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“Without data, you’re just another person with an opinion”  

W. E. Deming 

  



 

 



 

 

POPULAR SCIENCE SUMMARY OF THE THESIS 

Depression is a common and serious mental health condition. It causes a wide variety of 

symptoms, such as feeling hopeless and sad, and losing interest or pleasure in hobbies and 

activities. To be diagnosed with depression, symptoms must last for at least two consecutive 

weeks. At its worst, this mental condition can lead to suicide. 

Current research suggests that depression is caused by a combination of genetic, physiological, 

environmental, social, and psychological factors. Nevertheless, many aspects regarding its 

causes, consequences and relation to other diseases are still largely unknown. 

Sweden provides unique opportunities for medical research. The country supports a universal 

and tax-funded health care system, and a long history of national registries. Through the use of 

a personal identity number (personnummer) assigned to every resident at birth or immigration, 

linkage between these registers is possible, allowing aggregation of demographic, medical and 

other information on the entire Swedish population. Throughout this process, sensitive data of 

participating individuals is protected. 

This unique source of large-scale data enables the development of scientific knowledge on 

important areas in which other study designs may be unethical or difficult to implement, 

including origins and long-term health outcomes of psychiatric disorders. 

 

BODY AND MIND ARE CLOSELY LINKED 

In the first study of this thesis, children and adolescents with depression were found to be at 

increased risk of physical illnesses and early death.  

We gathered medical information for nearly 1.5 million people born in Sweden and followed 

them up to age 31. More than 37,000 children and teenagers were diagnosed with depression 

between ages 5 and 19.  

Compared to their peers without a depression diagnosis, people with depression had increased 

risks for 66 of the 69 medical conditions that we explored, including self-harm, sleep 

disturbances, type 2 diabetes, thyroid disorders, liver problems, and kidney diseases. 

Furthermore, they were almost 6 times more likely to die prematurely by any cause, and 14 

times more likely to die by suicide. These risks diminished but persisted even after taking into 

account other psychiatric disorders, including substance use disorder, that were diagnosed in 

some individuals with depression. 

Although further research is needed to establish whether and to what extent depression in youth 

is causing these adverse health outcomes, this study brings awareness to the issue of pediatric 

depression, the burden of this disease, and to the importance of the mental-physical health 

relationship. 



INFECTIONS IN CHILDREN DO NOT INCREASE THE RISK OF DEPRESSION 

AND SELF-HARM 

Many studies suggest a link between infections and psychiatric disorders, including depression. 

Since childhood represents a sensitive developmental time during which the central nervous 

system and the immune system are still immature, it may be possible that infections in early 

life could have a greater influence on the risk of depression and self-harm. 

In the second study of this thesis, we followed more than 1.5 million individuals from birth up 

until age 31. Of these, 338,251 (22.5%) experienced early-life infections, 67,630 (4.5%) 

received a diagnosis of depression, and 25,651 (1.7%) were diagnosed with or died by self-

harm. 

Severe infections during childhood were associated with a 22% increased risk of depression 

and 29% increased risk of self-harm. However, these risks almost disappeared when accounting 

for other factors linked to both physical and mental health, such as a family history of mental 

disorders and low parental education and income. 

These findings show that childhood infections do not seem to be related to later depression and 

self-harm. Instead, other factors shared between family members appear to increase risks of 

infections, depression and self-harm, highlighting the importance of identifying and screening 

for these familial influences in childhood. 

 

THE ROLE OF GENETICS IN THE LINK BETWEEN DEPRESSION AND 

ENDOCRINE-METABOLIC DISORDERS 

In a third study, we explored in more detail the relationship between depression and various 

endocrine and metabolic diseases. Over 2.2 million people were included, of whom more than 

118,000 received a diagnosis of depression. A number of endocrine and metabolic disorders 

were explored: hypothyroidism, hyperthyroidism, type 1 diabetes, type 2 diabetes, obesity, and 

polycystic ovarian syndrome. Compared to their peers without endocrine-metabolic conditions, 

people with these diseases had 2-fold increased risk of depression.  

Siblings of individuals with an endocrine-metabolic disorder were also at higher risk of 

depression, compared to siblings of those without. This suggests that genetic and 

environmental risk factors shared between family members play a role in the co-occurrence of 

these mental and physical disorders. 

Specifically, we found that vulnerability for depression and for certain endocrine-metabolic 

conditions such as type 2 diabetes, obesity, and polycystic ovarian syndrome share some of 

their genetic risk. Conversely, environmental factors were predominantly involved in the 

association between depression and type 1 diabetes. This indicates that the link between 

depression and different endocrine-metabolic disorders may be driven by different 

mechanisms. 



 

 

This study enhances the understanding of the association between depression and physical 

illnesses, and underscores the importance of screening for depression symptoms in patients 

with endocrine-metabolic conditions and vice versa. 

 

THE IMPORTANCE OF SLEEP IN THE RELATIONSHIP BETWEEN 

DEPRESSION AND SELF-HARM 

Given the established link between sleep problems, depression and suicidal behavior, we 

explored whether sleep treatment could be associated with a lower rate of self-injury in young 

people with and without psychiatric disorders. 

In Sweden, melatonin is the most commonly prescribed drug for sleep disturbances in young 

patients, and its use has dramatically increased in recent years. For the period under 

consideration in this study, melatonin was only available on prescription. 

Using information on all prescribed drugs in Sweden, more than 25,500 children and teenagers 

who initiated melatonin treatment were identified. Over 87% had at least one psychiatric 

disorder, mainly attention-deficit hyperactivity disorder, anxiety disorders, depression, or 

autism spectrum disorder. 

The risk of self-harm steadily increased in the months preceding melatonin prescription and 

decreased thereafter. This was particularly evident among teens with depression and/or anxiety 

disorders, with girls displaying greater rates than boys. 

After excluding antidepressant users, who could have displayed lower risk of self-injurious 

behavior due to these other medications, the risk of self-harm in the month following 

melatonin-treatment initiation still decreased by 54% among girls with psychiatric disorders, 

compared to the last unmedicated month. 

This study did not account for a possible role of non-pharmacological treatments (e.g., 

psychotherapy) and it cannot establish whether melatonin directly causes a decrease in self-

harm rates among these patients. However, these findings support the hypothesis that sleep 

interventions may be beneficial to reduce pediatric self-injurious behavior. 

 

CONCLUSION 

This thesis provides new insights into the origins and health outcomes associated with 

depression, raising awareness about this serious mental condition, which affects a considerable 

proportion of the population, including many teenagers. Our findings may be of importance to 

guide patients, clinicians and policy makers in making informed decisions, and underscore a 

critical need for treatment and for long-term support in this vulnerable population.





 

 

ABSTRACT 

Depression is a common and debilitating mental disorder characterized by low mood, loss of 

interest in activities, and long-lasting functional impairment. It is a worldwide psychiatric 

illness with a wide range of ages of onset, and it occurs about twice as often in women than 

men. However, most large observational studies have focused on adult populations, leaving 

pediatric depression largely unexplored. Depressive disorder is linked to poorer physical health 

and increased comorbidity and mortality, particularly by suicide. This mental condition is the 

result of a complex interaction between environmental, social, genetic, physiological, and 

psychological influences, with many risk factors and underlying mechanisms still unknown. 

This thesis leverages epidemiological statistics and the availability of nationwide registers in 

Sweden to enhance the understanding of depression in children, adolescents, and adults, 

exploring adverse health outcomes, psychiatric and somatic comorbidities, potential risk 

factors, and melatonin treatment for sleep disturbances. 

In Study I, we described the association of pediatric depression with a wide range of subsequent 

somatic conditions and premature death, while also exploring the potential role of psychiatric 

comorbidities. Compared to the general population, individuals diagnosed with depression 

during youth displayed higher risks for 66 of the 69 somatic diagnoses under investigation 

(including self-harm, endocrine and metabolic disorders, and sleep disturbances), as well as 

elevated risks for mortality, particularly for death by intentional self-harm. When adjusted for 

psychiatric comorbidity, associations were attenuated but persisted. This study provides new 

insights into the relationships between psychiatric and somatic disorders among a young 

population, increasing awareness about the burden of pediatric depression and providing a 

foundation for future research. 

In Study II, we investigated the link between early-life infections and the risks of depression 

and self-harm during adolescence and early adulthood. Increased risks of the outcomes were 

observed among individuals exposed to childhood infections, compared to the rest of the 

population. When adjusting for familial influences, risks were considerably attenuated and no 

strong association persisted. Our findings show that childhood infections may not be involved 

in the etiology of later depression and self-harm, and highlight the importance of identifying 

these genetic and environmental risk factors shared between family members, which represent 

potential targets for interventions. 

Study III explored the underlying factors contributing to the comorbidity of depression and 

endocrine-metabolic disorders. A family design was applied to investigate the familial co-

aggregation of these medical conditions, while quantitative genetic modeling was used to 

quantify the relative contribution of genetic and environmental influences to the familial 

liability. We found evidence of shared etiology to the co-occurrence of depression and 

endocrine-metabolic conditions, which was primarily due to genetics for non-autoimmune 

conditions, and to unique environmental factors for autoimmune disorders, especially for type 

1 diabetes. These findings expand current knowledge on the etiological sources of these 



comorbidities, which could guide future research aiming at identifying underlying 

pathophysiological mechanisms. 

In Study IV, we examined whether melatonin use in children and adolescents with sleep 

disturbances was associated with a reduced risk of self-harm and unintentional injuries. Risks 

of the outcomes were assessed in periods before and after melatonin-treatment initiation, 

among youth with and without psychiatric disorders, and across sexes, injury types, psychiatric 

disorder diagnoses, and age groups. Melatonin-use initiation was associated with reduced risks 

of self-harm among adolescent females with depression and anxiety disorders, suggesting that 

sleep interventions may be an important component to reduce risk of self-injurious behavior in 

this pediatric population. 

In conclusion, this thesis contributes to the understanding of depression in youth and adults, 

highlighting its extensive comorbidity and burden of disease, and posing quality-of-life and 

public health challenges. Our findings underscore an urgent need for screening, prevention, 

and early intervention of depression, particularly in young patients, as well as for adequate 

health care resources to treat this mental illness and its psychiatric and somatic comorbidities. 
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1 BACKGROUND 

1.1 MAJOR DEPRESSIVE DISORDER 

Low mood, sadness and depressive feelings are normal reactions to difficult life experiences, 

such as distress and bereavement. However, when these feelings lead to a long-lasting 

functional impairment, a clinical diagnosis of major depressive disorder (MDD) may arise. 

Depression is a debilitating psychiatric disorder that is characterized by a cluster of symptoms 

lasting at least two consecutive weeks and involving depressed mood, markedly diminished 

interest or pleasure, changes in cognition, and vegetative symptoms, such as sleep and appetite 

disturbances.1 Additionally, MDD is common, has a significant and negative impact on quality 

of life, and can affect individuals in early life and for sustained periods, thereby leading to 

persistent disability. In 2015, the global burden of depression accounted for 7.5% of all Years 

Lived with Disability (YLD), making this mental disorder the single largest contributor to non-

fatal losses in health and functioning in both developed and developing countries.2 A recent 

systematic analysis describing the global burden of several mental disorders ranked depression 

as the second leading cause of YLD in 2019.3 Future trends in global health expect depression 

to remain a top contributor to the global disease burden.4 Moreover, the health impact of 

depression extends beyond daily functioning and quality of life. In fact, depressive disorder is 

associated with poor physical outcomes and suicide, which further inflates its total burden.5-7 

Hence, depression is a major public health problem and involves substantial human, social, and 

economic costs.8 

1.2 DIAGNOSTIC ASSESSMENT AND SYMPTOMS 

The tenth edition of The International Classification of Diseases (ICD-10), which is the main 

diagnostic system used in Europe, defines depression as an episode lasting a minimum of two 

weeks, and it classifies this as mild, moderate, or severe.9, 10 According to the fifth edition of 

the Diagnostic and Statistical Manual of Mental Disorders (DSM-5), an individual will be 

diagnosed with major depressive disorder (MDD) when suffering from at least five of the nine 

defined major depression symptoms, over a minimum period of two consecutive weeks.11 

Thus, there are many unique symptom combinations that a person can experience to meet these 

criteria, which emphasizes the broadness of the current diagnostic system. Some symptoms 

characterizing MDD overlap with those of bipolar disorder and schizophrenia. Therefore, in 

order to be diagnosed with MDD, it is required that a patient does not meet the criteria for either 

of these disorders. 

Some MDD symptoms are entirely opposite to each other (e.g. weight loss and weight gain, or 

insomnia and hypersomnia), leading to the possibility that patients with very different clinical 

profiles and underlying biological mechanisms could receive the same diagnosis of MDD.12 

This highlights the extensive heterogeneity of this mental disorder.  
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In children and adolescents, the DSM-5 criteria for assessing MDD are the same as for adults, 

with the exception that depressed mood can be identified as irritable mood, and that changes in 

weight and appetite can be observed as failure to make expected weight gains.13  

In recent years, evidence has accumulated supporting the hypothesis that, for many psychiatric 

phenotypes, diagnoses represent the extreme end of continuously distributed traits in the 

population.14 Therefore, while relying on categorically defined diagnoses may provide 

information on the more severe cases, exploring milder traits of these disorders may expand 

the current knowledge on psychiatric phenotypes in the general population. 

1.3 EPIDEMIOLOGY 

Depression has a 12-month prevalence of ~6% and a lifetime prevalence of ~16%, meaning 

that approximately 1 in 6 people develop the disorder during their lifetime.15 It presents at a 

wide range of ages-of-onset (peak risk period 16-43 years, with a median age of onset at ~25 

years).15, 16 Before puberty, depressive disorder has an estimated prevalence of 1%-3% and an 

equal distribution in boys and girls. During adolescence, the prevalence rises to 3%-9%, with 

females showing a higher risk compared to males.13, 17 In adults, depression occurs about twice 

as often in women than in men.18  

1.4 DISEASE COURSE 

The course of depression varies considerably between individuals in terms of chronicity and 

remission. A history of childhood trauma has been identified as an impactful risk factor for the 

development of depression, and it has also been associated with chronicity and poorer 

prognosis of MDD.19 Early age of onset, increased symptom severity, psychiatric 

comorbidities, and longer duration of a previous depressive episode are other factors associated 

with a poorer clinical course of depression.20 Duration of and remission from an MDD episode 

differ widely: the mean MDD episode duration varies between 3 and 7 months, with 50-90% 

of patients recovering within 1 year.21, 22 Persistence of residual symptoms and functional 

impairment is often observed after MDD remission.23 Moreover, approximately 90% of 

individuals in remittance will experience depression recurrence in their lifetime.24 

1.5 ETIOLOGY 

As with other psychiatric disorders, depression has a multifactorial etiology, with several 

environmental and genetic factors implicated in its development and clinical course. However, 

the extent to which these risk factors, as well as their interaction, affect the development and 

clinical course of depression is still largely unknown. 

1.5.1 Environmental risk factors 

Stressful life events, parental psychiatric history, low socioeconomic status (SES), low social 

support, cardio-metabolic diseases, obesity, sleep disturbances, and childhood adversities (e.g., 

physical and sexual abuse) are some of the consistently reported environmental determinants 

of MDD.25-28 
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A growing body of research suggests the involvement of inflammatory pathways in the 

etiology of depression.29-31 Inflammation is generally inherent to medically-related immune 

insults but also to ‘sterile’ stressors. These are psychological stressors that activate key 

inflammatory pathways, increasing the circulating levels of pro-inflammatory cytokines.32, 33 

Essentially, the body mounts an immune response against a threat to the subject (i.e., a ‘sterile’ 

insult), rather than against a pathogen. Stress-induced inflammatory signals can be transmitted 

to the brain, where they may interact with neurotransmitters and neurocircuits, influencing the 

risk for depression and non-responsiveness to available antidepressant treatments.29, 34  

Immune dysregulation is not always present in depression, and not everyone exposed to 

increased inflammation develops depression.34, 35 Thus, immune-depression may be restricted 

to particular subgroups of depressed persons. Previous research indicates that individuals who 

experienced certain stressful life events, such as childhood adversity, show higher levels of 

inflammatory biomarkers, increased inflammatory responses to psychosocial stressors, and 

higher risk of developing depression.32, 36-38 Moreover, recent studies have proposed the 

existence of an ‘immune-metabolic depression’ dimension characterized by metabolic 

dysregulations.39, 40  

With regards to medically-related immune insults such as viral and bacterial infections, 

growing evidence suggests a link between these inflammatory events and subsequent mood 

disorders.41 However, there is a lack of large longitudinal studies exploring whether there exists 

a critical period in life when exposure to infections may increase susceptibility to depression.42 

Childhood or adolescence may encompass sensitive time points during which infections could 

be more damaging. In fact, during the developmental years, the maturing immune system 

exhibits an increased vulnerability to insults compared to the fully matured immune system of 

adults. Consequently, early-life infections may lead to the impairment of specific biological 

systems involved in the etiology of depression. In Study II of this thesis, we investigated the 

association of childhood infections with later depression and self-harm.  

