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Swedish adolescent life 

A physical activity perspective on resilience, socioeconomic status and 
academic achievement 

Johan Dahlstrand 

School of Public Health and Community Medicine, Institute of Medicine 
Sahlgrenska Academy, University of Gothenburg 

Gothenburg, Sweden 

ABSTRACT 
This thesis is primarily motivated by the increasing mental health problems 
(MHPs) among adolescents in Sweden. In addition, it addresses three 
secondary related challenges in adolescent life: insufficient physical activity; 
socioeconomic disparities; and poor academic achievement. The overall aim 
of this thesis is to provide in-depth knowledge of adolescent stress and health, 
with special emphasis on physical activity. 

Using data from the Study of Adolescence Resilience and Stress (STARS) and 
linked register data, this thesis examined interrelations between physical 
activity, MHPs, cardiovascular risk factors, coping strategies, socioeconomic 
conditions, and academic achievement. In Paper I, partial least squares 
regression showed that while all intensities of physical activity were negatively 
associated with cardiovascular risk factors, and sedentary time was positively 
associated with these risk factors, only higher-intensity physical activity was 
negatively associated with MHPs. In Paper II, mediation analysis identified the 
coping strategy “shift-persist” as a pathway linking out-of-school physical 
activity (oosPA) to lower levels of MHPs. In Paper III, linear regression 
demonstrated social gradients in MHPs by income and parents’ level of 
education, and mediation analysis within the potential outcomes framework 
indicated that higher-intensity oosPA mediated this association, at least among 
girls. In Paper IV, linear and logistic regression using generalised estimating 
equations, with school specified as the clustering variable, showed that MHPs 
contributed to a social selection process in academic achievement. Higher-
intensity oosPA did not moderate this association.  
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Together, these findings highlight the importance of ensuring that adolescents 
engage in physical activity, including aerobic physical activity, and that in 
particular girls from socioeconomically disadvantaged backgrounds have 
opportunities for out-of-school aerobic exercise. Additionally, there is a need 
to identify factors that promote resilience to stress related to academic 
achievement. 

Keywords: adolescents, mental health, cardiovascular risk factors, physical 
activity, coping strategy, socioeconomic disparities, academic achievement 
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SAMMANFATTNING PÅ SVENSKA 
Den här avhandlingen tar sin utgångspunkt i ökningen av psykiska besvär 
bland ungdomar i Sverige. Den behandlar också tre närbesläktade utmaningar 
i ungdomars liv: för lite fysisk aktivitet, socioekonomiska skillnader och svaga 
skolresultat. Syftet är att ge en fördjupad förståelse för ungdomars stress och 
hälsa, med särskilt fokus på fysisk aktivitet. 

Studien bygger på data från forskningsprojektet STARS (Study of 
Adolescence Resilience and Stress) samt kopplade registerdata. Här undersöks 
hur fysisk aktivitet hänger ihop med psykisk hälsa, riskfaktorer för hjärt-
kärlsjukdom, sätt att hantera stress, socioekonomiska villkor och 
skolprestationer. 

Resultaten visar bland annat att all fysisk aktivitet hänger samman med bättre 
fysisk hälsa (lägre riskfaktorer för hjärt-kärlsjukdom), medan stillasittande är 
kopplat till sämre fysisk hälsa. Däremot var det bara högintensiv fysisk 
aktivitet som tydligt hängde ihop med färre psykiska besvär. 

Vidare visade studien att en särskild coping-strategi – att kunna anpassa sig till 
svåra situationer men samtidigt hålla fast vid långsiktiga mål, så kallad “shift-
persist” – kan vara en förklaring till varför fysisk aktivitet på fritiden hänger 
ihop med bättre psykisk hälsa. 

Studien fann också tydliga sociala skillnader: ungdomar från familjer med 
lägre inkomst och utbildningsnivå hade mer psykiska besvär. Särskilt för 
flickor verkade högintensiv fysisk aktivitet på fritiden delvis kunna förklara 
denna skillnad. 

Slutligen visade resultaten att psykiska besvär kan påverka skolresultat 
negativt, vilket bidrar till att förstärka den sociala selekteringen i utbildning. 
Däremot verkade inte högintensiv fysisk aktivitet på fritiden kunna förändra 
detta samband. 

Sammantaget understryker resultaten hur viktigt det är att ungdomar rör på sig 
– särskilt att de får möjlighet till mer intensiv och pulshöjande aktivitet. Det är 
extra viktigt att flickor från socioekonomiskt utsatta grupper får sådana 
möjligheter. Dessutom behövs mer kunskap om vad som kan stärka ungdomars 
motståndskraft mot stress kopplad till skolresultat. 
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ABBREVIATIONS 
ADHD Attention deficit hyperactivity disorder 

BMI Body mass index 

FAS Family Affluence Scale 

HBSC Health Behaviour in School-aged Children 

LPA Light physical activity 

MET Metabolic equivalent of task 

MPA Moderate physical activity 

MVPA Moderate to vigorous physical activity 

OECD Organisation for Economic Co-operation and Development 

PA Physical activity 

PISA Programme for International Student Assessment 

SED Sedentary time 

SES Socioeconomic status 

STARS Study of Adolescence Resilience and Stress 

VPA Vigorous physical activity 

WHO World Health Organization 
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DEFINITIONS IN SHORT 
Adolescence The period in life between ages 10 years and 

19 years, according to the WHO. This thesis 
will use the broader age span 10 years to 24 
years, which has been used by the Lancet 
Commission on Adolescent health and 
wellbeing, and others. 

Cardiovascular risk factors Characteristics that increase the likelihood 
of developing cardiovascular disease, such 
as hypertension and obesity. 

Interaction effect When the combined effect of two variables 
on an outcome differs from the sum of their 
individual effects, often indicating that the 
effect of one exposure depends on the level 
of another. 

Mediation A process in which the association between 
an exposure and an outcome is explained by 
an intermediate variable that transmits part 
or all the effect. 

Mental health problems A broad range of psychological and 
psychosomatic difficulties affecting 
emotional, cognitive, and behavioural 
functioning, including symptoms such as 
anxiety, depression, perceived stress, and 
psychosomatic symptoms. 

Moderation A process in which the strength or direction 
of the relationship between an exposure 
variable and an outcome variable varies 
depending on the level of a third variable (a 
moderator). 

Perceived stress An individual’s subjective appraisal of the 
extent to which situations in their life are 
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experienced as unpredictable, 
uncontrollable, and overwhelming. 

Physical activity Any movement produced by skeletal 
muscles that results in energy expenditure, 
including structured exercise and everyday 
activities. 

Psychosomatic symptoms Physical symptoms, such as headaches or 
stomach aches, and psychological 
symptoms, such as feeling tense and low. 

Sedentary time Time spent awake in sitting or reclining 
behaviours with low energy expenditure. 

Social causation The process by which socioeconomic and 
social conditions influence health outcomes, 
whereby social disadvantage increases 
exposure to risk factors and leads to poorer 
health. 

Social gradient A graded relationship in which individuals 
with lower socioeconomic position 
experience progressively worse health 
outcomes compared to those with higher 
status. 

Social selection The process whereby individual health 
status influences subsequent social position, 
for example through effects on academic 
achievement, or labour market participation. 

Socioeconomic status A multidimensional measure of an 
individual’s or family’s social and economic 
position, typically based on education, 
income, and occupation. 

 

Johan Dahlstrand 

1 

PURPOSE AND ADDED VALUE 
The primary challenge this thesis is based on, are the increasing mental health 
problems observed among adolescents in Sweden. In parallel, this thesis also 
relates to three secondary challenges in adolescent life; increasing income 
inequalities; poor academic achievement; and insufficient physical activity.  

What was already known on this topic 

• Adolescent physical activity has been associated with lower 
cardiovascular risk factors and lower levels of mental health problems, 
though the optimal intensities remain under debate. 

• Psychosocial mechanisms have been found to mediate the association 
between adolescent physical activity and mental health problems, 
while possible neurobiological and behavioural mechanisms (e.g. self-
regulating skills and coping) remain less explored. 

