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The aims of this thesis were to identify psychosocial and biological risk 
factors of the onset of anxiety disorder; the role of age and sex in the association 
between sleep problems and anxiety; and bidirectional associations between 
sleep problems and anxiety over time, with time frames varying from years to 
days. In this chapter, I will summarize the main findings of the studies, put these 
findings in a broader perspective, discuss methodological issues and clinical 
implications, and provide recommendations for future studies. 

MAIN FINDINGS 
In Chapter 2, we investigated a wide range of putative preadolescent risk factors 
(i.e. sociodemographic, psychological, and biological) for the onset of anxiety 
disorders during adolescence in a large community-based sample. Being female 
was the strongest predictor of anxiety disorder. Psychological factors and 
parental psychopathology increased the risk of anxiety as well, but to a lesser 
extent. Biological factors (heart rate, blood pressure, cortisol, and BMI) were not 
associated with the development of anxiety disorder in our study. Analyses of 
specific anxiety disorders revealed that, whereas social anxiety was associated 
with being female and shyness, specific phobia was predicted by female sex 
and low effortful control. After exclusion of baseline anxiety disorder only sex 
remained a statistically significant independent predictor of anxiety disorders. 

In Chapter 3, we explored the prevalence of anxiety disorders and sleep 
problems, and relationship between sleep problems and anxiety disorders, 
among men and women from the general population across the adult lifespan. 
The associations were tested with regard to both any anxiety disorder and 
specific anxiety disorders. Of the total sample, 9.9% had a current diagnosis of 
an anxiety disorder, and 15.1% reported current sleep problems. As expected, 
anxiety disorders and sleep problems were almost twice as prevalent in women 
as in men. We also found that the prevalence of anxiety disorder was higher in 
younger adults (≤ 40 years) than in older ones, and that the prevalence of sleep 
problems showed the opposite pattern. Sleep problems and anxiety disorders 
were strongly associated, particularly in men and in young adults. Of all specific 
anxiety disorders, generalized anxiety disorder (GAD) was the most strongly 
related to sleep problems. 

Chapter 4 focused on the question whether and how age and sex moderate 
the association between sleep problems and anxiety symptoms in boys and girls 
during late childhood and adolescence. Girls had more anxiety symptoms than 
boys, regardless of informant, and these sex differences tended to increase with 
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increasing age. For sleep problems, parent reports did not show sex differences 
but girls themselves reported more problems than boys. Furthermore, children 
and young adolescents had more sleep problems than older adolescents. The 
association between sleep problems and anxiety symptoms was strongest in 
preadolescent boys and in late adolescent girls. 

In Chapter 5, we investigated bidirectional associations between sleep 
problems and anxiety symptoms using data from six measurement waves 
that covered adolescence and young adulthood, with intervals of two to three 
years. Our analytical model allowed to distinguish between within-person and 
between-person sources of associations. We found that sleep problems and 
anxiety symptoms were strongly correlated at the between-person level; in other 
words, adolescents who reported many sleep problems were likely to report 
many anxiety symptoms as well. After controlling for these between-person 
trait effects, within-person cross-sectional associations were found at each 
measurement wave. In addition, sleep problems predicted anxiety symptoms at 
the within-person level in two of the five between-wave intervals. No significant 
effects were found in the opposite direction. 

The study described in Chapter 6 aimed to explore between- and within-
subject associations between affect, worry, and sleep in daily adult life. At the 
between-person level, we found a strong positive association of good sleep with 
pleasant affect, and negative associations of good sleep with unpleasant affect 
and worry. At the within-person level, better sleep was associated with increased 
daytime pleasant and decreased unpleasant affect and worry the following day, 
and vice versa. The effects of affect and worry on subsequent sleep problems 
were smaller than the effects of sleep problems on subsequent affect and worry. 