1.5.2 Genetic risk factors  

Heritability (h2) is a measure of how differences in a phenotypic trait within a population can 

be explained by the genetic variation between individuals in that population. Heritability 

estimates range from 0 to 1 (where a higher value indicates that the variability in a given trait 

among people is mainly due to genetic factors over environmental ones). Estimates are specific 

to populations and the environments they experience, and they can differ over time as 

circumstances change. Research designs involving twins are one way to estimate the 

heritability of traits. This is, by comparing a trait in identical twins (who share 100% of their 

genetic variation) versus fraternal twins (sharing on average 50% of their co-segregating 

alleles) an estimate of that trait’s heritability can be calculated, and genetic and environmental 

contributions for that specific phenotype can be disentangled.43 To determine which genes are 

likely to influence a specific trait, molecular genetic approaches are necessary. Genome-wide 

association studies (GWAS) examine changes in single nucleotide polymorphisms (SNPs) 

between individuals with a particular trait under investigation (cases) versus people without 
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that trait (controls).44 Markers that differ in frequency between cases and controls are likely to 

play a role in the etiology of the trait. 

From twin studies, the heritability of depression is estimated to be approximately 31–42%;45 

however, this genetic component has remained difficult to identify at a single-nucleotide 

polymorphism level for a number of reasons. First, depression has lower heritability compared 

to other psychiatric conditions, such as schizophrenia (h2=64–81%)46 and bipolar disorder 

(h2=60%).47 Second, as with all complex traits, depression is highly polygenic, involving many 

genetic variants with small effect. Therefore, in order to identify genetic loci associated with 

this psychiatric condition, a particularly large number of patients is required.44 Moreover, its 

widespread phenotypic heterogeneity may limit the possibility to capture replicable 

information on the genetic basis of MDD.48 In fact, the considerable clinical and etiological 

heterogeneity results in reduced statistical power as the genetic effect size distribution could be 

diluted. Additionally, misclassification of controls could further reduce the power to detect 

association in genetic studies.49 Finally, there is a possibility that MDD risk is also influenced 

by other  factors, such as gene-environment interaction, rare mutations, and copy number 

variations, which are not captured in GWAS.50-54 

A meta-analysis of the three largest GWASs of depression was able to identify 102 independent 

genetic variants, 87 of which were replicated in an independent sample.54 In addition to 

revealing etiological insights, these results can be leveraged for further types of research. In 

particular, the GWAS summary statistics could be used to calculate polygenic risk scores (PRS) 

and provide a measure of individual genetic liability for depression. PRS are calculated as the 

count of GWAS-identified risk alleles for a given phenotype, weighted by their effect size and 

summed across the genome. 

1.6 COMORBIDITY AND ADVERSE HEALTH OUTCOMES 

1.6.1 Psychiatric comorbidity 

The term comorbidity refers to the occurrence within the same patient of two or more medical 

conditions at the same time or sequentially. Depression is known to be associated with several 

other mental illnesses, especially anxiety disorders, substance use disorder, 

neurodevelopmental disorders, and bipolar disorder.55-58 Apart from environmental factors that 

may influence the risk of developing multiple mental illnesses, evidence also points in the 

direction of a shared genetic liability among psychiatric disorders: the so-called general 

psychopathology factor (or P factor).59 Depression comorbid with other mental disorders has 

been shown to be associated with more severe health outcomes compared with MDD patients 

with few or no coexisting conditions.60 Investigating the role of psychiatric comorbidity may 

provide new insights into the relationship of depression with somatic health decline, as well as 

with mortality. 
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1.6.2 Somatic conditions 

Prior research indicates that extensive somatic comorbidity among depressed patients is the 

rule rather than the exception.61, 62 For example, a close relationship between sleep disturbances 

and depression has been established, especially among youth, with sleep problems likely to be 

both symptoms of and contributors to depression.63-65 A possible genetic overlap between 

insomnia and depression has also been recently described.66 Moreover, several studies have 

shown that MDD substantially increases the risk of diabetes mellitus, cardiovascular diseases, 

and cancer, among other disorders.67-71 One major factor that could confound the association 

between depression and somatic diseases is lifestyle. In fact, MDD patients have been reported 

to be generally unhealthier, exhibiting increased levels of smoking, drinking, and physical 

inactivity.72 Nevertheless, several studies have been conducted in which such potential 

confounders have been adjusted for, with results consistently suggesting that increased 

comorbidity risks are not simply explained by lifestyle differences.61 Although it should be 

noted that a residual impact of these factors may still exist due to the difficulty in measuring 

such behaviors in detail, a direct link between depression and incident somatic conditions could 

still exist, with a number of underlying biological dysregulations that have been proposed as 

potential mediators for such association. In particular, a consistent body of research suggests 

that metabolic and immune-inflammatory dysregulations could be the driving forces behind 

the relationship between depression and the development of certain somatic diseases.61 Genetic 

pleiotropy could represent a contributing factor to the development of such co-occurring 

disorders. This is, when certain conditions/traits share genetic risk variants conferring a 

disposition for both disorders/traits in the same individual. 

1.6.3 Mortality and suicide 

In addition to several somatic and psychiatric disorders, patients suffering from depression are 

at substantially increased risk of all-cause mortality,7 suicidal intent, and completed suicide 

compared to the general population.73 It is estimated that up to 50% of the worldwide suicides 

per year occur within a depressive episode,74 and that the risk of death by suicide among MDD 

patients is almost 20-fold higher compared to the general population.73 

As most previous studies have focused on adult populations, the association between youth 

depression, somatic conditions, and premature death is largely unexplored. In Study I, we 

investigated the relationship of youth depression with subsequent diagnoses of several somatic 

diseases and mortality, while controlling for psychiatric comorbidity. Study IV explored 

whether melatonin-use for the treatment of sleep problems was associated with a decreased risk 

of suicidal behavior and unintentional injuries among a pediatric population with and without 

psychiatric disorders. 

1.7 TREATMENT 

To date, several treatment options are available for the management of depression symptoms, 

including psychotherapy and pharmacological treatments. Psychotherapy represents the first 

treatment option in individuals experiencing mild depressive episodes. Patients with moderate-
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to-severe depression are usually treated with medication or, when possible, with psychotherapy 

and medication combined.75 Selective serotonin reuptake inhibitors (SSRIs) are the most 

widely prescribed antidepressants since these drugs are associated with fewer side effects 

compared to other pharmacological strategies.76 Serotonin–noradrenaline reuptake inhibitors 

(SNRIs), and noradrenaline and specific serotonergic antidepressants (NASSAs) are mostly 

prescribed in patients unable to take SSRIs. Tricyclic antidepressants (TCAs) and monoamine 

oxidase inhibitors (MAOIs) are older types of medications and rarely recommended for 

patients nowadays.77 

In children and adolescents, current Swedish guidelines – Socialstyrelsen (National Board of 

Health and Welfare), SfBup (Swedish Society for Child and Adolescent Psychiatry) and 

Läkemedelsverket (Swedish Medical Products Agency) – recommend psychosocial treatment 

as the primary option.78 Patients should be evaluated after 4-8 weeks, and if no improvement 

has occurred, pharmacological treatment should be initiated. In cases of severe depression, 

clinicians should consider pharmacological treatment at an earlier stage (i.e., after 1-2 weeks). 

SSRIs are the first-line medication choice for youth: fluoxetine (from age 8) and escitalopram 

(from age 12) are the drugs for pediatric depression approved by the U.S. Food and Drug 

Administration (FDA).13 In Sweden, fluoxetine is the first treatment option, followed by 

escitalopram and setralin. Other classes of antidepressants such as mirtazapine, bupropion and 

duloxetine are generally used when SSRIs have proven insufficient, or to augment an SSRI. 

Although several options are available for the treatment of this mental disorder, conventional 

antidepressant therapies are not effective in approximately one third of patients.79 Treatment-

resistant depression (TRD) is a clinical concept and is typically used to describe MDD patients 

who failed to respond to trials of antidepressant drugs with adequate doses and duration. 

Several definitions of TRD have been proposed for clinical and research purposes, some of 

which also include information on resistance severity.80 Nevertheless, all current definitions 

consistently refer to the failure of at least two adequate treatment attempts during the same 

depressive episode.  

Evidence suggests that, compared to other MDD patients, individuals with TRD are at greater 

risk for adverse outcomes, including substance use disorder and all-cause mortality (mainly 

from suicide and accidents).81, 82 Currently, TRD patients are primarily treated with a 

combination of approaches including pharmacotherapy, psychotherapy and electroconvulsive 

therapy (ECT). Pharmacological strategies for TRD involve higher antidepressant dosage 

(double or triple), switching to another antidepressant of the same or different class, 

combination of treatments, and augmentation with non-antidepressant drugs such as lithium or 

atypical antipsychotics.83-86 Several emerging therapeutics for TRD have been introduced in 

recent years, including repetitive transcranial magnetic stimulation (rTMS), intranasal 

esketamine, and hallucinogens such as psilocybin and ayahuasca.87-90 
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2 RESEARCH AIMS 

2.1 OVERARCHING AIM 

The overarching aim of this thesis was to investigate potential risk factors, adverse health 

outcomes, and comorbid disorders of clinically-ascertained depression in children, adolescents, 

and adults. 

2.2 STUDY-SPECIFIC AIMS 

Study I: To explore the association of youth depression with subsequent diagnoses of numerous 

somatic diseases and premature mortality, and to estimate the role of psychiatric comorbidities. 

Study II: To examine the association of severe childhood infections with later depression and 

self-harm, exploring the role of specific groups of infections, possible sensitive periods, and 

the effect of familial influences. 

Study III: To describe patterns of familial co-aggregation between depression and endocrine-

metabolic disorders, and to quantify the contribution of genetic and environmental factors to 

their co-occurrence. 

Study IV: To estimate the risk of self-harm and unintentional injuries in periods preceding and 

following melatonin-treatment initiation among youth with and without psychiatric disorders, 

and across sexes, injury types, psychiatric disorder diagnoses, and age groups. 
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3 DATA SOURCES AND MEASURES 

3.1 SWEDISH NATIONAL REGISTERS 

All studies in this thesis make use of several Swedish population-based registers (Figure 3.1.1), 

which provide nationwide prospective data on a large population, with long and virtually 

complete follow-up as well as censoring information.91, 92 Linkage between the different 

registers is enabled through the use of a unique ten-digit personal identity number (PIN), which 

is assigned at birth or immigration to each resident in Sweden by the National Tax Board since 

1947.93 The PIN is a vital component in Swedish society and an essential tool for health 

research purposes. It enables to keep records of population statistics, migration, taxation, 

education, income, social security, etc., as well as to trace patients and their medical records, 

allowing efficient handling of referrals and promoting the medical care of individual patients.  

Register linkages for medical research purposes in handled by the government agencies 

responsible for collection and storage of national data, such as Statistics Sweden and the 

National Board of Health and Welfare. Data are then distributed to the researcher 

pseudonymized (rather than anonymized), where the Swedish personal identity number is 

replaced by a key (i.e., a serial number); the key could be traced back to the original PIN 

through a key file, which is stored at the government agency responsible for the data matching. 

This is essential in registry-based research since it allows for clarification of improbable data 

and additional linkage, while ensuring that all data are de-identified and not recognizable at an 

individual level by the researcher. 

Thus, thanks to its universal and tax-funded health care system, long history of national 

population-based registries, and unambiguous data linkage, Sweden provides unique 

opportunities for medical research. 

 

 

Figure 3.1.1. Timeline of the Swedish registers used in this thesis work 
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The Total Population Register (TPR) – The TPR was established in 1968 and it includes 

demographic information on all Swedish residents, including place and date of birth, date of 

death, sex, civil status, and migration within, to, and from Sweden.94  

The Multi-Generation Register (MGR) – Within the TPR, the MGR provides data on biological 

and adoptive parents of all Swedish residents born from 1932 and alive from 1961 onwards. 

The MGR can be used to identify family relationships.95 

The Cause of Death Register (CDR) – This register contains information on date and cause of 

death for all Swedish residents since 1952;96 this data can be used for censoring purposes as 

well as for investigating all-cause and cause-specific mortality. Underlying causes of death are 

coded according to the Swedish International Classification of Disease (ICD) system, which is 

adapted from the World Health Organization (WHO) ICD classification system.97 

The Medical Birth Register (MBR) – The MBR includes prenatal, perinatal, and postnatal 

information related to 98-99% of all pregnancies and births in Sweden since 1973.98, 99 Among 

others, this register contains data on stillbirths, neonatal deaths, and congenital malformation 

identified at birth.  

The National Patient Register (NPR) – The NPR was launched in 1964 when the National 

Board of Health and Welfare began collecting data on somatic hospital discharges (Figure 

3.1.2). It reached complete national coverage for inpatient care in 1987, with information on 

psychiatric diagnoses since 1973.100 Data on outpatient visits to specialist clinics are available 

from 2001, with approximately 80% national coverage. The NPR does not include data on 

primary health care (i.e., basics of care provided by general practitioners). The register contains 

patient-related information, data about caregiver (hospital and department), administrative 

data, including dates of admission and discharge, and medical data, including primary and 

secondary diagnoses coded according to the relative version of the ICD system; ICD-8 (1969-

1986), ICD-9 (1987-1996), ICD-10 (1997-2013). The diagnostic validity and reliability of the 

NPR is high, with a positive predictive value of 85–95% for most diagnoses within the inpatient 

register,100 and only around 1% of diagnoses with missing personal identification numbers.101 

With respect to diagnoses of psychiatric disorders, excellent validity has been described for tic 

disorder, obsessive-compulsive disorder,102 and bipolar disorder,103 while the validity is fair to 

moderate for diagnoses of depression,104 schizophrenia,105 and substance use disorder.106 

 

 

Figure 3.1.2. Timeline of data included in the National Patient Register and of the ICD versions 
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The Prescribed Drug Register (PDR) – The PDR was established on July 2005 and covers all 

dispensed pharmaceuticals from outpatient and primary health care for all Swedish residents, 

according to the Anatomical Therapeutic Chemical (ATC) classification system.107 The 

register contains information on prescribing and dispensing date, dispensed amount, dosage, 

etc.; it does not include data on over-the-counter medications, medications used in hospitals, 

or on the indication for treatment. The proportion of PDR entries with invalid or missing 

personal identification numbers is less than 2%.108 

The Longitudinal Integration Database for Health Insurance and Labour Market Studies 

(LISA) – The LISA register keeps information on education, income, and occupation for all 

individuals aged 16 years or above since 1990, and all individuals aged 15 years or above since 

2010.109 

3.2 MAIN MEASURES 

3.2.1 Depression 

In all studies, depression was defined as receiving at least one primary or secondary diagnosis 

of depression within inpatient or outpatient care, using the following ICD codes from the 

National Patient Register: ICD-8 code 300.4; ICD-9 codes 296B and 311X; and ICD-10 codes 

F32 and F33. In Study II, further cases were identified via dispensations of antidepressants in 

the PDR (ATC code: N06A). 

3.2.2 Self-harm 

In Study I, Study II, and Study IV, we used the NPR to identify hospitalizations and specialist 

clinic contacts for intentional self-harm using the ICD-9 code E95, and the ICD-10 codes X60-

X84 and X87.0. Study I and Study II also included information on death by self-harm as the 

primary cause, using the Cause of Death Register. 

3.2.3 Mortality 

Study I explored all-cause and cause-specific mortality (Table 3.2.3) using data from the CDR. 

Table 3.2.3. Specific causes of death considered in Study I 

Mortality cause 
ICD 

Version 
Diagnostic code 

Intentional self-harm 

ICD-8 E950-E959 

ICD-9 E950-E959 

ICD-10 X60-X84, Y87.0 

Other external causes mortality 

(excludes intentional self-harm) 

ICD-8 800-999, E800-E899, E900-E949, E960-E999 

ICD-9 797-799, 800-999, E800-E899, E900-E949, E960-E999 

ICD-10 V01-X59, X85-Y86, Y87.1-Y89 

Natural-cause mortality 

ICD-8 000-799 

ICD-9 001-796 

ICD-10 A00-R99 
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3.2.4 Other psychiatric disorders 

Table 3.2.3 shows the ICD codes used when exploring psychiatric comorbidities (in Study I 

and Study IV) and parental history of mental illnesses (in Study II). 

Table 3.2.3. Diagnostic classification of psychiatric disorders considered in this thesis 

 

3.2.5 Somatic conditions 

Specific ICD codes used to define medical conditions in all studies of this thesis can be found 

in the Appendix Table. 