• A social gradient in mental health problems among adolescents has 
been established, but the underlying mechanisms are still unclear. 

• Various forms of social selection in academic achievement among 
adolescents have been established, but the factors that may buffer this 
process are not yet fully understood. 

What this thesis adds 

• While a broad range of intensities of physical activity are associated 
with lower levels of cardiovascular risk factors, only higher-intensity 
physical activity are associated with lower levels of stress and 
psychosomatic symptoms. 

• Coping strategies “shift-persist” are a pathway for the association 
between out-of-school physical activity and stress or psychosomatic 
symptoms. 

• Higher-intensity out-of-school physical activity partially mediate the 
social gradient in adolescents’ stress and psychosomatic symptoms, 
especially among females. 

• Higher-intensity out-of-school physical activity does not moderate the 
social selection in adolescents’ academic achievement. 
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Implications for practice and research 

• Recommendations for adolescents should emphasise aerobic physical 
activity as a means of preventing mental health problems. 

• Access to out-of-school physical activity should be ensured, especially 
for female adolescents from backgrounds with low socioeconomic 
status. 

• Further research should investigate factors that may buffer the social 
selection process linking mental health problems to lower subsequent 
academic achievement. 

Johan Dahlstrand 

3 

INTRODUCTION 

ADOLESCENT HEALTH 
Adolescence is a key developmental phase, where capabilities and resources 
of the individual are determined (1). The World Health Organization (WHO) 
defines “young people” as between 10 and 24 years of age, with “adolescents” 
as individuals between 10 years and 19 years, partially overlapping the period 
“youth”, which is referred to as between 15 to 24 years (2). Others have defined 
adolescence in accordance with the WHO’s definition of young people, 10-24 
years (1, 3). This dissertation will be inclusive and use the broader scope of 
10- to 24-year-olds when referring to adolescence. In 2025, the global 
population of 10- to 19-years-old was estimated at 1.3 billion people (4), and 
that of 10- to 24-years-old at almost 2 billion (3), or about 1 in 4 human beings. 

* 

Health may be defined by objective criteria, self-assessment or even societal 
norm (5). The focus of this thesis is adolescent mental health problems, while 
also considering cardiometabolic health.  

The term “mental health problems” is used here to encompass the two 
indicators applied in all four papers, namely perceived stress and 
psychosomatic symptoms. These constructs reflect related dimensions of 
mental health, with evidence demonstrating a strong association between 
perceived stress and psychosomatic symptoms (6), similar to the well-
established link between stress and depression (7).  

The term stress was popularised by Hans Selye in the 1930s, to define a bodily 
response to a stressor, for instance, a psychosocial challenge (5). Others have 
subsequently questioned and developed the original concept, including the idea 
of generalised responses independent of the type of stressor (5). Nowadays, 
stress is linked to individual responses to stressors (5), and may be referred to 
as “The psychological and physiological responses that arise in reaction to 
external or internal stressors, which consequently give rise to functional 
alterations of a potentially pathological nature.” (5).  

There is a distinction between positive and negative stress, referred to 
originally as eustress and distress (5). During human evolution, a certain 
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degree of positive stress, making the individual cautious in a risk-prone 
environment, has benefited survival. Negative stress occurs when pressure is 
relatively high, and control is relatively low (8).   

Stress is activated in the development of psychosomatic symptoms through 
three pathways: external information from eyesight and hearing network, 
through insula towards cingulum and amygdala; external information by 
thalamus directly to amygdala without passing the cerebral cortex; and, 
cingulum and amygdala activated by feelings, consciousness, thoughts, and 
memories of external events, without new external information (8). Several 
factors are typically at play, in complex, non-linear processes (8). 

The point of departure for this thesis has been the theoretical framework of the 
stress process, originally conceptualised by Leonard Pearlin (9). The main aim 
and contribution of the model were to combine sources, mediators and 
manifestations of stress. These are found in the individual’s background, 
societal context and inner capacity, and together form the process of stress. 
Eventful experiences, life strains and self-concepts are all designated as part of 
sources of stress, while social support and coping are mediating resources, 
according to the model. This framework has subsequently been developed by 
others, including efforts to adapt it to children and adolescents (10).  

The onset of physical illnesses typically occurs later in the life cycle, often long 
after adolescence. In contrast, the onset of mental illnesses peaks already 
around age 15 (11), as adolescent mental health problems increase throughout 
adolescence (12).  

Both the internal biological transformation of the adolescent and the external 
environmental contexts determine mental health in adolescence (3). Focus 
group discussions performed in various countries around the world showed 
that mental health challenges are shaped by a range of factors, many of which 
could have negative and positive effects on mental health. This was apparent 
for family, school, peers, and digital environments (13). 

Mental ill health is the largest risk factor for the health and well-being of young 
people, with implications not only for productivity (11) but also for the 
subsequent generation (14).  

Johan Dahlstrand 

5 

PREVALENCE AND TREND 
Global estimates of disability adjusted life years for adolescents rank mental 
disorders and expressions of distress as the largest cause of disease burden (3). 

There is a lack of trend data and analyses in many countries (3), but recent 
efforts to estimate the global trend suggest increasing levels of mental 
disorders since the 1990s, especially in wealthier countries (15, 16). In high-
income countries with data collection catering to the needs of robust trend 
analyses, a secular deterioration in mental health has been reported for decades 
(3, 11, 17), with a pronounced increase in many countries during recent years 
(18). 

Globally, girls report higher levels of psychosomatic symptoms than boys (18). 
The gender gap in these symptoms has been increasing in both absolute and 
relative terms (19). When comparing this gap in 43 countries, it was shown 
that the increase was stronger in more gender-equal countries, and that this was 
due to increasing school pressure among girls (20).  

Through focus group discussions with adolescents around the world, a study 
found that there are many gender norms affecting adolescents negatively. Girls 
perceived strong external pressure and scrutiny to adhere to stereotypical 
feminine traits, including being fragile and sensitive, but also beautiful. Gender 
norms for boys were related to masculinity and emphasised strength and 
independence, and not to show emotions. These gender norms had major 
impacts on both girls and boys (21), but no assessment was found as if these 
norms affect girls more than boys. Additionally, some norms were consistent 
across contexts, while others were connected to specific cultures (21), which 
could explain that the gender gap could vary depending on context. 

* 

This thesis is based on data from Sweden, a high-income country with a 
welfare system dating back decades. As in many other countries, there have 
been indications of increasing mental health problems in Sweden. The Public 
Health Agency of Sweden, coordinating the Swedish section of the Health 
Behaviour in School-Aged Children (HBSC) study, report a secular increasing 
trend in psychosomatic symptoms since the start in the mid-1980s (12). HBSC 
reports on 11-, 13- and 15-year-olds. Older adolescents and young adults show 
a similar pattern. Between 2007 and 2018, Swedish Agency for Youth and 
Civil Society reported a 15-percentage point increase in the share of 16- to 29-
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year-olds self-assessing to be frequently feeling stressed (22). The national 
helpline for children and adolescents up to 18 years in Sweden, operated by 
the civil society organisation Bris—Children’s Rights in Society—reported 
that almost half of all contacts in 2025 related to mental health problems. 
Furthermore, contacts on that topic has increased by 111% since 2020, with 
mental health problems including depression, diagnoses, low mood, self-harm, 
suicide, anxiety and eating disorder (23).  

In Sweden, as elsewhere, mental health problems such as psychosomatic 
symptoms are more prevalent among girls (12, 24). This gender difference is 
also apparent among older adolescents and young adults, including differences 
in perceived stress and satisfaction with mental health (22).  

