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Summary 

Background: The onset of depression and psychological distress (symptoms of anxiety and 

depression) increases dramatically during adolescence. In adults, research has indicated that 

low-grade inflammation and short sleep duration are risk factors for depression. Less research 

has been conducted on these risk factors in healthy adolescents, where the findings have been 

mixed and there has been a lack of adjustment for potential confounders. It is important to 

study these risk factors to increase knowledge relevant for the prevention of psychological 

distress and depression. 

Methods: This thesis explores associations between two respective exposures, 1) five 

inflammatory markers and 2) sleep duration and psychological distress as outcome in upper-

secondary school students from the Fit Futures, a prospective study with data from two time-

points. Cross-sectional and prospective regression analyses were conducted to explore 

associations between the mentioned exposures and psychological distress. Additionally, we 

explored the moderating effects of body-fat percentage, physical activity, and sleep duration 

on the associations between inflammatory markers and psychological distress. We used 

change scores to explore whether changes in sleep duration were associated with changes in 

psychological distress. 

Results: The overall results showed no cross-sectional associations between inflammatory 

markers and psychological distress in girls or boys. In prospective analyses, increased levels 

of CRP and TGF-α at baseline were associated with increased levels of psychological distress 

at follow-up two years later in boys. Further in boys, there was found interaction effects 

indicating that body fat percentage and physical activity moderated the effects of CRP on 

psychological distress, and that sleep duration moderated the effect of TWEAK on 

psychological distress. Regarding sleep duration as exposure, we found that changes in sleep 

duration predicted changes in psychological distress in both girls and boys. Increases in sleep 

duration predicted decreases in psychological distress in both genders. 

Conclusion: This thesis explored two risk factors in healthy adolescents and included 

important potential confounders. In boys, CRP and TGF-α at baseline were significantly 

associated with psychological distress at follow-up. We found significant effect-modifications 

in boys indicating that interventions to promote mental health during adolescence should 

focus on decreasing body fat percentage and increasing physical activity. Further, our results 



 

 

suggest that decreased sleep duration is a risk factor for increased psychological distress, thus 

interventions to promote mental health during adolescence should consider aiming to increase 

sleep duration. The results indicate that low-grade inflammation and short sleep duration are 

risk factors for psychological distress in adolescence, in a similar way as previous studies 

have shown in adults. Future studies should examine causality between the risk factors and 

psychological distress. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Sammendrag 

Bakgrunn: Depresjon og psykiske plager (symptomer på angst og depresjon) øker drastisk i 

ungdomsalderen. Blant voksne er kronisk inflammasjon og kort søvnvarighet risikofaktorer 

for depresjon. Mindre forskning har blitt gjort på disse risikofaktorene blant frisk ungdom, 

hvor funnene har variert og det i liten grad vært justert for konfundering. Det er viktig å 

studere disse risikofaktorene for å få kunnskap relevant for forebygging av psykiske plager og 

depresjon. 

Metoder: Denne doktorgraden utforsker sammenhenger mellom to eksponeringer 1) fem 

inflammasjonsmarkører og 2) søvnvarighet og utfallet psykiske plager hos elever på 

videregående skole fra Fit Futures studien, en prospektiv studie med data fra to 

måletidspunkter. Regresjonsanalyser gjort på tverrsnittsdata og prospektive data ble gjort for 

å utforske sammenhengene mellom eksponeringene og psykiske plager. I tillegg undersøkte 

vi om sammenhengen mellom inflammasjonsmarkører og psykiske plager ble moderert av 

fettprosent, fysisk aktivitet og søvnvarighet. Vi brukte endringsskårer for å utforske om 

endringer i søvnvarighet hang sammen med endringer i psykiske plager. 

Resultater: Resultatene viste ingen tverrsnitt-sammenhenger mellom inflammasjonsmarkører 

og psykiske plager hos verken jenter eller gutter. I de prospektive analysene fant vi at CRP og 

TGF-α predikerte psykiske plager hos gutter. Vi fant også interaksjonseffekter som tyder på at 

fettprosent og fysisk aktivitet modererte effektene fra CRP på psykiske plager, og at søvn 

modererte effekten fra TWEAK på psykiske plager. Når det gjelder søvnvarighet, så fant vi at 

endringer i søvnvarighet predikerte endringer i psykiske plager hos både gutter og jenter. 

Økning i søvnvarighet predikerte reduksjon i psykiske plager for både jenter og gutter. 

Konklusjon: Denne doktorgraden utforsket to risikofaktorer hos frisk ungdom, og inkluderte 

viktige konfundere. CRP og TGF-α predikerte psykiske plager to år senere hos gutter. Vi fant 

signifikante moderasjonseffekter hos gutter, som tyder på at intervensjoner for å promotere 

psykisk helse blant ungdom bør ta sikte på å redusere fettprosent og øke fysisk aktivitet. 

Videre tyder resultatene på at redusert søvnvarighet er en risikofaktor for psykiske plager. 

Derfor bør intervensjoner for å promotere psykisk helse blant ungdom vurdere å sette søkelys 

på økt søvnvarighet. Resultatene kan indikere at kronisk inflammasjon og kort søvnvarighet 

er risikofaktorer for psykiske plager hos ungdom, på samme måte som tidligere studier har 



 

 

vist blant voksne. Fremtidige studier bør utforske kausaliteten mellom risikofaktorene og 

psykiske plager. 
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1 Introduction  

Psychological distress can be defined as an emotional state characterised by symptoms of 

anxiety and depression [1]. Psychological distress is not a clinical diagnosis, yet it is viewed 

as an emotional disturbance with the potential to influence social functions and day-to-day 

living [2]. Psychological distress increase rapidly during adolescence [3] and has the potential 

to develop into mental disorders [3]. To prevent onset of psychological distress in 

adolescence, it is imperative to explore potential risk factors. I have chosen to explore two 

biological risk factors, namely inflammation and sleep. Historically, it has been debated 

whether bodily functions have the capacity to influence the mind. 

Mind and body dualism is a metaphysical viewpoint that regards mind and body as two 

separate substances, with different natures. Dating back to ancient times, the most known 

version of dualism is attributed to Rene Descartes in the 17th century. He claimed that human-

beings consist of mind and body, and that these two substances do not exist in unity. 

According to Descartes, the mind is immaterial, and the body is material [4]. Today, our 

understanding has changed, and we view the mind and body as interacting with each other [5]. 

In mind-body medicine, mind and body are seen as a functioning unit, where mind and body 

affect each other mutually [6]. In my thesis, I have explored whether two bodily mechanisms, 

inflammation and sleep, influence the mind in the form of psychological distress.  

Inflammation comes from Latin “inflammare” (to set on fire). The Roman Celsus is 

acknowledged for describing the following cardinal signs of inflammation in the year 100 

AD: “calor” (warmth), “dolor” (pain), “tumor” (swelling), and “rubor” (redness). In 1871, a 

fifth cardinal sign, “function laesa” (reduced function), was added by Virchow [7]. This 

definition of inflammation identifies what we today term “acute inflammation”, which is a 

response from the immune system to protect the body against threats, such as pathogens, 

infection, and injuries [8]. This intermittent acute increase in inflammation is critical for 

survival. Contrastingly, a systemic chronic low-grade inflammation caused by social, 

environmental and lifestyle factors can lead to several diseases, including cancer, diabetes 

mellitus, chronic kidney disease, non-alcohol fatty liver disease, neurogenerative disorders, 

hearth diseases, auto-immune diseases, and diseases of the mind, such as depression [9, 10]. 

Further, chronic low-grade inflammation has also been found to be associated with 

psychological distress [11-13].  
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The other bodily function I have focused on is sleep. Hippocrates (460 to 375 BC) was the 

first to systematise information about sleep from a medical perspective [14]. Greek physicians 

viewed sleep as a biological phenomenon, regarding it as essential for the maintenance of 

human health and considering it in medical prognosis and diagnosis [14]. Today, researchers 

agree that the human body requires a certain amount of sleep to be healthy [15, 16]. 

Regarding mental health, short sleep duration has been associated with depression and 

psychological distress [17-20].  

Inflammation and sleep are intertwined, and the literature indicates that they act together as 

risk factors for mental disorders and psychological distress. It is not a new realisation that 

inflammation and sleep disturbance are associated. Empirical findings showing associations 

between sleep and inflammation date to the works of Aristotle (384-322 BC), who recorded 

that lethargy and fatigue often appear in the course of fever [21]. 

The theoretical and empirical background that follows starts by giving an overview of mental 

disorders and mental health, with a focus on the adolescent period. Subsequently, the two 

respective risk factors, low-grade inflammation and sleep, are presented alongside their 

associations with psychological distress. Finally, I present the “two-hit” model that explains 

how sleep disturbance and inflammation intertwines and jointly may result in depressive 

symptoms and depression. 

1.1 Mental disorders and psychological distress 

A mental disorder is a behavioural or mental pattern that results in considerable distress or 

impairment of personal functioning [22]. Mental disorders are highly prevalent, with a 

lifetime risk of approximately 50%  worldwide [23]. Globally, it has been reported that one in 

three adults experience a common mental disorder (mood disorder, anxiety disorder or 

substance use disorder) during the course of a lifetime, and that one in five adults has 

experienced a common mental disorder in the past 12 months [24]. There are numerous 

mental disorders, with unique symptomology. In general, symptoms include abnormal 

thoughts, feelings, perceptions, behaviour and difficulties in relations with other people [25]. 

Mental disorders are diagnosed by a medical practitioner based on patterns of symptoms, and 

whether daily function is affected [26]. Two international systems are used for classification 

and diagnoses of mental disorders, namely the World Health Organization (WHO)’s 

International Classification of Diseases [27] and the Diagnostic and Statistical Manual of 

Mental Disorder, the latter developed by the American Psychiatric Association [28]. This 
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thesis focuses on the two most common mental disorders, namely depression and anxiety 

[29], and subclinical versions of these two disorders, in form of symptoms of depression and 

anxiety, known as psychological distress.  

1.1.1 Depressive disorder 

Depressive disorder is a common but serious mood disorder. As opposed to having normal 

feelings of sadness occasionally, depressive disorder may be present when individuals are sad 

most of the time, and daily functioning is affected. There are different subtypes of depressive 

disorders, such as major depressive disorder, dysthymia, bipolar disorder, psychotic 

depression, postpartum depression, and seasonal affective disorder [28]. 

Symptoms of depressive disorder include persistent feelings of sadness, hopelessness, fatigue, 

appetite changes, and irritability [28]. Major depression is a common disorder that WHO 

projects will be the primary cause of disease worldwide by 2030 [30]. Almost one in five will 

experience an episode of major depression during the course of a lifetime [31]. Depression is 

almost twice as common in women compared to men [32], and has an onset early in life, with 

40% having their first episode before the age of 20 [32]. Depressive episodes are highly 

recurrent; 50% of people who have experienced an episode will suffer from one or several 

episodes later in life. Among those who have experienced two episodes, the risk of having a 

third episode is 80% [33]. People with depressive disorder have an elevated risk of suffering 

from anxiety disorder [34]. The correlation between general anxiety disorder and major 

depression has been reported to be as high as 0.62 [35]. 

1.1.2 Anxiety disorder 

Anxiety disorder is another common mental disorder. Some anxiety, in the form of feeling 

anxious or nervous in relation to, for example, work problems, a job-interview or taking a test 

is considered normal. Normal levels of anxiety can help us notice dangers and focus our 

attention on our own safety. An anxiety disorder, however, entails anxiety beyond regular 

nervousness and occasionally feeling fear [28]. Anxiety disorders are characterised by 

excessive worry and/or fears that affect daily functioning. There are several subtypes of 

anxiety disorders, such as general anxiety disorder, panic disorder, social anxiety, and phobia 

disorders [36]. Combined, anxiety disorders are reported to be the most common class of 

mental disorders [36], affecting up to 33.7% of the population during their lifetime [35]. In 

general, anxiety disorders have an early onset, ranging from childhood to adolescence to early 
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adulthood depending on the type [37]. Like depression, the prevalence of anxiety disorders is 

twice as high in women compared to men [35]. 

1.1.3 Psychological distress 

Psychological distress is not a mental disorder but rather a continuous measure of emotional 

suffering. Psychological distress is commonly used to measure mental health in the general 

population. As mentioned, psychological distress can be defined as an emotional state 

characterised by symptoms of anxiety and depression [1]. This is the most widely accepted 

definition of psychological distress [38]. However, symptoms of anxiety and depression may 

also be accompanied by somatic symptoms (for example headaches, musculoskeletal pain, 

and fatigue) that vary across cultures [39]. Other criteria have been suggested for inclusion in 

the definition of psychological distress, but without consensus [38]. Exposure to stressful 

events (stressors) has been suggested as a particularly salient part of the definition, because 

psychological distress commonly occurs when people are unable to cope with stressors [40]. 

Hence, psychological distress will normally disappear when the stressor disappear or are 

effectively coped with [41]. However, by including stressors in the definition of psychological 

distress, the presence of psychological distress without stressors is not recognised [38]. 

The prevalence of psychological distress ranges between 5% and 27% depending on which 

scale was used to measure it, the use of different time-windows in the documentation of 

symptoms, and different cut-offs applied to indicate psychological distress [38]. Three of the 

most validated and frequently used families of instruments applied to measure psychological 

distress are the General Health Questionnaire, the Kessler scales, and scales derived from the 

Hopkins Symptom Checklist. These three families of scales all differ from each other with 

respect to the time windows used in the documentation of symptoms and cut-offs. Further, 

although the three families of scales have several items in common, there are also different 

items across the three scales [38]. 

It is noteworthy that psychological distress is reported to be more prevalent among women 

than among men, across different instruments [38]. 

1.1.4 Mental disorders and psychological distress during adolescence 

The word adolescence comes from the Latin “adolescere” (to grow up). Adolescence is the 

life phase between childhood and adulthood, yet the definition of adolescence has been 

disputed. Adolescence is characterised by biological changes known as puberty, which in 
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general starts earlier today compared to previous periods [42]. Further, new understanding of 

continued biological changes suggests that the endpoint of adolescence is in the mid-20s, in 

contrast to the past view that the biological changes related to puberty ended before the age of 

20 [42]. Additionally, adolescence is characterised by changes in social roles. Completion of 

education, start of work life, marriage and parenthood all occur later today compared to 

earlier. Thus, social roles related to adulthood begin later in today’s society [42]. Previously, 

the age span of 10-19 was defined as adolescence, but more recently it has been suggested 

that the age span of 10-24 years is a more precise definition of adolescence, given a new 

understanding of the biological development and changes in social roles that occur at a higher 

age today compared to earlier [42]. 

Many mental disorders have an onset during adolescence [43]. In particular, depressive 

disorders and anxiety disorders considerably increase during this age [44], especially among 

girls [45, 46]. For adolescent girls and boys combined, 6.1% meet the criteria for a depressive 

disorder and 10.7% meet the criteria for an anxiety disorder [47]. The prevalence of 

psychological distress in adolescents has been reported to be 25% and 31% on a global basis 

[48]. Among high school students in Norway, self-reported psychological distress has been 

reported to be 31% among girls and 12% among boys [49].  

1.1.5 Preventing psychological distress during adolescence 

Mental health was recognised as a critical component of the global health agenda by the 

Sustainable Development Goals in 2015 [50]. Correspondingly, WHO has called for increased 

attention to adolescent health [51], including the promotion of mental health and prevention 

of mental disorders [52]. Because depression is one of the most important contributors to the 

burden of disease worldwide [53], it is thus important to study how it can be prevented. 

Further, mental disorders disable people’s ability to work and are thus an economic burden for 

both the individual and society. It has been estimated that investment in interventions aiming 

to prevent psychological distress would lead to considerable economic gain [54]. 

Prevention of mental disorders may be done by preventing psychological distress during 

adolescence because psychological distress has the potential to develop into mental disorders 

[3]. By preventing depressive disorder in adolescence, future recurrent episodes will also be 

prevented. Further, by preventing depressive disorder, the associated increased risk for suicide 

will also be reduced [55].  
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Psychological distress is caused by an intricate combination of biological, social and 

psychological vulnerability risk factors, including influences from events during childhood, 

psychosocial factors and genetics [56]. In 1977, Engel proposed the biopsychosocial model to 

explain bodily and mental disorders [57], which explains disorders by biological, 

psychological, and social predictors.  The biopsychosocial model has guided psychiatry and 

health psychology for over 40 years [58, 59]. Of the three predictors of the biopsychosocial 

model, we have explored two biological predictors, namely inflammation and sleep.  

1.2 Inflammation as a risk factor for depression, anxiety, and 
psychological distress 

One way the body and mind are connected is via the immune system and inflammation [60]. 

Acute inflammation is initiated by the immune system when the body becomes injured or is 

exposed to threats such as pathogens, allergens, or toxins [61]. The purpose of the 

inflammatory process is to protect the body from threats and repair from injury [8]. This acute 

elevation of inflammation is critical for survival. In strong contrast, a prolonged low-level 

inflammation, also termed chronic inflammation [10], is the most significant cause of death 

worldwide [10]. Chronic inflammation has been reported to lead to chronic inflammatory 

diseases such as diabetes, cardiovascular diseases, arthritis and joint diseases, allergies and 

chronic obstructive pulmonary disease, cancer, diabetes mellitus and chronic kidney disease 

[9, 10].  

Inflammation’s role in depression was first proposed by Smith in 1991 [62]. Alongside acute 

inflammation comes what has been called sickness behaviour, including fever, nausea, loss of 

appetite, and loss of interest in the environment. Additionally, sickness behaviour includes 

feelings of fatigue, changes in sleep, depressed feelings, irritability, and changes in attention 

[63]. It has been suggested that sickness behaviour associated with acute inflammation has 

been beneficial through evolution for coping with the healing of wounds, and fighting 

pathogens and infections [63]. This hypothesis is called the “pathogen host defense” 

hypothesis of depression [60].  