Type of psychiatric disorder ICD version Diagnostic code Study 

Any psychiatric disorder 

ICD-8 290-315 Study I 

Study II 

Study IV 

ICD-9 290-319 

ICD-10 F00-F99 

Schizophrenia and 

schizoaffective disorder 

ICD-9 295A-X 
Study I 

ICD-10 F20, F25, F23.1-F23.2 

Substance use disorder 
ICD-9 

291A-291F, 291W, 291X, 292A-292C, 

292W, 292X, 294A, 304A-304G, 304W, 

304X, 305A-305H, 305X 

Study I 

Study IV 

ICD-10 F10-F19 

Bipolar disorder and mania 
ICD-9 296A, 296C-296E, 296W, 296X Study I 

Study IV ICD-10 F30, F31 

Depression 
ICD-9 296B, 311 

Study IV 
ICD-10 F32, F33 

Anxiety disorders (includes 

obsessive-compulsive disorder) 

ICD-9 300A, 300C, 300D Study I 

Study IV ICD-10 F40-F42 

Stress-related disorders 

(includes post-traumatic stress 

disorder) 

ICD-9 308, 309 

Study IV 
ICD-10 F43 

Eating disorders 
ICD-9 307B, 307F 

Study IV 
ICD-10 F50.0-F50.3, F50.9 

Intellectual disabilities 
ICD-9 317, 318A-318C, 319 Study I 

Study IV ICD-10 F70-F79 

Autism spectrum disorder 
ICD-9 299A, 299B, 299W, 299X Study I 

Study IV ICD-10 F84.0, F84.1, F84.5 

Attention-deficit hyperactivity 

disorder 

ICD-9 314A, 314B, 314C, 314J, 314W, 314X Study I 

Study IV ICD-10 F90, F90.0, F90.1, F90.8, F90.9  

Tic disorders (includes 

Tourette syndrome) 

ICD-9 307C 
Study IV 

ICD-10 F95 
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3.2.6 Socioeconomic status 

In Study II, we explored the role of parental socioeconomic status (SES) in the association of 

childhood infections with depression and self-harm. SES was defined using the following data 

from the LISA register: 

i. Highest parental educational attainment; levels were grouped as: 

1. Primary and lower secondary (up to 9 years, compulsory) 

2. Upper secondary (up to 3 years) 

3. Postsecondary (up to 3 years of university education) 

4. Postgraduate (4 or more years of university education) 
 

ii. Maternal and paternal unemployment from age 0 to 18 of the child 

iii. Maternal and paternal financial support from birth through age 18 of the child 

iv. Maternal and paternal disposable income, which was divided into quartiles and 

calculated as the average between ages 9 and 11 of the child to account for year-to-year 

fluctuations 

In Study III, we use parental educational attainment as an indicator of SES, defined as low 

(primary school, lower, and upper secondary school) or high (≥1 year of university). 

3.2.7 Melatonin 

Study IV explored melatonin treatment in children and adolescents (ATC code from the PDR: 

N05CH01). During the follow-up of this study, melatonin was available in Sweden only as a 

prescription medicine (i.e., not available over the counter) and fully refundable by the health 

care system for the pediatric population. 
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4 METHODS 

4.1 STUDY DESIGNS 

All four studies included in this thesis use observational study designs. Observational studies 

can be used to investigate the associations between certain exposures and outcomes when other 

study designs, such as randomized control trials (RCT), cannot be conducted for ethical, 

financial or logistic reasons. In observational studies, the problem of confounding which arises 

from the lack of randomization of the exposure can be reduced by adopting statistical models 

that allow for adjustments.110 Nordic countries represent a gold mine for this type of research 

due to their long history of national population-based registries. Moreover, unambiguous data 

linkage and virtually free health care allow for longitudinal studies of large-scale populations, 

where data collection costs are minimized, and selection bias can be reduced or eliminated. 

This allows prospective follow up of nationwide samples, exploring their changes in health and 

social situation with time.92 

4.1.1 Cohort studies 

In a cohort study, a group of individuals is followed over a period of time, during which the 

occurrence of a disease (or any outcome of interest) is measured. Each cohort member is 

followed up until the time of the outcome or censoring, which may occur at the end of the study 

period or when a person is no longer under observation (e.g., death –if this is not the outcome 

of interest– or emigration). Within the cohort, individuals are clustered into two or more groups 

based on some common characteristics, such as ethnicity or an exposure. For example, 

participants can be split into exposed and unexposed, depending on whether they experience 

the exposure event under investigation. The aim of a cohort study is usually to compare the 

outcome rates or risks among these groups. In every study, several aspects need to be addressed, 

including inclusion and exclusion criteria, definitions of exposures and outcomes, and how to 

measure rates or risks.110 

4.1.2 Family-based studies 

4.1.2.1 Familial co-aggregation studies 

Familial co-aggregation studies explore whether familial influences, of both genetic and non-

genetic origin, play a role in the co-occurrence of multiple traits. This can be accomplished by 

investigating the degree of clustering of two or more traits within families.111, 112 Compared to 

unrelated individuals, members of the same family share a higher amount of genetic and 

environmental factors. Therefore, a higher occurrence of trait A in relatives of individuals with 

trait B, compared to relatives of individuals without trait B, may suggest that genetic and/or 

environmental factors shared by family members are involved in the etiology of the co-

occurrence of traits A and B. 

When including multiple types of relatives, familial co-aggregation studies can also provide 

insights on the relative importance of genetic and non-genetic factors influencing the co-
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aggregation of traits. For example, if the strength of the association between two traits among 

relatives increases along with the increasing degree of genetic sharing, the importance of 

genetic influences for the association of these traits can be suggested. 

In Study III, we assessed the familial co-aggregation between depression and endocrine-

metabolic disorders across full- and half-siblings, to test for the presence of shared familial 

liability for the co-occurrence of these disorders. 

4.1.2.2 Quantitative genetic modeling 

Once the familial liability to the co-occurrence of multiple traits has been established, it is 

possible to quantify the relative contribution of genetic and environmental factors using 

quantitative genetic modeling.43, 113 The most common approach utilizes the different degree 

of genetic sharing between monozygotic (MZ) and dizygotic (DZ) twins. MZ twins are 

genetically identical, while DZ twins share on average 50% of their segregating alleles. 

Furthermore, both MZ and DZ twins are assumed to share 100% of common environmental 

influences. By comparing concordance rates of the trait(s) of interest between MZ and DZ twin 

pairs, it is possible to understand whether genetic influence is important for that trait (or co-

presentation of multiple traits). For example, a stronger correlation for a trait within MZ twin 

pairs compared to DZ twin pairs (intra-class correlation, ICC) suggests a genetic contribution 

to variation in the trait; higher correlation between trait A for twin 1 and trait B in twin 2 (cross-

twin cross-trait correlations, CTCT) among MZ twins compared to DZ twins indicates that the 

covariation between the traits of interest is influenced by overlapping genetic effects. 

Similarly, it is possible to compare full- and maternal half-siblings, who share 50% and 25% 

of their segregating genes, respectively, and can be assumed to share their common 

environmental factors, given that they grow in a similar prenatal environment and are often 

reared in the same household.114 This approach has the advantage of increasing sample size 

and, therefore, statistical power, allowing the investigation of relatively rare disorders. 

Moreover, using siblings can improve the generalizability of the findings since they may be 

more representative of the general population compared to twins. 

In Study III, structural equation modelling (SEM, described in section 4.2.3) was used to 

decompose the observed variation and covariation of depression and various endocrine-

metabolic disorders into the genetic and non-genetic influences, by comparing full- and 

maternal half-siblings. 

4.1.3 Within-cluster comparison 

In observational studies, the problem of confounding leads to systematic differences between 

exposed and unexposed. Observed confounders can be adjusted/controlled for by stratification 

or using regression models; however, many confounders may be difficult to measure, or even 

unknown. To overcome this limitation, one strategy is to examine the exposure-outcome 

association within clusters in which some confounders are (approximately) constant, such as 

the whole genome when comparing identical twins, socioeconomic status when comparing 
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people from the same neighborhoods, etc. Thus, this design enables adjustment for cluster-

constant confounders, because within clusters there cannot be imbalances in such confounders 

across exposure levels. In other words, within-cluster comparison ensures that exposed and 

unexposed are conditionally exchangeable for cluster-constant confounders. 

An illustration of within-cluster analysis is given in the directed acyclic graph (DAG) illustrated 

in Figure 4.1.3. In the DAG, X and Y refer to exposure and outcome in two members of a 

cluster; C represents cluster-varying confounders (e.g., sex, birth year, etc.); and U indicates 

cluster-constant confounders. The aim of within-cluster analysis is to control for U. 

 

Figure 4.1.3. Directed acyclic graph representation of the within-cluster analysis 

4.1.3.1 Within-sibling comparison 

In within-sibling comparisons, the cluster is a set of genetically related individuals; therefore, 

by comparing differentially exposed siblings in terms of the outcome of interest, it is possible 

to control for confounding shared by the siblings (e.g. genetic, environmental, and 

socioeconomic factors).115 In Study II, this approach was used to adjust for unmeasured familial 

confounding when investigating the association of childhood infections with later depression 

and self-harm.  

4.1.3.2 Within-individual comparison 

In the within-individual analysis, the same individual is compared to him- or herself under two 

different levels of the exposure; this enables adjustment for all unmeasured confounders that 

are constant within the individual over time (e.g., genetic background and early life risk 

factors).116 This design was used in Study IV to examine the association of melatonin-treatment 

initiation with self-harm and unintentional injuries. 

 

4.2 STATISTICAL METHODS 

4.2.1 Regression models 

4.2.1.1 Cox proportional hazard regression  

Cox proportional hazard regression is a statistical method used to analyze survival, or time-to-

event, data. With this model, it is possible to estimate the hazard ratio (HR) of specific 

outcomes in exposed individuals compared to unexposed, while controlling for potential 

confounders and for the selected underlying timescale. Moreover, Cox regression allows time-
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varying covariates to be modeled.117 In Study I, Study II, and Study III we use Cox proportional 

hazard regression with attained age as the underlying timescale (i.e., we compared individuals 

of the same age) to determine the HRs of i) somatic medical conditions and mortality in patients 

with youth depression compared with individuals who did not suffer from depression early in 

life; ii) depression and self-harm in individuals exposed to severe infections during childhood 

compared to the rest of the population; iii) endocrine-metabolic disorders in individuals with 

depression (and vice versa) compared to individuals without the exposure disorder; and the 

HRs of the outcome disorder in siblings of individuals with and without the exposure disorder.  

4.2.1.2 Logistic regression 

Logistic regression is a statistical model used to analyze the odds of a binary outcome (0/1). In 

these analyses, the measure of association between the exposure and outcome is given by the 

odds ratio (OR). Odds are defined as the probability of an event to occur dived by the 

probability of that event not to occur. An OR is the ratio between odds of an event in one group 

(e.g. exposed) and odds of the same event in a comparison group (i.e. unexposed). Logistic 

regression estimates the change in the log-odds of the outcome for every unit increase in the 

exposure variable, while controlling for confounding and assessing effect modification (i.e., 

interaction between variables). Logistic regression was used in Study III to compare whether 

results were differing from the ones estimated using Cox proportional hazard regression 

models. 

4.2.1.3 Poisson Regression 

Poisson regression is used to model the number of times that an event of interest has occurred 

over a period of time. The outcome measures are the incidence rate (IR), which is the number 

of events per unit of time in a well‐defined population, and the incidence rate ratio (IRR), which 

is the ratio of the incidence rate among the exposed portion of the population and the incidence 

rate in an unexposed group. Poisson regression assumes that the outcome follows a Poisson 

distribution with constant rate of event occurrence over time.118 An offset term can be included 

to account for the differential length of follow-up between individuals. 

4.2.2 Cluster-robust variance estimation 

This technique is used to obtain standard errors corrected for deviations from model 

assumptions, such as homoscedasticity and independence of rows of data.119  In Study I, Study 

II, and Study III some individuals included in the cohorts were related (e.g., biological siblings), 

violating the assumption of independence. Therefore, we identified individuals who shared the 

same biological mother and used cluster-robust variance estimation to produce robust standard 

errors and adjust the precision of the estimated regression coefficients. 

4.2.3 Structural equation modeling 

Structural equation modeling (SEM) is a statistical method combining factor and regression 

analyses used to describe the relative contribution of the latent (unmeasured) constructs that 

are assumed to underpin the observed data.120 In quantitative genetics, SEM can be applied to 
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compare correlations across MZ and DZ pairs (or across full- and half-sibling pairs) and 

decompose the variation in a measured trait/phenotype into variation attributable to the 

following three latent variables: additive genetic factors (A); shared environmental factors (C), 

which are non-genetic components making siblings similar; and non-shared environmental 

influences (E), which are factors making sibling dissimilar, including measurement error. 

Assuming that the latent components are independent from each other, the variance (V) in a 

phenotype (p) consists of the variances of A, C, and E:  

𝑉(𝑝) = 𝑉(𝐴) + 𝑉(𝐶) + 𝑉(𝐸) 

Therefore, the proportion of variance of each latent component represents the influence of 

genetic or environmental factors on the phenotypic variation. For example, the relative 

contribution of additive genetics (i.e., narrow-sense heritability, or h2) can be calculated as the 

share of phenotypic variation explained by A: 

ℎ2 =  
𝑉(𝐴)

𝑉(𝑝)
 

Comparison of correlations across full- and half-sibling pairs are based on the following 

assumptions: A-factors correlate at 0.50 between full-siblings and 0.25 between half-siblings, 

as they share 50% and 25% of their co-segregating alleles, respectively; C-factors correlate at 

1 across all siblings; E-factors correlate at 0 across all siblings. 

In a multivariate model, it is possible to estimate the relative contribution of A, C, and E to the 

total variance of more than one phenotype as well as to the covariance between the 

phenotypes.121 A bivariate model was used in Study III to calculate the extent to which the same 

genetic factors are involved in two traits (i.e., the genetic correlation), and to estimate the 

relative genetic, shared environmental, and non-shared environmental contributions to the 

phenotypic correlations between depression and various endocrine-metabolic disorders. The 

proportion of phenotypic covariation between two traits explained by genetic effects is referred 

to as bivariate heritability. 
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5 RESULTS 

5.1 STUDY I: ASSOCIATION OF YOUTH DEPRESSION WITH MEDICAL 
CONDITIONS AND MORTALITY 

In this study of almost 1.5 million Swedish individuals, youth depression was associated with 

a wide range of subsequent medical conditions and with premature death. 

5.1.1 Descriptive characteristics of the study cohort 

Table 5.1.1.  Demographic and descriptive characteristics of the study cohort 122 

 

A total of 37,185 patients (2.5% of the population; 67.4% female) was diagnosed with 

depression between ages 5 and 19, with a mean age at first recorded diagnosis of depression at 

16.7 years. 60% of these patients had their first depression diagnosis between ages 17 and 19. 
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Compared with the general population, the youth-depression group had a higher prevalence of 

other psychiatric disorders, particularly anxiety disorders (45.8% [73.2% females]), substance 

use disorder (21.3% [65.3% females]), and attention-deficit hyperactivity disorder (20.3% [56.8% 

females]). 

1% of patients with youth depression died during the follow-up compared to 0.4% individuals 

who died in the non-depressed group. Intentional self-harm was the leading cause of death 

among those with youth-depression (62.2%), followed by other external causes of death 

(25.8%). 

5.1.2 Absolute risks 

The absolute risk difference of a specific disease within 12 years from the first diagnosis of 

depression during youth ranged from -0.2% for arthropathies among males, to 23.9% for the 

broader category of injuries among females. 

 

Figure 5.1.2.  Absolute risk differences for various medical conditions after a first diagnosis of 

depression during youth 122 
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5.1.3 Relative risks 

Youth-depression patients had higher relative risks of being diagnosed with 66 of the 69 

explored somatic diseases at any time subsequent to their first depression diagnosis. Most 

associations were attenuated but persisted after adjusting for psychiatric comorbidity. 

 

Figure 5.1.3.  Risk of somatic diagnoses subsequent to clinically ascertained youth depression 122 
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5.2 STUDY II: ASSOCIATION OF CHILDHOOD INFECTIONS WITH LATER 
DEPRESSION AND SELF-HARM 

In this population-based register study, genetic and environmental factors shared between 

siblings explained the association of childhood infections with later depression and suicide. 

5.2.1 Descriptive characteristics of the study cohort 

Table 5.2.1. Number of individuals exposed and unexposed to childhood infections among the total 

cohort of 1,506,070 and among patients with depression or self-harm 123 

Abbreviation: NA, not applicable. 

Note: a Significance testing of differences between exposed and unexposed individuals among the 

depression and the self-harm group, using the Pearson 2 test. 

  

 Unexposed to Infection 

No. (%) 

Exposed to Infection 

No. (%) 
P value a 

Any Infection    

Total cohort 1,167,819 (77.5) 338,251 (22.5) NA 

Depression 50,553 (4.3) 17,077 (5.0) <.001 

Self-harm 18,946 (1.6) 6,705 (2.0) <.001 

Nervous System Infections    

Total cohort 1,497,400 (99.4) 8,670 (0.6) NA 

Depression 67,194 (4.5) 436 (5.0) .02 

Self-harm 25,478 (1.7) 173 (2.0) .04 

Gastrointestinal  Infections    

Total cohort 1,402,310 (93.1) 103,760 (6.9) NA 

Depression 62,063 (4.4) 5,567 (5.4) <.001 

Self-harm 23,390 (1.7) 2,261 (2.2) <.001 

Genitourinary Infections    

Total cohort 1,471,697 (97.7) 34,373 (2.3) NA 

Depression 65,662 (4.5) 1,968 (5.7) <.001 

Self-harm 24,930 (1.7) 721 (2.1) <.001 

Respiratory Infections    

Total cohort 1,298,494 (86.2) 207,576 (13.8) NA 

Depression 57,288 (4.4) 10,342 (5.0) <.001 

Self-harm 21,551 (1.7) 4,100 (2.0) <.001 

Sepsis    

Total cohort 1,501,063 (99.7) 5,007 (0.3) NA 

Depression 67,371 (4.5) 259 (5.2) .02 

Self-harm 25,564 (1.7) 87 (1.7) .89 

Skin Infections    

Total cohort 1,471,188 (97.7) 34,882 (2.3) NA 

Depression 65,982 (4.5) 1,648 (4.7) .03 

Self-harm 24,995 (1.7) 656 (1.9) .01 
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5.2.2 Absolute risks 

Childhood infections were associated with increased absolute risks of depression (Figure 

5.2.2.1) and self-harm (Figure 5.2.2.2). For example, compared to the general population, 

individuals exposed to any childhood infection displayed an absolute risk difference of 2.42% 

[95% CI, 0.41–4.43%] of being diagnosed with depression up until age 31, and 0.73% [95% 

CI, −2.05% to 3.51%] of self-harm. This means that, if we had followed every individual until 

age 31, more than 36,000 and 10,000 patients exposed to early-life infection would be later 

diagnosed with depression or self-harm, respectively, compared to the rest of the cohort. There 

was no major difference when investigating exposure to specific groups of infections. 

