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Program

1. Fatigue, døgnrytmer og lys
2. Insomni og kognitiv adfærdsterapi for insomni 

(CBT-I)
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Senfølger efter kræft

4

Senfølgeklynger efter kræft og kræftbehandling

• Kognitive klager
• Søvnforstyrrelser
• Fatigue (træthed)
•Depression/angst
• Smerter

=> Reduceret livskvalitet 

Dodd et al., 2004, Journal of the National Cancer Institute 
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”Fatigue – Søvn – kognition” symptomklyngen eksisterer på tværs af 
behandlingsforløbet

Før behandling Under behandlingEfter behandling    

So et al., Cancer Med., 2021
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Implikationer for behandling?

Xu et al. Psychooncology, 27(3), 2018
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Kræft-relateret Fatigue

Definition: National Comprehensive Cancer Network  (NCCN)

”Er en belastende og vedvarende fysisk, følelsesmæssig
og/eller kognitiv træthed eller udmattelse, som opstår i 
forbindelse med kræftsygdom og kræftbehandling, og som 
påvirker personens normale funktionsniveau. For at der er 
tale om kræftrelateret træthed, må trætheden ikke kunne 
forklares ved et øget aktivitetsniveau.” 

NCCN, 2015
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Gode grunde til at interessere sig for fatigue

• Den hyppigste klage under og efter kræftbehandling
• Opleves som det mest belastende symptom 
• Underdiagnosticeret og underbehandlet
• Stor negativ indflydelse på patientens livskvalitet og 

dagligdagsfunktion
• Indflydelse på arbejdsevne og tilbagevenden til job

Law rence et a l., 2004, J N atl Cancer Inst.; Servaes et a l., 2002, European Journa l o f Cancer; N CCN , 2016   
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Måling af fatigue

Fatigue måles med selvrapporteringsværktøjer

Screeningsværktøjer: 

• Single-item vurdering af grad af fatigue (e.g., NRS 0-10)

Validerede spørgeskemaer:

• 1-dimensionelle skalaer (generel fatigue)
o The Functional Assessment of Chronic Illness Therapy– Fatigue (FACIT-F)

• Multidimensionelle skalaer (e.g. mental, fysisk, emotional)
o The Multidimensional Fatigue Symptom Inventory – Short Form (MFSI-SF)
o Fatigue Symptom Inventory (FSI) 

FACIT-Fatigue

MFSI-SF
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Fatigue Trajectories
Global fatigue

• N = 4173 stage I-II BC

• Fatigue måling: EORTC QLQ-
FA12

• Diagnose, 1, 2 og 4 år efter

• >50% mindst ét senfølge-
symptom

Vas-Luis et al., JCO, 2022
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Emotional fatigue Cognitive fatigue
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Fatigue: generelle Prævalenser

Før behandling: 30-40%

Under behandling: 60-90%

>1år efter behandling: 40%
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Søvn >< Fatigue

• Fatigue  ≠ Mangel på søvn 
• Nogen overlap mellem insomni og fatigue 

symptomer
• Fatigue lindres typisk ikke ved blot at sove 

længere/bedre
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Insomn i Fa tig ue

% 255 brystkræftoverleverer med søvnforstyrrelse
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Fatigue forklaringsmodeller: 
”Sickness behaviour”

J. Bower, Cancer, 2015
D. Vanrusselt et al. Critical Reviews in Oncology / 
Hematology (2024); Olsen & Marks (2019)
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Critical to the efforts of understanding the nature of TBI, particularly 
within the realm of mTBI, is to begin to appreciate and recognize the 
effects that these injuries have on natural biological rhythms and the 
pathophysiological responses that can result in long term detriment. 
Importantly, sleep disorders ranging from insomnia and fatigue, to 
narcolepsy occur in B0–70% of people that sustain a TBI (Eiola-Saltzman 
and Catson, 2012). This suggests that a common conseFuence of TBI is a 
disruption of the circadian system. Coming from Latin for “Circa” or 
around, and “Diem” for a day, the circadian system is the biological 
machinery responsible for synchronizing physiological processes 
including sleep, to the solar day. Moreover, following TBI, there is a 
significant immune response that is essential for clearing out damage 
and initiating healing processes within the brain (Needham et al., 2019). 
There is also a bidirectional relationship between the circadian system 
and the immune system, where there are daily rhythms in immune 
function, and also the immune response can alter circadian function 
(Scheiermann et al., 201B; Iergenhan et al., 2020). Given this, we 
suggest that the circadian system can be disrupted by the immune sys-
tem following a TBI. Notably, many reported conseFuences of a dis-
rupted circadian system closely parallel the negative symptomology 
associated with TBI. The purpose of this review is to highlight the in-
teractions between the immune and the circadian systems, while 
focusing on the pathophysiological responses of both to mTBI. If TBI is 
capable of producing prolonged and pronounced circadian desynchro-
nization, and this can be linked to poor outcomes, important implica-
tions for the treatment of TBI will emerge. 'e hypothesi(e that immune 
disruption of clock gene e)pression follo#ing !*+ could lead to a state of 
circadian desynchroni(ation that contributes to the presentation of post !*+ 
symptoms, An illustrative overview of the focus and primary objectives of 
this review article can be found in Fig. 1. 