1.2.1 Inflammatory markers, depression, and anxiety 

Of those adults with depressive disorder, one in three show elevated levels of inflammatory 

markers [64]. Further, people with depressive disorder have on average higher levels of 

inflammatory markers than controls [65-68], and patients with inflammatory diseases have an 

elevated risk for depressive disorders compared to controls [64]. Additionally, as much as 
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50% of patients treated with the therapeutic administration of the cytokine interferon-α 

develop a depressive disorder [69]. Further evidence comes from animal studies indicating 

that inflammation leads to sickness behaviour. When proinflammatory cytokines is 

administered to rodents, it results in sickness behaviour, including less exploration, depressed 

motor activity, less social activity, anorexia and increased sleep [70]. Mechanistically, 

inflammatory cytokines enter the brain via various paths, and influence domains related to 

depressive disorder, such as changes in the metabolism of dopamine, serotonin and 

norepinephrine leading to changes in emotions, psychomotor function, and reward systems 

[64].  

Figure 1. Inflammatory proteins influence domains in the brain related to depressive disorder 

Evgeny Atamanenko / mostphotos.com 

Additional evidence of inflammation’s relation to depression and anxiety comes from meta-

analyses on clinical trials indicating that anti-inflammatory medicine has antidepressant 

effects [71, 72]. In adults, meta-analyses have concluded that there is evidence for 

associations between inflammatory markers and depressive disorder [73] and preliminary 
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evidence for associations between inflammatory markers and anxiety disorder [74]. In 

adolescents, however, meta-analyses show mixed findings on associations between 

inflammatory markers and depressive disorder and anxiety disorder, respectively [75-77]. 

Furthermore, the meta-analyses on adolescents have contained few studies. 

In line with previous research, we have explored associations between the following 

inflammatory markers and psychological distress: C-reactive protein (CRP), Interleukin 6 (IL-

6), Transforming growth factor-alpha (TGF-α), Tumour necrosis factor alpha variant 1 

(TRANCE) and Tumour necrosis factor alpha variant 2 (TWEAK) [73, 78, 79]. CRP is an 

acute phase reactant synthesised in the liver in reaction to pro-inflammatory cytokines [80]. 

The circulating concentration of CRP increases quickly and extensively in response to injury, 

infection and inflammation [81]. IL-6 is a pro-inflammatory cytokine secreted by the 

activated macrophages response to infection and tissue damage [80], and this leads to 

increases in acute-phase proteins such as CRP [82]. TGF-α is a member of the epidermal 

growth factor family and is thus a mitogenic polypeptide [83]. Monocytes and neutrophils, 

which are important effector cells in inflammatory reactions, store TGF-α in cytoplasmic 

granules [84], while TRANCE and TWEAK are members of the Tumour necrosis factor 

superfamily that are involved in inflammation [85]. 

1.2.2 Inflammatory markers and psychological distress 

In addition to having the potential to induce depressive disorder, inflammation may have the 

potential to influence general well-being. Indeed, inflammation has been associated with poor 

well-being [86]. Further, inflammatory markers have been linked with psychological distress 

in adults, both cross-sectionally and prospectively [11-13]. In adolescents, associations 

between inflammatory markers and symptoms of depression and anxiety have been 

inconsistent, and the research is limited. [79, 87-92]. Another risk factor of psychological 

distress with inconsistent findings and limited research during adolescence is sleep.  

1.3 Sleep as risk factor for depression, anxiety, and 
psychological distress 

Sleep is a biologically recurring state of mind and body, marked by altered consciousness 

[93]. Sleep is differentiated from wakefulness by a reduced reactions to external stimuli [93]. 

During a night of sleep, the human body cycles through four sleep stages that are together 

called a sleep cycle. A sleep cycle lasts on average 90 minutes [94]. The three first stages are 

known as non-rapid eye movement (NREM), where sleep becomes progressively deeper with 
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each stage. Deeper sleep is characterised by decreased muscle tone, pulse and breathing rate, 

respectively. The fourth stage, where dreams occur, is characterised by and termed rapid-eye-

movement (REM) [94]. Later in the night, fewer NREM stages occur, and the duration of the 

REM sleep increases [95]. Sleep is necessary for numerous reasons, and the mechanisms 

involved are very complicated [96]. Sleep has recuperative and regulative functions and is 

important for many aspects of health [97, 98], including mental health [99]. Sleep needs vary 

with age, and the National Sleep Foundation in the US recommends sleep durations of 14-17 

hours for new-borns, 12-15 hours for infants, 11-14 hours for toddlers, 10-13 hours for pre-

schoolers, 8-10 hours for teenagers, 7-9 hours for young adults and 7-8 hours for older adults 

[100]. Regarding adolescents, the National Sleep Foundation specifies that 7-11 hours may be 

appropriate for some individuals, because there are individual differences in sleep need [100].  

Figure 2. Adolescent sleeping  

                                                                                                 Topntp / mostphotos.com 

1.3.1 Sleep-disorders 

The International Classification of Sleep Disorders (ICSD) is the most widely used 

classification system for sleep disorders. The third edition of the ICSD (ICSD-3) includes 60 

specific diagnoses, organised in seven major categories of sleep disorders [101].  

Insomnia disorder is defined as problems with sleep, including nocturnal symptoms and 

diurnal symptoms. Nocturnal symptoms are symptoms experienced during the night such as 
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prolonged sleep onset, difficulties maintaining sleep and early morning awakening. Diurnal 

symptoms are symptoms experienced during the day such as sleepiness/tiredness (affecting 

school/work or private life) and dissatisfaction with sleep. To be diagnosed with insomnia, 

both nocturnal and diurnal symptoms must be present. Further, these symptoms need to be 

present at least three days a week, and for a duration greater than 3 months [28]. In adults, it 

has been estimated that between 10% and 30% suffer from chronic insomnia [102], and 

women have a lifetime risk of insomnia that is 40% higher than men [103]. 

Sleep apnoea is a sleep disorder where breathing stops and starts several times during the 

night. More specifically, sleep apnoea has been defined as repeated episodes of obstructive 

apnoea (cessation of breathing) and hypopnea (shallow breath for 10 seconds or longer), 

combined with daytime sleepiness or altered functions in the heart and lungs [104]. When 

using a broad definition of obstructive sleep apnoea, 15-30% of males [105] and 10-30% of 

women [106] meet the definition. 

Restless leg syndrome is characterised by an uncontrollable urge to move the legs, because of 

an uncomfortable sensation that is alleviated temporarily when moving. Restless leg 

syndrome typically occurs during evening and night-time when sitting or lying down and 

disturbs sleep [107]. In adults, the prevalence has been reported to be 10-12% [107]. The 

prevalence is higher in females than in males [108]. 

1.3.2 Short sleep duration  

Studies on adults vary in their cut-offs for short sleep duration, indicating a lack of consensus 

concerning the definition of short sleep duration. Common cut-offs in studies on short sleep 

duration in adults are <6 hours, ≤6 hours or <7 hours per night/ per 24-hour period [109]. The 

National Sleep Foundation in the US recommends that adolescents sleep 8-10 hours per night 

and specify that 7 hours may be appropriate for some individuals. With these individual 

differences in sleep need, it is difficult to define short sleep duration in adolescence. 

Nonetheless, sleep duration below 7 hours during adolescence is below all recommendations 

from the National Sleep Foundation. Hence, sleep duration below 7 hours may be defined as 

short sleep duration for adolescents. 

Short sleep duration is prevalent worldwide [110]. For example, approximately 30% of 

Americans slept less than six hours per night in 2012 [111], and in a study from Norway, 42% 

of women and 52% of males reported sleeping below 7 hours [112]. Short sleep duration is 
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also highly prevalent among adolescents. Most adolescents do not meet the recommended 8-

10 hour per night [113]. Mean sleep duration in adolescents from Europe, America and Asian 

countries has been reported to be approximately 7 hours in 15-18 year-olds [114]. In 

Norwegian adolescents aged 16-18 years, sleep duration has been reported to be 6 hours and 

25 minutes [115].  

One reason for short sleep duration during adolescence is hormonal shifts during puberty 

resulting in a phase delay in the circadian timing [116]. Adolescents’ body clock is shifted 

forward approximately one to two hours, resulting in sleepiness occurring one to two hours 

later. Thus, adolescents fall asleep as much as two hours later, but still need to get up early 

because of an early school start [113]. Another report on adolescents explains short sleep 

duration by increased screen time, caffeine intake, and stress [117]. 

Long sleep duration has been found to be uncommon during adolescence. For example, a 

study from the US reported that only 2-3% of adolescents aged 15-18 years slept above 10 

hours per night [118]. Additionally, long sleep duration is frequently a result of disease in 

many cases, rather than a risk factor for disease [118].  

1.3.3 Sleep, depression, anxiety, and psychological distress  

Without enough sleep, mood is disturbed [119]. Participants in an experiment slept in a 

laboratory and were allowed only 5 hours of sleep per night for a week. The participants 

showed an increase in emotional disturbance [120]. Further, it has been shown that sleep loss 

over time leads to stronger negative emotions and unsettling experiences [121]. 

Correspondingly, an experiment on the effects of sleep loss for one night reported increased 

levels of stress, anxiety and anger when encountering low-stress situations [122]. 

Short sleep duration alters activity in the regions of the brain related to emotion-regulation. In 

humans that are sleep deprived, increased activity in the amygdala, a region in the brain 

responsible for emotional activity, has been reported [119]. Additionally, sleep deprivation 

has been found to decrease the connection between the prefrontal cortex and amygdala, 

thereby impeding the ability of the prefrontal cortex’s ability to regulate emotions [119]. 

Further, sleep loss reduces the restoration of central noradrenergic signalling that occurs 

during a full night of sleep [119]. In addition, not getting enough REM sleep has been related 

to increased activity in the areas of the limbic brain that regulate negative mood [123]. Lastly, 
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sleep deprivation has been linked with a negative emotional memory dominance [99], which 

may contribute to depressive disorder [99].  

The mentioned findings from experimental studies regarding changes in the brain from sleep 

loss indicate that short sleep duration has the potential to influence mental health. Findings 

from observational studies suggest that such effects occur in real life outside the laboratory as 

well. Sleep duration has been found to be associated with depression, anxiety, and 

psychological distress in adults [17, 19, 20, 124]. In adolescents, sleep disturbance has been 

reported to be more prevalent in those with depressive disorders compared to controls, and 

findings show that sleep disturbance predicts depression more than depression predicts sleep 

disturbance [125]. Further, prospective associations between short sleep duration and anxiety 

disorders have been reported in adolescents [126]. In healthy adolescents, a recent systematic 

review and meta-analysis reported cross-sectional and prospective associations between sleep 

duration and various mood measurements, including depressed mood, anxiety, and anger 

[127]. Few studies have examined associations between sleep duration and specifically 

psychological distress as outcome during adolescence. Some studies have reported significant 

associations [128-130], while others have not [131]. A call has been made for prospective 

studies examining associations between sleep duration and psychological distress in this age-

group [131]. 

1.4 A “two-hit” model of depression 

1.4.1 Inflammatory markers and sleep are associated 

Findings indicate that inflammation and sleep are intertwined. In adults, sleep disturbance has 

been shown to be associated with inflammatory markers (C-reactive protein (CRP) and 

Interleukin 6 (IL-6)), both cross-sectionally and prospectively [132, 133]. In adolescents, CRP 

has been found to be elevated in adolescents with variability in sleep duration from night to 

night [134]. There are mechanisms that can explain how sleep disturbance and inflammation 

influence each other bidirectionally.  

1.4.2 How inflammation and sleep act together in the development of 
depression 

Sleep disturbances, such as short sleep duration, may lead to the dysregulation of 

inflammatory responses [21]. More specifically, sleep is a psychophysiological process 

mediated by the central nervous system, which has a role in the regulation of the immune 

system by changing physiological systems that influence the production of inflammatory 
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cytokines and immune cell distribution [21]. Thus, when sleep is disturbed, changes in the 

immune system will follow, including an increase in inflammatory responses. In support, 

there is evidence showing that when insomnia is treated, there are decreases in inflammatory 

markers, including CRP, IL-6 and Tumour necrosis factor alpha (TNF-α) [21]. Indeed, 

insomnia treatment has been shown to reduce CRP levels as much as changing to a healthier 

diet and exercise [135, 136]. The effect from sleep disturbance on inflammation is comparable 

or even greater than those of age, race, body mass index and physical activity [21]. The 

direction may also be in the opposite direction, where inflammation induces sickness 

behaviour, including impaired sleep [69]. Thus, inflammation and sleep influence each other 

mutually.  

Cho et al. [137] have proposed a “two-hit” model of depression that suggests that 

inflammation and sleep are two hits that together may result in depression. Sleep disturbance 

may be the vulnerability factor, and subsequent increased levels of inflammation trigger 

depressive symptoms [137]. Cho et al. [137] also proposed the reversed order, where 

inflammation is the vulnerability factor, and subsequent sleep disturbance is the trigger of 

depressive symptoms. Both alternatives have been supported by clinical and experimental 

evidence [137, 138]. In females with pre-existing sleep disturbance, an inflammatory 

challenge (low dose of endotoxin) resulted in higher increase in depressed mood compared to 

females without pre-existing sleep disturbance [137]. This indicates that sleep disturbance 

was the vulnerability factor, and that inflammation was the triggering factor that led to 

increases in depressed mood. There is also experimental evidence showing that inducing sleep 

disturbance in persons with an inflammatory disorder results in greater increases in depressive 

symptoms compared to healthy controls [139]. This indicates that inflammation is the 

vulnerability factor and that sleep disturbance is the triggering factor of increases in 

depressive symptoms.  

Furthermore, evidence has shown that inflammation and sleep disturbance may occur 

simultaneously, without any of them preceding the other. Experiments indicate that insomnia 

and inflammation act together to increase depressive symptoms after an inflammatory 

challenge with endotoxin, which corresponds with clinical observations showing that the 

possibility of depressive disorder increases when sleep disturbance and inflammation occurs 

simultaneously during infections and psychological stress [21]. Treatments that intervene in 

both the body and mind, such as meditation, have been shown to reduce both insomnia and 
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inflammation, with effects on depression [21]. It is possible that inflammation and sleep 

increase together and decrease together without any of them preceding the other.  

1.5 Summary of knowledge gaps 

There is limited research and inconsistent findings on associations between inflammatory 

markers and psychological distress in healthy adolescents. Likewise, there is a scarcity of 

research on associations between sleep duration and psychological distress in this age-group. 

Therefore, there is a need for more research on associations between 1) inflammatory markers 

and 2) sleep duration and psychological distress in healthy adolescents.  

It is important to explore risk factors for psychological distress during adolescence because 

psychological distress and mental disorders are increasing problems worldwide, and the onset 

is typically during adolescence. By exploring inflammation and sleep duration as risk factors 

for psychological distress during adolescence, knowledge relevant for the prevention of 

psychological distress and mental disorders is extended.  

1.6 Aims 

The aims of this thesis are to explore whether inflammation and short sleep duration are risk 

factors for psychological distress during adolescence, with data from the Fit Futures study. 

The main study aims are as follows: 

1) Examine cross-sectional associations between inflammatory markers and psychological 

distress in adolescent girls and boys. 

2) Examine whether five inflammatory markers at baseline are associated with psychological 

distress at follow-up two years later, separately for girls and boys. 

3) Explore associations between changes in sleep duration and changes in psychological 

distress in adolescent girls and boys. 
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2 Materials and methods 

2.1 The Fit Futures study 

This thesis and the included papers are based on the Fit Futures study, which is an extensive 

study on adolescent health. The participants were from Tromsø and Balsfjord, two 

municipalities in Northern Norway. Data were collected at two time points (2010-2011 and 

2012-2013). The study was conducted in collaboration between UiT – The Arctic University 

of Norway, Norwegian Institute of Public Health, and the University Hospital of Northern 

Norway (UNN) [140].  

In Norway, all adolescents who finished primary and lower secondary school have the right to 

three years of upper secondary education. At baseline (2010-2011) all first level upper 

secondary school students in the two neighbouring municipalities, Tromsø and Balsfjord, 

were invited to participate in the study. Data was collected from seven schools in Tromsø, 

which can be considered an urban area, and one school in Balsfjord, which can be considered 

a rural area. A total of 1,117 students were invited, of which 1,038 participated. Follow-up 

was conducted two years later (2012-2013), where every attendant from baseline and all 

students in the third level of the same upper secondary schools were invited to participate. A 

total of 1,129 were invited, and 870 participated, of which 694 (67%) had participated at 

baseline. Most of the participants were 15-17 years at baseline, and 17-19 years at follow-up. 

Figure 3. Inflammatory markers were measured by blood tests 

                                                                                                      Praisaeng / mostphotos.com 
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The participants were driven to the research site at UNN during school hours, and the data 

collection took approximately 3 hours. Data about lifestyle, health and disease were collected 

by web-based questionnaires. Qualified research nurses conducted clinical examinations, 

collected blood samples and did interviews on the use of contraceptives and presence of acute 

and/or chronic diseases [140]. We applied for and were approved access to data on 

psychological distress, inflammatory markers, and sleep duration. Additionally, we were 

given access to data about lifestyle variables, health, disease, contraceptives, medication 

intake, and serum vitamin D levels.  

2.1.1 Compliance with ethical guidelines  

All participants provided informed consent. Participants aged 16 years or older gave a written 

informed consent to participate, and for participants under 16 years a consent from a 

parent/guardian was given. The Fit Futures study was conducted in accordance with the 

Declaration of Helsinki and was approved by the Norwegian Data Protection Authority 

(reference number 2009/1282). The Regional Committee of Medical and Health Research 

Ethics approved the Fit Futures study (reference number 2011/1702/REK Nord) and the 

present project (reference number: 2019/60811/REK Nord). Further, the present project was 

evaluated by the Norwegian Centre for Research Data (reference number 2021/934242). 

2.2 Measurements 

2.2.1 Hopkins symptoms checklist – 10 (HSCL-10)  

Psychological distress was self-reported in the web-based questionnaires at both time-points 

by HSCL-10. HSCL-10 is not a measure of a clinical diagnosis but rather psychological 

distress (emotional suffering characterised by symptoms of depression and anxiety). The scale 

measures symptoms of anxiety and depression over the past week [141]. HSCL-10 has been 

found to correlate as high as 0.97 with a longer version of Hopkins Symptom Checklist 

(HSCL-25). HSCL-25 consists of 25 items measuring psychological distress (10 items 

measure anxiety symptoms, 15 items measure depressive symptoms) and has been shown to 

be a valid and reliable measure of psychological distress [141-143]. The high correlation 

between HSCL-10 and HSCL-25 indicates that HSCL-10 is a valid measure of psychological 

distress. The reliability of HSCL-10 has been shown to be high, with a Cronbach’s alpha of 

0.88 [141]. HSCL-10 is an economical measure of psychological distress in extensive studies 
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that includes several other questionnaires [143]. The ten items from HSCL-10 are shown in 

Table 1. 