In high-income countries, rising reports of mental health disorders may reflect 
increased mental health literacy and reduced stigma; however, evidence of a 
genuine increase is particularly strong among adolescents (3). Nevertheless, 
some have questioned whether reported increases, especially in psychosomatic 
symptoms, may be inflated (25). Self-reported observations could instead have 
other explanations, e.g. that the way health complaints are perceived and 
reported has changed (25), as a consequence of lower resilience or acceptance 
of these problems. Also in Sweden there has been scepticism (26). However, 
analysis of the criticism point to that the estimated increase in prevalence is 
true (11), at least for Northern Europe (25). Additionally, the share 
(prevalence) of adolescents 10-17 years old receiving care for mental illness in 
Sweden increased throughout the period 2010-2023, based on register data on 
psychiatric diagnoses in specialised care, psychiatric service use, or dispensed 
psychotropic medication (27). 

The disruption of the COVID-19 pandemic, social media and digital 
technology, socioeconomic inequality and discrimination against minorities, 
clinical services lacking capacity, pharmacological treatment not prioritised, 
maltreatment, and war in Europe, are all challenges observed affecting 
adolescent mental health of children and young people in the European region 
(28). 

There are consequences of adolescent mental health, immediate, long-term, 
and even intergenerational. Stress could increase the risk for self-harm among 
young people (29). Longitudinal research further indicates a wide range of 
long-term functional outcomes, spanning at least 19 domains, including 
educational attainment, earnings, involvement in crime, and reliance on social 
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welfare. (3). In addition, approximately one quarter of the evidence points to 
continuity between adolescent and adult mental health (3).   

High-income countries are facing ageing populations and will not be able to 
withstand the loss of productivity due to lack of adequate treatment of mental 
ill health (11). 

ADOLESCENT PHYSICAL ACTIVITY 
Sufficient physical activity is important for healthy growth and development 
of adolescents (8), and inadequate physical activity negatively affects their 
blood pressure, lipid regulation, blood glucose, musculoskeletal development 
and mental health, including anxiety and depression (30).  

Therefore, it is unfortunate that we witness insufficient physical activity among 
adolescents around the world. Global survey data indicate that 81% of 
adolescents reported insufficient physical activity in 2016. Between 2001 and 
2016, physical inactivity declined among boys, while remaining stable among 
girls (31). At the current rate, WHO’s target to reduce global physical inactivity 
with 15% by 2030, relative to 2016 (32), will not be met (31).  

Studies using objectively measured physical activity in European children and 
adolescents also indicate that only a minority meet recommended activity 
levels (33). Adolescents in Northern Europe were more likely to meet physical 
activity guidelines than those in Central and Southern Europe. In Sweden, 38% 
of 10- to 18-year-olds were sufficiently physically active (95% confidence 
interval: 31%–44%), representing the third highest level among the 17 
European countries included.  

Survey data for Sweden indicated levels of insufficient physical activity 
similar to the equivalent global averages, but higher levels than the average of 
its group “high-income Western countries” (31). The Public Health Agency’s 
HSBC survey data (12) indicate that, between 2001/2002 and 2021/2022, 
approximately 10% to 25% of 11-, 13-, and 15-year-olds in Sweden met the 
WHO recommendation of at least one hour of moderate to vigorous physical 
activity (MVPA) per day (34). The first Swedish national study using objective 
measurements for adolescent physical activity and sedentary time (35), 
including 2,419 participating adolescents with valid accelerometer data, also 
indicated insufficient MVPA. The proportion of 11- to 12-year-olds meeting 
the guidelines was approximately 30% to 55%, declining with age to around 
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20% to 30% among 17- to 18-year-olds; levels were consistently higher among 
boys than girls (35). A subsequent systematic review, which also included 
validated self-report measures of physical activity, indicated that about 32% of 
11- to 18-year-olds met the physical activity guidelines (36).  

Notably, average MVPA was 31 minutes per day during school time, compared 
with 23 minutes during leisure time/out-of-school time (35). This indicates that 
schools are an important contributor to higher intensities of physical activity 
and may be a reason to focus on increasing out-of-school physical activity. 
However, boys had more MVPA than girls during both school time and out-
of-school time, which means that there is still a gender gap to close also in 
schools (35).  

Studies consistently observe declines in physical activity during adolescence 
(37, 38), and declines of at least higher intensities, MVPA, have been found to 
start before adolescence, already at about age 6 to 7 (33), or sex separated from 
age 6 for girls and 9 years for boys (38). Older observations using mostly 
questionnaire-based studies, estimated declines of about 7% per year (37), 
while studies using only accelerometers and focusing on MVPA, found slightly 
higher levels of decline, at about 8% (38). Declines are greater for girls than 
for boys (38), with declines among girls being greater at the beginning of 
adolescence, and for boys about 4 years later (37). There are indications that 
adolescents of low socio-economic levels have a stronger decline in physical 
activity (37). 

There is evidence of a risk, or opportunity, that an individual’s physical activity 
and sedentary behaviour in adolescence influences health behaviour later in 
life. Physical activity in adolescence has a generally moderate positive 
association, so-called tracking, with adulthood physical activity (39-41), but it 
declines across longer time periods (39) as the length of follow-up moderates 
the association (42) and is more stable in studies with older participants at 
baseline (39). Others found that this tracking, which was found to be weak in 
the transition from the age period 6-18 to 19-30 years, gets stronger in the 
transition from the age period 19-30 years to older than 30 years of age (42). 
Evidence on gender differences in tracking is conflicting (39), and evidence 
does suggest that the decline may be more pronounced among males (40). 
There is also tracking for sedentary time, but due to a lack of data, the evidence 
is weaker (39). Meanwhile, a study measuring self-reported physical exercise 
in the US, observed that although there was positive cross-sectional association 
between reporting physical exercise and adhering to 24-hour movement 
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guidelines during both adolescence (12- to 17-year-olds) and adulthood (33- to 
39-year-olds), there was no association between adolescent physical exercise 
and meeting guidelines as an adult (43).  

In Sweden, longitudinal studies had divergent results regarding the effects of 
the COVID-19 pandemic on health behaviours. A study with accelerometer 
data, but with no control group, showed no signs of change in MVPA during 
the pandemic (44). Another study, with self-reported data but with control 
group, showed statistically significant decrease in MVPA among pandemic-
exposed females relative to females in the control group (45). Meanwhile, both 
studies found increases in psychosomatic symptoms when comparing pre-
pandemic levels pandemic levels. However, when comparing exposed 
individuals with control group in one of the studies (45), and separating by sex, 
no difference in the increases in psychosomatic symptoms were found. Instead, 
the conclusion was that the increase was due to increasing age (45), a pattern 
observed elsewhere (12).  

Associations between physical activity and health outcomes among 
adolescents are more consistent and robust for higher intensities of physical 
activity relative lower—for low intensities of physical activity, only 
cardiovascular risk factors indicate association (46). For these reasons, regular 
exercise is recommended/prescribed as part of treating depression among 
adolescents (8). 

SOCIOECONOMIC INEQUALITIES AND 
ADOLESCENTS 
Social determinants of health and the concept social gradient in health were 
originally researched by Michael Marmot (47), who later operationalised the 
concept for policy-makers (48) and introduced it to a broader audience (49). 
Others have followed (50), and there have been specific adaptations with 
adolescent health in mind (51). The framework of social determinants of health 
emphasises how structural and social conditions generate systematic 
inequalities in health. The social gradient in health describes a consistent 
pattern in which health improves with each step up the socioeconomic 
hierarchy. Within the social determinants of health framework, this pattern is 
understood to reflect processes of social causation, through which social and 
structural conditions shape health across all levels of society (49). Social 
determinants of health have developed in parallel with the theory of social 
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causation, suggesting how and why socioeconomic conditions shape mental 
health problems, with roots in sociology from the 1930s through the 1960s 
(52). 

Adolescents have reported several ways in which poverty determines their 
mental health, with feedback being concentrated from low- and middle-income 
countries (53). Poverty determined mental health directly through stress and 
worry regarding financial instability, and indirectly, as it could prompt risky 
and illegal activity, which in turn could lead to poor mental health. Poverty 
challenged parents in caring for their children, exposed adolescents to negative 
peer-relations including bullying, and had adolescents from poorer 
circumstances to face discrimination and stigma in society, once more with 
direct and indirect consequences for mental health (53).   