REFLECTIONS ON THE FINDINGS 
Part I. Psychosocial and biological risk factors of anxiety
We examined a wide range of risk factors for the onset of anxiety disorders and 
showed that sex was the factor most strongly associated with anxiety disorder, 
and the only predictor of future anxiety that remained significant after adjustment 
for baseline anxiety levels. Being female is not a causal risk factor of anxiety, 
rather, it is a marker of factors that are assumed to be more proximally related 
to anxiety. These factors involve two levels. First, genetic differences between 
males and females influence, through differential gene expression and prenatal 
exposure to gonadal hormones, the programming of the brain (Becker et al. 
2005), which in turn contributes to cognitive and physical differences between 
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males and females. Furthermore, in women, gonadal hormone levels fluctuate 
throughout their reproductive period due to the menstrual cycle, pregnancies, 
and perimenopause. These hormonal changes have been found to affect the 
reactivity of the HPA-axis to psychosocial stress (Barel et al. 2018), and so 
increase girls’ and women’s susceptibility to anxiety disorder. Second, social-
developmental theories such as gender schema theory assume that children 
learn gender roles through cognitive learning, socialization, and experience 
(Liben & Bigler, 2002). With increasing age, boys and girls more and more develop 
a schema for their own sex (boy or girl), and select activities and environments 
that fit with their sex schema. Familial and sociocultural norms and expectations 
often, directly or indirectly, promote dependent, anxious behaviors in girls more 
than in boys (McLean & Anderson, 2009). 

It is well known that experimental manipulation is the best, if not only, way to 
determine whether predictors contribute causally to an outcome and elucidate 
underlying mechanisms (Kraemer, Stice, Kazdin, Offord, & Kupfer, 2001). For 
practical and ethical reasons, however, it is often impossible to manipulate 
putative causal risk factors in human research, and observational studies are 
the only way to learn more about etiological processes. Even though causality 
cannot be proven in such studies, identification of independent risk factors can 
help to identify high-risk individuals in need of preventive interventions, to create 
clinical prediction tools, and to gain insight into pathophysiologic conditions. 
The multivariate statistical approach used in chapter 2 allowed to assess the 
unique effect of each possible risk factor of anxiety, while statistically holding the 
other variables constant (Brotman et al. 2005). It is remarkable that, although 
temperamental differences are often mentioned as an explanation for sex 
differences in anxiety (Lynn and Martin 1997; Olino et al. 2013), our multivariate 
analyses indicated that female sex remained a strong predictor after adjustment 
for temperament. Although sex is fixed and a binary variable, and a distal marker 
at the most, it apparently reflects the combined influence of so many risk factors 
of anxiety that it overshadows the effect of more proximal specific determinants 
of anxiety such as temperament. Hence, as a marker of current anxiety and risk 
of future anxiety, female sex seems to be the best choice, and it will be a powerful 
ingredient of prediction models. 

Parental depression and anxiety were associated with anxiety disorder, 
but to a lesser extent than female sex, and not when adolescents with early-
onset disorders were excluded from the sample. The reasons for why parental 
depression and anxiety were only weakly associated with anxiety disorder in our 
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study might be methodological. Previous studies found that the risk of offspring 
anxiety disorder was highest when both parents suffered from depression 
or anxiety (McLaughlin et al. 2012). In our study, mothers reported on both 
parents’ psychiatric history, hence parental psychopathology was assessed 
retrospectively, using a single informant for both parents. The resulting measures 
may be inaccurate or biased representations of the actual fathers’ and mothers’ 
psychopathology. 

Behavioral inhibition was not associated with the overall measure of 
anxiety disorder, but did predict social anxiety disorder. Anxiety disorders form 
a heterogonous cluster, with some disorders being characterized predominantly 
by tension and worrying (i.e. GAD), others by fears and phobias (specific phobia, 
social phobia, panic disorder) or by stress (PTSD), and still other disorders by 
obsessional thoughts and behavioral compulsions (OCD). Our finding that 
childhood behavioral inhibition is particularly relevant for the development of 
social anxiety disorder and plays a less important role for other kinds of anxiety 
is consistent with previous research (Chronis-Tuscano & Degnan 2009; Essex 
et al. 2010; Gladstone et al. 2005; Hayward et al. 1998; Van Oort et al. 2011), 
and suggests that the heterogeneity of anxiety disorders pertains not only to 
their symptom profiles, but to their etiology as well. Grouping various individual 
anxiety disorders into one category (lumping) is an approach that focuses on 
overlapping features and common risk factors of all anxiety disorders. Contrary 
to lumping, splitting involves a focus on narrow, more homogeneous categories, 
which may have specific risk factors and might need differential treatment. Both 
approaches have advantages and disadvantages. Using broad categories runs the 
risk of obscuring relevant effects, but using too narrowly defied categories may 
result in underpowered studies, and ignores the substantial symptom overlap 
and comorbidity of the individual disorders. The optimal approach is probably 
to do both, as I tried to do in my studies. With regard to the effect of behavioral 
inhibition, it is interesting to note that, in young children, behavioral inhibition has 
been found to predict not only social anxiety disorder but also separation anxiety 
disorder, GAD, and specific phobia (Wichstrøm et al. 2013). This suggests that 
behavioral inhibition may be a general risk factor of anxiety disorder in young 
children, and a more specific predictor of social anxiety disorder in adolescents 
and adults. In other words, the desirability of lumping and splitting individual 
anxiety disorders may be age-dependent. 