Table 1. The ten items from HSCL-10 

Item Answer options 

Have you experienced sudden fear without 

apparent reason during the last week? 

□ None  

□ Slightly 

□ Much 

□ Very much 

Have you felt afraid or worried during the 

last week? 

□ None  

□ Slightly 

□ Much 

□ Very much 

Have you experienced faintness or dizziness 

during the last week? 

□ None  

□ Slightly 

□ Much 

□ Very much 

Have you been tense or upset during the last 

week? 

□ None  

□ Slightly 

□ Much 

□ Very much 

Have you easily blamed yourself during the 

last week? 

□ None  

□ Slightly 

□ Much 

□ Very much 

Have you experienced sleeplessness during 

the last week? 

□ None  

□ Slightly 

□ Much 

□ Very much 

Have you felt depressed or sad during the 

last week? 

□ None  

□ Slightly 

□ Much 

□ Very much 

Have you felt useless, worthless during the 

last week? 

□ None  

□ Slightly 

□ Much 

□ Very much 
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Have you felt that life is a struggle during 

the last week? 

□ None  

□ Slightly 

□ Much 

□ Very much 

Have you felt hopelessness with regard to 

the future during the last week? 

□ None  

□ Slightly 

□ Much 

□ Very much 

 

The first four items of HSCL-10 measure anxiety symptoms, and the last six items measure 

depressive symptoms. The items are answered on a four-point Likert Scale, where response 

categories are scored from 1 to 4 where the lowest, “none”, is scored as 1 and the highest 

“very much” is scored as 4. The scores of the 10 items are averaged to get a HSCL-10 score 

ranging from 1 to 4. In adolescents, an average score of 1.85 on HSCL-10 is used as a cut-off, 

with the interpretation that a score of 1.85 or higher indicates psychological distress [141]. 

The 1.85 cut-off has shown a sensitivity of 0.89 and a specificity of 0.98 when using HSCL-

25 with a 1.75 cut-off as criterion [141]. 

All papers included in this thesis have HSCL-10 as outcome, however with different coding. 

In paper 1, a dichotomised version was used with a cut-off of 1.85. In paper 2, a continuous 

HSCL-10 score from follow-up was used, while in paper 3, a change score of HSCL-10 

(follow-up – baseline) was used. 

2.2.2 Inflammatory markers 

At baseline, our participants provided non-fasting blood samples, obtained from the 

antecubital vein in the University Hospital of Northern Norway. Serum was transported to 

Supelco glass vials (Sigma-Aldrich Norway AS, Oslo, Norway) by Pasteur glass 

pipettes. Sera was separated and stored at -70°C and thawed one time for biomarker analyses. 

High-sensitive C-reactive protein (CRP) was analysed at UNN, Norway and assessed by a 

particle-enhanced immunoturbidimetric assay on a Modular P autoanalyser (Roche 

Diagnostics, Mannheim, Germany) with a detection limit of 0.12 mg/L (high-sensitive). 

Proximity extension assay (PEA) technology (Olink® Target 96 Inflammation panel; Olink 

Proteomics, Uppsala, Sweden) was applied for the relative quantification of proteins related to 

inflammation in serum samples from baseline. Further details concerning the analysis are 
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presented elsewhere [96]. CRP, IL-6, TGF-α, TRANCE, and TWEAK served as exposures in 

paper 1 and 2, and as potential confounders in paper 3.  

2.2.3 Sleep duration 

Sleep duration was measured at both time points by one question: “How many hours sleep do 

you normally get per night?” The response categories started with “4 hours or less” and 

increased by 30 minutes per category (“4.5 hours”, “5 hours”, “5.5 hours”, etc.), and ended 

with “12 hours or more”. We coded the lowest category as 4 hours, and the highest as 12 

hours. Sleep duration from baseline served as a potential confounder and was examined as a 

moderator in paper 1 and 2. In paper 3, the change score of sleep duration (follow-up – 

baseline) served as exposure. Further in paper 3, we created categorical variables at baseline 

and follow-up to describe short and long sleep duration with the following three categories 

“≤6 hours”, “>6 to 9 hours” and “>9 hours”.  

2.2.4 Covariates 

The web-based questionnaire incorporated data about lifestyle, health, and disease, that were 

considered as potential confounders. Further, the participants were interviewed by qualified 

research nurses regarding use of contraceptives and presence of acute and chronic diseases. 

Data from these interviews were also considered as potential confounders. More details about 

assessment and adjustment for potential confounders are described in the papers. 

2.3 Statistical analyses  

Statistical Package of Social Science (SPSS) versions 26 and 28 were used for all analyses, 

and two-sided p-values <0.05 were chosen as an indication of statistical significance. All 

analyses were gender stratified. Descriptive statistics of the cohort were presented as mean 

(SD) or frequency (n and %) for most variables, and median (IQR) for variables with 

skewness. Group differences were examined using independent samples t-test, Paired samples 

t-test, Fisher’s exact test, Pearson’s Chi-squared test, ANOVA and Mann Whitney U test. 

Residual analyses were conducted to assess linearity, distribution, variance homogeneity and 

explore outliers. Regression analyses were used in all three papers. In all papers, the 

regression analyses were gender stratified based on previous research [90, 144]. Potential 

confounders were assessed in simple regressions. After testing crude associations, relevant 

and available potential confounders were added in multiple regressions. Testing for 

interactions was limited to physical activity levels, body fat percentage and sleep duration. 
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When participants had missing values in exposure, outcome, or potential confounders, they 

were excluded from the analyses. 

In paper 1, we used binary logistic regression to estimate the odds ratio (OR) and 95% 

confidence intervals (CIs) between quartiles of the five respective inflammatory markers and 

psychological distress. This was a cross-sectional study with data from baseline. The clinical 

cut-off of 1.85 on HSCL-10 was used to indicate psychological distress [141]. To make the 

results more robust, we adjusted for potential confounders by forward stepwise logistic 

regressions. Interaction was tested between quartiles of inflammatory markers and physical 

activity levels, body fat percentage and sleep duration. Significant interactions were found in 

boys but could not be included in the adjusted analysis because there were too few events. In 

supplementary analyses, we conducted forward logistic regressions with a dichotomous 

version of the six items from HSCL-10 that measure depressive symptoms as outcome. This 

was done to examine associations between the respective inflammatory markers and 

psychological distress without confounding from symptoms of anxiety. Further 

supplementary analyses were done by doing logistic regression with continuous inflammatory 

markers as exposure for both the respective outcomes (dichotomous HSCL-10 and a 

dichotomous version of the six items measuring depressive symptoms). As a final 

supplementary analysis, we did linear regressions with mean HSCL-10 as outcome. 

In paper 2, we used linear regressions to estimate the unstandardised beta regression 

coefficients and 95% CI between the five respective inflammatory markers at baseline and 

psychological distress at follow-up (the latter serving as outcome variable). After estimating 

crude associations (Model 1), adjustment for psychological distress at baseline was conducted 

(Model 2). Subsequently, potential confounders were added to the model (Model 3). Lastly, 

interaction terms were tested in simple linear regressions and added to Model 3 when the p-

value < 0.05 and significant interaction-terms were further investigated in stratified analyses. 

In supplementary analyses, linear regressions with the mean score of the six items of 

depressive symptoms from HSCL-10 at follow-up were used as outcome. This was done to 

assess prospective associations between the respective inflammatory markers and depressive 

symptoms without the confounding from the anxiety items.  

In paper 3, we used linear regression to estimate the unstandardised beta regression 

coefficients and 95% CI between sleep duration and HSCL-10 at both time points. Further, 

prospective associations between changes in sleep duration and changes in HSCL-10 were 
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estimated. In the prospective analyses, crude associations between the change score of sleep 

duration and change score of HSCL-10 were first estimated. Secondly, we adjusted for 

potential confounders. When variables were available from both time-points, we used the 

change scores (FF2-FF1), and for variables without data from FF2, we used variables from 

FF1. We chose to adjust for the change scores of the potential confounders because they 

fluctuate over time. Because the item “Have you experienced sleeplessness during the last 

week?” is included in HSCL-10, we did supplementary analyses without the item to avoid our 

findings being confounded by this item. We calculated the mean of the remaining 9 items and 

used this mean as the outcome in cross-sectional analyses at baseline and follow-up, 

respectively. Further, in supplementary analyses, we calculated the change score for HSCL-10 

without the sleep item and used it as outcome to explore associations between changes in 

sleep duration and HSCL-10 without the sleep item. Finally, we did supplementary analyses 

where we adjusted for the baseline values of potential confounders, instead of adjusting for 

change scores of the potential confounders in the prospective analysis of associations between 

change in sleep duration and change in psychological distress.  
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3 Results - summary of papers  

3.1 Paper 1 

Inflammatory markers have been associated with depression and anxiety disorder in both 

adults and adolescents. In adults, there is also evidence for associations between inflammatory 

markers and subclinical symptoms in the form of psychological distress. Less is known about 

the association between inflammation and psychological distress during adolescence. The 

aims of paper 1 were to 1) describe the prevalence of psychological distress in adolescent girls 

and 2) examine the associations between inflammatory markers and psychological distress in 

adolescent girls and boys.  

The mean and median values of HSCL-10 were higher in girls compared to boys. Girls 

reported a mean HSCL-10 (SD) of 1.63 (0.59) and boys 1.35 (0.41). Corresponding median 

(IQR) in girls and boys were 1.40 (0.70), and 1.20 (2.20), respectively.  

Further, a higher percentage of girls scored above the clinical cut-off compared to boys. In 

total, 26.9% of the girls and 10.8% of the boys scored above the 1.85 cut-off of HSCL-10 at 

baseline. The prevalence of psychological distress was significantly higher in girls compared 

to boys, χ² (1, N = 931) = 39.6, p < 0.01. No significant associations were found between 

quartiles of inflammatory markers and HSCL-10 in crude or adjusted analyses.  

We concluded that, according to this study, the prevalence of psychological distress is higher 

in girls than boys during adolescence. The prevalence we found corresponds with previous 

studies in this age-group. We found no support for cross-sectional associations between 

inflammatory markers and psychological distress in healthy adolescents. Our recommendation 

was to conduct studies to examine prospective associations between inflammatory markers 

and psychological distress. 

3.2 Paper 2 

Inflammatory markers have been associated with psychological distress in adults. In 

adolescents, there is a scarcity of research on associations between inflammatory markers and 

psychological distress. The studies conducted have yielded mixed results, and there has been a 

lack on adjustment for potential confounders. The literature has indicated a need for gender-

stratified analyses. Therefore, we aimed to examine whether five respective inflammatory 

markers at baseline were associated with prevalence of psychological distress at follow-up 

two years later, separately for girls and boys.  
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The results showed no significant prospective associations between inflammatory markers 

and HSCL-10 in girls in crude or adjusted analyses. In boys, CRP and TGF-α at baseline 

showed significant associations with HSCL-10 in crude and adjusted analyses. In addition, we 

found moderators in boys. CRP was associated with HSCL-10 in those with high body fat 

percentage and those physically inactive, and the association between TWEAK and HSCL-10 

was dependent upon sleep duration. Surprisingly, the association was stronger in boys 

sleeping ≥ 7 hours compared to boys sleeping < 7 hours. 

In conclusion, our study indicated that increased levels of CRP and TGF-α at baseline were 

associated with increased levels of psychological distress at follow-up two years later in 

adolescent boys. Our results further suggest that boys who were physically inactive and/ or 

had a higher body fat percentage were more vulnerable to higher CRP levels, and 

surprisingly, boys who slept longer were more vulnerable to higher TWEAK levels. Future 

studies examining associations between inflammatory markers and psychological distress in 

adolescents should consider the moderating roles of body fat percentage, physical activity, 

and sleep duration. 

3.3 Paper 3 

Depressive disorders, anxiety disorders and psychological distress increase dramatically 

during adolescence, particularly among girls. Therefore, it is central to explore potential 

predictors of psychological distress during this age. Studies have indicated an association 

between sleep duration and psychological distress. Hence, our aim was to explore associations 

between changes in sleep duration and changes in psychological distress in adolescent girls 

and boys. 

In girls and boys, sleep duration was approximately 7 hours at both time-points. About 25% 

of girls and boys reported a sleep duration ≤ 6 hours. At both time-points, cross-sectional 

associations showed that a 30-minute increase in sleep duration (one unit) was associated with 

a significantly lower level of HSCL-10 in girls and boys. Prospectively, an increase of 30 

minutes in sleep duration was associated with a significant decrease in HSCL-10 score from 

baseline to follow-up in girls and boys. These prospective associations were significant in 

both crude and adjusted analyses.  

We concluded that short sleep duration was highly prevalent in healthy adolescents. Increased 

sleep duration from baseline to follow-up two years later was associated with decreased 
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psychological distress from baseline to follow-up. Due to inconsistent findings in the field, 

more studies examining prospective associations between sleep duration and psychological 

distress during adolescence are warranted. 
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4 Discussion 

4.1 Methodological considerations  

4.1.1 Study design 

Observational studies are those that observe without intervening and utilise the natural 

variation in exposures that occur in populations [145]. The three papers in this thesis are all 

observational studies.  

The design of paper 1 was cross-sectional. A cross-sectional design measures exposure and 

outcome at the same time-point [146]. The cross-sectional design is suitable for hypothesis-

generation, yet it cannot provide evidence on causality because the time order of cause and 

effect cannot be resolved [147]. An additional advantage with the cross-sectional design is 

that it provides the opportunity to measure prevalence, as we did with psychological distress 

in paper 1 [148], and further cross-sectional studies can be done relatively quickly; moreover, 

they have low costs and are relatively simple to administer [149]. The design of paper 2 and 3 

was longitudinal. The longitudinal study design provides the opportunity to examine the 

development of health over time [150]. In paper 2, we examined the time order between 

inflammation at baseline as a potential cause and psychological distress at follow up as an 

effect. In paper 3, we examined whether sleep duration and psychological distress changed 

together from baseline to follow-up.  

Neither longitudinal observational studies can provide evidence on causality [151]. 

Experimental studies, on the other hand, allow for control over the exposure by assigning it to 

a random sample of the participants and are therefore more suited to study causality than 

observational studies [145]. However, experimental studies often take place in an artificial 

setting and/or restrict the participants included and are thus less generalisable than 

observational studies [152].  

4.1.2 Internal validity 

Internal validity is about how certain we can be about the association between the exposure 

and the outcome [153]. Statistically significant associations between exposure and outcome 

may be true, or alternatively be explained by bias (systematic errors), chance or confounders 

[148].  
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4.1.3 Selection bias 

Selection bias is a systematic error related to how the participants were selected, and from 

other factors that may have influenced study participation [154]. The question about potential 

selection bias is whether the participants were systematically different from those who did not 

attend the study, with respect to inflammatory markers, sleep duration, psychological distress, 

and potential confounders. Differences on those characteristics could potentially lead to 

different associations between exposure and outcome between participants and non-

participants [154]. For example, because those with high levels of psychological distress may 

have been more inclined to not participate, non-attendants might have had higher levels of 

psychological distress compared to those who attended. Thus, it may be that the association 

between the exposures and outcome was stronger in non-participants compared to 

participants. This is a potential threat to the internal validity, because our participants would 

not be representative of the population.  

However, in cohort studies, when the participation rate is above 80%, there is a low chance of 

a substantial selection bias [155]. At the baseline of the Fit Futures study, all participants were 

students in first-year upper secondary school. Of the 1,301 individuals registered in school, 70 

were missing. This may be due to drop-out from school before data collection from Fit 

Futures at baseline. Further, 114 students did not attend school because of persistent disease, 

or because they did not respond when contacted. Of the remaining 1,117 students that were 

invited, 1038 participated at baseline in the Fit Futures study (92.9% attendance rate). Those 

70 dropping out of school, and those 114 that did not attend school because of persistent 

disease or did not respond when contacted, may in theory have had higher levels of 

psychological distress, inflammation, and shorter sleep duration compared to the participants. 

Nonetheless, Fit Futures had an attendance rate as high as 92.9%, thus selection bias would 

probably be of minor consequence to our results.  

In paper 1, 30 participants were excluded because of missing values on HSCL-10 at baseline, 

and in paper 2 and 3, respectively, 16 participants were excluded because of missing values 

on HSCL-10 at either baseline or follow-up. Theoretically, those with missing values may 

have had higher levels of psychological distress compared to participants with complete data. 

Thus, the associations between exposures and outcome may be different between participants 

and non-participants. However, only 2-3% of participants were excluded because of missing 

values on HSCL-10 in the respective studies. Thus, exclusion of participants probably had 
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minor effects on selection bias. In sum, there is a low probability that selection bias 

influenced our results.  

4.1.4 Self-reporting of HSCL-10 

Reporting bias can be defined as participants reporting incorrect information, either 

consciously or unconsciously [153]. HSCL-10 was self-reported in the web-based 

questionnaire. Thus, reporting bias may have occurred. It is possible that some participants 

consciously reported incorrect information to give a more favourable impression of 

themselves. This is known as social-desirability bias [156], which can be viewed as a sub-

category of reporting bias. In this way, some participants may have underreported symptoms 

of anxiety and depression. This is a systematic error than may have occurred.  

Additionally, participants may have reported incorrect or imprecise information by having 

difficulties interpreting the response categories and choosing the appropriate one. This kind of 

incorrect information reported is unsystematic (random) and would not matter because we had 

relatively large sample sizes. Following the central limit theorem, large sample-sizes decrease 

the effects of random error [157].  

Overall, even though reporting bias may have occurred to a certain extent, HSCL-10 has been 

shown to have good validity [141]. Thus, substantial reporting bias of psychological distress 

is unlikely.  

