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1. Anxiety disorders 
Anxiety disorder is the sixth leading cause of disability worldwide (Baxter, Vos, 
Scott, Ferrari, & Whiteford, 2014). Anxiety disorders are common in adolescence 
as well as in adulthood (Alonso et al., 2004; Kessler, Petukhova, Sampson, 
Zaslavsky, & Wittchen, 2012; Merikangas et al., 2010). Additionally, anxiety 
disorders decrease a person’s quality of life and often are persistent or chronic 
(Barrera & Norton, 2009; Ormel et al., 2017). The majority of adolescents and 
adults do not receive appropriate treatment for their anxiety disorders as 
their symptoms often go unrecognized (Jordi Alonso et al., 2018; Merikangas 
et al., 2011). Thus, early recognition, intervention, and prevention of anxiety 
disorders are very important to reduce individual suffering and societal costs 
(Heuzenroeder et al., 2004; Mayo-Wilson et al., 2014).

Anxiety disorders typically emerge at an early age (Albor, Benjet, Méndez, & 
Medina-Mora, 2017; Ford, Goodman, & Meltzer, 2003; Merikangas et al., 2010; 
Ormel et al., 2017; Spence, Zubrick, & Lawrence, 2018). Some prior studies found 
that the prevalence of anxiety disorders increases steadily during childhood and 
adolescence, particularly between ages 12–15 years (Essau, Conradt, Petermann, 
& Phil, 2000; Ford et al., 2003), whereas another study suggested a decrease 
between late childhood and middle adolescence, followed by a slight increase 
in late adolescence (Van Oort, Greaves-Lord, Ormel, Verhulst, & Huizink, 2011). 
A comparison of estimated prevalence rates of anxiety disorders in adolescence 
to those in adulthood and old age (Table 1) suggests that anxiety disorders tend 
to be most common in adolescence (10 to 18 years), after which the prevalence 
rates decrease in adulthood (18 to 65 years), and drop to their lowest rates 
during the elderly stage of life (≥ 65 years). It is remarkable that this pattern does 
not only apply to 12-month prevalence rates, but to lifetime prevalence rates 
as well (Gum, King-Kallimanis, & Kohn, 2009). Possibly, the decreasing lifetime 
prevalence rates are due to recall bias: older participants may not remember 
previous events and experiences accurately because subsequent events 
influenced their memories (Eaton et al., 2012; Kessler et al., 2012a). Numerous 
studies have found that women are more likely than men to be affected by 
anxiety disorders (e.g., Essau et al., 2000; Gum et al., 2009; Jacobi et al., 2014; 
Kessler, Petukhova, Sampson, Zaslavsky, & Wittchen, 2012b; Van Oort, Greaves-
Lord, Verhulst, Ormel, & Huizink, 2009). 

Anxiety disorders have a multifactorial etiology. They have for example been 
associated with low family socioeconomic status (Lemstra et al., 2008), parental 
internalizing problems (Beidel & Turner, 1997; Telman, van Steensel, Maric, & 
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Table 1. Prevalence rates of anxiety disorders across the lifespan 

10-18 years

TRAILS1; NCS-A2;
BJS3

18-65 years

NCS-R4; ESEMeD5, 
NEMESIS6

65+ years

NCS-R4,7; LASA7,
and ECA8,9

Prevalence rate (%) 12 months Lifetime
12 

months
Lifetime

6-12 
months

Lifetime

Any anxiety disorder 15.0-21.6 18.6-32.4 6.4-15.6 13.6-33.7 5.5-10.2 13.6

SAD 7.5-7.9 2.4-12.5 1.2-8.0 2.4-13.0 2.3 6.3

Specific phobia 9.0-16.3 11.6-20.0 3.5-10.1 7.7-13.8 3.1-4.8 a 6.8

SEP-AD 0.3-1.5 3.0-7.7
Not 

assessed
Not 

assessed
Not 

assessed
Not 

assessed

GAD 0.9-1.8 0.4-4.0 0.9-2.9 2.8-6.2 1.2-7.3 3.3

Panic disorder 1.3-1.9 0.5-2.3 0.8-3.1 2.1-5.2 0.1-1.0 2.1

Agoraphobia 0.7-2.0 0.9-2.9 0.4-1.7 0.9-3.4 0.4 0.9

Note: SEP-AD, separation anxiety disorder; SAD, social anxiety disorder; GAD, Generalized anxiety 
disorder. Obsessive compulsive disorder and post-traumatic stress disorder were not included. This 
table has only presented cohort studies covering a wide range of ages and a large sample. 

