPSS was used to conduct
the moderated moderation (Model 3). To test the conditional interaction effects, the Johnson–Neyman
technique was adopted. The independent variable (physical activity) and the linear moderator variable (social
physique anxiety) were person-mean centered before they were added to the regression model. The simple
slopes and plotting procedures of Dawson and Richter (2006) were adopted to interpret the two- and threeway interactions.
Study 3. In Study 3, three-way interactions were also examined with conditional process modeling.
Life satisfaction was again the dependent variable, but stress was the predictor variable and physical activity
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and intrinsic motivation were the moderator variables. As in Study 2, the PROCESS macro (Hayes, 2016) was
used for the moderation models and simple slopes (Dawson & Richter, 2006) for breaking up the three-way
interaction. The independent variable (stress) and the moderator variables (physical activity and intrinsic
motivation) were person-mean centered before being entered in the regression model. To conduct the simple
slope analyses, the moderator variables were divided into high (+1 SD) and low (-1 SD). In Study 3 all analyses
were conducted in SPSS.
5. Synopsis of the Results
Study 1. Results of Study 1 revealed a significant positive association between physical activity and
life satisfaction, a negative link between physical activity and under- and overweight perception, and a negative
link between both weight perceptions and life satisfaction. In addition, a significant mediating effect of underand overweight perceptions on the link between physical activity and life satisfaction was found. The indirect
effect explained .01% (for overweight perception) and .002% (for underweight perception) of the variance in
life satisfaction. These effects held after controlling for age, sex, BMI, and GDP. Further, Study 1 found that
sex was a significant moderator of these effects. For female adolescents, the link between overweight
perception and life satisfaction was more pronounced, whereas for male adolescents, the link between physical
activity and both weight perceptions was more pronounced.
Study 2. In Study 2 no significant direct effect of physical activity on life satisfaction was found. More
importantly, a significant two-way interaction of physical activity and social physique anxiety was found,
suggesting that physical activity had a positive effect on life satisfaction only when social physique anxiety
levels were low. Additionally, a significant three-way interaction between physical activity, social physique
anxiety, and sex was obtained. The results of the simple slope analyses indicated that physical activity had a
significant effect on later life satisfaction levels only in female adolescents with low social physique anxiety
levels. Male and female adolsecents with high social physique anxiety seemed not to benefit from physical
activity regarding their life satisfaction to the same amount. The effects held after accounting for participants'
age and BMI. All variables included in the prospective model explained a total of 27% of the variance in life
satisfaction.
Study 3. Study 3 found that heightened stress at baseline was associated with lower life satisfaction
10 months later. A significant two-way interaction between stress and physical activity was not found,
suggesting that physical activity alone could not buffer the effect stress had on life satisfaction. But the results
revealed a significant three-way interaction between stress, physical activity, and intrinsic motivation. Hence,
the stress-buffering effect of physical activity was significant only when intrinsic motivation levels for the activity
were high. The effects held after controlling for baseline life satisfaction, age, and sex. In total, the model
explained 28% of the variance in life satisfaction.
6. Discussion
Life satisfaction is an important domain in adolescence. It is therefore crucial to promote conditions
that lead to positive levels of life satisfaction among adolescents (Proctor et al., 2017). Physical activity is
another important domain and more importantly has been shown be positively associated with adolescents’
life satisfaction (Eime et al., 2013). Hence, the three studies in this dissertation aimed to provide a better
understanding of the link between physical activity and life satisfaction in this age group. To do so, they focused
on investigating two aspects of the physical self-concept and their mediating and moderating roles in the
relationship between physical activity and life satisfaction. Additionally, this work takes a closer look at sex
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differences in the links between physical activity, life satisfaction, and aspects of the physical self-concept and
examines a potential role of physical activity as a stress buffer for life satisfaction. In the following, the newly
acquired insights on how to better understand the relationship between physical activity and life satisfaction in
adolescence are summarized and the role of weight perceptions and social physique anxiety are discussed.
This is followed by a summary and discussion on how these effects are different for the sexes. General
strengths and limitations as well as a call for future research follow. Finally, these new insights are used to
draw an overall conclusion.
6.1 Beyond the Relationship Between Physical Activity and Life Satisfaction
The first aim of this dissertation was to gain a better understanding of the link between physical activity
and life satisfaction in adolescence by exploring aspects of the physical self-concept. More specifically, it
focused on two constructs of the appearance factor of the physical self-concept: weight perception and social
physique anxiety. Thus, the current work investigated the mediating effect of weight perceptions and the
moderating effect of social physique anxiety on the link between physical activity and life satisfaction.
The current findings suggest a small association between physical activity and life satisfaction. More
specifically, in Study 1, each additional day on which adolescents reported physical activity added 0.2 points
on the life satisfaction ladder. In Study 2 a direct effect of physical activity on life satisfaction was not significant,
suggesting potential interfering factors. A closer look at such factors revealed that weight perceptions can
partly explain the relationship between physical activity and life satisfaction (Research Question 1A) and that
this relationship is dependent on low or absent levels of social physique anxiety (Research Question 2A). In
sum, these results suggest a crucial role of the physical self-concept in the relationship between physical
activity and life satisfaction.
These findings complement the theoretical model of Lubans et al. (2016) that explained the
relationship between physical activity and subjective well-being through more positive self-perceptions.
Specifically, this dissertation suggests that adolescents who are more physically active tend to experience
fewer over- and underweight perceptions about their bodies and are also more likely to experience higher life
satisfaction. This is in line with previous research that either found that physical activity was associated with
more positive weight perceptions or a higher body image (Voelker et al., 2015) or found a negative association
between negative weight perceptions, especially when they were different from the actual weight, and aspects
of well-being (Heshmat et al., 2015). Adding to this previous research, the studies of this dissertation explored
these mostly separately investigated effects and identified negative weight perceptions as a mediating factor.
Thus, this dissertation contributes to the understanding of how physical activity might affect subjective wellbeing, and in this case, specifically life satisfaction.
More importantly, given this mediating effect, physical activity could be used to develop a more positive
body image through weight perceptions. Previous interventions that used physical activity to improve body
image have shown rather small effect sizes compared to, for example, cognitive-behavioral therapy (Campbell
& Hausenblas, 2009). However, as physical activity is much more accessible and practical for interventions,
and since it seems to be closely related to weight perceptions, it might be helpful to combine some approaches
of cognitive-behavioral therapy with physical activity interventions to get bigger effect sizes. Cash (2008)
developed a cognitive-behavioral-theory-based intervention program for negative body image that uses
cognitive dissonance, media literacy, body functionality appreciation, and other approaches. Other intervention
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programs built on his work have been developed and empirically evaluated (Lewis-Smith et al., 2019). As
suggested by the results of this dissertation, combining such intervention programs with physical activity
interventions or including talking about body-related perceptions or anxieties in physical activity settings could
improve the beneficial effects of physical activity on adolescents' life satisfaction.
This is particularly important because interventions including physical activity alone might lead to
negative emotional experiences for people with strong body-related anxieties (Sabiston et al., 2014). The
presented results of this dissertation showed a moderating effect of social physique anxiety on the link between
physical activity and life satisfaction. If adolescents experience social physique anxiety, physical activity is not
significantly associated with later life satisfaction. These findings shed light on the specific conditions under
which physical activity might be beneficial. This is in line with previous research that found that social physique
anxiety was associated with lower enjoyment during physical activity situations, which in turn also reduced the
frequency of physical activity (Biddle et al., 2021; Cox et al., 2013). Therefore, the presented findings suggest
that it may also be important to address the issue of anxieties related to the body before adolescents drop out
of physical activity settings. Together with the finding that weight perceptions explain part of the relationship
between physical activity and life satisfaction, it seems important to think about ways to promote a positive
relationship with one’s own body in adolescents. Eventually, “how we feel about our appearance is an
important component of how we feel about ourselves as a whole” (Tiggemann, 2012, p. 758). Grogan (2010)
suggested that such a positive body image can be promoted by focusing on four factors: First, the
internalization of body ideals needs to be reduced. In a second step, social comparisons should become more
realistic. Third, self-esteem levels need to be raised, and last, people should be encouraged to question social
identities that relate to body dissatisfaction.
A further aim of this dissertation was to investigate if physical activity can be beneficial for life
satisfaction, not only directly but also as a stress buffer. It, therefore, explored if physical activity can reduce a
negative effect of stress on life satisfaction. The current findings suggest a nonsignificant stress-buffering effect
of physical activity on life satisfaction (Research Question 3). A closer look at this effect, however, revealed
an additional moderating effect of intrinsic motivation. This implies that physical activity is able to work as a
stress buffer on adolescents’ life satisfaction only if the activity is intrinsically motivated. This is in line with
previous studies that also found no significant stress-buffering effect of physical activity on mental health
(Gerber & Pühse, 2008). Through the detection of the crucial role of intrinsic motivation in this link, however,
this dissertation adds to the understanding of under what conditions physical activity might be beneficial and
able to reduce stress. Understanding these conditions is especially important for the investigated age group,
since a considerable number of adolescents report feeling stressed by school or apprenticeships (Sucht
Schweiz, 2019). It might be good for adolescents to take their time to figure out what form or type of physical
activity they enjoy. Cox et al. (2013), for example, showed that students who experienced social physique
anxiety in physical education settings but were intrinsically motivated to engage in physical activity also
reported more positive experiences in this context. Free choice in physical education, for example, can lead
to more intrinsic motivation (Prusak et al., 2004), which, as suggested by the results of the present dissertation,
could enhance the beneficial stress-buffering effect of physical activity.
In sum, the present work suggests that physical activity is not guaranteed to be associated with
adolescents' life satisfaction and physical activity does not necessarily work as a stress buffer. Instead, it shows
that a healthy relationship with their bodies and being intrinsically motivated for physical activity is crucial to
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the link between physical activity and life satisfaction in adolescents. It stands to reason that the combination
of enjoyment of physical activity—as an aspect of intrinsic motivation—and having a healthy physical selfconcept is needed for adolescents to reap the benefits of physical activity for their life satisfaction.
6.2 Moderating Sex Effects
The last goal of this dissertation was to investigate potential sex effects in the relationship between
physical activity, life satisfaction, and two aspects of physical self-concept. More specifically, the present
dissertation investigated if the mediating effect of weight perceptions and the moderating effect of social
physique anxiety on the link between physical activity and life satisfaction work differently for male and female
adolescents.
The findings of this dissertation suggest that male and female adolescents show differences in the
strength of relations between physical activity, weight perceptions, and life satisfaction (Research Question
1B). The relationship between physical activity and weight perceptions was stronger for male adolescents,
indicating that their physical activity was more closely associated with a more positive weight perception. On
the other hand, female adolescents showed stronger associations between overweight perceptions and lower
life satisfaction, indicating that having a negative weight perception (seeing oneself as overweight) has a
stronger effect on life satisfaction in female adolescents. Therefore, the processes involved in how and why
physical activity is related to life satisfaction might unfold differently for the sexes. This is in line with previous
research showing that male adolescents more often want to gain than to lose weight and therefore they might
be more likely to adopt other physical activity behaviors (LaCaille et al., 2011). Previous evidence also
suggests that a relationship between overweight perceptions and psychosomatic health is more frequently
found in female adolescents (Whitehead et al., 2017). However, this work is the first to find these differences
combined in the mediating effect of weight perceptions. By showing the differences in the mediating paths, this
work adds to the understanding of sex differences in the direct effect of physical activity on life satisfaction.
Sex differences were as well apparent in Study 2, where physical activity, physical activity was
positively associated with life satisfaction only for female adolescents who experienced low levels of social
physique anxiety (Research Question 2B). This suggests a different value of physical activity for male and
female adolescents and implies potentially different coping mechanisms. Whereas female adolescents seem
to benefit from physical activity regarding their life satisfaction in the absence of social physique anxiety, for
male adolescents the effect of physical activity on life satisfaction seems to be small and independent of their
social physique anxiety levels. This implies it is more important both to enhance physical activity and to reduce
social physique anxiety for female compared to male adolescents. For male adolescents, on the other hand,
what might lead to a stronger effect between physical activity and life satisfaction is still an open question.
The differences between male and female adolescents are important to examine a little more closely.
Most research in the past focused on the explanation that sex differences in sports and exercise emerge from
social roles and sex stereotypes (Chalabaev et al., 2013; Rosenberg & Simmons, 1975). These social beliefs
then affect self-perceptions of competence and the value of sports, for example, that sports are a masculine
domain and are endorsed by those with masculine traits (Chalabaev et al., 2013). Although this internalization
of sex stereotypes explains a significant amount of sex differences, it is also possible that even individuals who
manage not to internalize these stereotypes may be affected by the presence of stereotypes in an evaluative
situation. In this case, avoidance motivation and explicit monitoring of task execution might lead to sex
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differences (Chalabaev et al., 2013). An additional important factor in explaining sex differences during
adolescence seems to be maturation. To that effect, lower physical activity levels of female adolescents are
often correlated with earlier maturation. Therefore, it seems likely that additional physiological and hormonal
differences, such as changes in body composition or the discomfort associated with establishing a regular
menstrual cycle, may lead to differences in sport participation and experiences of feeling good in physical
activity situations (Rodrigues et al., 2010).
These explanations of how sex differences emerge suggest that teaching adolescents appropriate
coping strategies for dealing with the changes in their bodies and the accompanying worries, as well as
providing situations where the presence of sex stereotypes is minimal, might lead to a reduction of these sex
differences (Chalabaev et al., 2013). The results of the studies that make up this dissertation complement this
assumption that a specific focus on coping strategies concerning issues of the physical self-concept might be
crucial.
In sum, the present work suggests that male and female adolescents might need to be treated
differently when dealing with negative perceptions, as they show different strong relationships between
physical activity, negative weight perceptions, and life satisfaction. Also dealing with social physique anxiety
leads to different effects of physical activity on life satisfaction for male and female adolescents. Since female
adolescents are at higher risk of developing negative body perceptions or social physique anxieties (Fischetti
et al., 2020; Sabiston et al., 2014), it seems more important to promote a more positive physical self-concept
for them, especially in physical activity situations. Male adolescents, on the other hand, might use physical
activity to gain a positive weight perception but seem to benefit less concerning their life satisfaction. One
reason could be that they already have higher levels of life satisfaction compared to female adolescents.
However, it seems important to also gain more information on what contributes to a stronger association
between physical activity and life satisfaction in male adolescents.
6.3 Strengths, Limitations, and Call for Future Research
To contextualize the findings of the present dissertation, several strengths and some limitations need
to be discussed. From a conceptual viewpoint, one of its strengths is its focus on adolescence as a crucial
developmental period. This has shed light on a phase during which both life satisfaction and physical activity
decrease (Cheng et al., 2020; Thing et al., 2015). As pointed out by Biddle et al. (2019), the underlying
mechanisms of the link between physical activity and life satisfaction are still poorly understood, as are the
effects of potential mediation effects. This gap in knowledge is narrowed with this dissertation, which
investigated one mediating and one moderating factor of the physical self-concept. In doing so, it increases
the understanding of body concerns and anxieties, which is a very common issue in adolescence (Ricciardelli
& Yager, 2015). More importantly, by exploring two different appearance aspects of the physical self-concept,
an evaluative (i.e., weight perceptions) and an affective (social physique anxiety) factor of the physical selfconcept, it provides insight on the role of the physical self-concept from different angles.
From a methodological viewpoint, another strength of this work is the use of large and representative
samples and in Study 1, even multinational data. Therefore, the present work sheds light on the investigated
associations that potentially generalize for adolescents across different Western nations. In addition, Studies
2 and 3 used longitudinal data, which provided insights on the studied effects over time. Further, this work
used multilevel methods to account for the independent structure of the data in Study 1 and for the variance
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over the investigated countries. In Studies 2 and 3, two- and three-way-interactions and simple slopes were
used to better decompose the found interaction effects. In doing so, the present work went beyond simple
associations and extended the understanding of the different conditions under which the main effects were
found.
Despite these conceptual and methodological strengths, this dissertation has some limitations. First,
all three studies were based on self-reports. While self-reported data represent best the subjective view of the
participants of a study, the reliance on self-reports could also have introduced a recall or social desirability bias
(Affuso et al., 2011). Especially for physical activity, only the number of days on which the adolescents were
physically active was used, which could have led to a loss of variance. Additionally, the construct of physical
activity was slightly different in Study 1, in which the participants were asked on how many days they were
physically active for at least 60 min, from that in Studies 2 and 3, where they were asked about the number of
days on which they were active for at least 10 min. That is, what qualified as physically active was markedly
different (60 vs. 10 min/day), and other important aspects, such as the length of the activity, the exact type of
activity, or the setting of the activity (group or single) were neglected.
Further, this dissertation focuses only on life satisfaction and therefore exclusively on the cognitive
aspect of subjective well-being as a beneficial outcome variable of physical activity in adolescents. It, thus,
neglects aspects of affective subjective well-being and might therefore underestimate the effect of physical
activity on general well-being. A recent study with young adolescents, for example, showed that the correlation
between physical activity and positive affect was stronger than with cognitive measures of well-being (Casas
et al., 2020).
Finally, whereas we used a representative sample of adolescents in Study 1, Studies 2 and 3 were
conducted with vocational students. Therefore, the results cannot necessarily be generalized. There is
evidence, for example, that vocational students show strikingly low levels of physical activity specifically, and
in general more health-risk behavior compared to high school students (Bonevski et al., 2013; Popp et al.,
2020). Therefore, the importance of physical activity in vocational students may be different compared to
adolescents in general.
Given these limitations, future studies might take different aspects of physical activity into account. For
example, besides using self-reported data, objective measures of physical activity with the help of actigraphs
would provide more information on how accurately participants can assess their activity. A comparison
between subjective and objective measures would further lead to a better understanding of the beneficial
effects of physical activity. There is evidence, for example, that objective measures do not always correlate
with self-reports, especially when participants are asked only about the number of days on which they were
physically active (Van Hoye et al., 2014). Other aspects, such as the setting of physical activity, would be
important to consider in future studies. In line with the social interaction hypothesis (Downward & Rasciute,
2011; Lubans et al., 2016), it could be that the beneficial effect of physical activity on life satisfaction and the
importance of the physical self-concept in this link would be stronger for physical activity in group settings.
Further, this work focuses only on the appearance factor of physical self-concept, specifically looking
at the effects of weight perceptions and social physique anxiety. It would be interesting to gain a broader
understanding of how physical self-concept interferes with the link between physical activity and life satisfaction
(or well-being in general). Therefore, future studies might also include the ability, condition, or strength factor
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of the physical self-concept. Especially the feeling of being able to do certain physical activities could give a
broader understanding of how to enhance the beneficial effect of physical activity on subjective well-being in
adolescence.
Last, to test the beneficial effect of physical activity and the influencing factors of the physical selfconcept, more experimental and intervention studies are needed. Especially studies that combine interventions
aiming at a healthier relationship with adolescents’ bodies, as well as enhancing physical activity levels through
intrinsic motivation, are necessary.
6.4 Conclusion
At the interface between sports science and psychology, this dissertation provides new insights by
complementing and expanding previous research on the link between physical activity and life satisfaction and
the crucial role of aspects of the physical self-concept in this relation. Furthermore, it provides evidence for
significant sex effects in these relationships between physical activity, life satisfaction, and physical selfconcept, as well as for the potential of physical activity as a stress buffer. Finally, three overall conclusions that
might be important to consider for future research and for the practical context can be drawn from the present
dissertation.
First, physical activity and life satisfaction can be positively associated in adolescence when certain
factors are considered. As participation in sports and physical activity in general declines through adolescence
(Zimmermann-Sloutskis et al., 2010), it might be important not only to enhance physical activity but also to
combine it with interventions targeting other psychological factors (e.g., self-esteem, self-concept) to obtain a
stronger relationship between physical activity and life satisfaction. More importantly, if physical activity should
be enhanced, it seems crucial to increase intrinsically motivated physical activity.
Second, aspects of the physical self-concept play an important role in the relation between physical
activity and adolescents' life satisfaction. Weight perceptions are an important issue because they can partly
explain why physical activity can be associated with life satisfaction. Physical activity is negatively associated
with negative weight perceptions, which in turn are negatively correlated with life satisfaction. On the other
hand, social physique anxiety invalidates the positive association between physical activity and life satisfaction
and therefore can be understood as a potential risk factor. To account for these explanatory and risk factors,
the aim should be to decrease anxieties and negative weight perceptions. As weight- and shape-based teasing
is one of the strongest risk factors for low physical self-concept, it seems important for schools and sports
clubs, as well as other physical activity institutions, to adopt a zero-tolerance attitude to weight-related teasing
(Tiggemann, 2012). Finally, peer acceptance and the feelings of acceptance might reduce anxieties in
adolescents (Cox et al., 2011), which in turn would not only help promote physical activity but most importantly
enhance the positive effects it can have on adolescents' life satisfaction (Brunet & Sabiston, 2009). Other
recent approaches, such as the body positivity movement, which aims to promote a positive body perception
through posting pictures on social media that diverge from societal beauty ideals (Cohen et al., 2019), show
promise as ways to help adolescents build up a healthier physical self-concept. However, as these movements
are rather new, more research on their outcomes is still needed (Cohen et al., 2021).
Third, the connection between physical activity and life satisfaction, as well as the role of the physical
self-concept, seem to work significantly differently for the sexes. Consequently, male and female adolescents
do not benefit in the same way from physical activity regarding their life satisfaction, use different coping
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strategies, and seem to value physical activity differently. This is especially important to consider for
interventions, which are usually performed in mixed-sex groups but usually show differential effects for the
sexes (Das et al., 2016). Moreover, understanding the target group, their behavior, and the context is
fundamental to carrying out effective interventions (Biddle et al., 2021).
Ultimately, it must be the goal of interventions to enhance anything that can help adolescents remain
in higher physical and mental health. Investments in adolescents' health and well-being benefit not only today’s
adolescents but more importantly their future adult lives and the next generations to come (Patton et al., 2016).
The present dissertation provides new insights on how to potentially target these issues and help adolescents
learn how they can use physical activity to be more satisfied with their life. It, therefore, supports the suggestion
to put subjective well-being first in physical activity contexts and to teach sports psychologists, coaches,
trainers, teachers, and parents to monitor adolescents' positive and negative feelings, especially about their
bodies, during physical activity (Brady & Grenville-Cleave, 2017).
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Abstract
Purpose. The purpose of the present study was to examine the link between physical activity and life
satisfaction in a large international study of adolescents. We also aimed to test whether overweight and
underweight perceptions act as mediators and whether age and sex acted as moderators.
Methods. For this purpose, we analyzed data from the Health Behavior in School-aged Children study,
which comprises 727,865 observations from 44 nations at four measurement occasions.
Results. Multilevel analyses revealed a positive link between physical activity and life satisfaction. In
addition, underweight and overweight perceptions mediated the effect of physical activity on life satisfaction.
We further found that age and sex acted as moderators. In older adolescents, stronger effects were found in
the links between physical activity and life satisfaction, physical activity and overweight perception, and both
weight perceptions and life satisfaction. In addition, in female adolescents, the link between overweight
perception and life satisfaction was stronger. Conversely, the links between physical activity and both weight
perceptions were stronger for boys.
Conclusion. The results suggest that weight perception explains part of the relationship between
physical activity and life satisfaction in adolescents and that these effects vary as a function of age and sex.