The term socioeconomic status (SES) relates to material resources of the 
individual or family, such as income or employment, but also of other less 
tangible resources, such as level of education or class. In high-income 
countries, with established welfare systems and relatively low levels of 
poverty, indicators of SES are useful for understanding the social gradients in 
health, as it reflects status relative to others rather than absolute poverty. 
Indicators used for SES typically relate to income, education, and occupational 
class. These should not be used interchangeably for a few reason, including 
that these factors may relate differently to health (54).  

Beyond that SES is associated with health, evidence also suggests that SES is 
associated with health behaviours. Adolescents from families with low SES 
are at higher risk for unhealthy behaviour, including low physical activity and 
high sedentary time, while individuals from families with higher SES engage 
in more health-promoting behaviours (55). As physical activity is generally 
health-promoting, this indicates that physical activity can be an indirect 
pathway for a social gradient in health. 

* 

During the 1960s and the 1970s, the welfare state grew in Sweden as in other 
high-income capitalist countries, with major increases in social expenditure 
such as education, prompting a process of equalisation in income (56). In the 
early 1980s, that process was reversed, and Swedish society, as other countries 
of the Organisation for Economic Co-operation and Development (OECD) 
(57), has since experienced a secular trend in income inequalities (56). From 
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approximately 1990 to 2020, Sweden has experienced income development at 
all income levels, but higher earners have seen larger increases, effectively 
creating wider income gaps (56-58). This pattern in the development of income 
inequality has continued in recent years (2013-2023) (59). These growing 
income inequalities have been based on an increase and concentration of 
capital gains, and not wages (56, 58, 59). The long-term trend since the early 
1980s has erased the income equalisation in Sweden that took place in the first 
decades following 1945 (56). In 2023, Sweden had income inequality 
approximately at the level of the average in the EU, but the share of those living 
in poverty is relatively low in Sweden (57, 59). About 4% of the Swedish 
population in 2023 lived in households where the disposable income did not 
meet the set level of basic needs (59).  

In 2017, the Swedish Commission for Equity in Health, described children’s 
health and social conditions in Sweden as generally satisfactory, but likewise 
expressed that there are inequalities within and between groups in Swedish 
society. These inequalities in childhood create inequities later in life, when it 
comes to educational outcomes, employment, and health (60).  

ACADEMIC ACHIEVEMENT 
Academic achievement has been presented as a watershed moment in an 
adolescent’s life, where a history of low SES and mental health problems is a 
risk factor for school failure, while school failure by the same token is a risk 
factor for low SES, as well as mental health problems later in life (61). 
Evidence generally suggests a strong effect of mental health problems on 
education, although this direction remains relatively unexplored, with more 
literature on the reverse direction, from educational to mental health problems 
(62). 

In Sweden, there is a strong association between school failure in adolescence 
and marginalisation as an adult. However, there are likewise high rates of 
return from investing early in children and adolescents, and the earlier the 
better, to prevent marginalisation later in life, which otherwise incur major 
costs for society (61). The Swedish Commission on Equity in Health suggested 
that academic success is important as education not only may enable a future 
income, but also make the individual capable of managing difficult situations 
in general (60).  
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As school failure is key to understanding how the social background of the 
child or adolescent is translated into future marginalisation as an adult (61), it 
is worrying that of those completing Grade 9 in the spring 2025, 16% were not 
eligible to upper secondary school, as they failed (grade F) in one or more of 
the subjects of mathematics, Swedish or English (63). Furthermore, the 
OECD’s Programme for International Student Assessment (PISA) has reported 
weak performance for Swedish students, as results in reading, mathematics and 
natural sciences (the 3 subjects covered by PISA) in the assessment from 2022 
returned to the record low from 2012 (baseline in 2000). However, academic 
achievement in all three subjects is still above the average level in OECD 
countries (64).  

The Swedish school system has seen major reforms since the start of the 1990s. 
In 1991, governance of schools was decentralised from the State level to the 
level of local municipalities. In 1992, a school choice/voucher system was 
introduced, enabling establishment of independent schools funded by public 
funds, alongside public schools. Due to poor PISA results, a new grading 
reform was introduced in 2012, with a focus on testing and performance, and 
introducing grades two years earlier than previously, at age 12. During the 
development of the reform, it was suggested that introducing grades earlier 
would make students used to grades, with less stress as a result (65). However, 
as students compete with their grades to enter upper secondary schools, grades 
have become decisive to students’ prospects. Evidence has shown that school-
related stress has indeed increased because of the reform in 2011, whereby 
grades were awarded from Grade 6 instead of Grade 8 (65, 66). Some evidence 
suggests that psychosomatic symptoms have also increased as a result (65). 
These findings were stronger for girls. Others have also emphasised the 
negative stress caused by schoolwork (8), and the combination of endless 
possibilities and dependency on your ability to perform (8).  

The Swedish Commission for Equity in Health described school as having a 
unique potential for promoting health and preventing illness, as it reaches all 
school-aged children and adolescents. For instance, schools not only teach 
physical education but has also the potential to engage students in outdoor 
activities (60). 

In Sweden, parents’ level of education is the strongest factor determining the 
academic achievement of their children, even stronger than parents’ income 
(60). This strong relationship has been stable for decades, but there are 
indications that this may be changing as the demands on parents to support 
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their children in their studies are rising, which may provide a disadvantage to 
those with less education. 
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AIMS 
The overall aim of this thesis is to provide in-depth knowledge about 
adolescent stress and health with special emphasis on physical activity. 

The specific aims of this thesis are  

1) to explore the association between different intensities of physical activity 
and various indicators of adolescent cardiovascular risk factors and mental 
health problems; and 

2) to identify whether the coping strategy shift-persist is a pathway in the 
relationship between physical activity and mental health problems; and 

3) to investigate whether there is a social gradient in mental health problems, 
and if physical activity is a mechanism in such a social gradient; and  

4) to test whether social selection in Grade 9 academic achievement is 
associated with mental health problems in Grade 7, and if higher-intensity 
physical activity in Grade 7 may buffer this process. 

Figure 1. The conceptual framework of the thesis 
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METHODOLOGICAL OVERVIEW 
Table 1. Analytical methodologies and data used in the four papers 

Analytical methodologies I II III IV 

Linear regression   ® ® 

Logistic regression  ®  ® 

Moderation analysis    ® 

Mediation analysis  ®   

Mediation analysis, exposure-mediator interaction   ®  

Partial least squares regression ®    

Data     

Perceived stress (self-reported) ® ® ® ® 

Psychosomatic symptoms (self-reported) ® ® ® ® 

Cardiovascular risk factors (physical examination) ®    

PA & SED, all time excl. bedtime (accelerometer) ®    

Out-of-school PA & SED, excl. bedtime (accelerometer)  ® ® ® 

Shift-persist (self-reported)  ®   

Family Affluence Scale (self-reported) ® ®   

Household disposable income (register G6)   ®  

Parent’s level of education (register G6)   ® ® 

Merit rating (register G9)    ® 

Eligibility to upper secondary school (register G9)    ® 

Total Grade Points (register G6)    ® 

Notes: All data from Grade 7, except if noted G6 (Grade 6) or G9 (Grade 9). 
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ADOLESCENT PHYSICAL ACTIVITY 
AND HEALTH 
This chapter is mainly related to Papers I and II. Paper I investigates the 
precise intensity levels of physical activity and sedentary time that are 
associated with both cardiovascular risk factors and mental health problems. 
Paper II explores if a coping strategy—“shift-persist”—is a possible 
mechanism for how physical activity is associated with mental health 
problems. 

* 

The health benefits of physical activity were first identified in the 1950s, 
associating physical activity with cardiovascular disease in adults (67). Since 
then, a wide range of health indicators, including physical, cognitive, 
psychological and social, have been found to be positively associated with a 
wide spectrum of physical activity, including in studies with children and 
adolescents using objectively measured physical activity (46).  