TRAILS, Tracking Adolescents' Individual Lives Survey; NCS-A, National Comorbidity Survey–
Adolescence; BJS- Bremer Adolescent Study; NCS-R, National Comorbidity Survey–Replication; ESEMeD, 
European Study of the Epidemiology of Mental Disorders; NEMESIS, Netherlands Mental Health Survey 
and Incidence Study; LASA-Longitudinal Ageing Study Amsterdam; ECA, Epidemiological Catchment 
Area
a Phobic Disorder according to DSM III diagnosis. 
1 Ormel et al., 2017
2 Merikangas et al., 2010 
3 Essau et al., 2000
4 Kessler, Petukhova, Sampson, Zaslavsky, & Wittchen, 2012
5 Alonso et al., 2004
6 Bijl, Ravelli, & van Zessen, 1998
7 Gum et al., 2009
8 Beekman et al., 1998
9 Lenze & Wetherell, 2011

Bögels, 2018), behavioral inhibition (Essex, Klein, Slattery, Goldsmith, & Kalin, 
2010; Hayward et al., 2008), and early adverse experiences (Heim & Nemeroff, 
2001; Oldehinkel & Ormel, 2015). These psychosocial risk factors have been 
identified in many cross-sectional and longitudinal studies. Fewer studies have 
investigated associations between biological factors and anxiety disorders. Two 
potentially relevant physiological systems are the hypothalamic-pituitary-adrenal 
(HPA)-axis and autonomic nervous system (ANS). Cortisol levels have been linked 
to anxiety disorders both cross-sectionally (Kallen et al., 2008) and longitudinally
(Adam et al., 2014), and findings suggest that upregulation as well as 
downregulation of the HPA-axis might indicate increased risk (Heim & Nemeroff, 
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2001). Furthermore, cross-sectional and longitudinal associations have been 
found between low heart rate variability and anxiety symptoms (Greaves-
Lord et al., 2007; Greaves-lord et al., 2010). In addition, obesity is a potential 
risk factor for anxiety. Obese adolescents have been reported to have an 
almost fourfold increased risk of anxiety disorders compared to normal-weight 
adolescents (Anderson, Cohen, Naumova, Jacques, & Must, 2007). Obesity is not 
only a biological risk factor, but may also reflect or generate psychological risk, 
as illustrated by findings suggesting that the risk of physical and psychological 
victimization increases with increasing BMI (Brixval, Rayce, Rasmussen, Holstein, 
& Due, 2012; Janssen, Craig, Boyce, & Pickett, 2004). Perhaps, being bullied 
mediates the association between obesity and anxiety (Yen, Liu, Ko, Wu, & Cheng, 
2014).

Most previous studies that investigated the above-mentioned risk factors 
focused on the association between one or a few specific risk factors and 
(varying) anxiety symptoms, and did not examine a wide range of risk factors 
simultaneously. Including psychosocial and biological risk factors together in the 
analysis allows for a deeper understanding of the independent influence of each 
of these factors, and provide clues regarding distal and more proximal risks.

2. Sleep problems 
Sleep is referred to as “a reversible state of perceptual disengagement from, and 
unresponsiveness to, the environment” (Carskadon & Dement, 2011, p. 16). Sleep 
is essential for the biological, psychological, emotional, and cognitive processes 
that are vital for human well-being. It is regulated by two biological processes. 
One process is the homeostatic drive for sleep. Sleep drive starts at the moment 
of wakefulness and increases throughout the day until the next onset of sleep. 
The other is the circadian system, which synchronizes the internal body clock to 
the earth’s solar period (approximately 24 hours) based on exposure to daylight. 
These regulatory processes can be disturbed by external stimuli such as noise 
(Sygna, Aasvang, Aamodt, Oftedal, & Krog, 2014) and artificial light (Wyse, Biello, 
& Gill, 2014), as well as by internal triggers such as stress and high arousal (e.g., 
Sanford, Suchecki, & Meerlo, 2014). Insufficient sleep is associated with higher 
rates mortality due to various causes, such as cardiovascular disease, diabetes, 
and suicide (Rod et al., 2011), and has been linked to poor mental health and 
low academic performance, which may also impact relationships with family 
and peers (Roberts, Roberts, & Duong, 2008; Sarchiapone et al., 2014; Wong, 
Robertson, & Dyson, 2015).
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Sleep problems can encompass various difficulties, including difficulty 