 

Figure 5.2.2.1. Absolute risk differences for adolescent or early-adulthood depression after severe 

infections during childhood 123 

Note: Each panel shows the time-specific risk differences (calculated as the difference between 

cumulative incidences among children exposed and unexposed to severe infections) of depression from 

age 13 years up until age 31 years, following exposure to specific groups of infections during childhood. 

Some CIs are cut from the plots for visual purposes. 
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Figure 5.2.2.2. Absolute risk differences for adolescent or early-adulthood depression after severe 

infections during childhood 123 

Note: Each panel shows the time-specific risk differences (calculated as the difference between 

cumulative incidences among children exposed and unexposed to severe infections) of self-harm from 

age 13 years up until age 31 years, following exposure to specific groups of infections during childhood. 

Some CIs are cut from the plots for visual purposes. 
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5.2.3 Relative risks and familial influences 

Childhood infections were associated with increased risk of depression and intentional self-

harm. When controlling for parental history of psychiatric disorders and socioeconomic status 

(SES), all associations were attenuated. Finally, when adjusting for unmeasured factors shared 

between family members by comparing siblings discordant for early-life infection exposure, 

no strong association persisted. 

 

Figure 5.2.3. Risk of depression and self-harm in adolescents and young adults subsequent to childhood 

infections 123 

Note: Relative risks of depression (left) and self-harm (right) between ages 13 and 31, following 

exposure to specific groups of infections during childhood. Hazard Ratios and 95% confidence intervals 

were estimated via Cox proportional hazards regression model with attained age as the underlying 

timescale. Three models are compared: i) adjusted for birth year and sex (red squares), including the 

full cohort of 1,506,070 individuals; ii) further adjustment for parental psychiatric disorders and SES 

(green triangles), including the full cohort of 1,506,070 individuals; iii) within-sibling analysis adjusted 

for birth year and sex (blue circles), only including differentially exposed full-siblings. The within-

sibling design allows adjustment for unmeasured familial risk factors (i.e., genetic and environmental 

factors shared by siblings). 
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5.3 STUDY III: FAMILIAL LIABILITY TO DEPRESSION AND ENDOCRINE-
METABOLIC DISORDERS 

In this nationwide register-based study, depression and endocrine-metabolic disorders co-

aggregated in families, primarily due to shared genetics in the case of non-autoimmune 

conditions, and to unique environmental factors in the case of autoimmune disorders, especially 

type 1 diabetes. 

5.3.1 Descriptive characteristics of the study cohort 

A total of 2,263,311 participants (48.8% female) were followed-up for a median [IQR] time of 

27 [22, 34] years. Compared to the general population, individuals with depression had a higher 

prevalence of endocrine-metabolic disorders, especially hypothyroidism and obesity. 

Table 5.3.1. Demographic and descriptive characteristics of the study cohort 

Abbreviations: SD, standard deviation; NA, not applicable. 

Note: Data are presented as number (%) of individuals unless otherwise indicated.                                             

a When investigating polycystic ovarian syndrome, only female individuals were included (N = 

1,105,301, of which 74,326 [6.7%] received a diagnosis of depression). 

 

Characteristics 

No Depression 

2,145,260 (94.8) 

Depression 

118,051 (5.2) 

Sex   

Female 1,030,975 (48.1) 74,326 (63.0) 

Male 1,114,285 (51.9) 43,725 (37.0) 

Age at first recorded diagnosis of depression, 

mean (SD), year   

Female NA 23.2 (6.3) 

Male NA 23.8 (6.3) 

Age at first recorded diagnosis of depression,  

age group, year   

4-12 NA 1,027 (0.9) 

13-16 NA 14,123 (12.0) 

17-20 NA 30,114 (25.5) 

21-25 NA 30,889 (26.2) 

26-30 NA 22,823 (19.3) 

31-40 NA 15,422 (13.1) 

Endocrine and metabolic disorders   

Any autoimmune condition 37,733 (1.8) 4,720 (4.0) 

Autoimmune hypothyroidism 17,993 (0.8) 2,892 (2.4) 

Graves’ diseases 4,951 (0.2) 489 (0.4) 

Type 1 diabetes 17,507 (0.8) 1,737 (1.5) 

Any non-autoimmune condition 55,925 (2.6) 8,080 (6.8) 

Type 2 diabetes 5,431 (0.3) 1,049 (0.9) 

Obesity 41,305 (1.9) 6,126 (5.2) 

Polycystic ovarian syndrome a    12,397 (1.2)   1,675 (2.3) 
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5.3.2 Association and familial co-aggregation analyses 

Compared to the general population, individuals with endocrine-metabolic disorders displayed 

higher risks of depression. Increased risks extended to full-siblings of individuals with 

endocrine-metabolic disorders, suggesting that shared familial liability contributed to the co-

occurrence of these conditions. No difference in depression risks was observed between full-, 

maternal half-, and paternal half-siblings of individuals with type 1 diabetes, potentially 

indicating that unique environmental factors may be underlying the association between the 

two disorders. 

 

Figure 5.3.2. Association and familial co-aggregation of depression and endocrine-metabolic 

disorders, grouped as autoimmune and non-autoimmune diseases 

  



 

30 

5.3.3 Quantitative genetic analyses 
 

The phenotypic correlations between depression and autoimmune conditions were mostly 

explained by non-shared environmental factors; particularly, no evidence of shared genetic 

influences emerged in the association between depression and type 1 diabetes. In contrast, 

shared genetic risk factors appeared to be the main influences underlying the correlations 

between depression and non-autoimmune disorders. 

 

 
 
Figure 5.3.3. Phenotypic correlations and contribution of additive genetic, shared, and non-shared 

environmental factors 

 

 

 

  



 

 31 

5.4 STUDY IV: MELATONIN USE AND THE RISK OF SELF-HARM AND 
UNINTENTIONAL INJURIES 

In this Swedish register study of 25,575 children and adolescents who initiated a melatonin 

treatment between ages 6 and 18, females with psychiatric disorders displayed a reduced risk 

of intentional self-harm following melatonin-use initiation. 

5.4.1 Descriptive characteristics of the study cohort 

Females initiating melatonin-treatment were older than males, with a median [IQR] age of 15 

[13-17], compared to 13 [9-16] in male individuals. A total of 87.2% participants received at 

least one psychiatric diagnosis by age 18. Attention-deficit hyperactivity disorder (ADHD) was 

the most prevalent diagnosis, particularly in males (53.9%; 66.5% male), followed by anxiety 

disorders (21.8%; 35.8% male) and depression (20.7%; 36.5% male). 

Table 5.4.1. Study cohort characteristics 

 Entire cohort Males Females 

 n (%) n (%) n (%) 

Study cohort 25,575 – 14,889 – 10,686 – 

   6-10 y at first melatonin prescription 6,840 (26.7) 5,021 (33.7) 1,819 (17.0) 

   11-14 y at first melatonin prescription 7,327 (28.7) 4,674 (31.4) 2,653 (24.8) 

   15-18 y at first melatonin prescription 11,408 (44.6) 5,194 (34.9) 6,214 (58.2) 

       

≥1 psychiatric disorder between age 0-18 22,299 (87.2) 13,037 (87.6) 9,262 (86.7) 

≥1 injury during follow-up 5,205 (20.4) 2,756 (18.5) 2,449 (22.9) 

   Body injuries 4,402 (17.2) 2,529 (17.0) 1,873 (17.5) 

   Falls 2,141 (8.4) 1,252 (8.4) 889 (8.3) 

   Intentional self-harm 1,053 (4.1) 212 (1.4) 841 (7.9) 

   Poisoning 938 (3.7) 219 (1.5) 719 (6.7) 

   Transport accidents 749 (2.9) 427 (2.9) 322 (3.0) 

       

 Median IQR Median IQR Median IQR 

Age at first melatonin prescription, y 14 10-16 13 9-16 15 13-17 

Age at first diagnosis of ADHD, y 11 8-15 10 8-14 14 10-16 

Age at first diagnosis of ASD, y 11 8-15 11 7-14 13 9-16 

Age at first diagnosis of depression, y 15 14-17 15 13-17 15 14-17 

Age at first diagnosis of anxiety disorders, y 15 13-17 14 12-16 15 14-17 

Abbreviations: ADHD, attention-deficit hyperactivity disorder; ASD, autism spectrum disorder; y, 

years. 
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5.4.2 Absolute risks 

While the risks of body injuries (e.g., injuries to the head, shoulder, or wrist), falls, and transport 

accidents were comparable in the year before and after melatonin-treatment initiation, the IRs 

for self-harm and poisoning progressively increased during the last unmedicated months, 

peaking in the month immediately prior to medication initiation, and decreased right after. 

Females showed greater absolute risks than males. 

 

Figure 5.4.2. Sex-specific incidence rate of different types of injuries in the year before and after 

melatonin-treatment initiation among children and adolescents with and without psychiatric disorders 

Note: *Y-axis range wider compared to other plots’ range due to visualization purposes. 
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5.4.3 Relative risks and sensitivity analysis 

Compared to the last unmedicated month, the 12 months post medication initiation had 

decreased relative risks for self-harm and poisoning. 

 

Figure 5.4.3. Within-individual incidence rate ratios of injuries among children and adolescents in the 

12 months after first melatonin initiation, using month –1 as the reference category 

 

These risk patterns were found to be driven by adolescent females with psychiatric disorders, 

especially depression and anxiety disorders. 

Statistically significant decreased risks still persisted after excluding antidepressant users, with 

an IRR for self-harm among adolescent females with psychiatric disorders of 0.46 (95% CI, 

0.27-0.76) in the month following melatonin-treatment initiation compared to the last 

unmedicated month. 
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6 DISCUSSION 

6.1 MAIN FINDINGS AND IMPLICATIONS 

The main findings of this thesis support that depression is related to a wide range of somatic 

conditions, including self-harm, infections, endocrine-metabolic disorders, and sleep 

disturbances. When exploring whether exposure to early-life infections could be linked to later 

depression and self-harm, we found no strong association after accounting for familial factors, 

suggesting that childhood infections may not be involved in the etiology of these adverse health 

outcomes. Further investigation of the comorbidity between depression and endocrine-

metabolic conditions revealed that most of these associations are partly due to shared genetic 

influences, which could guide future research aiming to identify specific mechanisms 

contributing to risk of endocrine-metabolic disorders in people with depression and vice versa. 

Finally, given the established link between sleep disturbances, depression, and suicidal 

behavior, we explored whether treatment for sleep problems could be linked to a lower rate of 

injury in a young population with and without psychiatric disorders. Our findings show that 

melatonin use for the treatment of sleep disorders is associated with a decreased risk of self-

harm in adolescent females with mental conditions, especially depression and anxiety 

disorders. 

6.1.1 Depression and adverse health outcomes 

In Study I, we observed increased risks of several medical conditions and of early death among 

individuals with youth depression compared to the general population. In particular, youth 

depression was a strong risk factor for sleep disorders and infections, as well as self-harm and 

other injuries, especially in females, and endocrine-metabolic disorders such as obesity and 

hypothyroidism, predominantly in males. In both sexes, depression was associated with all-

cause mortality and all cause-specific mortalities, especially death by intentional self-harm. 

Adjusting for psychiatric comorbidity, particularly for substance use disorders and anxiety 

disorders, attenuated all the risks, indicating a substantial contribution of these co-occurring 

disorders to adverse outcomes. Nevertheless, associations of depression with various somatic 

diseases and premature mortality persisted, indicating that diagnoses of these comorbid 

disorders cannot fully explain the correlations.  

This study presents new evidence of a link between youth depression, several diseases, and 

premature mortality, providing information on the role of different psychiatric comorbidities. 

Our findings suggest that young patients suffering from depression should be carefully 

monitored, even into their adult years, for self-harm behavior and potential health problems 

across numerous diagnostic domains. 

6.1.2 Familial confounding explains the association between childhood 
infections and later depression and self-harm  

In light of previous research reporting associations between infections, inflammation, and the 

immune system with increased risks of depression and suicide, Study II explored whether these 
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links exist when the exposure to infections happens during early developmental ages. This was 

based on the hypothesis that childhood could represent a sensitive time period during which 

infections may be more harmful, for example by disrupting central nervous system and immune 

system maturation, and impairing biological mechanisms involved in the development of 

depression and self-harm. 

In an initial analysis adjusted for demographic characteristics (underlying age, sex, and birth 

year), severe childhood infections were associated with increased absolute and relative risks of 

later depression and intentional self-harm. Nevertheless, these associations attenuated when 

controlling for measured familial risk factors (i.e., parental history of mental illnesses and low 

SES), and further decreased when adjusting for unmeasured familial influences by comparing 

siblings discordant for exposure to infections; in this last model, no strong association persisted. 

These results suggest that measured and unmeasured familial risk factors, which may be of 

genetic and non-genetic origin, are linked to children’s poor physical and mental health, 

potentially through biological and/or psychosocial mechanisms. 

While these findings do not rule out a weak association between severe childhood infections 

and the observed outcomes, they do not provide strong evidence for a causal role of childhood 

infections in the etiology of later depression and self-harm. Moreover, this study highlights the 

importance of adjusting for familial confounding in similar observational studies, as well as of 

identifying the genetic and environmental risk factors shared between family members which 

appear to be common causes of both childhood infections and later depression and self-harm. 

6.1.3 Shared etiology between depression and endocrine-metabolic 
disorders 

In Study III, we further explored the comorbidity of depression and several endocrine-

metabolic disorders. We reported convergent results across two complementary approaches: 

familial co-aggregation analysis and quantitative genetic modeling. First, we found evidence 

of a familial liability to the co-occurrence of these disorders: an increased risk of depression 

was observed in individuals with endocrine-metabolic diseases, compared to the general 

population, as well as in siblings of individuals with endocrine-metabolic conditions, compared 

to siblings of individuals without these disorders. Second, we disentangled genetic and 

environmental contributors to these comorbidities and found that, while the co-presentation of 

depression and type 2 diabetes, obesity, and polycystic ovarian syndrome were largely 

explained by shared genetic influences, the correlation between depression and type 1 diabetes 

was mainly due to non-shared environmental factors. 

In line with prior research, this study suggests that shared biological mechanisms, such as 

immuno-inflammatory and metabolic dysregulations, may underlie the comorbidity of 

depression and some endocrine-metabolic disorders (i.e., type 2 diabetes, obesity, and 

polycystic ovarian syndrome) by increasing the risks of both conditions, and/or by acting as 

mediating factors in the causal link between these disorders. In contrast, the absence of shared 

genetics in the association between type 1 diabetes and depression may reflect the existence of 
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a direct link between these conditions through mediating factors (e.g., biological and 

psychosocial mechanisms connected to type 1 diabetes, including inflammation, cerebral 

damage, as well as stress and burden of this lifelong condition that is often diagnosed early in 

life and that requires a complex management regime for both patients and their families), and/or 

environmental factors influencing the risk of both conditions. 

Overall, our results suggest that clinicians should be aware of increased risks of depression in 

individuals with endocrine-metabolic disorders and vice versa, and be vigilant for comorbid 

symptoms. Information on family history of these disorders may help identify risk factors for 

their co-occurrence. Furthermore, our findings indicate that different etiologies exist for these 

comorbid conditions, and highlight the need for tailored treatment strategies for individuals 

with co-occurring depression and different comorbid endocrine-metabolic conditions. This 

study also provides a useful foundation for future research aimed at identifying and targeting 

the biological mechanisms and modifiable risk factors underlying the co-presentation of 

endocrine-metabolic disorders and depression. 

Altogether, findings from Studies I, II, and III have extended the boundaries of knowledge 

regarding the relationships between depression and somatic illnesses. Study I and Study III 

reaffirm the importance of collaboration between mental and somatic health professionals to 

comprehensively manage both psychiatric and somatic disorders and improve patient 

outcomes. 

6.1.4 Melatonin use is associated with a decreased risk of self-harm 

In Study IV, we estimated absolute and relative risks of injuries in the year prior to and 

following melatonin-treatment initiation in a pediatric population with and without psychiatric 

disorders. We found that the risk of intentional injury steadily increased in the months 

preceding melatonin-treatment initiation, peaking in the month immediately prior medication, 

and decreased thereafter. Analyses stratified by sex, age at melatonin-treatment initiation, and 

psychiatric comorbidities show that this risk pattern was mainly driven by female adolescents 

with depression and/or anxiety disorders. In this patient group, the relative risk of self-harm 

was attenuated in the year following medication initiation, compared to the last unmedicated 

month. Results were stable even after excluding antidepressant users, indicating that this 

medication did not entirely explain our results. 