Keywords: Adolescent health; Life satisfaction; Multinational evidence; Physical activity; Weight perceptions
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1. Introduction
Exercise not only has implications for better physical health but can also have a positive effect on
psychological factors, such as self-esteem, emotions, or mood.1 Mental health matters particularly in
adolescence: Rapid structural brain maturation makes adolescence a critical period of psychosocial
development and adaptation.2 During this time, especially for girls, internalizing problems—such as lower selfregard—seem to increase.3 As part of an adolescent’s personal health, well-being can be seen as a basic
requirement to reach developmental milestones in adolescence and well-being in adulthood.4
Physical activity (PA), sometimes operationalized as participation in sports, has consistently been
associated with higher psychosocial health in adolescents.5 Therefore, PA is considered a protective factor for
the well-being of adolescents.6 Previous research has shown that increased PA relates to higher general wellbeing, better health, lower anxiety and depressive symptoms, and a lower risk of mental health problems.7, 8
During adolescence, youths are especially vulnerable to dissatisfaction with their body,9 which is
related to negative outcomes in adulthood, such as eating disorders and depression.10 Because of its
connection to PA as well as to life satisfaction, body satisfaction and weight perception could potentially explain
part of the link between physical activity and life satisfaction.11,

12

Regarding practical implications, some

intervention studies that increase PA do not take into account psychological constructs.8 Therefore, it is
important to investigate whether weight perception could be one of the psychological factors that play a
significant role when considering the implications of PA. The goals of the current study were, therefore, to
examine the effect of PA on life satisfaction and to determine whether weight perception partly mediates this
link.
1.1 Physical exercise and life satisfaction in adolescents
There is a large body of cross-sectional and longitudinal research that shows that different kinds of
PA, such as a more active lifestyle or exercising, are related to higher life satisfaction or happiness in
adolescents.5, 8 Life satisfaction describes the cognitive-evaluative component of subjective well-being13 and
encompasses individuals’ appraisal of their life in general. High life satisfaction confers many benefits to
adolescents in terms of their intrapersonal, social, and cognitive functioning.14 This makes the study of
predictors of life satisfaction in adolescence a valuable endeavor.
1.2 Weight perception as explanatory mechanism
Weight perception reflects one part of body image, which is a multidimensional construct that
comprises 4 ways in which people see and evaluate their body (i.e., global subjective satisfaction, affective
distress regarding appearance, cognitive aspects, and behavioral aspects). Weight perception can therefore
be understood as a cognitive component of body image.15
Adolescent girls are especially vulnerable to a negative body image,9 mostly due to physical changes
experienced during puberty, such as the increase in body fat.16 Correlation between actual body mass index
(BMI) and body satisfaction is only moderate in girls and low to moderate in boys, indicating that body image
may encompass a psychological component.17 Recent evidence from a cross-sectional study from Spain
suggests significant differences between perceived and desired body perceptions in female adolescents,
independent of BMI.18
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Previous research corroborates the link between PA (especially exercise) and body image.19 A metaanalysis of the effects of exercise participation and body image reported a positive but small effect of exercise
on body image.20 Similarly, a recent review of over 210 studies21 has found that PA and sport were associated
with a more favorable body image. However, due to the cross-sectional nature of the studies reviewed,
causality cannot be inferred. Furthermore, regular exercise has also been linked to concepts similar to body
image, like a more favorable self-image.7 An integrative review of reviews showed a positive association
between physical activity and the way adolescents think about themselves in general, finding higher selfesteem among more active adolescents.8
Body image could also be linked to life satisfaction. Theoretical models define self-acceptance as 1 of
the 6 domains of psychological well-being.22 In line with these theories and evidence, concepts similar to body
image, such as body shame, body satisfaction, and self-acceptance, have been linked to life satisfaction.23, 24
In addition, multinational evidence suggests that satisfaction with the self and self-esteem were correlated with
life satisfaction in general across most nations,25 while a study of 652 adolescents from Spain showed that
body image acted as a mediator between physical activity and self-esteem.26
Evidence is mixed, however, regarding the link between body image or weight perception and life
satisfaction in adolescence. A longitudinal study of more than 1000 Norwegian adolescents and young adults
found no link between body satisfaction and life satisfaction,27 but a study of 1281 Australian adolescents found
that weight satisfaction and appearance ratings were positively linked to life satisfaction.28 In addition, a study
of 5570 young Iranian adolescents reported an association between misperceptions of oneself as overweight
or underweight and lower life satisfaction scores.12
To sum up, PA can improve self-image,7 which in turn, measured as weight satisfaction, can be linked
to life satisfaction.28 Therefore, weight perception is likely to explain a part of the relationship between physical
activity and life satisfaction. To our knowledge, however, this effect has not yet been investigated, although
studies have examined this mediation with concepts close to weight perception or body image (e.g., selfesteem) and life satisfaction (e.g., psychological well-being). A comparatively small study of female American
students found no significant relationship between sports participation and body satisfaction, of which weight
satisfaction was one part. A mediating effect of body satisfaction in total, however, emerged for the link
between sports participation and psychological well-being in combination with physical competence as an
additional mediator.29 Data from 18,922 adolescents in the United States revealed that participation in sports
decreased the odds of depressive symptoms in adolescents, and this association was mediated by selfesteem.30
1.3 Age and sex moderating effects
Age might act as a potential moderator for the associations between PA, weight perception, and life
satisfaction because older children engage more in social comparison than younger children.10 In addition, the
motives for participation in sports might change from childhood to adolescence: During adolescence, weight
management becomes more important.31 This could also mean that the effect of PA on weight perception
could increase with age. Evidence on the moderating role of age is, however, still lacking.
Regarding the moderating role of sex, it has been found that while girls are more concerned that they
are overweight, boys tend to be more concerned that they are underweight or insufficiently muscular,10
suggesting a linear relationship between body mass and body satisfaction for female children and youth
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compared to a curvilinear link in male children and youth.32 Based on additional longitudinal evidence that
supports the gender specificity of the link between body mass index and body satisfaction,33, 34 it is likely that
sex differences contribute to the relationship between PA, weight perception, and life satisfaction.
1.4 Universality across Western countries
To investigate the universality of these associations, in the current study we examined the link between
PA and life satisfaction and the mediating role of weight perception in 44 nations across Europe and North
America. This allowed us to account for international variation in PA35 and life satisfaction25 in Western
countries. Further, North American samples are currently overrepresented in studies of, for example, the
relationship between exercise or physical health and life satisfaction.36 Likewise, regarding research on weight
perception, as one part of body image, there is an overrepresentation of American, Australian, and British
studies.10 Using multinational data enabled us to investigate whether the evidence found in previous research
can also be generalized across a multitude of Western countries.
1.5 The present study
As Biddle and Asare8 concluded in their review, most interventions to improve mental health do not
integrate other factors aside from PA. Therefore, target individuals might not benefit enough from these
interventions in terms of their mental health8 because it has been shown that weight-based teasing can
especially exacerbate mental health issues, even after controlling for actual body weight.37
When it comes to preventing obesity, a study by Neumark-Sztainer et al.38 underscored the importance
of intervention programs that simultaneously increase PA and body satisfaction in adolescents. Since
overweight and obesity are negatively correlated with life satisfaction,39 it is likely that PA interventions, which
include body weight concerns, can lead to a more considerable improvement of adolescents’ life satisfaction.
Therefore, in the present study we investigated the mediating role of weight perception in the
relationship between PA and life satisfaction in adolescents. Using representative multinational data from the
Health Behavior of School-aged Children (HBSC) study, we examined (1) whether more PA relates to higher
life satisfaction, (2) whether weight perception acts as a mediator of the link between PA and life satisfaction,
and (3) whether age and sex moderate these associations.