initiating sleep and maintaining sleep, waking up too early without being able to 
fall asleep again, and non-restorative sleep or poor sleep quality (Buysse, Ancoli-
Israel, Edinger, Lichstein, & Morin, 2006; Roth, 2007). According to the Diagnostic 
and Statistical Manual of Mental Disorders (DSM-5), a diagnosis of Insomnia 
Disorder requires at least one of the following symptoms: difficulty falling asleep, 
difficulty maintaining sleep, or early-morning awakening for at least three nights 
a week in the last three months. These symptoms should result in significant 
distress or impairment and not be caused by other sleep disorders (e.g., 
narcolepsy, breathing-related sleep disorders, restless legs syndrome), mental 
disorders, or substance abuse (American Psychiatric Association, 2013). Early-life 
sleep problems often involve difficulties initiating and maintaining sleep, reduced 
sleep duration, and nightmares (Alfano, Ginsburg, & Kingery, 2007; Shanahan, 
Copeland, Angold, Bondy, & Costello, 2014). In this thesis, I use the term sleep 
problems to refer to this broad domain of common nighttime difficulties.

Several well-established methods, subjective and objective, are used for 
measuring sleep problems. Subjective assessments involve sleep questionnaires 
and diaries (Buysse, Reynolds, Monk, Berman, & Kupfer, 1988), and sometimes 
even single-item measures (Carney et al., 2012). Subjective sleep measures 
assess perceptions of sleep quality and duration, that is, individuals’ satisfaction 
with their nighttime sleep, based on various aspects of sleep such as the 
ones mentioned above. In contrast, objective sleep measures, which mainly 
comprise polysomnography (PSG) and actigraphy, provide an indication of the 
actual number of sleeping hours. To measure sleep problems in children and 
adolescents, parent reports play an important role. In general, subjective sleep 
assessments are considered a cost-effective, rapid measure to assess sleep 
that may be more relevant for mood than objective measures (Edinger et al., 
2000; Rosa & Bonnet, 2000), and therefore are often used in clinical practice and 
research. 

Regardless of the mode of assessment, sleep problems are very common, 
and are therefore, an important public health concern. Depending on the 
definition of sleep problems used, epidemiological studies estimate that 30-52% 
of the adults (Arroll et al., 2012; Kocevska et al., 2020; Madrid-Valero, Martínez-
Selva, Ribeiro do Couto, Sánchez-Romera, & Ordoñana, 2017; Mellor, Waters, 
Olaithe, McGowan, & Bucks, 2014), and 10-40% of the children and adolescents 
(Calhoun, Fernandez-Mendoza, Vgontzas, Liao, & Bixler, 2014; Guo et al., 2014; 
Morrison, McGee, & Stanton, 1992) suffer from sleep disturbances. In most 
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studies, women were more likely to report sleep problems than men (La et al., 
2020; Madrid-Valero et al., 2017; Morphy, Dunn, Lewis, Boardman, & Croft, 2007). 
Although the sex difference has also been reported for children and adolescents, 
regardless of informant (Calhoun et al., 2014; Kocevska et al., 2020; Laberge et 
al., 2001; Meijer, Reitz, Deković, van den Wittenboer, & Stoel, 2010), it has been 
suggested that the onset of menses aggravates sex differences in adolescents’ 
sleep problems (Johnson, 2006). 

Among adults, sleep problems tend to increase with age. Morphy et al. (2007) 
found that elderly individuals (> 65 years) more often reported sleep problems 
(65%) than younger adults (43%), and two meta-analyses showed that the 
amount of sleep time and sleep efficiency decreased during adulthood, whereas 
the probability of waking up after sleep onset became larger (Floyd, Medler, Ager, 
& Janisse, 2000; Kocevska et al., 2020). Likewise, objective sleep measurements 
indicated that the percentage of slow-wave and rapid eye movement (REM) 
sleep declined, while sleep latency and nocturnal awakenings increased with 
age (Hume, Van, & Watson, 1998; Ohayon, Carskadon, Guilleminault, & Vitiello, 
2004). For children and adolescents, the age-related patterns found are more 
inconsistent. Whereas some studies suggested that sleep problems are more 
prevalent in preschool children (4 years old) and early adolescence (10-12 years 
old) than during mid-adolescence (Calhoun et al., 2014; Gregory & O’Connor, 
2002), other found that older adolescents reported more problems than young 
adolescents (Guo et al., 2014; Morrison et al., 1992). Thus, how sleep problems 
develop during childhood and adolescence is in need of more research. 