We found that none of biological factors (heart rate, blood pressure, cortisol, 
and BMI) predicted anxiety disorder eight years later in our general population 
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of adolescents. Some biological factors might be specifically associated with 
particular anxiety disorders, for example, social anxiety disorder has been 
associated with a high cortisol awaking response (Adam et al. 2014; Russ et 
al. 2012), and specific phobia with obesity (Gariepy et al. 2010). Our study was 
underpowered to detect weak associations with the individual anxiety disorders, 
and any weak effects might have been masked in associations between biological 
factors and the overall measure of anxiety, hence our study does not allow 
strong conclusions. That said, reported associations between biological factors 
and anxiety disorders have generally been very inconsistent and the effects, if 
any, usually small. Although that does not preclude clinical relevance, it does 
indicate that clinical applications are far from being within reach at the moment. 

Some anxiety disorders (notably specific phobia and separation anxiety 
disorder) tend to have an early onset and to precede other anxiety disorders 
(e.g., Lewinsohn, Holm-Denoma, Small, Seeley, & Joiner, 2008). We measured 
psychosocial and biological risk factors during early adolescence, when a 
considerable proportion of the cohort had already experienced an anxiety 
disorder. This may have contributed to the fact that, after exclusion of participants 
with a childhood anxiety disorder (i.e. before the age of twelve years), several 
associations between anxiety and risk factors lost their statistical significance, even 
when the effect sizes were comparable to the effects in the complete sample: the 
resulting sample size may have been too small to detect these effects. Preferably, 
risk factors for anxiety disorders should be measured earlier in childhood. In fact, 
risk factors assessed during early childhood have been proposed to be more 
robust predictors and more valuable targets of intervention and prevention than 
risk factors assessed later in life (Shanahan et al. 2008). 

Part II. The role of age and sex in the association between sleep problems 
and anxiety
2.1 Age and sex differences in anxiety 
In the study described in chapter 2, we found that female sex was the strongest 
predictor of adolescent anxiety disorder. Likewise, chapters 3 and 4 show that girls 
and women are overrepresented in anxiety disorders throughout adolescence 
and adulthood, and that the sex differences in anxiety symptoms increase during 
adolescence. As mentioned before, the gender schema theory postulates that 
children adopt gender roles, which promote anxiety in girls more than in boys, 
through socialization and experience (Liben & Bigler, 2002). According to this 
theory, this sex difference should become stronger with age, as gender schemas 
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become more distinct during development, and children have more socialization 
experiences. The increasing sex differences during adolescence we found in our 
studies support this notion.

When we combine the findings presented in chapters, 3, 4, and 5 with 
regard to age-related changes in self-reported anxiety symptoms, a pattern 
emerges with increasing anxiety symptoms up until late adolescence and young 
adulthood, after which the levels start to decrease again across the adult life 
span1. It is salient that anxiety is particularly prominent in young individuals. 
Youth is a life phase that is crucial for future functioning and well-being, with 
many social and professional challenges, such as completing one’s education, 
gaining autonomy and starting an independent life, family formation, and entry 
into the labor market (Berth et al. 2003; Koelet et al. 2015; Melchior et al. 2007; 
Woodward and Fergusson 1998). Anxiety symptoms and disorders may interfere 
with the motivation and ability to meet those challenges to their fullest potential, 
and hence restrain options for a happy and successful life. The high levels of 
anxiety among young people are therefore a major public health concern 
(Heuzenroeder et al., 2004; Mayo-Wilson et al., 2014). 