Although melatonin prescription could be an indicator that these young patients may also be 

receiving non-pharmacological treatments as well as closer monitoring from clinicians and 

care-givers, our results support the hypothesis that improving youth’s sleep may be an 

important component to reduce self-injurious behavior in this pediatric population. 
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6.2 METHODOLOGICAL CONSIDERATIONS 

6.2.1 Measures  

All work included in this thesis relies on register data, which involves several limitations that 

should be taken into account when interpreting the findings of these studies. First, information 

on outpatient care and dispensed pharmaceuticals is only available from 2001 and mid-2005, 

respectively, leading to a possible loss of early diagnoses and prescriptions for the youngest 

individuals in our studies. Second, using hospitalization and specialist care information from 

the NPR to identify psychiatric and somatic diagnoses may lead to mainly capturing the most 

severe cases, limiting the generalizability of the findings. This can be particularly true in the 

case of depression and other mental illnesses, given that the majority of psychiatric 

consultations for adult patients occurs in primary health care (∼80%).124 An additional concern 

of not being able to identify patients with mild symptoms who were diagnosed by general 

practitioners or who never seek help is that these individuals will inappropriately be classified 

as “unexposed”, which could lead to an underestimation of the effect estimates when 

comparing participants with and without depression. Nevertheless, it is important to note that 

diagnoses of psychiatric and somatic disorders given to children and adolescents are well 

captured in the NPR, since it is standard for the pediatric population to be referred to specialist 

health care, including general pediatrics and child psychiatry clinics. 

In Study II, we attempted to identify mild and moderate forms of depression by adding 

information on antidepressants from the Swedish Prescribed Drug Register. However, since 

we did not have information on prescription indications, there could have been 

misclassification of some depression patients given that a high proportion of these medications 

are indicated for other medical conditions.124-126  

With regards to the diagnostic validity of depression in the NPR, this has been reported to be 

fair to moderate (Cohen's kappa –κ– of 0.32; 88% full agreement with patients’ medical 

records),104 meaning that there could be a few instances where participants coded as depression 

patients did not meet the criteria for that diagnosis. In this scenario, one possible solution to 

decrease misclassification is to include only patients with at least two recorded depression 

diagnoses, although this approach has the disadvantage of reducing sample size and, therefore, 

statistical power. 

Diagnoses of depression for children and adolescents have not been yet validated in Swedish 

registers. Nevertheless, this has been recently examined in the Danish Psychiatric Central 

Research Register.127 The authors of this study reported a satisfactory diagnostic validity of 

pediatric depression (overall agreement of 72.8% between raters and ICD-10 diagnoses in the 

register), which increased steadily over the last two decades, and which was higher for patients 

treated with antidepressants but lower for patients diagnosed in the emergency department. 

Given the similarity between Denmark and Sweden, the findings from this study support the 

use of data from the Swedish NPR and PDR to identify children and adolescents with 

depression. 
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Another limitation when measuring depression from national registers is that no information 

on symptoms is available, which prevents research on depression subtypes. 

In Study IV, we used melatonin prescriptions as proxies for treatment of sleep disorders in 

children and adolescents. Although we were able to capture all melatonin dispensations within 

the country, we couldn’t establish treatment compliance. Also, others factors that could have 

influenced our results were not considered, including non-pharmacological treatments (e.g., 

psychotherapeutic and behavioral interventions) or prescriptions of other types of hypnotic 

drugs (e.g., z-drugs and sedating antihistamines), although medicines other than melatonin are 

rarely prescribed to the pediatric population due to side effects and risks of overdose.128 

Finally, the generalizability of our findings outside Sweden may vary. For example, this is 

likely to be high for other Nordic countries, which have similar demographics as well as 

virtually free and equal access to health care; however, patterns of psychiatric and somatic 

comorbidity may vary in other countries, particularly in those with different health care and 

socioeconomic structures. 

6.2.2 Methods 

In Studies I, II, and III we used Cox proportional hazards regression model, which assumes that 

risks are constant over follow-up time. However, this is rarely the case, making the 

interpretation of results challenging when a single HR (averaged over the duration of the 

study’s follow-up) is reported. In other words, the average HR may be uninformative because 

the distribution of events during the follow-up is not taken into account and, therefore, the 

effect magnitude may substantially differ depending on the duration of follow-up.129 A naïve 

alternative would be to estimate period-specific HRs in an attempt to capture the potentially 

time-varying magnitude of the effect; however, period-specific HRs  have a built-in selection 

bias.130, 131 To overcome these limitations, in Study II we allowed the follow-up time to increase 

by 1 year and estimated time-updated HRs. In this way, we explored how a consecutively 

increased follow-up time could influence the HRs. 

Another aspect to take into consideration in time-to-event analyses is the handling of competing 

risks, which are events preventing the outcome of interest from occurring. For example, when 

studying outcomes other than mortality, death is an event that competes with the events of 

interest. Ignoring competing risks may lead to biased estimates of the cumulative incidence 

risks (i.e., absolute risks). Our studies, however, included relatively young cohorts, meaning 

that the impact of death as a competing risk may have been minimal. 

Study I relied on diagnostic records to explore the risks of somatic disorders following youth 

depression. However, the timing of diagnoses does not provide definitive information about 

when health problems occurred, encouraging caution when interpreting the findings. 

Study III assumes that full- and maternal half-siblings share common aspects of rearing 

environment to the same degree (i.e., equal environment assumption), which may be an over 

simplification. However, previous studies using Swedish tax records showed that nearly all 
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full- and maternal half-siblings were registered to the same household while growing up.114 

Other key assumptions of quantitative genetic analyses used in Study III are that assortative 

mating does not make full-siblings share more than 50% of their segregating alleles, that 

genetic influences operate additively, and that there are no correlations or interactions between 

genes and environment.132 

Studies II and IV used within-cluster comparison to adjust for cluster-constant confounders. In 

these models, only clusters with variation in the included covariates are informative for the 

analysis, which may affect the generalizability of the findings and the precision of the 

estimates. Additionally, the design assumes no carryover effects within the cluster. For 

example, in the case of the within-sibling design used in Study II, exposure and outcome status 

of one individual should not influence exposure and outcome status of his/her siblings. When 

this assumption does not hold, carryover effects may lead to bias.133 In this regard, there is the 

possibility that exposure to childhood infections in one individual could have affected the 

infection status of the siblings, although this was less probable when analyzing non-contagious 

infections. Furthermore, two common sources of bias in the sibling-comparison design have 

been described: confounding by factors not perfectly shared by siblings, and random 

measurement error related to exposure measurement.115 The first source of bias relates to the 

fact that, although within-cluster comparison controls for all factors shared by the members of 

a cluster, this design does not adjust for confounders that vary within the cluster. For example, 

in Study II characteristics of the parents and/or of the offspring related to birth, such as parental 

age at childbearing or birth weight, may increase vulnerability to both infections during 

childhood and later depression or self-harm. The second source of bias, random measurement 

error of exposure, could lead to greater attenuation of within-pair associations than 

corresponding unpaired associations, even in the absence of confounding. Thus, results from 

sibling comparisons should be interpreted in light of these limitations. 

Study IV used a within-individual approach to adjust for time-constant confounders when 

comparing the risk of injury preceding and following melatonin-treatment initiation. Similar to 

the limitations of Study II, in Study IV we could not adjust for time-varying factors around the 

initiation of medication use, such as non-pharmacological treatments (e.g. psychotherapy). In 

addition, this design assumes that the outcome of interest does not affect whether a person 

receives the medication,134 which is likely to be violated in Study IV since it can be expected 

that some patients were prescribed melatonin because of a self-harm event (i.e., confounding 

by indication). Consequently, risk reduction calculated using the last unmedicated month as 

the reference period may be biased downward (i.e., stronger risk reduction than it actually is), 

since the occurrence of a self-harm event may have selected individuals into medication 

treatment. However, given that self-harm and sleep disturbances are closely associated,135 it is 

plausible that patients will receive treatments for sleep problems in temporal proximity to a 

self-injurious event; therefore, using the last unmedicated month as the reference category may 

be more relevant than using other prior months. 
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Other limitations related to the within-individual approach used in Study IV are: i) the 

assumption that prior events do not affect the occurrence of further events may not hold, given 

that previous suicide attempts are risk factors for later attempts;136 ii) it was not possible to 

investigate the risk of self-harm among patients who had no prior history of such events 

preceding treatment initiation; iii) individuals who died by injury prior to medication initiation 

could have not been included in the study because this design requires participants to have 

survived until melatonin-treatment initiation, possibly leading to upward-biased estimates (i.e., 

lower risk reduction than the actual amount). 

6.3 FUTURE DIRECTIONS 

Many questions regarding the etiology and pathophysiology of depression remain unresolved. 

One of the highest priorities in the field should be to dissect the heterogeneous clinical picture 

of depression, for example by examining symptom profiles, age at first onset, severity, 

recurrence, duration of depressive episodes, genetic background, psychiatric and somatic 

comorbidity, and treatment response. In addition, identifying the underlying mechanisms 

responsible for gender differences in prevalence, incidence, and course of depression is of 

particular importance. 

Research relying on national registers will benefit from including primary care data, which will 

enable identification of patients with less severe forms of somatic and psychiatric disorders, 

enhancing the generalizability of the findings and reducing diagnostic misclassification. 

Overall, such research efforts may elucidate the etiological complexity of depression, 

facilitating the discovery of specific biological pathways associated with certain symptom 

patterns or subtypes of a disorder, and contributing to the development of better prevention 

strategies and personalized treatments for patients. 

6.4 ETHICAL CONSIDERATIONS 

6.4.1 Project overview 

All studies included in this project use data from several Swedish national registers, which have 

been linked using the unique personal identification number (PIN) assigned to every Swedish 

resident. Linkage of data across registers was approved by the Regional Ethical Review Board 

in Stockholm in 2013, and the approval has been updated as required. 

6.4.2 Research with registers   

Medical research involving human subjects should be conducted only when no other alternative 

means or methods exist to achieve similar results, and only if human rights are guaranteed at 

all times.137 Although most registry-based research does not involve direct contact with the 

study participants, these types of studies rely on the handling of personal data (which 

encompasses all types of information that directly or indirectly relate to an identifiable living 

individual) and sensitive personal data (e.g., medical records). Therefore, in line with the 

Personal Data Act in Sweden (PUL) and the European General Data Protection Regulation 
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(GDPR), several ethical aspects need to be taken into account, and strict rules should be 

followed while conducting research. First of all, there is a risk of breaching the identity and 

infringing upon the integrity of the research subjects, if the data would be accessed by non-

researchers or used inappropriately. As a consequence, before a new research project is initiated 

it is essential to carefully weigh its potential benefit against risks and costs associated with the 

use of personal sensitive data. Processing of this data should always follow basic principles 

such as, lawfulness, fairness and transparency, purpose limitation, and data minimization. 

Additionally, every precaution should be considered in order to protect privacy and 

confidentiality of the study participants and their personal information at all times. One way to 

ensure this is through the use of pseudonymized data, which enables linkage of subject 

individuals to new data and to different registers with the use of a key (i.e. a serial number) 

rather than the PIN. In this way, all data are de-identified and not recognizable at an individual 

level. Usually, researchers have no access to the original PIN since the key file is stored 

elsewhere, most of the time at the government agency owning the data. Another way to 

minimize potential harm is by guaranteeing that confidential data are properly stored and not 

accessible to non-researchers. Moreover, throughout the entire study, research documentation 

should be kept at all stages to facilitate the researchers’ work, to minimize the risk of illegal 

handling and loss of data, and to meet legal requirements and local guidelines.94 

Another ethical issue relates to informed consent. As it stands today, no prior informed consent 

from the study participants is required when conducting medical research on data from 

registers. Although this could be considered a breach of privacy, it should be taken into account 

that processing personal data is allowed when the research is necessary in order to perform a 

task in the public interest. In fact, it could be argued that epidemiological studies benefit the 

population as they support public health and provide guidelines for healthcare.92 

6.4.3 Psychiatric epidemiology 

Research in the area of psychiatry should take into consideration the protection of human rights 

and dignity of people suffering from mental disorders. As this area is still stigmatized, 

especially in some countries, it is essential to conduct psychiatric research and communicate 

its findings in a sensitive way in order to increase awareness and acceptance, promote inclusion 

and diversity, and decrease blame and stigma for affected families. 

6.4.4 Communication of results  

It is crucial to consider the most appropriate way to clearly disseminate research findings in a 

meaningful and informative way among the scientific community, clinicians, affected patients, 

the press, and the general public. For example, it should be carefully communicated that 

associations estimated in observational studies do not necessarily imply causation, since in 

most cases these study designs do not enable to establish a cause-and-effect relationship 

between two events or variables. Also, when conveying findings on genetic liability to 

psychiatric and somatic disorders it is critical that genetic influences are not interpreted as 

deterministic. Overall, adequate science communication is of critical importance to avoid 
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misinformation and misunderstandings, which can have unfortunate medical and public policy 

consequences or damage public trust in science. 
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7 CONCLUSIONS 

The work presented in this thesis provides new insights into childhood, adolescent, and adult 

depression. We showed that individuals receiving a diagnosis of depression at an early age 

display increased risks of extensive later comorbidity and mortality, particularly death by self-

harm, highlighting the significant contribution of this mental disorder to the burden of disease. 

Familial confounding explained the association between childhood infections and later 

depression and self-harm, suggesting that exposure to early-life infection may not be involved 

in the etiology of later depression and self-harm, and emphasizing the importance of identifying 

these familial risk factors, which may serve as targets for interventions.  

Partially overlapping etiological factors, of genetic and non-genetic origin, were found to 

explain the comorbidity between depression and various endocrine-metabolic disorders, which 

could guide future research aiming at identifying pathophysiological mechanisms and key 

targets for prevention and treatment. 

Finally, we showed that melatonin treatment for sleep problems in youth appeared to 

considerably decrease the risk of self-harm among females with depression and anxiety 

disorders, supporting the hypothesis that improving sleep may be an important component for 

reducing self-injurious behavior in this pediatric population. 

Overall, these studies underscore the urgent need for prevention and early intervention of 

depression in young patients, as well as for adequate health care resources to manage and treat 

this mental illness and its psychiatric and somatic comorbidities. 
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8 APPENDIX 

Appendix Table. Diagnostic classification of the somatic diseases examined in this thesis 

Type of disease ICD Version Diagnostic code 

Infections 

Gastrointestinal 

ICD-8 
000-009, 014, 039.92, 127.99, 522.50, 527.30, 528.00, 528.30, 
540.00-540.99, 562.00, 562.19, 566.00-566.01, 567.00-567.02, 

569.00, 572.99, 577.01 

ICD-9 
001-009, 014, 123, 127, 129, 136E-F, 522E, 522H, 526E, 527D, 

528A, 528D, 540A-X, 562-B, 566, 567-C, 569F, 575A 

ICD-10 

A00-A09, B68, B69, B70, B71, B77-B82, B83.8, K04.4-K04.7, 

K10.2, K11.3, K12.1, K12.2, K35, K57, K61, K63.0, K65, K81, 

M02.1, T62.9 

Septicaemia 

ICD-8 038.00-038.99, 782.9 

ICD-9 038A-X, 785F 

ICD-10 A40-A41 

Genitourinary 

ICD-8 

016, 054.02, 090-099, 590.00-590.99, 595.00-595.02, 597.00, 599.02, 

601.00, 604.00, 604.01, 607.30, 611.00, 611.01, 612.01-614.99, 
616.00-616.03, 620.00-620.99, 622.00-622.19, 629.40 

ICD-9 

016, 054B, 090-099, 112B-C, 131A, 590-X, 597A, 595-X, 597W, 

599A, 601-D, 603B, 604A, 604X, 607B-C, 608A-E, 611A, 614-X, 
615A-X, 616-X 

ICD-10 

A18.0-18.1, A50-64, A70-74, B37.3-37.4, N10-12, N13.6, N15.1, 

N15.9, N30-30.3, N30.8-30.9, N34-34.1, N39.0, N41-41.3, N43.1, 

N45.0-45.9, N48.1-48.2, N49-49.9, N61, N70-76.8, N98.0 

Skin infections 

ICD-8 
017.01-017.09, 050-057, 110-111, 680.00-680.90, 681.00-682.99, 
684.00-684.09, 686.00-686.98 

ICD-9 
017A, 031B, 050-057, 074D, 091D, 110-111, 112D, 681-682X, 683, 

684, 685-686X, 680A 

ICD-10 
A18.4, A20.0, A22.0, A26.0, A31.1, A32, A36.3, B00-B09, B35-36, 
B37.2, B43.0, B43.2, B45.2, B46.3, B55.1, L00-L08, L30.3, L70.0 

Viral hepatitis 

ICD-8 070 

ICD-9 070A-X 

ICD-10 B15-B19 

Central nervous system 

ICD-8 

013.00-013.99, 027.01, 036.00, 040.00-043.99, 045.00-046.99, 

052.00, 054.04, 062.00-065.99, 071.99, 072.01, 075.02, 079.20, 
084.00, 094.00-094.98, 320.00-320.80, 320.88-320.99, 322.00-

