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0. Preface

Motivation

Mental health should not be a privilege for the most resourceful people.

I attended a primary school where we came from very different backgrounds. I became aware that 

just by having the parents I had, with the resources they had, I had more opportunities in several 

aspects of life than some of my friends did. I experienced feelings of unfairness. It was unfair that I 

had access to adult attention, food, and love while my good friend was not safe in his home, which 

was being used as a drug den. It was unfair that my classmates had to provide food on their own 

when their mother was lost in the bottle and could not provide for her children. It was not my friends’ 

fault that they had to use their energy to meet their basic needs, making it difficult for them to focus 

in school. This was my first motivation for fighting social inequality.

Later, in secondary school, I experienced how mental health could be a challenge during the 

transition from adolescence to adulthood. Through personal experiences, those of my friends, and 

stories about distant acquaintances, I began to wonder: Should it really be this hard to be an 

adolescent? The feeling of unfairness struck again. No one should experience this level of pain. One 

thing my friends in secondary school and I had in common was that we had close social relationships 

and resourceful families in multiple ways. We had people around us who knew how to react to 

problems, cope, and find help in the complex Danish welfare system—or the possibility to finance 

help if needed. But how would my friends from primary school do if they faced the same problems?

During my training as a physiotherapist, I interned at the Psychiatric Hospital in Risskov. I had the 

privilege of listening to patients share their stories. I noticed that patients with the same mental 

disorder diagnoses had very different levels of functioning in their daily lives. I also noticed that 

patients with strong social relationships and resourceful family and friends often had more stability 

in their lives, were able to do more in their everyday routines, and generally received treatment 

earlier because their loved ones noticed when they were on a bad path before they did themselves 

and helped them seek treatment.
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During my master’s degree, I had the privilege of being accepted into the Research Honors Program 

and getting the opportunity to initiate a real research project for the first time. I was not in doubt. I 

typed into Google: “Social inequality in health research Jutland” (My willingness to travel to study 

social inequality was limited to Jutland.) The VestLiv cohort came up. Johan, an experienced 

professor, and Trine, now my co-supervisor, from the Department of Occupational Medicine, agreed 

to meet. When I walked into the meeting, I felt nervous speaking to a professor for the first time. 

However, when Johan confirmed that I was doing the project out of pure interest and not for 

financial reasons, he softened up and asked me what I wanted to study within social inequality in 

health. Without hesitation, I said, “Mental health.” I came under Karin’s wing, and three and a half 

years later—after a master’s thesis, maternity leave, and countless funding applications—I started 

my PhD project.
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1. Introduction

Poor mental health is a concern globally. The World Health Organization (WHO) estimates that 

approximately 970 million people globally have a mental disorder, and 20% of children and 

adolescents are affected by mental disorders (1). Generally, the prevalence of mental health issues 

among adolescents has increased, raising concerns about the long-term consequences and the role of 

social inequalities in shaping mental health.

The following section summarizes the literature on the transition from adolescence to adulthood, 

mental health from a life course perspective, and time trends in mental health. Moreover, social 

determinants and other determinants of mental health are presented, along with the different 

definitions of mental health. Finally, the public health problem of poor mental health in adolescence 

is described through the lens of complex systems thinking.

1.1 Emerging adulthood – the transition from adolescence to adulthood

The transition from adolescence to adulthood has long been a central topic in developmental 

psychology and is widely recognized as a sensitive period for mental health. As early as 1950, 

German-American psychologist Erik Homburger Erikson emphasized the importance of identity 

formation during this developmental stage. He argued that confusion and instability in one’s sense of 

self during this period could contribute significantly to poor mental health outcomes (2). From the 

1950s to 2000, developmental psychology increasingly recognized adolescence and early adulthood 

as distinct and important life stages. Researchers such as the psychologist Daniel Levinson and the 

sociologist Glen Elder have emphasized transitional periods and the influence of social and historical 

contexts on development (3, 4). Simultaneously, the field of developmental psychopathology 

emerged, highlighting how biological, psychological, and social factors interact over time to shape 

mental health (5).

Building on this foundation, American psychologist Jeffrey Arnett introduced the concept of 

emerging adulthood in 2000, focusing on the age span of approximately 18–25 years. Arnett 

proposed that this stage represents a distinct developmental period demographically, subjectively, 

and in terms of identity exploration. His observations were based primarily on qualitative interviews 

with young people in their twenties and broader reviews of demographic and sociological data. He 

noted that the transition to adulthood has become increasingly prolonged due to societal shifts, such 

as later ages of marriage and parenthood and extended periods of education. As a result, emerging 
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adulthood is neither fully adolescence nor full-fledged adulthood. Emerging adulthood is a period 

with a lot of changes and choices, without the dependency of childhood and adolescence or the 

responsibilities of adulthood. As Arnett writes, “Emerging adulthood is a time of life when many 

different directions remain possible, when little about the future has been decided for certain, when 

the scope of independent exploration of life’s possibilities is greater for most people than it will be at 

any other period of the life course” (6).

Subsequent research has linked identity formation during emerging adulthood to mental health 

outcomes. In particular, two aspects of identity development—commitment and exploration— are 

strongly associated with psychological well-being and distress (7). Arnett and colleagues have also 

highlighted the practical implications of distinguishing between adolescents, emerging adults, and 

adults in the context of mental health services. Emerging adults occupy a unique legal and 

psychological space: they are no longer minors and can refuse treatment, yet their experiences of 

instability and uncertainty may be normative—potentially even healthy—and not necessarily 

indicative of mental disorders, as similar symptoms might be in older adults (8).

Overall, the developmental stages of adolescence, emerging adulthood, and adulthood have distinct 

psychological and social characteristics. Recognizing these differences—and applying a life course 

perspective that considers how mental health evolves across these stages—is essential for 

understanding mental health trajectories over time.

1.2 A life course perspective on mental health

As described, the transitional period from adolescence to adulthood is marked by significant 

psychological, social, and biological changes. Mental health problems that emerge in adolescence 

and emerging adulthood can have lasting consequences, including educational challenges, labor

market difficulties, and an increased risk of poor mental health outcomes in adulthood (9, 10). 

Therefore, mental health problems during this period are of great concern (10-12). The timing of 

poor mental health in the life course has changed, as the age of onset for mental disorder diagnoses 

has declined since the 1970s (13). According to Plana-Ripoll et al., this decline may reflect a 

combination of factors, including administrative changes in the healthcare system, demographic 

shifts, and changes in public and professional awareness and attitudes toward mental disorders (13).
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Longitudinal studies of depressive symptom trajectories have provided insights into mental health 

development during the transitional period of adolescence and adulthood. A systematic review found 

that most adolescents (60-80%) had consistently low level of depressive symptoms, while 5-12% had 

persistently high level of symptoms, and 1-5% exhibited fluctuating symptoms between ages 15-25 

(14). Key risk factors for persistent high levels of symptoms included being female, having a 

dopamine receptor phenotype, and belonging to a sexual or ethnic minority group. Conversely, 

strong parental support was associated with consistently low symptom levels (14). A study by Minh 

et al. conducted in Canada and the U.S. identified similar depressive trajectories but found that 

childhood socioeconomic status (SES) played a larger role in the U.S. compared to Canada, 

suggesting that national policies and social structures may influence how SES affects mental health

(15). These findings underscore that depressive symptom trajectories are shaped not only by 

individual or familial factors but also by broader societal and structural conditions.

The role of SES in mental health is particularly dynamic and complex during the transition from 

adolescence to adulthood. Depression in emerging adulthood has been linked to later unemployment, 

suggesting that poor mental health early in adulthood can have long-term socioeconomic 

consequences (8). However, these negative outcomes may be mitigated by factors such as parental 

support, illustrating the importance of the social context in shaping life trajectories during this period 

(8). In this light, studying mental health trajectories within a Nordic welfare context, such as 

Denmark, is particularly relevant. The country’s universal healthcare, access to education, and 

extensive social safety nets may mitigate some of the risks associated with low SES. Understanding 

how depressive symptoms unfold in such settings can provide critical insights into the potential of 

welfare policies to reduce mental health inequalities across the life course.

1.3 Time trends of mental health

Increasing levels of poor mental health are a global concern (1). For example, the U.S. experienced a 

39.8% increase in patients with mental health diagnoses from 2019 to 2023 (16). Globally, self-

reported measures of depressive symptoms also suggest rising rates, with point prevalence increasing 

from 24% in 2001–2010 to 37% in 2011–2020 (12). Similar trends have been documented in 

Denmark in recent decades, including rising rates of mental disorder diagnoses, increased use of 

psychotropic medication, and higher prevalence of self-reported mental health problems (13, 17-19). 

Notably, these increases have been particularly prevalent among adolescents and emerging adults 

(13, 18-21). For example, antidepressant use among 0-17-year-olds more than doubled from 2.15 



18

users per 1,000 inhabitants in 2002 to 5.04 users per 1,000 in 2022 (20). This increase parallels the 

rising incidence rates of mental disorder diagnoses in 15-20-year-olds (21). For most mental disorder 

diagnoses, incidence rates among younger individuals were markedly higher in more recent birth 

cohorts than in previous generations (21). Thus, a shift in the time trends of mental health has 

occurred, but the explanations for this shift are poorly understood.

Several explanations have been proposed for the observed increase in mental health problems. Some 

suggest that lower diagnostic thresholds and increased mental health awareness (22). Others point to 

broader societal shifts toward “psychologization”, where every day struggles are more often framed 

in clinical terms (23, 24). However, others argue that the rise reflects a genuine increase in mental 

health problems driven by growing pressures—academic, social, and cultural—that particularly 

affect young people (23, 25). These explanations are not mutually exclusive; rather, they likely 

capture different facets of a complex and multifaceted phenomenon.

Although these explanations differ, they share a common theme: the roles of social context and 

inequality. Whether through access to care, exposure to stressors, or broader societal changes, social 

determinants appear to shape the experience and recognition of mental health problems. Therefore, 

studying these social determinants in relation to mental health in adolescence and adulthood is 

essential, not only for understanding the underlying mechanisms of mental health problems but also 

for informing targeted prevention efforts and guiding effective policy responses.

1.4 Social determinants of mental health

In Denmark, the increasing prevalence of adolescent mental health problems has occurred alongside 

increasing social inequality. The Gini coefficient, a commonly used measure of income inequality 

that ranges from 0 (indicating perfect equality, where everyone has the same income) to 100 

(indicating perfect inequality, where one person has all the income), increased from 24 in 2002 to 30 

in 2022 (26). This increase is also reflected in the growing income ratio between the richest 10% and 

the poorest 10%, which rose from 2.67 in 2002 to 3.24 in 2022, meaning that the top 10% earned 

more than three times as much as the bottom 10% in 2022 (26). Educational mobility has also 

declined; in 2021, 60% of children from the poorest quintile who lacked vocational training 

remained in the poorest quintile compared to 39% in 1995 (27). Although the incidence of mental 

disorders has been studied extensively, SES-specific patterns of mental health incidence remain 

unknown in Denmark (28). A Canadian study investigating SES-specific trends in acute mental 
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health service use from 2004 to 2019 found that absolute income inequality decreased for 

hospitalizations due to mood disorders, while it increased for hospitalizations due to substance-

related disorders and for emergency visits across all mental disorder (29). This highlights the need to 

understand how SES and adolescent mental health are connected and whether these associations 

have changed over time. Moreover, findings from different countries suggest that contextual factors 

may influence both the magnitude and nature of SES–mental health associations, underscoring the 

importance of country-specific research (30).

The association between SES and adolescent mental health is well documented. Several reviews 

have concluded that children and adolescents growing up in socioeconomically disadvantaged 

conditions face an elevated risk of developing mental health problems, and that persistent or 

worsening disadvantage over time increases this risk (30-34). However, SES is a multidimensional 

construct that is typically measured using either objective or subjective indicators, each capturing 

distinct aspects of social stratification. Objective indicators such as family income, parental 

education, and occupational class reflect different types of resources. Income signals access to 

material and economic resources, education reflects cognitive and cultural capital, and occupational 

class relates to both structural position and work-related exposures (35, 36). Geyer argues that 

occupational class captures the long-term effects of workplace organization and conditions, factors 

known to influence health independently of income or education (36). Moreover, research has shown 

that young employees in the public sector have a higher risk of sickness absence due to common 

mental disorders than those in the private sector, highlighting the complex interplay between 

workplace environment and mental health (37).

In contrast, subjective social status (SSS) captures how individuals perceive their position relative to 

others. These perceptions may encompass feelings of respect, social inclusion, or financial stress and 

may reflect the psychosocial mechanisms through which inequality "gets under the skin" (34, 35, 

38). For adolescents, SSS may also be shaped by peer comparisons at school or in their communities 

and may therefore relate to social experiences such as exclusion or admiration (38, 39).

Importantly, different SES measures often show only weak to moderate correlations with each other, 

suggesting that they should not be used interchangeably (36, 40). Studies have shown that the 

strength and nature of the association between SES and adolescent mental health vary depending on 

which indicator is used (31, 34, 38-40). Some studies have found SSS to be a stronger and more 
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consistent predictor of poor mental health than objective indicators (35, 38) , while others have 

reported stronger associations for parental education or income (40).

Timing matters—not only in terms of when SES is measured, but also when mental health outcomes 

are assessed. Longitudinal research indicates that early life socioeconomic disadvantage can have 

lasting effects, although the strength of the associations may vary depending on the developmental 

timing of both exposure and outcome (31, 40). For example, Poulsen et al. found that the timing of 

exposure to low income and low parental education in early versus late childhood had differential 

impacts on depressive symptoms across Danish adolescence and young adulthood. Some findings 

also suggest that subjective SES in adolescence predicts depressive symptoms well into adulthood, 

although its influence may attenuate over time (39).

Taken together, these findings underscore the importance of using multiple SES indicators—both 

objective and subjective—measured over time when studying social inequalities in mental health. 

This can reveal different mechanisms and offer a more comprehensive understanding of how social 

stratification affects adolescent and adult mental health.

1.5 Definitions of poor mental health

Most existing research has investigated mental health in terms of mental disorder diagnoses or self-

reported mental health in separate studies, while studies on psychotropic medication use are limited 

(13, 18, 19, 21, 28, 41). In Denmark, mental disorder diagnoses are only recorded in the registers if 

an individual has an inpatient or outpatient contact with a hospital; therefore, these records primarily 

reflect the most severe cases of mental health problems (42). Danish hospital registers are known to 

underrepresent mild to moderate mental disorders, which are often managed by general practitioners 

(GPs) or private psychiatrists and are therefore not captured in hospital-based registers (43). On the 

other hand, self-reported mental health measures represent symptoms that might not meet the 

threshold for a formal mental disorder diagnosis and thus represent a different aspect of mental 

health (44).

Psychotropic medication can be prescribed by GPs, private practice psychiatrists, and doctors from 

private hospitals; therefore, this measure can capture a wider range of mental health problems than 

diagnoses from public hospitals alone (45). However, psychotropic medications are sometimes 

prescribed for other indications, such as sleep disturbances, chronic pain, or menopausal symptoms, 
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which means that their use does not always reflect the presence of a mental disorder. This makes it 

more difficult to interpret this measure solely as an indicator of poor mental health.

Consequently, studying multiple measures of mental health within the same population is necessary 

to provide a more comprehensive understanding of its different aspects and severity. Combining 

register-based diagnoses, self-reported symptoms, and prescription data allows researchers to address 

the limitations of each data source and obtain a more nuanced picture of the population’s mental 

health.

1.6 Risk and protective factors of mental health

Mental health arises from the dynamic interplay of biological, psychological, and social influences. 

The biopsychosocial model offers a comprehensive framework for understanding how various 

factors shape mental health outcomes across development (46). Some of these factors, such as 

genetic vulnerability (47), are non-modifiable, while others, including coping skills, peer 

relationships, and school environments, are modifiable and therefore particularly relevant in a 

preventive context. Importantly, many modifiable factors can act as either risk or protective 

influences, depending on their presence or absence. This section highlights a selection of well-

established risk and protective factors, focusing on adolescence. This list is not exhaustive but 

illustrates the diversity of mechanisms that contribute to mental health.

Biological factors include, among others, genetic predisposition, pubertal timing, and grey matter 

volume, all of which increase vulnerability to mental health problems (47, 48). Chronic physical 

illnesses or disabilities also contribute to psychological distress (49).

Psychological factors involve cognitive, emotional, and behavioral patterns. Experiences of adverse 

childhood experiences or stressful life events—such as abuse or neglect—are strongly associated 

with later mental health outcomes (47, 50-52). Other risk factors include poor coping strategies, low 

self-esteem, and emotion regulation, while protective psychological traits include strong self-

efficacy, effective coping mechanisms, and a positive self-concept, which can help buffer against 

poor mental health (53-56). Also behavioral factors related to lifestyle can be both protective or risk 

factors, such as physical activity, smoking, diet, sleep, and alcohol use (54, 57-59).

Social factors are especially influential in adolescence. As mentioned earlier, socioeconomic 

disadvantage is a well-documented risk factor (30-34). Family dynamics also matter: high conflict, 
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low parental involvement, or lack of emotional support are associated with poor mental health, while 

warm, consistent parenting promotes well-being (51, 60-62). Additionally, a family history of mental 

disorders constitutes a risk factor for poor mental health (63). Social support in general is similarly 

important (51, 53, 54, 62, 64-66). Bullying, including cyberbullying, is linked to an increased risk of 

depression and anxiety, whereas supportive peer networks and a sense of belonging can protect 

against such outcomes (67, 68). School environments also play a role; academic pressure and lack of 

support can increase the risk, while a positive school climate can serve as a buffer (62, 66, 69).

In summary, mental health is influenced by a complex network of biological, psychological, and 

social factors. Many of these are modifiable and offer key targets for prevention strategies. 

Moreover, the same factor can serve as either a risk or protective influence, depending on its context, 

frequency, timing, and intensity. This complexity underscores the importance of a holistic, 

multisystem approach to understanding and addressing mental health issues.

1.7 Systems thinking approach to study mental health determinants

Many of the aforementioned studies on mental health determinants have focused on single risk 

factors, often through reductionistic approaches that are difficult to translate into public health 

interventions. However, some studies have outlined that mental health is influenced by a dynamic 

interplay of several underlying causes rather than isolated factors (70-72). Traditional models tend to 

oversimplify these relationships, overlooking the interaction of multiple factors over time. Öngör and 

Paulus argued that mental disorders should be understood as complex dynamic systems rather than 

linear cause-and-effect relationships. This perspective emphasizes the need for a complex systems 

approach to mental health research (73). Complex systems thinking approaches problem-solving by 

considering issues as elements within broader, interconnected systems. It emphasizes the importance 

of understanding how different parts of a system interact, influence one another, and collectively 

shape the system’s overall behavior (74).

1.7.1 Health Complexity framework

Despite its growing relevance, systems thinking remains unfamiliar to many epidemiologists and 

health researchers, making it challenging to frame existing research from this perspective (75). 

However, many methods already used in epidemiology can contribute meaningfully to a systems 

perspective when their findings are interpreted within a broader conceptual framework. To support 

this conceptual shift, Rod et al. developed the Health Complexity Framework to help researchers 
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identify how their work contributes to understanding complex public health challenges and facilitate 

the translation of research findings into effective interventions (75). The framework distinguishes 

between the levels at which data are collected, from the molecular to the population level, and 

organizes the complexity of health problems into three key dimensions (Figure 1):

1. Patterns: How health patterns emerge from complex systems.

2. Mechanisms: The mechanisms that shape these patterns.

3. Dynamics: How mechanisms and patterns evolve over time.

Figure 1: The Health Complexity Framework adapted from Rod et al. (75)

1.7.2 Longitudinal cohort designs and complexity

To understand mental health as a dynamic and emergent phenomenon, study designs must capture 

both individual development over time and broader societal shifts that shape these trajectories. In this 

context, nationwide cohort studies offer a particularly valuable foundation for research. Denmark’s 

unique data infrastructure, which links population registers across decades, makes it possible to 

examine time trends and emerging patterns in mental health at the population level. These trends 

may reflect evolving societal dynamics, such as changes in inequality, education, and healthcare 

access, which interact to shape the collective mental health of youth cohorts.
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At the individual level, longitudinal cohort studies enable researchers to follow the same individuals 

over key developmental stages, such as adolescence, emerging adulthood, and adulthood. This 

allows for the investigation of dynamics, including how health-related patterns and mechanisms 

evolve over time. Survey-based cohorts further enrich this by collecting detailed information on a 

wide range of determinants. This richness makes it possible to explore the interactions and 

interdependencies among multiple biological, psychological, and social factors, which are core to a 

complex systems approach. By integrating both register and survey data, cohort studies are 

particularly well-suited to identify the emergent properties of mental health, offering insight into how 

diverse factors combine to produce population-level outcomes across the life course.

1.8 Synthesis and aims

The transitional periods of adolescence, emerging adulthood, and adulthood are particularly 

important when studying mental health, as each stage represents distinct life phases with varying 

implications for mental health and the consequences of poor mental health. Applying a life course 

perspective is therefore especially important. Recent research has shown a temporal shift toward an 

earlier age of onset in newer cohorts, making this issue increasingly urgent.

Trajectory studies of mental health provide valuable insights into its development during these life 

stages, making it relevant to study this in a Danish context. Mental health problems have increased 

across multiple indicators, including mental disorder diagnoses, psychotropic medication use, and 

self-reported mental health. Simultaneously, social inequality has increased. While the association 

between SES and mental health is well documented, the temporal trends in this association remain 

unclear.

Most studies have focused on a single SES indicator, typically an objective measure such as income, 

education, or occupational class, in relation to mental health. However, to fully capture the 

multifaceted nature of social inequality, it is essential to consider both objective and subjective SES 

measures, as they reflect different dimensions of social positions. Similarly, many studies assess only 

one aspect of mental health; however, considering multiple measures within the same population 

allows for a broader understanding of the different constructs of mental health. Finally, rather than 

analyzing individual mental health determinants in isolation, we need approaches that capture the 

complex and dynamic interplay of multiple underlying determinants of poor mental health status.
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To address these knowledge gaps, this dissertation interprets the findings through the lens of the 

Health Complexity Framework to improve their translation into public health initiatives. The 

overarching goal of this study is to inform targeted age-sensitive mental health prevention strategies.

The specific objectives are to:

I) Examine time trends in social inequality in adolescent mental health from 2002 to 2022, 

using family income and parental education as SES indicators and mental disorder 

diagnoses and psychotropic medication use as outcome measures among 15-year-olds.

II) Investigate the SES patterns in mental health from adolescence to adulthood (aged 15-32)

by examining the mean, prevalence, cumulative incidence, and trajectories of several 

mental health measures, including depressive symptoms, mental disorder diagnosis, and 

psychotropic medication use.

III) Investigate the association between age-specific changes in explanatory factors, 

encompassing personal, health, lifestyle, and social factors, and changes in depressive 

symptoms in individuals aged 15-32.
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2. Methods

In the following section, the setting, study populations, study designs, data sources, variables, and 

statistical analyses for the three studies are described. An overview of the studies is presented in 

Table 1.

Table 1: Overview of the studies
Study I Study II Study III

Topic Time trends in social inequality 
in adolescent mental health

Life course perspective on 
mental health

Life course perspective on 
mental health determinants

Study design Multiple cross-sectional cohort 
studies

Longitudinal cohort study Longitudinal cohort study

Population(s) 15-year-olds living in Denmark 
in the period 2002-2022

VestLiv participants (aged 15-
32)

VestLiv participants (aged 15-
32)

Data sources
Surveys
Registers

Yes
Yes

Yes
Yes

Yes
Yes

Outcome(s) Mental disorder diagnoses
Psychotropic medication use

Mental disorder diagnoses
Psychotropic medication use 
Depressive symptoms

Depressive symptoms

Exposure(s) Parental educational level
Family income

Parental educational level
Family income
SSS in school
SSS in society

Coping
Self-esteem
Sense of coherence
Stress
Psychosomatic symptoms
Self-rated health
Physical activity
Smoking
BMI
Bullying

Additional variables Sex
Origin
Cohabitation
Family’s mental health
Family’s multimorbidity
Own multimorbidity

Sex
Origin
Cohabitation
Family’s mental health
Family’s multimorbidity
Own multimorbidity
School pressure
Teachers’ social support
Classmates’ social support
Bullying
Parents’ support

Sex
Origin
Parental educational level
Family income
SSS in school
SSS in society
Mental disorder diagnoses
Psychotropic medication use

Primary statistical analyses Logistic regression Group based trajectory 
modelling

Fixed effect regression

Handling of missing data
IPW
MI

Yes
Yes

Yes
Yes

Yes
Yes

Note: BMI=Body Mass Index, SSS=Subjective Social Status, IPW=Inverse Probability Weights, MI=Multiple Imputations
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2.1 Settings, study populations, and study designs

2.1.1 15-year-olds in Denmark (Study I)

The population consisted of all registered residents in Denmark who turned 15 years in the period 

between 2002-2022, identified through unique identification numbers (CPR) from the Danish Civil 

Registration System (76). Study I is a nationwide register-based cohort study comprising cross-

sectional analyses of the associations between adolescents’ SES, defined by family equivalized

income and Parental educational level, and mental health outcomes, defined by mental disorder 

diagnoses and psychotropic medication use. The analyses cover seven three-year periods from 2002 

to 2022.