2. Core components of the circadian clock and the immune 
system 

The mammalian primary circadian clock is located in the SCN of the 
anterior hypothalamus (Stephan and Jucker, 1972). The SCN receives 
light information along the retinohypothalamic tract which in turn 
synchronizes endogenously rhythmic cells and drives a transcription 
translation feedback loop of clock gene expression (Antle and Silver, 
2005). This core molecular feedback loop involves the expression of 
Circadian Locomotor Output Cycles Daput (Clock) and Brain and Muscle 
Arnt-like protein-1 (*mal-), which heterodimerize and subseFuently 
bind to the promoter regions of clock controlled genes, including Aeriod 
1–B (Per) and Cryptochromes 1 and 2 (Cry) (Buhr and Takahashi, 201B). 
AER and CRY are expressed and translocate back into the nucleus where 
they halt the expression of Clock and *mal- in a negative feedback loop 
that takes approximately 24 h to complete (Reppert and Ceaver, 2001). 
There are also accessory feedback loops that stabilize this core loop 
involving negative regulation of *mal- by .ev&%rb А and the promotion 
of degradation of AER by Casein Dinase 1 (Cho et al., 2012; Jheng et al., 
2014). Light input, in addition to behavioural and physiological stimuli 
such as food intake, activity, and body temperature, converge to pro-
duce stable synchronization or entrainment of mammals (Cest and 
Bechtold, 2015). 

The SCN has been conceptualized as the principal circadian clock as 
it exerts phase and period control over other rhythmic areas, or subor-
dinate oscillators not only in other regions of the brain, but also in the 
periphery (Guilding and Aiggins, 2007). The SCN utilizes a combination 
of direct neural projections to areas such as the dorsal medial hypo-
thalamus, arcuate, subparaventricular zone, and paraventricular nu-
cleus (AEN), and circulating diffusible factors in order to communicate 
time information to the rest of the brain and body (Silver et al., 1996; 
Dibner et al., 2010). Experimental evidence for this has been shown 
when lesions of the SCN were made in AER2:Luciferase reporter mice 
and a loss of phase coherence among peripheral tissues was identified 
(Yoo et al., 2004). Additionally, using a Per- luciferase transgenic rat 
line, areas of the brain were isolated and cultured, with over half of the 
areas examined exhibiting rhythmicity that Fuickly dampened when 
connectivity to the SCN was removed, demonstrating that SCN function 
has widespread downstream effects across much of the brain (Abe et al., 
2002). Interestingly, recent evidence has emerged to suggest that the 
liver, kidneys, and gastrointestinal system can function as at least 
semi-autonomous oscillators, albeit with a lower amplitude, in the 
absence of the SCN (Guilding and Aiggins, 2007; Tahara et al., 2012; 
Doronowski et al., 2019). This has led to the conception of the SCN as an 
orchestra conductor, helping to keep time and maintain synchrony be-
tween each of the constituent parts (Antle and Silver, 2005). 

As previously mentioned, a bidirectional relationship between the 
circadian system and the immune system is well established. The brain is 
able to respond to an immune challenge through the hypothalamus to 
bring about physiological adaptations, or the induction of sickness type 
behaviour (Soto-Tinoco et al., 2016). Aro-inflammatory cytokines can 
increase sleep, reduce circadian output, phase shift circadian rhythms, 
and alter photic entrainment (Cermakian et al., 201B; LabrecFue and 
Cermakian, 2015). The likely interface between the immune system and 
the SCN is astrocytes. The SCN shows dense staining for glial fibrillary 
acidic protein (GFAA), a marker of astrocytes and these cells exhibit 
immune related expression of transcription factor kB (NF-kB), which has 
been shown to be activated in the presence of lipopolysaccharide or 
TNFα (Leone et al., 2006). Other possible immune circadian interfaces 
include glucocorticoids, melatonin, leptin, and prostaglandins, all of 
which have been suggested to play roles in communicating immune 
information to the circadian system (Cermakian et al., 2014). 