2. Materials and methods
We used cross-sectional data from 44 countries (Supplementary Table S1) from the years 2002, 2006,
2010, and 2014 of the ongoing international HBSC study, which has a nationally representative sample of
adolescents aged 10–17 years.40
2.1 Participants
Participants were randomly recruited through their schools and anonymously completed a
standardized questionnaire, translated into their local language, in a classroom setting without their teachers
being present. The students were allowed to leave any question unanswered. Institutional ethical permission
was obtained in each participating country, with both schools and adolescents giving informed written consent.
All participating countries for which there were data on PA, life satisfaction, and weight perception in
all study waves were included in the present analysis. The pool of participants was 795,918, of which 68,053
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(8.55%) were excluded due to missing responses, resulting in a final sample of n = 727,865. Of these
participants, the mean age was 13.6 years (range: 9.83–17.25 years) and 51.3% were female. The data of the
four survey years were collapsed in our analyses.a
2.2 Measures
2.2.1 PA
Participants were first given a definition of PA and then examples for particular sports, which were
adjusted to their country. For instance, in Switzerland, the following example sports were presented: fast
walking, jogging, dancing, skateboarding, swimming, surfing, and football or similar team sport, as well as
martial arts and horse riding. Then the participants were asked, “Over the past 7 days, on how many days
were you physically active for a total of at least 60 minutes per day?” Participants answered this question using
a scale from 0 (0 days) to 7 (7 days). Asking participants about their PA over the past week for a given minimum
of minutes that refer to current health recommendations has been shown to be a reliable and valid approach
to measuring PA.41
2.2.2 Life satisfaction
Regarding life satisfaction, the participants were shown a picture of a ladder with the following
instructions: “Here is a picture of a ladder. The top of the ladder '10' is the best possible life for you and the
bottom '0' is the worst possible life for you. In general, where on the ladder do you feel you stand at the
moment?”42 Participants were then asked to check the box next to the number that described best where they
currently stood. Single items measuring life satisfaction as well as the Cantril Ladder itself have been shown
to provide good reliability and convergent validity.43-45
2.2.3 Weight perception
To assess weight perception, the participants were asked, “Do you think your body is …?” and
answered on a scale: 1 (much too thin), 2 (a bit too thin), 3 (about right), 4 (a bit too fat) 5 (much too fat). As
in similar studies with HBSC data,46 Values 1 and 2 were then recoded as underweight perception and Values
4 and 5 were recoded as overweight perception, with Value 3 (about right) serving as the reference category,
which was recoded to Value 0. This procedure resulted in 2 variables representing weight perception. In the
HBSC study wave of 2006, this single-item question of weight perception was tested for reliability and stability
and showed a good retest-reliability (ICC = 0.99).47
2.3 Statistical analyses
We used multilevel modeling techniques to account for the interdependent structure of the data. Level
1 represents the variation among individuals within nations, and Level 2 represents the variation among the
44 nations2 All variables were country-mean centered and z standardized, which makes the interpretation of
the unstandardized regression coefficient b comparable to the standardized regression coefficient β. We

1

Nine countries did not participate in all of the 4 survey waves. We ran the analyses separately with and without these countries and did

not find significant differences, showing that the countries did not systematically drop out (differences in the direct effects and CIs are
≤0.001, with CIs largely overlapping). Therefore, we did not exclude these countries, thereby maintaining a larger sample of nations.
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controlled for age, sex, and BMI 3 in order to investigate the effects independent of age, sex, or actual body
size of the participants. Controlling for BMI is important because, although weight perception and BMI are
correlated constructs, there are substantial discrepancies between the constructs.48
In addition, there is evidence that PA of individuals, especially when undertaken during leisure time, is
related to a country’s gross domestic product (GDP), at least in Europe.49 Therefore, we controlled for GDP 4
to account for possible variance across the countries.5
To test for possible mediation of weight perception on the relationship between PA and life satisfaction,
we used multilevel mediation with PA as an independent variable, life satisfaction as a dependent variable,
and underweight or overweight perception as mediation variables. Missing values were excluded listwise. To
calculate the significance of the indirect effects, 95% Monte Carlo confidence intervals (MCCIs) were computed
with 10,000 bootstrapping samples with within-cluster standard errors. Finally, we ran all analyses with age
and sex as moderators. The analyses were conducted with MLmed50 in SPSS Statistics Version 23.0. To
examine significant interaction effects, we conducted simple slopes analyses with the medmod package51 in
R.

3. Results
3.1 Descriptive statistics
Table S1 shows the sample characteristics, including mean age, percentage of female participants,
and the means and standard errors of the key variables of all participating countries. Table 1 shows the
bivariate correlations between the investigated variables. PA was significantly associated with life satisfaction,
as well as with both weight perception variables. Underweight as well as overweight perceptions were in turn
correlated with life satisfaction. BMI was only moderately correlated with the weight perception variables,
suggesting that weight perception is not only an objective evaluation of the adolescent’s body. We therefore
controlled for BMI to measure the psychological part of weight perception.
3.2 Direct effects and mediation results
We first tested the direct effect of PA on life satisfaction with multilevel analyses. We found that PA
acted as a significant predictor of life satisfaction (b = 0.118, SE = 0.001, p < 0.001), explaining 1.4% of the
variance in life satisfaction.
We then used multilevel mediation analyses to test the hypothesis that underweight and overweight
perceptions mediate the effect of PA on life satisfaction. Regarding underweight perception, results indicate
that PA was negatively associated with underweight perception (b = -0.043, SE = 0.002, p < 0.001).
Furthermore, underweight perception was negatively associated with life satisfaction (b = -0.093, SE = 0.005,

3

BMI was weight (kg) divided by height (m2) and was based on the World Health Organization’s child growth curve (for more information

see WHO data set notes: https://gateway.euro.who.int/en/indicators/hbsc_18-bmi/); BMI was not measured in the survey year 2006;
therefore, BMI for this study wave was excluded listwise.
4

GDP 2002-2014. Retrieved from: https://data.worldbank.org/indicator/NY.GDP.MKTP.CD

5

For England, Scotland, and Wales, we used the GDP of the United Kingdom.
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p < 0.001). The indirect effect was significant (b = 0.004, 95%MCCI: 0.0035–0.0045), suggesting that the effect
of PA on life satisfaction was partly mediated by underweight perception. The indirect effect explained 0.002%
of the variance in life satisfaction.
Regarding overweight perception, a significant association between PA (b = -0.054, SE = 0.002, p <
0.001) and life satisfaction (b = -0.189, SE = 0.009, p < 0.001) emerged. The indirect effect was significant (b
= 0.010, 95%MCCI: 0.009–0.011), indicating that overweight perception partly mediated the effect of PA on
life satisfaction. The indirect effect explained 0.01% of the variance in life satisfaction.
3.3. Age and sex interaction effects
Finally, we also tested possible moderating effects of age and sex (Tables S4 and S5). Age moderated
the direct link between PA and life satisfaction (b = 0.006, SE = 0.001, p < 0.001). Simple slopes analyses
revealed that this effect was slightly stronger for older adolescents (1 SD above the mean age, b = 0.132,
95%CI: 0.129–0.136, p < 0.001) than for younger adolescents (1 SD below the mean age b = 0.123, 95%CI:
0.119–0.126, p < .001). We also found that age significantly moderated the link between PA and overweight
perception (b = -0.016, SE = 0.001, p < 0.001), which was also slightly stronger for older adolescents (1 SD
above the mean age, b = -0.121, 95%CI: 0.124–0.117, p < 0.001) than for younger adolescents (1 SD below
the mean age, b = -0.094, 95%CI: 0.098–0.091, p < 0.001). Furthermore, age moderated the link between
underweight perception and life satisfaction (b = -0.011, SE = 0.002, p < 0.001), with the effect being slightly
stronger for older adolescents (1 SD above the mean age, b = -0.098, 95%CI: -0.102 to -0.094, p < 0.001)
than for younger adolescents (1 SD below the mean age, b = -0.078, 95%CI: -0.083 to -0.075, p < .001).
Finally, age also moderated the link between overweight perception and life satisfaction (b = -0.007, SE =
0.001, p < 0.001), with the effect being slightly stronger for older adolescents (1 SD above the mean age, b =
-0.210, 95%CI: -0.214 to -0.207, p < 0.001) than for younger adolescents (1 SD below the mean age, b = 0.196, 95%CI: -0.200 to -0.191, p < 0.001).
Sex emerged as a significant moderator in the effect of overweight perception on life satisfaction (b =
-0.030, SE = 0.002, p < 0.001). An additional test of simple slopes signified that the moderation was slightly
stronger for girls (b = -0.240, 95CI: -0.244 to -0.237, p < 0.001) than for boys (b = -0.168, 95%CI: -0.173 to 0.164, p < 0.001). Sex further moderated the link between PA and underweight perception, with the effect
being slightly stronger for boys (b = -0.048, SE = 0.002, 95%CI: -0.052 to -0.044, p < 0.001) than for girls (b =
-0.036, SE = 0.002, 95%CI: -0.040 to -0.033, p < 0.001). The same was found for the link between PA and
overweight perception, it being slightly stronger for boys (b = -0.110, SE = 0.002, 95%CI: -0.112 to -0.106, p
< 0.001) than for girls (b = -0.082, SE = 0.002, 95%CI: -0.086 to -0.078, p < 0.001).

4. Discussion
The aim of this study was to test the link between PA and life satisfaction in adolescents and to
examine whether weight perception acted as a mediator and age and sex as moderators. In line with previous
research,5 we found that PA and life satisfaction in adolescence were positively associated in Western nations.
Despite the importance of PA, adolescents worldwide do not attain the recommended minimum of 60 min of
moderate to vigorous PA per day.6 Instead, across adolescence, PA starts to drop around the age of 12
years.52 The present study suggests that an active life is linked to a happier life in adolescents. Even though
our study was cross-sectional, past prospective and intervention studies corroborate a positive effect of
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increased PA on later well-being, such as a decrease in depressive symptoms53, 54 and an increase in selfesteem.55 The effect between PA and life satisfaction was small: One additional day on which PA was reported
(e.g., from an average of 4 days to 5 days) was accompanied by an added 0.2 points on the life satisfaction
ladder. It has to be noted that a number of life circumstances are linked to life satisfaction, and many of these
factors combined to contribute only little to life satisfaction compared to inherent factors, such as personality
traits.56 Moreover, small effect sizes are also found in intervention studies. However, from a prospective
viewpoint, small effects on life satisfaction can accumulate across time and thereby grow in meaning and
importance for adolescents.57
Weight perception—measured as subjective underweight and subjective overweight perception—
mediated the effect of PA and life satisfaction in adolescents. This is contrary to the results of Greenleaf et
al.,29 who did not find a mediating effect of weight perception in the relationship between sports participation
and psychological well-being. The contrasting results could be due to different methods: Whereas Greenleaf
et al.29 investigated female adolescents and their sports participation in a relatively smaller sample (n = 260),
in the current study, we examined female and male adolescents and PA in a large sample (n = 727,865). In
addition, differences in the measures used could also account for the diverging results: The HBSC used more
time-economic measures for weight perception and life satisfaction, whereas Greenleaf et al.29 made use of
more extensive scales.
This study also showed that effects are stronger for older adolescents. This is in line with evidence
from a study of 9- to 18-year-olds that reported that body dissatisfaction increased with age.33 Additionally,
previous research suggests that the time between adolescence and adulthood carries the largest risk for
weight gain and therefore weight perceptions could become more important with age.58
Furthermore, sex emerged as a moderator, suggesting that the effect of overweight perception on life
satisfaction may be stronger for girls than for boys. This is consistent with the finding that girls are more likely
to report lower life satisfaction when they perceive themselves as overweight.59 However, the link between PA
and both weight perceptions may be stronger for boys. This is in line with previous research that has shown
that the link between weight perception and weight loss attempts (PA and exercise may be undertaken as an
attempt at weight loss) is slightly stronger for men than for women.60 Furthermore, a study of adolescents
found that the correlation between physical self-perception and PA is stronger for boys than for girls. On a
subdomain level, body attractiveness was more strongly correlated with PA for boys than for girls.61 It seems
that PA is slightly more important to boys than to girls for gaining a positive weight perception. This could also
be because girls use other methods to manage their weight, like choosing a healthy diet.62 A study of
adolescents in Hong Kong showed that boys and girls use exercise as a weight management strategy, but the
girls also used other strategies, such as self-medication with diet pills, purging, or the use of laxatives.63 A
study with American adolescents showed that, while females seem to be more interested in weight loss and
healthy eating, males reported more interest in weight lifting.64 It could therefore be argued that males do not
only use PA to lose weight but also to gain weight in the form of muscles.
While our findings are to some extent in line with previous longitudinal research, we refrain from
drawing causal conclusions given the cross-sectional nature of the HBSC data. Furthermore, all variables were
self-reported, which could have led to an overestimation or underestimation of the results. Regarding the
measurement of PA, we could not control for the hours spent in mandatory school sports, which could have
an effect on how much time adolescents are physically active in their spare time.

38 BEYOND THE RELATIONSHIP BETWEEN PHYSICAL ACTIVITY AND LIFE SATISFACTION

Despite these limitations, the study presents the first cross-national evidence of the mediating role of
weight perception in the link between PA and life satisfaction across adolescence. Therefore, our results can
be considered valid for most Western countries. Despite the small effect sizes, the results underline the
mediating role of weight perception for the association between adolescents’ PA and their life satisfaction.
More importantly, this study shows the importance of considering age and gender in studies of body image
and PA.
Supplemental analyses (Tables S2 and S3) suggest that this effect could become more important in
subsequent generations: With each survey wave the effect was slightly stronger, as shown by the confidence
intervals. This is therefore important for future research.