3. The association between sleep problems and anxiety  
The cognitive model of insomnia (Harvey, 2002) suggests that excessive worry and 
anxiety about poor sleep generates autonomic arousal and emotional distress, 
as well as selective attention towards external and internal sleep-related threats. 
Because of this bias, individuals may underestimate the amount of time slept as 
well as their daytime performance. Strategies to promote falling asleep, such as 
thought and imagery control, often exacerbate the problem rather than solving 
it. As a result, anxiety and worry may culminate in an actual deficit in sleep, 
and in a vicious cycle of distorted sleep that is hard to escape from. Besides, 
excessive anxiety and worrying activates the sympathetic nervous system and 
hypothalamic–pituitary–adrenal axis, which prepare the body to fight or flight 
instead of sleep (Brosschot, Van Dijk, & Thayer, 2007; Kalmbach et al., 2018). 
Poor sleep increases the amygdala response to a negative stimulus and declines 
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functional connectivity between the amygdala and the medial prefrontal cortex 
(Yoo, Gujar, Hu, Jolesz, & Walker, 2007). This decreased functional connectivity 
may contribute to a diminished ability to regulate anxiety-related processes (Cox 
& Olatunji, 2020). Hence, various physiological mechanisms are involved in the 
development of sleep and anxiety, probably in a bidirectional manner. 

Concurrent, prospective, and dynamic association between sleep problems and 
anxiety 
In line with the above-described notions, sleep problems and anxiety symptoms 
often occur together. Of primary care patients who complained of difficulty 
sleeping (about 40% of all patients), 48% also reported anxiety (Arroll et al., 
2012). Another study found that 90% of anxious young people reported at least 
one sleep problem, and 82% two or more (Chase & Pincus, 2011). Consistent 
with these rates, estimated odds ratios for associations between sleep problems 
and concurrent anxiety disorders range between 1.5 and 13.1 (Breslau, Roth, 
Rosenthal, & Andreski, 1996; Shanahan et al., 2014; Staner, 2003). 

Cross-sectional associations provide little insight into the direction of 
effects (i.e., whether poor sleep precedes anxiety or the other way around) 
and hence potentially causal relations. To learn more about the direction of 
the effect, longitudinal designs are needed, in which subjects are followed over 
a period of time, with regular intervals between assessments, which can vary 
from days to several years. Several longitudinal studies found that poor sleep 
predicted anxiety symptoms several years later. Notably, Gregory and O’Connor 
(2002) found that sleep problems at age four predicted anxiety symptoms after 
11 years, and Orchard et al. (2020) revealed that sleep problems at age 15 
predicted anxiety disorder at ages 17, 21 and 24 years. Effects in the opposite 
direction were reported too: Bai et al. (2020) and Shanahan et al. (2014) reported 
significant bidirectional associations between disturbed sleep and anxiety 
disorders in clinical samples. Most studies indicated that sleep problems are a 
stronger predictor of later anxiety than the other way around (Alvaro, Roberts, & 
Harris, 2013; Kelly & El-Sheikh, 2014; Leahy & Gradisar, 2012; Roberts & Duong, 
2017), suggesting that sleep problems serve as a “red flag” for the later onset of 
anxiety, but that the opposite is not necessarily true. A few studies even found 
that anxiety symptoms predicted fewer sleep problems (Kelly & El-Sheikh, 2014; 
Tochigi et al., 2016). The results of these studies are hard to compare because 
of varying measurement intervals. Moreover, long time intervals between 
assessments may not be optimal to investigate mutual influences of anxiety and 
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sleep; it is well conceivable that these effects operate on a shorter time scale and 
are not detected when the intervals are too long. 