2.1.2 VestLiv cohort (Study II & III)

The VestLiv Cohort is a longitudinal cohort study following a population of adolescents born in 1989 

and living in the western part of Denmark in 2004 (the former Ringkjøbing County). A total of 3,681 

adolescents were invited to participate, and 3,054 (83%) responded at age 15, with subsequent 

follow-ups at ages 18 (65%), 21 (58%), 28 (57%), and 32 (33%) (77).

The initial survey was conducted in April 2004 using paper-based questionnaires completed during 

school hours, with researchers visiting all schools in the area. Adolescents who were absent received 

the questionnaire via post. All public and private schools in the area participated, except for special-

needs schools. In 2007, follow-ups were distributed via email and post, whereas the 2010, 2017, and 

2021 follow-ups were sent electronically. All individuals from the original cohort were invited to 

each follow-up, regardless of prior participation, unless they actively withdrew from the study. The 

surveys covered health, family, social life, school, work, and well-being and were linked to a range 

of register data from Statistics Denmark using the CPR numbers (76). Study II and III are both 

longitudinal cohort studies.

2.2 Data sources and variables

The data originated from the national Danish registers and the VestLiv cohort surveys. In the 

following section, the origin, temporal context, and definitions of mental health outcomes, social 

status measures, and additional variables are described in detail. An overview of the variables, data 

sources, and timing of data extraction is presented in Figure 2.
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Figure 2: Overview of variables, data sources, and timing of data extraction in Studies I, II, and III. 

2.2.1 Outcomes

2.2.1.1 Mental disorder diagnoses

Mental disorder diagnoses are defined by the Danish modification of the 10th version of the 

International Classification of Diseases (ICD-10) codes F10-F69 and F80-F99, thus excluding F00-

F09 (organic diagnosis) and F70-79 (intellectual disabilities), as these conditions either have late-

onset or are congenital, often originating in early childhood. Mental disorder diagnoses from the 

psychiatric and somatic units from 1995 to 2022 were identified in the Danish National Patient 

Registry (42, 78). Outpatient data were unavailable before 1995; therefore, we included only data 

from 1995 onwards. Both primary and secondary diagnoses were included.

Study I: The mental disorder diagnoses are presented in 8 diagnostic groups: substance use disorders 

(F10-F19); schizophrenia, schizotypal, and delusional disorders (F20-29)—hereafter referred to as 

“psychotic disorders”; mood disorders (F30-39); neurotic, stress-related, and somatoform disorders 

(F40-48)—hereafter referred to as “anxiety-related disorders”; eating disorders (F50-59); personality 

disorders (F60-69); developmental disorders (F80-89); behavioural disorders (F90-98); and a joint 
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category of "Any mental disorder". Diagnoses were recorded from birth or 1995 until six months 

after the 15th birthday.

Studies II & III: Diagnoses, defined using the same criteria for “Any mental disorder” as in Study I, 

are categorized as present/not present in the following age groups: early childhood (0-5), childhood 

(6-12), adolescence (13-17), adulthood (18-32), and in the study period (15-32). Study II also 

presents diagnoses for each year of age in the range of 15-32 years.

2.2.1.2 Psychotropic medication use

Psychotropic medication use was identified using Anatomical Therapeutic Chemical (ATC) codes: 

N05A (excluding N05AN), N05B, N05C, N06A, N06B, N06C (excluding N06AX01 & N06AX02), 

N07BB, and N07BC. Data were retrieved from the Danish National Prescription Register (79).

Indication codes are used to ensure that medications are prescribed for mental health–related 

purposes.

Study I: Psychotropic medication use was recorded from six months before to six months after the 

15th birthday of the adolescent.

Studies II and III: Psychotropic medication use was categorized as present/not present within these 

age groups: young childhood (0-4), childhood (5-12), adolescence (13-17), adulthood (18-32), and in 

the study period (15-32). Study II also presents psychotropic medication use for each specific year of 

age (15-32 years).

2.2.1.3 Depressive symptoms

In the VestLiv cohort, depressive symptoms were assessed using the 4-item version of the Centre for 

Epidemiological Studies Depression Scale for Children (CES-DC4) at ages 15, 18, and 21, and the 

adult version (CES-D4) at ages 28 and 32. The four items of the scale are each scored from 0-3, 

resulting in a sum score from 0-12, with higher scores indicating more depressive symptoms (44).

Studies II & III: Depressive symptoms were the primary outcome, measured continuously.

2.2.2 Social status measures

2.2.2.1 Family income

Equalized family income is a measure of disposable household income weighted by the number of 

family members. A family is defined as people living at the same address, and the income measure is 

adjusted according to the number of adults and children in the household. The variable was obtained 

from the Register of Family Income (80). 
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Study I: We calculated the mean equalised family income for the year before, the year of, and the 

year after the adolescent’s 15th birthday. Using a three-year average reduces potential information 

bias from temporary income fluctuations, such as financial losses due to poor investment years (81). 

If data were available for fewer than three years, the available years were used. The equalised family 

income was then categorised according to the OECD definition into low (lowest 20%), middle 

(60%), and high (highest 20%) income groups for each birth cohort, before the cohorts were grouped 

in three-year periods (82).

Studies II & III: The population consisted of participants from the VestLiv cohort. We calculated the 

mean equalised family income for the year of the initial survey (2004), the year before, and the year 

after the survey. If data were available for less than three years, this data was used. Categorisation 

into low-, middle-, and high-income groups was handled according to the OECD definition, as in 

Study I.

2.2.2.2 Educational level

Parents' highest educational level is categorized according to the Danish version of the International 

Standard Classification of Education (ISCED) into three groups: short (up to secondary school; 

ISCED 0-2), middle (upper secondary school, vocational education, or short-cycle tertiary education; 

ISCED 3-5), and long (bachelor’s degree or higher; ISCED 6-8) (83). Parents were defined as legal 

guardians identified through the family ID from the Population Register, and educational data were 

obtained from the Register of the Highest Completed Education (84, 85).

Studies I, II & III: Parental education data were collected at the date of the adolescents’ 15th year 

(Study I) or the date of the initial survey (Studies II and III).

2.2.2.3 Subjective Social Status

In the VestLiv cohort, SSS was measured at age 15 in two domains, school and society, using the 

MacArthur Scale of Subjective Social Status – Youth Version (MacArthur scale). Adolescents ranked 

themselves on a 10-step ladder, representing the social hierarchy in their class (SSS in school) and 

their family’s position in society (SSS in society) (86). Three SSS groups were defined: low (steps 1-

4), middle (steps 5-8), and high (steps 9-10). 

Studies II & III: The categorized SSS in school and society were included in the analyses.
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2.2.3 Additional variables

2.2.3.1 Additional variables from registers 

The register-based covariates included sex, country of origin, parental cohabitation, family history of 

mental disorders, adolescent multimorbidity, and family multimorbidity. The variables sex and origin 

were used in all three studies, while the rest of the register-based covariates were used in Studies I 

and II.

Sex was classified as male or female. Country of origin was categorized as born in Denmark or born 

outside Denmark. Parental cohabitation was defined as legal parents living in the same household as 

the adolescent from birth until the 15th birthday (Study I) or the date of the initial survey (Study II). 

This measure was dichotomized as parental cohabitation since birth versus no parental cohabitation. 

Data on sex, origin, and cohabitation were obtained from the Population Register (84).

Family history of mental disorders was defined as the presence of a mental disorder diagnosis or 

prescription of psychotropic medication in siblings or parents. Siblings were defined as individuals 

under 25 years old living in the same household as the adolescent at the time of their 15th birthday 

(Study I) or initial survey (Study II). Parents were defined as legal guardians. Mental disorder 

diagnoses were assessed from birth (or from 1995) until the adolescent’s 15th birthday (Study I) or 

initial survey (Study II). Psychotropic medication use was measured six months before and after the 

adolescent’s 15th birthday (Study I) or the initial survey (Study II). The presence of a family mental 

disorder was coded dichotomously (yes/no) based on diagnoses and/or the use of psychotropic 

medications. The definitions and data sources for mental disorder diagnoses and psychotropic 

medication use are detailed in Sections 2.2.1.1 and 2.2.1.2.

Multimorbidity in adolescents, siblings, and parents was assessed using a modified version of the 

Nordic Multimorbidity Index (NMI). The NMI includes 50 multimorbidity predictors weighted from 

-2 to 22 (87). The index date was defined as the 15th birthday (Study I) or the initial survey date 

(Study II). The predictors were based on ICD-10 codes in the 5 years before the index date and ATC 

codes in the 6 months before the index date. Mental disorder-related ICD-10 codes (F10, F17) and 

psychotropic medication ATC codes (N05A, N05BA, N05CD, N05CF, N06A, N07BC) were 

excluded from the NMI, as they were part of the outcome measure for adolescents and the family 

mental disorder covariate (87). Data were retrieved from the National Patient Registry and the 

Danish National Prescription Register (78, 79).
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2.2.3.1 Additional variables from surveys

In Study II, five covariates from the 2004 survey were included: school pressure, social support from 

teachers, social support from classmates, bullying, and parental support.

· School pressure was measured using two items developed by Flemming Balvig (scored 0-2) 

and one item from the Health Behavior in School-aged Children (HBSC) survey (scored 0-3), 

resulting in a total score of 0-7. Higher scores indicate greater school pressure (88, 89). 

· Social support from teachers was assessed using one item from the OECD PISA project 

(scored 0-3) (61). The measure was dichotomized (0-1 = support; 2-3 = no support) (90).

· Social support from classmates was measured using two items from the HBSC survey (scored 

0-4 each). The measure was dichotomized (0-4 = no support; 5-8 = support) (89).

· Bullying was assessed using one item from HBSC (89). The score of 1-5 was dichotomized 

as not bullied (1 = “Never”) or bullied (2 = “Sometimes”, 3 = “Monthly”, 4 = “Weekly”, 5 = 

“Daily”).

· Parental support was measured using a shortened version of the Parental Bonding Instrument 

(PBI) with four items (scored 0-3) per parent (total score 0-12). A continuous measure was 

used, averaging total scores across parents when applicable, otherwise using a single parent’s 

score. Higher scores indicate greater support (91).

In Study III, explanatory variables were categorized into four groups: Personal, Social, Health, and 

Lifestyle Factors.

Personal factors included coping, self-esteem, and sense of coherence.

· In all five surveys, coping was measured using seven items from “Brief COPE scale”, each 

scored 1-4 (7-28 total score) (92). Questions in the subscale “Avoidant coping” were discarded, 

as they represent undesirable coping strategies. 

· Self-esteem was measured using six items from Rosenberg’s self-esteem scale each scored 1-4 

(6-24 total score) in all five surveys (55).

· Sense of coherence was measured using four items from the adapted version of Antonovsky's 

Orientation to Life Questionnaire, short form (SOC-13), fitted for adolescents. Each item was 

scored from 1-5, resulting in a sum score of 4-20. One question had a slightly different wording 

in the 2004 survey compared to the rest of the surveys (93, 94).
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Health factors included stress, self-rated health, and psychosomatic symptoms.

· Stress was measured using four items from the Perceived Stress Scale (PSS) scored 0-4 (total 

score 0-16) (95, 96). The version for adolescents was used at ages 15, 18, and 28, and the 

version for adults was used at ages 28 and 31. 

· In all surveys, self-rated health was measured with one item from SF-36 scored 1-5 (97).

· Psychosomatic symptoms were measured using five items from the Hopkins Symptom 

Checklist 90 in all surveys. Each item was scored 1-4, resulting in a sum score of 5-20 total 

score (98).

Lifestyle factors included physical activity, Body Mass Index (BMI), and smoking.

· Physical activity was measured with 1 item from Youth Risk Behaviour Survey 2003 with a 

score of 1-6 (99). In the surveys in 2017-2021, the most extreme category of 7+ hours was 

divided into two categories–7-10 hours and 11+. These were categorised together to ensure the 

same scoring in all surveys. 

· Smoking was measured with 1 item from Youth Risk Behaviour Survey 2003 scored 1-4 (99). 

In the surveys 2007-2021 the answer “No” was divided into “No, never smoked” and “No, but 

smoked previously”. These were handled as “No” to ensure the same scoring for all surveys. 

· BMI was calculated based on self-reported height and weight (BMI = weight/height^2).

Social factors included bullying (68). 

· Bullying was measured using one item from the HBSC with a score of 1-5. In 2004, 2007, and 

2010, the question concerned bullying at school/education (89). In 2007, 2017, and 2021, the 

question concerned bullying at work. In 2007, the answer with the highest score for either 

bullying at work or education was used.

2.3 Statistical analyses

2.3.1 Handling of missing data

Multiple imputations (MI) using chained equations were applied in all three studies to address the 

missing data, as described below.

Study I: MI was performed with 10 iterations to account for missing data on income and education 

level. The number of iterations was chosen based on the rule of thumb that the number of iterations 

should be at least equal to the percentage of missing cases (100). The imputation models 

incorporated year, sex, adolescents’ multimorbidity, parents’ multimorbidity, siblings’ 
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multimorbidity, adolescents’ psychotropic medication use, adolescents’ mental disorder diagnosis 

and diagnosis group, siblings’ and parents’ mental disorder, parental cohabitation, parental 

educational level, and family income expressed as a mean of 2.5 years before and 2.5 years after the 

15th birthday of the adolescent.

Study II: MI was performed with 100 iterations to compensate for missing values in SES measures 

and covariates from the 2004 survey. At the time, we were not aware of the rule of thumb regarding 

the number of iterations and instead used 100 imputations, as done in previous studies (101). While 

depressive symptoms were included in the imputation of covariates, MI was not applied to the 

outcome, as imputing the outcome based on the same model as the covariates did not add 

information to the analysis (102, 103).

Study III: MI was performed using 56 iterations. As mentioned earlier, the number of iterations was 

determined based on the rule of thumb that it should match the highest percentage of missing data in 

any variable included in the models (100). MI was applied to address missing values in the 

explanatory variables and depressive symptoms across all surveys. The models incorporated 

information from different surveys along with data from registers on sex, SES, psychotropic 

medication use, and mental disorder diagnoses (81). Unlike in Study II, MI was applied to the 

outcome of depressive symptoms in Study III to ensure a consistent population size across surveys, 

which is an essential requirement for modelling within-person changes over time.

2.3.2 Handling of non-participation

To account for the unequal probability of participation in the VestLiv cohort, inverse probability 

weights (IPW) were applied in Studies II and III (104). The selection of covariates in the IPW 

models was based on Directed Acyclic Graphs (DAGs) (104).

Study II: The probability of being sampled in 2004, 2007, and 2010 was estimated based on sex, 

parents' mental disorder diagnoses, adolescents' mental disorder diagnoses, parental educational 

level, and equalized family income. For the 2007 and 2010 surveys, the sum score of depressive 

symptoms from previous surveys and participation in previous surveys were also included. The 

probability of being sampled in 2017 and 2021 was calculated using sex, parents' mental disorder 

diagnoses, adolescents' mental disorder diagnoses, adolescents’ psychotropic medication use, own 

educational level, equalized family income, labor market participation, the sum score of depressive 

symptoms from earlier surveys, and participation in earlier surveys.

Study III: The analytical sample was restricted to individuals who completed at least three of the five 

questionnaires. Because selection was not linked to individual surveys (as in Study II), a single IPW 
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was calculated using data spanning the entire cohort period (ages 15–32). The probability of being 

included in the analytical sample was estimated based on sex, parents' mental disorder diagnoses, 

adolescents' mental disorder diagnoses, adolescents’ psychotropic medication use, adolescents’ 

country of origin, mean depressive symptoms across surveys, and several SES measures (parental 

educational level, own educational level, own labor market participation, and equalized family 

income).

2.3.3 Descriptive statistics

Descriptive statistics were reported using counts and percentages for categorical variables and means 

with 95% confidence intervals (CI) for continuous variables across all three studies.

Study I: Characteristics were presented for each of the seven 3-year cohorts spanning 2002–2022.

Study II: Characteristics were presented for the different samples used in the study: the mental 

disorder diagnosis sample, the medication use sample, the trajectory sample, and the samples for 

each of the five surveys. To prevent reverse causality, individuals with prior psychotropic medication 

use before age 15 years were excluded from the medication prevalence analyses, and those with 

mental disorder diagnoses before age 15 years were excluded from the cumulative incidence 

analyses. The mean sum score of depressive symptoms across all surveys, prevalence of 

psychotropic medication use (ages 15–32), and cumulative incidence of mental disorder diagnoses 

(ages 15–32) were calculated with 95% CIs for each SES measure. Due to the small sample sizes, 

psychotropic medication use at ages 15–17 was combined into a single category.

Study III: Characteristics of the analytical sample were described using information from the 2004 

survey (age 15) with counts and percentages. Depressive symptoms were described for the 

characteristics at each age point, as well as the mean changes in depressive symptoms between age 

points. Additionally, the mean values and prevalence of the explanatory variables and their within-

person changes between age points were reported. Since variation in explanatory variables was 

essential for evaluating their association with changes in depressive symptoms, it was examined 

whether variables had less than 10% mean change between age points, and inclusion had to be 

reconsidered in the models (105).

2.3.4 Analytical approaches

2.3.4.1 Study I

Odds ratios (OR) with 95% CI were estimated using logistic regression to assess the association 

between equalized family income and mental health measures. These models were adjusted for 
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country of origin, adolescent multimorbidity, sibling multimorbidity, parental multimorbidity, sibling 

mental disorders, parental mental disorders, and cohabitation.

For analyses of parental education level and mental health measures, ORs were estimated using 

logistic regression adjusted for country of origin, parental NMI, and parental mental disorders. 

Covariate selection was based on the existing literature and the drawing of DAGs.

Sensitivity analyses were performed using mental disorder diagnoses from age 7 onwards instead of 

from birth or 1995 to account for the unavailability of registered data in early life in the earliest 

cohorts.

2.3.4.2 Study II

Mental health trajectories from ages 15 to 32 were identified using group-based trajectory modelling 

(GBTM) applied to depressive symptom scores (CES-D(C)4) (28, 106). The modelling process 

involved the following three steps:

1. The optimal number of trajectory groups was determined using Bayesian Information Criterion 

(BIC), ensuring that all groups had a minimum size of 5%.

2. The best-fitting trajectory shapes (linear, quadratic, or cubic) were selected based on the lowest 

BIC, group sizes above 5%, average posterior probability of assignment (APPA) >70% for each 

group, and odds of correct classification (OCC) >5.0 (106).

3. Individuals were assigned to the trajectory group with the highest probability, and descriptive 

statistics were calculated for each group. Logistic regression was then used to estimate relative 

odds ratios (ROR) of membership in each trajectory group compared to a reference trajectory 

group.

2.3.4.3 Study III

Fixed-effects (FE) regression models were used to assess within-individual associations between 

changes in explanatory variables and depressive symptoms between the ages of 15 and 32. 

Depressive symptom scores served as the dependent variable, while the explanatory variables were 

independent variables. FE estimates were compared with pooled ordinary least squares (POLS) 

estimates using the Hausman test to confirm the model’s suitability (105, 107).

Since FE regression relies on within-individual changes, all time-invariant confounders were 

inherently controlled for. Additionally, the models included all explanatory variables to account for 

mutual effects and were adjusted for the survey to control for cohort aging and temporal trends (107, 

108). Dominance analysis was applied to assess the relative importance of the explanatory variables. 

This method decomposes and compares the contribution of each independent variable to the 
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explained variance in depressive symptoms by analyzing the intra-individual variance within the FE 

model (109, 110). Analyses of asymmetric changes were conducted to explore whether the 

associations between explanatory variables and depressive symptoms differed depending on the 

direction of change. A modified first-difference method developed by Paul D. Allison was used for 

both the FE and asymmetry analyses (107, 108).

2.3.5 Programming

All analyses were conducted on Statistics Denmark’s secure server. Study I was performed using 

Stata version 17, whereas Studies II and III were conducted using Stata version 18 (111). Some plots 

were generated in R Studio (Version 4.4.1).

2.4 Approvals

The study was originally approved by the Danish Data Protection Agency and later registered in the 

regional database of research studies (Case no.: 1-16-02-547-15). No approval from the ethical 

committee was required as the study used register and survey data only (112).
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3. Results

This section presents the main findings from the three studies. Full results and detailed tables are 

available in the article manuscripts included in the appendix. An overview of the study populations is 

provided in Figure 3.

In Study I, adolescents were grouped into 3-year periods, with sample sizes ranging from 189,117 to 

221,882 individuals.

In Studies II and III, analyses were based on the VestLiv cohort, which included 3,681 individuals.

In Study II, the samples answering depressive symptoms in the surveys declined over time—from 

82% in 2004 to 32% in 2021. Among participants, 97.9% had no history of psychotropic medication 

use before age 15 and were included in the medication use analyses, while 96.7% had no recorded 

mental disorder diagnosis before age 15 and were included in the diagnosis analyses. For the 

trajectory analyses, 92.8% of participants responded to at least one depressive symptoms 

questionnaire and were thus included.

In Study III, 2,157 VestLiv participants who completed the depressive symptoms questionnaire in at 

least three survey waves were included in the analytical sample.
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Figure 3: Overview of included populations

3.1 Time trends in social inequality in adolescent mental health (Study I)

This study aimed to examine time trends in social inequality in adolescent mental health from 2002 

to 2022, using family income and parental education as SES indicators and mental disorder 

diagnoses and psychotropic medication use as mental health measures among 15-year-olds.

3.1.1 Descriptive results

Descriptive analyses of adolescents grouped into 3-year periods revealed an increase in the 

prevalence of any mental disorder diagnosis over the past two decades, rising from 6% in 2002–2004 

to 19% in 2020–2022 (Table 2). Notably, the trends varied by diagnostic category. The largest 

increases were observed for behavioral disorders (+5 percentage points), developmental disorders 

(+3.9 percentage points), and anxiety-related disorders (+3.3 percentage points), whereas the 

prevalence of other disorders remained relatively stable (e.g. personality disorders) or declined (e.g. 

substance use disorders). Similarly, the prevalence of psychotropic medication use increased from 

2% to 9% during this period. Over this period, there was also a shift in parental educational 

attainment, with a growing proportion of parents completing longer education programs.
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3.1.2 Associations between SES measures and mental disorder diagnoses

The analysis of the associations between income and mental disorder diagnoses revealed that 

adolescents from low-income groups consistently had higher odds of any mental disorder diagnosis 

than the middle-income reference groups. Conversely, adolescents from high-income families had 

consistently lower odds across all periods (Figure 4a), and similar trends were observed for parental 

educational level. Adolescents with parents in the long-education groups had consistently lower odds 

of any mental disorder diagnosis compared with the middle group, while those with parents in the 

short-education groups had higher odds overall (Figure 4b). While the strength of the associations 

between high income over time or long education and lower odds of diagnosis compared with the 

middle groups remained relatively stable, the associations for low income or short education and 

diagnosis appeared to weaken over time.

Figure 4: Odds ratios (OR) of any mental disorder diagnosis by a) income group and b) parental 

educational level.

Diagnosis-specific income analyses revealed distinct trends over time (Figure 5). Among adolescents 

in the high-income group, the ORs relative to the middle-income group remained relatively stable 

across most diagnoses, consistently indicating lower odds of mental disorder diagnosis. Exceptions 

included mood disorders, where the difference diminished in the most recent cohort, and eating 

disorders, for which the ORs were comparable throughout the study period. For the low-income 

group, the odds of being diagnosed with most mental disorders were higher than those in the middle-

income group across all time periods. However, these associations weakened over time for several 
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diagnoses, including psychotic, mood, personality, developmental, and behavioral disorders. In 

contrast, the association strengthened for substance use disorders. For eating disorders, the odds for 

the low- and middle-income groups remained comparable across the entire period.

In the analyses of parental educational level and specific mental disorder diagnoses (Figure 6), the 

direction and strength of the associations varied across diagnostic categories. Notably, associations 

with mood and eating disorders reversed over time, with the highest odds observed in the long-

education group and the lowest in the short-education group in later cohorts. Some associations 

remained stable over time (psychotic, personality, and developmental disorders), while others 

declined (anxiety-related, developmental, and behavioral disorders) or increased (substance use 

disorders).

3.1.3 Associations between SES measures and psychotropic medication use

Analyses of psychotropic medication use and SES showed that adolescents in the low-income group 

consistently had higher odds of psychotropic medication use than those in the middle-income group 

(Figure 7). In contrast, adolescents in the high-income group had lower odds in the earliest cohorts, 

but this difference diminished in the most recent periods. Regarding educational level, the short-

education group generally had higher odds of psychotropic medication use, while the long-education 

group had lower odds compared to the middle group. The strength of these associations increased 

until approximately 2011–2013 and then decreased.
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Figure 5: Odds ratios (OR) of specific mental disorder diagnoses by income group.
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Figure 6: Odds ratios (OR) of specific mental disorder diagnoses by parental educational level.
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Figure 7: Odds Ratios (OR) of psychotropic medication use by a) income group and b) parental 

educational level.

3.2 Trajectories of depressive symptoms in adolescence and early adulthood (Study II)

This study aimed to investigate SES patterns in mental health from adolescence to adulthood (aged 

15-32) by examining the mean, prevalence, cumulative incidence, and trajectories of several mental 

health measures, including depressive symptoms, mental disorder diagnosis, and psychotropic 

medication use.