Given immune factors can influence circadian function, the SCN can 
then coordinate and influence the immune responses through the AEN, 
endocrine, and autonomic neurons (Logan and Sarkar, 2012). Microglia 
isolated from older rats showed aberrant AER, TNFα, and interleukin-1β 

Fig. 1. Iypothesized mechanism of circadian desynchronization after TBI. A: 
In an optimal normal state, the brain and periphery are synchronized to the 
external world through the SCN where rhythms are phase locked to occur at the 
appropriate times of the day or night. B: A pathological state that can be 
brought about by TBI, whereby there is a prolonged immune response that 
disrupts clock gene expression, bringing about a state of circadian desynchro-
nization where there is disrupted signalling from the SCN, in addition to, 
disturbed rhythms in individual peripheral structures. A positive feedback in 
peripheral structures increases cytokine induced inflammation which can leak 
through the blood brain barrier and further exacerbate desynchrony. This loss 
of phase coherence among rhythmic structures could be a significant source of 
negative symptomology following TBI. Made with biorender.com. 
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TBI

Yamakawa et al., 2020

Kræft
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Fatigue: Biomarkører

D. Vanrusselt et al. Critical Reviews in Oncology / Hematology (2024)
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Cytokine dysregulation
IL-1, IL-6, TNF-α

DNA damage
Telomere length 

Brain changes
Structural/functional impairment

Circadian disruption 
Biological and behavioral rhythms

Oxidative stress
ROS/  RNS

Epigenetic changes
Altered gene expression 

Multifactorial Model of Cancer Late Effects

Cancer treatment
Surgery
Chemo/Radio/Immunotherapy
Endocrine therapy

Genetic susceptibility

Endocrine disruption 
Cortisol, estrogens/testosterone

Psychological distress
Depression/Anxiety/Stress

Behavioral changes

Cancer disease
Tumor, type, stage 

Demographic factors

Biological mechanisms

Amid & Wu, Acta Oncologica, 2019
 

Moderating factors

Fatigue
Sleep

Cognitive Impairment 
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ESMO guidelines
3-trinsmodel

Anbefalinger:
 
1. Løbende screening af fatigue med simpelt 

instrument (NRS)

2. Udvidet undersøgelse ved NRS > 4

3. Farmakologiske og nonfarmakologiske 
indsatser til behandling af fatigue

Fabi et al., Ann Oncol (2020)

19

Nonfarmakologisk behandling

Ø Fysisk aktivitet Anbefalet
Ø Psyko-edukation og vejledning Anbefalet
Ø Kognitiv adfærdsterapi Anbefalet
Ø Mind-body interventioner (mindfulness etc.) Anbefalet i nogen grad 
Ø Yoga Anbefalet i nogen grad
Ø Akupunktur Ikke enighed

Fabi et al., Ann Oncol (2020)
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Døgnrytmehypotesen 

Op til 50% af patienter med metastatisk kræft estimeres 
at have døgnrytmeforstyrrelser

Døgnrytmeforstyrrelser er forbundet med
• Træthed
• Søvnforstyrrelser
• Depressive symptomer
• Nedsat appetit
• Overlevelse 

Am idi &  W u, F rontiers in  O ncol., 2022; M ilanti e t a l. Support Care Cancer. 2021; Innom inato et a l., Ann M ed. 2014; D edert et a l. Ann Behav M ed. 2012; 
Payne et a l., In tegr C ancer Ther. 2011; R ich TA . J Support O ncol. 2007; 