5. Conclusion
Our representative multinational study supports previous findings, which suggest that physical
interventions, adopted with the intention of alleviating mental health issues, should also consider improving
weight perception and body concerns in general, especially in adolescents.38 Our findings additionally show
that such an intervention should be adopted, especially for older adolescents and separately for boys and girls,
as they need support at different stages when it comes to weight concerns.
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Table 1. Bivariate correlations between key variables.
1

2

3

4

5

6

7

1. PA

1

2. LS

0.147***

1

3. UP

-0.036***

-0.095***

1

4. OP

-0.114***

-0.216***

–a

1

5. Age

-0.122***

-0.174***

0.014***

0.070***

1

6. Sex

-0.151***

-0.055***

-0.037***

0.139***

0.001

1

7. BMI

-0.080***

-0.115***

-0.238***

0.432***

0.333***

-0.061***

1

8. GDP

0.021***

-0.022***

-0.013***

0.019***

-0.003*

-0.003*

-0.070***

8

1

Note: a Correlation could not be computed because of missing values (when someone has underweight
perception, there are missing values in the variable overweight perception). Sex: boys = 1, girls = 2. *p <
0.05, ***p < 0.001
Abbreviations: BMI = body mass index; GDP = gross domestic product; LS = life satisfaction; OP =
overweight perception; PA = physical activity; UP = underweight perception.
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Table S1. Sample characteristics.
Country

n

%

Age

Female

/Region

PA

LS

UP

OP

M

SD

M

SD

M

SD

M

SD

Albania

4730

51.6

13.5

4.30

2.14

8.24

1.97

0.20

0.46

0.28

0.51

Armenia

5425

53.5

13.3

4.11

2.13

8.58

1.88

0.32

0.56

0.20

0.42

Austria

17,188

51.3

13.2

4.29

2.01

7.82

1.87

0.25

0.51

0.47

0.60

Belgium

18,414

49.8

13.5

3.67

2.06

7.55

1.85

0.25

0.50

0.48

0.61

9479

50.6

13.5

3.89

2.01

7.53

2.00

0.25

0.51

0.48

0.61

Bulgaria

9227

49.1

13.7

4.53

2.02

7.39

1.91

0.23

0.48

0.39

0.57

Canada

36,615

51.5

13.7

4.53

2.02

7.39

1.91

0.23

0.48

0.39

0.57

Croatia

20,700

51.0

13.6

4.25

2.06

7.58

1.95

0.24

0.50

0.32

0.52

Czech

18,831

51.6

13.5

4.30

2.01

7.35

1.91

0.31

0.56

0.39

0.57

Denmark

17,797

52.3

13.6

3.95

2.01

7.68

1.75

0.22

0.47

0.42

0.58

England

16,766

51.9

13.7

4.28

1.97

7.39

1.84

0.25

0.49

0.41

0.58

Estonia

16,478

50.9

13.7

3.80

2.00

7.57

1.90

0.29

0.54

0.34

0.57

Finland

22,111

51.4

13.7

4.46

2.01

7.83

1.62

0.21

0.46

0.42

0.60

France

25,788

50.2

13.4

3.50

1.99

7.49

1.92

0.21

0.45

0.38

0.56

Germany

22,513

50.3

13.5

3.94

1.95

7.40

1.91

0.31

0.56

0.54

0.63

Greece

12,364

51.5

13.7

3.67

2.10

7.85

1.78

0.34

0.63

0.35

0.54

3,882

52.9

13.7

3.81

2.44

7.76

2.11

0.25

0.53

0.37

0.56

Hungary

15,519

53.1

13.5

3.91

2.12

7.45

1.87

0.28

0.53

0.43

0.59

Iceland

23,059

49.8

13.7

4.14

2.10

7.83

1.84

0.18

0.44

0.31

0.54

Ireland

15,594

52.3

13.7

4.63

2.05

7.63

1.89

0.17

0.42

0.35

0.55

Israel

17,378

56.1

13.9

3.20

2.30

8.01

2.02

0.34

0.60

0.38

0.57

Italy

16,759

50.3

13.7

3.44

2.01

7.46

1.95

0.19

0.45

0.33

0.54

Latvia

16,849

52.5

13.6

4.07

2.02

7.18

1.83

0.28

0.53

0.34

0.53

Lithuania

15,983

49.8

13.6

4.04

2.11

7.30

2.13

0.24

0.51

0.30

0.52

(Flemish)
Belgium
(French)

Republic

Greenland
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Luxembourg

10,836

51.4

13.6

4.07

2.06

7.53

1.94

0.25

0.52

0.54

0.64

Macedonia

16,766

50.3

13.6

4.11

2.09

8.12

2.17

0.17

0.42

0.19

0.45

Malta

2074

49.9

13.5

3.80

2.21

7.61

1.91

0.22

0.48

0.35

0.54

Moldova

4593

49.6

13.6

4.23

2.18

8.26

1.80

0.24

0.48

0.26

0.48

Netherlands

16,862

50.8

13.5

4.30

1.99

7.94

1.56

0.21

0.45

0.44

0.57

Norway

15,947

49.9

13.5

3.94

2.00

7.72

1.88

0.20

0.46

0.38

0.58

Poland

19,944

51.1

13.8

4.14

2.05

7.31

2.06

0.40

0.63

0.56

0.65

Portugal

15,173

52.8

13.7

3.60

1.98

7.45

1.88

0.26

0.49

0.43

0.56

Romania

13,432

53.0

13.3

3.5

2.33

7.77

2.01

0.27

0.51

0.31

0.52

Russia

24,537

52.9

13.5

3.53

2.09

7.29

2.09

0.16

0.42

0.18

0.42

Scotland

17,932

50.3

13.6

4.21

1.94

7.62

1.56

0.22

0.47

0.44

0.60

Slovakia

14,637

51.5

13.5

4.45

2.88

7.52

2.03

0.29

0.54

0.30

0.51

Slovenia

27,583

50.6

13.6

4.11

2.05

7.65

1.82

0.24

0.48

0.50

0.60

Spain

20,842

51.4

13.6

4.18

2.07

7.90

1.85

0.30

0.54

0.43

0.58

Sweden

20,842

50.4

13.5

4.05

1.97

7.59

1.89

0.21

0.46

0.36

0.56

Switzerland

21,544

50.5

13.6

3.97

1.90

7.75

1.78

0.22

0.47

0.28

0.56

Turkey

10,274

50.0

13.8

3.69

2.23

6.68

2.33

0.28

0.56

0.23

0.46

Ukraine

18,770

53.3

13.8

4.08

2.14

7.26

2.01

0.17

0.42

0.23

0.46

Wales

22,383

49.6

13.8

4.15

1.98

7.30

1.89

0.22

0.47

0.43

0.59

United States

17,723

51.4

13.6

4.40

2.23

7.48

1.95

0.20

0.47

0.39

0.47

Note: Age, mean age
Abbreviations: LS = life satisfaction; OP = overweight perception; PA = physical activity; UP = underweight
perception.
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Table S2. Mediation analyses with underweight perception as mediator separately for each survey year.
Survey
year

2002

Physical activityà

Underweight perception à life
satisfaction

underweight perception
b

95%MCCI

b

95%MCCI

b

95%MCCI

-0.042***

-0.048 to

-0.095***

-0.107 to

0.004***

-0.003 to

-0.036
2006a

-0.043***

-0.049 to

-0.083
-0.089***

-0.037
2010

-0.042***

-0.047 to

-0.043***

-0.049 to

-0.100 to

-0.005
0.004***

-0.077
-0.088***

-0.037
2014

Indirect effect

-0.100 to

-0.005
0.004***

-0.076
-0.090***

-0.038

-0.100 to
-0.079

-0.003 to

-0.003 to
-0.004

0.004***

-0.003 to
-0.005

Note: a In this survey year body mass index (BMI) was not measured, so the analyses are not controlled for
BMI. ***p < 0.001.
Abbreviation: MCCI = Monte Carlo confidence interval.
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Table S3. Mediation analyses with overweight perception as mediator separately for each survey year.
Survey

Physical activity à overweight

Overweight perception à life

year

perception

satisfaction

b

95% MCCI

b

95% MCCI

Indirect effect

b

95%
MCCI

2002

-0.040***

-.046 to

-0.180***

-0.039
2006a

-0.932***

-0.098 to

-0.057***

-0.062 to

-0.179***

-0.062***

-0.067 to

-0.195 to

-0.191***

-0.207 to

0.017***

-0.057

-0.235 to
-0.196

-0.015 to
-0.018

0.011***

-0.175
-0.216***

-0.006 to
-0.009

-0.163

-0.053
2014

0.007***

-0.157

-0.088
2010

-0.204 to

-0.010 to
-0.012

0.014***

-0.012 to
-0.015

Note: a In this survey year body mass index (BMI) was not measured, so the analyses are not controlled for
BMI. ***p < 0.001.
Abbreviation: MCCI = Monte Carlo confidence interval.
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Table S4. Moderation analysis: age as moderator of all direct effects in the mediation model.
Direct Effects

Variables

b

t

Sig.

95%CI

PA à LS
Sex

-0.048

-33.392

<0.001

-0.051 to -0.046

Age

-0.140

-91.881

<0.001

-0.143 to -0.137

BMI

-0.062

-40.537

<0.001

-0.065 to -0.059

PA

0.117

79.670

<0.001

0.115 to 0.120

PA*age

0.006

4.145

<0.001

0.003 to 0.009

Sex

-0.074

-43.425

<0.001

-0.079 to -0.071

Age

0.124

67.849

<0.001

0.120 to 0.128

BMI

-0.374

-162.007

<0.001

-0.379 to -0.371

PA

-0.042

-24.449

<0.001

-0.045 to -0.039

PA*age

-0.002

-1.271

0.204

-0.005 to -0.001

Sex

0.164

117.062

0.002

0.161 to 0.167

Age

-0.103

-68.927

<0.001

-.105 to -0.100

BMI

0.481

319.879

<0.001

0.478 to 0.484

PA

-0.053

-36.748

<0.001

-0.056 to -0.050

PA*age

-0.016

-11.607

<0.001

-0.020 to -0.014

Sex

-0.029

-18.053

<0.001

-0.033 to -0.026

Age

-0.157

-89.441

<0.001

-0.160 to -0.154

BMI

-0.020

-8.672

<0.001

-0.025 to -0.016

UP

-0.093

-54.672

<0.001

-0.096 to -0.089

UP*age

-0.011

-6.868

<0.001

-0.014 to -0.008

Sex

-0.042

-26.975

<0.001

-0.045 to -0.039

Age

-0.164

-100.110

<0.001

-0.167 to -0.161

BMI

0.008

4.429

<0.001

0.005 to 0.012

OP

-0.206

-115.782

<0.001

-0.210 to -0.203

OP*age

-0.007

-4.573

<0.001

-0.010 to -0.004

PA à UP

PA à OP

UP à LS

OP à LS

Abbreviations: BMI = body mass index; CI = confidential interval; LS = life satisfaction;
OP = overweight perception; PA = physical activity; UP = underweight perception.

49

50 BEYOND THE RELATIONSHIP BETWEEN PHYSICAL ACTIVITY AND LIFE SATISFACTION

Table S5. Moderation analysis: Sex as moderator of all direct effects in the mediation model.
Direct Effects

Variables

b

t

Sig.

95%CI

PA à LS
Sex

-0.048

-33.496

<0.001

-0.051 to -0.046

Age

-0.140

-91.845

<0.001

-0.143 to -0.137

BMI

-0.062

-40.437

<0.001

-0.065 to -0.059

PA

0.117

79.932

<0.001

0.115 to 0.120

PA*sex

0.001

-0.949

0.342

-0.004 to 0.001

Sex

-0.074

-43.600

<0.001

-0.079 to -0.071

Age

0.124

68.028

<0.001

0.120 to 0.128

BMI

-0.375

-162.270

<0.001

-0.379 to -0.370

PA

-0.041

-23.814

<0.001

-0.045 to -0.038

PA*sex

0.008

4.839

<0.001

0.005 to 0.011

Sex

0.164

117.226

<0.001

0.162 to 0.167

Age

-0.102

-68.686

<0.001

-0.105 to -0.099

BMI

0.480

319.498

<0.001

0.477 to 0.483

PA

-0.054

-37.386

<0.001

-0.056 to -0.051

PA*sex

0.008

5.351

<0.001

-0.005 to -0.010

Sex

-0.029

-17.809

<0.001

-0.032 to -0.026

Age

-0.157

-89.535

<0.001

-0.161 to -0.154

BMI

-0.020

-8.471

<0.001

-0.024 to -0.015

UP

-0.093

-54.167

<0.001

-0.096 to -0.089

UP*Age

-0.001

-.552

0.552

-0.004 to 0.002

Sex

-0.044

-28.346

<0.001

-0.047 to -0.041

Age

-0.161

-98.521

<0.001

-0.165 to -0.158

BMI

0.006

3.133

0.002

0.002 to 0.009

OP

-0.200

-111.209

<0.001

-0.204 to -0.197

OP*Age

-0.030

-18.474

<0.001

-0.033 to -0.027

PA à UP

PA à OP

UP à LS

OP à LS

Note: Sex: boys = 1, girls = 2.
Abbreviations: BMI = body mass index; CI = confidential interval; LS = life satisfaction;
OP = overweight perception; PA = physical activity; UP = underweight perception.
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Abstract
Objective. Physical activity has been shown to have a positive effect on life satisfaction in adolescents.
Despite these benefits, physical activity levels constantly drop during adolescence, suggesting potential
interfering factors in this link. Since worries about physical appearance are an important issue at this age,
social physique anxiety could be one of these factors. In this study, we aimed at examining the relationship
between physical activity and life satisfaction in an adolescent population and explored possible moderating
effects of social physique anxiety and sex.
Methods. We used data from a longitudinal study with N = 864 vocational students (Mage = 17.87 years,
range: 16–25, 43% female) from Switzerland. Participants completed a battery of questionnaires assessing
physical activity, life satisfaction, social physique anxiety as well as demographic variables like sex, age, and
BMI at the beginning and the end of the school year (ten months apart). To test our hypotheses, we used
multiple hierarchical regression analyses (using PROCESS macro), as well as simple slope analyses.
Results. In the prospective analyses, we did not find a significant direct effect of physical activity on
life satisfaction. However, we found a significant two-way interaction between physical activity and social
physique anxiety. An additional significant three-way interaction between physical activity, social physique
anxiety, and sex occurred, indicating that a positive effect of physical activity on life satisfaction holds only for
female adolescents with low social physique anxiety levels.
Conclusion. This study highlights the importance of developing a healthy relationship with one’s body
to fully benefit from physical activity, especially for female adolescents. Taken together, these results suggest
that male and female adolescents cope differently with body-related worries, a factor that should be considered
by physical activity educators.