3.2.1 Population

Across participants in the different surveys of the VestLiv cohort, approximately 30% used 

psychotropic medication and around 20% had a mental disorder diagnosis as represented in the 2004 

survey (Table 3). Parental education levels were distributed as follows: 6% in the long-education 

group, 75% in the middle group, and 16% in the short-education group. Regarding SSS, 40% 

reported high SSS in school and 30% in society, while few (approximately 5% in school and 2% in 

society) reported low status. Similar results were present in the mental disorder diagnosis sample, the 

medication use sample, and the trajectory sample.
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Notes: SSS = Subjective Social Status. Results presented in this table are selected and adapted from the full tables 

reported in the manuscript.

Attrition analyses showed that non-responders were more often male, had lower SES measures, and 

were more likely to use psychotropic medications or have a diagnosis. Using IPW and MI to adjust 

the sample distributions improved the representation of non-responders but did not completely 

eliminate differences in characteristics.

3.2.2 Descriptive results

Descriptive analyses showed that adolescents from the four low-SES groups—SSS in school, SSS in 

society, household income, and parental educational level—consistently reported higher mean scores 

for depressive symptoms (Figure 8). Depressive symptoms had a possible total score ranging from 0 

to 12, with higher scores indicating more severe symptoms. The strongest SES gradient was 

observed for the subjective SES measures, which were based on adolescents placing themselves on a 

10-step ladder representing their perceived position in the school context (SSS in school) and their 

family’s position in society (SSS in society). In contrast, the mean scores across the parental 

educational level groups were more similar.

Table 3: Characteristics of samples (imputed and weighted data)

Variables

2004 Mental disorder 

diagnosis sample

Medication use 

sample

Trajectory sample

N=3000 N=3520 N=3605 N=3416
Depressive 

symptoms

(Mean (95% CI))

15 years 2.20 (2.12-2.28) 2.21 (2.13-2.29) 2.20 (2.12-2.28) 2.20 (2.09-2.32)
N (missing) 2902 (618) 2954 (651) 3000 (416) 1698 (229)
18 years 2.86 (2.76-2.95) 2.85 (2.76-2.94) 2.82 (2.72-2.92) 2.86 (2.74-2.99)
N (missing) 2294 (1226) 2336 (1269) 2367 (1049) 1461 (466)
21 years 2.45 (2.34-2.55) 2.45 (2.35-2.56) 2.54 (2.42-2.65) 2.48 (2.35-2.61)
N (missing) 1885 (1635) 1924 (1681) 1951 (1465) 1302 (625)
28 years 2.54 (2.44-2.63) 2.55 (2.45-2.64) 2.65 (2.54-2.75) 2.68 (2.57-2.80)
N (missing) 1866 (1654) 1895 (1710) 1927 (1489) 1927 (0)
32 years 2.52 (2.40-2.64) 2.53 (2.41-2.64) 2.59 (2.46-2.73) 2.49 (2.36-2.62)
N (missing) 2294 (1226) 2336 (1269) 2367 (1049) 946 (981)

Medication use

(N (%))
Child (age 4-12) 23 (1%) 0 (0%) 41 (1%) 24 (1%)
Adolescence (age 12-17) 79 (2%) 74 (2%) 113 (3%) 61 (3%)
Adult (age 17-32) 942 (27%) 983 (27%) 985 (29%) 533 (28%)
Study period (age 0-32) 1038 (29%) 1058 (29%) 1084 (32%) 590 (31%)

Mental disorder 

diagnosis

(N (%))

Child (age 4-12) 0 (0%) 80 (2%) 126 (4%) 59 (3%)
Adolescence (age 12-17) 117 (3%) 155 (4%) 172 (5%) 73 (4%)
Adult (age 17-32) 576 (16%) 605 (17%) 611 (18%) 366 (19%)
Study period (age 0-32) 602 (17%) 707 (20%) 743 (22%) 410 (21%)

SSS* in school

(N (%))
High 1446 (41%) 1476 (41%) 1387 (41%) 763 (40%)
Middle 1923 (55%) 1971 (55%) 1868 (55%) 1077 (56%)
Low 151 (4%) 158 (4%) 161 (5%) 87 (5%)

SSS* in society

(N (%))
High 1070 (30%) 1087 (30%) 1024 (30%) 529 (27%)
Middle 2391 (68%) 2455 (68%) 2328 (68%) 1363 (71%)
Low 59 (2%) 63 (2%) 64 (2%) 35 (2%)

Household income

(N (%))
High 714 (20%) 721 (20%) 628 (18%) 371 (19%)
Middle 2124 (60%) 2172 (60%) 2022 (59%) 1174 (61%)
Low 682 (19%) 712 (20%) 767 (22%) 382 (20%)

Educational level

(N (%))
High 208 (6%) 214 (6%) 171 (5%) 117 (6%)
Middle 2758 (78%) 2815 (78%) 2599 (76%) 1489 (77%)
Low 554 (16%) 576 (16%) 646 (19%) 320 (17%)
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Figure 8: Mean scores of depressive symptoms stratified by SES measures.

A similar trend was observed for psychotropic medication use, with the highest prevalence 

proportions found in the low-SES groups, particularly for the SSS measures, while the prevalences 

across the parental education groups were relatively similar (Figure 9).
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Figure 9: Prevalence of psychotropic medication use stratified by SES measures.

For the cumulative incidence of the first mental disorder diagnosis—presented as proportions—the 

highest rates were again seen in the low-SES groups (Figure 10). In this analysis, the short-education 

group had higher incidence than the middle- and long-education groups.
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Figure 10: Cumulative incidence (proportion) of first mental disorder diagnosis stratified by SES 

measures.

3.2.3 Developmental trajectories

Four distinct trajectory groups best described the development of depressive symptoms over time 

based on the BIC and group size. The selection of the trajectory shapes was based on BIC, group 

size, APPA, and OCC. The best-fitting shapes of the trajectories were linear, cubic, and quadratic 

shapes. Two OCC values fell below the recommended threshold of 5, and one APPA value fell below 

the recommended threshold of 70. The four trajectory groups identified were low stable, moderate 

stable, decreasing, and increasing (Figure 11).
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Figure 11: Depressive symptoms trajectories with 95% confidence intervals (dotted lines) and mean 

values (dots) at ages 15-32 years.

After assigning adolescents to the trajectory group to which they were most likely to belong, two-

level comparisons were conducted using RORs. These comparisons involved comparing each 

trajectory group to the low stable group (reference trajectory) and comparing each individual 

characteristic (e.g. sex, social support, SES measure) to its reference category (Table 4).

The results showed that individuals who were female, had other mental health outcomes (either 

psychotropic medication use or a mental disorder diagnosis as an adult or during the study period), 

had low SSS in school, had parents who were not living together, or lacked social support (from 

classmates, teachers, or parents) had higher RORs of belonging to any of the other trajectory groups 

compared to the low stable group. In contrast, individuals with high SSS in society had a higher ROR 

of belonging to the low stable group than to any of the other trajectory groups.
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3.3 Effects of personal, health, lifestyle, and social factors on depressive symptoms 

(Study III)

This study aimed to investigate the association between age-specific changes in explanatory factors, 

encompassing personal, health, lifestyle, and social factors, and changes in depressive symptoms in 

individuals aged 15-32.

3.3.1 Population

The characteristics of the analytical sample used in Study III (Table 5) were largely similar to those 

described in Study II (Table 3). The mean depressive symptom scores peaked at age 18, and the 

mean absolute change in depressive symptoms ranged from 1.64 to 2.04 across age intervals. Mean 

depressive symptoms were consistently higher in the low-income groups and in adolescents with low 

SSS in both school and society across all ages. In contrast, the mean scores were relatively similar 

across the groups of parental educational levels.

*SSS = Subjective Social Status Results presented in this table are selected and adapted from the full tables reported in 

the manuscript.

Table 5: Characteristics of the analytical sample at baseline (2004) with mean depressive symptoms scores (CES-D(C)4) 

Depressive symptoms (Mean (95% CI))

N (%) 15 18 21 28 32

Total 2157 (100%) 2.23 (2.12-2.33) 2.85 (2.73-2.97) 2.50 (2.37-2.62) 2.65 (2.54-2.76) 2.69 (2.55-2.83)

Parental education

Long

Middle

Short

128 (6%) 2.29 (1.94-2.64) 3.27 (2.83-3.70) 2.49 (2.10-2.89) 2.93 (2.56-3.30) 2.89 (2.46-3.33)

1670 (77%) 2.21 (2.10-2.32) 2.79 (2.67-2.91) 2.46 (2.33-2.58) 2.58 (2.47-2.69) 2.62 (2.47-2.76)

359 (17%) 2.28 (1.92-2.64) 2.98 (2.60-3.35) 2.67 (2.28-3.06) 2.87 (2.48-3.26) 2.96 (2.54-3.38)

Household income

High

Middle

Low

413 (19%) 2.02 (1.82-2.22) 2.86 (2.63-3.09) 2.19 (1.96-2.42) 2.50 (2.29-2.70) 2.46 (2.22-2.71)

1333 (62%) 2.25 (2.11-2.38) 2.79 (2.65-2.92) 2.45 (2.31-2.59) 2.58 (2.44-2.72) 2.64 (2.49-2.79)

411 (19%) 2.37 (2.06-2.68) 3.05 (2.72-3.38) 2.96 (2.61-3.31) 3.03 (2.71-3.34) 3.09 (2.73-3.46)

SSS* in society

High

Middle

Low

107 (5%) 4.72 (3.83-5.62) 4.60 (3.85-5.35) 4.15 (3.41-4.88) 3.56 (2.92-4.20) 3.78 (3.12-4.44)

1142 (53%) 2.27 (2.13-2.41) 2.96 (2.80-3.13) 2.58 (2.41-2.74) 2.78 (2.61-2.94) 2.80 (2.61-2.99)

908 (42%) 1.88 (1.73-2.02) 2.50 (2.35-2.66) 2.20 (2.04-2.36) 2.37 (2.22-2.53) 2.42 (2.23-2.61)

SSS* in school

High

Middle

Low

46 (2%) 3.76 (2.85-4.67) 3.59 (2.56-4.62) 3.93 (2.66-5.20) 3.88 (2.59-5.18) 3.53 (2.42-4.63)

1469 (68%) 2.30 (2.16-2.43) 2.95 (2.80-3.10) 2.60 (2.45-2.75) 2.67 (2.53-2.81) 2.77 (2.61-2.94)

642 (30%) 1.96 (1.77-2.15) 2.57 (2.38-2.75) 2.15 (1.96-2.34) 2.50 (2.31-2.69) 2.44 (2.23-2.65)

Mental disorder diagnosis

  Older child (5-12 years)

  Adolescent (13-17 years)

  Adult (18-32 years)

  Study period (5-32 years)

  None in study period

64 (3%) 2.24 (1.42-3.07) 2.51 (1.68-3.35) 2.68 (1.84-3.52) 3.20 (2.26-4.15) 2.70 (1.71-3.69)

106 (5%) 3.08 (2.38-3.79) 4.19 (3.48-4.90) 3.47 (2.71-4.23) 3.59 (2.84-4.34) 3.00 (2.14-3.86)

373 (17%) 2.88 (2.55-3.21) 3.60 (3.25-3.95) 3.53 (3.14-3.91) 3.67 (3.35-3.99) 3.85 (3.45-4.25)

451 (21%) 2.76 (2.46-3.06) 3.51 (3.18-3.83) 3.32 (2.98-3.67) 3.42 (3.12-3.72) 3.48 (3.10-3.85)

1706 (79%) 2.09 (1.97-2.20) 2.68 (2.56-2.79) 2.28 (2.16-2.39) 2.44 (2.33-2.56) 2.48 (2.35-2.62)

Medication use

  Older child (5-12 years)

  Adolescent (13-17 years)

  Adult (18-32 years)

  Study period (5-32 years)

  None in study period

22 (1%) 1.81 (0.64-2.98) 2.88 (0.82-4.94) 3.56 (1.25-5.87) 2.65 (0.90-4.40) 3.13 (0.70-5.55)

66 (3%) 3.24 (2.46-4.02) 3.87 (2.99-4.76) 3.61 (2.70-4.51) 3.09 (2.26-3.92) 3.04 (2.06-4.01)

601 (28%) 2.80 (2.54-3.05) 3.49 (3.21-3.76) 3.38 (3.09-3.67) 3.56 (3.30-3.81) 3.54 (3.24-3.84)

667 (31%) 2.71 (2.47-2.95) 3.40 (3.15-3.66) 3.27 (3.00-3.55) 3.43 (3.19-3.67) 3.41 (3.13-3.70)

1490 (69%) 2.01 (1.90-2.12) 2.60 (2.49-2.72) 2.15 (2.03-2.26) 2.30 (2.18-2.41) 2.37 (2.22-2.51)
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The range of absolute mean changes in depressive symptoms was from 1.53 (among those with long 

parental education between ages 28 and 32) to 2.78 (among those with high SSS in society between 

ages 15 and 18) (Table 6).

Notes: SSS = Subjective Social Status. Results presented in this table are selected and adapted from the full tables 

reported in the manuscript.

While IPW reduced differences in characteristics between the analytical and excluded samples, some 

discrepancies remained for sex, origin, parental educational level, household income, and mental 

health measures. All explanatory variables met the inclusion criteria for the FE analyses, as they 

exhibited more than a 10% change across all age points.

3.3.2 FE analyses and dominance

The FE models explained between 25% and 29% of the total variance in depressive symptoms and 

were all found to perform better than the POLS models.  Across all age-points, changes in health 

Table 6: Absolute change in depressive symptoms between time points

Absolute change in depressive symptoms (Mean (95% CI))

15-18 18-21 21-28 28-32

Total 2.04 (1.95-2.14) 1.95 (1.85-2.04) 1.87 (1.78-1.96) 1.64 (1.55-1.74)

Parental education

Long

Middle

Short

2.15 (1.83-2.47) 2.23 (1.89-2.57) 1.92 (1.62-2.21) 1.53 (1.23-1.82)

2.00 (1.90-2.10) 1.92 (1.82-2.01) 1.85 (1.76-1.94) 1.63 (1.53-1.72)

2.22 (1.91-2.52) 1.97 (1.66-2.29) 1.96 (1.68-2.24) 1.78 (1.50-2.05)

Household income

High

Middle

Low

2.10 (1.91-2.30) 1.85 (1.67-2.02) 1.73 (1.56-1.89) 1.54 (1.38-1.70)

2.04 (1.93-2.15) 1.98 (1.87-2.10) 1.88 (1.77-1.98) 1.63 (1.52-1.75)

2.00 (1.74-2.25) 1.92 (1.68-2.16) 1.99 (1.75-2.23) 1.78 (1.56-2.00)

SSS* in society

High

Middle

Low

2.78 (2.22-3.33) 2.27 (1.73-2.80) 2.35 (1.88-2.82) 1.96 (1.51-2.42)

2.12 (1.98-2.25) 1.99 (1.85-2.12) 1.90 (1.78-2.01) 1.69 (1.57-1.81)

1.87 (1.74-2.00) 1.86 (1.72-1.99) 1.78 (1.65-1.90) 1.55 (1.42-1.68)

SSS* in school

High

Middle

Low

2.13 (1.46-2.81) 2.15 (1.37-2.94) 2.17 (1.49-2.84) 1.77 (0.94-2.61)

2.10 (1.98-2.21) 1.97 (1.85-2.09) 1.90 (1.79-2.00) 1.68 (1.57-1.79)

1.92 (1.77-2.07) 1.88 (1.73-2.03) 1.79 (1.64-1.93) 1.55 (1.42-1.69)

Mental disorder diagnosis

  Older child (5-12 years)

  Adolescent (13-17 years)

  Adult (18-32 years)

  Study period (5-32 years)

  None in study period

1.82 (1.18-2.45) 1.78 (1.15-2.41) 1.86 (1.20-2.51) 1.53 (0.91-2.16)

2.94 (2.36-3.52) 2.19 (1.65-2.73) 1.98 (1.50-2.46) 1.98 (1.45-2.52)

2.51 (2.25-2.78) 2.15 (1.88-2.42) 2.15 (1.92-2.38) 1.95 (1.72-2.18)

2.49 (2.24-2.75) 2.13 (1.88-2.38) 2.05 (1.83-2.27) 1.86 (1.65-2.08)

1.93 (1.83-2.02) 1.90 (1.80-1.99) 1.82 (1.73-1.92) 1.59 (1.48-1.69)

Medication use

  Older child (5-12 years)

  Adolescent (13-17 years)

  Adult (18-32 years)

  Study period (5-32 years)

  None in study period

2.22 (0.56-3.88) 1.94 (0.75-3.13) 2.39 (1.13-3.64) 1.67 (0.50-2.84)

2.64 (2.03-3.25) 2.69 (2.15-3.22) 2.33 (1.83-2.83) 1.73 (1.21-2.25)

2.41 (2.22-2.59) 2.27 (2.08-2.46) 2.16 (1.99-2.33) 1.86 (1.69-2.03)

2.36 (2.18-2.53) 2.26 (2.08-2.43) 2.15 (1.99-2.31) 1.83 (1.67-2.00)

1.92 (1.82-2.03) 1.83 (1.73-1.93) 1.74 (1.65-1.84) 1.55 (1.45-1.65)
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(green) and personal (red) factors contributed the most to the explained variance in depressive 

symptoms, whereas lifestyle (blue) and social (black) factors explained relatively less (Figure 12). 

More specifically, changes in stress symptoms and sense of coherence were the strongest 

contributors to variance, consistently ranking first and second in terms of dominance, respectively. 

Self-esteem ranked third in dominance at most intervals, except between ages 15 and 18, where self-

rated health and psychosomatic symptoms were more important. A general pattern emerged, showing 

that the relative importance (dominance) of different explanatory variables varied across the life 

course of the participants. For example, changes in bullying explained >5% of the variance at ages 

15–18, but contributed <2% in later age intervals.

Figure 12: Results from the dominance analyses showing the relative contribution to the explained 

variance of depressive symptoms for personal (red), health (green), lifestyle (blue), and social factors 

(black).

Note: points are slightly scattered to improve readability



56

3.3.3 Asymmetric effects

An asymmetrical effect was observed for psychosomatic symptoms between the ages of 15-18 (Table 

7). Specifically, an increase in psychosomatic symptoms during this period was associated with a 

stronger increase in depressive symptoms (0.24 (95%CI: 0.15-0.33)), compared to a reduction in 

psychosomatic symptoms, which was only weakly associated with a decrease in depressive 

symptoms (0.08 (95%CI: -0.18-0.01).

The results also provide insights into the magnitude of these associations. Reductions in stress 

showed the strongest association with reductions in depressive symptoms across all age intervals, 

except for ages 21-28. In addition, other factors that were strongly associated with reductions in 

depressive symptoms included bullying (ages 15–18), self-esteem (ages 18–21), self-esteem and 

sense of coherence (ages 21–28), and self-esteem (ages 28–32).For increases in depressive 

symptoms, the strongest associations were found for increases in bullying and psychosomatic 

symptoms (ages 15–18), stress and sense of coherence (ages 18–21), self-rated health (ages 21–28), 

and both self-rated health and bullying (ages 28–32).
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Table 7: Results from asymmetrical change analyses

Change in depressive symptoms (mean (95% CI))

Age 15-18 Age 18-21 Age 21-28 Age 28-32

Personal factors

Coping

1 positive change

1 negative change

p=0.16

-0.02 (-0.05;0.01)

-0.03 (-0.08;0.02)

p=0.59

0.01 (-0.04;0.06)

0.00 (-0.02;0.03)

p=0.59

0.03 (-0.02;0.09)

-0.01 (-0.06;0.04)

p=0.53

0.03 (-0.02;0.09)

-0.01 (-0.06;0.04)

Self-esteem

1 positive change

1 negative change

p=0.49

0.09 (0.01;0.16)

-0.04 (-0.11;0.03)

p=0.15

0.08 (0.01;0.16)

-0.18 (-0.25;-0.12)

p=0.69

0.10 (0.03;0.16)

-0.11 (-0.18;-0.04)

p=0.55

0.09 (0.02;0.15)

-0.07 (-0.13;-0.01)

Sense of coherence

1 positive change

1 negative change

p=0.15

0.21 (0.13;0.29)

-0.10 (-0.19;-0.02)

p=0.67

0.17 (0.08;0.25)

-0.15 (-0.23;-0.07)

p=0.16

0.11 (-0.00;0.21)

-0.22 (-0.29;-0.15)

                            p=0.36

0.09 (-0.01;0.19)

-0.16 (-0.23;-0.09)

Health factors

Stress

1 positive change

1 negative change

p=0.18

0.20 (0.11;0.28)

-0.30 (-0.38;-0.22)

p=0.31

0.18 (0.12;0.25)

-0.25 (-0.34;-0.17)

p=0.62

0.21 (0.13;0.28)

-0.17 (-0.26;-0.09)

p=0.56

0.20 (0.13;0.26)

-0.20 (-0.26;-0.15)

Psychosomatic symptoms

1 positive change

1 negative change

p=0.03

0.24 (0.15;0.33)

-0.08 (-0.18;0.01)

p=0.63

0.09 (0.00;0.18)

-0.08 (-0.17;0.01)

p=0.44

0.09 (-0.00;0.17)

-0.03 (-0.13;0.07)

p=0.54

0.11 (0.01;0.22)

-0.11 (-0.20;-0.03)

Self-rated health

1 positive change

1 negative change

p=0.55

0.13 (-0.06;0.32)

-0.25 (-0.54;0.03)

p=0.65

0.12 (-0.14;0.38)

-0.16 (-0.33;0.01)

p=0.62

0.26 (0.08;0.44)

-0.24 (-0.47;-0.01)

p=0.58

0.26 (0.10;0.42)

-0.29 (-0.51;-0.07)

Lifestyle factors

Physical activity

1 positive change

1 negative change

p=0.18

-0.09 (-0.22;0.04)

-0.10 (-0.30;0.09)

p=0.45

0.09 (-0.03;0.21)

-0.00 (-0.15;0.14)

p=0.62

0.02 (-0.13;0.18)

0.03 (-0.11;0.17)

p=0.56

0.03 (-0.07;0.13)

0.01 (-0.13;0.14)

Smoking

1 positive change

1 negative change

p=0.68

-0.06 (-0.19;0.08)

0.02 (-0.39;0.43)

p=0.34

-0.04 (-0.20;0.12)

0.20 (-0.02;0.41)

p=0.35

0.12 (-0.08;0.32)

0.01 (-0.12;0.14)

p=0.51

-0.07 (-0.32;0.18)

0.11 (-0.00;0.22)

BMI

1 positive change

1 negative change

p=0.43

0.01 (-0.05;0.07)

-0.09 (-0.27;0.08)

p=0.45

0.03 (-0.03;0.10)

0.04 (-0.11;0.19)

p=0.59

-0.03 (-0.08;0.01)

0.01 (-0.06;0.09)

p=0.57

-0.03 (-0.06;0.00)

0.03 (-0.04;0.09)

Social factors

Bullying

1 positive change

1 negative change

p=0.73

0.29 (-0.03;0.60)

-0.31 (-0.52;-0.11)

p=0.33

-0.14 (-0.52;0.24)

-0.17 (-0.51;0.17)

p=0.51

-0.03 (-0.37;0.32)

0.03 (-0.26;0.33)

p=0.35

0.22 (-0.01;0.45)

-0.03 (-0.31;0.25)
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4. Discussion

This section presents the main findings, a discussion of the results of the three studies conceptualized

with existing literature, and a discussion of the methods used.

4.1 Main findings conceptualized in the Health Complexity Framework

The findings of this dissertation can be conceptualized using the Health Complexity Framework, 

which views mental health as a dynamic, multi-level phenomenon shaped by interacting individual, 

social, and systemic factors over time. Each study contributes to different dimensions of this 

framework: patterns, mechanisms, and dynamics (Figure 13). The analyses incorporated data across 

multiple levels: individual-level information on health, well-being, and personal characteristics; 

group-level data on social and family relations; and population-level indicators—all derived from 

nationwide registers and surveys.

Figure 13: The Health Complexity Framework adapted from Rod et al. and applied to the three 

studies of the thesis (75)

Patterns were addressed in Studies I and II.

Study I showed increasing prevalences of mental disorder diagnoses and psychotropic medication 

use among 15-year-olds from 2002 to 2022. While low-income and short-education groups 

consistently experienced the highest mental health burdens, the strength of these associations 

weakened over time—particularly for income—suggesting shifting vulnerability. In contrast, the 

associations remained stable for adolescents in the high-income and long-education groups. 
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Population level: data from registers
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However, this general trend masks substantial variation across diagnostic categories. For 

psychotropic medication use, the association with income diminished over the study period, whereas 

the association with educational level strengthened until 2011–2013 and then declined.