4.1.5 Self-reporting of sleep duration 

Like HSCL-10, sleep duration was self-reported in the web-based questionnaire. Sleep 

duration was self-reported by one question: “How many hours sleep do you normally get per 

night?” A similar item from National Health and Nutritional Survey, “How much sleep do 

you usually get at night on weekdays or workdays (hours)?”, was recently validated against a 

wrist worn accelerometer (actigraphy) by Lee [158]. Actigraphy has previously been 

validated by comparing it to polysomnography, the gold standard for sleep assessment [159, 

160]. In the study by Lee, participants over-reported their sleep duration from 0.72 hours to 

1.13 hours depending on sub-group. Further, the correlation between self-reported sleep 

duration from the single-item and the objective measure from the accelerometer was low 

(ranging from 0.02 to 0.19 based on subgroup) [158]. When the self-report of sleep duration 

by a single item like the one we used correlates weakly to actigraphy, the validity of our 

measure of sleep duration should be questioned.  
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When aiming to measure sleep duration by self-report in children and adolescents, it has 

previously been recommended to use more than one item [161]. Better validity for sleep 

duration measured by questionnaires compared to single items has been supported by the 

following validation studies. The correlation between self-reported sleep duration measured 

by a questionnaire and actigraphy has been reported to be moderate in children and 

adolescents [162]. A meta-analysis on children and adolescents reported a strong correlation 

between questionnaires and actigraphy for weeknights and moderate correlation for weekend 

nights [163].  

In contrast to objective measures of sleep duration such as actigraphy and polysomnography, 

self-reported sleep duration is subjective and retrospective and is thus potentially less precise. 

In contrast to the over-reporting found in the mentioned validation study [158], some 

participants in our study may have subjectively felt that their sleep was poor and exaggerated 

how little they sleep. It may also be difficult for participants to quantify exactly when sleep 

onset occurred and the total duration of waking periods during the night. Additionally, there 

may be recall bias, as our participants may not have paid attention to and remembered their 

average sleep duration.  

Another weakness with the item we used is that it does not discriminate between sleep 

duration on weekdays and weekends, respectively. Thus, we do not know whether our 

participants reported average sleep duration for weekdays, weekends, or a weekly average. 

These differences are important because it has been shown that adolescents sleep 1-2 hours 

longer on weekends compared to weekdays [113]. Further, we did not have data on whether 

the participants slept during daytime (napping). Adolescents with short sleep duration during 

the night have been reported to nap during the day [164]. 

Ideally, we should have used objective measures of sleep duration. However, 

polysomnography requires a controlled environment, in a clinical laboratory condition [163]. 

Therefore, wrist actigraphy has been called the gold standard in a free-living context [163]. 

Unfortunately, the logistics for this technology is high, and we did not have data from such 

measurements available in the Fit Futures study. With findings showing moderate correlations 

between wrist actigraphy and self-reported sleep duration in questionnaires, self-reported 

sleep duration by questionnaires seems to be a feasible strategy. As mentioned, the low 

correlation between actigraphy and sleep duration measured with one item warrants 

questioning of the validity of our measure of sleep duration. However, other studies [18, 165] 
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have used the following single item from the Pittsburgh Sleep Quality Index to measure sleep 

duration: “During the past month, on average, how many hours of actual sleep did you get per 

night?” This item is comparable to the item we used: “How many hours sleep do you 

normally get per night?”.  

In further support of the validity of our measurement of sleep duration, our finding that 

participants slept approximately 7 hours per night corresponds to findings in a review and 

meta-analysis on adolescents from Europe, America and Asian countries [114]. In this study, 

sleep duration was measured by actigraphy and questionnaires. Our finding on sleep duration 

also supports a study from Norway, who reported a sleep duration of 6 hours and 43 minutes 

on school nights [166]. In this study, sleep duration was measured by questionnaire. Our 

finding that approximately 25% of the participants slept ≤ 6 hours per night support a study 

from America where 20% of 11–17-year-olds slept ≤ 6 hours per night [167]. In this study, 

sleep duration was measured by interviews. The slightly higher percentage that slept ≤ 6 hours 

in our study may be explained by the fact that our participants were older. Overall, our 

descriptive findings regarding sleep duration corresponds to measures done by questionnaires, 

actigraphy and interviews. This correspondence with other measures may suggest that our 

measure of sleep duration is valid. 

In sum, there are reasons for questioning the validity of self-reported sleep duration. Self-

report of sleep duration is inferior to objective measures of sleep duration, and self-report of 

sleep duration by one item is inferior to self-report by a questionnaire. The validity of sleep 

duration is especially important for paper 3, where sleep duration was the main exposure, 

whereas in paper 1 and 2 sleep duration served as confounder-and effect-modifier. 

Nonetheless, other studies have used a similar item to the one we used as the main exposure. 

Additionally, our descriptive findings regarding sleep duration correspond to similar 

populations of healthy adolescents. Further, our aim in paper 3 was merely to explore (not 

examine) associations between sleep duration and psychological distress. Based on our 

significant findings, future studies should use more valid measures of sleep duration to 

examine the association with psychological distress further. Ideally, sleep actigraphy should 

be used for the best validity. Alternatively, sleep diary should be considered as it has been 

shown to have better validity than sleep questionnaires [158]. 
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4.1.6 Chance 

By setting the p-value < 0.05 and 95% CI in the statistical analyses, there is a low probability 

that the associations occurred by chance. However, this could not be completely ruled out. 

With a p-value of < 0.05, the association between exposure and outcome would occur by 

chance five times out of a hundred. The probability of the associations occurred by chance 

can also be expressed by CI. By setting the CI at 95% it will contain the actual population 

value in 95% of samples. Thus, the 95% CI correspond to p-values of < 0.05. However, CI 

additionally shows the largest and smallest effects that are probable [168]. 

4.1.7 Confounding 

Confounding variables that are measured can be accounted for. Residual confounding is 

confounding from variables that have not been measured and thus cannot be adjusted for 

[169]. Confounders are variables that are associated with both the exposure and outcome, and 

not in the causal pathway between them [149]. In this way, confounders distort the association 

between exposure and outcome [149]. In other words, by adjusting for confounders, the effect 

from exposure on the outcome may be more precise [170].  

There are several strategies to control confounding. For example, in experiments, participants 

are randomly assigned to the research group and control group, thus the confounding factors 

will be equal in both groups. A disadvantage with observational studies is that it is impossible 

to control for all other factors (third variables). Our strategies to control for cofounders were 

stratification and adjustment for potential confounders. Because previous studies have showed 

different associations between our exposures and outcome dependent on gender, we 

performed all regressions stratified by gender. Additional stratification for other confounders 

was not possible because of sample size. Further stratification would have led to small 

subgroups with insufficient statistical power [171]. Potential confounders were selected based 

on literature and assessment by simple regressions. Even though we had access to several 

potential confounders from the Fit Futures study, we cannot rule out residual confounding. 

Nonetheless, we were able to adjust for several confounders in all three papers. In paper 1, we 

found no crude associations. Therefore, we conducted forward stepwise regressions to explore 

whether the associations were suppressed by confounders. After adjustment in this manner, all 

associations remained non-significant, making our results more robust. In paper 2 and paper 

3, all associations that were statistically significant in crude analyses remained significant 

after adjustment of potential confounders.  
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4.1.8 External validity (generalisability) 

External validity relates to the degree to which findings can be generalised from the sample 

(study population) to other populations and measures [172]. The question about external 

validity is about the extent to which the results from a study can be applied in a broader 

context.  

External validity is dependent upon internal validity. In other words, if there is uncertainty 

about the association between the exposure and outcome, this association cannot be 

generalised to other populations [172]. In the discussion of internal validity above, we could 

not exclude the possibility that different biases threatened internal validity. However, my 

interpretation is that there were no major biases that clearly distort the associations.  

Our sample from Northern Norway may be systematically different from adolescents living in 

other places in Norway and other countries. For example, it may be that the sun-conditions in 

Northern Norway (with little sun exposure during autumn and winter, and very much sun 

exposure during spring and summer) affect sleep duration and psychological distress. A study 

on the general population of Tromsø showed increased insomnia problems and fatigue during 

the winter compared to summer [173]. However, the seasonal variation in insomnia was only 

weak to moderate. On the other hand, another large population study in Norway found no 

seasonal variation in either insomnia or time in bed, despite seasonal variations in daylight 

from 4 to 21 hours [174]. Thus, the special daylight conditions in Northern Norway are 

probably not a threat to external validity. 

Our participants were mostly between 15 and 19 years old. Thus, our results may not be 

generalisable to younger adolescents who in general may show lower levels of psychological 

distress, as previous literature has shown that depressive symptoms increase with age during 

adolescence [175, 176].  

The data used in the three papers were collected from 2010 to 2013. Since then, the use of 

smartphones has increased, and this use has been associated with mental health problems and 

sleep deficiencies in adolescents [177, 178]. This development of smartphone-use and its 

associations with mental health and sleep in adolescents is a threat to the external validity of 

our studies. For example, it is possible that adolescents sleep less today compared to in 2010-

2013 because of the increased use of smartphones. However, a study with data collected in 

2019 from Norwegian adolescents found a similar sleep duration as we did in our study [166], 
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indicating that sleep duration has not changed since our data was collected. Thus, it is unlikely 

that the development in smartphone use is a major threat to external validity. 

The external validity of the inflammatory markers in our study is probably decent as 

physiological measures tend to have high external validity [172].  

Overall, there are some minor threats to external validity in the three papers, but these minor 

threats do not make generalisation unreasonable. 

4.1.9 Causality 

David Hume characterised a causal relationship in the 18th century. Hume suggested several 

rules to infer cause and effect. Some of the most important rules were as follows: 1) The 

cause and effect occur close together in time, known as contiguity; 2) the cause has to occur 

before the effect; and 3) the effect should never occur without the presence of the cause [179]. 

Later, several researchers have described other criteria for deciding whether an association is 

causal. John Stuart Mill developed “Mills canons” in the 19th century, which consists of five 

canons [180]. More recently, Bhopal suggested guidelines for epidemiological reasoning on 

cause and effect [148]. According to Bhopal, these guidelines are especially useful for 

revealing a lack of causality. The guidelines from Bhopal are the following: 1) Temporality, 

2) Strength and dose-response, 3) Specificity, 4) Consistency, 5) Experiment, and 6) 

Biological plausibility. The use of criteria and guidelines for establishing causality have, 

however, been criticised as too vague and not suitable to all associations [148, 154, 181]. 

Perhaps such criteria and guidelines are best suited to reveal a lack of causality, as Bhopal 

suggested [148]. As Bhopal asserts, caution is warranted before concluding about causality, 

and conclusions about causality should not be finite [148].  

As mentioned, psychological distress is influenced by many different factors, including 

biological, social and psychological factors [56]. Because factors may individually and/or 

synergistically cause psychological distress, it is difficult to determine individual causal 

factors. We found significant prospective associations between low-grade inflammation and 

sleep duration respectively and psychological distress. The prospective findings are in line 

with the guideline of temporality and biological plausibility. The latter will be discussed 

under main findings. However, we cannot conclude about causality based on these findings 

from our observational studies. According to Bhopal [148], most association observed in 

epidemiological studies are not causal.  
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As discussed under the internal validity section, we cannot rule out that bias, chance, and 

confounding may have affected the significant associations found in the studies. Even though 

it is unlikely, we cannot be sure that our results have been affected by selection bias. There is 

also a risk of reporting bias for HSCL-10; however, the scale has been shown to have good 

validity. The measure of the inflammatory markers is objective and probably also has a decent 

validity. However, sleep duration was only measured with one item, and there is a risk for low 

validity for our measure of sleep duration. Perhaps the most important reason for why we 

cannot infer causality is confounding. Even though we adjusted for potential confounders, we 

cannot rule out third variables (residual confounding) as an explanation for the associations. 

For example, there may be health variables that we did not measure that influenced both 

inflammatory markers and psychological distress, and there may be psychological variables 

that influenced both sleep duration and psychological distress. Neither change-scores can be 

used to conclude about causality [182]. Even though changes in sleep duration were 

associated with changes in psychological distress in paper 3, this does not imply causation 

because it is possible that third variables influenced both changes in sleep duration and 

changes in psychological distress. 

In sum, causality should be interpreted with caution. Based on Bhopal’s guidelines for 

epidemiological reasoning on cause on effect, there do not seem to be any obvious reasons to 

dismiss causality. However, there are uncertainties related to the associations found because 

of potential bias and residual confounding. Associations/correlations may in themselves point 

to causality, but associations are in themselves not enough to conclude about causality. Other 

methods, such as experiments and clinical trials are more suited to examine causality 

compared to the observational methods conducted in the papers included in this thesis. 

4.2 Main findings 

In this section, our main findings, clinical relevance, possible explanations, and consistency 

with other studies will be discussed. Overall, the aims of the thesis are to examine low-grade 

inflammation and sleep duration as risk factors for psychological distress during adolescence. 

Paper 1 and 2 examined cross-sectional and prospective associations between inflammatory 

markers and psychological distress, while paper 3 explored prospective associations between 

changes in sleep duration and changes in psychological distress. 
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4.2.1 Strength of associations and clinical relevance 

Findings within psychological research have traditionally been evaluated by statistical 

significance. More recently, there has been an increased focus on effect size [183]. Effect size 

is a measure of the strength of an association, and even though a finding is highly significant, 

the corresponding effect size may be small [184]. The p-value, which is a measure of 

statistical significance, gives information about the probability that the association occurred 

by chance. The effect-size, however, is a measure of clinical relevance [185]. Thus, the 

clinical relevance of the significant associations in the three papers should be discussed. This 

discussion concerns the practical importance of our significant findings.  

The associations we found in the three papers were not strong, as indicated by low and non-

significant odds ratios in paper 1 and small beta coefficients in paper 2 and 3. This indicates 

small effect-sizes. However, effect-sizes are dependent upon the research field. The three 

papers may be considered as psychological research, a research field where small effect-sizes 

are common and expected [184]. Psychology is inherently complex, and the studied variables 

share their predictive validity with a plethora of non-measured variables [184]. Thus, small 

effect-sizes from exposures predicting psychological distress are expected. Regarding effect 

sizes from inflammatory markers on psychological distress, weak associations/effect sizes 

were additionally expected because inflammatory markers are generally more strongly 

associated with clinical depression and severe depressive symptoms compared to lower levels 

of depressive symptoms [73]. 

In paper 2 and 3, we examined prospective associations between exposures and outcome over 

two years. The weak effects over this time frame may, however, be important in the long run 

[184]. It is possible that low-grade inflammation will have a cumulative effect on 

psychological distress when inflammation is sustained for a time longer than two years. 

Similarly, it is possible that the cumulative effects from short sleep duration could lead to 

further increases in psychological distress in the long run. Even if the effect from the 

exposures themselves does not accumulate over time, it is possible it will affect other factors 

(mediators) that in the next step have an effect on the outcome [184]. For example, 

inflammation may increase fatigue [186], which in the next step will increase psychological 

distress [187]. Similarly, the effect from short sleep duration may, for example, affect self-

control negatively [188], which will further increase psychological distress [189]. In sum, our 

small effect sizes may have potential consequences in the long run and should therefore not be 
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dismissed as irrelevant and without clinical significance. Additionally, small effect sizes are 

expected and common in psychological research.  

4.2.2 Biological plausibility  

In the introduction, biological mechanisms explaining associations between 1) low-grade 

inflammation and 2) sleep duration and psychological distress were presented. In short, 

inflammatory proteins access the brain, where they affect regions associated with emotion and 

depression. Sleep has regulative function that affects health, including regions in the brain 

regulating emotion. Thus, lack of sleep may result in emotional disturbances in the form of 

depressive symptoms and psychological distress. Our results cannot confirm or refute these 

biological mechanisms. However, these mechanisms offer explanations for our observed 

associations. Biological plausibility is one of Bhopal’s guidelines for reasoning about cause 

and effect in epidemiological studies [148]. Thus, the biological mechanisms presented in the 

introduction may be indicative of causal mechanisms. 

In paper 1, we found no significant cross-sectional associations between inflammatory 

markers and psychological distress. A disadvantage with the cross-sectional design in this 

paper is a lack of knowledge about for how long the inflammatory markers had been elevated. 

It has been suggested that an inflammatory state must endure over a longer period to influence 

the brain and its circuits associated with emotion, which in turn influence depressive 

symptoms [63, 79, 89, 190]. Thus, it is possible that inflammatory proteins need to affect 

regions of the brain that regulate emotion for a certain duration before resulting in increased 

psychological distress. Empirical evidence supports that inflammation needs to be sustained 

for a certain time before affecting mental health. The strongest associations between 

inflammatory markers and depressive symptoms in healthy adolescents have been reported in 

prospective studies where time to follow up is 13 months or longer [90]. In paper 2, we found 

prospective associations between inflammatory markers (CRP and TGF-α) and psychological 

distress in boys. The reason we found prospective associations in paper 2, and no cross-

sectional associations in paper 1, may be that the inflammatory markers had been elevated for 

a longer time, and thus influenced levels of psychological distress more compared to the 

cross-sectional associations in paper 1, where inflammatory markers and psychological 

distress were measured at the same time-point. 

Studies on healthy adults have found cross-sectional associations between inflammatory 

markers and psychological distress. The discrepancy in results from these studies on adults 
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and our null-findings may be explained by consistent findings showing that adolescents in 

general have lower levels of inflammation compared to adults [78]. Thus, it is more difficult 

to detect associations between inflammatory markers and psychological distress in 

adolescents compared to adults. Another explanation is that the inflammation levels in healthy 

adolescents are too low in healthy adolescents to influence or be associated with 

psychological distress cross-sectionally. 

We found evidence indicating effect-modification in paper 1 and 2. The significant 

interactions in paper 1 in boys (between sleep duration and CRP and TGF-α, respectively) 

could not be further examined because of too few events. In paper 2, our findings showed that 

boys that were sedentary and/or had a high body fat percentage (≥ 25%) were more vulnerable 

to the effects of CRP compared to boys that were physically active and/or had a low body fat 

percentage (< 25%). It seems reasonable that physical activity and a healthy body fat 

percentage protect against the adverse effects from increased inflammation on psychological 

distress. Physical activity has been shown to be cross-sectionally and prospectively associated 

with better mental health in adolescents [191, 192]. Further, obesity has been shown to 

associate with higher levels of psychological distress in adolescents [193]. Further, there is 

evidence showing that both higher body fat percentage and low levels of physical activity are 

associated with increased systemic inflammation in adolescence [194, 195]. A possible 

mechanism is that low body fat percentage and physical activity defend against the effects of 

CRP on psychological distress in the long run, in adolescent boys. In this sense, body fat 

percentage and physical activity moderates the effect of CRP on psychological distress. 