Experience sampling method (ESM) is an assessment approach consisting 
of series of repeated measurements collected during a set period with short time 
intervals, usually on a daily basis or even within days. This approach reduces recall 
bias and allows to test how momentary experiences affect each other over time. 
Although some ESM-studies have investigated associations between daytime 
anxiety and self-reported sleep problems in selected subgroups (Kalmbach, 
Arnedt, Swanson, Rapier, & Ciesla, 2017; McGowan, Behar, & Luhmann, 2016), still 
little is known about associations between daytime anxiety and sleep problems 
during the preceding or following night. The before-mentioned cognitive insomnia 
theory (Harvey, 2002) suggests that worry is particularly likely to be associated 
with sleep problems. Although worry is a normal human reaction to stress, 
persistent and chronic worry is a core symptom of generalized anxiety disorder 
(GAD). The strong link between worry and GAD is illustrated by the fact that 
having difficulty falling or staying asleep is a diagnostic criterion for GAD (Thielsch 
et al., 2015). Despite strong theoretical support for bidirectional associations 
between sleep and worry, little research has been conducted to empirically test 
these associations. However, some studies did found that excessive worrying at 
bedtime was associated with troubled sleep (Åkerstedt, Kecklund, & Axelsson, 
2007), and that sleep problems, particularly a short duration of sleep, in turn 
led to more worrying (Kelly, 2002). To the best of my knowledge, only one study 
investigated day-to-day bidirectional associations between worry and sleep 
problems using ESM (McGowan, Behar, & Luhmann, 2016b). The results of this 
study suggested that worrying predicted increased sleep problems the following 
night, but not the other way around, but the sample was rather small and not 
representative (all high traits worriers). Furthermore, it is not known whether 
sleep has particularly strong associations with worry or is influenced by other 
symptoms of mental distress in comparable ways. Altogether, the nature of the 
day-to-day associations between sleep problems and anxiety requires further 
investigation. 

Within- and between-person associations
Traditionally, much psychological and epidemiological research was 

based on relatively large samples, and relied on sample means, variances, and 
covariance, that is, on parameters representing changes between individuals 
(between-person variance) to draw inferences about processes that occur within 
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individuals (within-person variance). This can only be done validly if the effects 
under study are the same for all individuals in the population and stable over 
time, a condition referred to as ergodicity. In practice, this will often not be true. 
Developmental processes are often dynamic and change over time at the within-
person level. For example, a negative cross-sectional association between sleep 
and anxiety at the between-person level (i.e., persons who report poor sleep 
are also likely to report many anxiety symptoms) does not necessarily imply 
that individual persons will experience less anxiety when they improve their 
sleep; in theory, this association may even be in the opposite direction. Rather 
than representing processes within individuals, between-person effects rather 
provide information about specific target groups in populations (Hamaker, 2012; 
McNeish & Hamaker, 2019). Only within–person associations between anxiety 
and sleep problems have the potential to elucidate underlying process and 
be of value for the development of person-tailored interventions. In short, to 
validly investigate how sleep problems and anxiety influence each other over 
time, it is important to distinguish between between-person and within-person 
differences. 

Sex and age differences in associations between sleep and anxiety
Although numerous have explored the association between sleep and 

anxiety, it is still not clear whether this association differs between men and 
women, and how it develops across the lifecourse, because the existing evidence 
is inconclusive, for sex as well as age differences. With regard to sex differences 
in adolescents, some studies suggest that the association between sleep and 
anxiety is stronger in boys than in girls (e.g., Bai et al., 2020; Meijer et al., 2010), 
while other found no difference (e.g., Calhoun et al., 2014; Morrison et al., 1992). 
In adults, Eller et al. (2006) found that the association between sleep problems 
and anxiety symptoms was stronger in women than in men, Chen et al. (2021) 
found that the association was stronger in men than in women, and no sex 
difference was found in the association of sleep duration with anxiety symptoms 
by Broström et al. (2018).