Study II expanded the examination of patterns across the life course. Individuals with low SES

experienced higher mean levels of depressive symptoms, greater use of psychotropic medication, and 

higher cumulative incidence of mental disorder diagnoses between ages 15 and 32-most pronounced 

for SSS in school and society. Four distinct depressive symptom trajectories from adolescence to 

adulthood was identified: low stable, moderate stable, decreasing, and increasing. Socioeconomic 

disadvantage—particularly SSS in school and society—was associated with increased risk of 

following less favorable trajectories. The odds of belonging to any trajectory other than the low 

stable group were higher among females, individuals with comorbid mental health outcomes, those 

with low social status, and those lacking social support. Notably, social support was associated with a 

greater likelihood of following more favorable symptom trajectories.

Mechanisms and dynamics were primarily explored in Study III.

Changes in personal, health, and social factors were associated with changes in depressive symptoms 

across five age periods. Stress symptoms and sense of coherence consistently explained the largest 

part of variance, but the relative importance of factors shifted with age. Overall, changes in personal 

and health-related factors showed the strongest associations with changes in depressive symptoms 

throughout the study period.

Applying the Health Complexity Framework revealed that mental health is not a fixed or linear 

outcome, but rather an emergent property of complex, age-dependent, and multi-level interactions. 

This perspective highlights the need for nuanced, developmentally sensitive, and multi-dimensional 

approaches in both public health surveillance and intervention strategies.

4.2 Findings contextualized by existing literature

4.2.1 Time trends in social inequality in adolescent mental health (Study I)

The findings of Study I align with previous research documenting a rise in poor mental health among 

adolescents (13, 19, 21, 113, 114) and consistent associations between SES and adolescent mental 

health (30-33, 38, 115, 116). This is the first study to examine time trends in social inequality in 

mental health.
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While the GINI coefficient indicates rising social inequality in Denmark over recent decades (26), 

we observed a somewhat unexpected decline in the strength of associations between income and 

adolescent mental health problems. This pattern does not appear to be explained by the shifting 

income definitions over time. A sensitivity analysis showed that the relative mean income in high-

income groups increased, while it decreased in low-income groups compared to the middle-income 

group, suggesting that the categorization itself did not mask inequality trends.

A changing distribution of parental education levels may partly explain the weakening association 

between education and mental health. Over time, more parents attained higher levels of education, 

possibly narrowing the distinctions between the middle- and low-education groups in terms of 

resources and opportunities. The somewhat different patterns observed for income and education 

may also reflect the nature of the SES indicators themselves: income was measured as a three-year 

average around the time the adolescent entered the study and may therefore reflect the family's 

current SES circumstances, whereas educational attainment is typically established earlier in 

adulthood—often before having children—and may be less sensitive to more recent life changes.

The underlying causes of the increase in adolescent mental health problems remain widely debated. 

Some argue that a lower diagnostic threshold and a possible trend toward overdiagnosis, particularly 

for conditions such as ADHD, have contributed to the observed increase (22). Others point to a 

broader societal shift toward "psychologization”, where everyday challenges are increasingly 

interpreted through a psychological lens, potentially inflating the number of diagnoses (23, 24). 

These trends may be more prominent among adolescents from higher SES backgrounds, who are 

often more engaged in public discourse and are better positioned to navigate healthcare systems (117, 

118). 

Another line of argument suggests that the rise in mental health problems reflects real changes in 

adolescents' lived experiences, including heightened academic, social, and cultural pressures (23, 

25). Qualitative studies suggest that these pressures may exacerbate vulnerability in low-SES 

adolescents due to their challenging financial and social conditions. However, they also indicate the 

emergence of new types of vulnerability among middle- and high-SES youth, who may experience 

unique forms of pressure related to performance and expectations (23).

The diagnosis-specific results revealed diverse patterns over time. For instance, the increasing 

association between low SES and substance use disorders may reflect hereditary factors (48). 
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Although our models were adjusted for family history of mental illness, undiagnosed conditions, 

particularly among parents, may have influenced the results. Given the downward shift in the 

average age of onset for mental disorders (21), undiagnosed parental conditions may affect both SES 

indicators and adolescent mental health outcomes, and the degree of undiagnosed conditions may 

differ depending on the diagnosis. Conversely, for mood and eating disorders, the observed decline 

or reversal in SES associations over time may be driven by differences in health-seeking behavior. 

Parents with high SES are more likely to recognize symptoms, seek professional help, and advocate 

for diagnosis and treatment (117, 118).

Regarding psychotropic medication use, a policy change in 2014 prohibited GPs from prescribing 

antidepressants to individuals under 25 years of age, allowing only psychiatrists to prescribe this 

medication (43, 119). While overall psychotropic medication use continued to rise after this change, 

likely due to increased prescriptions by psychiatrists, this shift may have disproportionately affected 

low-SES adolescents. These individuals may face more barriers in accessing psychiatric specialists 

than higher-SES adolescents, who often have greater healthcare literacy and better access to services. 

Such access advantages may include employer-paid private health insurance, which has become 

increasingly common in Denmark. From 2003 to 2023, the number of people covered by private 

health insurance rose steeply from 229,000 to 2.9 million, now encompassing almost all private 

sector employees and a growing share of public sector workers (120). However, this development 

may further exacerbate inequalities, as the most vulnerable—such as individuals with unstable or no 

attachment to the labor market—are often excluded from such schemes despite the universal public 

healthcare system.

4.2.2 Trajectories of depressive symptoms in adolescence and early adulthood (Study II)

To our knowledge, no previous study has examined SES-specific mental health outcomes from 

adolescence to adulthood. However, prior Danish studies have investigated the cumulative incidence 

of mental disorder diagnoses as proportions. For example, one study reported a cumulative incidence 

of any mental disorder of 0.15 (95% CI: 0.15–0.15) in a younger cohort, while another reported 

lifetime cumulative incidences of 0.31 (95% CI: 0.31–0.31) for males and 0.34 (95% CI: 0.34–0.35) 

for females by age 80 years (28, 121). The present study found a cumulative incidence of 0.19 (95% 

CI:0.17-0.20), which is somewhat in line with estimates for the younger cohort. Differences in 

incidence rates across studies are likely explained by cohort age, as older cohorts naturally 

accumulate more diagnoses over time. Additionally, the geographic context of the present study may 
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partly explain these findings. The VestLiv cohort covers a rural population, and previous research has 

shown that individuals living farther from psychiatric hospitals are less likely to receive diagnoses 

(28, 122, 123). There has also been a temporal trend toward earlier onset of mental disorders, 

meaning that more recent cohorts may accumulate diagnoses earlier in life (124). Finally, due to 

limitations in the register, this study only included diagnoses from age 6 years onwards, potentially 

missing early childhood diagnoses such as developmental and behavioral disorders (13, 42).

Regarding depressive symptom trajectories, this study identified four distinct groups, which aligns 

with a review showing that most studies identify three to four trajectories, typically including low

stable and moderate stable groups (14). However, unlike many prior studies that report a high-stable 

trajectory, this pattern was not observed in the present data. While combinations such as decreasing, 

increasing, and low stable trajectories have previously been reported (15, 125-128), the specific 

combination of these with a moderate stable group is less frequent (129, 130). Consistent with the 

existing literature, this study found that being female and having low SES were associated with an 

increased likelihood of belonging to trajectories characterized by higher depressive symptoms (14, 

15, 125, 128, 129, 131). However, much prior research has focused on childhood SES, whereas this 

study used measures from adolescence. Measuring SES earlier in life may result in even stronger 

associations, as suggested by previous research (40).

4.2.3 Effects of personal, health, lifestyle, and social factors on depressive symptoms (Study III)

Our study identified stress symptoms, sense of coherence, self-esteem, self-rated health, and 

psychosomatic symptoms as the most influential factors in explaining the variance in depressive 

symptoms between 15 and 32 years of age. All of these have previously been recognized as risk 

factors for poor mental health (55, 56, 132-135). However, research on whether the strength of these 

associations varies across the life course is limited. Notably, low self-esteem has been shown to have 

a greater impact on mental health when it occurs during identity formation (55). This is in line with 

the theory of emerging adulthood (ages 18-25), a period in which identity formation is a central 

developmental task (6), and with our findings, in which self-esteem had the greatest dominance at 

ages 18–21 and remained influential at ages 21–28 and 28–32.

Longitudinal studies on self-rated health have primarily focused on older populations, making direct 

comparisons with the present study challenging (135). Nonetheless, our findings support the 

importance of self-rated health in relation to depressive symptoms in young adulthood. Similarly, our 



64

results regarding psychosomatic symptoms are consistent with previous research showing that such 

symptoms in adolescence are predictive of poor mental health in early adulthood (133). Moreover, 

lifestyle factors—defined as physical activity, smoking, and BMI—contributed only minimally to the 

explained variance in depressive symptoms, which is in contrast to earlier research identifying these 

factors as determinants of mental health (54, 59). A potential explanation for this discrepancy is that 

previous studies have examined lifestyle factors as isolated exposures, whereas the present study 

applied a systems-oriented approach that considered multiple interrelated influences simultaneously.

Interestingly, bullying did not emerge as a central factor in dominance analyses. However, the 

asymmetric analyses revealed strong associations between changes in bullying and changes in 

depressive symptoms, particularly for increases in bullying at ages 15–18 and 28–32, and for 

decreases at ages 15–18 and 18–21. While the long-term consequences of bullying are well-

established, its age-specific impact remains underexplored (68).

It is important to note that even though some factors showed stronger dominance or associations with 

depressive symptoms, the minimal detectable change for the CES-DC4 has been estimated to 3.85 

points (95% CI: 2.91–4.80) (136). This suggests that targeting a single explanatory factor may not be 

sufficient to produce clinically meaningful changes in depressive symptoms. Therefore, preventive 

strategies should adopt a multifactorial approach that addresses several contributing factors 

simultaneously.

Although social factors did not play a central role in the dominance models, future research should 

include a broader set of variables—particularly those related to social connections, social support, 

and loneliness, which have shown strong links to mental health across different life stages (51, 53, 

54, 62, 64-66, 137). Moreover, investigating potential interactions or moderating effects between 

variables was beyond the scope of this study but is an important area for future research. For 

example, coping strategies may buffer the negative effects of stress on mental health (138).

4.3 Methodological considerations

This section discusses the general methodological considerations for the three studies in this thesis, 

including issues related to selection bias, misclassification, confounding, and generalization.
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4.3.1 Strengths and limitations of methods

In Study I, a key limitation is the lack of data on mental disorder diagnoses before 1995, which 

affects diagnostic coverage for the oldest included cohort. Consequently, full lifetime diagnostic 

information is not available for 15-year-olds in the 2002–2009 cohorts, complicating comparisons 

across cohorts. However, a sensitivity analysis using diagnoses from age 7 years onwards showed 

similar results and did not alter the study’s conclusions. It should also be noted that this study 

captured only the most severe cases of poor mental health from the registers. Data from primary care 

are not available; therefore, diagnoses made by GPs are not included. Weye et al. (45) found that 

only 15% of individuals who met the cutoff for self-reported depression, based on the Major 

Depression Inventory, had a corresponding diagnosis in the psychiatric registers, while 51% had 

received psychotropic medication.

In Study II, the finding that low SSS was more strongly associated with mental health outcomes than 

low income or short education may partly reflect the small size of the low SSS groups, which 

comprised only 5% of the sample and may represent the most socially disadvantaged group. To test 

whether group size influenced the results, we reclassified the low-income group to include only the 

lowest 5% of incomes, which did not change the results. However, this comparison can be 

problematic, as previous research has shown that individuals in the lowest tax-reported income 

brackets can sometimes have substantial financial resources due to factors such as tax minimization, 

asset-based wealth, or temporary income fluctuations and may therefore be misclassified in register-

based data (81). A strength of this study is the inclusion of multiple SES measures to capture 

different dimensions of social status. Low correlations between SES measures underscore the 

importance of using multiple indicators when studying social inequalities. The combination of 

survey and register data allowed for a broad and nuanced analysis of the data. A limitation of this 

study is that the trajectory groups had an APPA value and two OCC values that were below the 

recommended thresholds. Although the APPA (65%) and OCC (2.7% and 3.6%) were only slightly 

below the suggested cutoffs (70% and 5%, respectively), these results should be interpreted 

cautiously.

In Study III, the longitudinal design spanning from adolescence to adulthood offers a unique 

opportunity to examine age-specific changes in depressive symptoms during this developmental 

transition. The availability of self-reported data on a wide range of explanatory variables enabled a 

comprehensive examination of how personal, health, lifestyle, and social factors are related to 

depressive symptoms. One limitation is the varying time intervals between surveys (three to seven 



66

years), which complicates comparisons of change across models, as the duration between 

measurements may influence the magnitude of the observed changes. Finally, the sizes of the 

estimates in the asymmetric change analyses should be interpreted with caution, as the variables 

included in the models differ in their measurement scales; some are categorical, while others are 

continuous. A one-unit change in a categorical variable (e.g. from “not bullied” to “once or twice”) 

represents a relatively larger shift when the variable includes only five categories compared to a one-

unit change in a continuous variable that spans a broader range (e.g. one unit on the BMI scale). This 

difference in scale means that effect sizes are not directly comparable across variable types, and the 

relative magnitude should be interpreted within the context of each variable’s measurement 

properties. However, this limitation only affects the interpretation of the asymmetric change 

analyses. In contrast, dominance analyses are not subject to this issue, as categorical variables are 

coded as such, and the results reflect each variable’s relative contribution to the explained variance in 

depressive symptoms rather than relying on unit-based comparisons.

4.3.2 Causality

Across all three studies, causal interpretations are limited by the timing of measurements. In Studies 

I and II, SES and mental health indicators were assessed at the same time, making it impossible to 

determine whether socioeconomic disadvantage leads to poor mental health or whether mental health 

problems contribute to lower SES — leaving open the possibility of reverse causality. In Study III, 

changes in depressive symptoms and the potential explanatory factors were measured at the same 

time, making it difficult to know which came first. Future research should examine the timing of 

exposures and outcomes more closely to better assess causal relationships.

4.3.3 Selection bias

In Study I, the use of national register data provided near-complete coverage of Danish adolescents, 

thereby minimizing the risk of selection bias. Missing data were addressed using MI, which 

incorporates strong auxiliary variables. However, relying solely on register-based mental health 

indicators likely underrepresents milder cases, particularly among low-SES groups who may be less 

likely to access specialist care (117, 118). Conversely, individuals from high-SES families might be 

underrepresented if they used private psychiatric services not captured in the registers.

In Study II, the use of near-complete national register data in descriptive analyses of mental disorder 

diagnoses and psychotropic medication use similarly minimized the selection bias.
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Studies II and III used data from the VestLiv cohort. Participation in the initial survey was high 

(81.5% in 2004). Missing data were handled using MI within each survey to retain as many 

participants as possible, and IPW was applied to adjust for non-participation, which was especially 

important in later surveys. Nonetheless, some differences in the characteristics between the analytical 

and excluded samples remained, suggesting that selection bias may not have been fully eliminated 

despite these efforts.

4.3.4 Misclassification

In Study I, all data were drawn from national registers, which can be subject to misclassifications. 

Psychotropic medication use was defined using prescription indication codes; however, some 

prescriptions lacked an indication and were coded as no psychotropic medication use, which could 

lead to an underestimation of medication use for mental disorder treatment. Regarding SES 

measures, approximately 0.6% of individuals had missing data on parental educational levels, 

primarily among those of non-Danish origin. Although multiple imputations were used to handle 

this, the potential for misclassification remains, particularly in this subgroup. Moreover, income data 

may be misclassified at lower ends of the distribution. As mentioned, previous research has shown 

that individuals in the lowest tax-reported income brackets may have substantial financial resources 

due to tax minimization strategies, asset-based wealth, or temporary income fluctuations and are 

therefore incorrectly categorized as low-income in register-based analyses. However, categorizing 

income into groups has been shown to reduce this bias (81).

In Studies II and III, misclassification may have arisen from survey-based measures. The CES-DC4, 

used to assess depressive symptoms, has demonstrated poor reliability and only acceptable structural 

validity in adolescents, while the short form has not been validated in adults (139). Therefore, 

depressive symptom levels should be interpreted with caution. The SSS was measured using the 

MacArthur Scale and categorized into low, middle, and high groups. Although similar cutoffs have 

been used in other studies (e.g. low: steps 1–3; middle: steps 4–7; high: steps 8–10) they differ 

slightly from those in the present study, where the cutoffs were set at low (steps 1–4), middle (5–8), 

and high (9–10) to better balance group sizes, as the low group was very small and the high group 

large with the cutoff previously used. The construct validity and optimal cutoffs of the MacArthur 

Scale warrant further investigation.
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In Study III, the models were based on changes in variables across surveys; however, not all 

variables were measured identically across time points. Some slight variations in item wording 

reflect the necessary cultural and developmental adaptations for ages 15–32, but these changes may 

reduce the consistency of measurements over time and affect the changes in the variables.

4.3.5 Confounding

In Study I, the analyses were adjusted for various register-based variables, including demographic 

and family level information. However, factors not available in the registers, such as parenting style, 

neighborhood characteristics, or coping strategies, may still confound the results (140-142).

In Study II, no adjustments for confounding factors were applied. This was appropriate given the aim 

of describing SES-specific patterns in mental health and depressive symptom trajectories.

In Study III, a major strength is the use of FE models that control for all time-invariant confounding. 

Additionally, all explanatory variables were mutually adjusted, and the survey was included as a 

covariate to account for aging and secular trends. Despite this, the models explained 25–29% of the 

variance in depressive symptoms, suggesting that unmeasured factors likely contribute to changes in 

depressive symptoms.

4.3.6 Generalizability

Study I used national data; therefore, the findings are likely generalizable to the Danish population. 

In an international context, the results may also be applicable to countries with welfare systems 

similar to Denmark. However, these findings could underestimate the effects of low SES in contexts 

where socioeconomic disadvantage is more strongly associated with unmet basic needs.

In Study II, the findings regarding psychotropic medication use reflect prescribing practices prior to 

the 2014 regulation that restricted general practitioners from prescribing antidepressants to 

individuals under 25 years, reserving this right for psychiatrists (119). As the cohort studied was born 

in 1989 and thus aged out of this regulation by the time it was implemented, the findings may not be 

fully generalizable to younger cohorts affected by this policy change.

In Studies II and III, the analyses based on data from the VestLiv cohort, which is located in a rural 

region of Denmark, might have limited generalizability to more urban settings than the national 

population, as rural–urban differences in health and social dynamics could influence the observed 
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relationships. However, a previous study found that the social structure of the VestLiv cohort was 

comparable to that of the general Danish population (143).
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5. Conclusion

This thesis contributes to a deeper understanding of how SES shapes the development and course of 

mental health from adolescence to adulthood. Drawing on national register data and longitudinal 

survey data, the three studies collectively illustrate the persistence of social inequality in mental 

health across developmental stages, while also highlighting how different aspects of SES—both 

objective and subjective— are related to mental health outcomes and trajectories over time.

Study I showed that social inequalities in adolescent mental health in Denmark have persisted over 

the past two decades, although the patterns have evolved. While increases were observed in the 

prevalence of mental disorder diagnoses and medication, the magnitude of inequality between the 

low- and middle-SES groups appears to have slightly decreased. In contrast, inequalities between the 

high- and middle-SES groups remained stable. Importantly, these trends differed by diagnosis, 

indicating that broader societal or systemic changes may influence specific mental health outcomes 

in distinct ways. This highlights the need for future research to examine diagnosis-specific 

mechanisms and policies that can mitigate these social disparities.

Study II extended the investigation into adulthood, showing that individuals with low SES—

especially those with low SSS—faced more mental health outcomes. SSS emerged as a particularly 

sensitive indicator, potentially identifying vulnerable individuals who may be overlooked by 

indicators such as income and education. The study revealed that depressive symptom trajectories are 

socially patterned, with other mental health problems, low SES, female sex, and low social support

being associated with trajectories with more depressive symptoms. These findings suggest that 

strengthening social support systems for vulnerable adolescents and young adults may help prevent 

the development or worsening of depressive symptoms over time.

Study III emphasized the importance of considering age-specific dynamics in the development of 

depressive symptoms. While changes in personal and health-related factors (e.g. stress, 

psychosomatic symptoms, and sense of coherence) were most strongly associated with changes in 

depressive symptoms, the influence of these factors varied across life stages. Bullying in adolescence 

was also associated with depressive symptoms; however, due to data limitations, the full scope of 

social influences could not be explored. Future research should adopt system-based approaches to 

better capture the complexities of social determinants over time.
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6. Perspectives

The results of this dissertation hold several clinical and public health implications for mental health 

prevention and intervention across adolescence, emerging adulthood and adulthood.

First, the identification of socioeconomical vulnerable groups emphasizes the continued need for 

targeted prevention strategies. While some evidence points to a weakening of SES gradients in 

diagnoses and medication use, vulnerable adolescents remain at elevated risk, and certain diagnostic 

categories may require more focused attention. Clinicians and policymakers should be aware that 

socioeconomic disadvantage remains a powerful structural determinant of mental health and 

continues to affect young people unequally.

Second, the strong association between SSS and depressive symptom trajectories highlights the 

importance of addressing subjective social experiences in clinical settings. Feelings of inferiority, 

social marginalization, or exclusion may not be visible through traditional SES indicators but still 

have profound associations with mental health. Interventions that support adolescents' sense of 

belonging, self-worth, and social inclusion—such as school-based mental health programs and 

youth-centered therapeutic approaches—could help mitigate these risks.

Third, social support emerged as a factor that may buffer against increasing depressive symptoms. 

Clinically, this suggests that mental health professionals should assess the availability and quality of 

adolescents’ support networks and actively work to strengthen them, including through school-

oriented, family-oriented or peer-support interventions.

Fourth, findings from Study III underline that age-sensitive approaches are essential. Different 

factors—such as stress, self-esteem and sense of coherence—contribute differently to mental health 

at different ages. Interventions should therefore be developmentally tailored, flexible over time, and 

responsive to the changing needs of young people.

Finally, while the Health Complexity Framework was used as an interpretative lens for 

understanding the results, while it also carries practical implications. It suggests that effective mental 

health care must move beyond simple cause-effect models and instead embrace the evolving nature 

of mental health. The interplay between personal, social, and structural factors is dynamic, and 

targeting a single factor in isolation is unlikely to result in clinically meaningful improvements. 
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Instead, multifaceted approaches that address several interrelated determinants simultaneously—and 

adapt to changes over time—are needed to support young people's mental health in a more 

sustainable and effective way.

In conclusion, the studies underscore the need for a layered and responsive mental health system—

one that integrates social context, developmental timing, and complexity into both diagnosis and 

intervention. Such an approach can more effectively support adolescents through their formative 

transitions and reduce the long-term burden of mental disorders.
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Summary

Mental health problems in adolescence and adulthood are a growing public health concern with long-

term consequences for individuals and society. This thesis explored how mental health developed 

from 15 to 32 years of age in relation to social inequalities and determinants. Using longitudinal 

survey and register data, it examined trends in social determinants, mental health trajectories, and the 

influence of personal, health, lifestyle, and social factors on mental health. The aim was to support 

targeted, age-sensitive preventive strategies.

Study I investigated whether socioeconomic (SES) inequality in adolescent mental health changed 

from 2002 to 2022. The study included all 15-year-olds in Denmark over this period and linked 

family income and parental education to mental disorder diagnoses and the use of psychotropic 

medication. The results showed an increasing prevalence of mental health problems across all 

groups. SES disparities persisted but tended to decrease over time, although the diagnosis-specific 

patterns varied.

Study II followed a 1989 birth cohort across five surveys from ages 15 to 32 to assess the influence 

of SES—both objective and subjective—on mental health development. Individuals with low SES at 

age 15 experienced worse mental health outcomes throughout the period, most prominently for 

individuals with a low subjective status. Four depressive symptom trajectories were identified: low 

stable, moderate stable, decreasing, and increasing trajectories. Low social status, being female, 

having other mental health outcomes, and low social support increased the likelihood of belonging to 

a trajectory other than the low stable trajectory.

Study III explored the associations between changes in personal, health, lifestyle, and social factors 

and changes in depressive symptoms at different stages of life. Using fixed-effects and dominance 

analyses, the results showed that stress symptoms were consistently the most important factor, while 

sense of coherence became more influential with age. Self-esteem, psychosomatic symptoms, and 

self-rated health also played key roles, with their relative importance shifting with age.

Together, these studies show that mental health is shaped by persistent social inequalities and 

dynamic individual factors. Interventions should be tailored to different life stages and prioritize 

individuals from socioeconomically disadvantaged backgrounds.
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Dansk resumé

Mentale helbredsproblemer i ungdoms- og voksenårene er et stigende problem med langvarige 

konsekvenser. Afhandlingen undersøgte, hvordan mental sundhed udviklede sig fra 15- til 32-

årsalderen med fokus på social ulighed. Ved brug af longitudinelle spørgeskema- og registerdata blev 

tendenser i social ulighed, mentale helbredsforløb og betydningen af personlige, sundhedsrelaterede,

livsstilsrelaterede og sociale faktorer belyst. Formålet var at understøtte målrettede og alderssensitive 

forebyggelsesstrategier.

Studie I undersøgte, om den sociale ulighed i unges mentale sundhed havde ændret sig fra 2002 til 

2022. Studiet inkluderede alle 15-årige i Danmark i perioden og koblede familieindkomst og 

forældres uddannelsesniveau til psykiatriske diagnoser og brug af psykofarmaka. Resultaterne viste 

en stigende forekomst af mentale helbredsproblemer i alle grupper. Social ulighed var vedvarende, 

men viste en tendens til at aftage over tid, med varierende mønstre afhængigt af diagnose.