Keywords: life satisfaction, physical activity, social physique anxiety, sex, adolescents
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1. Introduction
Life satisfaction plays a crucial role during adolescence in reaching developmental milestones and in
ensuring a healthy transition into adulthood (Patton et al., 2016). Among adolescents, life satisfaction
represents a key indicator for psychological health and psychological wellbeing (Proctor et al., 2017; Proctor
et al., 2009). Therefore, it is not surprising that well-being, in general, is associated with a variety of positive
personal, behavioral, psychological, and social factors at this age (Proctor & Linley, 2014).
Life satisfaction is defined by a global evaluation of one's life and represents the cognitive-evaluative
component of subjective well-being (SWB) (Diener, 1984; Diener et al., 1999). It is well-known that life
satisfaction levels are decreasing during adolescence, particularly between the age of 11 to 16 years
(Goldbeck et al., 2007; McAdams et al., 2012). This decrease can be explained by the various challenges that
adolescents face during puberty and the tempo at which these changes come along (Cheng et al., 2020).
Further, decreases in domain-specific life satisfaction (family, hobbies/leisure time, social life) have been
observed across adolescence, which probably also adds to a decrease in global life satisfaction (Goldbeck et
al., 2007; McAdams et al., 2012).
Life satisfaction is an important factor for psychological functioning and plays a crucial role in the
development of emotional and behavioral problems, such as depression or anxiety (Mahmoud et al., 2012;
Suldo, 2006). Accordingly, low levels of life satisfaction increase other behavioral health risk factors, such as
substance abuse, which potentially increase the risk of developmental problems (Proctor et al., 2017). It is
therefore crucial to consider potential explaining factors to better understand the decrease in life satisfaction
during this age.
1.1. The role of physical activity
Physical activity has gained a lot of attention as a protective factor during adolescence (Johnson &
Taliaferro, 2011; Lubans et al., 2016). Physical activity is not only beneficial for adolescents’ physical health
(Granger et al., 2017; Tittlbach et al., 2011), but also has a positive impact on psychological factors such as
self-esteem, emotions, or mood (Koch et al., 2020; Rasmussen & Laumann, 2013; Salvini et al., 2018; Zamani
Sani et al., 2016). A link between engagement in regular physical activity and better psychosocial health and
well-being in adolescents has repeatedly been confirmed (for reviews see: Eime et al., 2013, Rodriguez-Ayllon
et al., 2019; Rose & Soundy, 2020). A longitudinal study with 758 South African children and adolescents
showed that both high baseline levels and increasing levels of physical activity, respectively, were associated
with various facets of well-being including psychological well-being, autonomy and parent relations, social
support and peers, and perception of the school environment (Gall et al., 2020). As part of psychosocial health,
life satisfaction is linked to physical activity, as well as to different forms of physically active behaviors such as
exercising or participating in a sports club (Valois et al., 2004). Several recent reviews have shown that higher
levels of life satisfaction (or happiness) are associated with higher physical activity measures, such as higher
exercise levels or a more active lifestyle (Biddle & Asare, 2011; Biddle et al., 2019; Eime et al., 2013).
Additionally, a recent study with a large representative sample of adolescents in 44 countries reported a
significant association between physical activity and life satisfaction (Meyer et al., 2021).
The relevance of this relationship becomes even more clear by looking at the impact of a lack of
physical activity: physical inactivity during adolescence can track into adulthood (Tammelin et al., 2003) and
increase the risk for obesity (Hills et al., 2011). However, most importantly, adolescents who do not engage in
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vigorous physical activity show significantly lower levels of life satisfaction (Zullig & White, 2011). To avoid
these possible negative consequences associated with a lack of physical activity, it seems crucial to focus on
mechanisms and possible amplifying factors.
Most researchers agree on the fact that it is probably a combination of both psychological and
neurobiological factors that lead to benefits of physical activity on psychosocial health or well-being (Hautzinger
& Wolf, 2012; Paluska & Schwenk, 2000). In their recent review, Rose and Soundy (2020) proposed that
physical activity enhances autonomy development. Autonomy then, on one hand, has a direct effect on
adolescent's well-being, and, on the other hand, increases intrinsic motivation to spent more time physically
active. In a similar vein, another review concluded that there is evidence that physical activity leads to
improvements in physical self-perception, which enhances self-esteem, and thus, well-being of adolescents
(Lubans et al., 2016). In an earlier review, Paluska and Schwenk (2000) also discussed theory-based
mechanisms: In line with the self-efficiency theory, they suggested that exercise can lead to feelings of selfconfidence and a sense of success, which directly improves mood and also leads to more confidence to use
available resources important for mental health. Another mechanism that research has shown is the
importance of social interaction during physical activity, which enhances the positive effect that physical activity
may have on well-being (Downward & Rasciute, 2011). Finally, apart from all the possible psychological
mechanisms that link physical activity to well-being in adolescents, some neurobiological explanations exist,
whereby physical activity has a similar effect on the brain like anti-depressants, mostly through an activation
of the cannabinoid receptor expression in the brain (Charytoniuk et al., 2020).
1.2. The role of social physique anxiety
Despite the potential beneficial effects of physical activity on adolescents' life satisfaction or well-being,
physical activity levels tend to decline over adolescence (Centers For Disease Control Prevention, 2011;
Dumith et al., 2011; Thing et al., 2015). Accordingly, several interpersonal, as well as structural factors exist
that drive adolescents to quit or avoid physical activity (Witt & Dangi, 2018). For instance, research has shown
that girls reported losing interest, insufficient time, and a perceived lack of competence as the main reasons
for quitting sports (Slater & Tiggemann, 2010). An explaining factor could be social physique anxiety (Burger
& Samuel, 2017). Social physique anxiety is defined as the anxiety of getting evaluated negatively by others
on one's physique and physical appearance (body fat, muscularity, tone, body proportions) (Hart et al., 1989).
Hart et al. (1989) defined social physique anxiety as a connection between one's image of one's body and the
satisfaction or dissatisfaction of this image. This was supported by empirical evidence showing significant
associations between body dissatisfaction and social physique anxiety (Thompson & Chad, 2002).
During adolescence, the body is undergoing a series of changes (Croll, 2005), including changes in
body proportions or body fat distribution (Loomba-Albrecht & Styne, 2009). At the same time, physical
attractiveness gets more important and for adolescents, becoming a valuable member of society is one of the
most relevant goals (Ginis & Leary, 2004). Due to the high importance of physical appearance and the changes
that come with puberty, there is an increasing risk for developing a negative body image during adolescence
(Ricciardelli & Yager, 2015). As a consequence, adolescents are usually more sensitive about the way their
bodies are evaluated by others (Hagger et al., 2010; Sabiston et al., 2007; Thompson & Chad, 2002). Girls
seem to be at a particular high risk for body dissatisfaction. In line with this notion, a study with Spanish
adolescents showed a significant difference between perceived and desired body perceptions in girls,
independent of BMI (Fernández-Bustos et al., 2019).
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Negative body perceptions in adolescents are not only frequent, but also correlate with high social
physique anxiety levels (Caglar et al., 2010). Especially in girls, it could be shown that with increasing
maturation, social physique anxiety levels increase (Niven et al., 2009). This was also suported by a study with
athletes between 11 and 16 years of age who showed more social physique anxiety if they were older and
later maturing, as well as having a higher BMI (Gay et al., 2011). Due to this strong focus on how their body is
seen or evaluated by others, social physique anxiety has been related to participation motives, engagement,
and avoidance of physical activity (Sabiston et al., 2014). Due to their lower body image, adolescents might
be anxious about others thinking negatively about their bodies or may have low perceptions of their phyiscal
competence, and therefore may stop engaging in physical activities such as exercise and sport (Eklund &
Bianco, 2000; Sabiston et al., 2007; Witt & Dangi, 2018). Further, many adolescents with social physique
anxiety may have had negative experiences related to past physical activities (which may be perpetuated by
their anxiety), because as the literature shows, it is how physical activity is perceived that motivates or
discourages an individual from engaging in further physical activity (Fuchs et al., 2017).
There are several further theories that explain why people may stop engaging in regular physical
activity (Brand & Cheval, 2019). One of these theories is the theory of impression management and selfpresentation (Leary & Kowalski, 1990). The theory assumes that if people are motivated to make certain
impressions, but doubt they will be successful, (i.e., like the fear of being negatively judged in terms of their
body), they usually experience anxiety and behave rather shyly. More importantly, they use strategies to
minimize the likelihood of being evaluated in an unflattering way. Therefore, not engaging in physical activity
can be understood as a coping strategy to avoid potential negative impressions (Leary & Kowalski, 1990).
In their review, Sabiston et al. (2007) showed that adolescents mostly use avoiding or seek parental
notes to excuse them from school physical education classes as a coping strategy for social physique anxiety.
Moreover, a study with Canadian adolescents pointed out that behavioral and cognitive avoidance were also
used frequently to deal with social physique anxiety (Kowalski et al., 2006). This study also highlighted that
girls not only reported higher mean values in social physique anxiety than boys, but were also prone to use
more emotion-focused coping strategies (e.g. behavioral avoidance or appearance management).
Previous studies with adolescents have shown that social physique anxiety can lead to lower physical
activity levels. However, social physical anxiety is also directly linked to mental health and life satisfaction
levels (Üngür & Karagözoğlu, 2013). A study with male recreational cyclists and triathletes (ages 18-60)
showed that social physique anxiety negativly impacted their life satisfaction through a decrease in perceived
satisfaction with basic psychological needs (Alcaraz-Ibáñez et al., 2017).
1.3. The role of sex
Evidence suggests that girls and boys show significant differences in how they see and evaluate their
physical self-concepts (Babic et al., 2014; Klomsten et al., 2004). For instance, girls seem to be more
concerned about being overweight and show a higher desire for thinness, while boys often aim to be more
muscular, even though this might lead to gaining weight (Brunet et al., 2010; Smolak, 2004). Male adolescents
usually have more positive self-perceptions regarding their bodies as well (Caglar et al., 2010; Sallis et al.,
2000). In line with this, female adolescents score higher on social physique anxiety than their male
counterparts across the entire lifespan (for a review see: Sabiston et al., 2014).
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Moreover, there is ample evidence that girls have lower levels of physical activity in general, and also
show a stronger decrease in physical activity from childhood to adulthood (Dumith et al., 2011), whereas boys
show higher and more constant levels of physical activity during this transition (Caglar et al., 2010). Despite
that, boys also show higher levels in life satisfaction than girls, as shown in a Norwegian study with 1239
adolescents (Moksnes & Espnes, 2013). In addition, a study with 1274 German adolescents found that girls
did not only report significantly lower general satisfaction, but also lower health-related satisfaction with life
(Goldbeck et al., 2007).
In summary, girls show lower physical activity and life satisfaction and higher social physique anxiety
levels during adolescence than boys. To date, it remains largely unknown, whether the relationships between
these constructs also differs between boys and girls.
1.4. Purpose of this study
The present study aims at better understanding the mechanisms involved in the relationship between
physical activity and life satisfaction in adolescence and therefore investigates if this relationship is moderated
by social physique anxiety and sex. In a first step, we used cross-sectional analyses to investigate direct and
moderating effects. In a second step, to learn more about the direction of the relationships, we performed the
same analyses with a longitudinal approach while controlling for baseline levels of life satisfaction.
Given the literature presented above, we hypothesized that physical activity is related to higher life
satisfaction at present, and 10 months later (Hypothesis 1) (e.g., Biddle et al., 2019, Meyer et al., 2021). We
also expected that this effect only significant if social physique anxiety levels are low (Hypothesis 2) (AlcarazIbáñez et al., 2017; Sabiston et al., 2014; Üngür & Karagözoğlu, 2013). Finally, we assumed that for girls, the
moderating effect of social physique anxiety is stronger than for boys (Hypothesis 3) (Dumith et al., 2011;
Goldbeck et al., 2007; Sabiston et al., 2014).

2. Material and methods
2.1. Participants
We used data from the EPHECT study (Effects of a Physical Education-based Coping Training).
Vocational students from two schools in Switzerland were recruited and asked to complete a battery of
questionnaires during a physical education lesson at the beginning (t1: September/October 2010) and at the
end of the academic year (t2: May/June 2011). During the data assessment, two research assistants were
present. Students were assured confidentiality and provided informed written consent. In addition, minors
(students below 18 years of age) provided written parental informed consent. The study was approved by the
local ethics committee and conducted in line with the guidelines set forth in the Declaration of Helsinki. Data
from this study have been published previously, but not yet on the moderating role of social physique anxiety
(Elliot et al., 2015; Gerber et al., 2013; Gerber et al., 2015; Gerber et al., 2015; Gerber et al., 2015; Lang et
al., 2017; Lang et al., 2019; Lang et al., 2013; Lang et al., 2016; Lang et al., 2017; Lang et al., 2016; Meyer et
al., 2021).
A total of N = 1242 students participated in the in the baseline (t1) data assessment. The dropout rate
from baseline (t1) to follow-up (t2) was 30.4% (N = 378). However, we did not find any statistically significant
differences in physical activity, life satisfaction, social physique anxiety, or the distribution of sex between
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participants who dropped out and peers who completed both data assessments. The final sample was
composed of N = 864 participants (Mage = 17.8 years; range: 16–25 years; 43% female6).
2.2. Measures
Physical activity. A short form of the International Physical Activity Questionnaire (IPAQ-SF) (Craig
et al., 2003) was used to assess physical activity. Questions included the number of days in the last week the
students were vigorously or moderately physically active for at least 10 minutes. Vigorous physical activity was
defined as movements that cause one to work up a sweat, such as jogging, biking, or playing soccer. Moderate
physical activity was defined as movements causing one to be just a little short of breath, such as dancing,
table tennis, or cycling at an easy pace. We summed these two items up to an overall moderate-to-vigorous
physical variable, representing the days on which participants were physically active.
Life satisfaction. Three items of the Satisfaction With Life Scale (SWLS) (Pavot & Diener, 2008) were
used to measure life satisfaction. Students were asked to evaluate the following questions: (a) “In most ways,
my life is close to my ideal.” (b) “I’m satisfied with my life”. (c) “So far I have gotten the important things I want
in life.” Answers were given on a 7-point Likert scale ranging from 1 (completely incorrect) to 7 (completely
correct). The three items showed good internal consistency in the present sample (Cronbach’s ⍺ = .77) and
were combined to build a mean score.
Social physique anxiety. Social physique anxiety was measured with the Social Physique Anxiety
Scale (SPAS) (Hart et al., 1989). We used the 9-item version of the scale (Martin et al., 1997; Motl & Conroy,
2000) where students had to evaluate questions such as “I worry that there are parts of my body that people
may not like”. Answers were given on a 5-point Likert scale ranging from 1 (not at all) to 5 (extremely). Two
items were reverse coded and had to be recoded before calculating the mean score. In the present sample,
the index showed good internal consistency (Cronbach’s ⍺ = .82).
2.3. Statistical analysis
Descriptive and bivariate correlation analyses with all main study variables were calculated in a first
step. We included age and BMI7 as covariates to ensure the results would be independent of participants’ age
or BMI. We then also controlled for baseline life satisfaction levels in the prospective analyses.
To test the moderating effect of social physique anxiety and sex on the relationship between physical
activity and life satisfaction, we used conditional process modeling to examine three-way interactions. We
calculated a moderated moderation (Model 3) using the PROCESS macro developed by Hayes (2017) in
SPSS. PROCESS estimates the best fitting ordinary least squares regression model and examines the
interactions. We first performed cross-sectional and then longitudinal analyses. Therefore, we defined life
satisfaction as outcome variable and added physical activity as predictor variable. Social physique anxiety and
sex were then added as moderator variables. The Johnson–Neyman technique was used to test the conditional
interaction effects.
We mean-centered the independent variable (physical activity) and the linear moderator variable
(social physique anxiety) before entering them into the regression model. The results of the regression models

6

The sex distribution in this study was representative of the sex distribution among students in vocational training in Switzerland (41%
female students in 2020, see: Bundesamt für Statistik (2021)).
7
Body Mass Index (BMI) was measured as weight in kilograms divided by height in meters squared. Students were asked to self-report
their height (without shoes) in cm, and weight (without clothes) in kilograms. Out of these answers, the BMI was calculated.
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are presented as unstandardized regression coefficients (b), standard errors, and p values. To interpret the
three-way interaction effects, we used simple slope analyses and the plotting procedures (Dawson & Richter,
2006). To this end, the moderator variable “sex” was divided into binary categories: boys (1) and girls (2). The
level of significance was set at p < .05 across all analyses.