2.2 Age and sex differences in sleep problems 
Consistent with previous studies (La et al. 2020; Madrid-Valero et al. 2017; 
Morphy et al. 2007),  we found that adult women were more likely to report 
sleep problems than adult men. We observed a comparable sex difference in 
adolescents when using self-reports. In part, the sex differences found might 
reflect sleep disturbances caused by fluctuating female hormone levels. Women 
experience changing hormone levels during puberty, their reproductive years 
(menstrual cycle), pregnancy, and perimenopause, and hormonal fluctuations 
may generate sleep problems (Johnson et al. 2006; Mallampalli and Carter 2014; 
Pengo et al. 2018). Estrogen and progesterone receptors are located in several 
brain regions with sleep/wake regulatory nuclei (e.g., the ventrolateral preoptic 
area), which makes these areas sensitive to changes in female sex hormones 
(Hadjimarkou et al. 2008; Mong et al. 2011). Consistent with this, increases in 
estrogen and progesterone levels during the late luteal phase have been found to 
increase wakefulness and decrease REM sleep (Baker et al. 2012). Furthermore, 

1As opposed to self-reported anxiety levels, parent-reported anxiety did not increase during 
adolescence, and even decreased in boys. A possible reason for this difference between the two 
informants could be that parents become increasingly unaware of their children’s problems over 
time. Adolescents become more independent and autonomous with increasing age, and tend to 
share their problems with their friends rather than with their parents.
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these hormonal changes can increase sensitivity to psychosocial stress, which 
may also deteriorate the amount and quality of sleep (Johnson 2006; Mallampalli 
and Carter 2014). Although there are many other explanations for why women 
suffer more often from sleep problems than men, sex hormones and social 
stress are likely to play a significant role in the development of sleep problems 
across women’s life.  

In the adult sample described in chapter 3, we found that older participants 
(≥ 50 years) had the highest prevalence of sleep problems, which is consistent 
with previous reports (Floyd, Medler, Ager, & Janisse, 2000; Kocevska et al., 
2020; Morphy, Dunn, Lewis, Boardman, & Croft, 2007), and might be related to 
a higher prevalence of physical health conditions that interfere with sleep (e.g. 
bladder problems) in this age group (Gadie, Shafto, Leng, & Kievit, 2017; Wouters, 
van Exel, Rohde, & Brouwer, 2015), or a reduced activity level during the day 
(Middelkoop et al., 1996; Van Dijk, Kooij, & Schellevis, 2002). The female: male 
sex ratio of the prevalence rates of sleep problems was larger in the oldest age 
group (50 years and older) than in the other two groups. Compared with older 
men, older women have been reported to experience a greater decrease in 
sleep duration and efficiency  (Kocevska et al., 2020). This could be related to 
perimenopause;  women’s sleep problems tend to increase from pre- to post-
menopause (Mallampalli and Carter 2014), possibly because perimenopausal 
symptoms such as night sweats and hot flashes can hamper falling and staying 
asleep. Perimenopause has also been associated with a shortened period of 
REM sleep (Parry 2007). 

Our studies among younger individuals (chapters 4 and 5) suggest that pre- 
and young adolescents report more sleep problems than older adolescents and 
young adults. Calhoun et al. (2014) reported comparable findings, that is, that 
sleep problems peaked among 11-13-year-old girls in their study. Our findings 
contradict those reported by Guo et al. (2014) and Morrison et al. (1992), who 
found that older adolescents had worse sleep quality than younger ones. This 
difference could be related to different sleep measures. The measures used by 
Guo et al. (2014) and Morrison et al. (1992) did not include nightmares, and their 
sample included only adolescents. Our sleep measure did include nightmares, 
and our sample involved more children than theirs. Possibly, children aged under 
age 12 have more nightmares than adolescents (Alfano, Ginsburg, & Kingery, 
2007). Another explanation could be reporting bias: whereas Guo et al. (2014) 
and Morrison et al. (1992) based their findings on self-reports, we used parent 
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reports to assess sleep problems in children and young adolescents2. The use 
of parent reports has advantages and disadvantages. On the one hand, children 
and young adolescents may not be able to accurately report on their own sleep, 
and overestimate or underestimate their sleep problems (Tremaine, Dorrian, 
& Blunden, 2010). On the other hand, parents may be unaware of the exact 
duration and quality of their children’s sleep, or may have difficulties reporting 
whether their child sleeps better or worse than other children (Gregory et al., 
2011). Both parent and self-report are therefore important to assess subjective 
sleep problems for adolescents. 