Alternatively, high body fat percentage and physical inactivity increase inflammatory levels, 

which in the next step increase psychological distress. In the latter alternative, the associations 

between high body fat percentage/physical activity and psychological distress are mediated by 

inflammation. 

Additionally, in boys, effect-modification indicated that the association between TWEAK and 

psychological distress was dependent upon sleep duration. However, this was not in the 

direction we expected. An increase in TWEAK predicted increased psychological distress in 

boys with a long sleep duration (slept ≥ 7 hours). To my knowledge, there is no biological 

explanation for this. This finding further contrasts a study by Cho et al. that showed stronger 

associations between inflammatory markers and depressed mood in young females with sleep 

disturbance compared to controls [137]. In the same study, there was no moderating effect 

from sleep disturbance on the association between inflammatory markers and depressed mood 
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in young males. It is possible that our finding indicating effect-modification by sleep duration 

occurred by chance. Another possible explanation is that the cut-off of 7 hours in sleep 

duration in paper 2 (based on median sleep duration in our sample) is below the recommended 

sleep duration of 8-10 hours in adolescents. Thus, it is possible that many of the boys in our 

sample with sleep duration above the cut-off of 7 hours still needed more sleep. Thus, it is 

possible that effect-modification from sleep duration on the association between TWEAK and 

psychological distress in boys would not have been significant with a higher cut-off for sleep 

duration. 

In paper 3, we found significant associations between changes in sleep duration and changes 

in psychological distress. The associations were in the expected direction. Increased sleep 

duration was associated with decreased psychological distress, and vice versa decreased sleep 

duration was associated with increased psychological distress. These associations are in line 

with recommendations of sleep duration during adolescence. When adolescents sleep less 

than the recommended duration of 8 to 10 hours, it can be viewed as a sleep disturbance, and 

may thus adversely influence psychological distress. It is further plausible that increasing 

sleep duration by 30 minutes has the potential to influence psychological distress to a small 

degree. Given a linear association, increasing sleep duration by more than 30 minutes will 

probably decrease psychological distress more, especially for adolescents that had especially 

short sleep duration to begin with. We found cross-sectional associations between sleep 

duration and psychological distress at both time points. These cross-sectional findings 

correspond to associations between changes in sleep duration and changes in psychological 

distress, indicating that sleep duration and psychological distress change together over time. 

In paper 2, we found prospective associations between inflammatory markers (CRP and TGF- 

α) in boys only. This was surprising as girls in general show higher levels of psychological 

distress than boys. Results showing different associations dependent on gender are 

inconsistent. (See more about gender differences under “Consistency with other studies” 

below). Therefore, it is premature to speculate about biological mechanisms explaining 

gender differences concerning associations between inflammatory markers and psychological 

distress. It is possible that inflammation affects psychological distress differently in girls and 

boys. However, to my knowledge there is no biological process explaining why we only 

found significant findings in boys.  
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In paper 3, significant associations between changes in sleep duration and changes in 

psychological distress were found in both girls and boys. The beta-values in the adjusted 

analyses were almost identical (-0.068 in girls and -0.078 in boys). This was unexpected given 

that associations between insomnia and psychological distress have been found to be stronger 

in girls compared to boys [144]. Thus, it would be expected that the association between 

changes in sleep duration and changes in psychological distress would be stronger in girls 

compared to boys. Additionally, one might have expected to find stronger associations in girls 

because their psychological distress was higher at both time-points.  

One the other hand, there were also gender- similarities in our data, which may explain the 

findings of prospective associations between sleep duration and psychological distress in both 

genders. There was a significant increase in psychological distress from baseline to follow-up 

in both genders. Further, even though the reduction in sleep duration from baseline to follow-

up in girls was non-significant, it showed the same direction as the significant reduction in 

sleep duration in boys. Given these similarities regarding the exposure and outcome across 

gender, the similar prospective associations found in girls and boys are plausible. In sum, 

even though girls showed higher levels of psychological distress, the biological mechanisms 

behind the association between changes in sleep duration and changes in psychological 

distress may be the same in both genders. Increasing sleep duration seems to be beneficial for 

mental health in both girls and boys. This is plausible in a sample with a mean sleep duration 

of approximately 7 hours, and approximately 25% of the participants slept ≤ 6 hours, which is 

below the recommended sleep duration of 8 to 10 hours during adolescence.  

4.2.3 Consistency with other studies 

Our findings regarding the distribution of psychological distress correspond with other studies 

showing that psychological distress is highly prevalent during adolescence, and higher in girls 

compared to boys [3, 49]. Our results also correspond with studies showing that short sleep 

duration is common during adolescence [114, 166]. 

In paper 1, we found no cross-sectional associations between inflammatory markers and 

psychological distress. There is a scarcity of studies on such associations in healthy 

adolescents. Our non-significant findings in healthy adolescents correspond to the results in 

the few studies that have been done [196, 197]. In these studies, depressive symptoms were 

used as outcome, in contrast to our outcome of psychological distress, which consists of both 

depressive and anxiety symptoms. However, both depressive symptoms and psychological 
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distress measure subclinical burdens, and are thus probably highly correlated as it has been 

shown that measures of anxiety and depression correlate highly during adolescence [198]. 

When we removed the anxiety items, and only used the depressive items as outcome in our 

supplementary analyses, the results remained non-significant. Thus, it is not likely that the 

anxiety items included in HSCL-10 are the reason for the lack of significant findings in paper 

1.  

In contrast to our null-findings, a study found a significant cross-sectional association 

between CRP and depressive symptoms in adolescent girls [87]. However, this was a case-

control study, where girls with depressive symptoms were matched with controls. It was 

found that CRP had the strongest association with CRP in girls with severe depressive 

symptoms. This corresponds to research showing that inflammatory markers are strongest 

associated with severe symptoms of depressive symptoms [199]. Thus, it may be that the 

levels of psychological distress in paper 1 were too low to be able to detect associations with 

CRP. In other words, our participants were healthy, and thus not directly comparable with 

adolescents with clinical depression or severe depressive symptoms. 

In paper 2, we examined prospective associations between inflammatory markers and 

psychological distress. Our finding of a prospective association between CRP and 

psychological distress in boys supports the study by Moriarity et al. [90], who found that CRP 

predicted depressive symptoms in healthy adolescents. However, most studies that have 

examined the prospective association between CRP and depressive symptoms in healthy 

adolescents have not reported significant associations [89, 91, 190, 200, 201]. Thus, with 

significant findings only in our study and the study of Moriarity et al. [90], with the majority 

of studies finding no association between CRP and depressive symptoms, there is a need for 

more studies to explore this association.  

Our finding that TGF-α was prospectively associated with psychological distress supports the 

finding of Walss-Bass et al. [79], who reported a significant prospective association between 

TGF-α and depressive symptoms. However, to my knowledge there is no other study 

supporting this finding. Therefore, further research is warranted on the prospective association 

between TGF-α and psychological distress. 

Our non-significant cross-sectional and prospective associations between IL-6, TRANCE, 

TWEAK and psychological distress are not unexpected given findings showing that 
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inflammatory markers are in general more strongly associated with clinical depression than 

subclinical outcomes, such as depressive symptoms. However, there are studies showing 

significant prospective associations between IL-6 and TNF-α, respectively, and depressive 

symptoms in healthy adolescents, depending on gender and time-to follow-up [89, 90, 201]. 

Thus, there are mixed findings concerning IL-6 and TNF-α (TRANCE and TWEAK are 

variants of TNF-α), respectively, and psychological distress, and further study of these 

associations are needed. 

Our results indicated prospective associations between inflammatory markers (CRP and TGF- 

α) in boys but not in girls. This was unexpected because adolescent girls exhibit higher levels 

of psychological distress than adolescent boys. However, another study found different 

associations between inflammatory markers and depressive symptoms, dependent on gender 

and time to follow-up [90]. Thus, other studies have also found associations between 

inflammatory markers and subclinical outcomes, in boys only. On the other hand, most 

studies on healthy, non-clinical adolescents have not found prospective associations between 

CRP and depressive symptoms [89, 91, 190, 200, 201]. Thus, it is possible that some of the 

findings on prospective associations between CRP and depressive symptoms/psychological 

distress, in either girls or boys, dependent on time to follow-up, may be out of chance. 

Further, in paper 2, we found significant associations between TGF-α and psychological 

distress in boys only. Another study on adolescents (n=254) conducted by Walss-Bass et al. 

[79] found associations between TGF-α and depressive symptoms. However, this study did 

not examine if the associations between TGF-α and depressive symptoms were different in 

girls and boys.  

In sum, regarding associations between inflammatory markers and psychological distress, 

there is little evidence indicating cross-sectional associations between inflammatory markers 

and subclinical outcomes in healthy adolescents. There is more evidence indicating 

prospective associations; however, the findings are mixed, and there is a scarcity of studies 

conducted. The significant prospective associations that have been reported in these studies 

have been dependent on inflammatory marker, gender, and time to follow-up. 

In paper 3, we found significant associations between changes in sleep duration and changes 

in psychological distress. Our findings support Fuligni et al. [129], who reported that short 

sleep duration was correlated with higher psychological distress the following day in 

adolescents. Our significant findings also support Orchard et al. [130] who found that sleep 
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duration at 15 years of age was associated with psychological distress at 21 years of age. 

Hence, our findings over two years are in line with both shorter and longer time lags in other 

studies.  

We found that an increase of 30 minutes of sleep duration was associated with a decrease in 

psychological distress. Our finding supports two studies that evaluated the effect from delayed 

school start [202, 203] and a sleep education programme for adolescents [204], both of which 

found that an increase of approximately 30 minutes was associated with decreased 

psychological distress/ depressed mood.  

In contrast to our significant findings, some studies have not found prospective associations 

between sleep duration and symptoms of anxiety and depression. A study by Doane et al. on 

participants aged 18 years at baseline found no significant associations between sleep duration 

at baseline and symptoms of anxiety and depression at follow-up [205]. However, the sample 

was small (n=71), and the study may thus have been underpowered to detect significant 

associations. Nonetheless, the non-significant finding by Doane et al. is supported by a larger 

study conducted by Fan et al. [206], who did not find any significant prospective association 

between sleep duration at baseline and depressive symptoms at follow-up one year later when 

adjusting for baseline depressive symptoms.  

A reason for conflicting results between our results in paper 3 and the results of Fan et al. 

[206] may be different research questions and methods. Fan et al. used sleep duration at 

baseline as exposure, depressive symptoms at follow up as outcome, and adjusted for 

depressive symptoms at baseline. By this approach, the direct effect from sleep duration at 

baseline on depressive symptoms at follow-up is examined. By using change scores, as we did 

in paper 3, another research question is explored, namely whether changes in sleep duration 

are associated with changes in psychological distress. This approach examines whether sleep 

duration and psychological distress varies together across time. A rational for using change 

scores is that it has been suggested that the effect from insufficient sleep on depressed mood 

is relatively short [207]. Thus, it may seem unlikely that sleep duration from baseline would 

have a direct effect on psychological distress at follow-up two years later. Because the use of 

change scores explores whether sleep duration and psychological distress change together 

over time, the associations may be interpreted as short time effects from sleep duration on 

psychological distress. Thus, our findings in paper 3 may not be directly comparable to 
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studies like the one by Fan et al., which examined the direct effect from sleep duration at 

baseline on psychological distress/depressive symptoms at follow up one year later.  

Somewhat related, Short et al. [127] claimed that the inconsistent findings on associations 

between sleep duration and mood may be caused by different operationalisations of sleep 

duration, such as different cut-offs for short sleep duration and the use of continuous sleep 

duration. By using change-scores of sleep duration as exposure, we may thus expect different 

results compared to studies that operationalised sleep duration differently. Perhaps the most 

important difference between our study and other studies is that we explored another research 

question by our method compared to studies examining if sleep duration at baseline predicts 

mental health at follow up. Therefore, caution is warranted before comparing our results 

directly with such studies. Nonetheless, there are similarities between our methods in paper 3 

and the studies I have discussed above. They all examined prospective associations between 

sleep duration and psychological distress/depressive symptoms. Another similarity is that 

other studies have found significant effects from increasing sleep duration by 30 minutes on 

psychological distress/depressive symptoms, corresponding to our finding showing that 

increasing sleep duration by 30 minutes was associated with decreased psychological distress. 

Thus, our results are consistent with other studies showing that increases in sleep duration by 

30 minutes in healthy adolescents are associated with statistically significant decreases in 

psychological distress. 
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5 Conclusions, implications, and future research 

5.1 Overall conclusions 

We found no cross-sectional associations between inflammatory markers and psychological 

distress in girls or boys. However, we found prospective associations between inflammatory 

markers (CRP and TGF-α) and psychological distress in adolescent boys. Higher levels of 

CRP and TGF-α at baseline were associated with higher levels of psychological distress at 

follow-up two years later. Further, results from analyses of effect modification suggest that 

boys who are sedentary and/or have a higher body fat percentage are more vulnerable to the 

effects of CRP on psychological distress. Additionally, and surprisingly, boys who slept 

above 7 hours were more vulnerable to the effects from TWEAK on psychological distress. 

Our studies regarding associations between inflammatory markers and psychological distress 

contribute to a research field with few studies and inconsistent results. Overall, research on 

associations between inflammatory markers and depressive symptoms/psychological distress 

can still be characterised as inconsistent. In this research field, there are more results pointing 

towards prospective associations compared to cross-sectional associations.  

We found cross-sectional associations between sleep duration and psychological distress in 

girls and boys. A 30-min increase (one unit) in sleep duration was associated with lower 

levels of psychological distress at both time-points. Prospectively, we found that changes in 

sleep duration were associated with changes in psychological distress in girls and boys. 

Increased sleep duration by 30 minutes was associated with decreased psychological distress. 

Experimental studies have found corresponding effects by increasing sleep duration by 30 

minutes. 

There has previously been a call for adjustment for potential confounders when examining 

associations between inflammatory markers and psychological distress. Our results from 

crude analyses on associations between inflammatory markers and psychological distress 

remained the same after adjustment for potential confounders. Similarly, adjustment for 

potential confounders did not change our crude associations between changes in sleep 

duration and changes in psychological distress.  

5.2 Implications for public health 

The studies in this thesis were observational, thus we cannot conclude about causality. 

Further, there are also mixed findings in the literature regarding the studied associations. 
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Therefore, it is premature to recommend interventions aiming to reduce inflammation to 

reduce psychological distress in healthy adolescents.  

Our results support previous findings showing positive effects from a healthy lifestyle during 

adolescence. Health behaviour such as physical activity, getting enough sleep, and a having a 

healthy body fat percentage promotes physical and mental health.  

Adolescents do, in general, sleep below recommended hours. Research has shown that short 

sleep duration affects both physical and mental health. Our results in paper 3 support previous 

studies indicating that short sleep duration adversely affect mental health. Thus, our results 

are in line with studies that have indicated that increasing sleep duration during adolescence 

prevents psychological distress and depression. 

5.3 Future research  

The results from studies on associations between inflammatory markers and subclinical 

mental outcomes are inconsistent, and it is difficult to explain the inconsistency across 

studies. A promising approach may be to examine how individual depressive symptoms are 

associated with inflammation. Some researchers have already examined such individual 

depressive symptoms, with significant findings [208, 209]. Inflammation has been associated 

with symptoms such as sleeping problems and low energy [210].  

Based on our significant findings concerning effect-modification, future research should 

explore these moderators and other moderators. Exploration of moderators may elucidate the 

inconstancies in findings across studies. Future studies could also explore whether the effects 

from high body fat percentage and physical inactivity on psychological distress are mediated 

through inflammation. 

Because adolescents sleep below the recommended hours, future studies should continue to 

examine the effect that short sleep duration has on mental health. Future studies may aim to 

replicate our findings using change scores. Future studies should use more validated measures 

of sleep duration compared to our measure with a single item. For example, adolescents 

frequently take naps during the day. Therefore, napping should also be accounted for in future 

research. Sleep is a complex phenomenon, and other factors beyond sleep duration are 

important when studying sleep. Thus, other aspects of sleep, such as sleep quality should be 

examined in relation to mental health.  
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There is a need for studies exploring how inflammation and sleep affect each other, and in the 

next step, influence mental health. Our finding that sleep duration moderated the association 

between TWEAK and psychological distress in paper 2 was in the opposite direction of what 

we expected based on previous findings. However, previous research has supported the 

hypothesis by Cho et al., suggesting that inflammation and sleep disturbance act together and 

influence depression. Therefore, studies should aim to elucidate these mechanisms. 

The overall theme in this thesis was whether the body (in the form of inflammation and sleep 

duration) influence the mind. Future studies should include the examination of the opposite 

direction and examine whether the mind influences the body. More specifically, longitudinal 

studies could examine how psychological distress affect sleep duration and inflammation. 

This should be examined to uncover whether bidirectional associations between bodily 

functions (inflammation and sleep) and psychological distress/depressive symptoms result in 

a negative spiral in the long run.  
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Supplementary 

Additional file 1: Associations between quartiles of inflammatory-proteins and six 

depression-items from HSCL-10, by logistic forward stepwise regression. 

 Crude analysis Adjusted analysis  

 Girls      

 n Odds ratio 

(95 % CI) 

p-value n Odds ratio 

(95 % CI) 

p-value 

CRP quartiles 394 1.07 (0.88, 

1.31) 

0.50 391 1.00 (0.81, 

1.24) 

0.99 

IL-6 quartiles 398 1.22 (0.99, 

1.50) 

0.06 395 1.17 (0.95, 

1.45) 

0.14 

TGF-α 

quartiles 

398 1.02, (0.83, 

1.24) 

0.88 395 1.01 (0.82, 

1.25) 

0.93 

TRANCE 

quartiles 

 

398 1.11 (0.90, 

1.36) 

0.33 395 1.17 (0.94, 

1.45) 

0.15 

TWEAK  

quartiles  

398 0.98 (0.80, 

1.21) 

0.88 395 1.02 (0.82, 

1.26) 

0.87 

 Boys      

 n Odds ratio 

(95% CI) 

p-value n Odds ratio 

(95 % CI) 

p-value 

CRP quartiles 429 1.11 (0.88, 

1.41) 

0.38 418 1.06 (0.83, 

1.36) 

0.64 

IL-6 quartiles 444 1.19 (0.94, 

1.50) 

0.15 435 1.15 (0.90, 

1.48) 

0.26 

TGF-α 

quartiles 

444 1,19 (0.94, 

1.50) 

0.15 435 1.16 (0.91, 

1.49) 

0.24 

TRANCE 

quartiles 

 

445 0.92 (0.73, 

1.16) 

0.48 436 0.91 (0.71, 

1.16) 

0.44 

TWEAK  

quartiles  

445 0.84 (0.67, 

1.07) 

0.16 436 0.86 (0.67, 

1.09) 

0.21 

 

For girls, adjusted models for CRP and TRANCE included the following covariates: smoking, physical activity 

and chronic disease 

Adjusted model for IL-6 included the following covariates: smoking and physical activity 

Adjusted models for TGF-α and TWEAK:  smoking, physical activity and sleep 

 

For boys, adjusted model for CRP included the following covariates: smoking, physical activity and sleep  

Adjusted model for IL-6, TGF-α, TRANCE and TWEAK included the following covariates: smoking, physical 

activity, sleep and chronic disease. 