For adolescent mental health specifically, evidence based on intervention 
studies suggest physical activity has a small positive effect on the mental health 
of 12- to 18-year-olds (68). Intervention studies on physical activity promoting 
mental health of youth, between a mean age at baseline of 12 years to 25.9 
years, found that interventions with various levels of intensity of physical 
activity may attenuate depression, whilst health benefits to anxiety were 
restricted to moderate-to-vigorous intensity and light-intensity interventions 
(69). An umbrella systematic review and meta-analysis on physical activity as 
therapy for psychosocial outcomes in children and adolescents, found strength 
of associations to be weak for psychological symptoms, and the included 
reviews were very low to moderate in credibility. The need for research with 
the ability to provide more details on this relationship has been highlighted, 
including the mechanisms for these associations (68). 

When it comes to mental health disorders, a study including more than 14,000 
adolescents from the longitudinal Swedish Twin Register found, using parent- 
and self-reported frequency physical activity, that frequency of out-of-school 
physical activity and intensity had a direct effect on internalising symptoms, 
(depression and anxiety), but not on externalising symptoms (ADHD-related), 
which was explained instead of genetic and other family factors (70).  
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Associations between physical activity and health indicators are more robust 
and consistent for higher intensities of physical activity relative lower 
intensities (46). For lower intensities of physical activity, only cardiometabolic 
biomarkers are generally related to light physical activity (LPA) (46). Paper I 
investigated in detail the whole spectrum of physical activity intensities with 
22 levels of intensities and could confirm similar patterns. Physical activity of 
a broad range of intensities, including those that were within the range that 
typically refers to LPA (1.5-2.9 metabolic equivalents), were negatively 
associated with several cardiovascular risk factors: BMI (body mass index) (z-
score), waist circumference, resting heart rate, diastolic blood pressure, white 
blood cell count and pulse wave velocity. Cardiovascular risk factors were 
even associated, negatively, to sedentary time (SED). Meanwhile, the two 
indicators for mental health problems, perceived stress and psychosomatic 
symptoms, were only associated with higher-intensity physical activity, from 
the high-end of moderate physical activity (MPA) and upwards (Figure 2).  

Figure 2. Association of the whole spectrum of physical activity intensities and 
a selection of health variables 

Notes: Figure adapted from original article Dahlstrand et al 2023, Paper I (71). 
Licensed under CC BY 4.0, details: https://creativecommons.org/licenses/by/4.0/ 



Exploring stress and health in Swedish adolescent life 

16 

ADOLESCENT PHYSICAL ACTIVITY 
AND HEALTH 
This chapter is mainly related to Papers I and II. Paper I investigates the 
precise intensity levels of physical activity and sedentary time that are 
associated with both cardiovascular risk factors and mental health problems. 
Paper II explores if a coping strategy—“shift-persist”—is a possible 
mechanism for how physical activity is associated with mental health 
problems. 

* 

The health benefits of physical activity were first identified in the 1950s, 
associating physical activity with cardiovascular disease in adults (67). Since 
then, a wide range of health indicators, including physical, cognitive, 
psychological and social, have been found to be positively associated with a 
wide spectrum of physical activity, including in studies with children and 
adolescents using objectively measured physical activity (46).  

For adolescent mental health specifically, evidence based on intervention 
studies suggest physical activity has a small positive effect on the mental health 
of 12- to 18-year-olds (68). Intervention studies on physical activity promoting 
mental health of youth, between a mean age at baseline of 12 years to 25.9 
years, found that interventions with various levels of intensity of physical 
activity may attenuate depression, whilst health benefits to anxiety were 
restricted to moderate-to-vigorous intensity and light-intensity interventions 
(69). An umbrella systematic review and meta-analysis on physical activity as 
therapy for psychosocial outcomes in children and adolescents, found strength 
of associations to be weak for psychological symptoms, and the included 
reviews were very low to moderate in credibility. The need for research with 
the ability to provide more details on this relationship has been highlighted, 
including the mechanisms for these associations (68). 

When it comes to mental health disorders, a study including more than 14,000 
adolescents from the longitudinal Swedish Twin Register found, using parent- 
and self-reported frequency physical activity, that frequency of out-of-school 
physical activity and intensity had a direct effect on internalising symptoms, 
(depression and anxiety), but not on externalising symptoms (ADHD-related), 
which was explained instead of genetic and other family factors (70).  

Johan Dahlstrand 

17 

Associations between physical activity and health indicators are more robust 
and consistent for higher intensities of physical activity relative lower 
intensities (46). For lower intensities of physical activity, only cardiometabolic 
biomarkers are generally related to light physical activity (LPA) (46). Paper I 
investigated in detail the whole spectrum of physical activity intensities with 
22 levels of intensities and could confirm similar patterns. Physical activity of 
a broad range of intensities, including those that were within the range that 
typically refers to LPA (1.5-2.9 metabolic equivalents), were negatively 
associated with several cardiovascular risk factors: BMI (body mass index) (z-
score), waist circumference, resting heart rate, diastolic blood pressure, white 
blood cell count and pulse wave velocity. Cardiovascular risk factors were 
even associated, negatively, to sedentary time (SED). Meanwhile, the two 
indicators for mental health problems, perceived stress and psychosomatic 
symptoms, were only associated with higher-intensity physical activity, from 
the high-end of moderate physical activity (MPA) and upwards (Figure 2).  

Figure 2. Association of the whole spectrum of physical activity intensities and 
a selection of health variables 

Notes: Figure adapted from original article Dahlstrand et al 2023, Paper I (71). 
Licensed under CC BY 4.0, details: https://creativecommons.org/licenses/by/4.0/ 



Exploring stress and health in Swedish adolescent life 

18 

MECHANISMS OF HEALTH EFFECTS 
The evidence on the mechanisms underlying the association between physical 
activity and mental health problems has been scarce (72), and 
methodologically weak. Evidence from studies with 5- to 18-year-olds at 
baseline has found relatively consistently that physical activity improves 
physical self-perception, as part of the psychosocial domain (e.g. social 
connectedness; emotions and mood), which improves self-esteem. However, 
relatively few studies have explored neurobiological (e.g. grey matter volume 
and activation, release of endogenous opioids, etc.) or behavioural mechanisms 
(e.g. self-regulation skills, coping and sleep), with other wellbeing outcomes, 
or mental health problems (72).  

Paper II focused on exploring the area of self-regulation skills and coping. 
The study used the evaluation constituting the coping strategies called “shift-
persist”, using questions that clarify how well the individual resist stressors by 
shifting or reframing oneself (e.g. “I tell myself that everything will be okay.”), 
and persist with an optimistic outlook (e.g. “I am always optimistic about my 
future”). The shift-questions are from the Positive Thinking scale, part of the 
Responses to Stress questionnaire, and is a Likert scale with four alternative 
responses. The persist-questions are based on the Life Orientation Test, and 
alternative five responses on a Likert scale.  

Firstly, by ordinal logistic regression, Paper II found that accelerometer-
measured LPA, MVPA and vigorous physical activity (VPA) in Grade 7 were 
all negatively associated with stress and psychosomatic symptoms in Grade 7, 
but only during leisure time/out-of-school. This was slightly different to 
previous evidence and Paper I’s finding that did not have time restrictions on 
physical activity; those found that cardiovascular risk factors were related to 
LPA, but not indicators for mental health problems. 

Secondly, Paper II found that self-reported coping strategies “shift-persist” in 
Grade 7 mediated the associations between out-of-school physical activity 
(LPA, MVPA, VPA) and mental health problems (stress and psychosomatic 
symptoms) in the same grade. 