322.03, 392.99, 474.99 

ICD-9 

006F, 013-X, 036A-B, 045-049X, 052B, 053A, 054D, 055A, 056A, 

071, 072B-C, 090E, 094-X, 320-X, 321A, 321B-H, 321W, 323A, 
323C-D, 324-X, 392-X 

ICD-10 

A06.6, A17-17.9, A20.3, A22.8, A32.1, A39.0, A80-89, B00.3-00.4, 
B01.0-01.1, B02.0-02.1, B05.0-05.1, B06.0, B26.1-26.2, B37.5, 

B38.4, B43.1, B45.1, B46.1, B50.0, B57.4, B58.2, B60.2, B69.0, 

B83.2, G00-00.9, G01, G02.0-02.8, G04, G04.2, G04.9, G05.0, 
G05.1, G05.2, G06.0-6.2, G07, I02-02.9 

Respiratory 

ICD-8 

010-012, 020.10, 460.99, 461.00-461.09, 462.01, 462.02, 462.09, 

463.01, 463.09, 464.01-464.09, 465.99, 466.99, 470.99-473.99, 
480.99, 481.99-482.98, 483.99-486.09, 490.99-491.09, 501.99, 

502.00-503.09, 508.00-508.03, 510.01-510.09, 511.10, 513.99, 

519.92 

ICD-9 
010-012W, 031A, 033-034B, 052A, 055B, 112E, 122B, 460-466, 
466-B, 473-X, 475, 480-X, 481-482X, 483, 485, 486, 487-W, 490, 

491B, 510-X, 511B, 513-B 

ICD-10 

A15-16, A20.2, A21.2, A22.1, A31.0, A37, A38, A48.1, B00.2, 

B01.2, B05.2, B27, B37.1, B39-42, B44, B45.0, B46.0, B58.3, B59, 

J00-J22, J32, J34.0, J35.0, J36, J37, J39.0-39.1, J40-42 

Infections related to pregnancy 

ICD-8 630.00-630.09, 635.00-635.99 

ICD-9 646F, 646G, 646W, 674D 

ICD-10 O23, O26.4, O85-O86 

Immune dysfunction 

Disorders involving the immune mechanism 

ICD-8 135.97-135.99, 275.10, 275.98, 289.00-289.99 

ICD-9 135, 273A-C, 277G, 279, 289W 

ICD-10 D80-D89 
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Appendix Table. Diagnostic classification of the somatic diseases examined in this thesis 

(continued) 

 

Type of disease ICD Version 

 

Diagnostic code 

 

Autoimmune diseases 

Other hypothyroidism 

ICD-8 243.99, 244.00-244.09 

ICD-9 243, 244D, 244W, 244X 

ICD-10 E03 

Thyrotoxicosis (includes Graves’ disease) 

ICD-8 242.00-242.20 

ICD-9 242A-X 

ICD-10 E05 

Hashimoto’s thyroiditis 

ICD-8 - 

ICD-9 245C 

ICD-10 E06.3 

Type I diabetes 

ICD-8 250.00-250.09 

ICD-9 250A-X 

ICD-10 E10 

Crohn's disease 

ICD-8 563.00 

ICD-9 555A-X 

ICD-10 K50 

Ulcerative colitis 

ICD-8 563.10 

ICD-9 556 

ICD-10 K51 

Psoriasis 

ICD-8 696.00-696.19, 696.98 

ICD-9 696A-B, 696W 

ICD-10 L40 

Rheumatoid arthritis 

ICD-8 712.00-712.50 

ICD-9 714A-X 

ICD-10 M05-06 

Coeliac disease 

ICD-8 269.00 

ICD-9 579A 

ICD-10 K90.0 

Endocrine and metabolic disorders 

Disorders of thyroid gland (excludes “Other 
hypothyroidism” and “Thyrotoxicosis”) 

ICD-8 240.00-241.99, 245.00-246.99 

ICD-9 240A-X, 241A-X, 245A-X, 246A-X 

ICD-10 E00-E02, E04, E06.0-E06.2, E06.4-E06.9, E07 

Type II diabetes 

ICD-8 250.00-250.09 

ICD-9 250A-X 

ICD-10 E11 

Other disorders of glucose regulation and 

pancreatic internal secretion 

ICD-8 251.01-251.09 

ICD-9 251A-X 

ICD-10 E15-E16 

Disorders of other endocrine glands 

ICD-8 246.99, 252.00-258.99, 269.90-269.99, 273.40, 626.99 

ICD-9 
244X, 246X, 252A-X, 253A-X, 254A-X, 255A-X, 256A-X, 257A-X, 

258A-X, 259A-X, 275E, 269X, 626W, 783E 

ICD-10 E20-E35 

Obesity and other hyperalimentation 

ICD-8 277.99, 278.99 

ICD-9 278A-W 

ICD-10 E65-E68 

Nervous system diseases 

Extrapyramidal and movement disorders 

ICD-8 
306.20, 331.1-331.99, 333.00-333.99, 350.00, 733.90, 780.30-780.49, 

781.60-781.69, 787.10 

ICD-9 333A-X, 344W, 351W, 781D 

ICD-10 G23-G26 

Epilepsy 

ICD-8 345.00-345.99 

ICD-9 333C, 345, 348D 

ICD-10 G40-G41 

Migraine 

ICD-8 346.00, 346.09 

ICD-9 346A-X 

ICD-10 G43 

Other headache syndromes 

ICD-8 305.98, 305.99, 346.01, 346.09, 791.99 

ICD-9 307W, 346C, 784A 

ICD-10 G44 

Sleep disorders 

ICD-8 306.40, 347.90-347.99, 519.90-519.98, 780.60, 783.20-783.29 

ICD-9 307E, 347, 348W, 349W, 780F, 786A 

ICD-10 G47 
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Appendix Table. Diagnostic classification of the somatic diseases examined in this thesis 

(continued) 

 

Type of disease ICD Version 

 

Diagnostic code 

 

Eye diseases 

Conjunctivitis 

ICD-8 360.00-360.09 

ICD-9 372A-D, 372G 

ICD-10 H10 

Circulatory system diseases 

Hypertensive diseases 

ICD-8 400.00-404.99 

ICD-9 401-405 

ICD-10 I10-I15 

Paroxysmal tachycardia 

ICD-8 427.90-427.99 

ICD-9 427A-C, 427W 

ICD-10 I47 

Atrial fibrillation and other cardiac 

arrhythmias 

ICD-8 426.01-426.09, 427.90-427.99 

ICD-9 426A, 427D-E, 427G, 427W-X 

ICD-10 I48-I49 

Cerebrovascular diseases 

ICD-8 
356.00-356.09, 430.90-430.99, 431.90-431.99, 432.00-432.99, 433.99, 

434.99, 436.00-436.99, 437.99, 438.99, 440.20 

ICD-9 344W, 352G, 430, 431, 432A-X, 433A-X, 434A-X, 436, 437A-X 

ICD-10 I60-I69, G45, G46 

Peripheral vascular diseases 

ICD-8 
421.00, 440.00-443.10, 443.88-443.99, 444.00-444.10, 444.40-444.99, 

447.00-447.09 

ICD-9 421A, 440A-X, 441A-G, 442A-X, 443A-X, 444A-X, 447A-X 

ICD-10 I70, I71, I72, I73, I74, I77 

Respiratory system diseases 

Asthma 

ICD-8 493.00-493.09 

ICD-9 493A-X 

ICD-10 J45, J46 

Cough and abnormalities of breathing 

ICD-8 460.99, 519.91-519.98, 783.20-783.30, 783.60 

ICD-9 460, 784X, 786A-C, 786W-X 

ICD-10 R05, R06 

Symptoms and signs involving speech and 
voice (e.g. dyslexia) 

ICD-8 306.10, 780.70-780.79, 781.50-781.69, 783.50-783.59, 

ICD-9 315B, 784D-G, V40, 

ICD-10 R47-R49 

Digestive system diseases 

Diseases of stomach and duodenum 

ICD-8 531.00-537.08 

ICD-9 531-X, 532-X, 533-X, 534-X, 535-X, 536-X, 537-X, 569W 

ICD-10 K25-K31 

Diseases of appendix 

ICD-8 540.00-542.08 

ICD-9 540-X, 541, 542 

ICD-10 K35-K37 

Liver disease 

ICD-8 571.00-571.99, 573.00-573.09, 575.00-575.05 

ICD-9 571-X, 573D, 573W, 576B 

ICD-10 K70.0-K70.3, K70.9, K71, K73, K74, K76.0, K76.9 

Cholelithiasis 

ICD-8 574.00-574.09 

ICD-9 574-F 

ICD-10 K80 

Cholecystitis, and other diseases of 
gallbladder and biliary tract 

ICD-8 575.00-576.09 

ICD-9 575A-X, 576B-X 

ICD-10 K81-K83 

Acute pancreatitis 

ICD-8 577.00-577.09 

ICD-9 577A 

ICD-10 K85 
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Appendix Table. Diagnostic classification of the somatic diseases examined in this thesis 

(continued) 

 

Type of disease ICD Version 

 

Diagnostic code 

 

Skin and subcutaneous tissue diseases 

Dermatitis and eczema 

ICD-8 
686.00-686.99, 691.00-692.70, 692.90-692.99, 695.90-695.99, 
696.30, 696.58-696.59, 697.98-697.99, 698.00-698.30, 698.91-

698.99, 701.90-701.98, 705.90-705.99 

ICD-9 
686W, 691A-W, 692A-X, 693A-X, 694W, 695W, 696D-F, 697X, 

698A-D, 698W-X, 701W, 705W, 709W-X 

ICD-10 L20-L30 

Papulosquamous disorders 

ICD-8 
110.00, 686.00-686.98, 693.99, 696.00-696.40, 696.98, 697.00, 

697.98-697.99 

ICD-9 110A, 686W, 694D, 696A-E, 696W, 697A-B, 697W, 697X 

ICD-10 L40-L45 

Urticaria and erythema 

ICD-8 692.90-692.99, 695.00-695.20, 695.90-695.99, 708.90-708.99, 709.9 

ICD-9 693W, 695A, 695C, 695W-X, 708A-X, 709W 

ICD-10 L50-L54 

Other disorders of the skin and subcutaneous 

tissue 

ICD-8 
136.01-136.09, 686.10-686.11, 695.20, 695.40, 695.90-695.99, 

696.20-696.29, 701.00-701.01, 701.20-701.98, 709.00-709.09 

ICD-9 
136A, 250H, 686B, 695C, 695E, 695W, 696C, 701A, 701D-F, 701W-

X, 709B-E, 709W 

ICD-10 L90-L95 

Musculoskeletal system and connective tissue diseases 

Arthropathies 

ICD-8 
711.00-712.00, 712.20-712.39, 713.00-713.09, 714.00-716.00, 
723.90-724.99, 727.10, 727.70-727.99,  730.99, 732.99, 733.90-

733.98, 736.99, 787.00-787.60 

ICD-9 
710D, 711A, 711X, 712W-X, 714A-719, 726X, 727B, 728E, 728W-

X, 733X, 734-736, 738W 

ICD-10 M00-M25 

Systemic connective tissue disorders 

ICD-8 
136.01-136.09, 446.00-447.09, 686.90-686.98, 715.99-716.10, 

717.98-717.99, 733.90-734.99 

ICD-9 
136B, 446A-H, 447G, 447W, 710A-X, 716X, 725, 728G, 729D-E, 
729X 

ICD-10 M30-M36 

Dorsopathies 

ICD-8 

712.40, 713.10-713.20, 714.90-714.98, 715.99, 717.20-717.98, 

720.00, 720.29, 722.00-722.09, 722.88, 723.00, 723.90-723.99, 
725.00-726.99, 728.00-728.20, 728.40-728.70, 728.98-728.99, 

733.90-733.98, 735.99, 756.10-756.20, 756.80 

ICD-9 
720-724, 728E, 729C, 730A, 730C, 732A, 732W, 733A-B, 733X, 
737A-D, 737W-X, 738E-G, 756B 

ICD-10 M40-M54 

Soft tissue disorders 

ICD-8 717.98, 732.99, 733.10-733.98, 787.10-787.20 

ICD-9 359X, 723H, 726X, 727A, 727D-X, 728A-D, 728W-X, 729B, 729W 

ICD-10 M60-M68 

Genitourinary system diseases 

Moderate to severe renal disease 

ICD-8 
403.99, 404.99, 580.99, 581.99, 582.00-583.99, 590.00-590.02, 
590.98-590.99, 593.10, 593.30 

ICD-9 
403A-X, 404A-X, 580A-X, 581A-X, 582A-X, 583A-E, 583W-X, 

584F, 590A, 590W, 599H 

ICD-10 I12, I13, N00-N05, N07, N11 

Urolithiasis (calculus on kidney, ureter and 

lower urinary tract) 

ICD-8 592.00-594.08 

ICD-9 592A-X, 593X, 594A-X 

ICD-10 N20-N21 

Diseases of male genital organs 

ICD-8 601.00-605.09, 607.00-607.98 

ICD-9 
601A-D, 601W-X, 602A-X, 603A-X, 604A-X, 605, 607A-X, 608A-
C, 608E-W 

ICD-10 N41-N49 

Female infertility 

ICD-8 628.00-628.01 

ICD-9 628A, 628C-X 

ICD-10 N97 
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Appendix Table. Diagnostic classification of the somatic diseases examined in this thesis 

(continued) 

 

Type of disease ICD Version 

 

Diagnostic code 

 

Diseases during pregnancy and perinatal period 

Oedema, proteinuria and hypertensive 

disorders in pregnancy, childbirth and the 
puerperium 

ICD-8 634.9, 636.0, 637.0, 637.1 

ICD-9 
642A, 642B, 642C, 642D, 642E, 642F, 642AG, 642H, 642X, 646B, 

646C 

ICD-10 O10-O16 

Haemorrhage in early pregnancy 

ICD-8 632.00-632.99 

ICD-9 640A-X 

ICD-10 O20 

Excessive vomiting in pregnancy 

ICD-8 638.00-638.99 

ICD-9 643A-X 

ICD-10 O21 

Maternal care for other conditions 
predominantly related to pregnancy 

ICD-8 634.90, 636.00-636.09, 639.00-639.09, 639.9, 661.00-661.89 

ICD-9 646B-X, 648X, 669C, V45F 

ICD-10 O26 

Injuries 

Injuries of different body regions 

ICD-8 800.00-939.00, 950.00-959.92 

ICD-9 800-939X, 950-959X 

ICD-10 S00-T14 

Burns and corrosions 

ICD-8 940.00-949.91 

ICD-9 940-949 

ICD-10 T20-T32 

Poisoning by drugs, medicaments, biological 

substances (includes overdose and wrong 
substance given or taken in error) & non-

medicinals (e.g. alcohol etc.) 

ICD-8 960.00-989.98 

ICD-9 005X, 960A-989X 

ICD-10 T36-T65 

Physical abuse and assault 

ICD-8 E961-E969 

ICD-9 995F, E961-E969 

ICD-10 T74.1, X85-Y09, Y87.1 

Sexual abuse and assault 

ICD-8 E960 

ICD-9 E960, V71F 

ICD-10 T74.2, Y05 

Transport accidents 

ICD-8 E800-E845 

ICD-9 E800-E849 

ICD-10 V01-V99, Y85 

Falls 

ICD-8 E880-E887 

ICD-9 E880-E888 

ICD-10 W00-W19 

Accidental poisoning by noxious substances 

ICD-8 E850-E877 

ICD-9 E850-E869 

ICD-10 X40-X49 

Intentional self-harm 

ICD-8 E950-E959 

ICD-9 E950-E959 

ICD-10 X60-X84, Y87.0 

Event of undetermined intent 

ICD-8 E980.9-E989.9 

ICD-9 E980-E989 

ICD-10 Y10-Y34, Y87.2 

 

Note: Study I investigated all the disease listed in the Appendix Table;  

          Study II looked at the infection group (excluding viral hepatitis); 

          Study III focused on some endocrine and metabolic disorders; 

          Study IV explored injuries. 





 

 53 

9 ACKNOWLEDGEMENTS 

I would like to express my sincere gratitude and warm appreciation to the many people that I 

have met along the way and without whom this valuable piece of work would not have been 

possible. 

Sarah Bergen, my main supervisor. Thank you for always being present throughout these 

years, both for work and personal matters. You made me acknowledge my competences, never 

lost a chance to show gratitude for my work, and always had my back. More than anything, 

thank you for supporting me during frustrating times, and for always knowing when I needed 

extra help, an extra push, or kind encouragement; you never let me feel alone in this 4-year 

project. You have been a great supervisor and I am immensely grateful for everything you 

taught me. It has been an incredible experience and I’ll never forget working with you.  

Ralf Kuja-Halkola, my co-supervisor. Thank you for sharing your knowledge with me and 

for always finding time to patiently discuss our analyses and results. I could not have asked for 

a better statistician. Having you in our meetings always made things fun and intellectually 

stimulating. You taught me to think critically when conducting research, and showed me that 

knowledge brings more questions than answers. Thank you for guiding me throughout this 

project. 

Amy Leval, also my co-supervisor. I have been extremely grateful to have you by my side 

from the very beginning of this incredible adventure. I will never forget meeting you for the 

first time during my interview in Stockholm; your energetic, positive, and cheerful attitude 

encouraged me and inspired me from the beginning. Thank you for being such a strong point 

of reference for me, for helping me navigate corporate culture and dynamics, and for teaching 

me how to translate my scientific findings into important public health messages. 