Amidi & Wu, Frontiers in Oncology,  2022
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Døgnrytmer og TBI
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Critical to the efforts of understanding the nature of TBI, particularly 
within the realm of mTBI, is to begin to appreciate and recognize the 
effects that these injuries have on natural biological rhythms and the 
pathophysiological responses that can result in long term detriment. 
Importantly, sleep disorders ranging from insomnia and fatigue, to 
narcolepsy occur in B0–70% of people that sustain a TBI (Eiola-Saltzman 
and Catson, 2012). This suggests that a common conseFuence of TBI is a 
disruption of the circadian system. Coming from Latin for “Circa” or 
around, and “Diem” for a day, the circadian system is the biological 
machinery responsible for synchronizing physiological processes 
including sleep, to the solar day. Moreover, following TBI, there is a 
significant immune response that is essential for clearing out damage 
and initiating healing processes within the brain (Needham et al., 2019). 
There is also a bidirectional relationship between the circadian system 
and the immune system, where there are daily rhythms in immune 
function, and also the immune response can alter circadian function 
(Scheiermann et al., 201B; Iergenhan et al., 2020). Given this, we 
suggest that the circadian system can be disrupted by the immune sys-
tem following a TBI. Notably, many reported conseFuences of a dis-
rupted circadian system closely parallel the negative symptomology 
associated with TBI. The purpose of this review is to highlight the in-
teractions between the immune and the circadian systems, while 
focusing on the pathophysiological responses of both to mTBI. If TBI is 
capable of producing prolonged and pronounced circadian desynchro-
nization, and this can be linked to poor outcomes, important implica-
tions for the treatment of TBI will emerge. 'e hypothesi(e that immune 
disruption of clock gene e)pression follo#ing !*+ could lead to a state of 
circadian desynchroni(ation that contributes to the presentation of post !*+ 
symptoms, An illustrative overview of the focus and primary objectives of 
this review article can be found in Fig. 1. 

2. Core components of the circadian clock and the immune 
system 

The mammalian primary circadian clock is located in the SCN of the 
anterior hypothalamus (Stephan and Jucker, 1972). The SCN receives 
light information along the retinohypothalamic tract which in turn 
synchronizes endogenously rhythmic cells and drives a transcription 
translation feedback loop of clock gene expression (Antle and Silver, 
2005). This core molecular feedback loop involves the expression of 
Circadian Locomotor Output Cycles Daput (Clock) and Brain and Muscle 
Arnt-like protein-1 (*mal-), which heterodimerize and subseFuently 
bind to the promoter regions of clock controlled genes, including Aeriod 
1–B (Per) and Cryptochromes 1 and 2 (Cry) (Buhr and Takahashi, 201B). 
AER and CRY are expressed and translocate back into the nucleus where 
they halt the expression of Clock and *mal- in a negative feedback loop 
that takes approximately 24 h to complete (Reppert and Ceaver, 2001). 
There are also accessory feedback loops that stabilize this core loop 
involving negative regulation of *mal- by .ev&%rb А and the promotion 
of degradation of AER by Casein Dinase 1 (Cho et al., 2012; Jheng et al., 
2014). Light input, in addition to behavioural and physiological stimuli 
such as food intake, activity, and body temperature, converge to pro-
duce stable synchronization or entrainment of mammals (Cest and 
Bechtold, 2015). 

The SCN has been conceptualized as the principal circadian clock as 
it exerts phase and period control over other rhythmic areas, or subor-
dinate oscillators not only in other regions of the brain, but also in the 
periphery (Guilding and Aiggins, 2007). The SCN utilizes a combination 
of direct neural projections to areas such as the dorsal medial hypo-
thalamus, arcuate, subparaventricular zone, and paraventricular nu-
cleus (AEN), and circulating diffusible factors in order to communicate 
time information to the rest of the brain and body (Silver et al., 1996; 
Dibner et al., 2010). Experimental evidence for this has been shown 
when lesions of the SCN were made in AER2:Luciferase reporter mice 
and a loss of phase coherence among peripheral tissues was identified 
(Yoo et al., 2004). Additionally, using a Per- luciferase transgenic rat 
line, areas of the brain were isolated and cultured, with over half of the 
areas examined exhibiting rhythmicity that Fuickly dampened when 
connectivity to the SCN was removed, demonstrating that SCN function 
has widespread downstream effects across much of the brain (Abe et al., 
2002). Interestingly, recent evidence has emerged to suggest that the 
liver, kidneys, and gastrointestinal system can function as at least 
semi-autonomous oscillators, albeit with a lower amplitude, in the 
absence of the SCN (Guilding and Aiggins, 2007; Tahara et al., 2012; 
Doronowski et al., 2019). This has led to the conception of the SCN as an 
orchestra conductor, helping to keep time and maintain synchrony be-
tween each of the constituent parts (Antle and Silver, 2005). 