Comparable inconsistencies characterize the body of literature on age 
differences in the association between sleep and anxiety. A study by Alfano et 
al. (2009) suggested that the association between anxiety symptoms and sleep 
problems is stronger in childhood and early adolescence (6-11 years) than in 
adolescence (12-17 years). Consistent with this, an experimental study revealed 
that sleep restriction increased perceived worry and threats in young adolescents 
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more than in older adolescents and adults (Talbot, McGlinchey, Kaplan, Dahl, & 
Harvey, 2014). However, Bai et al. (2020) found no significant moderating effects 
of age with regard to the association between sleep problems and anxiety in 
youth. The only two studies in an adult sample that I am aware of suggested that 
the association between sleep problems and anxiety symptoms is stronger in 
young adults than in older adults (Chen et al., 2021; Gadie, Shafto, Leng, & Kievit, 
2017). Taken together, the association between sleep problems and anxiety may 
weaken with increasing age; however, it is still too early to draw firm conclusions.

 
4. This thesis
The previous sections revealed several gaps in the literature on sleep problems 
and anxiety symptoms across the lifespan. In this thesis, five studies will be 
presented that were all conducted with the goal to fill part of the gap by gaining 
more insight into sleep problems and anxiety, among either adolescents or 
adults. More specifically, the goals were to I) learn more about psychosocial and 
biological risk factors of the onset anxiety disorder, II) examine the role of age and 
sex in the association between sleep problems and anxiety, and III) investigate 
bidirectional association between sleep problems and anxiety using multiple 
time frames. I used several population-based datasets together covering large 
parts of the lifespan, that is, late childhood, adolescence, young adulthood, 
middle adulthood, and old adulthood. 

Part I. Psychosocial and biological risk factors of anxiety     
Many anxiety symptoms start in childhood or adolescence. More 

knowledge about which factors predict the onset of anxiety may promote early 
detection of youth prone to develop mental problems and hence to identify 
target groups for prevention and intervention. Many studies examine the role of 
sociodemographic (sex, age, SES), psychological (temperament, early adversity, 
parental psychopathology), or biological (heart rate, blood pressure, cortisol, 
BMI) factors, but relatively little is known about which factors are independent 
predictors of anxiety disorder onset. The study described in Chapter 2 aimed 
to investigate the above-mentioned putative risk factors for the onset of anxiety 
disorders in childhood and adolescence in concert, and to explore whether the 
effects of those factors differed for specific anxiety disorders. 

Part II. The role of age and sex in the association between sleep problems and 
anxiety

First, as a prerequisite for research into sleep problems and anxiety, it is 
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important to know the epidemiology of—subjective—sleep problems and anxiety 
disorder in the general population. Despite existing literature on prevalence 
rates and the effect of age and sex on sleep problems and anxiety disorder, 
much remains to be learned about age and sex differences in the association of 
sleep problems and anxiety disorder. These will be described in Chapter 3. The 
aims of the study described in this chapter were to investigate 1) the prevalence 
and relationship of anxiety disorder and sleep problems across adulthood in 
men and women from the general population, and 2) whether the association 
between sleep and anxiety differed for specific anxiety disorders. 

Adolescence is a transitional period during which children develop into 
adults. Adolescents tend to have a dysregulated circadian rhythm and impaired 
emotion regulation due to the major psychological, social, and biological changes 
they go through. Consequently, this age group is vulnerable to developing both 
anxiety and sleep problems. However, research on age and sex differences in the 
association between sleep problems and anxiety symptoms in youth is relatively 
rare, and the existing research has provided inconsistent results. Therefore, 
further replication studies are needed to investigate associations between sleep 
problems and anxiety in boys and girls with ages that cover the whole period 
between late childhood and late adolescence. This is described in Chapter 4. 
The aim of this study was to investigate whether and how age and sex affect the 
association between sleep and anxiety in boys and girls aged between 8 and 18 
years. 

Part III. Bidirectional associations between sleep problems and anxiety 
According to the cognitive theory of insomnia, the association between sleep 

problems and anxiety are bidirectional, but empirical evidence regarding the 
direction of the effects has remained inconclusive thus far. Moreover, previous 
longitudinal studies on associations between sleep problems and anxiety did not 
distinguish between-person effects from within-person effects, which may have 
led to erroneous conclusions regarding within-person effects. We investigated 
bidirectional associations between sleep problems and anxiety symptoms 
across adolescence and young adulthood, while separating within-person from 
between-person effects. This study is described in Chapter 5. 