3. Results
3.1. Descriptive statistics and bivariate correlations
Table 1 provides an overview of the sample characteristics and descriptive statistics of the main study
variables. Statistics are presented separately for the full sample (with complete baseline data) and the
prospective sample (participants with full data at baseline and follow-up). Means, standard deviations, minimal
and maximal values, as well as skewness and kurtosis are presented.
– Place Table 1 here –
The bivariate correlations between the investigated variables are presented in Table 2. Again,
correlations are presented separately for the full sample with valid cross-sectional data at baseline (above
diagonal), and those participants with both complete baseline and follow-up data (below diagonal). Physical
activity was positively correlated with life satisfaction, whereas a negative correlation occurred between
physical activity and social physique anxiety. Social physique anxiety was negatively correlated with life
satisfaction. Boys reported significantly higher levels of physical activity and lower levels of social physique
anxiety than girls. Age was significantly and negatively correlated to physical activity and positively correlated
with BMI. Finally, BMI was positively correlated with social physique anxiety.
– Place Table 2 here –
3.2. Two- and three-way interactions
To examine interaction effects, we calculated a cross-sectional process model (Table 3). We first
calculated the analyses with the full sample which included complete baseline data (Sample 1: N = 1242), and
then with those participants who had full baseline and follow-up data (Sample 2: N = 864). In the crosssectional analyses, a significant main effect appeared for social physique anxiety (Sample 1: b = -.466, p <
.001, Sample 2: b = -.372, p < .001) on life satisfaction in both samples. By contrast, no significant main effect
was found for physical activity (Sample 1: b = .029, p = .094, Sample 2: b = .027, p = .197). In the larger
sample, a significant two-way interaction was found between physical activity and social physique anxiety (b
= -.045, p = .029). In the smaller sample, this two-way interaction effect was not significant, although the sign
of the interaction pointed into the same direction (b = -.023, p = .298). No significant three-way interaction
between physical activity, social physique anxiety, and sex was found in either sample.
To further explore the potential three-way interaction, we calculated a prospective conditional process
model. As shown in Table 4, after controlling for baseline life satisfaction, there were no significant main effects
for physical activity or for social physique anxiety. However, there was a statistically significant (negative) twoway interaction between physical activity and social physique anxiety (b = -.056, p = .008), indicating that only
adolescents with low social physique anxiety benefit from higher physical activity when it comes to their life
satisfaction (see Figure 1). In the longitudinal analyses, a significant three-way interaction between physical
activity, social physique anxiety, and sex appeared (b = .080, p = .014). The Johnson-Neyman technique
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showed that the relationship between physical activity and life satisfaction was only significant for girls who
had low social physique anxiety (1 SD under the mean). The variables included in the prospective model
explained a total of 27% of variance in life satisfaction at follow-up.
– Place Figure 1 here –
3.3. Simple slope analyses
Simple slope analyses were used to decompose the three-way interaction of physical activity, social
physique anxiety, and sex when predicting adolescents' life satisfaction at follow-up. As displayed in Figure 2,
different pattern occurred for boys and girls. Girls with low social physique anxiety reported higher life
satisfaction when they are more physically active (b = .071, p = .003). For girls with high social physique
anxiety, no significant effect of physical activity on life satisfaction occurred (b = -.005, p = .984). For boys, the
results point in a different direction, but the slopes for boys were not statistically significant, indicating that
physical activity had no significant effect on life satisfaction among boys, independent of their social physique
anxiety levels.
– Place Figure 2 here –
Results show that baseline physical activity had only a significant positive effect on girls’ life
satisfaction levels at follow-up when they reported low baseline social physique anxiety scores (b = .071, p =
.003). By contrast, the slopes for boys with both low and high social physique anxiety scores were not
significant, indicating that physical activity did not have a significant effect on boys' life satisfaction,
independent of their social physique anxiety levels.
Slope difference tests further pointed towards significant differences between the girls with high
compared to girls with low social physique anxiety slope (t(864) = -2.662, p = .008). These results indicate that
if social physique anxiety levels are high, girls seem to not fully benefit from physical activity.

4. Discussion
The goal of this study was to investigate the role of social physique anxiety and sex on the relationship
between physical activity and life satisfaction in adolescents. We first analyzed the data cross-sectionally and
in a second step, we analyzed them longitudinally to get a better insight of a potential direction of the effects.
Contrary to our first hypothesis, we did not find a significant effect of physical activity on life satisfaction,
neither cross-sectionally nor longitudinally. One reason for the insignificant effect could be that physical activity
has an effect on emotional components of well-being, for example, positive affect or happiness which reflect –
compared to life satisfaction – rather cognitive components of well-being. This is in line with a recent large
international study with young adolescents (aged 10 to 12 years), which showed a stronger correlation between
physical activity and positive affect than between cognitive measures of subjective well-being, including life
satisfaction (Casas et al., 2020). Another assumption is that the link between physical activity and life
satisfaction only becomes relevant in adulthood. This notion is in line with Maher et al. (2015) who reported
that physical activity and life satisfaction were correlated in middle and late adulthood, but not in young
adulthood, which the authors explained with an increased perception of control. However, the fact that the
effects were not significant can as well be explained by the existence of other moderating factors. Therefore,
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we postulated with our second hypothesis that social physique anxiety moderates the effect between physical
activity and life satisfaction.
Our data support this assumption, as shown with a significant two-way interaction between physical
activity and social physique anxiety. The effect was found in the cross-sectional analyses and was
corroborated in the longitudinal analyses. Simple slope analyses revealed that the effect of physical activity on
life satisfaction was only significant when social physique anxiety levels were low. In other words, engagement
in physical activity had no positive impact on life satisfaction, if these adolescents are challenged with social
physique anxiety. This result is in line with a study with 298 young adolescents (mean age: 11.6 years) showing
that social physique anxiety was associated with lower enjoyment in sports as well as reduced leisure-time
physical activity (Cox et al., 2013). A study with 245 female college students (mean age: 19.9 years) further
found that enjoyment of sports is crucial to benefit from psychological effects, for example gaining a higher
self-esteem through sports activities (Shaffer & Wittes, 2006). Moreover, another study with 1492 adolescents
showed that enjoyment of sports is even more important than the frequency of the physical activities to increase
self-esteem (Adachi & Willoughby, 2014). Yet, self-esteem is subsequently linked to higher life satisfaction
levels in adolescents (Moksnes & Espnes, 2013).In contrast, concerns about physical appearance or the
judgment of others on their bodies have been shown to reduce participation in sports among adolescents
(Allison et al., 2005; Slater & Tiggemann, 2011). At the same time, adolescents with low levels of physical
activity and sedentary behavior report lower levels of life satisfaction (Rodriguez-Ayllon et al., 2019).
Another assumption for the moderating effect of social physique anxiety on the link between physical
activity and life satisfaction, is that for adolescents with high social physique anxiety, situations surrounding
physical activity, for example changing clothes or a shared shower, may constitute a source of distress (Eklund
& Bianco, 2000). These and other forms of stress then lead to a decrease in adolescents’ life satisfaction
(Burger & Samuel, 2017; Milas et al., 2021).
Finally, the question arises whether this moderating effect presents differently depending on the sex
of the adolescents. In line with our third hypothesis, a significant association between physical activity and life
satisfaction was only present if participants were female and social physique anxiety levels low. Several
reasons exist to explain this three-way interaction. First, girls tend to be more concerned about people staring
or even laughing at their appearance during sports, or of being called names that refer to their weight (Slater
& Tiggemann, 2011). Therefore, girls may experience more distress while participating in physical activities,
as they perceive higher levels of teasing from peers and show higher withdrawal rates in sports clubs than
boys (Slater & Tiggemann, 2011; Vilhjalmsson & Kristjansdottir, 2003). Second, boys and girls may use
different coping strategies when experiencing social physique anxiety. Eklund and Bianco (2000) argued that
social physique anxiety can have controversial effects on physical activity, as it can lead to avoidance because
of the fear of being evaluated or increased levels through the motivation of changing the physical appearance
(for example to become more muscular or to lose body fat). It is also possible that boys that have high levels
of social physique anxiety, use physical activity to come closer to the image they want others have of their
bodies. This has also been confirmed in previous research showing that a higher percentage of girls use
behavioral avoidance to cope with social physique anxiety compared to boys. In turn, the percentage of boys
using physical activity as a coping strategy was higher (Kowalski et al., 2006). In addition, among boys –
contrary to girls, a significant correlation between physical activity and perceived body attractiveness was
found, indicating that physical activity may improve their physical self-perception (Altıntaş et al., 2014). Our
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results point in a similar direction, as life satisfaction was slightly higher among boys with social physique
anxiety if they were highly engaged in physical activities (see Figure 2). However, simple slope effects were
not significant for boys, so the findings have to be interpreted with caution.
This study has several strengths such as the use of longitudinal data, the large sample size, and
instruments that all showed satisfactory internal consistency. Moreover, we used two-, and three-way
interactions as well as simple slope analyses to decompose the relationship between physical activity, life
satisfaction, social physique anxiety, and sex, which allowed us to examine moderating effects. Despite these
strengths, some shortcomings should not remain unmentioned: Limitations include the exclusive focus on selfreported data, which could have led to social desirability or recall bias, the fact that we only focused on
frequency when assessing physical activity, and finally the focus on adolescents in vocational education and
training, which makes it difficult to generalize the findings to a broader student population.
Further research should focus on representative samples of adolescents to gain more information
about the generalizability of these effects. More than two measurement points would allow one to figure out
how the measured variables change over time and how these changes predict each other. From a
methodological point of view, it would be interesting to include other physical activity measures beyond selfreported data such as pedometers or actigraphs. Furthermore, this study highlights the importance of getting
a better understanding of adolescents’ relationships with their bodies when examining the health-enhancing
potential of physical activity. Future replication studies should examine whether different constructs such as
body image, weight perception, or body satisfaction moderate or have differential effects on the association
between physical activity and life satisfaction. For intervention studies, it seems important to consider potential
social physique anxiety levels beforehand and test intervention effects in this topic for girls as well.
4.1. Conclusion
The present study gives new insights into the moderating role of social physique anxiety on the
relationship between physical activity and life satisfaction in adolescents. Based on our findings, we conclude
that intervention programs that use physical activity to improve adolescents' physical and mental health might
be beneficial, as long as the adolescents do not have high social physique anxiety levels. It seems to be
especially crucial for adolescent girls with social physique anxiety to develop a more positive relationship with
their body. Moreover, our findings highlight the fact that adolescent girls and boys cope differently with bodyrelated anxieties or worries. These differences should be taken into consideration by coaches and teachers
who interact with adolescents while they engage in physical activity. For example, it could be helpful to
preventatively talk with the students and eventually separated by sex, about potential worries and coping
strategies to deal with body dissatisfaction.
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Sample 1: Complete data

Table 1. Descriptive statistics of the main study variables
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Table 2. Bivariate correlations (Pearson, two-tailed) between study variables
Variables

1.

1. Physical activity (baseline)

2.

3.

-.15***

.31***
-.25***

4.

5.

6.

.01

.13***

-.09**

.22***

-.31***

.01

.17***

.08**

.01

-.06*

.18***

2. Social physical anxiety (baseline)

-.15***

3. Sex (boys = 1, girls = 0)

.31***

-.29***

4. BMI (baseline)

-.02

.27***

.16***

5. Life satisfaction (baseline)

.17***

-.28***

.09**

-.09**

6. Age (baseline)

-.14***

.02

.01

.18***

-.05

7. Life satisfaction (follow-up)

.11**

-.19***

.04

-.07*

.51***

-.05

-.00

Notes. Values above diagonal represent correlations between variables in the full sample with complete
baseline (t1) data (N = 1242). Values below the diagonal represent correlations between variables in the
sample of participants with both complete baseline (t1) and follow-up (t2) data (N = 864).
*

p < .05. **p < .01. ***p < .001.
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Table 3. Cross-sectional conditional process model with life satisfaction at baseline as dependent variable,
physical activity as predictor, and social physique anxiety and sex as moderators
Sample 1: Complete data
at baseline (N = 1242)
Variable

b

SE

Intercept

5.322

.447

Physical activity

0.029

0.017

Social physical activity

t

Sample 2: Complete data
at baseline and follow-up (N = 864)
b

SE

t

p

11.894 <.001

5.321

0.544

9.768

<.001

1.674

.094

0.027

0.021

1.291

.197

-0.466

0.069 -6.727 <.001

-0.372

0.081

-4.613

<.001

Sex (boys = 1, girls = 0)

-0.064

0.072 -0.895

.371

-0.039

0.085

-0.462

.645

Age

-0.030

0.024 -1.270

.204

-0.022

0.029

-0.765

.444

BMI

0.005

0.011

0.441

.659

-0.002

0.014

-0.161

.872

PA × SPA

-0.045

0.020 -2.179

.029

-0.024

0.023

-1.042

.298

PA × sex

0.012

0.023

0.523

.601

0.045

0.027

1.657

.098

SPA × sex

-0.123

0.095 -1.299

.194

-0.151

0.113

-1.336

.182

PA × SPA × sex

0.051

0.030

.092

0.064

0.036

1.797

.073

1.685

p

R2

.113

.104

F

17.435***

10.993***

Abbreviations: PA = Physical activity; SPA = Social physique anxiety.
***

p < .001.
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Table 4. Longitudinal conditional process model with life satisfaction at follow-up as dependent variable,
baseline physical activity as predictor, and baseline social physique anxiety and sex as moderators
Sample 2: Complete data
at baseline and follow-up (N = 864)
Variable

b

SE

t

P

Intercept

2.212

.0517

4.276

<.001

Physical activity

0.031

0.019

1.668

.096

Social physique anxiety

-0.079

0.074

-1.075

.283

Sex (boys = 1, girls = 0)

-0.083

0.077

-1.082

.280

Life satisfaction (baseline)

0.479

0.031

15.530

<.001

Age

0.028

0.026

1.071

.285

BMI

-0.007

0.012

-0.561

.575

PA × SPA

-0.056

0.021

-2.655

.008

PA × sex

-0.019

0.024

-0.764

.445

SPA × sex

-0.113

0.102

-1.113

.266

PA× SPA × sex

0.080

0.032

2.475

.014

R2

.268

F

31.325***

Abbreviations: PA = Physical activity. SPA = Social physique anxiety.
***

p <.001.
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Figure 1: 2-way-interaction of physical activity (baseline) and social physique anxiety (baseline) on life
satisfaction (follow-up)
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Figure 2: Three-way-interaction of physical activity (baseline), social physique anxiety (baseline), and sex on
life satisfaction (follow-up)
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Abstract
Objective. Many adolescents experience high levels of stress. While heightened stress can have a
negative impact on their life satisfaction, evidence shows that physical activity can work as a stress buffer.
Nevertheless, it is not known if intrinsic motivation moderates the relationship between stress, physical activity,
and life satisfaction. In this study, we examined if perceived stress predicts adolescents’ life satisfaction, if
physical activity can buffer the effects of stress on life satisfaction, and if this stress-buffering effect is
strengthened when intrinsic motivation for physical activity is high.
Methods. We conducted a longitudinal study with N = 864 students (Mage = 17.87 years, range: 16–25,
43% female) from two vocational schools in Switzerland. All participants completed two identical self-report
questionnaires over a 10-month period, assessing perceived stress, life satisfaction, physical activity, and
intrinsic motivation levels. Multiple hierarchical regression analyses (using the PROCESS macro) were
adopted to test our hypotheses.
Results. Heightened stress at baseline was associated with lower life satisfaction levels at the 10month follow-up. Moreover, a significant three-way interaction occurred between stress, physical activity, and
intrinsic motivation. More specifically, a stress-buffering effect of physical activity was observable only when
intrinsic motivation was high.
Conclusion. The present study shows that among adolescents, physical activity works to buffer the
effects of stress on life satisfaction only if it is intrinsically motivated. This result highlights the role motivation
plays in improving life satisfaction or reducing stress through physical activity.