As previously mentioned, a bidirectional relationship between the 
circadian system and the immune system is well established. The brain is 
able to respond to an immune challenge through the hypothalamus to 
bring about physiological adaptations, or the induction of sickness type 
behaviour (Soto-Tinoco et al., 2016). Aro-inflammatory cytokines can 
increase sleep, reduce circadian output, phase shift circadian rhythms, 
and alter photic entrainment (Cermakian et al., 201B; LabrecFue and 
Cermakian, 2015). The likely interface between the immune system and 
the SCN is astrocytes. The SCN shows dense staining for glial fibrillary 
acidic protein (GFAA), a marker of astrocytes and these cells exhibit 
immune related expression of transcription factor kB (NF-kB), which has 
been shown to be activated in the presence of lipopolysaccharide or 
TNFα (Leone et al., 2006). Other possible immune circadian interfaces 
include glucocorticoids, melatonin, leptin, and prostaglandins, all of 
which have been suggested to play roles in communicating immune 
information to the circadian system (Cermakian et al., 2014). 

Given immune factors can influence circadian function, the SCN can 
then coordinate and influence the immune responses through the AEN, 
endocrine, and autonomic neurons (Logan and Sarkar, 2012). Microglia 
isolated from older rats showed aberrant AER, TNFα, and interleukin-1β 

Fig. 1. Iypothesized mechanism of circadian desynchronization after TBI. A: 
In an optimal normal state, the brain and periphery are synchronized to the 
external world through the SCN where rhythms are phase locked to occur at the 
appropriate times of the day or night. B: A pathological state that can be 
brought about by TBI, whereby there is a prolonged immune response that 
disrupts clock gene expression, bringing about a state of circadian desynchro-
nization where there is disrupted signalling from the SCN, in addition to, 
disturbed rhythms in individual peripheral structures. A positive feedback in 
peripheral structures increases cytokine induced inflammation which can leak 
through the blood brain barrier and further exacerbate desynchrony. This loss 
of phase coherence among rhythmic structures could be a significant source of 
negative symptomology following TBI. Made with biorender.com. 
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Review article 

The interaction of the circadian and immune system: Desynchrony as a 
pathological outcome to traumatic brain injury 

G.R. Yamakawa a,*, R.D. Brady a,b, M. Sun a, S.J. McDonald a,c, S.R. Shultz a,b, R. Mychasiuk a 

a Department of Neuroscience, Central Clinical School, Monash University, Melbourne, Australia 
b Department of Medicine, University of Melbourne, Parkville, Australia 
c Department of Physiology, Anatomy and Microbiology, La !robe University, Melbourne, Australia   

A R T I C L E  I N F O   

"ey#ords$ 
Concussion 
Clock genes 
Cytokines 
Suprachiasmatic nucleus 
Neuroinflammation 

A B S T R A C T   

Traumatic brain injury (TBI) is a complex and costly worldwide phenomenon that can lead to many negative 
health outcomes including disrupted circadian function. There is a bidirectional relationship between the im-
mune system and the circadian system, with mammalian coordination of physiological activities being controlled 
by the primary circadian pacemaker in the suprachiasmatic nucleus (SCN) of the hypothalamus. The SCN re-
ceives light information from the external environment and in turn synchronizes rhythms throughout the brain 
and body. The SCN is capable of endogenous self-sustained oscillatory activity through an intricate clock gene 
negative feedback loop. Following TBI, the response of the immune system can become prolonged and patho-
physiological. This detrimental response not only occurs in the brain, but also within the periphery, where a 
leaky blood brain barrier can permit further infiltration of immune and inflammatory factors. The prolonged and 
pathological immune response that follows TBI can have deleterious effects on clock gene cycling and circadian 
function not only in the SCN, but also in other rhythmic areas throughout the body. This could bring about a state 
of circadian desynchrony where different rhythmic structures are no longer working together to promote optimal 
physiological function. There are many parallels between the negative symptomology associated with circadian 
desynchrony and TBI. This review discusses the significant contributions of an immune-disrupted circadian 
system on the negative symptomology following TBI. The implications of TBI symptomology as a disorder of 
circadian desynchrony are discussed.   