Effects of sleep on anxiety, and vice versa, that occur within a short time 
interval may remain undetected in studies that investigate these associations 
across periods of months or even years, hence, these studies need to be 
complemented with studies adopting much smaller time intervals, for instance 
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days. The cognitive theory of insomnia suggests that worry is more closely 
linked to sleep problems than other anxiety symptoms, but only few studies 
have investigated day-to-day (or rather day-to-night) bidirectional associations 
between worry and sleep problems. As mentioned before, it is important to 
separate within-person effects from between-person effects when studying how 
sleep problems and anxiety symptoms mutually influence each other. Chapter 
6 describes a study in which we investigated between- and within-subject 
associations between affect, worry, and sleep based on a diary study. 

Chapter 7 contains a general discussion of the findings reported in this 
thesis. First, the main findings are summarized and interpreted, followed by 
a discussion of the most important limitations. Finally, I discuss the clinical 
implication of the findings and provide recommendations for future studies.

5. Description of the datasets used
For chapters 3 and 4 data were used from Lifelines, a prospective population-
based cohort study with participants recruited in the northern regions of the 
Netherlands. Lifelines encompasses a children’s cohort (0-18 years), an adult 
cohort (18–65 years), and an elderly cohort (65+ years). Chapter 3 is based on 
data from the adult and elderly cohorts, which were collected from February 2012 
to December 2013. The sample used in the analyses consisted of 75,669 adults 
aged between 18-93 years. Chapter 4 is based on data from 8504 participants 
from the children’s cohort, who were aged between 8-18 years, and assessed 
between February 2010 and December 2013. 

Chapters 2 and 5 are based on data from the Tracking Adolescents’ 
Individual Lives Survey (TRAILS), an ongoing prospective cohort study in which 
initially 2,230 participants have been followed from early adolescence up until 
adulthood. For the study described in chapter 2, we used data from the first and 
fourth wave, at mean ages 11 and 19 years. The study presented in chapter 5 
involves data from the first six waves of TRAILS, which were conducted between 
2001 and 2016 with intervals of two to three years. The data collection periods 
and number of participants per wave are shown in Figure 1.

The ESM dataset in chapter 6 was generated from longitudinal diary data 
collected as part of HowNutsAreTheDutch (HND), an ongoing crowdsourcing 
study in the general population. The diary data used in this thesis were collected 
between May 2014 and December 2017. The diary study included 1,165 
participants aged 18-83 years, who provided data three times a day with fixed 
6-hour intervals, for 30 days. Overview of datasets is shown in Table 2.
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Table 2. The datasets used in this thesis

Dataset
Study 
design

Type of data used 
Number 
of sample 

Sample age 
Chapter 

TRAILS Longitudinal 

Risk factors assessed 
with various 
measures, anxiety 
interview-based 
(CIDI)

N=1,584
at T1

Baseline age 
10-12, follow-
up after 8 
years (See 
Figure1) 

2

Lifelines 
Cross-
sectional 

Interview-based 
(MINI) measures of 
anxiety and sleep

N= 75,669
Age 18-93 
years 3

Lifelines 
Cross-
sectional 

Questionnaire-
based (CBCL, YSR) 
measures of anxiety 
and sleep 

N=8504

Age 8-18 
years 4

TRAILS Longitudinal 
Questionnaire-based 
(YSR, ASR) measures 
of anxiety and sleep

N=2,056
at T1

Baseline age 
10-12 years, 
six waves 
with intervals 
of 2-3 years
 (See Figure 
1)

5

HowNutsAre
TheDutch

Experience 
sampling

Diary-based daily 
measures of affect, 
worry, and sleep 
over 30 days/nights

N=1,165
Age 18-83 
years 

6

Note: CIDI, Composite International Diagnostic Interview; MINI, Mini-International Neuropsychiatric 
Interview; CBCL, Child Behaviour Checklist; YSR, Youth Self-Report; ASR, Adult Self-Report; TRAILS, 
Tracking Adolescents' Individual Lives Survey.

Figure 1. Data collection waves in the TRAILS cohort

T1 T2 T3                     T4 T5                     T6

15 years

Years 2001-2002 2003-2004 2006-2007 2009-2010 2012-2013 2015-2016

N= 2230 2149 1819 1881 1782 1617

Sex (female), % 49.8% 50.0% 51.8% 53.4% 55.2% 58.0%

Mean age, SD 11.1±0.6 13.5±0.5 16.3±0.7 19.1±0.6 22.3±0.6 25.6±0.6
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