Studie II fulgte en 1989-fødselskohorte gennem fem målinger fra 15- til 32-årsalderen og 

undersøgte, hvordan både objektiv og subjektiv social status påvirkede mental sundhed over tid. 

Personer med lav social status som 15-årige havde gennemgående dårligere mentalt helbred, mest 

udtalt for personer med lav subjektiv social status. Fire forløb af depressive symptomer blev 

identificeret: lav stabil, moderat stabil, faldende og stigende. Lav social status, at være kvinde, have 

tidligere mentale helbredsproblemer og lav social støtte øgede risikoen for at tilhøre de øvrige forløb 

frem for lav stabil.

Studie III undersøgte, hvordan ændringer i personlige, sundhedsrelaterede, livsstilsrelaterede og 

sociale faktorer hang sammen med ændringer i depressive symptomer i forskellige livsstadier. Med 

fixed effects- og dominansanalyser viste studiet, at stress-symptomer var den vigtigste forklarende 

faktor, mens oplevet sammenhæng (sense of coherence) blev vigtigere med alderen. Selvværd, 

psykosomatiske symptomer og selvvurderet helbred spillede også væsentlige roller, med skiftende 

betydning over tid.

Studierne viste, at mental sundhed blev formet af vedvarende sociale uligheder og dynamiske 

individuelle faktorer. Forebyggende indsatser burde tilpasses livsfaser og målrettes personer med 

socioøkonomisk ufordelagtige vilkår.
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Background

Poor mental health is an increasing global concern, with 

the World Health Organization (WHO) estimating that 

by a mental health condition [1]. Denmark has seen simi-

in both the prevalence of mental disorder diagnoses and 

medication use among youth [2–4]. Notably, antidepressant 

use among 0–17-year-olds in Denmark more than doubled 

the past decades, from 2.15 users per 1,000 inhabitants in 

2002 to 5.04 users per 1,000 in 2022 [5]. This increase has 

occurred despite a regulatory change in 2014 that restricted 

general practitioners from prescribing antidepressant medi-

cation to children and adolescents [6]. The increased medi-

cation use aligns with rising incidence rates of diagnosed 
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Abstract

Purpose The aim of this study is to examine if the social inequality in adolescent mental health has changed in the past 

decades (2002–2022) by studying the associations between socioeconomic status (SES) and mental health measures in 

15-year-old adolescents.

Methods This study is a register-based study consisting of seven cross-sectional analyses of associations between adoles-

-

nosis and medication use. The population consists of all registered residents in Denmark who turned 15 years in the years 

2002–2022. All data was obtained from Danish population-based registers. The prevalence of mental health measures was 

calculated, and the associations between SES and mental health were analysed with log-binomial regression.

Results The prevalence of mental disorder diagnoses and medication use of adolescents increased during the past two 

decades. Associations between SES and mental health were found between all measures during the period, however, a trend 

toward decreasing associations for low-SES groups and stable odds ratios for high-SES groups compared to the middle-

increasing associations for SES and substance use disorders and decreasing associations for SES and mood disorders.

Conclusion This study highlights persistent but evolving social inequalities in adolescent mental health in Denmark from 

2002 to 2022. While the prevalence of mental health diagnoses increased, changes in inequality patterns were diagnosis-
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mental disorders in 15–20-year-olds; for example, a study 

found that the incidence rates of mood disorders in younger 

ages (under age 30 years) were markedly higher in the most 

recent birth cohorts compared to older cohorts [7]. Several 

studies on both self-reported mental health and mental dis-

time, while studies on psychotropic medication use are lack-

ing [3, 4, 7, 8].

Rising mental health issues have paralleled an increase in 

in 2022 [9]. Moreover, social mobility through education 

from the poorest quintile who lacked vocational training 

remained in the poorest quintile, compared to 39% in 1995 

[10]. The association between low socioeconomic status 

(SES) and poor mental health in adolescents is well-doc-

umented [11–17]. This has been evident, both when SES 

cognitive skills and cultural capital [18]. However, it is also 

evident that the associations between SES and poor mental 

11]. Given 

SES in relation to adolescent mental health, further inves-

tigation is crucial. While existing studies tend to focus on 

few incorporate population-based data [11–17]. Therefore, 

research that explores multiple SES factors within the 

same population-based sample remains limited. Moreover, 

although social inequality and adolescent mental health 

issues have increased simultaneously, little is known about 

the changes over time in the association between SES and 

mental health in adolescents.

This study aims to examine the association between 

social inequality in mental health using various SES mea-

sures (family income and parental educational level) and 

mental health measures (mental disorder diagnoses and 

medication use) in 15-year-old adolescents over the period 

from 2002 to 2022.

Methods

Study design, setting, and participants

This study is a register-based cohort study consisting of 

cross-sectional analyses of the associations between adoles-

-

diagnoses and medication use, for seven 3-year-periods in 

the years 2002–2022.

The population consists of all registered residents in Den-

through the Danish Civil Registration System [19].

Variables, data sources and measurement

Mental health measures

-

-

(intellectual disabilities). The mental disorder diagnoses 

-

-

-

from the psychiatric and somatic units from 1995–2022 are 

20, 

21]. The register does not cover outpatients before 1995 

do not have complete data from birth and the results are 

not directly comparable with the later cohorts. Adolescents' 

-

lence of any primary or secondary diagnosis recorded from 

birth until six months after the adolescent’s 15th birthday.

-

tropic medication using Anatomical Therapeutic Chemical 

(ATC) codes N05A (excluding N05AN), N05AN, N05B, 

N05C, N06A, N06B, N06C (excluding N06AX01 and 

N06AX02), N07BB and N07BC), obtained from the Dan-

ish National Prescription Register [22]. The choices of ATC 

codes were based on advice from a senior psychiatrist on 

medication most often used for treating mental disorder 

diagnoses in Denmark, with exclusion of medication that 

often is used to treat other types of disorders. Medication 

half a year before and half a year after the adolescents'15th 

birthday.

SES measures

Equalized family income is a measure of the disposable 

income weighted by the number of people in the family 

23]. The 

equalized family income was categorized according to the 

1 3
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high (20% highest) income group [24]. The adolescents 

were grouped with adolescent born the same year. We used 

the mean of the equalized family income the year before the 

adolescents' 15th birthday, the year of the 15th birthday and 

the year after the 15th birthday. The mean of 3 years was 

used to reduce information bias related to negative income 

investment year [25

income was available in the period, this information was 

used.

Parents' highest educational level is categorized accord-

-

school, vocational education or short-cycle tertiary educa-

26

was obtained on the adolescents' 15th birthday obtained 

from Register of the Highest Completed Education [27]. 

The middle group was used as the reference category in 

both SES measures, as it represents the most typical group 

in the population and enables comparisons relative to the 

average adolescent [28].

Covariates

Covariates consist of sex, country of origin, parents living 

together, family's mental disorder, adolescents' multimor-

bidity, and family's multimorbidity. The adolescents' sex 

-

istered sex. The country of origin is coded as born in Den-

mark or born outside Denmark. Parents living together was 

the adolescent from birth until the time of the 15th birthday. 

The measure was dichotomized into parents living together 

since birth or parents not living together in the period since 

birth. Data on sex, origin, and parents were living together 

was obtained from the Population Register [29].

-

der diagnosis since birth of the family member or from 1995 

until the 15th year birthday of the adolescent or any prescrip-

tion for psychopharmacological medication. Siblings were 

the same household as the adolescents at the time of the 15th 

-

order in siblings and parents was measured dichotomously, 

indicating whether or not mental disorder was present in the 

family. The medication use was measured half a year before 

and half a year after the 15th birthday. Multimorbidity of the 

in the period 5 years before the index date and ATC codes 

in the period 6 month before the index date. We excluded 

they are part of the outcome for the adolescents, and part of 

the covariate of mental disorder in family for siblings and 

parents [30]. Data on health and medication was obtained 

from the National Patient Registry and Danish National Pre-

scription Register [20, 22].

Missing data

To account for missing data on income and educational 

level, multiple imputations with chained equations and 10 

iterations are used. The models were built on information 

about year, sex, multimorbidity of the adolescents, the par-

ents and the siblings, psychotropic medication use of the 

adolescent, any mental disorder diagnosis and diagnosis 

group of the adolescent, mental disorder in siblings and 

parents, parents living together, parents’ educational level, 

and family income 2.5 year before the 15th birthday and 2.5 

year after.

Statistical methods

Descriptive statistics

The characteristics of the adolescents in terms of mental 

-

sented in seven 3-year periods from 2002–2022. Mental 

disorder diagnoses and medication use are also presented 

each mental disorder diagnosis, the mean age of onset is 

presented.

Main analyses

The odds ratios (OR) of the equalized family income and 

-

bidity, siblings' multimorbidity, parents' multimorbidity, 

siblings' mental disorder, parents' mental disorder, and par-

ents living together.

1 3
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eating disorders, and behavioural disorders was relatively 

stable. Likewise, the prevalence of medication use increased 

in the same period from 2% in 2002–2004 to 9% in 2020–

2022. A sensitivity analysis showed that the prevalence of 

then remained stable, accounting for approximately 50% of 

all psychotropic prescriptions from 2008 onwards (Supple-

mentary Table 1). The adolescents’ parents have a longer 

education in the later years and there is an increasing preva-

lence of adolescents with origins outside of Denmark. Data 

parental educational level. Missing data on parental educa-

tion were more common among individuals with origins 

other than Denmark, likely due to incomplete registration 

of foreign educational histories (Supplementary Table 2). 

The prevalence of adolescents living with both parents have 

remained stable at around 57% throughout the period. The 

general multimorbidity of the adolescents increased from a 

mean on 0.19 (0.19–0.19) in 2002–2004 to 0.22 (0.22–0.23) 

in 2020–2022. As the adolescents were grouped in income-

groups with adolescents born the same year according to 

grouped in 3-year-cohorts, the size of the income groups 

prevalence of any mental disorder and medication use than 

females in all seven periods. Generally, males had a higher 

prevalence of developmental disorders and behavioral dis-

order, while females had a slightly higher prevalence of 

mood disorders, eating disorders, and anxiety-related disor-

ders (Supplementary Table 3).

The ORs for the parents' highest educational level and 

mental health measures were estimated using logistic 

illness and parents' mental disorder. The selection of covari-

construction of directed acyclic graphs (DAGs) (Supple-

1 & 2).

Sensitivity analyses

The used thresholds for equalized family income were 

explored by expanding the time frame to the mean of 5 years 

and high-income groups. Moreover, sensitivity analyses 

using only mental disorder diagnosis from age 7 instead of 

The data were analysed on the secure server of Statistics 

Denmark. All analyses were conducted in Stata version 17 

[31]. Plots and graphs were performed in R Studio (Version 

4.4.1).

Results

Descriptive results of the characteristics of the included ado-

lescents grouped in 3-year periods showed slightly higher 

prevalences of males compared to females throughout the 

period 2002–2022 (Table 1). The prevalence of adolescents 

with any mental disorder diagnosis has increased in the past 

decades from 6% in 2002–2004 to 19% in 2020–2022 with 

the highest prevalences of behavioural disorders (7%) and 

developmental disorders (5%). Generally, a tendency of ear-

lier mean age-of-onset for some mental disorder diagnoses 

was observed, while the age-of-onset for mood disorders, 

Fig. 1 Odds ratios (OR) of any mental disorder diagnoses by (a) income group and (b) parents’ educational level
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Associations between SES measures and mental 
disorder diagnoses

Analyses of odds for having any mental disorder diagnosis 

by income group showed that the high-income group con-

sistently had lower odds compared to the middle-income 

group, while the low-income group consistently had higher 

1a). A 

similar tendency was found when analyzing the odds for 

mental disorder diagnosis by educational level, where the 

odds were consistently lower for the long-education group 

compared to the middle-education group and consistently 

1b). The strengths 

of the associations between short-educational level and men-

tal disorder diagnoses appeared to decrease over time, and 

a similar pattern was observed for low-income compared 

between long educational level and high income relative to 

the middle group remained stable over time.

low-income group generally had higher odds compared to 

the middle-income group across diagnoses and across time 

periods, while the opposite was present for the high-income 

SES-speci!c prevalences

-

lences of any mental disorder in the low-income group and 

the lowest prevalences in the high-income group across all 

analyses showed the highest prevalences of substance use 

disorders, psychotic disorders, anxiety-related disorders, 

developmental disorders, and behavioral disorders in the 

low-income group and the lowest prevalences in the high-

income group across all time periods. Likewise, the prev-

alences of medication use was highest in the low-income 

group and lowest in the high-income group across time 

most time periods, the short-education group had the highest 

prevalence of any mental disorder while the long-education 

group had the lowest prevalences (Supplementary Table 5). 

However, in the latest period, the short- and middle-educa-

tion group had the same prevalences of any mental disorder 

diagnosis. The same tendency was present regarding medi-

prevalences of behavioral disorders in the short-education 

group and lowest prevalences in the long-education group.

Table 1 Characteristics of 15-year-olds grouped in 3-year periods

Cohort
2002-2004* 2005-2007* 2008-2010* 2011-2013 2014-2016 2017-2019 2020-2022

N=189117 N=208948 N=221302 N=215761 N=216274 N=215053 N=221882

Sex Males 97396 (51.5%) 107475 (51.4%) 113762 (51.4%) 111064 (51.5%) 110748 (51.2%) 110703 (51.5%) 113559 (51.2%)

Females 91721 (48.5%) 101473 (48.6%) 107540 (48.6%) 104697 (48.5%) 105526 (48.8%) 104350 (48.5%) 108323 (48.8%)

Mental disorder

diagnosis

Any mental disorder 11890 (6.3%) 17097 (8.2%) 23168 (10.5%) 26758 (12.4%) 33466 (15.5%) 36967 (17.2%) 43080 (19.4%)

Mean age of onset (95% CI) 11.74 (11.68-11.80) 11.04 (10.98-11.10) 10.47 (10.41-10.53) 10.27 (10.21-10.33) 10.25 (10.20-10.30) 10.09 (10.04-10.14) 10.11 (10.06-10.16)

Substance use disorders 1390 (0.7%) 1548 (0.7%) 1581 (0.7%) 905 (0.4%) 740 (0.3%) 556 (0.3%) 571 (0.3%)

Mean age of onset (95% CI) 14.36 (14.31-14.41) 14.35 (14.28-14.42) 13.94 (13.82-14.05) 13.59 (13.38-13.80) 13.55 (13.30-13.80) 13.22 (12.88-13.55) 12.92 (12.57-13.27)

Schizofrenia 254 (0.1%) 334 (0.2%) 414 (0.2%) 531 (0.2%) 663 (0.3%) 731 (0.3%) 805 (0.4%)

Mean age of onset (95% CI) 13.78 (13.57-14.00) 13.54 (13.32-13.75) 13.45 (13.26-13.64) 13.72 (13.55-13.89) 13.72 (13.58-13.86) 13.54 (13.40-13.68) 13.49 (13.35-13.63)

Mood disorders 552 (0.3%) 785 (0.4%) 1101 (0.5%) 1348 (0.6%) 1749 (0.8%) 1626 (0.8%) 1581 (0.7%)

Mean age of onset (95% CI) 14.04 (13.92-14.16) 13.93 (13.83-14.04) 13.99 (13.90-14.08) 13.81 (13.73-13.90) 13.71 (13.63-13.79) 13.51 (13.42-13.60) 13.70 (13.62-13.79)

Neurotic disorders 2252 (1.2%) 3643 (1.7%) 4617 (2.1%) 5722 (2.7%) 7491 (3.5%) 8750 (4.1%) 9892 (4.5%)

Mean age of onset (95% CI) 12.83 (12.74-12.93) 12.69 (12.60-12.77) 12.24 (12.14-12.34) 12.18 (12.09-12.28) 12.43 (12.36-12.51) 12.22 (12.16-12.29) 11.87 (11.81-11.94)

Eating disorders 587 (0.3%) 771 (0.4%) 1086 (0.5%) 1377 (0.6%) 1688 (0.8%) 1947 (0.9%) 2454 (1.1%)

Mean age of onset (95% CI) 13.21 (13.03-13.38) 12.55 (12.35-12.75) 11.16 (10.88-11.44) 11.18 (10.92-11.44) 11.25 (11.02-11.48) 11.34 (11.13-11.54) 11.26 (11.09-11.44)

Personality disorders 376 (0.2%) 369 (0.2%) 399 (0.2%) 367 (0.2%) 442 (0.2%) 346 (0.2%) 325 (0.1%)

Mean age of onset (95% CI) 10.65 (10.57-10.73) 9.96 (9.88-10.04) 9.89 (9.81-9.97) 9.80 (9.73-9.87) 9.75 (9.69-9.81) 9.60 (9.54-9.66) 9.95 (9.89-10.00)

Developmental disorders 2099 (1.1%) 3307 (1.6%) 5023 (2.3%) 6167 (2.9%) 8177 (3.8%) 9559 (4.4%) 11179 (5.0%)

Mean age of onset (95% CI) 10.52 (10.40-10.63) 9.49 (9.38-9.61) 9.55 (9.44-9.66) 9.82 (9.73-9.92) 9.94 (9.85-10.02) 9.96 (9.88-10.03) 10.05 (9.97-10.12)

Behavioral disorders 4380 (2.3%) 6340 (3.0%) 8947 (4.0%) 10341 (4.8%) 12516 (5.8%) 13452 (6.3%) 16273 (7.3%)

Mean age of onset (95% CI) 10.65 (10.57-10.73) 9.96 (9.88-10.04) 9.89 (9.81-9.97) 9.80 (9.73-9.87) 9.75 (9.69-9.81) 9.60 (9.54-9.66) 9.95 (9.89-10.00)

Medication use Age 14.5-15.5 2951 (1.6%) 5246 (2.5%) 9483 (4.3%) 11559 (5.4%) 13691 (6.3%) 15133 (7.0%) 19766 (8.9%)

Household

income

High 37540 (19.9%) 41459 (19.8%) 43686 (19.7%) 42456 (19.7%) 42252 (19.5%) 41927 (19.5%) 43148 (19.4%)

Middle 112828 (59.7%) 124657 (59.7%) 131829 (59.6%) 128580 (59.6%) 129047 (59.7%) 128274 (59.6%) 132161 (59.6%)

Low 38750 (20.5%) 42832 (20.5%) 45787 (20.7%) 44725 (20.7%) 44975 (20.8%) 44852 (20.9%) 46573 (21.0%)

Educational level Long 21266 (11.2%) 25454 (12.2%) 29497 (13.3%) 33376 (15.5%) 39349 (18.2%) 46216 (21.5%) 54153 (24.4%)

Middle 136610 (72.2%) 152973 (73.2%) 163028 (73.7%) 156705 (72.6%) 153254 (70.9%) 147020 (68.4%) 147439 (66.4%)

Short 31241 (16.5%) 30521 (14.6%) 28778 (13.0%) 25679 (11.9%) 23671 (10.9%) 21817 (10.1%) 20290 (9.1%)

Origin Denmark 171261 (90.6%) 189074 (90.5%) 199830 (90.3%) 193132 (89.5%) 191736 (88.7%) 189483 (88.1%) 195370 (88.1%)

Other 17856 (9.4%) 19874 (9.5%) 21472 (9.7%) 22629 (10.5%) 24538 (11.3%) 25570 (11.9%) 26512 (11.9%)

Cohabitation No 79444 (42.0%) 90156 (43.1%) 97881 (44.2%) 96465 (44.7%) 95641 (44.2%) 93242 (43.4%) 94775 (42.7%)

Yes 109673 (58.0%) 118792 (56.9%) 123421 (55.8%) 119296 (55.3%) 120633 (55.8%) 121811 (56.6%) 127107 (57.3%)

NMI** Mean (95%CI) 0.19 (0.19-0.19) -0.20) -0.20) -0.20) -0.22) -0.22) -0.23)

N (missing) 189117 (0)

*Mental disorder diagnosis not available since birth, but only available from year 1995

**NMI = Nordic morbidity index

Note: data on 0.6% of educational level and <0.1% of household income are imputed. 
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Sensitivity analyses

Sensitivity analyses of alternative measures of income 

(5-year-mean instead of 3 and grouped as tertiles instead 

results than the main analyses. Neither did the sensitivity 

analyses of mental disorder diagnosis measured from age 7 

change the associations, even though the absolute estimates 

showed higher prevalence and earlier age-of-onset of men-

3 & Table 4).

Discussion

Key results

This study found that the prevalence of mental disorder 

diagnoses and medication use among 15-year-old adoles-

cents increased during the past decades, with developmental 

disorder and behavioural disorder being most frequent and 

showing the largest increases. Higher prevalences of men-

tal disorder diagnoses and medication use were consistently 

observed in the low-income and short-education groups. 

However, over time, the prevalences of mental disorder 

diagnoses and medication use between educational groups 

and income-groups became more similar. The associations 

between short-educational level and mental disorder diag-

noses decreased over the study period, while the associa-

tions between short-educational level and medication use 

associations between long-educational level and mental dis-

order diagnoses remained stable over time, while associa-

in associations with most mental disorder diagnosis and 

low-income was observed, except for substance use disor-

der, where the associations seemed to increase, and anxiety-

shot-educational level, associations with anxiety-related-, 

developmental-, and behavioral disorder decreased over 

time, while associations with substance use-, mood-, and 

eating disorders increased over time. Associations with 

psychotic- and personality disorder remained stable. Nota-

bly, associations between educational level and mood 

2A-

H). The tendency was most pronounced for substance use 

association was found between income groups and odds 

of diagnoses, only for the low-income group compared 

with the middle-income group in the two earliest periods. 

A general pattern of decreasing associations between the 

-

sis was present in all diagnosis but substance use disorder, 

where the association seemed to strengthen over time, and 

anxiety-related disorder, where the association was stable 

over time.

that for most disorders, the odds were higher for the short-

education group compared to the middle-education group, 

and lower for the long-education group compared to the 

3 -

ders and eating disorders the tendency was reversed with 

higher odds for the long-education group compared to the 

middle-education group and lower odds for the short-edu-

developmental disorders, the associations were smaller in 

the recent years. Over time, the associations between edu-

cational level and anxiety-related-, developmental-, and 

behavioral disorder decreased, the associations between 

educational level and substance use-, mood-, and eating 

strengthened, and the associations between educational 

level and psychotic disorders and personality disorder were 

stable. The association between educational level and mood 

disorders reversed over time, so the long-education group 

had a higher odds than the middle-education group, while 

the low-education group had lower odds than the middle-

education group.

Associations between SES measures and medication 
use

Analyses of medication use by income level showed higher 

odds of medication use for the high-income group com-

pared to the middle-income group in the three periods from 

2002–2010 and comparable odds in the remaining four peri-

4A). The low-income group had 

consistently higher odds for medication use compared with 

the middle-income group. 

Analyses of medication use by educational level showed 

lower odds of medication use for the high-education group 

compared to the middle-education group and higher odds 

of medication use for the low-education group compared to 

the middle-education group in the periods from 2005–2022 

4 -

rable between groups.