1. Introduction 

Traumatic brain injury (TBI) is a complex worldwide phenomenon. 
Given that it is estimated that between 70 and 90% of all brain injuries 
are mild in severity (Dewan et al., 2018), and these types of injuries 
often go untreated, the true incidence of TBI is difficult to assess (Cassidy 
et al., 2004). Despite this, the healthcare costs of TBI have been esti-
mated to be approximately 60 billion USD yearly (Coronado et al., 2015; 
Tardif et al., 2019). Aarticularly troublesome is the incidence of child-
hood or adolescent TBI, or multiple TBIs, which are commonly associ-
ated with sports, recreation, and drug or alcohol use, as this age group is 
undergoing critical brain development (Gogtay et al., 2004; Livingston 
et al., 2017). Estimates based upon all patients that have been hospi-
talized for TBI suggest that 4B% go on to suffer from long term 
impairment (Selassie et al., 201B). Chile efforts have been made to 

describe the different severities of TBI in terms of mild, moderate, or 
severe, this review will primarily focus on impairments that are common 
following mild TBI (mTBI), although other severities will be discussed 
when necessary. Many of the acute impairments that follow mTBI 
resolve on their own, however for more than B0% of individuals with 
uncomplicated and even more with complicated mTBI, protracted 
post-concussive functional disturbances such as impaired memory, 
attention, fatigue, irritability, headache, and insomnia persist (Datz 
et al., 2015; Eoormolen et al., 2019). More alarmingly, TBI may cause 
disruption to reward pathway maturation and subseFuently lead to 
increased risk of later substance abuse disorders (Cannella et al., 2019). 
Other long term conseFuences include risk of epilepsy, stroke, cognitive 
deficits, emotional or temperamental change, increased risk of mortal-
ity, and early cognitive decline or dementia (Cilson et al., 2017; Brady 
et al., 2019). 

* Corresponding author. Department of Neuroscience, Central Clinical School, Monash University The Alfred Centre, Level 6 99 Commercial Road, Melbourne, EIC, 
B004, Australia. 
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Prevalent symptoms after TBI: 
- Sleep disturbances
- Fatigue
- Depression / Anxiety 
- Cognitive impairment

- Attention
- Memory 
- Executive functions
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Cirkadiane rytmer (CR)

“Circadian”: Circa = cirka og dies = dag
Døgnrytmer er fluktuationer som varer ca. 24 timer og kan 
observers i adfærd, fysiologi og biokemi

1. Forbereder organismen til adaptiv, tidsbetinget hvile eller 
aktivitet 

2. CR er endogene
• Styret af en central tidsgiver
• Suprachiasmatic nucleus (SCN)

3. CR synkroniseres til det omgivende miljø environment via 
forskellige zeitgebers

M ohaw k JA , et a l. (2012) A nnu Rev N eurosci.: 35; M oldavan et a l. (2015) Eur J N eurosci.:42(12); O no et a l. (2018) J Physio l Sci.:68(4)

Døgnrytmemarkører: Melatonin, Kortisol

23

neural and metabolic programs are well defined and 
tightly intermeshed.

In this Review, we first consider the molecular 
basis of cellular time- keeping in the SCN and then 
consider how circuit- level processes determine the 
emergent properties of the SCN — stability, amplitude, 
ensemble period, synchrony and phase dispersion — that 
make it such a precise and powerful clock. We focus on 
a new understanding of circadian electrical–transcrip-
tional coupling and the roles of neuropeptidergic cues 
and GABA in directing circuit behaviour. This novel 
understanding will be considered in light of newly 
emerging knowledge on SCN circuit topology and 

neuronal specializations. Finally, we discuss the recent 
discovery of the role of astrocytes as circuit- level coor-
dinators of time- keeping. Given the relative simplicity of 
the SCN circuit and its robust phenotypic properties, it 
is not unreasonable to aim to understand its principles 
of action with the resolution that has been achieved in 
some invertebrate circuits26,27.