To all my co-authors, in particular Henrik Larsson, Brian D’Onofrio, Paul Lichtenstein, for 

providing me with thoughtful comments and suggestions. 

To Kristina Johnell, head of the department, for guiding MEB through these difficult couple 

of years. Thank you for always keeping the MEB spirit high. 

Thanks to all the excellent administrators at MEB for being extremely helpful, kind, and 

friendly. In particular, thank you Gunilla Nilsson Roos, Gunilla Sonnebring, and Erika 

Nordenhagen for always being on top of everything. And a special thanks to Alessandra 

Nanni, for being a unique and invaluable guide to all PhD students, especially as we are still 

transitioning towards efficient hybrid PhD defenses. 

To all PIs, administrators, and colleagues in the CAPICE group. In particular, Christel 

Middeldorp, Meike Bartels, Natascha Stroo, Andrea Allegrini, Ville Karhunen, Eshim 

Shahid, Wonu Akingbuwa, Elizabeth Diemer, Elis Haan, Hema Reddy, Laura Schelhas, 

Ashley Tate, Sabrina Doering, Kratika Agarwal, and Miljan Jovic. It has been a pleasure 

getting to know you all while attending meetings, conferences, and workshops around the 



 

54 

world. What an incredible adventure it has been, both academically and personally. I will 

cherish it forever.  

To Janssen Pharmaceutical Companies of Johnson and Johnson, for making all this work 

possible. To the many people that I met throughout the years, thank you for the constant 

support: Johan Liwing, Frida Schain, Shane Kavanagh, Kristina Sandström, Lilla Di 

Scala, Ying Qu, Elin Ramström, and Astrud Tuck. 

To Immaculata De Vivo, my mentor. It has been a pleasure discussing my work and life with 

you, and I am so grateful we managed to keep in contact. Five years ago, you opened the doors 

of your lab to me, and gave me the opportunity to see what epidemiological research looks like. 

Thank you for your inspiration and guidance towards this PhD. I am truly honored to have you 

in my life. 

To David Myers, my life coach who believed in me and hired me for this position. I am 

unequivocally certain that I would not have achieved so much if it wasn’t for you. You offered 

me the best job I could have imagined and taught me to dream big. You are my greatest source 

of inspiration. 

To Miriam Martini, the best officemate. After many months spent working from home, it has 

been so refreshing meeting you at MEB. Thanks for all the chats and coffees we had in the past 

year. Your positive energy is truly contagious and it brings so much joy to everyone around 

you. Your next office colleagues will be tremendously lucky to have you. 

To all current and former MEB colleagues, it has been an honor getting to know you. Ruyue 

Zhang, Natassia Robinson, Tyra Lagerberg, Aleksandra Kanina, Anders Forss, Shihua 

Sun, Andreas Jangmo, Emilio Ugalde, Isabell Brikell, Andrea Discacciati, Alessio Crippa, 

Shengxin Liu, Yufeng Chen, Nurgul Batyrbekova, Alessandro Bosi, Weiwei Bian, Jet 

Termorshuizen, Hilda Björk Danielsdottir, Alessandra Grotta, Francesca Ghilotti, 

Abhinav Sharma, Philippe Weitz, Lisa Dinkler, Vide Ohlsson Gotby, Jiayao Lei, 

Agnieszka Butwicka, Zheng Chang, Mark Taylor, and Mina Rosenqvist. 

A special thanks to Miriam Martini, Elisavet Syriopoulou, Alessandro Gasparini, Ebba 

Du Rietz, and Suvi Maria Virtanen for kindly offering to help with my pre-dissertation. 

To my little Italian family in Stockholm: Laura Ghirardi, Enrico Debiasi, Elisa Longinetti, 

Erik Pettersson, Marco Trevisan, Anna Pierobon, and babies Isabel, Alma, and Noah. 

Thank you for the many Sundays, afternoons, and dinners together. I feel so blessed to have 

you in my life.  

To K9, the first place where I truly felt myself. I moved to this co-living place soon after 

arriving to Sweden, and I still find myself reflecting on how lucky I am for ending up here. 

This entire PhD would not have been the same without the power of this community and the 

great people I have met and lived with along the way. Before K9, I was weighted by all my 

beliefs and opinions about the world. K9 made me question everything and, little by little, 



 

 55 

deconstruct many of my viewpoints whilst offering numerous alternative perspectives. I owe 

this house and my housemates so much. I am a better person today because of everything they 

taught me. I constantly feel so privileged for having the opportunity to spend my time with 

these incredible people. In particular, I would like to express my gratitude to those who have 

earned a special place in my heart: Mo, Abhishek, Gatto, Peter, Nahal, Marie H, Caroline, 

Moh, Lasse, Olga, Fredrika, Marie G, Tom, Reeves, Toby, Nate, Chloe, Alex C, Isabella, 

Per, Flow, and Arturo. Thank you for all the chats and the moments we shared in the past 

years. Every encounter and conversation with each of you makes my mind wonder and expand. 

A special thanks to Toby, for creating the cover of this thesis, trying to make it perfect and 

grant all my requests; I appreciate your help very much. 

To my life-long friend Roberta Esposito, thank you for being part of my life and for 

exchanging hours and hours of audio messages throughout the years. Despite living far away 

from each other, you are always with me wherever I go. Thank you for our beautiful friendship. 

To my family. Mamma e papà, you have been so patient and accommodating with my many 

life plans and relocations. None of this would have been possible without your continuous 

support and unconditional love. Thank you for empowering me through life and for believing 

in me. 

Last but not least, to my loved one, Emiliano. There are no words to express all the gratitude 

I have for you and for these past years spent together. You bring so much happiness, love, and 

laughter to my life. Thank you for always being there for me, no matter what. You are my rock 

and I can certainly say that this PhD work is also yours. 

 





 

 57 

10 REFERENCES 

1. Otte C, Gold SM, Penninx BW, et al. Major depressive disorder. Nature reviews 

Disease primers. 2016;2(1):1-20.  

2. Organization WH. Depression and other common mental disorders: global health 

estimates. 2017.  

3. Collaborators GMD. Global, regional, and national burden of 12 mental disorders in 

204 countries and territories, 1990–2019: a systematic analysis for the Global Burden 

of Disease Study 2019. The Lancet Psychiatry. 2022; 

4. Mathers CD, Loncar D. Projections of global mortality and burden of disease from 2002 

to 2030. PLoS medicine. 2006;3(11):e442.  

5. Wittchen H-U, Jacobi F, Rehm J, et al. The size and burden of mental disorders and 

other disorders of the brain in Europe 2010. European neuropsychopharmacology. 

2011;21(9):655-679.  

6. Lopez AD, Mathers CD, Ezzati M, Jamison DT, Murray CJ. Global and regional 

burden of disease and risk factors, 2001: systematic analysis of population health data. 

The Lancet. 2006;367(9524):1747-1757.  

7. Angst F, Stassen HH, Clayton PJ, Angst J. Mortality of patients with mood disorders: 

follow-up over 34–38 years. Journal of affective disorders. 2002;68(2-3):167-181.  

8. Gustavsson A, Svensson M, Jacobi F, et al. Cost of disorders of the brain in Europe 

2010. European neuropsychopharmacology. 2011;21(10):718-779.  

9. Organization WH. The International Statistical Classification of Diseases and Health 

Related Problems ICD-10: Tenth Revision. Volume 1: Tabular List. vol 1. World 

Health Organization; 2004. 

10. Organization WH. The ICD-10 classification of mental and behavioural disorders: 

clinical descriptions and diagnostic guidelines. Geneva: World Health Organization; 

1992. 

11. Edition F. Diagnostic and statistical manual of mental disorders. Am Psychiatric Assoc. 

2013;21 

12. Østergaard SD, Jensen S, Bech P. The heterogeneity of the depressive syndrome: when 

numbers get serious. Acta Psychiatrica Scandinavica. 2011; 

13. Dulcan MK, Ballard RR, Jha P, Sadhu JM. Concise guide to child and adolescent 

psychiatry. American Psychiatric Pub; 2017. 

14. Taylor MJ, Martin J, Lu Y, et al. Association of genetic risk factors for psychiatric 

disorders and traits of these disorders in a Swedish population twin sample. JAMA 

psychiatry. 2019;76(3):280-289.  

15. Bromet E, Andrade LH, Hwang I, et al. Cross-national epidemiology of DSM-IV major 

depressive episode. BMC medicine. 2011;9(1):1-16.  

16. Kessler RC, Berglund P, Demler O, Jin R, Merikangas KR, Walters EE. Lifetime 

prevalence and age-of-onset distributions of DSM-IV disorders in the National 

Comorbidity Survey Replication. Archives of general psychiatry. 2005;62(6):593-602.  

17. Jane Costello E, Erkanli A, Angold A. Is there an epidemic of child or adolescent 

depression? Journal of child psychology and psychiatry. 2006;47(12):1263-1271.  



 

58 

18. Seedat S, Scott KM, Angermeyer MC, et al. Cross-national associations between 

gender and mental disorders in the World Health Organization World Mental Health 

Surveys. Archives of general psychiatry. 2009;66(7):785-795.  

19. Hovens JG, Giltay EJ, Wiersma JE, Spinhoven P, Penninx BW, Zitman FG. Impact of 

childhood life events and trauma on the course of depressive and anxiety disorders. 

Acta psychiatrica scandinavica. 2012;126(3):198-207.  

20. Tunnard C, Rane LJ, Wooderson SC, et al. The impact of childhood adversity on 

suicidality and clinical course in treatment-resistant depression. Journal of affective 

disorders. 2014;152:122-130.  

21. Spijker J, De Graaf R, Bijl RV, Beekman AT, Ormel J, Nolen WA. Duration of major 

depressive episodes in the general population: results from The Netherlands Mental 

Health Survey and Incidence Study (NEMESIS). The British journal of psychiatry. 

2002;181(3):208-213.  

22. Üstün TB, Kessler RC. Global burden of depressive disorders: the issue of duration. 

The British Journal of Psychiatry. 2002;181(3):181-183.  

23. Ormel J, Oldehinkel AJ, Nolen WA, Vollebergh W. Psychosocial disability before, 

during, and after a major depressiveepisode: a 3-wave population-based study of state, 

scar, and trait effects. Archives of general psychiatry. 2004;61(4):387-392.  

24. Vos T, Haby MM, Barendregt JJ, Kruijshaar M, Corry J, Andrews G. The burden of 

major depression avoidable by longer-term treatment strategies. Archives of General 

Psychiatry. 2004;61(11):1097-1103.  

25. Agerbo E, Trabjerg BB, Børglum AD, et al. Risk of Early-Onset Depression Associated 

With Polygenic Liability, Parental Psychiatric History, and Socioeconomic Status. 

JAMA psychiatry. 2021;78(4):387-397.  

26. Arango C, Dragioti E, Solmi M, et al. Risk and protective factors for mental disorders 

beyond genetics: an evidence‐based atlas. World Psychiatry. 2021;20(3):417-436.  

27. Li M, D'arcy C, Meng X. Maltreatment in childhood substantially increases the risk of 

adult depression and anxiety in prospective cohort studies: systematic review, meta-

analysis, and proportional attributable fractions. Psychological medicine. 

2016;46(4):717-730.  

28. Kendler KS, Karkowski LM, Prescott CA. Causal relationship between stressful life 

events and the onset of major depression. American Journal of Psychiatry. 

1999;156(6):837-841.  

29. Miller AH, Raison CL. The role of inflammation in depression: from evolutionary 

imperative to modern treatment target. Nature Reviews Immunology. 2016;16(1):22.  

30. Branchi I, Poggini S, Capuron L, et al. Brain-immune crosstalk in the treatment of 

major depressive disorder. European Neuropsychopharmacology. 2021;45:89-107.  

31. Toenders YJ, Laskaris L, Davey CG, et al. Inflammation and depression in young 

people: a systematic review and proposed inflammatory pathways. Molecular 

Psychiatry. 2021:1-13.  

32. Pace TW, Mletzko TC, Alagbe O, et al. Increased stress-induced inflammatory 

responses in male patients with major depression and increased early life stress. 

American Journal of Psychiatry. 2006;163(9):1630-1633.  



 

 59 

33. Bierhaus A, Wolf J, Andrassy M, et al. A mechanism converting psychosocial stress 

into mononuclear cell activation. Proceedings of the National Academy of Sciences. 

2003;100(4):1920-1925.  

34. Raison CL, Rutherford RE, Woolwine BJ, et al. A randomized controlled trial of the 

tumor necrosis factor antagonist infliximab for treatment-resistant depression: the role 

of baseline inflammatory biomarkers. JAMA psychiatry. 2013;70(1):31-41.  

35. Miller AH, Raison CL. Are anti-inflammatory therapies viable treatments for 

psychiatric disorders?: where the rubber meets the road. JAMA psychiatry. 

2015;72(6):527-528.  

36. Aschbacher K, Epel E, Wolkowitz O, Prather A, Puterman E, Dhabhar F. Maintenance 

of a positive outlook during acute stress protects against pro-inflammatory reactivity 

and future depressive symptoms. Brain, behavior, and immunity. 2012;26(2):346-352.  

37. Baumeister D, Akhtar R, Ciufolini S, Pariante CM, Mondelli V. Childhood trauma and 

adulthood inflammation: a meta-analysis of peripheral C-reactive protein, interleukin-

6 and tumour necrosis factor-α. Molecular psychiatry. 2016;21(5):642.  

38. Danese A, Pariante CM, Caspi A, Taylor A, Poulton R. Childhood maltreatment 

predicts adult inflammation in a life-course study. Proceedings of the National 

Academy of Sciences. 2007;104(4):1319-1324.  

39. Alshehri T, Mook-Kanamori DO, van Dijk KW, et al. Metabolomics dissection of 

depression heterogeneity and related cardiometabolic risk. Psychological Medicine. 

2021:1-10.  

40. Penninx BW. Depression and cardiovascular disease: epidemiological evidence on 

their linking mechanisms. Neuroscience & Biobehavioral Reviews. 2017;74:277-286.  

41. Benros ME, Waltoft BL, Nordentoft M, et al. Autoimmune diseases and severe 

infections as risk factors for mood disorders: a nationwide study. JAMA psychiatry. 

2013;70(8):812-820.  

42. Du Preez A, Leveson J, Zunszain PA, Pariante CM. Inflammatory insults and mental 

health consequences: does timing matter when it comes to depression? Psychological 

medicine. 2016;46(10):2041-2057.  

43. Neale M, Cardon LR. Methodology for genetic studies of twins and families. vol 67. 

Springer Science & Business Media; 2013. 

44. Maier R, Visscher P, Robinson MR, Wray N. Embracing polygenicity: a review of 

methods and tools for psychiatric genetics research. Psychological Medicine. 

2018;48(7):1055-1067.  

45. Sullivan PF, Neale MC, Kendler KS. Genetic epidemiology of major depression: 

review and meta-analysis. American journal of psychiatry. 2000;157(10):1552-1562.  

46. Hilker R, Helenius D, Fagerlund B, et al. Heritability of schizophrenia and 

schizophrenia spectrum based on the nationwide Danish twin register. Biological 

psychiatry. 2018;83(6):492-498.  

47. Johansson V, Kuja-Halkola R, Cannon TD, Hultman CM, Hedman AM. A population-

based heritability estimate of bipolar disorder–In a Swedish twin sample. Psychiatry 

research. 2019;278:180-187.  

48. Consortium MDDWGotPG. A mega-analysis of genome-wide association studies for 

major depressive disorder. Molecular psychiatry. 2013;18(4) 



 

60 

49. Manchia M, Cullis J, Turecki G, Rouleau GA, Uher R, Alda M. The impact of 

phenotypic and genetic heterogeneity on results of genome wide association studies of 

complex diseases. PloS one. 2013;8(10):e76295.  

50. Rucker JJ, Breen G, Pinto D, et al. Genome-wide association analysis of copy number 

variation in recurrent depressive disorder. Molecular psychiatry. 2013;18(2):183-189.  

51. Degenhardt F, Priebe L, Herms S, et al. Association between copy number variants in 

16p11. 2 and major depressive disorder in a German case–control sample. American 

Journal of Medical Genetics Part B: Neuropsychiatric Genetics. 2012;159(3):263-273.  

52. Glessner JT, Wang K, Sleiman PM, et al. Duplication of the SLIT3 locus on 5q35. 1 

predisposes to major depressive disorder. PloS one. 2010;5(12):e15463.  

53. O’Dushlaine C, Ripke S, Ruderfer DM, et al. Rare copy number variation in treatment-

resistant major depressive disorder. Biological psychiatry. 2014;76(7):536-541.  

54. Howard DM, Adams MJ, Clarke T-K, et al. Genome-wide meta-analysis of depression 

identifies 102 independent variants and highlights the importance of the prefrontal brain 

regions. Nature neuroscience. 2019;22(3):343.  

55. Merikangas KR, Zhang H, Avenevoli S, Acharyya S, Neuenschwander M, Angst J. 

Longitudinal Trajectories of Depression and Anxiety in a Prospective Community 

Study: The Zurich Cohort Study. Archives of General Psychiatry. 2003;60(10):993-

1000. doi:10.1001/archpsyc.60.9.993 

56. Swendsen JD, Merikangas KR. The comorbidity of depression and substance use 

disorders. Clinical psychology review. 2000;20(2):173-189.  