A more recent systematic review of evidence focusing on mental health, but 
including all ages (14% of studies on adolescents, including Paper II), found 
that for adolescents, there was strong evidence that self-efficacy, body image 
satisfaction, resilience (including Paper II), and social connections, are 
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mediators between physical activity and mental health (73). Moderate 
evidence was found that emotional regulation and emotional intelligence, 
sense of belonging, problematic phone/social media/internet use, were 
mediators. In contrast, scheduling efficacy/behavioural loyalty, sitting 
time/screen time, and time spent in nature were found not to be mediators. 
Finally, evidence was conflicting regarding cognitive function as a moderator 
between physical activity and mental health (73). 
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ADOLESCENT LIFE AND THE ROLE OF 
PHYSICAL ACTIVITY 
This chapter is mainly related to Papers III and IV. In Paper III, the social 
gradient in mental health problems using SES indicators income and parents’ 
level of education, assesses physical activity as a potential mediator. Paper IV 
explores the social selection in academic achievement, with mental health 
problems as the exposure, and investigates physical activity as a moderating 
factor in this process. 

* 

SOCIAL CAUSATION AND PHYSICAL 
ACTIVITY 
Evidence suggests a negative association between SES and mental health 
problems among children and adolescents (from 4 to 18 years). Being exposed 
to low SES doubles or triples the risk of developing mental health problems 
compared to those from families with high SES (74). Most studies use 
household income, educational level or parental occupation status as exposures 
when studying the social gradient in mental health problems. Associations with 
mental health problems were stronger for the two indicators household income 
and educational level, than for parental occupation status (74). 

Paper III used both disposable household income, as well as both father’s and 
mother’s levels of education, as SES indicators, based on register data from 
when study participants were in Grade 6. For mental health problems, the study 
used the continuous measures of stress and psychosomatic symptoms in Grade 
7, as in Papers I and IV.  

Based on linear regression analyses, all included SES indicators were 
statistically significantly associated with perceived stress and psychosomatic 
symptoms, in line with previous results. However, when all indicators were 
included in the same model, income was no longer statistically significant, 
suggesting that the association between income and mental health outcomes 
may be explained by its correlation with parents’ level of education. For 
models with stress as an outcome, only mother’s level of education was 
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statistically significant, and for models with psychosomatic symptoms as an 
outcome, only father’s level of education was statistically significant. 

When stratifying by sex, males appear to have more robust social gradients in 
mental health problems, with all associations statistically significant except for 
that between income and psychosomatic symptoms. Among females, models 
with father’s education as the exposure showed no statistically significant 
estimates for either perceived stress or psychosomatic symptoms, while 
income-based models yielded mixed results. 

As there is evidence of both an association between SES and health behaviours 
including physical activity (55), and an association between physical activity 
and mental health problems (46, 68), there is reason to investigate the possible 
indirect effect of physical activity as a mediator in the social gradient of mental 
health problems.  

The mediation analysis in Paper III, found that both out-of-school VPA and 
MVPA partially mediate the association between SES indicators (income and 
father’s level of education) and mental health problems (Figure 3). No 
mediation was observed for lower physical activity intensities or SED. The 
pathway through VPA was estimated at 6.8% of the total social gradient caused 
by income on perceived stress. Further calculations indicate that if all 
participants adhered to the VPA of participants from high-income households, 
9.7% of the effect of household income on perceived stress would be 
eliminated. MVPA provided slightly lower estimates, and psychosomatic 
symptoms had slightly higher estimates. Models with the father’s level of 
education as exposure provided slightly stronger mediation for physical 
activity, than models with income as exposure. However, when stratifying by 
sex, there was only mediation among females (VPA and MVPA, as well as 
MPA except for model with father’s education and stress). For females, VPA 
and MVPA even mediated the association between mother’s level of education 
and mental health problems. Low socioeconomic status appear to create 
inequalities in out-of-school physical activity for females but not for males.  

Previous studies close to the areas of our study have provided mixed results. A 
previous analysis of the UK Millennium Cohort Study, using equivalised 
household income at age 5, accelerometers at age 7, and internalising mental 
health problems at age 11, estimated the mediating role of physical activity by 
simulating that all participants adhered to WHO guidelines of at least 1 hour 
of MVPA per day. The simulation was based on predicated outcome from 



Exploring stress and health in Swedish adolescent life 

20 

ADOLESCENT LIFE AND THE ROLE OF 
PHYSICAL ACTIVITY 
This chapter is mainly related to Papers III and IV. In Paper III, the social 
gradient in mental health problems using SES indicators income and parents’ 
level of education, assesses physical activity as a potential mediator. Paper IV 
explores the social selection in academic achievement, with mental health 
problems as the exposure, and investigates physical activity as a moderating 
factor in this process. 

* 

SOCIAL CAUSATION AND PHYSICAL 
ACTIVITY 
Evidence suggests a negative association between SES and mental health 
problems among children and adolescents (from 4 to 18 years). Being exposed 
to low SES doubles or triples the risk of developing mental health problems 
compared to those from families with high SES (74). Most studies use 
household income, educational level or parental occupation status as exposures 
when studying the social gradient in mental health problems. Associations with 
mental health problems were stronger for the two indicators household income 
and educational level, than for parental occupation status (74). 

Paper III used both disposable household income, as well as both father’s and 
mother’s levels of education, as SES indicators, based on register data from 
when study participants were in Grade 6. For mental health problems, the study 
used the continuous measures of stress and psychosomatic symptoms in Grade 
7, as in Papers I and IV.  

Based on linear regression analyses, all included SES indicators were 
statistically significantly associated with perceived stress and psychosomatic 
symptoms, in line with previous results. However, when all indicators were 
included in the same model, income was no longer statistically significant, 
suggesting that the association between income and mental health outcomes 
may be explained by its correlation with parents’ level of education. For 
models with stress as an outcome, only mother’s level of education was 

Johan Dahlstrand 

21 

statistically significant, and for models with psychosomatic symptoms as an 
outcome, only father’s level of education was statistically significant. 
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marginal structural models. The result was little effect on the prevalence of 
mental health problems at age 11 (75). Another study, using self-reported SES 
at baseline, and adherence to physical activity guidelines according to 
questionnaires 2 years later, alongside self-reported quality of life as the 
outcome (76), found relatively small statistically significant mediation, as 
4.6% of the total association between SES and quality of life was mediated 
indirectly through physical activity. Mental health problems and quality of life 
are different outcomes, but the study is mentioned as there is a lack of studies 
similar to Paper III. 

 

Figure 3. Natural indirect effect of the mediation analysis for the relation of 
parents’ income with stress and psychosomatic symptoms mediated via out-
of-school physical activity intensities and SED 
Notes: Figure adapted from original article Dahlstrand et al 2025 (77). Licensed 
under CC BY 4.0, details: creativecommons.org/licenses/by/4.0/  

SOCIAL SELECTION AND PHYSICAL 
ACTIVITY 
There have been longitudinal studies in Sweden investigating the bidirectional 
relationships between adolescent health and academic achievement. One such 
study followed participants’ development in mental health problems and 
academic achievement from age 3 to 20 years (78). Mental health was parent-
reported at 3 and 12 years, and self-reported at 12 and 20 years, and academic 
achievement was teacher-reported at 12 years, and final grades at compulsory 
school (15/16 years) and at upper secondary school (18/19 years) were 
collected from register. According to this study, academic achievement at 
15/16 years and 18/19 years was not associated with mental health problems 
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at age 20. However, the study found social selection processes present at all 
periods, with an association between mental health problems at age 12 and 
incomplete final grades at the end of compulsory school at age 15/16 years, as 
well as non-eligibility to higher education at age 18/19 years (78).  

Another Swedish study explored the association between subjective well-being 
and academic achievement in the form of school grades at the two time-points 
age 15 years and age 17-18 years (79). Although no associations between 
subjective well-being and academic achievement were found among boys, 
higher school grades at 15 years was associated with lower well-being at 17/18 
years for girls. However, there was a positive association between well-being 
at age 15 and school grades at age 17/18 for girls, indicating a process of social 
selection (79). As the first longitudinal study did not control for earlier 
academic achievement during analysis (78), and the other study did not use 
mental health problems as exposure (79), there was a need for further research 
on social selection.  