Keywords: stress, life satisfaction, physical activity, intrinsic motivation, adolescents
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1. Introduction
Adolescence is considered a difficult time, given a higher prevalence of conflicts with parents and/or
peers, mood disruptions, as well as risk behavior, and is therefore linked to a heightened vulnerability to stress
(Arnett, 1999; Romeo et al., 2009). This stress is not only observed from an outside perspective but is also
perceived by the adolescents themselves: For instance, in Switzerland, one in four boys and one in three girls
reported feeling stressed at school or apprenticeship (Sucht Schweiz, 2019). Consequently, improving their
ability to cope with stress is the most important health need identified by Swiss adolescents (Jeannin et al.,
2005).
Stress is defined as a circumstance or condition that threatens, challenges, or harms a person’s
biological, physical, or psychological well-being (Cohen et al., 1995). The negative impact of stress is already
included in its definition. Furthermore, there is evidence that perceived stress is associated with more
emotional distress (Hampel & Petermann, 2006), which is usually low in adolescents with high levels of life
satisfaction (Gilman & Huebner, 2006). In line with this, it has been shown repeatedly that everyday hassles
and high perceived stress levels are associated with lower life satisfaction scores and lower quality of life in
adolescents and young adults (for a review see: Proctor et al., 2009). A recent cross-sectional study with a
national sample of 1830 adolescents from Croatia confirmed a direct correlation between stress and life
satisfaction (Milas et al., 2021). More concretely, a longitudinal panel study with 5126 students (mean age:
15.47 years) from Switzerland found that perceived stress levels predicted a decrease in adolescents’ life
satisfaction (Burger & Samuel, 2017). The awareness that stress can negatively affect adolescents’ life
satisfaction is important because adequate life satisfaction and well-being in adolescence are key predictors
for the adjustment and well-being in adulthood (Patton et al., 2016).
It becomes apparent that life satisfaction in adolescence is crucial when looking at the consequences
of a low expression: Low levels of life satisfaction in adolescence increase the likelihood of mental health
problems and risky behavior, such as substance use (Gilman & Huebner, 2003; Zullig et al., 2001). A significant
decline in life satisfaction levels during adolescence makes this problem even more serious (Goldbeck et al.,
2007).
In order to gain a better understanding of the factors that may prevent a decrease in life satisfaction
as well as negative side effects associated with such a decrease, scholars have shown increasing interest in
identifying potential protective factors that might advance the development of resilience (Luthar et al., 2006).
Resilience represents a process where individuals show positive development, despite being exposed to
negative experiences. These individuals seem to be able to modify negative effects or risk factors through
protective factors (Luthar & Cicchetti, 2000). Therefore resilience research focuses on the identification of such
vulnerability and protective factors (Luthar, 2000). Grant et al. (2003) proposed that the relationship between
stress and psychopathology must be influenced by such factors, as there is high variability in how stress affects
individuals.
A large body of research, mostly with adults, has shown that physical activity can work as one of these
moderators, operating as a resilience factor (or stress buffer) on different physiological and psychological
health outcomes (Gerber & Pühse, 2009). Moreover, regular physical activity has been shown to improve the
overall quality of life directly (Warburton et al., 2006). There is evidence that physically active students score
significantly lower on stress and higher on happiness measures (Moljord et al., 2011), and that being physically
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active is associated with increased life satisfaction in adolescents across a multitude of different countries
(Grant et al., 2009).
Fuchs and Klaperski (2018) proposed a model in which physical activity can work as a stress buffer in
several ways. First, physically active people might simply be less likely to perceive situations as stressful.
Therefore, physical activity can prevent perceptions of stress. Second, physical activity can strengthen
personal and social resources such as self-efficacy or social support, which in turn can help reduce stress.
Third, physical activity may have an impact on psychological and/or physiological stress reactions. In this case,
stress-induced tension/anxiety or cortisol release are diminished after an acute physical activity episode or
after chronic exercise training. Fourth, physical activity can also result in a compensatory effect through
strengthening one's health directly. In this supposition, physical activity does not work as a stress buffer but
enhances health levels at baseline.
The second and third assumptions of Fuchs and Klaperski (2018) focus on the stress-buffering effects
of physical activity. There is abundant empirical evidence for this notion: For instance, a study with a Norwegian
subsample of the Health Behavior in School-aged Children Study (HBSC), with 1577 children aged between
11 and 15, showed that physical activity moderated the relationship between school-related stress and health
complaints (Haugland et al., 2003). Another representative survey study with 7232 Icelandic 8th and 9th graders
found that physical activity buffered the effect of family conflict on depressed mood (Sigfusdottir et al., 2011).
Furthermore, a Swiss study with pre-adolescent children (Mage = 7.27 years) showed that high levels of
cardiorespiratory fitness8 moderated the relationship between severity of life events and health-related quality
of life (Gerber et al., 2017).
Results are mixed, however, as some studies with adults and adolescents did not find a significant
stress-buffering effects (Gerber & Pühse, 2009). Moreover, many studies in this area, as presented above,
were based on cross-sectional data and focused on direct effects between physical activity, stress, and health
outcomes (Gerber et al., 2016; Gerber & Pühse, 2009). Hence, further moderating factors that might limit or
enhance the stress-buffering potential of physical activity have been largely ignored (Gerber et al., 2018). Yet
these factors are important when physical activity is recommended to reduce stress. One of these factors could
be the motivational regulation associated with physical activity behavior. Evidence from studies with adults
suggests that physical activity moderates the relationship between stress and burnout symptoms, and the
effect is even stronger if participants are intrinsically motivated (Isoard-Gautheur et al., 2019). However, to the
best of our knowledge, no studies have investigated the role of intrinsic motivation in the potential stressbuffering effect of physical activity during adolescence. Since stress levels are especially high in adolescence
(Schraml et al., 2011) and have been steadily increasing over the last decade (Högberg et al., 2020), it is
important to take a closer look at this relationship.
Deci (1975) assumed that intrinsically motivated activities are performed out of interest in the activity
itself rather than because of possible consequences or external rewards. In their Self-Determination Theory
(SDT), Ryan and Deci (2017) assumed that people have a general need for autonomy and self-determination.
They considered intrinsic motivation to be the most autonomous type of motivational regulation in their

8
Cardiorespiratory fitness in this study is defined as an indicator of endurance performance and was measured by a 20m run. In
comparison to physical activity which is “any bodily movement produced by skeletal muscles”, fitness presents “a set of attributes, that
are either health- or skill-related” (Caspersen et al., 1985).
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classification of different types of motivation. We claim that there are several reasons why intrinsic motivation
might enhance the stress-buffering effect of physical activity on life satisfaction. First, according to SDT,
intrinsic motivation is accompanied by positive feelings like fun, joy, and a feeling of efficacy (Ryan & Deci,
2017; Schüler, 2020), which are closely associated with the emotional component of subjective well-being
(SWB) (Diener et al., 1999; Gilman & Huebner, 2003). Applied to sports, evidence has shown that intrinsic
sport motivation predicted the level of positive affect, before, during, and even after physical activity (Schüler,
2020). Additionally accomplishing an intrinsically motivated activity has led to more feelings of being competent
and autonomous (Vallerand, 2007). Evidence from a nationally representative sample of 3273 Norwegian
adolescents aged 15 and 16 years has shown that experiencing these positive feelings during a leisure time
activity, like sports, has a positive effect on the well-being of adolescents (Leversen et al., 2012). Even though
life satisfaction and positive affect are seen as two different components of SWB (Diener et al., 1999), evidence
suggests that especially for adolescents with low life satisfaction levels, positive affect is highly important for
their life satisfaction (Proctor et al., 2010).
Second, intrinsic motivation might be particularly important during periods of heightened stress. The
presence of too many (potentially conflicting) demands is related to a further increase in stress levels (Schraml
et al., 2011). Non-autonomously regulated activities might be seen as demanding and therefore as an
additional source of distress or negative mood (Reis et al., 2000; Ryan et al., 1995). Third, intrinsically
motivated activities have a higher probability of being performed regularly and sustainably for a long time
(Gardner & Lally, 2013; Ryan & Deci, 2017; Teixeira et al., 2012).
Especially during adolescence, when physical activity levels tend to decline (Sallis et al., 2000),
intrinsic motivation might be a crucial factor for maintaining a physically active lifestyle. Recent evidence has
shown that intrinsic motivation was the only significant predictor of the daily physical activity levels of
adolescents (Kalajas-Tilga et al., 2019).
To sum up, intrinsic motivation is closely associated with stress, life satisfaction, and physical activity.
Especially the link to physical activity seems to be important because upon becoming a regular and sustainable
habit, the probability of a positive effect increases. There is some evidence that engaging in regular or daily
physical activity is beneficial for adolescent well-being (Poitras et al., 2016), but until now, empirical evidence
on differentiated effects of frequency is lacking (Biddle et al., 2019; Klaperski, 2018).
We used longitudinal data to investigate whether stress had a negative effect on life satisfaction over
time while controlling for baseline levels of life satisfaction. through the consideration of the baseline levels,
we will be able to detect a possible effect of stress on life satisfaction over time, independent of the individual
levels of life satisfaction. Further, we examined whether physical activity could buffer the effect of stress on life
satisfaction over time and whether this stress-buffering effect was strengthened when intrinsic motivation for
physical activity was high (see Figure 1).
Considering the literature presented above, we hypothesized that stress would have a negative effect
on adolescents’ life satisfaction (Hypothesis 1) (Burger & Samuel, 2017; Proctor et al., 2009) 10 months later,
that this negative relationship would be moderated by their level of physical activity (Hypothesis 2) (Gerber &
Pühse, 2009; Warburton et al., 2006), and that this moderating effect would be stronger if the participants were
intrinsically motivated to engage in physical activity (Hypothesis 3) (Leversen et al., 2012; Vallerand, 2007).
– Place Figure 1 here –

80 BEYOND THE RELATIONSHIP BETWEEN PHYSICAL ACTIVITY AND LIFE SATISFACTION

2. Material and methods
2.1. Participants
We used a subsample of the EPHECT (Effects of a Physical Education-based Coping Training) study.
Students were recruited from two vocational training schools in Switzerland. They provided informed consent
and confidentiality was guaranteed. For students under 18 years, written parental consent was obtained. The
local ethics committee approved the study.
The assessment was conducted by two research assistants during a curricular physical education
lesson in a group setting. Participants completed a battery of questionnaires over a 10-month period (Time 1
(T1): September/October 2010, Time 2 (T2): May/June 2011), at the beginning and the end of an academic
year. Intrinsic motivation was only assessed at T1, whereas all the other variables were assessed at both
measurement points. A total of N = 1242 students participated in the T1 data assessment. Thereof, 378
dropped out by the time of the second data assessment. They showed slightly more stress at baseline (F (1,
1242) = 5.31, p < .05), but no differences in physical activity, life satisfaction, or intrinsic motivation levels. A
further 312 students took part in only the T2 data assessment and were therefore excluded. This resulted in a
final sample of N = 864 (Mage = 17.8 years; range: 16–25 years; 43% female). Although the sample was less
than 50% female, it was representative of the sex distribution among students in vocational training in
Switzerland (Bundesamt für Statistik, 2019).

3. Measures
3.1. Physical activity
Physical activity was measured with the short form of the International Physical Activity Questionnaire
(IPAQ-SF) (Craig et al., 2003). Students were asked how many days in the last week they were vigorously or
moderately physically active for at least 10 minutes. They were given examples of vigorous-intensity sports or
exercises (defined as movements causing one to work up a sweat), such as jogging, biking, or playing soccer.
Examples of moderate-intensity sports or exercises (defined as movements causing one to be just a little short
of breath) were dancing, table tennis, or cycling at an easy pace. In our analyses, vigorous and moderate
physical activities were treated as separate variables. Additionally, we combined these two variables to
generate an overall moderate-to-vigorous physical activity index.
3.2. Intrinsic motivation
We assessed intrinsic motivation with three items of the Self-Concordance of Sport- and ExerciseRelated Goals Scale (Seelig & Fuchs, 2006), a German questionnaire that assesses different motivational
regulations of physical activity participation. In this study, only the three items of the intrinsic motivation scale
were used. Students had to evaluate statements such as “I simply enjoy doing sports” on a 4-point Likert scale
ranging from 1 (incorrect) to 4 (correct). The items showed good internal consistency (Cronbach’s ⍺ = .91) and
were added to a sum score.
3.3. Life satisfaction
Life satisfaction was measured with three items of the Satisfaction With Life Scale (SWLS) (Pavot &
Diener, 2008), which were translated into German (for more information about the used items see: Gerber et
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al.,2013). The students were asked to answer questions such as “In most ways, my life is close to my ideal”
on a 7-point Likert scale ranging from 1 (completely incorrect) to 7 (completely correct). The three items
showed good internal consistency (Cronbach’s ⍺ = .77) and were added to a sum score.
3.4. Perceived stress.
To measure perceived stress, participants answered a German version of the Adolescent Stress
Questionnaire (ASQ) (Byrne et al., 2007), which assesses 10 facets of perceived stress, such as stress of
home life, school performance, peer pressure, romantic relationships, or emerging adult responsibility.
Because of time constraints, we selected 30 of the 58 items of the original questionnaire (those with the highest
factor loadings, see: Gerber et al. 2013) (Byrne et al., 2007). Responses were structured in reference to the
past year and were assessed on a 5-point Likert scale ranging from 1 (not stressful at all) to 5 (very stressful).
The 30 items showed good internal consistency (Cronbach’s ⍺ = .90) and were added to a sum score.
3.5. Statistical analysis
First, descriptive and bivariate correlation analyses were conducted with all main study variables.
Since empirical evidence points to sex and age differences in physical activity (Sallis et al., 2000) and life
satisfaction (Goldbeck et al., 2007), we included age and sex as covariates to ensure that effects would be
independent of participants’ age and sex. Further, we controlled for baseline life satisfaction levels in the
prospective analyses.
To test the moderating effect of physical activity and intrinsic motivation on the relationship between
stress and life satisfaction, we used conditional process modeling to examine three-way interactions. More
specifically, we calculated a moderated moderation (Model 3) using the PROCESS macro developed by Hayes
(2017) in SPSS. PROCESS estimates the best fitting ordinary least squares regression model and examines
the interactions. To test the conditional interaction effects, the Johnson–Neyman technique was used.
Before being entered into the regression model, the independent variable (perceived stress),
moderator variables (physical activity and intrinsic motivation), and control variables (age and sex of the
participants) were mean-centered. The results of the regression models are presented as unstandardized
regression coefficients (b), standard errors, and P values. To interpret the three-way interaction effects, we
used simple slope analyses and the plotting procedures from Dawson and Richter (2006). To this end, the
moderator variables were divided into high (+1 SD) and low (-1 SD) categories. The level of significance was
set at P < .05 across all analyses.