2.3 Age and sex differences in the association of sleep problems with 
anxiety symptoms
Chapter 3 shows that sleep problems often co-occur with anxiety disorders, 
especially in men and young adults (≤ 40 years). Hence, although the risk of 
sleep problems increases when growing older, its link with anxiety weakens 
as compared to younger adults. Older people tend to have more emotional 
control and focus more on positive emotions than younger ones (Carstensen, 
Pasupathi, Mayr, & Nesselroade, 2000; Jorm, 2000; Lawton, Kleban, Rajagopal, 
& Dean, 1992); perhaps these factors protect against the development of 
anxiety symptoms when lying awake at night. In seeming contrast with the 
strong association between sleep problems and anxiety found in young adult 
males, chapter 4 indicates that, during adolescence, the association between 
sleep problems and anxiety increases in girls and decreases in boys. The study 
described in chapter 5 partly reconciles part of these findings, by showing that 
the within-person cross-sectional associations between sleep problems and 
anxiety become weaker during adolescence, and rise again in young adulthood. 
The relative independence of sleep problems and anxiety in adolescence, at least 
in boys, may be related to the fact that, in this phase of life, sleep problems 
are often due to an interplay of puberty-related shifts in circadian rhythm and 
extrinsic factors such as school start times and intensive social interactions 
(Moore & Meltzer, 2008) rather than to feelings of stress and anxiety. Possibly, 
this process occurs earlier in girls than in boys. The sex-related trends found in 
chapter 4 might also be the use of parent reports: the differential trends for boys 
and girls were not found in a sensitivity analysis with self-reports. Then again, 
it is not very plausible that parent-reports would be biased towards stronger 

2Self-reports were only available for the oldest age groups (from age 13 onwards). In these two 
groups, self-reports and parent reports yielded comparable results, that is, no age effects.
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links between sleep problems and anxiety symptoms in young boys and older 
girls than in other groups. Hence, before speculating about possible causes 
of the sex-related trends in the association between sleep and anxiety during 
adolescence found, it is probably better to first await whether this finding is 
replicated in future research.

In general, I expected that the association between sleep problems and 
anxiety would be stronger in women than in men, because both sleep problems 
and anxiety symptoms tend to be more common in women. However, apart 
from girls’ stronger association between parent-reported sleep and anxiety in 
late adolescence, the findings were generally in favor of a stronger association 
in men. This might be related to gender differences in seeking health care. Men 
tend to avoid seeking care for mental health because of cultural norms regarding 
masculine roles and negative attitudes about psychological disclosure (Lynch, 
Long, & Moorhead, 2018). Women experience fewer obstacles to seek for mental 
health problems (Mackenzie, Gekoski, & Knox, 2006), and thus are more likely 
to receive treatment for their sleep problems or anxiety symptoms (Kocevska 
et al., 2020). Timely treatment may prevent the development of comorbid 
problems, and so reduce the association between sleep and anxiety in women. 
Another explanation could be that men are more likely than women to express 
anxiety physiologically and behaviorally (McLean and Anderson, 2009; Vgontzas 
et al., 2001; Ordaz and Luna, 2012). In fact, we found that high heart rate was 
associated with anxiety disorder in boys, but not in girls (chapter 2). The resulting 
high arousal levels could generate sleep problems in anxious men (Latvala et 
al., 2016). Likewise, behavioral responses to anxiety such as excessive alcohol 
consumption may interfere with good sleep (Chueh, Guilleminault, & Lin, 2019). It 
would be interesting to learn more about sex and age effects on the association 
between sleep and anxiety by exploring the role of potential mediators. 

Part III. The direction of associations between sleep and anxiety 
Consistent with cognitive theory, I found bidirectional associations of subjective 
sleep quality with worry and unpleasant affect (UA) in the diary study described 
in chapter 6. Our results suggest that subjective sleep problems strongly predict 
worry and UA, and that the effect of worry or UA on sleep is weaker. These day-
to-day associations were largely consistent with associations assessed over 
periods of years (chapter 5), in that poor sleep at age 11 predicted anxiety at 
age 13 years, but the effect the other way around was not significant. Our finding 
that the effect of sleep on subsequent UA (including anxiety symptoms) was 
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larger than the effect in the opposite direction is quite similar to some other 
studies suggesting that subjective sleep problems influence negative affect 
more strongly than the other way around, both in the short (Bouwmans et al. 
2017; de Wild-Hartmann et al. 2013; Kalmbach et al. 2014; Simor et al. 2015), 
and in the longer term (Kelly & El-Sheikh, 2014; Leahy & Gradisar, 2012; Roberts 
& Duong, 2017). This consistency across different timeframes illustrates that 
daily mood disturbances may develop into more persistent anxiety in the long 
run  (Naragon-Gainey, 2019). Daily worrying may be particularly relevant in this 
respect (Dickson, Ciesla, & Reilly, 2012; Newman et al., 2019). Worry is a core 
symptom of generalized anxiety disorder, and has been found to increase heart 
rate and reduce vagal tone (Ottaviani et al., 2014), which are other characteristics 
of anxiety (Clark & Watson, 1991). 