 

 

 



 

 

Additional file 2: Crude and adjusted associations between continuous inflammatory-

proteins and HSCL-10, by logistic forward stepwise regression. 

 Crude analysis Adjusted analysis  

 Girls      

 n Odds ratio 

(95 % CI) 

p-value n Odds ratio 

(95 % CI) 

p-value 

CRP  394 1.04 (0.97, 

1.13) 

0.29 389 1.03 (0.95, 

1.12) 

0.52 

IL-6  398 1.25 (0.88, 

1.77) 

0.22 393 1.06 (0.73, 

1.54) 

0.75 

TGF-α  398 1.04 (0.70, 

1.53) 

0.86 393 1.02 (0.67, 

1.55) 

0.926 

TRANCE 

 

398 0.89 (0.62, 

1.30) 

0.56 393 0.97 (0.66, 

1.44) 

0.89 

TWEAK   398 0.94 (0.47, 

1.87) 

0.85 393 1.22 (0.59, 

2.53) 

0.59 

 Boys      

 n Odds ratio 

(95% CI) 

p-value n Odds ratio  

(95 % CI) 

p-value 

CRP  429 0.99 (0.89, 

1.09) 

0.77 420 0.97 (0.87, 

1.08) 

0.59 

IL-6  445 0.81 (0.46, 

1.42) 

0.47 436 0.73 (0.39, 

1.39) 

0.34 

TGF-α  445 1.45 (0.88, 

2.40) 

0.15 436 1.40 (0.83, 

2.35) 

0.21 

TRANCE  

 

445 0.94 (0.53, 

1.67) 

0.84 436 0.95 (0.54, 

1.69) 

0.87 

TWEAK   445 0.47 (0.17, 

1.30) 

0.14 436 0.48 (0.17, 

1.36) 

0.17 

 

For girls, all adjusted models included the following covariates: smoking, physical activity and chronic disease. 

 

For boys, all adjusted models included the following covariates: physical activity, sleep and chronic disease  

 

 

 

 

 

 

 

 



 

 

Additional file 3: Associations between continuous inflammatory-proteins and six 

depression-items from HSCL-10, by logistic forward stepwise regression. 

 Crude analysis Adjusted analysis  

 Girls      

 n Odds ratio 

(95 % CI) 

p-value n Odds ratio 

(95 % CI) 

p-value 

CRP  394 1.02 (0.94, 

1.10) 

0.62 391 1.00 (0.92, 

1.09) 

0.93 

IL-6  398 1.28 (0.90, 

1.81) 

0.17 395 1.09 (0.76, 

1.58) 

0.63 

TGF-α  398 1.06 (0.72, 

1.55) 

0.78 395 1.01 (0.67, 

1.51) 

0.96 

TRANCE 

 

398 0.96 (0.67, 

1.40) 

0.85 395 1.00 (0.68, 

1.48) 

1.00 

TWEAK   398 0.86 (0.43, 

1.70) 

0.66 395 0.99 (0.48, 

2.03) 

0.98 

 Boys      

 n Odds ratio 

(95% CI) 

p-value n Odds ratio  

(95 % CI) 

p-value 

CRP  429 0.97 (0.89, 

1.07) 

0.58 418 0.95 (0.85, 

1.06) 

0.38 

IL-6  445 0.97 (0.63, 

1.49) 

0.88 436 0.94 (0.57, 

1.56) 

0.82 

TGF-α  445 1.42 (0.92, 

2.20) 

0.12 436 1.32 (0.84, 

2.09) 

0.23 

TRANCE  

 

445 0.85 (0.52, 

1.39) 

0.51 436 0.85 (0.52, 

1.40) 

0.53 

TWEAK   445 0.46 (0.19, 

1.12) 

0.09 436 0.46 (0.18, 

1.15) 

0.10 

 

For girls, the adjusted CRP model included the following covariates: smoking, physical activity and chronic 

disease. 

The adjusted models for IL-6, TGF-α, TRANCE and TWEAK included the following covariates: smoking, 

physical activity and sleep. 

 

For boys, all adjusted models included the following covariates: smoking, physical activity, sleep and chronic 

disease  

 

 

 

 

 

 



 

 

Additional file 4: Crude and adjusted associations quartiles of inflammatory proteins and HSCL-10, by linear regressions. 

 

 

                         Crude analysis Adjusted analysis 

Girls 

 95 % CI                                       95 % CI  

Inflammatory 

proteins 

n B Lower Upper p-value n B Lower Upper p-value 

CRP 

quartiles 

 

394 0.04 -0.01 0.09 0.14 393 0.02 -0.03 0.06 0.51 

IL-6 quartiles 

 

398 0.03 -0.02 0.08 0.26 397 0.01 -0.04 0.06 0.69 

TGF-α 

quartiles 

 

398 <-0.01 -0.05 0.05 0.88 397 <-0.01 -0.05 0.05 0.95 

TRANCE 

quartiles  

(TNF) 

 

398 <-0.01 -0.06 0.04 0.76 397 <0.01 -0.05 0.05 0.90 

TWEAK 

quartiles  

(TNF) 

398 -0.02 -0.07 0.03 0.51 397 0.01 -0.04 0.05 0.84 

 

Boys 

   95 % CI    95 % CI  

 n B Lower Upper p-value n B Lower Upper p-value 

CRP 

quartiles 

429 <0.01 -0.03 0.03 0.99 420 0.02 -0.04 0.03 0.70 

 

IL-6 quartiles 

 

 

444 

 

<0.01 

 

-0.03 

 

0.04 

 

0.90 

 

435 

 

-0.01 

 

-0.04 

 

0.03 

 

0.65 



 

 

TGF-α 

quartiles 

 

444 0.02 -0.01 0.06 0.16 435 0.02 -0.02 0.05 0.32 

TRANCE 

quartiles 

(TNF) 

 

445 -0.03 -0.06 0.01 0.15 436 -0.02 -0.06 0.01 0.19 

TWEAK 

quartiles 

(TNF) 

445 <-0.01 -0.04 0.03 0.80 436 <-0.01 -0.04 0.03 0.94 

 

For girls, the adjusted models for CRP, IL-6, TGF-α and TRANCE included the following covariates: smoking, physical activity and chronic disease. 

The adjusted TWEAK model included the following covariates: smoking, snuffing tobacco, physical activity and chronic disease 

 

For boys, adjusted model for all inflammatory markers included the following covariates: physical activity, sleep and chronic disease  
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Supplementary 

Supplementary table 1: Assessing self-rated health and change score of self-rated health as 

confounders. Associations between self-rated health and the HSCL-10 at follow-up, assessed 

by linear regressions. The results are presented for girls and boys, respectively. Fit futures 

2010-2011 and 2012-2013. 

  95 % CI     

Girls B Lower Upper p-value R square 

change 

Model 1     0.021 

Change score 

self-rated 

health 

-0.111 -0.190 -0.033 0.006*  

Model 2     0.104 

Change score 

self-rated 

health 

-0.252 -0.337 -0.216 <0.001*  

Self-rated 

health 

baseline 

-0.308 -0.401 -0.216 <0.001*  

Model 3     0.003 

Change score 

self-rated 

health 

-0.092 -0.410 0.225 0.567  

Self-rated 

health 

baseline 

-0.306 -0.399 -0.214 <0.001*  

Interactiona -0.043 -0.124 0.039 0.305  

Boys      

Model 1     0.001 

Change score 

self-rated 

health 

-0.015 -0.081 0.052 0.663  

Model 2     0.076 

Change score 

self-rated 

health 

-0.109 -0.184 -0.035 0.004*  

Self-rated 

health 

baseline 

-0.176 -0.247 -0.105 <0.001*  

Model 3     <0.001 

Change score 

self-rated 

health 

-0.082 -0.317 0.153 0.492  

Self-rated 

health 

baseline 

-0.175 -0.246 -0.103 <0.001*  

Interactiona -0.007 -0.068 0.053 0.812  



 

 

B: Unstandardized beta  

*Statistically significant with a p-value of 0.05 

Bold: Significant R2 change 

a: Change score self-rated health* self-rated health baseline 

  



 

 

Supplementary table 2: Winning models. Crude and adjusted associations between baseline 

inflammatory proteins and HSCL-10 at follow-up, assessed by linear regressions. Boys in Fit 

futures 2010-2011 and 2012-2013. 

 

Boys    

 95 % CI  

 N B Lower Upper p-value 

 

CRP Model A 262     

CRP  0.001 -0.025 0.027 0.914 

Baseline HSCL-10  0.610 0.466 0.753 <0.001* 

Physical activity  0.014 -0.103 0.131 0.809 

Sleep duration  -0.014 -0.117 0.088 0.781 

Self-rated health  -0.016 -0.095 0.064 0.702 

Change score self-rated 

health 

 -0.059 -0.130 0.011 0.098 

Body fat percentage  -0.043 -0.172 0.085 0.508 

CRP*body fat 

percentage 

 0.042 0.008 0.075 0.014* 

CRP Model B  262     

CRP  0.049 0.026 0.072 <0.001* 

Baseline HSCL-10  0.615 0.472 0.757 <0.001* 

Physical activity  0.066 -0.056 0.189 0.286 

Sleep duration  -0.019 -0.120 0.083 0.720 

Self-rated health  -0.023 -0.100 0.053 0.550 

Change score self-rated 

health 

 -0.065 -0.134 0.005 0.069 

CRP*physical activity  -0.045 -0.076 -0.013 0.006* 

TGF-α Model 2  279     

TGF-α  0.123 0.042 0.205 0.004* 

Baseline HSCL-10  0.621 0.502 0.739 <0.001* 

TWEAK Model  274     

TWEAK  0.210 -0.011 0.432 0.062 

Baseline HSCL-10  0.598 0.464 0.733 <0.001* 

Physical activity  -0.030 -0.143 0.083 0.600 

Sleep duration  3.679 0.574 6.785 0.020* 

Self-rated health  0.043 -0.115 0.030 0.251 

Change score self-rated 

health 

 0.070 -0.140 -0.001 0.047* 

TWEAK*Sleep 

duration 

 -0.046 -0.750 -0.062 0.021* 

 

B: Unstandardized beta  

*Statistically significant with a p-value cutoff of 0.05 

CRP: C-reactive protein 

TGF-α: Transforming growth factor alpha 

TWEAK: Tumor necrosis factor-like weak inducer of apoptosis (O43508: TNF-like weak inducer of apoptosis 

within limits of detection) 

 

 

  



 

 

Supplementary table 3: Crude and adjusted associations between baseline inflammatory 

proteins and the six depressive symptoms from HSCL-10 at follow-up, assessed by linear 

regressions. The results are presented for girls and boys, respectively. Fit futures 2010-2011 

and 2012-2013. 

 

 

Girls    

 95 % CI   

 N B  

 

Lower Upper p-value R2 

change 

CRP        

 Model 1 330 0.017 -0.008 0.043 0.174 0.006 

 Model 2 330 0.016 -0.005 0.036 0.127 0.342 

 Model 3 324 0.004 -0.017 0.024 0.722 0.070 

IL-6       

 Model 1 331 0.086 -0.039 0.211 0.179 0.006 

 Model 2 331 0.048 -0.054 0.151 0.353 0.336 

 Model 3 325 0.009 -0.094 0.112 0.866 0.074 

TGF-α        

 Model 1 331 0.083 -0.052 0.217 0.227 0.005 

 Model 2 331 0.104 -0.005 0.213 0.060 0.343 

 Model 3 325 0.076 -0.029 0.181 0.156 0.072 

TRANCE (TNF)       

 Model 1 331 0.007 -0.125 0.138 0.922 <0.001 

 Model 2 331 0.048 -0.059 0.155 0.374 0.341 

 Model 3 325 0.027 -0.081 0.136 0.620 0.075 

TWEAK (TNF)       

 Model 1 331 0.118 -0.128 0.363 0.345 0.003 

 Model 2 331 0.149 -0.050 0.349 0.141 0.342 

 Model 3 325 0.184 -0.015 0.384 0.070 0.078 

Boys    

 95 % CI   

 N B Lower Upper p-value R2 

change 

CRP       

 Model 1  266 0.025 0.002 0.047 0.030* 0.018 

 Model 2 266 0.031 0.012 0.050 0.002* 0.249 

 Model 3 262 0.029 0.010 0.049 0.004* 0.011 

IL-6       

 Model 1  279 0.060 -0.049 0.169 0.278 0.004 

 Model 2 279 0.074 -0.019 0.168 0.118 0.263 

 Model 3 274 0.077 -0.016 0.170 0.105 0.015 

TGF-α        

 Model 1 279 0.154 0.036 0.272 0.010* 0.024 

 Model 2 279 0.127 0.026 0.229 0.014* 0.253 

 Model 3 274 0.125 0.023 0.226 0.017* 0.014 

TRANCE (TNF)       

 Model 1 279 -0.017 -0.148 0.115 0.802 <0.001 

 Model 2 279 0.002 -0.112 0.115 0.979 0.261 

 Model 3 274 0.008 -0.106 0.122 0.890 0.015 



 

 

TWEAK (TNF)       

 Model 1 279 0.049 -0.196 0.295 0.693 0.001 

 Model 2 279 0.102 -0.110 0.313 0.345 0.263 

 Model 3 274 0.104 -0.107 0.316 0.334 0.015 
 

B: Unstandardized beta  

*Statistically significant with a p-value of 0.05 

Bold: significant R2 change 

CRP: C-reactive protein 

IL6-α: Interleukin 6 alpha 

TGF-α: Transforming growth factor alpha 

TRANCE: Tumor Necrosis Factor-related activation-induced cytokine (O14788: TNF-related activation-induced 

cytokine within limits of detection) 

TWEAK: Tumor necrosis factor-like weak inducer of apoptosis (O43508: TNF-like weak inducer of apoptosis 

within limits of detection) 

Model 1: Crude analysis with the respective inflammatory marker 

Model 2: Model 1 + baseline 6 depressive items from HSCL-10 

Model 3 girls: Model 2 + current infection, medication intake, sleep duration, hormonal contraceptives, smoking, 

self-rated health, and change score self-rated health (inclusion criteria 0.1 from simple regressions) 

Model 3 boys: Model 2 + physical activity, sleep duration, self-rated health, and change score self-rated health 

(inclusion criteria 0.1 from simple regressions) 
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Abstract 

Objective: Studies indicate an association between sleep duration and psychological distress. 

We aimed to explore associations between changes in sleep duration and changes in 

psychological distress in girls and boys. 

 

Methods: The Fit Futures Study is a broad adolescent study providing data from 373 girls 

and 294 boys aged 15-18 years collected in 2010/2011 (FF1) and 2012/2013 (FF2). 

Psychological distress was measured by the Hopkins Symptom Checklist (HSCL-10) and 

sleep duration was self-reported. Change score variables were calculated as the change 

between baseline and follow-up for sleep duration and HSCL-10, respectively. Associations 

between changes in sleep duration and changes in HSCL-10 were explored by linear 

regressions, in gender-stratified analyses.  

 

Results: At FF1, girls and boys slept on average 6.93 (SD=1.08) and 7.05 (SD= 1.20) hours 

per night respectively, and correspondingly, 6.83 (SD=1.19) and 6.85 (SD= 1.21) at FF2. At 

FF1, 22.8 % of the girls and 25.8 % of the boys slept ≤ 6 hour per night, and correspondingly 

28.0 % and 28.2 % at FF2. Change in sleep duration was associated with a change in HSCL-

10 score in girls, B [95% CI] = -0.090 [-0.131, -0.048], p < 0.001, and in boys -0.054 [-0.091, 

-0.017], p < 0.001. The associations remained significant after adjusting for confounders. 

 

Conclusion:  

Our findings indicate that sleep duration has an effect on measured psychological distress 

during adolescence. Future studies should examine the causality between sleep duration and 

psychological distress. 

 

 

 

 

 

 

 

 

 

  



 

 

Introduction 
Depressive disorders and anxiety disorders increase dramatically during adolescence [1], 

especially among girls [2, 3]. Subclinical symptoms of anxiety and depression are even more 

prevalent in this age group [4]. Such symptoms are often termed “psychological distress”, 

defined as “a state of emotional suffering characterized by symptoms of depression and 

anxiety” [5]. Self-reported levels of psychological distress in Norway was recently reported to 

be 31 % and 12 % among girls and boys, respectively [4]. Adolescents with psychological 

distress are at risk of developing mental disorders [6]. Therefore, exploring potential 

predictors of psychological distress during adolescence is central for development of effective 

prevention measures.  

 

According to a review on the sleep-deprived human brain, sleep loss has been associated with 

negative emotional processing, including irritability, emotional volatility, and anxiety [7]. 

Neuroimaging studies have shown that these emotional changes are associated with increased 

activity in the amygdala and with decreased connection between amygdala and the prefrontal 

cortex [7]. The change in brain activity indicates that short sleep duration hampers the 

prefrontal cortex’s ability to execute regulatory control of emotions [7]. Sleep loss seems to 

reduce the restoration of central noradrenergic signalling that occurs during a full night of 

sleep [7], and in this respect, it might play a pivotal role in mood and anxiety disorders [8]. 