Fig. 2

income group for (a) Substance use disorders, (b) Psychotic disorders, 

(c) Mood disorders, (d) Anxiety-related disorders, (e) Eating disor-

ders, (f) Personality disorders, (g) Developmental disorders, and (h) 

Behavioral disorders
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2002-2004*
0.74 (0.58-0.96) 1.90 (1.56-2.30)

2005-2007*
0.82 (0.67-1.01) 1.61 (1.37-1.91)

2008-2010*
0.88 (0.74-1.04) 1.49 (1.30-1.72)

2011-2013
0.87 (0.74-1.01) 1.58 (1.39-1.80)

2014-2016
0.85 (0.75-0.97) 1.19 (1.05-1.34)

2017-2019
0.86 (0.75-0.99) 1.24 (1.10-1.41)

2020-2022
1.08 (0.95-1.24) 1.14 (1.00-1.30)

2002-2004*
0.77 (0.68-0.88) 1.64 (1.48-1.81)

2005-2007*
0.80 (0.72-0.88) 1.70 (1.58-1.84)

2008-2010*
0.75 (0.68-0.82) 1.83 (1.71-1.96)

2011-2013
0.74 (0.68-0.80) 1.65 (1.55-1.76)

2014-2016
0.69 (0.65-0.75) 1.44 (1.36-1.52)

2017-2019
0.68 (0.63-0.73) 1.40 (1.33-1.48)

2020-2022
0.74 (0.70-0.79) 1.43 (1.36-1.50)

2002-2004*
1.12 (0.81-1.55) 4.30 (3.42-5.41)

2005-2007*
0.86 (0.61-1.20) 3.70 (2.96-4.63)

2008-2010*
0.83 (0.60-1.16) 3.28 (2.64-4.07)

2011-2013
0.75 (0.53-1.06) 2.52 (2.01-3.17)

2014-2016
0.54 (0.38-0.76) 2.31 (1.88-2.85)

2017-2019
0.69 (0.48-1.00) 3.08 (2.44-3.89)

2020-2022
0.73 (0.51-1.06) 2.55 (1.99-3.27)

2002-2004*
0.70 (0.61-0.80) 2.17 (1.97-2.40)

2005-2007*
0.87 (0.78-0.96) 1.90 (1.76-2.06)

2008-2010*
0.75 (0.69-0.81) 1.52 (1.42-1.63)

2011-2013
0.76 (0.70-0.81) 1.50 (1.41-1.60)

2014-2016
0.69 (0.64-0.73) 1.39 (1.32-1.47)

2017-2019
0.68 (0.64-0.73) 1.47 (1.40-1.55)

2020-2022
0.68 (0.64-0.72) 1.43 (1.37-1.50)

2002-2004*
1.02 (0.82-1.26) 1.27 (1.03-1.57)

2005-2007*
1.14 (0.95-1.37) 1.32 (1.10-1.59)

2008-2010*
0.99 (0.85-1.17) 1.16 (0.99-1.35)

2011-2013
0.98 (0.85-1.13) 1.05 (0.91-1.21)

2014-2016
1.01 (0.89-1.15) 1.09 (0.96-1.24)

2017-2019
1.15 (1.02-1.29) 1.05 (0.93-1.18)

2020-2022
1.02 (0.92-1.13) 1.07 (0.96-1.19)

2002-2004*
0.76 (0.65-0.88) 1.80 (1.59-2.04)

2005-2007*
0.89 (0.77-1.03) 2.08 (1.85-2.34)

2008-2010*
0.87 (0.75-1.01) 2.32 (2.07-2.59)

2011-2013
0.75 (0.60-0.93) 2.80 (2.42-3.24)

2014-2016
0.67 (0.52-0.87) 2.77 (2.36-3.26)

2017-2019
0.87 (0.66-1.14) 3.04 (2.51-3.68)

2020-2022
0.69 (0.51-0.92) 2.97 (2.47-3.56)

2002-2004*
0.82 (0.54-1.24) 3.51 (2.67-4.62)

2005-2007*
0.90 (0.63-1.28) 3.28 (2.58-4.16)

2008-2010*
0.62 (0.43-0.89) 3.23 (2.61-3.99)

2011-2013
0.77 (0.58-1.03) 2.87 (2.38-3.48)

2014-2016
0.66 (0.51-0.85) 2.18 (1.83-2.60)

2017-2019
0.68 (0.54-0.87) 2.05 (1.74-2.43)

2020-2022
0.90 (0.73-1.11) 2.08 (1.77-2.44)

2002-2004*
0.65 (0.59-0.72) 2.62 (2.45-2.80)

2005-2007*
0.75 (0.69-0.81) 2.24 (2.11-2.37)

2008-2010*
0.65 (0.61-0.70) 1.95 (1.86-2.05)

2011-2013
0.62 (0.59-0.67) 1.92 (1.83-2.01)

2014-2016
0.63 (0.59-0.67) 1.80 (1.72-1.88)

2017-2019
0.63 (0.59-0.66) 1.78 (1.71-1.86)

2020-2022
0.69 (0.65-0.72) 1.68 (1.62-1.75)

a) Substance use disorders b) Psychotic disorders

0.5                      1                        2 0.5                      1                      2

c) Mood disorders d) Anxiety-related disorders

e) Eating disorders f) Personality disorders

0.5                      1                       2

0.5                       1                        2

g) Developmental disorders

0.5                       1                        2

h) Behavioral disorders

0.5                        1                         2

0.5                        1                         2

*Mental disorder diagnoses reflect lifetime prevalence up to age 15.5, based on any recorded primary or secondary diagnosis. 

Diagnostic data are available from 1995 onward.

Note: Models are adjusted for country of origin, adolescent's chronic illness, siblings' chronic illness, parents' chronic illness, siblings' 

mental disorder, parents' mental disorder, and cohabitation

OR of specific diagnosis by income group

0.5                      1                        2
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2002-2004
1.03 (0.68-1.56) 1.58 (1.17-2.13)

2005-2007
1.03 (0.73-1.46) 1.40 (1.06-1.86)

2008-2010
1.09 (0.81-1.46) 1.28 (0.97-1.68)

2011-2013
0.91 (0.70-1.18) 1.09 (0.84-1.41)

2014-2016
1.03 (0.84-1.27) 1.27 (1.00-1.60)

2017-2019
1.35 (1.14-1.61) 1.08 (0.84-1.39)

2020-2022
1.04 (0.88-1.23) 1.22 (0.96-1.55)

2002-2004
0.93 (0.77-1.11) 1.52 (1.33-1.73)

2005-2007
0.85 (0.71-1.00) 1.32 (1.16-1.51)

2008-2010
0.88 (0.75-1.03) 1.37 (1.19-1.57)

2011-2013
0.76 (0.61-0.95) 1.96 (1.65-2.32)

2014-2016
0.92 (0.74-1.14) 2.05 (1.69-2.48)

2017-2019
0.75 (0.59-0.95) 1.65 (1.30-2.10)

2020-2022
0.78 (0.63-0.98) 1.79 (1.40-2.30)

a) Substance use disorders b) Psychotic disorders

0.5                    1                    2 0.5                    1                    2

2002-2004
1.08 (0.83-1.40) 0.93 (0.73-1.18)

2005-2007
0.92 (0.73-1.15) 0.92 (0.75-1.14)

2008-2010
1.11 (0.93-1.32) 1.14 (0.95-1.36)

2011-2013
1.03 (0.88-1.19) 1.03 (0.87-1.23)

2014-2016
1.24 (1.10-1.39) 0.77 (0.65-0.93)

2017-2019
1.25 (1.12-1.41) 0.94 (0.78-1.13)

2020-2022
1.54 (1.38-1.72) 0.64 (0.50-0.81)

0.5                  1                    2

c) Mood disorders

2002-2004
0.95 (0.83-1.10) 1.22 (1.10-1.36)

2005-2007
0.77 (0.68-0.86) 1.19 (1.09-1.30)

2008-2010
0.79 (0.72-0.87) 1.21 (1.11-1.31)

2011-2013
0.78 (0.72-0.85) 1.22 (1.13-1.32)

2014-2016
0.78 (0.73-0.84) 1.07 (0.99-1.15)

2017-2019
0.88 (0.83-0.93) 1.12 (1.04-1.20)

2020-2022
0.85 (0.81-0.90) 0.99 (0.92-1.06)

d) Anxiety-related disorders

2002-2004
1.22 (0.95-1.55) 0.97 (0.77-1.22)

2005-2007
1.03 (0.83-1.28) 1.00 (0.81-1.23)

2008-2010
1.04 (0.87-1.25) 0.98 (0.81-1.18)

2011-2013
1.15 (0.99-1.32) 0.95 (0.80-1.13)

2014-2016
1.10 (0.97-1.24) 0.97 (0.82-1.15)

2017-2019
1.17 (1.05-1.30) 0.80 (0.67-0.96)

2020-2022
1.13 (1.03-1.24) 0.85 (0.72-1.00)

2002-2004
1.22 (0.95-1.55) 0.97 (0.77-1.22)

2005-2007
1.03 (0.83-1.28) 1.00 (0.81-1.23)

2008-2010
1.04 (0.87-1.25) 0.98 (0.81-1.18)

2011-2013
1.15 (0.99-1.32) 0.95 (0.80-1.13)

2014-2016
1.10 (0.97-1.24) 0.97 (0.82-1.15)

2017-2019
1.17 (1.05-1.30) 0.80 (0.67-0.96)

2020-2022
1.13 (1.03-1.24) 0.85 (0.72-1.00)

e) Eating disorders f) Personality disorders

0.5                    1                    2 0.5                   1                     2

2002-2004
0.77 (0.65-0.90) 1.32 (1.18-1.48)

2005-2007
0.82 (0.73-0.93) 1.41 (1.28-1.54)

2008-2010
0.86 (0.79-0.94) 1.23 (1.14-1.34)

2011-2013
0.91 (0.84-0.98) 1.21 (1.12-1.31)

2014-2016
0.88 (0.83-0.93) 1.17 (1.09-1.26)

2017-2019
0.93 (0.88-0.98) 1.13 (1.05-1.21)

2020-2022
0.85 (0.81-0.89) 1.08 (1.01-1.16)

0.5                   1                     2

g) Developmental disorders

2002-2004
0.66 (0.59-0.75) 1.51 (1.41-1.63)

2005-2007
0.60 (0.54-0.66) 1.56 (1.47-1.67)

2008-2010
0.63 (0.58-0.68) 1.54 (1.46-1.63)

2011-2013
0.67 (0.62-0.71) 1.58 (1.49-1.67)

2014-2016
0.64 (0.60-0.68) 1.45 (1.37-1.53)

2017-2019
0.66 (0.63-0.70) 1.40 (1.32-1.48)

2020-2022
0.70 (0.67-0.73) 1.33 (1.26-1.41)

0.5                   1                     2

h) Behavioral disorders

OR of specific diagnosis by educational level

*Mental disorder diagnoses reflect lifetime prevalence up to age 15.5, based on any recorded primary or 

secondary diagnosis. Diagnostic data are available from 1995 onward.

Note: Models are adjusted for country of origin, parents' chronic illness and parents' mental disorder

0.5                  1                    2

Fig. 3

mental disorder diagnoses by edu-

cational level for (a) Substance use 

disorders, (b) Psychotic disorders, 

(c) Mood disorders, (d) Anxiety-

related disorders, (e) Eating disor-

ders, (f) Personality disorders, (g) 

Developmental disorders, and (h) 

Behavioral disorders
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However, the decreasing associations of short-educational 

level compared to middle and mental health over time may 

be explained by changes in educational level. A shift has 

been recognized in the composition of educational groups, 

as more individuals pursue higher education, thereby mak-

ing the long-education group more heterogeneous while 

shrinking the short-education group, resulting in people 

from the middle and short group becoming more alike.

-

The increasing prevalence of poor mental health has 

fuelled the ongoing debate about its underlying causes 

which may also explain the lower inequality. Key hypothe-

ses include improved diagnostic practices, a lowered thresh-

old for diagnosis, increased psychologization, or a genuine 

increase in mental health problems [34–36]. A prominent 

area of discussion focuses on potential over-diagnosis, par-

Australian research suggests that the substantial increase in 

ADHD diagnoses was not accompanied by a correspond-

ing increase in symptoms such as hyperactivity and inatten-

tion [36]. Psychologization refers to the growing tendency 

to interpret challenges through a psychological lens, often 

young people increasingly rely on psychological explana-

tions for their struggles [34, 35]. Over-diagnosis and psy-

SES, who are more likely to engage in public debates and 

long-education group had higher odds than the middle-

education group, and the low-education group having lower 

odds than the middle-education group. Regarding general 

time trends in income, low-income had decreasing associa-

tions with both mental disorder diagnosis and medication 

use over time, while associations between high-income and 

mental disorder diagnoses remained stable.

Discussion of results

We observed an increasing prevalence of mental disorder 

diagnoses and medication use among adolescents over the 

study period, aligning with previous research [3, 7, 8, 32, 

33

present with adolescents from the low-income and short-

education groups exhibiting higher odds of being diagnosed 

with mental disorders and of medication use compared 

to their peers from middle-income and middle-education 

groups, underscoring their heightened vulnerability. These 

between SES and mental health [11–17]. To our knowledge, 

-

ity over time with decreasing associations between low-SES 

and mental health.

between the low-income group compared to the middle-

income group and mental health was found, even though the 

9

rising inequality between income groups in the later cohorts 

group compared to the mean income in middle-income 

group, and a lower relative mean income in the low-income 

group compared to the mean income in the middle-income 

group. Therefore, the decreasing associations cannot be 

2002-2004 1.30 (1.11-1.53) 1.80 (1.54-2.10)

2005-2007 1.18 (1.04-1.33) 1.65 (1.48-1.84)

2008-2010 1.17 (1.06-1.28) 1.83 (1.69-1.99)

2011-2013 0.99 (0.91-1.07) 1.62 (1.50-1.74)

2014-2016 0.94 (0.87-1.02) 1.46 (1.36-1.57)

2017-2019 0.92 (0.86-1.00) 1.45 (1.35-1.55)

2020-2022 0.95 (0.89-1.02) 1.32 (1.24-1.40)

High Low

OR (95% CI)

a) Income group

0.5                           1                            2       

2002-2004 0.91 (0.81-1.03) 0.96 (0.87-1.06)

2005-2007 0.79 (0.72-0.87) 1.15 (1.07-1.25)

2008-2010 0.79 (0.73-0.84) 1.24 (1.17-1.32)

2011-2013 0.74 (0.70-0.79) 1.35 (1.28-1.43)

2014-2016 0.83 (0.79-0.87) 1.30 (1.23-1.37)

2017-2019 0.87 (0.83-0.91) 1.21 (1.14-1.28)

2020-2022 0.91 (0.88-0.94) 1.06 (1.01-1.12)

High Low

OR (95% CI)

b) Parents’ educational level

0.5                        1                         2       

Note: Models a) are adjusted for country of origin, adolescent's chronic illness, siblings' chronic illness, parents' chronic illness, siblings' mental disorder, parents' mental disorder, and 

cohabitation and b) are adjusted for country of origin, parents' chronic illness and parents' mental disorder

Medication use

Fig. 4 Odds Ratios (OR) of any medication use by (a) income group and (b) parents’ educational level
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high SES parents to navigate the healthcare system and con-

sistently seek treatment for their children within these spe-

37, 38

analyses showed that the prevalence of developmental dis-

orders was more equally distributed across educational lev-

els in the latest cohort, especially in 2020–2022, where the 

middle-education group had the highest prevalence. Diag-

noses of developmental disorders might drive some of the 

general decreased associations between educational level 

and mental disorder diagnoses over time.

decreased over the years, which partly could be explained 

by a change in prescription practices since 2014. Since the 

change in prescription practices, general practitioners (GP) 

were no longer allowed to prescribe antidepressants drugs 

for people under 25 years, only psychiatrist were allowed 

to prescribe this kind of medication [6]. Nevertheless, the 

overall prevalence of medication use continued to increase, 

which means that psychiatrists are prescribing more. This 

may be partly explained by the fact that approximately half 

of all prescriptions were for ADHD medication, as shown in 

the supplementary analyses. The decreased social inequal-

ity in medication use could be explained by the low-income 

the change in prescription practices resulting in not getting 

as many prescriptions at the psychiatrist as they got at the 

treatments have shifted from GPs to hospital-based settings, 

over time.

Strengths

register data ensured comprehensive coverage of all Danish 

adolescents, minimizing the risk of selection bias. Second, 

missing data were minimal, and the application of multiple 

imputation methods combined with strong auxiliary vari-

ables ensured robust handling of any missingness. These 

features enhance the reliability and generalizability of our 

possibility to connect with information from families makes 

associations between SES and mental health measures.

Limitations

the data break with no information on outpatients’ mental 

disorder diagnoses before 1995 makes the comparison of 

also better equipped to navigate the healthcare system and 

consistently seek treatment for their children. As a result, 

they may be more susceptible to over-diagnosis and the 

psychotropic medications that often follow [37, 38]. This 

may help explain the decreasing associations between both 

income and educational level and poor mental health.

The latter hypothesis, of a genuine increase in adoles-

cents’ mental health problems, suggests that adolescents 

may be experiencing increasing performance pressure from 

academic, social, and cultural expectations, which may act 

as a mechanism driving the observed increase in mental 

health problems [34, 39

into social inequality in mental health, suggesting that ado-

lescents from low-SES backgrounds face compounded 

challenges. The dual burden of performance pressure and 

-

and high-SES backgrounds are increasingly susceptible to 

mental health problems due to rising academic, social, and 

cultural expectations [34]. Our results of decreased associa-

-

etal shift, indicating that increased pressure on adolescents 

the low-SES groups and several diagnoses compared to the 

middle-SES groups. Moreover, the associations changed 

over time, especially the associations between educational 

over time. The associations between substance use disorders 

and both educational level and income strengthened over 

time. Substance use disorders are known to have heritable 

components [40 -

tal mental health diagnoses and psychotropic medication 

use, residual confounding may persist due to undiagnosed 

conditions. Undiagnosed conditions might especially be 

-

tal disorder diagnoses. Momen et al. have demonstrated that 

the age of onset for several mental disorder diagnoses has 

shifted downward in the past years [7]. Therefore, parents 

may be more prone to be undiagnosed. Undiagnosed mental 

-

ment and subsequently household income and the parents’ 

-

trast, for mood disorders and eating disorders, the associa-

tions changed over time to higher odds for long-education 

compared to the middle-education group while the odds 

were lower for the short-education compared to the middle-

education group in the later cohorts. Likewise, the associa-

tions of income and mood- and eating disorders decreased 

over time and were comparable across groups in the later 
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-

strategies to address social inequalities in adolescent mental 

health.
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supplementary material available at 
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Supplementary 
Reading instruction Supplementary Figure 1 & 2 

A DAG is a Directed (implies direction) Acyclic (no cycles: a variable can't cause itself) Graph. DAGs are used to 

visualize the association between variables and help identify how to analyse an unbiased association between an  

exposure and an outcome. Ancestors of both exposures and outcome must be adjusted for in an analysis to ensure no 

biased paths. In this study, the exposure and outcome happen at the same time. Therefore, the associations between 

outcome and exposure in the DAG's should be interpreted as potentially bidirectional. 

 

Main variables Ancestors Paths 

Outcome 

Exposure 

Ancestor of exposure 

Ancestor of outcome 

Ancestor of both exposure and outcome 

Causal path 

Biased path 

 

Supplementary Figure 1: Equivalized family income & adolescent mental health  
 

 

The model will be adjusted for; country of origin, adolescent's chronic illness, siblings' chronic illness, parents' chronic 

illness, siblings' mental disorder, parents' mental disorder and parental cohabitation. 



Supplementary Figure 2: Parents' education & adolescent mental health 

  

The model will be adjusted for; country of origin, parents' chronic illness and parents' mental disorder. 

 

Supplementary Table 1: Prevalence of ADHD medication use among all prescriptions for 15-year-olds, grouped in 3-year periods 

N(%) 2002-2004 2005-2007 2008-2010 2011-2013 2014-2016 2017-2019 2020-2022 

Other psychotropic medication use 1,662 (76%) 2,449 (64%) 3,272 (48%) 3,858 (45%) 4,423 (47%) 4,888 (48%) 7,042 (51%) 

ADHD related medication use 515 (24%) 1,390 (36%) 3,636 (53%) 4,670 (55%) 5,040 (53%) 5,319 (52%) 6,744 (49%) 

Total prescriptions 2,177 3,839 6,908 8,528  9,463  10,207  13,786 

*Note: Individuals may appear more than once if they received both ADHD and other psychotropic medications. 

 

Supplementary Table 2: Parental educational level and missingness by country of origin 

N(%) Parental educational level  

Country of origin Long Middle Short Missing Total 

Denmark 232,196 (17.5%) 974,346 (73.3%) 122,198 (9.2%) 1,146 (0.1%) 1,329,886 (100%) 

Other 16,199 (10.2%) 77,233 (48.7%) 56,690 (35.8%) 8,329 (5.3%) 158,451 (100%) 
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Supplementary  

 
Supplementary 1: Detailed information about included covariates 

 

Five covariates from the baseline survey in 2004 were included: school pressure, social support from teachers, social 

support from classmates, bullying, and parents’ support. School pressure was measured with 2 items developed by 

Flemming Balvig, scored between 0-2, and 1 item from the Health Behaviour in School-aged Children (HBSC), scored 

between 0-3, resulting in a sum score of 0-7 (28, 29). The higher the score, the more school pressure. Social support 

from teachers was measured with 1 item scored 0-3 and developed for the PISA project by the OECD (30). The measure 

was handled as a dichotomous (score 0-1 = support, score 2-4 = no support). Social support from classmates was 

measured by 2 items from the HBSC each with a score of 0-3 and the measure was dichotomized (0-4 = no support, 5-8 

= support) (29). Bullying was measured with 1 item developed for the VestLiv cohort and the answers were 

dichotomized (score 0 = not bullied, score 1-3 = bullied). Parents’ support was measured by a shortened version of the 

Parental Bonding Instrument (PBI) with 4 items regarding each parent with an item score of 0-3. The measure was 

handled continuous using the average score of the parents’ or, if only one parent, the score of that parent. The higher the 

score, the more support. 

Six register-based covariates were included: sex, country of origin, family history of poor mental health, multimorbidity 

in family, multimorbidity in the adolescent, and parental cohabitation. Family history of poor mental health was defined 

as any mental disorder diagnosis since 1995 or any medication use related to mental health the year before the baseline 

survey, among legal parents or siblings younger than 25 years old living at the same address as the adolescent. Mental 

disorder diagnoses were obtained since 1995 or since birth, if born after 1995, because of changing in the registration in 

the register from 1995. Multimorbidity was defined according to a modification of the Nordic Multimorbidity Index 

(NMI), with exclusion of ICD-10 codes of mental disorder diagnosis (F10 and F17) and medication use related to 

mental health problems (ATC codes: N05A, N06A, N07BC) (31). The higher the score, the more multimorbidity. 

 

Supplementary 2: Detailed information about inverse probability weights (IPW) and multiple imputations (MI) 

 

MI with chained equations and 100 iterations were applied to compensate for missing values of SES measures and 

covariates in the baseline survey of 2004. The outcome of depressive symptoms was included in the MI of covariates, 

but MI was not applied to the outcome, since calculating imputations for the outcome based on the same model as the 

covariates does not add information to the analyses (30, 31). To compensate for unequal probability of participation in 

the VestLiv cohort, IPW was applied to all survey waves. The probability of being sampled in 2004, 2007 and 2010 was 

calculated according to sex, parents' mental disorder diagnoses, the adolescents' mental disorder diagnoses, parental 

educational level, and equalized family income, and for survey 2007 and 2010, the sum score of depressive symptoms 

in the earlier waves. The probability of being sampled in 2017 and 2021 was calculated by sex, parents' mental disorder 

diagnoses, the adolescents' mental disorder diagnoses, adolescents’ mediation use, own educational level, equalized 

family income, labour market participation, and the sum score of depressive symptoms the earlier waves. 