4. Results
4.1. Descriptive statistics and bivariate correlations
Table 1 shows the sample characteristics of the main study variables, including means, standard
deviations, and the minimal and maximal values.
– Place Table 1 here –
Table 2 presents the bivariate correlations between the investigated variables. Stress at baseline was
negatively correlated with life satisfaction 10 months later. Stress was also negatively correlated with all
physical activity indices. A strong positive correlation was found between intrinsic physical activity motivation
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and life satisfaction. A stronger positive correlation was found for vigorous physical activity and intrinsic
motivation than for moderate physical activity. Further, boys reported higher levels of physical activity than
girls, whereas age was negatively correlated with moderate and overall physical activity levels.
– Place Table 2 here –
4.2. Moderated moderation for vigorous physical activity
As shown in Table 3, the moderated moderation model revealed that baseline stress significantly
predicted life satisfaction levels 10 months later (b = -.027, SE = .007, P < .01). Significant main effects showed
that boys perceived higher life satisfaction (b = -.433, SE = .223, P = .053) than girls, and that follow-up life
satisfaction scores were predicted by initial baseline scores (b = .454, SE = .031, P < .01). Furthermore, it was
found that intrinsic motivation was associated with higher life satisfaction (b = .155, SE = .047, P < .001).
Although none of the two-way interactions were significant, a significant three-way interaction effect was
observed (b = .003, SE = .001, P = .022). The Johnson-Neyman technique showed that the relationship
between stress, life satisfaction, and vigorous physical activity was significant when intrinsic motivation was at
least 1.63. More concretely, 34.3% of the cases in our data had values above the Johnson-Neyman point. In
total, the model explained 28% of the variance in life satisfaction.
– Place Table 3 here –
4.3. Simple slope analyses for vigorous physical activity
Simple slope analyses were used to decompose the three-way interaction of stress, physical activity,
and intrinsic motivation (see Figure 2) when predicting adolescents’ life satisfaction. As can be seen in Figure
2, life satisfaction and stress were inversely related, with higher levels of perceived stress resulting in lower
ratings of life satisfaction. This was true when adolescents showed lower vigorous activity levels, regardless
of their level of intrinsic motivation. However, this inverse relationship was attenuated when adolescents
showed higher vigorous activity levels and higher intrinsic motivation (b = -.009, P = .465), indicating that under
these conditions, the negative effect of stress on life satisfaction can be buffered. Therefore, it seems that
vigorous physical activity was a significant moderator of the relationship between stress and life satisfaction
when intrinsic motivation was 1 SD above the mean (b = .010, P =.022). By contrast, when intrinsic motivation
was 1 SD below the mean (b = -.003, P = .521), vigorous physical activity did not moderate the relation between
life satisfaction and stress.
– Place Figure 2 about here –
Results further show that life satisfaction was predicted by stress levels at high levels of vigorous
physical activity and low levels of intrinsic motivation (b = -.032, P = .013) and at low levels of vigorous physical
activity and high levels of intrinsic motivation (b = -.048, P < .001). These results indicate that if either the
vigorous physical activity or intrinsic motivation level was low, the level of life satisfaction decreased under
high-stress compared to low-stress perceptions. Slope difference tests further showed significant differences
between the high physical activity–high intrinsic motivation slope and the low physical activity–high intrinsic
motivation slope (t(864) = 2.214, P = .027).
4.4 Moderated moderation analyses for moderate and overall physical activity
As shown in Table 3, with regard to moderate and overall physical activity, no significant main effects
or two- or three-way interactions were observed.
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5. Discussion
We investigated whether physical activity can buffer the negative effect of stress on life satisfaction in
adolescents and whether intrinsic motivation strengthens this stress-buffering effect. In line with previous
research (Proctor et al., 2009), we found that stress predicted life satisfaction levels 10 months later. As
expected in our first hypothesis, stress led to lower life satisfaction levels in adolescents, even after controlling
for baseline life satisfaction. This result suggests that efforts to understand possible stress-buffering processes
are indicated.
We then tested whether physical activity moderates the relationship between stress and life
satisfaction. Contrary to our second hypothesis, we did not find a significant two-way interaction effect of stress
and physical activity on life satisfaction for moderate, vigorous, or overall physical activity. Hence, our data
appear not to support the notion that physical activity worked as a stress buffer in our sample. This is in line
with another study with a slightly younger sample of Swiss adolescents, in which no significant moderating
effect of physical activity on the relationship between stress and mental health was found (Gerber & Pühse,
2008). One reason for the non-significant result could be that we investigated the stress-buffering effect on life
satisfaction specifically. Studies that supported a stress-buffering effect of physical activity in adolescents
investigated other outcome variables such as depression or health complaints (Haugland et al., 2003;
Sigfusdottir et al., 2011). In line with this, a recent study with young adolescents has shown that physical
activity is more related to feeling happy, which represents the affective component of well-being, whereas life
satisfaction represents a cognitive component (Casas et al., 2020). Therefore it is possible that the effect of
physical activity on life satisfaction is smaller than on positive affect. This may mean that physical activity may
not sufficiently buffer decreases in life satisfaction caused by increased stress.
Another reason could be that there are amplifying or weakening factors that affect the stress-buffering
effect of physical activity on life satisfaction that, if not disentangled, obfuscate the potential stress-buffering
effect. In keeping with this suggestion, our third hypothesis assumed that intrinsic motivation would moderate
the stress-buffering effect of physical activity on life satisfaction.
Indeed, and in line with Hypothesis 3, our results show that the stress-buffering effect of physical
activity occurred only if both the physical activity and the intrinsic motivation levels were high. These results
suggest that intrinsic motivation is a key ingredient and should be considered more thoroughly when studying
the stress-buffering effects of physical activity.
This effect can be explained by the positive feelings that occur through intrinsic motivation: Vallerand
(2007) found that intrinsic motivation in sports predicted the subsequent positive affect. Moreover, adolescents
seem to choose activities that make them feel autonomous and self-determined (Vallerand, 2007). It is widely
accepted that self-determination is a central aspect of development during adolescence and important for
positive adaptation (Soenens et al., 2017) and that autonomy is a concept closely associated with life
satisfaction (Ryan & Deci, 2000). There is also evidence that self-determination and control beliefs have
beneficial stress-buffering effects on depressive symptoms in adolescents (Deardorff et al., 2003; HermanStahl & Petersen, 1999), which are known to be closely and inversely associated with life satisfaction (Moksnes
et al., 2016).
Our results suggest that intrinsic motivation is crucial when it comes to the beneficial effects of physical
activity. Therefore, it seems important that practitioners try to enhance intrinsic motivation in adolescents. In
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their practitioner’s guide Kilpatrick et al. (2002) highlighted that intrinsic motivation in physical activity can be
enhanced for example by promoting process goals, providing a choice of activities, or providing a rationale for
activities and explaining why a specific activity was selected. All this can help to develop satisfaction and
autonomy related to physical activity and reduce pressure. Kilpatrick et al. (2002) further pointed out that the
use of rewards should be chosen very carefully since external rewards can undermine intrinsic motivation. As
a consequence, rewards should only be used for new activities and only during a short period of time. Seifert
et al. (2012) added that to enhance people’s physical activity it is important to first identify personal intentions
and benefits derived from the activity. Further, in line with SDT, he proposed, that it is helpful to promote selfmastery through teaching how to get more personal control over one’s behavior. He also added that supporting
the individual’s creative process through giving them more space to participate and choose would be helpful
to enhance physical activity behavior.
These kinds of SDT interventions, which focus on increasing feelings of enjoyment and personal utility,
have been shown to have positive effects not only on autonomous motivation directly, but also on different
kinds of health behaviors (Ntoumanis et al., 2020).
This study underlines not only the importance of intrinsically motivated activities, but especially their
importance during adolescence. A period during which there are many extrinsic reasons to discontinue all
different forms of physical activity: Adolescent girls have reported a lack of time, feelings of incompetence, or
concerns about appearance while playing sports as reasons to quit or reduce physical activity (Slater &
Tiggemann, 2011). Also, adolescent boys have reported that the way their bodies look to others prevents them
from participating in sports (Allison et al., 2005). Because intrinsic motivation leads to regular participation in
physical activity (Gardner & Lally, 2013; Ryan & Deci, 2017; Teixeira et al., 2012), it seems even more
important to encourage adolescents’ intrinsic motivation for and autonomous interest in physical activity. This
could make them more resistant to giving up physical activity, which in turn increases the probability of
benefiting from it.
Furthermore, our results show that only vigorous physical activity buffers the effects of stress on life
satisfaction in this sample of adolescents. We did not find any significant effects relating to moderate physical
activity or both combined. This is in line with research showing that vigorous physical activity has mental health
benefits (Gerber et al., 2014) and a positive effect on perceived stress (VanKim & Nelson, 2013) beyond that
of moderate physical activity. The intensity of the activity seems to be especially important with regard to the
well-being of adolescents. For instance, a recent study showed that higher levels of vigorous physical activity
were associated with more positive affect in a large sample of Australian eighth graders (mean age: 13 years),
whereas moderate physical activity was not associated with well-being (Costigan et al., 2019). Moreover,
leisure-time vigorous-intensity physical activity proved to be the only physical activity variable to be significantly
associated with life satisfaction among university students (Pedišić et al., 2015).
The present study has several strengths. First, we used a longitudinal study design. Therefore, we
could investigate the potential directions of the effects and control for baseline levels. Consequently, we can
make assumptions on the changes in life satisfaction over time. Second, our sample was large and we used
standardized and reliable measurement instruments. Third, we used three-way interactions and simple slope
analyses, which allowed us to identify the interaction between stress, physical activity, and intrinsic motivation
and therefore better explain under which conditions physical activity can buffer the negative effects of stress.

APPENDIX C: STUDY 3

85

Limitations include the restriction in the selection of the sample, as it consisted only of vocational
students from two schools in Switzerland. The focus on self-reported data represents a further limitation as it
may have introduced a recall or social desirability bias. Moreover, concerning physical activity, specifying only
the number of days on which adolescents were physically active could have led to a loss of variance.
To address these issues from a methodological perspective, further research could focus on objective
measurements of physical activity. The additional use of accelerometry could detect potential differences
between objectively assessed and self-reported physical activity. We also think that further research should
focus more closely on motivational aspects when examining the stress-buffering potential of physical activity.
Additionally, investigations should extend to vulnerability factors in addition to other protective factors. One
such vulnerability factor could be socially induced motivation for physical activity, such as peer pressure or
body image concerns, which might weaken the stress-buffering effect of physical activity.

6. Conclusion
This study highlights the close relationship between adolescents' stress perceptions and their
satisfaction with life. Our study shows that high levels of physical activity can attenuate the harmful effects of
stress on life satisfaction, at least to some extent, and only if physical activity is intrinsically motivated. Hence,
thought should be given to creating intervention programs that not only increase adolescents' physical activity
levels but also ensure that vigorous physical activities are perceived as intrinsically motivating.
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Table 1. Sample Characteristics
Variable

Mean

SD

Min

Max

Stress

69.54

18.02

30

122

MVPA

5.11

3.25

0

14

MPA

2.50

2.05

0

7

VPA

2.61

1.87

0

7

IM

8.86

2.69

3

12

LSt1

14.66

3.43

3

21

LSt2

14.55

3.42

3

21

Abbreviations: IM, intrinsic motivation; LST1, life satisfaction at Time 1 (baseline); LST2, life satisfaction at Time
2; MPA, days with moderate physical activity for at least 10 minutes in one week; MVPA, sum of days with
moderate or vigorous physical activity for at least 10 minutes in one week; VPA, days with vigorous physical
activity for at least 10 minutes in one week.
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Table 2. Bivariate Correlations (Pearson, two-tailed) Between Key Variables
Variable

1

2

3

4

5

6

7

8

1. Stress

1

2. MVPA

-.111**

1

3. MPA

-.106**

.846***

1

4. VPA

-.077*

.812***

.376***

1

5. IM

-.115**

.495***

.273***

.562***

1

6. LST1

-.342***

.166***

.160***

.113**

.196***

1

7. Sex

-.183***

.305***

.149***

.366***

.367***

.092**

1

8. Age

-.012

-.135***

-.173***

-.046

-.045

-.051

-.005

1

9. LST2

-.261***

.106**

.090**

.086*

.184***

.505***

.038

-.004

9

1

Abbreviations: IM, intrinsic motivation; LST1, life satisfaction at Time 1 (baseline); LST2, life satisfaction at Time
2; MPA, days with moderate physical activity for at least 10 minutes in one week; MVPA, sum of days with
moderate or vigorous physical activity for at least 10 minutes in one week; VPA, days with vigorous physical
activity for at least 10 minutes in one week; sex: boys = 1, girls = 0.
*

P < .05. **P < .01. ***P < .001

-0.433

0.043

0.454

-0.027

-0.022

0.155

0.004

-0.001

0.032

0.003

.281

33.346***

Sex

Age

LST1

Stress

PA

IM

Stress × PA

Stress × IM

PA × IM

Stress × PA × IM

R2

F

0.001

0.021

0.002

0.004

0.047

0.067

0.007

0.031

0.075

0.223

1.453

2.291

1.521

-0.205

0.988

3.294

-0.323

-4.038

14.442

0.575

-1.936

105.984

.022

.129

.838

.323

<.001

.747

<.001

<.001

.566

.053

<.001

32.455***

.276

0.001

0.022

0.000

0.001

0.147

-0.012

-0.021

0.451

0.045

-0.405

7.328

0.001

0.019

0.002

0.003

0.042

0.052

0.007

0.032

0.077

0.220

1.471

SE

0.753

1.181

-0.458

0.350

3.502

-0.363

-3.335

14.282

0.588

-1.842

4.983

t

.452

.238

.647

.726

<.001

.717

<.001

<.001

.557

.066

<.001

P

33.056***

.279

0.001

0.020

0.000

0.002

0.157

-0.011

-0.025

0.451

0.039

-0.405

7.397

b

0.001

0.012

0.002

0.002

0.045

0.037

0.007

0.032

0.076

0.221

1.461

SE

1.865

1.724

-0.146

0.846

3.485

-0.288

-3.770

14.317

0.515

-1.835

5.064

t

Overall physical activity

.063

.085

.884

.398

<.001

.773

<.001

<.001

.607

.067

<.001

P

boys = 1, girls = 0. ***P < .001.

Abbreviations: IM, intrinsic motivation; LST1, life satisfaction at time 1 (baseline); PA, days with physical activity for at least 10 minutes in one week; sex:

15.832

P

b

t

b

SE

Moderate physical activity

Vigorous physical activity

Intercept

Variable

Separately for Vigorous, Moderate, and Overall Physical Activity

Table 3. Conditional Process Model With Life Satisfaction as Dependent Variable and Physical Activity and Intrinsic Motivation as Moderators,
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Life Satisfaction

Stress

(T2)

(T1)

Intrinsic Motivation
(T1)

Physical Activity
(T1)

Figure 1. The three-way interaction of stress, physical activity, and intrinsic motivation on life satisfaction. T1,
Time 1; T2, Time 2.

Figure 2. Three-way interaction of stress, vigorous physical activity, and intrinsic motivation.
Note. Low- and high-stress categories include values 1 SD above and below the mean. Vig, vigorous.

-0.000

0.033

Stress × IM

PA × IM

Stress × PA × IM 0.002

.325

0.001

.003 0.123

.028

.116

40.027***

.272

0.001

0.024

0.002 -0.164 .870 0.001

0.004 0.985

0.046 2.965

0.065 -0.766 .444 -0.028

0.007 -3.794 <.001 -0.019

t

P

b

0.001 0.805

.421

0.019 1.277 .202

0.002 0.484 .629

0.003 0.465 .642

40.797 ***

.276

0.001

0.021

0.000

0.002

0.137

.591 -0.022

.002 -0.023

0.040 3.077 .002

0.052 -0.538

0.006 -3.128

0.032 14.321 <.001 0.453

0.475 16.602 <.001 7.840

SE

t

P

0.001 1.847

0.012 1.783

0.002 0.151

0.002 0.907

0.044 3.142

.065

.075

.880

.365

.002

0.036 -0.625 .532

0.007 -3.566 <.001

0.032 14.379 <.001

0.474 16.553 <.001

SE

Overall physical activity

= 1, girls = 0. **P < .001.

Abbreviations: IM, intrinsic motivation; LST1, life satisfaction at time 1 (baseline); PA, days with physical activity for at least 10 minutes in one week; sex: boys

41.077***

0.004

Stress × PA

F

0.137

IM

.277

0.001 2.197

-0.050

PA

R2

0.021 1.574

-0.025

Stress

0.031 14.476 <.001 0.453

0.454

LST1

0.474 16.476 <.001 7.885

7.806

P

b

t

b

SE

Moderate physical activity

Vigorous physical activity

Intercept

Variable

for Vigorous, Moderate, and Overall Physical Activity (without Covariates Age and Sex)

Table S1. Conditional Process Model With Life Satisfaction as Dependent Variable and Physical Activity and Intrinsic Motivation as Moderators, Separately
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Table S2. Frequencies of moderate physical activity.
Active Days/week

Frequency

Percent

0

164

19.0

1

165

19.1

2

159

18.4

3

130

15.0

4

88

10.2

5

73

8.4

6

29

3.4

7

56

6.5

Total

864

100

Note: Active Days are days with a minimum of 10minutes of moderate physical activity.

Table S3. Frequencies of vigorous physical activity.
Active Days/week

Frequency

Percent

0

128

14.8

1

147

17.0

2

159

18.4

3

162

18.8

4

131

15.2

5

73

8.4

6

29

3.4

7

35

4.1

Total

864

100

Note: Active Days are days with a minimum of 10minutes of vigorous physical activity.
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