Poor sleep may predict anxiety through deficits in executive function and 
dysregulated HPA axis functioning  (Cox & Olatunji, 2020; Goldstein-Piekarski et 
al., 2018; Yoo, Gujar, Hu, Jolesz, & Walker, 2007)). Sleep disturbances such as 
a lack of REM sleep have been associated with diminished emotion regulation 
(Goldstein & Walker, 2014; McNamara, Auerbach, Johnson, Harris, & Doros, 2010) 
and fear extinction (Blake, Trinder, & Allen, 2018) which is likely to increase the 
probability of anxiety (Pires, Bezerra, Tufik, & Andersen, 2016; Wirtz, Hofmann, 
Riper, & Berking, 2014). Persistently high anxiety levels due to prolonged sleep 
problems could develop into anxiety disorder (Morphy et al., 2007; Neckelmann, 
Mykletun, & Dahl, 2007). 

Not only may sleep problems induce anxiety, the opposite has been 
proposed as well: state as well as trait anxiety have been suggested to lower the 
duration and quality of sleep in the short term (Horváth et al., 2016; McGowan, 
Behar, & Luhmann, 2016; Pires et al., 2016). Consistent with this, we found that 
daytime anxiety predicted the quality of the next night’s sleep, but weaker than 
the opposite effect. No prospective effect of anxiety symptoms on sleep was 
found over years. Although methodological artefacts cannot be excluded, the 
consistency of the findings across timeframes justifies the conclusion that the 
effect of anxiety on sleep as assessed with the measures we used is probably 
weaker than the effect the other way around. Two previous studies (Kelly & 
El-Sheikh, 2014; Tochigi et al., 2016) did find that anxiety symptoms strongly 
predicted sleeping time. In both studies, the anxiety measure included more 
fear and depression items than our measures, which might have influenced the 
association with poor sleep. Fear alerts to the presence of danger and threat, 
which increases arousal and so could lead to sleep problems (Staner, 2003), 

0903thesis Last.indd   1700903thesis Last.indd   170 2021-09-20   21:00:062021-09-20   21:00:06



General discussion and Summary

171

77

and depression is known to be strongly associated with sleep problems as well 
(Oh, Kim, Na, Cho, & Chu, 2019). Hence, fear and depression may play a more 
important role in the association between anxiety and sleep problems over time 
than the symptoms included in our measures (too dependent, nervous or tense, 
fears of certain animals, situation, places and school, worry). Another reason 
for the small or even lack of effect of anxiety on sleep in our studies is that we 
used general population samples with relatively low problem levels;  higher levels 
of anxiety are more likely to affect sleep than mild problems (Bai et al. 2020; 
McGowan et al., 2016; Shanahan et al.  2014). 

CLINICAL IMPLICATIONS
None of the studies in this thesis involved randomized controlled trials or clinical 
samples, so the findings cannot directly be translated into recommendations 
for the prevention or treatment of sleep problems and anxiety symptoms. 
Nevertheless, the natural associations between sleep and anxiety described in 
this thesis provide several clues for clinical practice, which I will discuss below. 

The first possible implication concerns the target groups for prevention 
and early intervention programs for sleep problems and anxiety disorders. 
Ideally, prevention programs target individuals with developmental risk factors 
in particular. Our findings suggest that female sex is a more important marker 
of risk of anxiety than psychological and biological risk factors. Being female has 
also been indicated to increase the probability of severe, chronic, and recurrent 
anxiety disorder (Yonkers, Bruce, Dyck, & Keller, 2003). Sleep problems are more 
prevalent in women than in men too. Yet, the association between anxiety and 
sleep problems seems to be stronger in men. Together, these findings suggest 
that females are a highly relevant target group for strategies aimed at preventing 
anxiety or sleep problems, and that comorbidity of anxiety and sleep should 
receive particular attention in the treatment of males. Our results also suggest 
that young adults are an important target group for the prevention and treatment 
of anxiety and comorbidity of anxiety and sleep problems, while interventions 
targeting sleep problems without involving anxiety could focus best on older 
adults, particularly older women. 