In Paper IV, we explored the possible social selection process during lower 
secondary school. We found that both perceived stress and psychosomatic 
symptoms in Grade 7 predicted merit rating in Grade 9, also when stratifying 
by sex, even after adjusting for total grade points in Grade 6. Our findings were 
in line with previous longitudinal study using similar Swedish data (78), which 
did not control for earlier academic achievement. Negative associations were 
also found for both stress and psychosomatic symptoms in relation to eligibility 
to upper secondary school. However, when stratifying by sex, results were no 
longer statistically significant.  

* 

Considering the evidence indicating that there are processes of social selection 
in academic achievement caused by mental health problems, there is a need to 
explore possible factors that could buffer that relationship. 

As previously referred to in this thesis, there is evidence on the benefits of 
physical activity on mental health problems, at least for higher-intensity 
physical activity. When it comes to the effect of physical activity on academic 
achievement, the evidence is mixed. Overall, physical activity of children and 
adolescents seem to have no or only small to moderate positive effect on 
academic achievement (80). School-based physical activity interventions 
showed statistically significant positive effects on academic achievement, but 
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there was large heterogeneity between studies (81). One review of the evidence 
found positive associations between physical activity and academic 
achievement when using studies from observational data but inconsistent 
results among intervention studies (82). Another review found inconsistent 
results among observational studies, with just over half showing no association 
between objectively measured physical activity and academic achievement 
(83).  

Due to the lack of studies on moderators of social selection processes, we 
investigated in Paper IV if out-of-school VPA or MVPA in Grade 7 moderates 
the association between mental health problems in Grade 7 and academic 
achievement in Grade 9. No statistically significant interaction effect was 
found between either perceived stress or psychosomatic symptoms, in relation 
to VPA, or MVPA. The same results were found when either merit rating or 
eligibility for upper secondary school were used as the outcome.  

There is a need to investigate further possible factors and interventions that 
could help understand what could buffer the association between mental health 
problems and subsequent academic achievement. 
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METHODOLOGICAL CONSIDERATIONS 

DATA 
The Study of Adolescence Resilience and Stress (STARS) is a cohort study in 
Western Sweden, combining survey and register data with physical 
examination, biomedical sampling and accelerometer data. Baseline consists 
of 2,283 adolescents in Grade 7 (Figure 4), approximately 13 years of age, 
collected from 54 schools in 16 municipalities, all but one municipality in 
Region Västra Götaland (5 schools in Region Halland). 

 

Figure 4. The STARS’ cohort, including number of participants with valid 
physical activity (PA) data. 

This thesis used baseline data from Grade 7 as well as register data for Grade 
6 and Grade 9. A key strength of the cohort is the combination of survey and 
register data, with physical examination, biomedical sampling and 
accelerometer data. The baseline was collected between 2015-2019. The 
cohort was followed up after 2 years and 5 years, and currently the 10-year 
follow-up is on-going. 
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Not participating
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MENTAL HEALTH PROBLEMS 
In the papers of this thesis, perceived stress and psychosomatic symptoms were 
treated as parallel manifestations of a broader latent construct of mental health 
problems. The two indicators are highly correlated (6), and the stress process 
framework suggests that stress may manifest in multiple domains. Pearlin (9) 
describes outcomes of the stress process in terms of both psychological and 
physiological functioning, as well as physical and mental health conditions, 
supporting the inclusion of both indicators.   

There are alternatives to self-reporting stress indicators. Stress may increase 
levels of cortisol (5). Cortisol levels may be measured by saliva samples, but 
as the levels of cortisol normally fluctuate during the day, it is difficult to use 
them accurately. Measuring cortisol in hair has advantages, as it indicates 
cortisol levels long-term in retrospect, including chronic conditions. Hair 
cortisol sampling was part of the data collection at the baseline of STARS (84). 
Although perceived stress was not associated with hair cortisol among 13-year-
old adolescents in the cohort, both measures were independently associated 
with BMI and waist circumference. This suggests that perceived stress and hair 
cortisol may reflect different dimensions of stress (84). 

PHYSICAL ACTIVITY MEASURED BY 
ACCELEROMETERS 
Physical activity refers to “bodily movement produced by skeletal muscles that 
results in energy expenditure” (85). Physical activity is expended at different 
intensities referring to the rate of energy expenditure. Based on the relative 
effort involved, these intensities are typically classified into different 
categories, making them useful for e.g. epidemiological studies.  

For free-living studies, physical activity and sedentary time are generally 
measured by either subjective methods, e.g. diaries or questionnaires, or by 
quantifying monitors such as pedometers or accelerometers, depending on 
purpose, needs and resources of the study. The studies in this thesis are based 
on accelerometer data, and the device used was ActiGraph GT3X+. 

The four different dimensions of physical activity (type, frequency, duration 
and intensity) (30) are to varying degrees captured by different accelerometers. 
For example, as the device used for this thesis cannot be worn during in-water 
activities, activities such as swimming were not captured. Also, in contexts 
with seasonal changes, e.g. snowfall, studies should preferably considered 
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season (37). Paper III included sensitivity analysis dividing into a winter 
season from 1 October to 31 March, and summer season from 1 April to 30 
September. However, this did not change the results. 

Accelerometers measure acceleration at specific frequencies, and several 
accelerometer models provide raw accelerometer data, e.g. 30 Hz for 
ActiGraph GT3X+, producing 30 measurements per second. The signal is 
typically filtered to 1.63 Hz for this device, which is the case for Paper II-IV, 
creating variables comparable to other studies. For Paper I, a filter converting 
the signal to 10 Hz was used for optimal processing (86). 

The signal is processed to remove the Earth’s constant gravitational pull and 
the absolute value of the signal is used. The signal is usually converted to 
counts, including in Paper II-IV. Counts are usually aggregated per epochs, 
standard for this device is 60 second epochs. All four papers used 3 seconds 
epochs, as shorter epochs have been shown to be appropriate to capture 
physical activity of young adolescents (87). A shorter epoch means a higher 
resolution and elevated capability to capture variation.  

Physical activity intensity refers to an absolute energy expenditure of a certain 
intensity level measured in kilocalories or metabolic equivalents of task 
(METs). Intensity levels may also be measured relative to the level of 
cardiorespiratory fitness (88). Cut points for counts for different measures of 
physical activity and sedentary behaviour are established by comparing with 
criterion measures, which have a known energy expenditure. An example of 
cut-points are <3 METs for light physical activity, 3-6 METs for MPA, and >6 
METs for VPA (30). It is difficult to compare different studies, as cut-offs of 
for instance MVPA differ across studies (35, 89). 

For Papers II-IV, we used Evenson’s cut-points, based on the counts from the 
vertical axis only: 0-100 for SED, 101-2295 for LPA, 2296-4011 for MPA and 
>4011 for VPA (90). These cut points have been shown to be acceptable in 
classifying these intensities in children and adolescents (91). As Paper II-IV 
aggregated counts per epoch, the cut-offs were adjusted to the epoch length. 
For Paper I, the range of intensities of physical activity was divided into a 
spectrum of 22 categories, with cut-points in average milligravity (mg) set to 
0, 40, 80, 160, 320, 400 mg, etc., for each 3 seconds. The frequency extended 
method makes it possible to distinguish very vigorous physical activity, which 
extends above the intensity level of VPA. 
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The accelerometer data was collected during Grade 7 and were supposed to be 
worn on the right hip during daytime for seven consecutive days (92), except 
during water activities. Out of the 1,809 who were accepted wearing it, 1,235 
participants wore the accelerometer successfully, defined as at least 4 days 
with a minimum of 10 hours per day of data (92). Non-wear time meant at least 
60 minutes with continuous zeros, allowing maximum 2 minutes up to the SED 
threshold (92). Daytime was restricted to 07:00-23:00 as some participants 
wore it during night. Paper II-IV used out-of-school physical activity 
(weekdays 07:00-08:00, 16:00-23:00), as we did not find statistically 
significant SES-related differences in physical activity during school hours. 