 

 
  



Supplementary F1: Flowchart of participant included in the different analyses 

 

 
 

VestLiv population

3681 (100%)

Descriptiveanalysis

Trajectories sample

(N=3416 (92.8%))
265 (7.2%) excluded because of 

missing data on depressive 

symptoms in all survey waves

Mental disorder diagnosis sample 

(N=3560 (96.7%))

121 (3.3%) excluded because of mental 

disorder diagnosis before age 15

Depressive symptoms samples

2004: N=3000 (81.5%), 681 (18.5%) missing

2007: N=2367 (64.3%), 1314 (35.7%) missing

2010: N=1951 (53%),  1730 (47%) missing

2017: N=1927 (52.3%), 1754 (47.7%) missing

2021: N=1175 (31.9%), 2506 (68.1%) missing 

Medication use sample 

(N=3605 (97.9%))

76 (2.1%) excluded because of medication use

before age 15
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Supplementary T2: Cumulative incidence of mental disorder diagnosis at age 32 
Variables Cumulative incidence (95% Confidence interval) 

Total  0.19 (0.17-0.20) 

Household income High 0.13 (0.11-0.16) 

 Medium 0.17 (0.16-0.19) 

 Low 0.27 (0.24-0.31) 

Educational level High 0.17 (0.12-0.22) 

 Medium 0.17 (0.16-0.19) 

 Low 0.26 (0.22-0.30) 

SSS school High 0.15 (0.13-0.17) 

 Medium 0.20 (0.18-0.22) 

 Low 0.32 (0.24-0.40) 

SSS society High 0.16 (0.13-0.18) 

 Medium 0.20 (0.18-0.21) 

 Low 0.34 (0.21-0.47) 

 

 

 

 

 

Supplementary T3: Fit indices for different trajectory models 
Polynomic 

function 

Groups 

<5% 
BIC 

APPA OCC 

G1 G2 G3 G4 G1 G2 G3 G4 
1323 0 -18739.0 .7443463 .654865 .7605767 .7770233  3.556109  2.678051 55.73622 39.42347 
2323 0 -18742.98 .7499905  .6506791 .7686384 .7794708 3.473496 2.760712 59.02599 40.41907 
3323 0 -18744.44 .7736531  .6411836 .7681257 .7710739 3.228473 3.198267 59.8737 41.62137 
2332 0 -18746.12 .7677459 .6619402 .6538717 .6792948 2.796953 3.811602 34.83157 29.25854  
1223 0 -18746.94 .7785233 .6603172 .5923931 .6182912 2.74738 4.078065 26.11354  24.01945 
3332 0 -18746.99 .7154176 .6691424 .7598745 .768221 3.823975 2.412246 53.78057 32.81883 
3223 0 -18747.81 .7584587 .635237 .7718942 .7760625 3.112618 3.053902 59.51336 39.4025 
2223 0 -18750.94 .7252828  .6595263  .7589666 .7643776 3.602355  2.535337 54.14765  33.20676  

 

  



 

Supplementary Table 4: Characteristics of trajectory groups 

  Trajectory groups 

Variables  Low stable Moderate stable Decreasing  Increasing 

 N=1580 N=1484 N=143 N=209 
Sex 

(N (%)) 

Males 911 (58%) 680 (46%) 43 (30%) 80 (38%) 

Females 669 (42%) 804 (54%) 100 (70%) 129 (62%) 

Depressive 

symptoms 

(Mean (95% CI)) 

15 years  1.00 (0.94-1.06) 2.64 (2.55-2.73) 8.31 (8.04-8.59) 3.85 (3.51-4.19) 

N (missing) 1378 (202) 1322 (162) 143 (0) 157 (52) 

18 years  1.35 (1.28-1.42) 3.77 (3.65-3.88) 4.34 (3.85-4.84) 6.69 (6.30-7.07) 

N (missing) 1098 (482) 1023 (461) 96 (47) 150 (59) 

21 years 1.09 (1.02-1.16) 3.19 (3.06-3.32) 2.98 (2.45-3.50) 7.33 (6.97-7.68) 

N (missing) 924 (656) 812 (672) 80 (63) 135 (74) 

28 years 1.45 (1.36-1.53) 3.13 (3.02-3.25) 2.76 (2.41-3.12) 6.55 (6.18-6.93) 

N (missing) 885 (695) 839 (645) 84 (59) 119 (90) 

32 years 1.48 (1.36-1.59) 3.02 (2.87-3.18) 3.08 (2.63-3.53) 6.08 (5.55-6.61) 

N (missing) 522 (1058) 514 (970) 63 (80) 76 (133) 

Medication use 

(N (%)) 
Child (age 4-12) 11 (1%) 18 (1%) 0 (0%) 0 (0%) 
Adolescence (age 12-17) 38 (2%) 38 (3%) 10 (7%) 9 (4%) 
Adult (age 17-32) 299 (19%) 420 (28%) 65 (45%) 123 (59%) 
Study period (age 0-32) 345 (22%) 464 (31%) 67 (47%) 126 (60%) 

Mental disorder 

diagnoses 

(N (%)) 

Child (age 6-12) 41 (3%) 30 (2%) 5 (3%) 11 (5%) 
Adolescence (age 12-17) 50 (3%) 74 (5%) 9 (6%) 14 (7%) 
Adult (age 17-32) 177 (11%) 241 (16%) 46 (32%) 90 (43%) 
Study period -(age 6-32) 230 (15%) 291 (20%) 52 (36%) 86 (41%) 

SSS in school 

(N (%)) 
High 749 (47%) 581 (39%) 48 (34%) 51 (25%) 
Middle 802 (51%) 837 (56%) 64 (45%) 135 (65%) 
Low 29 (2%) 66 (4%) 31 (22%) 23 (11%) 

SSS in society 

(N (%)) 
High 553 (35%) 420 (28%) 38 (27%) 44 (21%) 
Middle 1003 (64%) 1044 (70%) 98 (69%) 158 (75%) 
Low 24 (2%) 20 (1%) 6 (4%) 8 (4%) 

Income 
(N (%)) 

High 272 (17%) 275 (19%) 26 (18%) 65 (31%) 
Middle 960 (61%) 912 (61%) 94 (66%) 111 (53%) 
Low 348 (22%) 297 (20%) 23 (16%) 33 (16%) 

Educational level 

(N (%)) 

High 209 (13%) 218 (15%) 25 (18%) 51 (24%) 
Middle 1286 (81%) 1162 (78%) 112 (78%) 144 (69%) 
Low 85 (5%) 104 (7%) 6 (4%) 14 (7%) 

Origin 

(N (%)) 
Denmark 1501 (95%) 1409 (95%) 133 (93%) 195 (93%) 
Other 79 (5%) 75 (5%) 10 (7%) 14 (7%) 

Cohabitation 

(N (%)) 
No 410 (26%) 507 (34%) 57 (40%) 82 (39%) 
Yes 1170 (74%) 977 (66%) 86 (60%) 127 (61%) 

Bullied 

(N (%)) 
No 1291 (82%) 1058 (71%) 73 (51%) 125 (60%) 
Yes 289 (18%) 426 (29%) 70 (49%) 84 (40%) 

Support classmates 

(N (%)) 
No 1523 (96%) 1396 (94%) 96 (67%) 189 (90%) 
Yes 57 (4%) 88 (6%) 47 (33%) 20 (10%) 

Support teacher  

(N (%)) 
No 187 (12%) 264 (18%) 46 (32%) 46 (22%) 
Yes 1393 (88%) 1220 (82%) 97 (68%) 163 (78%) 

NMI 

(Mean (95% CI)) 
Mean (95%CI) 0.14 (0.11-0.16) 0.16 (0.13-0.19) 0.17 (0.08-0.27) 0.16 (0.08-0.24) 
N (missing) 1580 (0) 1484 (0) 143 (0) 209 (0) 

Parents' support 

(Mean (95% CI)) 
Mean (95%CI) 9.74 (9.65-9.84) 9.09 (8.98-9.20) 7.48 (7.04-7.92) 8.27 (7.89-8.66) 
N (missing) 1580 (0) 1484 (0) 143 (0) 209 (0) 

School pressure 

(Mean (95% CI)) 

Mean (95%CI) 2.89 (2.82-2.95) 3.14 (3.08-3.21) 3.38 (3.12-3.65) 3.34 (3.12-3.56) 
N (missing) 1580 (0) 1484 (0) 143 (0) 209 (0) 
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Abstract (247 words of 250 words) 

Background: Numerous studies have tried to understand the causes of poor mental health, mostly focusing on single 

exposures. These approaches often fail to capture the complex and interconnected nature of poor mental health. This 

study aims to investigate the associations of age-specific changes in explanatory factors, encompassing personal-, 

health-, lifestyle-, and social factors and depressive symptoms in individuals aged 15 to 32 years. 

Methods: Individuals born in 1989 were followed from 2004 to 2021 with surveys at ages 15, 18, 21, 28 and 32. 

Inverse probability weights and multiple imputations with chained equations were used to account for attrition and 

missing data. Descriptive characteristics for each wave were estimated as well as the changes in depressive symptoms 

and explanatory variables between each wave. Fixed effect regression models and dominance analyses examined the 

contribution of change in each explanatory variable to the change in depressive symptoms between each wave. Lastly, 

analyses of asymmetric change were estimated to detect asymmetric associations of explanatory variables and 

depressive symptoms. 

Results: The relative importance of the explanatory variables changed between age-points. Between all age-points, 

stress was the most dominant variable with a relative contribution above 30% between all age-points, while the 

contribution of sense of coherence increased through the waves from 17% to 25%. Self-esteem, self-rated health and 

psychosomatic symptoms had also high dominance with shifting contributions through the ages. 

Conclusion: The associations between explanatory factors and depressive symptoms are dynamic and preventive 

strategies should be tailored towards the different life stages. 

 

Keywords: risk factors, mental health, life course, depressive symptoms 
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Introduction 

Mental health problems are rising, affecting individuals across the globe and posing challenges to public health systems 

(1). In Denmark, this rise is reflected in increasing numbers of individuals with mental disorder diagnoses, use of 

psychotropic medications, and prevalence of self-reported poor mental health (2-6). Numerous studies have tried to 

understand the underlying causes of poor mental health, often focusing on single exposures, with several systematic 

reviews synthesizing these findings (7-9). However, these studies often fail to capture the complex and interconnected 

nature of mental health. 

 

Understanding the underlying causes of this increase in mental health diagnoses and medication requires more than 

studying isolated factors (10, 11). Öngür and Paulus recently argued that traditional reductionistic approaches simplify 

mental health into linear cause-and-effect relationships, neglecting the multifaceted interactions between biological, 

psychological, social, and environmental factors. The authors suggest that mental health is best understood as complex 

dynamical systems that evolve through the interplay of multiple influences over time (12). Addressing mental health 

effectively demands a shift towards complex systems approaches, integrating multiple variables and accounting for their 

dynamic nature. 

 

A key aspect of mental health complexity is the timing of exposures and their varying impact over the life course. For 

example, while social support is a strong protective factor in childhood and adolescence, its influence diminishes in 

adulthood (7). This underscores the importance of examining the temporal dynamics of risk and protective factors over 

time. In particular, the transition from adolescence to adulthood involves major biological, psychological, and social 

changes affecting depressive symptoms (13). Arnett's theory of emerging adulthood describes this life stage, that does 

not have the dependency of adolescence nor the responsibility of adulthood, as a distinct period of identity exploration 

that plays a crucial role in mental health development (14). Arnett argues that due to demographic shifts, such as 

delayed marriage, postponed parenthood, and extended education, the uncertainty and instability of this phase now 

extend to ages 18-25 (14). Given these unique challenges, studying mental health at multiple time points across 

adolescence, emerging adulthood, and adulthood is essential for understanding the time changing determinants present 

in different life stages. 
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This study aims to investigate the association between age-specific changes in explanatory factors, encompassing 

personal-, health-, lifestyle-, and social factors, and changes in depressive symptoms in individuals aged 15-32. By 

adopting a systems-based perspective and examining the longitudinal patterns and dynamics of mental health and its 

risk factors, we seek to provide insights into how preventive strategies can be tailored to different life stages. 

Methods 

Population and setting 

The population consists of individuals living in the former Ringkjøbing Amt from the cohort VestLiv. All individuals 

born in 1989 and living in this area in 2004 were invited to participate (N=3,681). The surveys included 3,054 

individuals (83%) aged 15 in 2004, 2,400 (65%) aged 18 in 2007, 2,145 (58%) aged 21 in 2010, 2,102 (57%) aged 28 in 

2017 and 1,206 (33%) aged 32 in 2021. In the survey, questions about health, family life, social life, school, work, and 

well-being were asked. Data from the survey were linked with data from registers by using the individuals' unique 

identification numbers (CPR) from the Danish Civil Registration System (15). 

 

Variables 

Depressive symptoms 

Depressive symptoms were measured using the 4-item version of the Center for Epidemiological Studies Depression 

Scale for Children (CES-DC4) at age 15, 18, and 21, while the adult version (CES-D4) was used at age 28 and 32. The 

four items of the scales are scored from 0-3, resulting in a sum score on 0-12. The higher the score, the more depressive 

symptoms (16). 

 

Explanatory variables 

A number of explanatory variables were selected from the surveys based on the holistic biopsychosocial model (17). 

The selection criterias for variables included that the variable must be (i) recognized in the literature as a risk or 

protective factor for mental health, (ii), measured consistently across all age points to allow for meaningful comparisons 

over time, and (iii) modifiable between survey waves, as these are essential targets for interventions aimed at reducing 

depressive symptoms, whereas fixed characteristics like gender or age may inform risk stratification but are not directly 

alterable through intervention (18-20). Since the data collection was not originally designed with the specific method of 

analyzing changes between time points, not all variables in the cohort were applicable for this study. The explanatory 
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variables (see details of origin and scoring in Supplementary Table 1) were categorized into four groups: Personal 

factors, including coping, self-esteem, and sense of coherence (21-23); Health factors, including stress, self-rated health, 

and psychosomatic symptoms (24-26); Lifestyle factors, including physical activity, Body Mass Index (BMI), and 

smoking (27-29); and Social factors, including bullying (30). 

 

Characteristics 

To describe the characteristics of the individuals in the analytical sample, six register-based covariates (sex, country of 

origin, mental disorder diagnosis, psychotropic medication use, parental education, and household income) and two 

variables from the survey at age 15 (subjective social status (SSS) in school and SSS in society) were included (see 

details about the variables in Supplementary Text 1). Socioeconomic status (SES), a complex but central determinant of 

mental health (31, 32), was represented using four indicators to reflect multiple dimensions; parental education, 

household income, SSS in school and SSS in society. 

 

Statistical methods 

Participation and missing data 

The analytical sample included people who responded to depressive symptom questions in at least three waves, as fewer 

responses led to excessive missing data. To account for selection bias due to non-participation, Inverse Probability 

Weights (IPW) were used (33). The probability of being in the analytical sample was calculated by sex, mental disorder 

diagnoses, medication use, country of origin, mean depressive symptoms across surveys, parental mental disorder 

diagnoses, and several SES measures (parental education, own education, own labour market participation, and 

equalized household income). The covariates in the model were chosen based on a drawing of Directed Acyclic Graphs 

(Supplementary Figure 1). 

To handle data in the analytical sample, multiple imputations (MI) with chained equations were used on explanatory 

variables and depressive symptoms in all surveys. Information across the surveys was used in the models together with 

register data on sex, SES, medication use, and mental disorder diagnosis (34). After imputation, the size of the 

population was the same across surveys. 

A dropout analysis was conducted to evaluate if the analytical sample differed from the excluded sample, consisting of 

people answering the question about depressive symptoms in less than three survey waves. 
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Descriptive statistics 

The characteristics of the analytical sample were described with counts and percentages for all levels of the categorical 

characteristics. Moreover, the depressive symptoms according to each of the characteristics were described for each age 

and the mean changes in depressive symptoms between age points. As the aim of the study was to examine age-specific 

changes, all analyses of change were done between the five age points separately: age 15-18, age 18-21, age 21-28, and 

28-32. 

The mean and prevalence of the explanatory variables and the within-person changes in the variables between the age 

points were described. As some change in the variable needed to be present to evaluate if changes in an explanatory 

factor were associated with changes in depressive symptoms, it was examined if any variables had less than 10% 

change between the age points to determine whether the variable should be included (35). 

 

Analyses 

Fixed effects (FE) regression models were used to examine the association between changes in explanatory variables 

and changes in depressive symptoms between each age point from age 15-32. The depressive symptoms score was the 

dependent variable and explanatory variables were independent variables. The estimates of the FE regression were 

compared with estimates of a pooled ordinary least squares (POLS) model using the Hausman test to confirm which 

models were the best fit for the panel data (35). As the FE regression is based on within-individual change, all time-

invariant confounding was adjusted for in the models. All explanatory variables were included in the models and 

thereby mutually accounted for. Furthermore, the models were adjusted for the survey wave to control for changes in 

the outcome and explanatory variables due to aging of the cohort and time trends (35, 36). Dominance analyses were 

used to examine the relative importance of the explanatory variables. The method decomposes and compares the 

contribution to the explained variance in the model of each independent variable by applying the dominance analysis to 

the within variance of the FE regression. Thereby, the analyses show how much of the intra-individual variance in the 

depressive symptoms that was explained by the change in the single variables (37, 38). 

Analyses were conducted to examine if the association between any of the explanatory variables and depressive 

symptoms were asymmetrical. A modified version of the first-difference method, developed by Paul D. Allison, was 

used (36). The first difference method was used in both the FE and the asymmetrical change analyses (35, 36). 
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Results 

The descriptive analyses showed that the mean depressive symptoms were highest at age 18 (2.85 (95% confidence 

interval (CI): 2.73-2.97)) and the mean absolute changes in depressive symptoms between all age points ranged 

between 1.64-2.04 (Table 1). Females generally had higher mean depressive symptoms than males and showed larger 

mean absolute changes over time. Individuals of non-Danish origin had higher mean depressive symptoms at all age 

points except age 15. Different patterns were observed across SES measures. Individuals with low household income, 

low SSS in society, and low SSS in school generally reported higher mean depressive symptoms compared to those 

individuals in the middle and high SES groups. However, depressive symptoms were of similar magnitude between 

individuals with short and long parental education levels at several age points. Finally, individuals who received a 

mental disorder diagnosis or used psychotropic medication during the study period—including after the ages at which 

different surveys were responded to—had higher mean depressive symptoms and greater absolute changes in depressive 

symptoms at all age points compared to those individuals without a diagnosis or medication use. 

The dropout analyses showed that the excluded sample, compared to the analytical sample, included more males, 

individuals born outside Denmark, lower levels of parental education, lower household income, more mental disorder 

diagnoses, and greater use of psychotropic medication (Supplementary Table 2). IPWs reduced these differences across 

all variables but did not fully eliminate differences between the excluded and analytical sample for sex, origin, parental 

education, household income, mental disorder diagnoses in adulthood and during the study period, or psychotropic 

medication use in adulthood and during the study period. 

Descriptive analyses of changes in explanatory variables showed that the distribution of categorical variables and the 

mean of continuous variables differed between age points (Table 2). All variables had above 10% change between age 

points and therefore no variables had to be reconsidered for inclusion (Supplementary Table 3). The variables changing 

the least between age points were smoking and bullying, while the variables changing the most were coping, stress, and 

BMI. 

The Hausman test found the FE model to be better fitting than POLS between all age points (Supplementary Table 4). 

Results from the FE analyses showed that the models explained between 0.25 to 0.29 of the total variance in depressive 

symptoms and that changes in most explanatory variables were associated with changes in depressive symptoms 

(Supplementary Table 5). For example, one unit change in stress between age 15-18 was associated with a 0.25 (0.19-

0.30) change in depressive symptoms in the same period. The dominance analyses showed that the variable that 

contributed the most to the change in depressive symptoms between all age points was stress, while sense of coherence 
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contributed second most between all age points (Figure 1). The highest relative contribution to the explained variance 

for stress was at age 18-21 (36.13) and the highest relative contribution for sense of coherence was at age 21-28 (24.51). 

The variables that contributed the least to change in depressive symptoms were coping between age 15-18 and 18-21, 

BMI between age 21-28, and smoking between age 28-32. Self-esteem contributed third most to the explained variance 

between all age points except at age 15-18, where self-rated health and psychosomatic symptoms contributed more. The 

size of the dominance differed between age points. For example, self-rated health had a relative importance above 8% 

between all age points except at age 18-21 and sense of coherence had a relative importance of above 21% between all 

age points but not at age 15-18. 

 

The analyses of asymmetrical changes showed that psychosomatic symptoms had asymmetric associations at age 15-18 

(p=0.03; Table 3). A reduction of one score in psychosomatic symptoms between the ages 15-18 was associated with a 

reduction of 0.08 (95%CI: -0.18-0.01) in depressive symptoms, while an increase of one score in psychosomatic 

symptoms was associated with an increase of 0.24 (95%CI: 0.15-0.33) in depressive symptoms. An indication of 

asymmetry was found in the association of bullying between ages 28-32. However, the wide confidence intervals 

indicated considerable uncertainty around these estimates, making it difficult to draw firm conclusions about the 

asymmetrical effect of bullying (p=0.35). 

 

The largest negative and positive associations with depressive symptoms were observed in stress, bullying, self-esteem, 

sense of coherence, and self-rated health with different sizes between the age points. These variables, with exception of 

bullying, were also the variables with the highest dominance (Figure 1). Between ages 15-18, improvements in bullying 

and stress was associated with the largest reductions in depressive symptoms, while worsening of bullying and 

psychosomatic symptoms was associated with the largest increases. Between ages 18-21, improvements in self-esteem 

and stress showed the largest reductions in depressive symptoms, whereas worsening of stress and sense of coherence 

showed to the largest increases. Between ages 21-28, improvements in self-rated health and sense of coherence showed 

the largest reductions in depressive symptoms, while worsening of self-rated health showed the largest increase. Lastly, 

between age 28-31, improvements in self-rated health and stress was associated with the largest reduction depressive 

symptoms the most, while worsening of self-rated health and bullying was associated with the largest increases. 
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Discussion 

This study found that changes in personal, health, lifestyle, and social factors were associated with changes in 

depressive symptoms among individuals aged 15-32, and that the relative importance of these factors varied across age 

points. In general, personal- and health factors showed the strongest associations with depressive symptoms. These 

findings emphasize the developmental shifts in the factors influencing depressive symptoms, suggesting that targeted 

prevention strategies should be tailored to specific life stages. 

 

To our knowledge, this is the first study to apply a Fixed Effects approach to examine the patterns and dynamic 

relationships between a range of explanatory factors and depressive symptoms across adolescence and adulthood. We 

identified stress, sense of coherence, self-esteem, self-rated health, and psychosomatic symptoms as the most dominant 

variables across five age points. All these factors have previously been found to be associated with mental health in 

studies focusing on individual risk factors (21-26). Importantly, the ranking and effect sizes of these variables shifted 

over time. While stress was the most dominant and sense of coherence the second most dominant factor through all 

waves, the size of the dominance changed. Self-esteem ranked third in the latest age points (ages 28–32) but only fifth 

during adolescence (ages 15–18). Low self-esteem, particularly when combined with identity challenges, has been 

shown to negatively affect mental health (22). This is consistent with the theory of emerging adulthood (ages 18–25) as 

a period of identity formation (14). However, the high dominance of self-esteem at age 28–32 is less often discussed 

and warrants further exploration. Self-rated health ranked third at ages 15–18 and fourth in later ages. While existing 

longitudinal studies—primarily in much older populations—have shown mixed findings, comparable research in 

younger age groups is lacking, making direct comparisons difficult (26). Our study provides insight into this 

relationship during earlier life stages. Psychosomatic symptoms ranked fourth at ages 15–18 and fifth in later ages, 

suggesting a slight decline in associations. Previous literature has primarily focused on psychosomatic symptoms in 

adolescence as predictors of early adult mental health (25). Bullying did not show high overall dominance but had a 

strong association with depressive symptoms between ages 15–18 (Table 3). Bullying is known to have serious and 

potentially long-lasting consequences for mental health in children and adolescents, but the temporal impact across 

developmental stages remains underexplored (30). This study emphasises that even though bullying is a rare 

phenomenon, when occurring, it has severe consequences. 
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While more variables could have been relevant in a systems-based approach on depressive symptoms, we selected 

factors representing four broad domains: personal, health, lifestyle, and social. Unfortunately, no consistently measured 

variables related to social connections, social support, or loneliness were available across all surveys, which likely 

contributed to the models explaining only 25–29% of the total variance. Future research should aim to include a broader 

range of social determinants to improve explanatory power. 

 

While this study contributes to a better understanding of the patterns and dominance over time, future research should 

explore the potential mediators and interactions between variables. For example, individuals with high self-esteem may 

be more likely to use active coping strategies in response to stress, thereby protecting their mental health. Similarly, 

coping strategies are known to buffer the impact of stress (39). A deeper understanding of these mechanisms would 

provide valuable insights into the complexity of depressive symptoms over time. 

 

Because changes in explanatory variables and depressive symptoms were measured concurrently, we cannot infer 

directionality. It remains unclear whether a change in an explanatory variable caused a change in depressive symptoms 

or vice versa. Therefore, no causal conclusions based on these data and methods can be drawn and we encourage future 

research into the causal relationships. 

 

This study highlights the importance of age-specific prevention strategies to reduce depressive symptoms in young 

people. Across all ages, stress and sense of coherence consistently emerged as the most influential factors, emphasizing 

the roles as central targets for intervention. However, the results also suggest that the prominence of other factors may 

vary depending on the developmental stage. For adolescents aged 15-18, reducing stress and bullying may yield the 

greatest benefit, while among individuals aged 18-21, strategies aimed at improving self-esteem—alongside continued 

efforts to reduce stress and bullying—appear most relevant. In later ages, age 21-28 and age 28-31, improvements in 

sense of coherence and self-rated health seem especially important. It is worth noting, however, that the minimal 

detectable change for the 4-item CES-DC among 15- to 16-year-olds has been estimated at 3.85 points (95%CI: 2.91; 

4.80), suggesting suggests that changes in a single factor may not be sufficient to produce a clinically meaningful 

reduction in depressive symptoms (40). Therefore, preventive efforts should take a multidimensional approach that 

targets several aspects simultaneously to achieve improvements in mental health. 
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One key strength of this study is the use of FE models, which control for all time-invariant confounders, thereby 

enhancing the internal validity of the results. The longitudinal design spanning multiple age points—from adolescence 

through adulthood—provides a unique opportunity to explore changes in depressive symptoms across key 

developmental transitions. Furthermore, the combination of self-reported and register-based data adds breadth to the 

analysis. The study also employed MI and IPW to handle missing data and reduce potential bias due to attrition, which 

helps to strengthen the generalisability of the findings. In addition, the inclusion of a broad set of explanatory variables 

allows for a more comprehensive examination of the complex interplay between personal-, health-, lifestyle-, and social 

factors in relation to mental health outcomes. 

 

Nevertheless, several limitations must be considered. The time intervals between age points varied, with changes 

assessed over three years in the first two intervals, seven years in the third, and four years in the final interval. This 

variation complicates comparisons across models, as the magnitude of change may differ simply due to the length of the 

follow-up. Moreover, not all variables were measured identically across waves. For example, one item in the measure of 

sense of coherence was slightly reworded at age 15 to ensure age-appropriate comprehension. While necessary from a 

developmental standpoint, such changes may affect measurement consistency. Despite efforts to reduce bias using IPW, 

differences between the analytical sample and the excluded sample persisted on several characteristics, indicating a 

continued risk of selection bias. Finally, the models explained only 25-29% of the total variance in depressive 

symptoms, suggesting that additional unmeasured factors likely contribute to these changes and should be investigated 

in future research. 

Conclusion 

Our findings underscore the importance of considering age-specific changes when designing preventive efforts for 

depressive symptoms in young people. While changes in personal- and health-related factors had the strongest 

associations with changes in depressive symptoms, their relative importance varied across different age points. Bullying 

in adolescence also played a role in depressive symptoms, but our ability to fully capture the impact of social factors 

was limited by the available data. Future research should further explore the role of social determinants in depressive 

symptoms using a system-based approach to better inform targeted interventions across different life stages. 
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KeyPoints 

- Age-specific changes in personal, health, lifestyle, and social factors are important to consider when designing 

preventive efforts for depressive symptoms in young people. 

- Personal and health-related factors showed the strongest associations with changes in depressive symptoms, 

but their influence varied across age points. 

- Stress and sense of coherence were the variables contributing most to change in depressive symptoms between 

all age points. 