A second implication of our findings relates to the temporal order of poor 
sleep and anxiety symptoms. Overall, our within-person effects seem to indicate 
that sleep problems tend to precede anxiety rather than the other way around. 
Although our study designs do not allow causal statements and the findings 
may not be generalizable to clinical populations, these effects could imply that 
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sleep-oriented interventions might help to prevent or alleviate anxiety symptoms 
as well, whereas the opposite is less likely. Intervention and treatment of sleep 
problems may not only prevent the onset or exacerbation of anxiety but also 
of various other psychiatric problems, including depression, substance abuse, 
attention-deficit/hyperactivity disorder, and suicide (Blake et al., 2017; Miller et 
al. 2017; Neckelmann et al. 2007; Sarchiapone et al. 2014). Thus, the benefits of 
preventing or treating sleep problems can be substantial. Good sleep hygiene 
improves both falling sleep and staying sleep, and involves habits such as going 
to bed and waking up at the same time; avoiding alcoholic beverages, cigarettes, 
caffeine, and big meals, especially in the hours before bedtime; not using electronic 
devices before going to bed and in bed; and daily physical exercise. Furthermore, 
the bedroom should have an adequate temperature and comfortable bed, and 
be dark and quiet. In addition to poor sleep hygiene, sleep problems can also be 
caused by psychological problems such as high stress levels and dysfunctional 
sleep-related cognitions. Cognitive–behavioral sleep interventions, which aim 
to improve both behavioral and cognitive patterns that may underlie sleep 
disturbances, have been found to be highly effective in alleviating sleep problems 
as well as anxiety symptoms (Blake et al., 2017; van Straten et al., 2018). 

RECOMMENDATIONS FOR FUTURE RESEARCH
My thesis yielded some, in my view, noteworthy findings, but also leaves many 
questions in need for more research. To start with, consistent with previous 
studies, I found clear indications that female sex is a risk factor for anxiety, and 
that sex may modify the effect of other variables on sleep and anxiety. Despite 
this, not much is known about sex differences in treatment outcomes and 
prevention programs for anxiety disorders and sleep problems. Research on this 
question may help to improve clinical care. 

Both longitudinal studies with measurement intervals that span months or 
years and daily diary studies can provide highly valuable information about the 
chain of events leading to mental health problems and potential target groups 
for intervention, especially if a statistical method is used that allows to distinguish 
between-person effects, which can help to identify target populations, from 
within-person effects, which provide insight in the temporal order of effects within 
individuals. Both kinds of information are highly relevant for scientific purposes 
as well as clinical practice. The potential of this approach might become even 
larger if clinical intervention studies were embedded in longitudinal cohorts or 
used a daily diary approach to assess the effects of the interventions. 
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We used subjective sleep measures in the studies presented in this thesis, 
so we could not investigate associations with objective measures of disturbed 
sleep. Subjectively experienced sleep is based on self-reports, and may be biased 
by the mood state at the time of assessment (Edinger et al., 2000; Rosa & Bonnet, 
2000). Furthermore, individuals may get used to disturbed sleeping patterns 
(e.g. to a short duration of sleep) and not report them as deviant, which might 
affect, for instance, age effects on subjective sleep measures. Objective sleep 
measures provide important information about the actual amount and quality 
(i.e., proportion of REM and deep sleep) of sleep, but do not necessarily reflect 
perceived problems or satisfaction; subjective and objective sleep measures are 
often not closely related (Meijer, Reitz, Deković, van den Wittenboer, & Stoel, 
2010). Therefore, future studies could benefit from the inclusion of a combination 
of standardized self-report and objective sleep measures. 

CONCLUSION
Overall, my work showed that anxiety disorder and sleep problems are highly 
prevalent in adolescence and adulthood life. I investigated a wide range of risk 
factors of anxiety disorders, of which only sex was consistently associated with 
anxiety disorder. Furthermore, this thesis suggests that young people have the 
highest prevalence of anxiety, and the lowest prevalence of sleep problems. 
Although women across all ages tend to report more sleep problems and 
anxiety, the association between sleep and anxiety tends to be stronger in 
men and young people. Hence, adolescents and young adults should receive 
special attention in prevention and intervention programs of sleep and anxiety. 
Considering that sleep problems more often precede anxiety symptoms than 
the other way around, sleep interventions may alleviate not only sleep problems 
but also anxiety symptoms. 
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