Interestingly, sleep loss has been shown to reduce positive mood more than to increase 

negative mood, and anhedonia has been associated with reductions in non-rapid eye 

movement (NREM) slow-wave sleep [9, 10]. Sufficient amount of rapid eye movement 

(REM) sleep has been linked with the overnight dissipation of emotional sensitivity, and too 

little REM sleep has been associated with increased activity in areas in the limbic brain 

involved in negative mood [11]. Furthermore, sleep loss has been associated with a negative 

emotional memory dominance [12]. This memory bias may in the long run contribute to 

depression [12]. Additionally, inadequate sleep has been shown to lead to higher-order-

emotional-dysfunction, including interpersonal conflict, social withdrawal and loneliness, 

[11], which in turn have been associated with depression and anxiety [13]. A meta-analysis on 

prospective associations between short or long sleep and depression in adults, support the 

mechanistic linkage between sleep duration and clinical depression [14].  

 

To our knowledge, only a few studies have investigated the relation between sleep duration 

and non-clinical mental health outcomes. Two studies in adults have reported both cross-

sectional and prospective associations between sleep duration and psychological distress [15, 

16]. In young adults 17-24 years of age, short sleep duration was associated with 

psychological distress cross-sectionally [17]. Yet only individuals sleeping below 5 hours per 

night had increased symptoms 12-18 months later. Nevertheless, the literature on non-clinical 

outcomes important for mental health prevention is limited in this context. 

 

The American Academy of Sleep Medicine and the National Sleep Foundations recommend 

that young people aged 13-18 years should sleep 8-10 hours every night [18, 19]. However, 

most adolescents do not meet this recommendation [20]. In a large study on Norwegian 



 

 

adolescents aged 16-18 years, mean sleep duration on weekdays was 6 hours and 25 minutes 

[21]. This finding is consistent with a report concluding that adolescent sleep loss and 

sleepiness are serious public health issues [22]. A meta-analysis including adolescents 12-20 

years of age found that sleep disturbances are more common among adolescents with 

depressive disorders compared to age-matched healthy controls. Furthermore, the same study 

claimed that sleep disturbance was more likely to be prospectively associated with depression 

rather than in the opposite direction [23]. In healthy adolescents, a systematic review and 

meta-analysis concluded that sleep duration was both cross-sectionally and prospectively 

associated with mood (depressed mood, anxiety, anger, negative affect and positive affect) 

[24].  

 

Due to feasibility, psychological distress measurements are commonly used to screen mental 

health in healthy populations [25]. Yet, few studies have investigated associations between 

sleep duration and psychological distress in the important adolescent transition phase. One 

cross-sectional study on Swedish adolescents aged 13-18 years reported a negative correlation 

between sleep duration and psychological distress [26]. Similar, a study on 419 youths 15 

years of age from the US found associations between both short and long sleep duration and 

psychological distress the following day [27]. In contrast, no association between sleep 

duration and psychological distress was reported in a study on 12 year-olds [28]. Based on 

this inconsistency, more  prospective studies to investigate age-related changes in sleep and 

psychological distress are warranted [28]. Indeed, there are indications that sleep duration at 

the age of 15 is prospectively associated with both anxiety and depression symptoms as long 

as six years later [29]. In addition, the association between insomnia and depressive 

symptoms have been reported to be stronger in girls than in boys [30], suggesting that 

investigations on the association between sleep duration and psychological distress should be 

gender stratified. 

 

Overall, there is a scarcity of studies on prospective associations between sleep duration and 

psychological distress in healthy adolescents. Exploring this association is central for 

prevention of psychological distress and mental disorders. Previous findings suggest that such 

examinations should be gender stratified. The aim of this study is to explore associations 

between change in sleep duration and change in psychological distress in adolescent girls and 

boys. 

Materials and methods 
Study population and design 

All first-year upper secondary school students from two municipalities in Northern Norway in 

2010-2011 were invited to join the Fit Futures Study (FF1), a comprehensive health study. 

Two years later, in 2012-2013, a follow-up study was conducted (FF2). Further details about 

Fit Futures is available elsewhere [31]. Data was collected at the Clinical Research Unit, the 

University Hospital of North Norway (UNN) in Tromsø. At FF1, 1117 students were invited 

to participate, of which 1038 (92.9%) attended (FF1). At FF2, all participants that attended 

FF1 and all third-year upper secondary school students were invited, where a total of 868 

attained. After exclusion of participants aged 19 years or older at baseline, our final sample 



 

 

consisted of 667 participants with complete data on the outcome variable, Hopkins Symptom 

Check List (HSCL-10) at both FF1 and FF2 (Figure 1). Participants lost to follow-up did not 

differ on baseline data for neither sleep duration nor HSCL-10 items (data not shown).  

 

Figure 1. Study flowchart, Fit Futures (FF1) 2010-2011 and Fit Futures 2 (FF2) 2012-2013. 

HSCL-10: Hopkins Symptom Checklist 

 

 

All participants provided written informed consent. For participants below 16 years of age, 

written informed consent was also provided from a parent/guardian. Our study was conducted 

according to the Declaration of Helsinki. The Norwegian Data Protection Authority (reference 

number 2009/1282) and The Regional Committee of Medical and Health Research Ethics 

(reference number: 2019/60811/REK Nord) approved the study. 



 

 

 

Measurements and questionnaires 

A web-based general questionnaire was used to collect data about lifestyle, health, and 

disease. Clinical examinations, collection of blood samples and interviews (on use of 

contraceptives, presence of acute or chronic diseases) were conducted by qualified research 

nurses. 

 

Outcome: Hopkins Symptom Checklist (HSCL-10) 

Psychological distress was measured with HSCL-10, which was included in the web-based 

questionnaire at both time-points. HSCL-10 has been reported to have high reliability and 

validity [32]. The scale contains six items measuring symptoms of depression and four items 

measuring symptoms of anxiety during the last week [32]. Severity of symptoms are reported 

as “none” (1), “slightly” (2), “much” (3), and “very much” (4). Cronbach’s alpha for girls 

were 0.87 and 0.93 at baseline and follow up, and correspondingly 0.82 and 0.87 for boys. 

The individual score of the 10 items was calculated for baseline and follow-up respectively 

and used in cross-sectional models. A change score variable (FF2-FF1) was created and used 

as outcome variable in the prospective models. There were 373 girls and 294 boys with 

complete data on HSCL-10 at both time-points.  

 

Main exposure variable: Sleep duration 

Sleep duration was measured with one question in the web-based questionnaire: “How many 

hours sleep do you normally get per night?” at both time-points. The lowest category was 

“four hours or less”. The successive categories increased 0.5 hours per category (“4.5 hours”, 

“5 hours”, “5.5 hours” etc.), except for the highest category that was “12 hours or more”. The 

lowest category was coded as 4 hours, and the highest as 12 hours.  

 

These numerical variables were used in cross-sectional models. A categorical variable was 

created to describe short and long sleep duration at baseline and follow, up respectively. The 

three categories were: “≤6 hours”, “>6 to 9 hours” and “>9 hours”. A change score variable 

for sleep duration (FF2-FF1) was calculated and served as exposure in the prospective 

models. There was 372 girls and 291 boys with data on sleep duration at both time-points. 

 

Potential confounders 

Based on literature we assessed potential confounders [14, 33]. For variables with data from 

both time-points, we assessed the change scores (FF2-FF1).  

 

High school program was collected from the school administration system with the 

alternatives: “general studies”, “sports and physical” and “vocational”.  

 

Lifestyle and health variables from questionnaire: 

Alcohol-intake was reported at both time points from “never” (1) to “four or more times per 

week” (5), and was recoded in three categories “never”, “once per month or less” and “twice 

or more per month”. At baseline, smoking and snuff use were reported as “no, never” (1), 

“sometimes” (2) and “daily” (3). At follow-up, smoking and snuff use were reported as “no, 



 

 

never” (1), “in the past, but not now” (2) “sometimes” (3) and “never” (4), and “no, never” (1) 

and “in the past, but not now” (2) were collapsed into one category: “no, never” (1).  Physical 

activity was reported by the Saltin-Grimsby physical activity level scale at both time points, 

which measures physical activity in leisure time, and specifies type of activity and intensity in 

a typical week in the last year [34], by the four labels “physically inactive” (1), “some light 

physical activity” (2), “regular physical activity and training” (3), “regular hard physical 

activity (for competitive sports)” (4). 

 

Menarche was reported by one question at baseline “When did you have your first 

menstruation?” and answered in whole years. Self-reported menarche in girls has been shown 

to be reliable [35]. We used Pubertal Development Scale (PDS) [35, 36] to measure pubertal 

status in boys at baseline, with four questions about growth spurt, pubic hair growth, changes 

in voice, and facial hair growth. All four response alternatives were: “have not begun” (1), 

“barely started” (2), “underway” (3), and “completed” (4). We created an individual mean 

score and categorized into four categories describing pubertal development: “not begun” 

(mean score below 2) “barely started” (mean score from 2 to < 3), “underway” (mean score 

from 3 to < 4) and “completed” (mean score of 4).  

 

Self-rated health was reported with the question at both time-points: “How do you in general 

consider your own health to be?”, answered by five: “very bad” (1), “bad” (2), “neither bad 

nor god” (3), “good” (4), and “excellent” (5). This measure has been shown to predict 

mortality [37], and morbidity in a general population [38].  

 

Variables on health and medication from clinical measurements and interview: 

Height and weight were measured without shoes and in light clothing at both time points. An 

automatic electronic scale, The Jenix DS 102 stadiometer (Dong Sahn Jenix, Seoul, Korea) 

was used to measure weight. Body Mass Index (BMI) was calculated as weight (kg) divided 

by height in meters squared (m2).  

 

Chronic disease was reported with one question at baseline: “Do you have any chronic or 

persistent disease?”, and a dichotomous variable was created. Current infection was reported 

by one question at both time-points: “Do you have any kind of infection (e.g., respiratory, 

urinary tract, skin)?”, and a dichotomous variable was created. Use of contraceptives was 

reported by one question at baseline: “If you have started menstruating; do you use any kind 

of contraceptives?”, and a dichotomous variable was created.  

 

Biomarker variables from laboratory measurements:  

Non-fasting blood samples were drawn from an ante-cubital vein, and serum separated and 

stored at −70 °C for measurements of Vitamin D and inflammatory biomarkers. We measured 

Vitamin D status by serum 25-hydroxyvitamin D (25(OH)D) at both time-points using high 

pressure liquid chromatography mass spectroscopy (LC-MS/MS) at the Hormone laboratory, 

Haukeland University Hospital, Norway [39]. The analysis was rerun on a subsample (n=168) 

from FF1 at the Cork Centre for Vitamin D and Nutrition Research, Ireland [40] to 

standardize the results in accordance with the Vitamin D Standardization program (VSDP). 



 

 

We used the standardized version of 25(OH)D (nmol/L). High-sensitive C-reactive protein 

(hs-CRP) was analyzed at UNN, Norway and assessed by a particle-enhanced 

immunoturbidimetric assay, on a Modular P autoanalyser (Roche Diagnostics, Mannheim, 

Germany) with a detection limit of 0.12 mg/L. 

 

We used Protein extension array technology (Proseek Multiplex Inflammation panel; Olink 

Bioscience, Uppsala, Sweden) for relative quantification of proteins associated to 

inflammation in serum samples in FF1. Further details concerning the analysis are presented 

elsewhere [41]. Interleukin-6 (IL-6), (Transforming growth factor-alpha (TGF-α) Tumor 

necrosis factor alpha (TNF-α) variant 1 (TRANCE), and TNF-α variant 2 (TWEAK) were 

explored as potential confounders.  

 

Statistical analysis 

The statistical analyses were conducted with the Statistical Package of Social Science (SPSS 

v. 28). We chose a significance level of p <0.05 as an indication of statistical significance. We 

conducted residual analyses to assess linearity, distribution, variance homogeneity and to 

explore outliers. We tested exposure variables and potential confounders for multicollinearity. 

Since girls have been shown to exhibit higher levels of psychological distress than boys in 

adolescence [4] and because female gender is an independent risk factor for insomnia [42], we 

did all analyses separately for girls and boys. 

 

We conducted independent samples t-tests to compare sleep duration in girls and boys. This 

was done at both baseline and follow-up. We conducted paired samples t-tests to compare 

sleep duration at baseline and follow-up, stratified on gender. Baseline characteristics are 

presented for three categories of sleep duration and gender-stratified, with means and standard 

deviations for continuous variables, and proportions for categorical variables. One-way 

ANOVA was used to compare continuous demographic data across the three categories of 

sleep duration. When Levene’s test indicated unequal variances, Welch’s corrected F- and p-

values are reported. Fisher’s exact test was used to compare categorical data across sleep 

duration. 

 

Linear regressions were conducted to estimate the unstandardized beta regression coefficients 

and 95% confidence intervals (CI) between sleep duration and HSCL-10 (outcome variable), 

cross-sectionally, at baseline and follow-up separately. To explore prospective associations, 

similar linear regressions were conducted to estimate the effect of change in sleep duration on 

change in HSCL-10. Crude associations between the change score of sleep duration and 

change score of HSCL-10 were estimated (Model 1). Potential confounders were tested: For 

variables with data from both time-points, we assessed the change scores (FF2-FF1), and for 

variables without data from FF2, we assessed variables from FF1. We adjusted for change 

scores of the potential confounders because they are not stationary, but rather fluctuate over 

time. Confounders were included in multivariable regression analysis (Model 2) when the p-

value was below 0.10. 

 



 

 

Due to the item “Have you experienced sleeplessness during the last week?” was present in 

HSCL-10, we did supplementary analyses without it to ensure that our findings are not 

confounded by this item. The mean of the remaining 9 items was calculated and used as 

outcome in cross-sectional analyses at baseline and follow-up, and the change score for 

HSCL-10 without the sleep item was calculated and used as outcome in the prospective 

analyses. Finally, we did supplementary analyses adjusting for baseline values of potential 

confounders, instead of using the change scores.  

 

Results 
Description of sleep duration and psychological distress 

In both genders, sleep duration was close to normally distributed at both time-points (Figure 

2). At baseline, 22.8% of the girls and 25.8% of the boys reported sleep duration of ≤ 6 hours. 

At follow-up, the corresponding percentages were 28.0% and 28.2%. At baseline, 1.1% of the 

girls and 3.4% of the boys reported sleep duration of > 9 hours. At follow-up, the 

corresponding percentages were 3.0% and 2.7% respectively. In girls, the mean (SD) sleep 

duration of 6.93 (1.08) hours at baseline was not significantly different from a mean sleep 

duration of 6.83 (1.21) hours at follow-up, p = 0.170. Boys reported a mean (SD) sleep 

duration of 7.05 (1.20) hours at baseline and 6.85 (1.19) hours at follow-up, a decrease from 

baseline to follow-up which was statistically significant, p = 0.007. Sleep duration among 

girls was not significantly different from sleep duration among boys at baseline, p = 0.154. 

Nor was there a gender-difference in sleep duration at follow-up, p = 0.839. 

 

In girls and boys, mean (SD) of HSCL-10 was 1.59 (0.56) and 1.36 (0.41) at baseline and 1.69 

(0.64) and 1.41 (0.48) at follow-up, respectively. 

 

 

 

 

 

  



 

 

Figure 2: Sleep duration in hours at baseline and follow up, in girls and boys respectively. Fit 

Futures 2010-2011 and 2012-2013. 

 

 

 

 



 

 

Baseline characteristics 

In girls, HSCL-10 scores differed across categories of sleep duration. The highest level was 

seen in those who slept ≤6 hours. Further, girls that slept ≤6 hours smoked more, were less 

physically active and drank more alcohol compared to girls that slept longer. Also, in boys, 

those who slept ≤6 hours had higher levels of HSCL-10 compared to those who slept longer. 

A higher proportion of boys who slept ≤6 hours smoked, snuffed, and drank alcohol 

compared to those who slept longer. A higher proportion of boys that attended a vocational 

high school slept ≤6 hours compared to boys that attended general studies.



