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Appendices

Summary
Insomnia is the second most prevalent mental disorder [1]: approximately 10% of the 
human population suffers from insomnia [2,3]. Insomnia has many consequences in 
addition to personal suffering. It poses risks of other mental health symptoms [4-6] and 
physical problems such as cardiovascular diseases developing [7], and has economic 
consequences due to loss of productivity [8,9]. Hence, effective insomnia treatment 
is important on many levels. The recommended treatment for insomnia is cognitive 
behavioral treatment (CBTI [10,11]). However, despite a growing body of evidence for 
the effectiveness of insomnia treatment, many people do not receive CBTI. Around 50% 
of the patients do not seek help (Morin et al, 2006), and when they do, CBTI is often 
not available due to a lack of time, resources and knowledge [3,12]. 

The overarching goal of this thesis was therefore to investigate the potential for 
implementation of evidence-based treatment for insomnia in a (cost-)effective and 
feasible manner. Chapter I introduced the topics of sleep, insomnia, processes that are 
thought to underlie insomnia, the factors playing a role in its onset and maintenance 
and how insomnia can be treated effectively with cognitive behavioral treatment for 
insomnia. This chapter also summarized the aim and outline of this thesis. Chapter 
II provided an introduction into the evidence available for internet-delivered CBT-I 
(I-CBT-I). It also described the promises of precision medicine in tailoring CBT-I treatment 
to suit individual needs and accommodate for factors that determine treatment success. 
Although research into such determining factors is still quite scarce, several important 
demographic and clinical factors were reviewed. The main conclusion of this literature 
review was that the field needs to 1) establish which patient characteristics influence 
treatment success to facilitate a precision medicine approach; 2) specify (sub)types of 
insomnia patients and identifying optimal ways to offer subtype-specific treatment in 
a stepped-care and cost-effective manner; and 3) determine the working mechanisms 
of I-CBT-I in order to be able to specifically target these in treatment.

Chapter III covered results of a meta-analysis on long-term effects of CBT-I, specifically 
on insomnia severity, sleep onset latency and sleep efficiency. CBT-I showed promising 
long-term effects, even though over time effects did become smaller. The effects did 
however remain statistically and clinically significant. Several methodological limitations 
of this meta-analysis were discussed: the number of studies included was quite low 
due and the heterogeneity in the studies included limited the options in reporting 
different on outcomes and subgroup analysis. The aim should be to strive for more 
long-term trials that are set-up in a more uniform manner regarding follow-up length 
and outcome variables. 
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Chapter IV presented the protocol for a 2-arm, pragmatic RCT performed in general 
practice in the Netherlands on the (cost-)effectiveness of i-Sleep, a guided online CBT-I 
intervention. In this RCT, participants were randomized to either receiving i-Sleep for 
5-8 weeks online or care-as-usual (the control group). i-Sleep is an interactive online 
treatment consists of 5 sessions. It includes the standard components of CBT for 
insomnia: psycho-education, sleep hygiene, sleep restriction, relaxation, cognitive 
restructuring and interventions to minimize rumination and worrying. In this trial 
the intervention participants received weekly feedback from a mental health nurse 
practitioner. The control group was offered access to guided i-Sleep six months after 
baseline. The primary outcome were insomnia symptoms, measured by the Insomnia 
Severity Index. Chapter V consists of the results of this RCT, and showed that in a 
sample of general practice patients with insomnia (n=134) insomnia severity could be 
greatly improved by using i-Sleep. Between-group comparisons showed large effects 
of the i-Sleep intervention on insomnia severity, both at 8 weeks (Cohen’s d =1.66) and 
26 weeks after the start of treatment (Cohen’s d=1.02). The intervention led to stable 
effects up to a year later on insomnia severity. Depressive symptoms and several of the 
sleep diary parameters showed significant reductions at post-test as well. The i-Sleep 
treatment did not show a significant effect on anxiety, fatigue or measures of daytime 
functioning. Overall, it was concluded that treating insomnia in general practice with 
I-CBT-I led to clinically relevant improvements in insomnia severity. Offering I-CBT-I 
supports general practitioners in offering optimal care according to (inter)national 
clinical guidelines for insomnia. 

Chapter VI reported on the cost-effectiveness of i-Sleep in general practice, using 
insomnia severity as the primary outcome and assessing societal costs at baseline, 
post-test and 26 weeks follow-up. Results showed a 95% probability of the intervention 
being cost-effective in comparison to the care-as-usual at a ceiling ratio of €450 per 
extra point of decrease in ISI and €7,000 per additional patient response to treatment, 
respectively. When looking at the quality of life (using Quality Adjusted Life Years; 
QALYs), the probability of the intervention being cost-effective was low. It was argued 
this is due to the instrument used, which is not deemed to be sensitive to changes in 
insomnia severity.

In Chapter VII the results of a second RCT with a sample from the general population 
recruited through the internet are presented. This RCT was aimed specifically at 
participants that experienced both insomnia symptoms and depressive symptoms 
and aimed to replicate and extend previous research suggesting I-CBT-I can benefit 
patients suffering from comorbid insomnia and depressive symptoms. A total of 104 
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participants with insomnia and (sub)clinical depression levels were randomized to 
receive access to the guided online intervention i-Sleep or to a sleep-diary-monitoring 
control condition. Between-group comparisons showed i-Sleep significantly reduced 
both depressive symptoms (d = 0.76) and insomnia severity (d = 2.36). These effects 
were maintained over the six-months follow-up period although they did decrease 
somewhat. This chapter concluded that guided online CBT-I can be offered to insomnia 
patients suffering from comorbid depressive complaints. The treatment showed to be 
effective in lowering depressive symptoms as well, with large effects comparable to 
those of depression therapy. Whether this effect also occurs in clinically depressed 
samples remains to be seen and is an interesting angle for further research. 

Chapter VIII zoomed in on these results and presented a new methodology that can be 
used to disentangle the effects of the treatment on insomnia and depression: Network 
Intervention Analysis. Using this intervention analysis technique enabled looking at 
treatment effects on individual symptoms of insomnia and depression. The exploratory 
application of this technique suggested that depressive symptoms decreased as a result 
of core insomnia symptoms: first difficulty initiating sleep and early morning awakening 
changed, then the depressive symptoms. These preliminary findings offer an interesting 
perspective on the much-researched relationship between depression and insomnia: 
they suggest, in line with the results in chapter VII, that (I-)CBT-I might be the best way 
to start. This research was explorative, however, and more in dept studies are needed 
to confirm these suggestions.

The combined results of this thesis were discussed in Chapter IX which also presented 
the conclusions of the thesis. Overall, the main conclusion of this thesis is that guided 
I-CBT-I is an effective and feasible treatment that can be implemented in general 
practice in a cost-effective manner. The recommendation is made that this should be 
done using an approach in which access to treatment is improved and the appropriate 
level of treatment is offered to an individual patient, using limited resources efficiently 
and effectively. Modern techniques and algorithms can be combined with clinicians’ 
professional opinions to determine what constitute the best treatment for a particular 
patient. Meanwhile, we await more research into factors determining treatment success 
and working mechanisms, which would enable more tailored precision medicine for 
different (types of) insomnia patients.
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