An alternative to accelerometers during data collection could have been 
instruments such as International Physical Activity Questionnaires (30). 
However, self-report questionnaires are prone to recall bias (inaccuracies in 
remembering activities) or response bias (inability in reporting activities 
accurately) (30). Checking the alternatives more systematically through the 
“Decision matrix guide to selecting a physical activity measurement 
instrument” (88), accelerometer seems to be the tool that most consistently 
throughout the matrix align with the conditions and aims of STARS, including 
the papers of this thesis. 

SOCIOECONOMIC STATUS 
We controlled for SES in Papers I-II using the self-reported family affluence 
scale (FAS), as it was the available alternative at the time. For Papers III-IV 
we had collected register data to use as indicators of SES. There are advantages 
of using register data when researching SES related to adolescents, considering 
the lack of ability for participants to correctly report appropriate indicators of 
SES, including household income and parents’ level of education. 

There are alternatives when choosing indicator for income. For Paper III, 
household disposable income had two advantages considering our purposes. 
First, it includes capital income, which has been the driver of income 
inequalities in Sweden for the last decades. Secondly, it is adjusted to the size 
of the household, which is appropriate as household needs are dependent on 
the size. 
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ACADEMIC ACHIEVEMENT 
It was a strength to have used register data for all academic achievement 
variables. Paper IV also consistently controlled for prior achievement, which 
is important but not always done in previous research (78). 

ANALYTICAL METHODS 

PARTIAL LEAST SQUARES ANALYSIS 
The partial least squares analysis is helpful in areas where different data 
combined are multicollinear. Linear regression analysis needs to manage 
multicollinearity, as it otherwise may provide estimates that are unstable, with 
signs that are counterintuitive, as well as inflate standard errors, reducing 
statistical power and increasing the risk of Type II error in hypothesis testing 
(false negatives). With partial least squares analysis, we may analyse a 
spectrum of 22 physical activity intensity categories and SED. The levels are 
typically correlated, as they together make up the total time, e.g. a day. If one 
level of intensity increases, at least one of the other levels needs to decrease. 

MEDIATION ANALYSIS 
A mediation model (Figure 5) is the relevant method to use if you are interested 
in determining if a certain variable (M) is a mediator, a pathway, between an 
antecedent exposure variable (X) and a consequent outcome variable (Y). The 
pathway is called an indirect effect of X on Y. There may also be other 
mediators/pathways. The part of the total effect of the association between X 
and Y that is not mediated by a mediator is called the direct effect (93).  

Figure 5. Mediation model 
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pathway is called an indirect effect of X on Y. There may also be other 
mediators/pathways. The part of the total effect of the association between X 
and Y that is not mediated by a mediator is called the direct effect (93).  

Figure 5. Mediation model 
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If there is an interaction effect between the exposure and the mediator, relative 
to the outcome, the analysis should consider that. For Paper III, we used the 
potential outcomes framework, which takes this interaction into account. 

MODERATION ANALYSIS 
Moderation analysis (Figure 6) is an adequate method to use if you want to 
determine how one variable, a moderator (W), influences the relationship 
between an exposure (X) and outcome (Y). The method uses linear regression 
to measure the interaction between the exposure and the moderator (93). 

 

Figure 6. Moderation model 

In Paper IV, we could not reject the null hypothesis that the estimated 
coefficient of the interaction effect between the exposure and the mediator was 
0 for the linear regression models with a continuous outcome, and 1 for the 
exponentiated coefficient of the logistic regression models with a dichotomous 
outcome. Although no moderation was observed for either the continuous or 
binary academic outcomes, the study may have been underpowered to detect 
small interaction effects, particularly in the logistic and sex-stratified analyses, 
where the number of non-eligible students was limited. Detecting interaction 
effects typically requires substantially larger sample sizes than detecting main 
effects. 
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CONCLUSION 
Among adolescents at approximately 13 years of age (Grade 7), physical 
activity and sedentary time are associated with cardiovascular risk factors, such 
as waist circumference and resting heart rate, as more physical activity of any 
intensity level is negatively associated, and sedentary time is positively 
associated, with cardiovascular risk factors. Only higher-intensity physical 
activity are negatively associated with perceived stress and psychosomatic 
symptoms. 

Additionally, coping strategies “shift-persist” partially mediates the 
association between different intensity levels of out-of-school physical activity 
and both perceived stress and psychosomatic symptoms. 

Household disposable income, father’s and mother’s level of education are all 
negatively associated with both perceived stress and psychosomatic symptoms 
measured in Grade 7. Higher-intensity out-of-school physical activity mediate 
the social gradients in adolescents’ mental health problems, especially for 
females. 

Perceived stress and psychosomatic symptoms in Grade 7 are negatively 
associated with both merit rating in Grade 9 and eligibility to upper secondary 
school, indicating social selection. Higher-intensity out-of-school physical 
activity in Grade 7 do not moderate the social selection process. 
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IMPLICATIONS FOR POLICY AND 
RESEARCH 
This thesis relates to evidence suggesting broader intergenerational processes, 
including the risk of vicious cycles. Specifically, social causation links low 
socioeconomic status to higher levels of mental health problems, which in turn 
are associated with poorer academic achievement (74). As adolescents become 
the next generation of parents, poor academic achievement may contribute to 
a lower socioeconomic position in adulthood, thereby increasing the likelihood 
that their children grow up in disadvantaged circumstances (Figure 7).  

 

Figure 7. Suggested intergenerational vicious cycle of social 
causation and social selection. 

Physical activity, especially aerobic, could be one of several factors that 
contribute to breaking this vicious cycle of socioeconomic status and mental 
health problems.  

The UN’s Sustainable Development Goals are ambitious and has one crucial 
assumption: that the next generation has both the agency and the strength to 
tackle the challenges of their time. The consequences of inaction are 
tremendous—but so is the rate of return of investing in adolescents, as 
investing in today’s adolescents also means “investing in adolescents as the 
parents of tomorrow” (14).  
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There is a need to support and promote out-of-school physical activity among 
adolescents, especially girls from disadvantaged socioeconomic settings. In 
2025, a government-funded voucher system for out-of-school activities was 
introduced in Sweden. For 2026, children at the age of 7 to 16 years living in 
households receiving housing allowance for the previous year are granted 
2,500 kr. All others of the same age range are granted 550 kr. As physical 
activity decreases during adolescence, especially in the transition to adulthood, 
it would be good to continue supporting adolescents also during upper 
secondary school, at least until formal adulthood, which is at age 18 in Sweden. 

Adolescents are generally in good health compared with later life stages. 
However, given the long-term influence of adolescent health and health 
behaviours, similar resources to those invested in adult populations should be 
allocated earlier, before the transition to adulthood. Resorting only to register 
data for earlier life phases of older cohorts has limits. STARS is a good 
example of the possibilities with cohorts combining survey and register data 
with physical examination and biomedical sampling, as well as using 
accelerometers, already at school age, with the possibilities to follow these 
participants as they age. 

Some has suggested that research involving objectively measured physical 
activity is well researched when it comes to adolescents, relative to younger 
study subjects (46). However, during the research for this thesis, it seems that 
there are still knowledge gaps, e.g. identifying factors that may buffer the 
social selection in academic achievement. 

In general, we need to be able to both undertake repeated cross-sectional data 
collection to be able to follow trends, as well as longitudinal data to be able to 
understand the causes and consequences in adolescent life. There is also a need 
for interdisciplinary and intersectoral collaboration, as the health sector on its 
own will not be able to ensure health-promoting life for adolescents (14). This 
thesis involves at least schools, civil society organisations, healthcare, not to 
mention various authorities, at national, regional and local level. Finally, there 
is a need to involve adolescents, to get their insights beyond responses on 
multiple choice questions. Here, qualitative methodologies could be a 
possibility. 

Lastly, there is also a need to ensure that research is useful for more than a few 
select. It is noteworthy that of the 22,091 participants in a systematic review 
published in 2020 on the decline in objectively measured physical activity, 
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99.1% were from high-income regions (38). As most adolescents live in 
middle-income countries, there is a need to include those contexts as well.  
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USE OF GENERATIVE AI 
Generative AI was used for translation and support with language. 
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