 

 

Table 1: Baseline characteristics for girls and boys, stratified on sleep duration. Fit Futures 2010-2011. 
 Girls     Boys       
 ≤6 hours >6 hours  

to >9 hours      

≥9 hours  ≤6 hours >6 hours  

to >9 hours      

≥9 hours  

 n Mean 

(SD) 

n Mean 

(SD)   

n Mean 

(SD) 

p- 

value* 

n Mean 

(SD) 

n Mean 

(SD)   

n Mean 

(SD 

p-

value* 

Age (years) 85 16.11 

(0.38) 

280 16.16 

(0.44) 

8 16.13 

(0.84) 

0.513  75 16.17 

(0.55) 

199 16.08 

(0.48) 

17 16.12 

(0.78) 

0.414  

Self-rated health 85 3.58 

(0.84) 

277 4.05 

(0.71) 

8 3.50 

(0.54) 

0.087  

 

74 3.96 

(0.86) 

199 4.24 

(0.86) 

17 3.94 

(0.90) 

0.210 

HSCL-10  85 1.86 

(0.69) 

280 1.51 

(0.48) 

8 1.71 

(0.67) 

<0.001 

 

 

75 1.50 

(0.48) 

199 1.31 

(0.36) 

17 1.32 

(0.47) 

0.014  

Body height (cm) 85 1.64 

(6.22) 

279 165.24 

(6.73) 

8 165.59 

(7.34) 

0.463 75 176.49 

(6.85) 

199 177.69 

(6.26) 

17 179.36 

(6.46) 

0.184 

Body weight (kg) 85 59.56 

(11.21) 

279 60.75 

(9.99) 

8 62.95 

(21.08) 

0.659  75 70.99 

(16.36) 

199 69.50 

(13.10) 

17 74.98 

(16.64) 

0.271 

BMI (kg/m2) 85 22.13 

(4.38) 

279 22.24 

(3.38) 

8 22.82 

(6.90) 

0.948  75 22.73 

(4.68) 

199 21.97 

(3.71) 

17 23.28 

(5.02) 

0.214 

Age menarche 

(years) 

85 12.58 

(1.31) 

274 12.73 

(1.08) 

8 12.88 

(0.99) 

0.501        

hs-CRP (mg/ L)  69 1.88 

(3.00) 

253 1.41 

(3.24) 

8 1.07 

(1.44) 

0.512 64 1.72 

(4.60) 

183 1.25 

(2.37) 

16 1.33 

(1.46) 

0.740  

IL-6 (NPX)  69 3.08 

(9.67) 

254 2.79 

(0.49) 

8 2.80 

(0.49) 

0.086  

 

68 2.80 

(0.50) 

191 2.88 

(0.67) 

17 2.54 

(0.55) 

0.082 

TGF- α (NPX)  69 3.94 

(0.54) 

254 3.88 

(0.60) 

8 3.98 

(0.70) 

0.711 68 3.64 

(0.62) 

191 3.57 

(0.57) 

17 3.40 

(0.44) 

0.281 

TRANCE (NPX)  69 5.52 

(0.63) 

254 5.50 

(0.62) 

8 5.81 

(0.35) 

0.351 68 5.99 

(0.52) 

191 6.02 

(0.51) 

17 6.05 

(0.61) 

0.901 

TWEAK (NPX)  69 8.89 

(0.34) 

254 8.89 

(0.32) 

8 8.80 

(0.31) 

0.726 68 9.02 

(0.31) 

191 9.03 

(0.27) 

17 8.95 

(0.25) 

0.500 



 

 

Vitamin D (nmol/L)  69 41.51 

(18.66) 

254 45.03 

(16.91) 

8 39.56 

(12.47) 

0.242 69 33.44 

(16.48) 

191 34.53 

(14.81) 

17 38.38 

(18.34) 

0.499 

Smoking  85  280  8  0.001  75  199  17  0.002  

 No, never 56 65.9% 240 85.7% 8 100.0 %  51 68.0% 171 85.9% 14 82.4%  

 Sometimes 24 28.2% 34 12.1% 0 0.0 %  18 24.0% 27 13.6% 3 17.6%  

 Daily 5 5.9% 6 2,1% 0 0.0%  6 8.0% 1 0.5% 0 0%  

Snuffing  85  280  8  0.298 75  198  17  0.010  

 No, never 52 61.1% 198 70.7% 7 87.5%  38 50.7% 143 72.2% 11 64.7%  

 Sometimes 14 16.5% 40 14.3% 1 12.5%  11 14.7% 21 10.6% 1 5.9%  

 Daily 19 22.4% 42 15.0% 0 0%  26 34.7% 34 17.2% 5 29.4%  

Alcohol intake 85  280  8  0.024  74  199  17  <0.001  

 Never 14 16.5% 77 27.5% 4 50.0%  16 21.6% 76 38.2% 9 52.9%  

 Once per 

 month or less 

37 43.5% 132 47.1% 3 37.5%  27 36.5% 84 42.2% 3 17.6%  

 Twice or 

 more per 

 month 

34 40.0% 71 25.4% 1 12.5%  34 45.9% 39 19.6% 5 29.4%  

Physical activity 85  280  8  0.015  75  199  17  0.331  

 Physically 

 inactive 

15 17.6% 32 11.4% 0 0.0%  24 32.0% 52 26.1% 4 23.5%  

 Some light 

 physical 

 activity 

42 49.4% 103 36.8% 4 50.0%  16 21.3% 51 25.6% 3 17.6%  

 Regular 

 physical 

 activity and 

 training 

22 25.9% 86 30.1% 2 25.0%  21 28.0% 48 24.1% 2 11.8%  

 Regular hard 

 physical 

 activity (for 

 competitive 

 sports) 

6 7.1% 59 21.1% 2 25.0%  14 18.7% 48 24.1% 8 47.1%  



 

 

Current infection 85  278  8  0.667  75  198  17  0.330  

 No 74 87.1% 236 84.9% 8 100.0%  64 85.3% 165 83.3% 12 70.6%  

 Yes 11 12.9% 42 15.1% 0 0.0%  11 14.7% 33 16.7% 5 29.4%  

Chronic disease 85  278  8  0.725  75  197  17   

 No 61 71.8% 187 67.3% 6 75.0%  59 78.7% 141 71.6% 9 52.9%  

 Yes 24 28.2% 91 32.7% 2 25.0%  16 21.3% 56 28.4% 8 47.1%  

Hormonal 

contraceptives 

85  277  8  0.083         

 No 44 51.8% 179 64.6% 6 75.0%         

 Yes 41 48.2% 98 35.4% 2 25.0%         

PDS status         63  158  16  0.358 

 Not begun        0 0.0% 0 0.0% 0 0.0%  

 Barely 

 started 

       7 11.1% 16 10.1% 0 0.0%  

 Underway        48 76.2% 111 70.3% 11 68.8%  

 Completed         8 12.7% 31 19.6% 5 31.3%  

High School 

Program 

85  280  8  0.219  75  199  17  0.006  

 General 

 Studies 

44 51.8% 155 55.4% 4 50.0%  24 32.0% 81 40.7% 2 11.8%  

 Sports and 

 Physical  

4 4.7% 31 11.1% 0 0.0%  6 8.0% 31 15.6% 6 35.3%  

 Vocational 37 43.5% 94 33.6% 4 50.0%  45 60.0% 87 43.7% 9 52.9%  
 

* One-way ANOVA was used to compare continuous data across the sleep duration categories. When Levene’s test indicated unequal variances, Welch’s corrected F- and p-

values are reported. Fisher’s exact test was used to compare categorical data across sleep duration. 

Bold: Statistically significant with a p-value of 0.05 

Mean (SD) of continuous variable and percentages of categorical variables are reported 

BMI: Body Mass Index 

hs-CRP: high-sensitive C-reactive protein 

IL6-α: Interleukin 6 alpha 

TGF-α: Transforming growth factor alpha 

TRANCE: Tumor Necrosis Factor-related activation-induced cytokine (O14788: TNF-related activation-induced cytokine within limits of detection) 

TWEAK: Tumor necrosis factor-like weak inducer of apoptosis (O43508: TNF-like weak inducer of apoptosis within limits of detection) 



 

 

NPX: Normalized protein expression   

Vitamin D: Standardized version of (25-OH)D  

PDS status: Pubertal Development Scale status 

 

 

 



 

 

Cross-sectional associations between sleep duration and HSCL-10 

At baseline, a 30-minute increase in sleep duration (one unit) was associated with a 

significant lower level of HSCL-10 in girls B [95% CI] = -0.132 [-0.183, -0.081] and boys, B 

[95% CI] = -0.089 [-0.127, -0.051]. At follow-up, the corresponding crude associations were 

significant among girls, B [95% CI] = -0.134 [-0.186, -0.082] and boys, B [95% CI] = -0.087 

[-0.132, -0.042] (Table 2). 

 

Associations between change in sleep duration and change in HSCL-10 

In girls, increasing sleep duration by 30 minutes from baseline to follow-up (one unit) was 

associated with a significant decrease in HSCL-10 from baseline to follow-up B [95% CI] = -

0.090 [-0.131, -0.048]. In boys, the corresponding association was also significant, B [95% 

CI] = -0.054 [-0.091, -0.017]. The associations remained significant after adjustment for 

potential confounders in both girls, B [95% CI] = -0.068 [-0.109, -0.027] and boys, B [95% 

CI] = -0.078 [-0.125, -0.031] (Table 2). 

 

Table 2: Crude and adjusted associations between sleep duration and psychological distress 

(Hopkins Symptom Check List HSCL-10), assessed by linear regressions, 1 unit sleep 

duration equals 30 minutes. The results are presented for girls and boys, respectively. Fit 

Futures from baseline 2010-2011 and follow-up in 2012-2013. 

Girls    

 95 % CI   

 n B  

 

Lower Upper p-value 

 

R2  

Baseline univariate 373 -0.132 -0.183 -0.081 <0.001* 0.066 

Follow-up univariate 372 -0.134 -0.186 -0.082 <0.001* 0.065 

Model 1 372 -0.090 -0.131 -0.048 <0.001* 0.047 

Model 2 361 -0.068 -0.109 -0.027   0.001* 0.137 

 

Boys 

   

 95 % CI   

 n B  Lower Upper p-value  R2  

 

Baseline univariate 291 -0.089 -0.127 -0.051 <0.001* 0.069 

Follow-up univariate 294 -0.087 -0.132 -0.042 <0.001* 0.048 

Model 1  291 -0.054 -0.091 -0.017   0.005* 0.027 

Model 2 117 -0.078 -0.125 -0.031   0.001* 0.376 
 

B: Unstandardized beta  

*Statistically significant with a p-value cutoff of 0.05 

 

Baseline univariate: Crude analysis baseline 

Follow-up univariate: Crude analysis follow-up 

Model 1: Crude analysis with change score sleep duration as exposure and change score Hopkins Symptom 

Checklist (HSCL-10) as outcome 

Model 2 for girls: Model 1 + use of contraceptives, change score smoking, change score snuffing, change score 

physical activity and change score self-rated health 

Model 2 for boys: Model 1 + chronic disease, change score current infection, change score self-rated health, 

change score smoking, high-sensitive C-reactive protein, interleukin 6 alpha and transforming growth factor 

alpha 



 

 

 

 

Supplementary analysis 

Removing the sleep item from HSCL-10, did not change the significant cross-sectional 

findings from neither baseline nor follow-up. Similarly, the significant associations between 

change in sleep duration and change in HSCL-10 remained significant when excluding the 

sleep item (Supplementary table 1).  

 

Adjusting for potential confounders from baseline only, did not change the results (data not 

shown). 

 

Discussion 
In this population-based prospective study on adolescents between 15-18 years of age, we 

found significant prospective associations between sleep duration and psychological distress 

in both girls and boys. Reduced sleep duration was associated with increased psychological 

distress. Inverse cross-sectional associations between sleep duration and psychological 

distress were also apparent at baseline as well as at follow-up. With an average sleep duration 

of 7 hours per night, this sample slept less than the recommended 8-10 hours. In both genders, 

a large proportion slept less or equal to 6 hours at both time-points, and only a few slept over 

9 hours per night. 

 

After adjusting for confounders, we found that one unit (30 minutes) increase in sleep 

duration from baseline to follow-up gave a decrease in HSCL-10 score from baseline to 

follow-up of 0.068 in girls and 0.078 in boys. Previous reports indicate that the association 

between insomnia and depressive symptoms is stronger in girls compared to boys [30]. 

However, in the present study the associations were significant in both genders. Our findings 

on prospective associations between change in sleep duration and change in psychological 

distress support results of Fuligni et al. [27]. In a study including approximately 750 healthy 

adolescents 14 to 15 years of age, they found that short sleep duration was correlated with 

increased psychological distress the following day. To consider individual differences in the 

association between sleep duration and psychological distress, Fuligni et al. [27] used daily 

measurements for a 2-week period. In our study, we applied change scores over two years as 

an approach to assess such individual differences in sleep need. Both approaches indicate 

significant relations between sleep duration and psychological distress. Frequent sleep and 

distress measurements as conducted by Fuligni et al. [27], and the use of change scores as in 

our study indicate significant relations between sleep duration and psychological distress. 

Studies have reported prospective associations between sleep duration and psychological 

distress with longer time lags. A study by Orchard et al. [29] reported that sleep duration on 

school nights among adolescents 15 years of age predicted psychological distress at the age of 

21 [29]. Thus, our findings of prospective associations between change in sleep duration and 

change in psychological distress over two years are consistent with studies both with shorter 

and longer time lags. 

 



 

 

Our finding that an increase of 30 minutes in sleep from baseline to follow-up was associated 

with a decrease in psychological distress from baseline to follow-up may be clinically 

relevant in adolescents that are sleep deprived. In support, two studies that evaluated the 

effect from delayed school start [43, 44], and a study that evaluated a sleep education program 

for adolescents [45] reported that an increase of approximately 30 minutes of sleep duration 

was associated with decreased psychological distress and decreased depressed mood. In their 

randomized controlled trial (RCT), Bonnar et al. [45] found that an increase of 27 minutes of 

sleep duration in school nights in the intervention group, resulted in a decline in depressed 

mood compared to the control group.  

 

On the other hand, there are findings pointing towards no prospective associations between 

sleep duration and symptoms of depression and anxiety. Doane et al. [46] found no 

significant prospective associations between sleep duration and symptoms of anxiety and 

depression, in adolescents 18 years of age at baseline. Nevertheless, their sample size was 

small (n=71), and the association might have been significant with a bigger sample size. A 

larger study by Fan et al. [47] found no association between sleep duration at baseline and 

depressive symptoms at follow-up one year later in adolescents 15 years of age at baseline. A 

difference from our study is that Fan et al. [47] adjusted for baseline depressive symptoms, 

whereas we in our study used change scores of sleep duration and psychological distress as 

exposure and outcome respectively. Adjusting for baseline depressive symptoms examines 

whether sleep duration at baseline is associated with depressive symptoms at follow-up, 

whereas using change scores examines whether a change in sleep duration from baseline to 

follow-up is associated with a change in psychological distress from baseline to follow-up.  

Lovato et al. [48] suggested that effect from insufficient sleep on depressed mood may be 

relatively short. Our approach with change scores may be said to consider such short effects 

from sleep duration by including sleep duration at follow-up in the exposure. Our cross-

sectional associations between sleep duration and psychological distress support short effects 

from sleep duration. 

 

Overall, literature shows mixed findings on prospective associations between sleep duration 

and psychological distress during adolescence. Several studies have reported significant 

associations, both with shorter and longer time lags than ours. Our results support results 

indicating that an increase of 30 minutes of sleep duration is clinically relevant for reductions 

in psychological distress. According to Short et al. [24], the mixed findings on associations 

between sleep duration and mood may be due to different operationalization of sleep duration. 

 

Our findings on mean sleep duration of approximately 7 hours are in line with a review and 

meta-analysis on adolescents from Europe, America and Asian countries [49], where mean 

sleep duration was found to be approximately 7 hours in participants 15-18 years of age. Our 

findings also correspond with a study from Norway, on 4,010 first-years high school students, 

aged 16-17 years, who reported a mean sleep duration of 6 hours and 43 min on school nights 

[50]. A study on 4,175 American adolescents aged 11-17 years at baseline reported that 20% 

slept ≤ 6 hours at baseline and 17% slept below 6 hours at follow-up [51]. These percentages 



 

 

are somewhat below the percentages that slept ≤6 hours in our study, however the sample in 

the referenced study is younger than the sample in our study.  

 

This study has several strengths. The participants were healthy adolescents, and the 

attendance rate was very high. Adolescents are understudied in general and with respect to the 

prospective association between sleep duration and psychological distress. All analyses were 

performed gender-stratified since earlier studies have shown gender-differences in prevalence 

of both psychological distress and associations between sleep duration and depressive 

symptoms. Our study examined several potential confounders. Finally, we explored 

associations between change in sleep duration and change in psychological distress. This 

approach considers individual differences in sleep need, which has been recommended [27], 

and takes into account the possibility that the effect from sleep duration may be short [48]. 

 

This is an observational study, and we cannot exclude residual confounding.  There may be 

other factors that have caused changes in both sleep duration and psychological distress. We 

did not use polysomnography which is regarded as the gold standard for sleep assessment 

[52]. Neither did we have data on whether our participants slept during daytime nor 

differentiated data on sleep duration on weekdays and weekends. Other studies [15, 53] have 

used a question about sleep duration from the Pittsburgh Sleep Quality Index that is like the 

item we used in the present study. Stratification on gender reduces statistical power. However, 

our sample sizes were big enough to detect significant associations in both genders, in crude 

and adjusted analyses. The beta-values are relatively small, and the clinical relevance may be 

questioned. On the other side, small effect-sized are common in psychological research [54].  

Our assumption that changes in sleep duration represents the same exposure across the scale 

may be questioned. For example, a change in sleep duration from 6.0 to 6.5 hours, may be 

different from a change from 8.0 to 8.5 hours. The association between change in sleep 

duration and change in psychological distress may be dependent upon sleep duration level at 

baseline. There will probably be an upper threshold at which additional sleep will not yield 

lower levels in psychological distress. Most of the adolescents slept below the recommended 

hours, and thus it is likely that increasing sleep duration with 30 minutes may be beneficial 

for most of the participants. There are individual differences in sleep need [55], hence it may 

be that change in sleep duration is the most precise predictor of psychological distress.  

 

Conclusion 

In this study, short sleep duration was highly prevalent in healthy adolescent girls and boys. 

Increased sleep duration from baseline to follow-up was associated with decreased 

psychological distress from baseline to follow-up, in both genders, and vice versa, decreased 

sleep duration was associated with increased psychological distress. Due to variability in 

results of the existing research, there is a need for more studies examining associations 

between sleep duration and psychological distress. 
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Supplementary 

Supplementary Table 1: Crude and adjusted associations between sleep duration (1 unit = 

30 minutes) and Hopkins Symptom Check List (HSCL-10) without the sleep item, assessed by 

linear regression. The results are presented for girls and boys, respectively. Fit Futures 

baseline in 2010-2011 and follow-up in 2012-2013. 

 

Girls    

 95 % CI   

 n B  Lower Upper p-value R2  

Baseline univariate 373 -0.122 -0.173 -0.071 <0.001* 0.057 

Follow-up univariate 372 -0.120 -0.173 -0.067 <0.001* 0.051 

Model 1 372 -0.062 -0.099 -0.024   0.001* 0.028 

Model 2 361 -0.043 -0.080 -0.006   0.025* 0.120 

 

Boys 

      

 95 % CI   

 n B  Lower Upper p-value  R2  

 

Baseline univariate 291 -0.075 -0.113 -0.038 <0.001* 0.053 

Follow-up univariate 294 -0.076 -0.121 -0.031   0.001* 0.036 

Model 1  291 -0.042 -0.074 -0.010   0.010* 0.023 

Model 2 117 -0.067 -0.109 -0.025   0.002* 0.184 

 
B: Unstandardized beta  

*Statistically significant with a p-value of 0.05 

 

Baseline univariate: Crude analysis baseline 

Follow-up univariate: Crude analysis follow-up 

Model 1: Crude analysis with change score sleep duration as exposure and change score Hopkins Symptom 

Checklist (HSCL-10) without the sleep item as outcome 

Model 2 for girls: Model 1 + use of contraceptives, change score smoking, change score snuffing, change score 

physical activity and change score self-rated health 

Model 2 for boys: Model 1 + chronic disease, change score current infection, change score self-rated health, 

change score smoking, high-sensitive C-reactive protein, interleukin 6 alpha and transforming growth factor 

alpha 
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Appendix B 

 

Pamphlet of information, The Fit Futures 

Consent of participation, The Fit Futures 

 

Norwegian Versions 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Appendix C 

 

Interview guide, The Fit Futures 

Printout of Electronic Questionnaire, The Fit Futures 

 

Norwegian Versions 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 

 

 

 



 

 

 