57. Davis L, Uezato A, Newell JM, Frazier E. Major depression and comorbid substance 

use disorders. Current opinion in psychiatry. 2008;21(1):14-18.  

58. Plana-Ripoll O, Pedersen CB, Holtz Y, et al. Exploring comorbidity within mental 

disorders among a Danish national population. JAMA psychiatry. 2019;76(3):259-270.  

59. Martin J, Taylor MJ, Lichtenstein P. Assessing the evidence for shared genetic risks 

across psychiatric disorders and traits. Psychological Medicine. 2018;48(11):1759-

1774.  

60. Dold M, Bartova L, Souery D, et al. Clinical characteristics and treatment outcomes of 

patients with major depressive disorder and comorbid anxiety disorders-results from a 

European multicenter study. Journal of psychiatric research. 2017;91:1-13.  

61. Penninx BW, Milaneschi Y, Lamers F, Vogelzangs N. Understanding the somatic 

consequences of depression: biological mechanisms and the role of depression 

symptom profile. BMC medicine. 2013;11(1):1-14.  

62. Momen NC, Plana-Ripoll O, Agerbo E, et al. Association between mental disorders 

and subsequent medical conditions. New England Journal of Medicine. 

2020;382(18):1721-1731.  

63. Gregory AM, Rijsdijk FV, Lau JY, Dahl RE, Eley TC. The direction of longitudinal 

associations between sleep problems and depression symptoms: a study of twins aged 

8 and 10 years. Sleep. 2009;32(2):189-199.  

64. Clarke G, Harvey AG. The complex role of sleep in adolescent depression. Child and 

Adolescent Psychiatric Clinics. 2012;21(2):385-400.  



 

 61 

65. Crouse JJ, Carpenter JS, Song YJC, et al. Circadian rhythm sleep–wake disturbances 

and depression in young people: implications for prevention and early intervention. The 

Lancet Psychiatry. 2021;8(9):813-823.  

66. Beaupre LMM, Tiwari AK, Gonçalves VF, et al. Potential Genetic Overlap Between 

Insomnia and Sleep Symptoms in Major Depressive Disorder: A Polygenic Risk Score 

Analysis. Frontiers in psychiatry. 2021;12 

67. Mezuk B, Eaton WW, Albrecht S, Golden SH. Depression and type 2 diabetes over the 

lifespan: a meta-analysis. Diabetes care. 2008;31(12):2383-2390.  

68. Hemingway H, Marmot M. Psychosocial factors in the aetiology and prognosis of 

coronary heart disease: systematic review of prospective cohort studies. Bmj. 

1999;318(7196):1460-1467.  

69. Meng L, Chen D, Yang Y, Zheng Y, Hui R. Depression increases the risk of 

hypertension incidence: a meta-analysis of prospective cohort studies. Journal of 

hypertension. 2012;30(5):842-851.  

70. Dong J-Y, Zhang Y-H, Tong J, Qin L-Q. Depression and risk of stroke: a meta-analysis 

of prospective studies. Stroke. 2012;43(1):32-37.  

71. Chida Y, Hamer M, Wardle J, Steptoe A. Do stress-related psychosocial factors 

contribute to cancer incidence and survival? Nature clinical practice Oncology. 

2008;5(8):466-475.  

72. van Gool CH, Kempen GI, Bosma H, van Boxtel MP, Jolles J, van Eijk JT. Associations 

between lifestyle and depressed mood: longitudinal results from the Maastricht Aging 

Study. American Journal of Public Health. 2007;97(5):887-894.  

73. Chesney E, Goodwin GM, Fazel S. Risks of all‐cause and suicide mortality in mental 

disorders: a meta‐review. World psychiatry. 2014;13(2):153-160.  

74. Organization WH. Suicide in the world: global health estimates. 2019.  

75. Gelenberg AJ. A review of the current guidelines for depression treatment. The Journal 

of clinical psychiatry. 2010;71(7):0-0.  

76. Cipriani A, Furukawa TA, Salanti G, et al. Comparative efficacy and acceptability of 

12 new-generation antidepressants: a multiple-treatments meta-analysis. The lancet. 

2009;373(9665):746-758.  

77. Association AP. Treatment of patients with major depressive disorder. Practice 

Guidelines, AP Association. 2010; 

78. Oreland L, Jarbin H, Ivarsson T, et al. Behandlingsrekommendation vid depression, 

ångestsyndrom och tvångssyndrom hos barn och vuxna–bakgrundsdokumentation. 

Läkemedelsverket; 2016. 

79. Berlim MT, Turecki G. Definition, assessment, and staging of treatment—resistant 

refractory major depression: a review of current concepts and methods. The Canadian 

Journal of Psychiatry. 2007;52(1):46-54.  

80. Conway CR, George MS, Sackeim HA. Toward an evidence-based, operational 

definition of treatment-resistant depression: when enough is enough. JAMA psychiatry. 

2017;74(1):9-10.  



 

62 

81. Reutfors J, Andersson TM, Brenner P, et al. Mortality in treatment-resistant unipolar 

depression: A register-based cohort study in Sweden. Journal of affective disorders. 

2018;238:674-679.  

82. Brenner P, Brandt L, Li G, DiBernardo A, Bodén R, Reutfors J. Treatment‐resistant 

depression as risk factor for substance use disorders—a nation‐wide register‐based 

cohort study. Addiction. 2019;114(7):1274-1282.  

83. Rush AJ, Trivedi MH, Wisniewski SR, et al. Acute and longer-term outcomes in 

depressed outpatients requiring one or several treatment steps: a STAR* D report. 

American Journal of Psychiatry. 2006;163(11):1905-1917.  

84. Jakubovski E, Varigonda AL, Freemantle N, Taylor MJ, Bloch MH. Systematic review 

and meta-analysis: dose-response relationship of selective serotonin reuptake inhibitors 

in major depressive disorder. American Journal of Psychiatry. 2016;173(2):174-183.  

85. Zhou X, Ravindran AV, Qin B, et al. Comparative efficacy, acceptability, and 

tolerability of augmentation agents in treatment-resistant depression: systematic review 

and network meta-analysis. The Journal of clinical psychiatry. 2015;76(4):3423.  

86. Zhou X, Keitner GI, Qin B, et al. Atypical antipsychotic augmentation for treatment-

resistant depression: a systematic review and network meta-analysis. International 

Journal of Neuropsychopharmacology. 2015;18(11) 

87. Carhart-Harris RL, Bolstridge M, Rucker J, et al. Psilocybin with psychological support 

for treatment-resistant depression: an open-label feasibility study. The Lancet 

Psychiatry. 2016;3(7):619-627.  

88. Palhano-Fontes F, Barreto D, Onias H, et al. Rapid antidepressant effects of the 

psychedelic ayahuasca in treatment-resistant depression: a randomized placebo-

controlled trial. Psychological medicine. 2019;49(4):655-663.  

89. Daly EJ, Singh JB, Fedgchin M, et al. Efficacy and safety of intranasal esketamine 

adjunctive to oral antidepressant therapy in treatment-resistant depression: a 

randomized clinical trial. JAMA psychiatry. 2018;75(2):139-148.  

90. Gaynes BN, Lloyd SW, Lux L, et al. Repetitive transcranial magnetic stimulation for 

treatment-resistant depression: a systematic review and meta-analysis. The Journal of 

clinical psychiatry. 2014;75(5):0-0.  

91. Laugesen K, Ludvigsson JF, Schmidt M, et al. Nordic health registry-based research: a 

review of health care systems and key registries. Clinical epidemiology. 2021;13:533.  

92. Ludvigsson JF, Håberg SE, Knudsen GP, et al. Ethical aspects of registry-based 

research in the Nordic countries. Clinical epidemiology. 2015;7:491.  

93. Ludvigsson JF, Otterblad-Olausson P, Pettersson BU, Ekbom A. The Swedish personal 

identity number: possibilities and pitfalls in healthcare and medical research. European 

journal of epidemiology. 2009;24(11):659-667.  

94. Ludvigsson JF, Almqvist C, Bonamy A-KE, et al. Registers of the Swedish total 

population and their use in medical research. European journal of epidemiology. 

2016;31(2):125-136.  

95. Ekbom A. The Swedish multi-generation register. Methods in biobanking. Springer; 

2011:215-220. 

96. Brooke HL, Talbäck M, Hörnblad J, et al. The Swedish cause of death register. 

European journal of epidemiology. 2017;32(9):765-773.  



 

 63 

97. Smedby B, Schiøler G. Health classifications in the Nordic countries. 2006. 

98. Källén B, Källén K. The Swedish Medical Birth Register-a summary of content and 

quality. 2003; 

99. Cnattingius S, Ericson A, Gunnarskog J, Källén B. A quality study of a medical birth 

registry. Scandinavian journal of social medicine. 1990;18(2):143-148.  

100. Ludvigsson JF, Andersson E, Ekbom A, et al. External review and validation of the 

Swedish national inpatient register. BMC public health. 2011;11(1):1-16.  

101. Fazel S, Grann M. The population impact of severe mental illness on violent crime. 

American journal of psychiatry. 2006;163(8):1397-1403.  

102. Rück C, Larsson KJ, Lind K, et al. Validity and reliability of chronic tic disorder and 

obsessive-compulsive disorder diagnoses in the Swedish National Patient Register. 

BMJ open. 2015;5(6):e007520.  

103. Sellgren C, Landén M, Lichtenstein P, Hultman C, Långström N. Validity of bipolar 

disorder hospital discharge diagnoses: file review and multiple register linkage in 

Sweden. Acta Psychiatrica Scandinavica. 2011;124(6):447-453.  

104. Fazel S, Wolf A, Chang Z, Larsson H, Goodwin GM, Lichtenstein P. Depression and 

violence: a Swedish population study. The Lancet Psychiatry. 2015;2(3):224-232.  

105. Ekholm B, Ekholm A, Adolfsson R, et al. Evaluation of diagnostic procedures in 

Swedish patients with schizophrenia and related psychoses. Nordic journal of 

psychiatry. 2005;59(6):457-464.  

106. Fazel S, Långström N, Hjern A, Grann M, Lichtenstein P. Schizophrenia, substance 

abuse, and violent crime. Jama. 2009;301(19):2016-2023.  

107. Wettermark B, Hammar N, MichaelFored C, et al. The new Swedish Prescribed Drug 

Register—opportunities for pharmacoepidemiological research and experience from 

the first six months. Pharmacoepidemiol Drug Saf. 2007;16(7):726-735.  

108. Furu K, Wettermark B, Andersen M, Martikainen JE, Almarsdottir AB, Sørensen HT. 

The Nordic countries as a cohort for pharmacoepidemiological research. Basic & 

clinical pharmacology & toxicology. 2010;106(2):86-94.  

109. Ludvigsson JF, Svedberg P, Olén O, Bruze G, Neovius M. The longitudinal integrated 

database for health insurance and labour market studies (LISA) and its use in medical 

research. European journal of epidemiology. 2019;34(4):423-437.  

110. Rothman KJ. Epidemiology: an introduction. Oxford university press; 2012. 

111. Laird NM, Cuenco KT. Regression methods for assessing familial aggregation of 

disease. Statistics in medicine. 2003;22(9):1447-1455.  

112. Zimmerman R, Pal DK, Tin A, Ahsan H, Greenberg DA. Methods for assessing 

familial aggregation: family history measures and confounding in the standard cohort, 

reconstructed cohort and case-control designs. Human heredity. 2009;68(3):201-208.  

113. Knopik VS, Neiderhiser JM, DeFries JC, Plomin R. Behavioral genetics. Worth 

Publishers, Macmillan Learning; 2017. 

114. Pettersson E, Larsson H, Lichtenstein P. Common psychiatric disorders share the same 

genetic origin: a multivariate sibling study of the Swedish population. Molecular 

psychiatry. 2016;21(5):717-721.  



 

64 

115. Frisell T, Öberg S, Kuja-Halkola R, Sjölander A. Sibling comparison designs: Bios 

from non-shored confounders and measurement error. Epidemiology. 2012:713-720.  

116. Lao KS, Chui CS, Man KK, Lau WC, Chan EW, Wong IC. Medication safety research 

by observational study design. International journal of clinical pharmacy. 

2016;38(3):676-684.  

117. Clayton D, Hills M. Statistical models in epidemiology. OUP Oxford; 2013. 

118. Yang W, Jepson C, Xie D, et al. Statistical methods for recurrent event analysis in 

cohort studies of CKD. Clinical Journal of the American Society of Nephrology. 

2017;12(12):2066-2073.  

119. Williams RL. A note on robust variance estimation for cluster‐correlated data. 

Biometrics. 2000;56(2):645-646.  

120. Rijsdijk FV, Sham PC. Analytic approaches to twin data using structural equation 

models. Briefings in bioinformatics. 2002;3(2):119-133.  

121. Posthuma D. Multivariate genetic analysis. Handbook of behavior genetics. Springer; 

2009:47-59. 

122. Leone M, Kuja-Halkola R, Leval A, et al. Association of Youth Depression With 

Subsequent Somatic Diseases and Premature Death. JAMA psychiatry. 2021;78(3):302-

310.  

123. Leone M, Kuja-Halkola R, Leval A, et al. Association of severe childhood infections 

with depression and intentional self-harm in adolescents and young adults. Brain, 

behavior, and immunity. 2022;99:247-255.  

124. Sundquist J, Ohlsson H, Sundquist K, Kendler KS. Common adult psychiatric disorders 

in Swedish primary care where most mental health patients are treated. BMC 

psychiatry. 2017;17(1):1-9.  

125. Noordam R, Aarts N, Verhamme KM, Sturkenboom MC, Stricker BH, Visser LE. 

Prescription and indication trends of antidepressant drugs in the Netherlands between 

1996 and 2012: a dynamic population-based study. European journal of clinical 

pharmacology. 2015;71(3):369-375.  

126. Wong J, Motulsky A, Eguale T, Buckeridge DL, Abrahamowicz M, Tamblyn R. 

Treatment indications for antidepressants prescribed in primary care in Quebec, 

Canada, 2006-2015. Jama. 2016;315(20):2230-2232.  

127. Frederiksen LH, Bilenberg N, Andersen L, et al. The validity of child and adolescent 

depression diagnoses in the Danish psychiatric central research register. Acta 

Psychiatrica Scandinavica. 2021;143(3):264-274.  

128. Läkemedelsverket. Behandling av sömnstörningar hos barn och ungdomar – 

kunskapsdokument. Updated 2015;26(2). Accessed 3 December, 2021. 

https://www.lakemedelsverket.se/sv/behandling-och-

forskrivning/behandlingsrekommendationer/sok-

behandlingsrekommendationer/behandling-av-somnstorningar-hos-barn-och-

ungdomar--kunskapsdokument#hmainbody1 

129. Hernán MA. The hazards of hazard ratios. Epidemiology (Cambridge, Mass). 

2010;21(1):13.  

130. Hernán MA, Hernández-Díaz S, Robins JM. A structural approach to selection bias. 

Epidemiology. 2004:615-625.  

https://www.lakemedelsverket.se/sv/behandling-och-forskrivning/behandlingsrekommendationer/sok-behandlingsrekommendationer/behandling-av-somnstorningar-hos-barn-och-ungdomar--kunskapsdokument#hmainbody1
https://www.lakemedelsverket.se/sv/behandling-och-forskrivning/behandlingsrekommendationer/sok-behandlingsrekommendationer/behandling-av-somnstorningar-hos-barn-och-ungdomar--kunskapsdokument#hmainbody1
https://www.lakemedelsverket.se/sv/behandling-och-forskrivning/behandlingsrekommendationer/sok-behandlingsrekommendationer/behandling-av-somnstorningar-hos-barn-och-ungdomar--kunskapsdokument#hmainbody1
https://www.lakemedelsverket.se/sv/behandling-och-forskrivning/behandlingsrekommendationer/sok-behandlingsrekommendationer/behandling-av-somnstorningar-hos-barn-och-ungdomar--kunskapsdokument#hmainbody1


 

 65 

131. Flanders WD, Klein M. Properties of 2 counterfactual effect definitions of a point 

exposure. Epidemiology. 2007:453-460.  

132. Elston RC, Satagopan J, Sun S. Statistical human genetics. Springer; 2012. 

133. Sjölander A, Frisell T, Kuja-Halkola R, Öberg S, Zetterqvist J. Carryover effects in 

sibling comparison designs. Epidemiology. 2016;27(6):852-858.  

134. Whitaker HJ, Ghebremichael-Weldeselassie Y. Self-controlled case series 

methodology. Annual review of statistics and its application. 2019;6:241-261.  

135. Bishop TM, Walsh PG, Ashrafioun L, Lavigne JE, Pigeon WR. Sleep, suicide 

behaviors, and the protective role of sleep medicine. Sleep Medicine. 2020;66:264-270.  

136. Bostwick JM, Pabbati C, Geske JR, McKean AJ. Suicide attempt as a risk factor for 

completed suicide: even more lethal than we knew. American journal of psychiatry. 

2016;173(11):1094-1100.  

137. Association WM. Declaration of Helsinki, ethical principles for medical research 

involving human subjects. 52 nd WMA General Assembly, Edinburgh, Scotland. 2000; 

 