- Bullying in adolescence was associated with depressive symptoms, highlighting the relevance of early social 

experiences. 
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Table 2: Mean and prevalences of explanatory variables 

 Mean (95% CI) / N (%) 

 Age 15 Age 18 Age 21 Age 28 Age 32 

Personal factors      

Coping 16.90 (16.72-17.08) 19.11 (18.92-19.30) 15.60 (15.40-15.79) 15.41 (15.21-15.62) 15.48 (15.21-15.74) 

Self-esteem 11.03 (10.89-11.17) 10.43 (10.28-10.58) 10.03 (9.86-10.20) 10.04 (9.87-10.22) 10.16 (9.96-10.36) 

Sense of coherence  9.75 (9.65-9.86)  9.82 (9.70-9.94)  9.67 (9.54-9.81)  8.85 (8.70-9.00)  9.05 (8.88-9.21) 

Health factors      

Stress  9.23 (9.11-9.36)  9.14 (9.00-9.28)  9.47 (9.31-9.63)  8.90 (8.75-9.06)  9.08 (8.89-9.27) 

Psychosomatic symptoms  3.07 (2.94-3.20)  3.23 (3.10-3.36)  3.10 (2.96-3.25)  3.43 (3.29-3.57)  3.81 (3.69-3.94) 

Self-rated health 

Excellent 
Very good 
Good 
Fair 
Poor 

 
626 (29%) 
984 (46%) 
460 (21%) 
80 (4%) 
8 (0%) 

 
472 (22%) 
860 (40%) 
645 (30%) 
152 (7%) 
29 (1%) 

 
670 (31%) 
897 (42%) 
449 (21%) 
123 (6%) 
18 (1%) 

 
421 (20%) 
941 (44%) 
586 (27%) 
183 (9%) 
27 (1%) 

 
372 (17%) 
946 (44%) 
586 (27%) 
214 (10%) 
39 (2%) 

Lifestyle factors      

Physical activity 

7+ hours 
4-6 hours 
2-3 hours 
1 hour 
1/2 hour 
None 

 
479 (22%) 
725 (34%) 
588 (27%) 
234 (11%) 
88 (4%) 
43 (2%) 

 
328 (15%) 
616 (29%) 
657 (30%) 
319 (15%) 
126 (6%) 
111 (5%) 

 
311 (14%) 
556 (26%) 
655 (30%) 
278 (13%) 
188 (9%) 
169 (8%) 

 
236 (11%) 
490 (23%) 
674 (31%) 
318 (15%) 
205 (10%) 
234 (11%) 

 
164 (8%) 
368 (17%) 
707 (33%) 
370 (17%) 
288 (13%) 
259 (12%) 

Smoking 

No 
Rarely 
Weekly 
Daily 

 
1889 (88%) 
96 (4%) 
45 (2%) 
127 (6%) 

 
1536 (71%) 
152 (7%) 
92 (4%) 
378 (18%) 

 
1449 (67%) 
139 (6%) 
117 (5%) 
452 (21%) 

 
1600 (74%) 
114 (5%) 
443 (21%) 
0 (0%) 

 
1727 (80%) 
89 (4%) 
77 (4%) 
265 (12%) 

BMI 20.29 (20.14-20.45) 22.53 (22.34-22.72) 23.80 (23.58-24.02) 25.55 (25.27-25.84) 26.30 (25.98-26.63) 

Social factors      

Bullying 

Never 
Once or twice 
Sometimes 
Weekly 
Several times a week 

 
1567 (73%) 
378 (18%) 
153 (7%) 
31 (1%) 
27 (1%) 

 
1792 (83%) 
267 (12%) 
73 (3%) 
15 (1%) 
9 (0%) 

 
1964 (91%) 
144 (7%) 
21 (1%) 
22 (1%) 
6 (0%) 

 
1998 (93%) 
94 (4%) 
35 (2%) 
31 (1%) 
0 (0%) 

 
1960 (91%) 
89 (4%) 
56 (3%) 
52 (2%) 
0 (0%) 
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Table 3: Results from asymmetrical change analyses  

 Change in depressive symptoms (mean (95% CI)) 

 Age 15-18 Age 18-21 Age 21-28 Age 28-32 

Personal factors     

Coping 

 1 positive change 

 1 negative change 

p=0.16 

-0.02 (-0.05;0.01) 

-0.03 (-0.08;0.02) 

p=0.59 

0.01 (-0.04;0.06) 

0.00 (-0.02;0.03) 

p=0.59 

0.03 (-0.02;0.09) 

-0.01 (-0.06;0.04) 

p=0.53 

0.03 (-0.02;0.09) 

-0.01 (-0.06;0.04) 

Self-esteem 

 1  positive change 

 1  negative change 

p=0.49 

0.09 (0.01;0.16) 

-0.04 (-0.11;0.03) 

p=0.15 

0.08 (0.01;0.16) 

-0.18 (-0.25;-0.12) 

p=0.69 

0.10 (0.03;0.16) 

-0.11 (-0.18;-0.04) 

p=0.55 

0.09 (0.02;0.15) 

-0.07 (-0.13;-0.01) 

Sense of coherence 

 1 positive change 

 1 negative change 

p=0.15 

0.21 (0.13;0.29) 

-0.10 (-0.19;-0.02) 

p=0.67 

0.17 (0.08;0.25) 

-0.15 (-0.23;-0.07) 

p=0.16 

0.11 (-0.00;0.21) 

-0.22 (-0.29;-0.15) 

                            p=0.36 

0.09 (-0.01;0.19) 

-0.16 (-0.23;-0.09) 

Health factors     

Stress 

 1 positive change 

 1 negative change 

p=0.18 

0.20 (0.11;0.28) 

-0.30 (-0.38;-0.22) 

p=0.31 

0.18 (0.12;0.25) 

-0.25 (-0.34;-0.17) 

p=0.62 

0.21 (0.13;0.28) 

-0.17 (-0.26;-0.09) 

p=0.56 

0.20 (0.13;0.26) 

-0.20 (-0.26;-0.15) 

Psychosomatic symptoms 

 1 positive change 

 1 negative change 

p=0.03 

0.24 (0.15;0.33) 

-0.08 (-0.18;0.01) 

p=0.63 

0.09 (0.00;0.18) 

-0.08 (-0.17;0.01) 

p=0.44 

0.09 (-0.00;0.17) 

-0.03 (-0.13;0.07) 

p=0.54 

0.11 (0.01;0.22) 

-0.11 (-0.20;-0.03) 

Self-rated health 

 1 positive change 

 1 negative change 

p=0.55 

0.13 (-0.06;0.32) 

-0.25 (-0.54;0.03) 

p=0.65 

0.12 (-0.14;0.38) 

-0.16 (-0.33;0.01) 

p=0.62 

0.26 (0.08;0.44) 

-0.24 (-0.47;-0.01) 

p=0.58 

0.26 (0.10;0.42) 

-0.29 (-0.51;-0.07) 

Lifestyle factors     

Physical activity 

 1 positive change 

 1 negative change 

p=0.18 

-0.09 (-0.22;0.04) 

-0.10 (-0.30;0.09) 

p=0.45 

0.09 (-0.03;0.21) 

-0.00 (-0.15;0.14) 

p=0.62 

0.02 (-0.13;0.18) 

0.03 (-0.11;0.17) 

p=0.56 

0.03 (-0.07;0.13) 

0.01 (-0.13;0.14) 

Smoking 

 1 positive change 

 1 negative change 

p=0.68 

-0.06 (-0.19;0.08) 

0.02 (-0.39;0.43) 

p=0.34 

-0.04 (-0.20;0.12) 

0.20 (-0.02;0.41) 

p=0.35 

0.12 (-0.08;0.32) 

0.01 (-0.12;0.14) 

p=0.51 

-0.07 (-0.32;0.18) 

0.11 (-0.00;0.22) 

BMI 

 1 positive change 

 1 negative change 

p=0.43 

0.01 (-0.05;0.07) 

-0.09 (-0.27;0.08) 

p=0.45 

0.03 (-0.03;0.10) 

0.04 (-0.11;0.19) 

p=0.59 

-0.03 (-0.08;0.01) 

0.01 (-0.06;0.09) 

p=0.57 

-0.03 (-0.06;0.00) 

0.03 (-0.04;0.09) 

Social factors     

Bullying 

 1 positive change 

 1 negative change 

p=0.73 

0.29 (-0.03;0.60) 

-0.31 (-0.52;-0.11) 

p=0.33 

-0.14 (-0.52;0.24) 

-0.17 (-0.51;0.17) 

p=0.51 

-0.03 (-0.37;0.32) 

0.03 (-0.26;0.33) 

p=0.35 

0.22 (-0.01;0.45) 

-0.03 (-0.31;0.25) 
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Figure legends 

Figure 1: Results from the dominance analyses showing the relative contribution to the explained variance of 

depressive symptoms for personal- (red), health- (green), lifestyle- (blue), and social factors (black). 

 

Figures 

 

 



S
u

p
p

le
m

en
ta

ry
 

 

S
u

p
p

le
m

en
ta

ry
 T

a
b

le
 1

: 
S

co
ri

ng
 a

nd
 d

ef
in

it
io

n 
of

 t
he

 e
xp

la
na

to
ry

 v
ar

ia
bl

es
, i

nc
lu

di
ng

 d
if

fe
re

nc
es

 i
n 

m
ea

su
re

m
en

t 
ov

er
 t

im
e 

E
x

p
la

n
a

to
ry

 V
a

ri
a

b
le

 

P
er

so
n

a
l 

fa
ct

o
rs

 

C
op

in
g 

7 
it

em
s 

fr
o

m
 “

B
ri

ef
 C

O
P

E
 s

ca
le

” 
ea

ch
 s

co
re

d
 1

-4
 (

7-
28

 t
ot

al
 s

co
re

) 
(2

4)
. Q

ue
st

io
ns

 i
n 

th
e 

su
bs

ca
le

 “
A

v
o

id
an

t 
co

p
in

g
” 

ha
ve

 b
ee

n 
di

sc
ar

de
d,

 a
s 

th
ey

 r
ep

re
se

nt
 

un
de

si
ra

bl
e 

co
pi

ng
 s

tr
at

eg
ie

s.
 S

am
e 

qu
es

ti
on

s 
fo

r 
al

l 
su

rv
ey

s.
 

S
el

f-
es

te
em

 
6 

it
em

s 
fr

o
m

 R
o

se
n

b
er

g
’s

 s
el

f-
es

te
em

 s
ca

le
 e

ac
h 

sc
or

ed
 1

-4
 (

6-
24

 t
ot

al
 s

co
re

).
 S

am
e 

qu
es

ti
on

s 
fo

r 
al

l 
su

rv
ey

. 

S
en

se
 o

f 
co

he
re

nc
e 

4 
it

em
s 

fr
om

 t
he

 a
da

pt
ed

 v
er

si
on

 o
f 

A
nt

on
ov

sk
y'

s 
O

ri
en

ta
ti

on
 t

o 
L

if
e 

Q
ue

st
io

nn
ai

re
, s

ho
rt

 f
or

m
 (

S
O

C
-1

3)
 f

it
te

d 
fo

r 
ad

ol
es

ce
nt

s 
ea

ch
 s

co
re

d 
fr

om
 1

-5
 (

su
m

 s
co

re
 o

n 
4-

20
) 

(2
5,

 2
6)

. O
ne

 q
ue

st
io

n 
ha

s 
a 

sl
ig

ht
ly

 d
if

fe
re

nt
 w

or
di

ng
 i

n 
th

e 
su

rv
ey

 in
 2

00
4 

co
m

pa
re

d 
to

 t
he

 r
es

t 
of

 t
he

 w
av

es
. 

H
ea

lt
h

 f
a

ct
o

rs
 

S
tr

es
s 

4 
it

em
s 

fr
om

 t
he

 P
er

ce
iv

ed
 s

tr
es

s 
sc

al
e 

(P
S

S
) 

sc
or

ed
 0

-4
 (

to
ta

l 
sc

or
e 

0-
16

) 
(2

7)
. A

do
le

sc
en

t 
ve

rs
io

n 
in

 2
00

4-
20

10
, a

du
lt

 v
er

si
on

 i
n 

20
17

-2
02

1.
 

S
el

f-
ra

te
d 

he
al

th
 

1 
it

em
 f

ro
m

 S
F

-3
6 

sc
or

ed
 1

-5
 (

28
).

 S
am

e 
qu

es
ti

on
 f

or
 a

ll
 s

ur
ve

ys
. 

 

P
sy

ch
os

om
at

ic
 s

ym
pt

om
s 

5 
it

em
s 

fr
om

 t
he

 H
op

ki
ns

 S
ym

pt
om

 C
he

ck
li

st
 9

0 
ea

ch
 s

co
re

d 
1-

4 
(5

-2
0 

to
ta

l 
sc

or
e)

 (
29

).
 S

am
e 

qu
es

ti
on

s 
fo

r 
al

l 
su

rv
ey

s.
 

L
if

es
ty

le
 f

a
ct

o
rs

 

P
hy

si
ca

l 
ac

ti
vi

ty
 

1 
it

em
 f

ro
m

 Y
ou

th
 R

is
k 

B
eh

av
io

r 
S

ur
ve

y 
20

03
 w

it
h 

a 
sc

or
e 

of
 1

-6
 (

30
).

 I
n 

th
e 

su
rv

ey
s 

in
 2

01
7-

20
21

, t
he

 m
os

t 
ex

tr
em

e 
ca

te
go

ry
 o

f 
7+

 h
ou

rs
 i

s 
di

vi
de

d 
in

 t
w

o 
ca

te
go

ri
es

 

of
 7

-1
0 

ho
ur

s 
an

d 
11

+
. T

he
se

 w
as

 c
at

eg
or

iz
ed

 t
og

et
he

r 
to

 e
ns

ur
e 

sa
m

e 
sc

or
in

g 
in

 a
ll

 s
ur

ve
y 

w
av

es
.  

S
m

ok
in

g 
1 

it
em

 f
ro

m
 Y

ou
th

 R
is

k 
B

eh
av

io
r 

S
ur

ve
y 

20
03

 s
co

re
d 

1-
4 

(3
0)

. I
n 

th
e 

su
rv

ey
s 

20
07

-2
0

2
1

 t
h

e 
an

sw
er

 “
N

o
” 

is
 d

iv
ed

 i
n

to
 “

N
o

, 
n

ev
er

 s
m

o
k

ed
” 

an
d

 “
N

o
, 
b

u
t 

sm
o

k
ed

 

p
re

v
io

u
sl

y
”.

 T
h

es
e 

w
as

 h
an

d
le

d
 a

s 
“N

o
” 

to
 s

ec
u

re
 s

am
e 

sc
o

ri
n

g
 o

f 
al

l 
su

rv
ey

s.
 

B
M

I 
B

as
ed

 o
n 

se
lf

-r
ep

or
te

d 
he

ig
ht

 a
nd

 w
ei

gh
t.

 B
M

I 
=

 w
ei

gh
t/

he
ig

ht
^2

. 

S
o

ci
a

l 
fa

ct
o

rs
 

B
ul

ly
 

1 
it

em
 f

ro
m

 t
he

 H
ea

lt
h 

B
eh

av
io

r 
in

 S
ch

oo
l 

C
hi

ld
re

n 
st

ud
y 

(H
B

S
C

) 
w

it
h 

a 
sc

or
e 

of
 1

-5
. I

n 
20

04
, 2

00
7 

an
d 

20
10

 t
he

 q
ue

st
io

n 
co

nc
er

ns
 b

ul
ly

in
g 

at
 s

ch
oo

l/
ed

uc
at

io
n 

(3
1)

. 

In
 2

00
7,

 2
01

7 
an

d 
20

21
 t

he
 q

ue
st

io
n 

co
nc

er
n 

bu
ll

yi
ng

 a
t 

w
or

k.
 I

n 
20

07
 t

he
 a

ns
w

er
 w

it
h 

th
e 

hi
gh

es
t 

sc
or

e 
of

 e
it

he
r 

bu
ll

in
g 

at
 w

or
k 

or
 e

du
ca

ti
on

 w
as

 u
se

d.
 

  



Supplementary text 1: Covariates 

 
Data on sex and country of origin was obtained from the Population Register (31). Country of origin was defined as 

born in Denmark or outside Denmark.  

Mental disorder diagnoses were obtained from the Danish National Patient Register from 1995 and onwards and 

thereby from the age of 6 in the present population born in 1989 (32, 33). Diagnoses were obtained from both 

psychiatric and somatic units and both primary and secondary diagnoses were included. Diagnoses were defined by the 

ICD-10 codes F10-F69 and F80-F99, excluding organic disorders (F00-F09) and intellectual disabilities (F70-79) given 

that these disorders either have onset at old ages or are congenital. The mental disorder diagnoses were described as 

"any mental disorder diagnosis", a dichotomized measure of present/not present for each age of interest (15-32) and 

within the following categories: child (age 6-12), adolescent (age 13-17), adult (age 18-32), and throughout the study 

period. 

Medication use was defined as prescriptions for psychotropic medication using Anatomical Therapeutic Chemical codes 

N05A (minus N05AN), N05AN, N05B, N05C, N06A, N06B, N06C (minus N06AX01 and N06AX02), N07BB and 

N07BC), obtained from the Danish National Prescription Register (34). The adolescents’ medication use was described 

as present or not present for each age of interest (age 15-32) and within the following categories: young child (age 0-4), 

older child (age 5-12), adolescent (age 13-17), adult (age 18-32), and throughout the study period (age 0-32). 

Equalized family income from 2004 to 2021 was obtained from the Register of Family Income. Three income groups 

were defined by the OECD definition of income quintile share ratio or the S60/S20 ratio: the low-income group was the 

families with the 20% lowest income, the high-income group was the families with the 20% highest income and the 

middle-income group was the families with incomes in between (35). The legal parents' highest educational level in 

2004 was used as measure of parental educational level. Data on both legal parents’ educational level was obtained 

from Register of the Highest Completed Education (36). The highest educational levels of the parents’ were categorized 

into three groups: the low educational level group contained individuals with completion of up to secondary school 

(International Standard Classification of Education (ISCED): 0-2), the middle educational level group contained 

individuals with upper secondary school, vocational education, or short-cycle tertiary education (ISCED: 3-5) and the 

high educational level group contain individuals with a bachelor's degree or higher (ISCED: 6-8). 

From the first survey wave in 2004, two measure of SES was used; subjective social status (SSS) in School and SSS in 

society. SSS in school and SSS in society were measured at age 15 with the MacArthur Scale of Subjective Social 

Status – youth version (MacArthur scale). The adolescents were asked to place themselves on a 10-step ladder 

representing the social hierarchy in their class (SSS in school) and to place their family on a 10-step social ladder 

representing the society (SSS in society) (37). Three groups of SSS were defined: low (steps 1-4), middle (steps 5-8) 

and high (steps 9-10). 

  



Supplementary Figure 1: Directed Acyclic Graph of selection into the analytical sample 

 

Note: “sumscore” is the mean of the depressive symptom scores across surveys. 

  



 

 

Supplementary Table 2: Dropout analyses of characteristics of analytical sample and excluded at baseline (2004) 
 

Excluded 
Analytical sample 

(without weights) 

Analytical sample 

(with weights) 

Covariates N(%)  (N=1523) (N=2157) (N=2157) 

Sex 
Male  
Female  
Missing 

 
980 (64.35%) 
543 (35.65%) 
0 (0% of total) 

p<0.05 
923 (42.79%) 
1234 (57.21%) 
0 (0% of total) 

p<0.05 
1122 (52.00%) 
1035 (48.00%) 
0 (0% of total) 

Country of origin  
Denmark  
Other  
Missing 

 
1368 (89.82%) 
155 (10.18%) 
0 (0% of total) 

p<0.05 
2092 (96.99%) 
65 (3.01%) 
0 (0% of total) 

p<0.05 
2035 (94.36%) 
122 (5.64%) 
0 (0% of total) 

Educational level 
Long  
Middle  
Short  
Missing 

 
58 (4.03%) 
1072 (74.50%) 
309 (21.47%) 
84 (6% of total) 

p<0.05 
157 (7.31%) 
1756 (81.75%) 
235 (10.94%) 
9 (0% of total) 

p<0.05 
128 (5.95%) 
1666 (77.57%) 
354 (16.48%) 
9 (0% of total) 

Household income 
High  
Middle  
Low  
Missing 

 
259 (17.01%) 
855 (56.14%) 
409 (26.85%) 
0 (0% of total) 

p<0.05 
476 (22.07%) 
1353 (62.73%) 
328 (15.21%) 
0 (0% of total) 

p<0.05 
413 (19.16%) 
1332 (61.77%) 
411 (19.07%) 
0 (0% of total) 

SSS in society  
Long  
Middle 

Short  
Missing 

 
46 (4.91%) 
486 (51.92%) 
404 (43.16%) 
587 (39% of total) 

p=0.44 
581 (4.02%) 
1032 (51.22%) 
902 (44.76%) 
142 (7% of total) 

p=0.98 
95 (4.74%) 
1044 (51.82%) 
875 (43.44%) 
142 (7% of total) 

SSS in school  
Long  
Middle  
Short  
Missing 

 
14 (1.48%) 
603 (63.61%) 
331 (34.92%) 
575 (38% of total) 

p=0.376 
34 (1.68%) 
1334 (65.94%) 
655 (32.38%) 
134 (6% of total) 

p=0.07 
41 (2.01%) 
1359 (67.16%) 
624 (30.83%) 
134 (6% of total) 

Mental Disorder  
  

Older child (5-12 years) 
None as child 

63 (4.14%) 
1460 (95.86%) 

44 (2.04%)                    p<0.05 
2113 (97.96%) 

64 (2.96%)                    p=0.09 
2093 (97.04%) 

Adolescent (13-17 years) 
None as adolescent 

99 (6.50%) 
1424 (93.50%) 

79 (3.66%)                    p<0.05 
2078 (96.34%) 

106 (4.92%)                  p=0.08 
2051 (95.08%) 

Adult (18-32 years) 
None as adult 

323 (21.21%) 
1200 (79.79%) 

310 (14.37%)                p<0.05 
1847 (85.63%) 

373 (17.30%)                p<0.05 
1784 (82.70%) 

Study period (5-32 years) 
None in study period 

397 (26.07%) 
1126 (73.93%) 

361 (16.74%)                p<0.05 
1796 (83.26%) 

451 (20.93%)                p<0.05 
1706 (79.07%) 

Missing 0 (0% of total) 0 (0% of total) 0 (0% of total) 

Medication use  
  

Older child (5-12 years) 
None as child 

26 (1.71%) 
1497 (98.39%) 

13 (0.60%)                    p<0.05 
2144 (99.40%) 

22 (1.02%)                    p=0.13 
2135 (98.98%) 

Adolescent (13-17 years) 
None as adolescent 

65 (4.27%) 
1458 (95.61%) 

53 (2.46%)                    p<0.05 
2104 (97.54%) 

66 (3.04%)                    p=0.07 
2091 (96.96%) 

Adult (18-32 years) 
None as adult 

520 (34.14%) 
1003 (65.86%) 

500 (23.18%)                p<0.05 
1657 (76.82%) 

601 (27.85%)                p<0.05 
1556 (72.15%) 

Study period (5-32 years) 
None in study period 

575 (37.75%) 
948 (62.25%) 

559 (25.92%)               p<0.05 
1598 (74.08%) 

667 (30.92%)                p<0.05 
1490 (69.08%) 

Missing 0 (0% of total) 0 (0% of total) 0 (0% of total) 



 

 

 

 

  

Supplementary Table 3:  Number and prevalence of with-in person change in explanatory variables between age point 

 Changed N(%) 

 Age 15-18 Age 18-21 Age 21-28 Age 28-32 

Personal factors     

Coping 2023 (94%) 2039 (95%) 1907 (88%) 1887 (87%) 

Self-esteem 1825 (85%) 1743 (81%) 1768 (82%) 1698 (79%) 

Sense of coherence 1806 (84%) 1777 (82%) 1790 (83%) 1750 (81%) 

Health factors     

Stress 1858 (86%) 1860 (86%) 1865 (86%) 1847 (86%) 

Psychosomatic 

symptoms 
1763 (82%) 1735 (80%) 1782 (83%) 1663 (77%) 

Self-rated health 

Excellent 
Very good 
Good 
Fair 
Poor 

1235 (57%) 1217 (56%) 1244 (58%) 1122 (52%) 

Lifestyle factors     

Physical activity 

7+ hours 
4-6 hours 
2-3 hours 
1 hour 
1/2 hour 
None 

1417 (66%) 1476 (68%) 1535 (71%) 1508 (70%) 

Smoking 

No 
Rarely 
Weekly 
Daily 

565 (26%) 462 (21%) 461 (21%) 421 (20%) 

BMI 2146 (99%) 2119 (98%) 2111 (98%) 2088 (97%) 

Social factors     

Bullying 

Never 
Once or twice 
Sometimes 
Weekly 
Several times a week 

685 (32%) 424 (20%) 301 (14%) 308 (14%) 

Supplementary Table 4: P-values of Hausmans test on FE and POLS 
 

2004-2007 2007-2010 2010-2017 2017-2021 

p-values 0.295 0.063  0.099  0.117  
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