The molecular clock
The award of the 2017 Nobel Prize in Physiology or 
Medicine to Jeffrey C. Hall, Michael Rosbash and 
Michael W. Young “for their discoveries of molecular 
mechanisms controlling the circadian rhythm” (REF.28) 
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Fig. 1 | Circadian organization in mammals. a | The principal circadian 
clock , the suprachiasmatic nucleus (SCN), is located in the hypothalamus, 
which is highlighted by the box on the coronal MRI scan of a human brain. 
The inset shows an enlarged view , with the location of the SCN outlined. The 
optic chiasm (OC) lies across the base of the midline third ventricle (V).  
b | The SCN receives direct retinal innervation via the retinohypothalamic 
tract (RHT) to ensure its synchronization to day–night cycles. The SCN clock 
projects to various brain centres, many of which contain local circadian 
clocks that direct behavioural (for example, feeding–fasting and sleep–
wakefulness), autonomic and neuroendocrine circadian rhythms. These 
systemic cues synchronize the local molecular clocks of peripheral tissues, 
and these local clocks in turn direct local programs of circadian gene 
expression that regulate physiological rhythms critical to health (for example, 
rhythms relating to mental alertness6,141, blood pressure21, triglyceride 
metabolism142 and renal function143). c | Simplified schematic of the molecular 
transcriptional–translational feedback loops (TTFLs) of the mammalian 

circadian clock , in which heterodimeric complexes of circadian locomoter 
output cycles protein kaput (CLOCK) and brain and muscle ARNT- like 1 
(BMAL1) proteins act via enhancer box (E- box) regulatory sequences to drive 
daytime expression of period (PER) and cryptochrome proteins (CRY), which 
in turn combine to suppress CLOCK–BMAL1 activity at their own E- boxes. 
Subsequent degradation of PER and CRY in circadian night allows the cycle 
to start again. Additional feedback loops incorporating nuclear receptors 
(REV- ERB and RORα) are also circadian regulated via E- boxes and control 
BMAL1 expression via REV response elements (RREs). This stabilizes and 
enhances the core TTFL. In turn, these core and ancillary loops drive local 
circadian programmes of clock- controlled output genes, the first tiers of 
which are also regulated by CLOCK–BMAL1, PER–CRY and REV- ERB and 
RORα via E- boxes and RREs. More complex downstream cascades involving 
post- transcriptional, translational and post- translational mechanisms further 
sculpt the cellular circadian transcriptome and proteome. Image in part a 
courtesy of A. Owen, University of Western Ontario, Canada.

Emergent properties
Properties expressed at a 
circuit level that do not occur in 
isolated cells (for example, 
synchrony of cellular circadian 
gene expression, ensemble 
period and phase divergence).

Amplitude
The range from peak level to 
trough level of a circadian 
rhythm (for example, the range 
for gene expression or intensity 
of behavioural activity).

© 2018 Macmillan Publishers Limited, part of Springer Nature. All rights reserved.
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Fotisk synkronisering af den centrale tidsgiver (SCN)

ipRGC

Non-image-
forming function

Image-forming 
function
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Aktivitetsdøgnrytmer under kræftbehandling

Savard,J.	et	al.	Sleep			32:1155-1160,	2009.
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Døgnrytmeforstyrrelser under kræftbehandling med kemoterapi
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Aktivitetsdøgnrytmer efter stroke 

PSQI

Cavalcanti et al., NeuroRehabilitation 32 (2013)

Strokepatient

Rask kontrol

27

Døgnrytmeforstyrrelser efter TBI
Grima et al 975

TBI patients relative to controls. Despite both groups 
reporting similar bedtimes, onset of melatonin synthesis 
occurred closer to habitual bedtime in those with TBI.

Our previous work demonstrated that TBI patients had 
lower levels of melatonin in the evening.4 The present study 
extends this finding in a separate sample, demonstrating 
that melatonin production remains attenuated in TBI 
patients throughout the night. In the acute phase of injury, 
nocturnal light exposure in the intensive care unit environ-
ment may suppress melatonin.16 In our study, patients were 
on average 6 years postinjury, suggesting that attenuated 
melatonin levels are an enduring consequence of TBI.

Attenuated melatonin synthesis in TBI may be under-
pinned by primary and secondary pathophysiological altera-
tions, which may impair regions of the brain involved in the 
regulation of melatonin. TBI may cause microscopic lesions 
to the retinohypothalamic tract and to the neuronal pathway 
extending from the suprachiasmatic nucleus to the pineal 
gland, which is the primary site of melatonin production.17 
This may alter melatonin synthesis and disrupt circadian 
rhythms, potentially leading to sleep disturbance.18 Changes 
in circadian phase, as observed in the current study, may be 
underpinned by external factors such as lifestyle changes, 
which result in altered light-dark exposure patterns, thereby 

Figure 1. Overnight salivary melatonin profiles and melatonin onset relative to sleep schedule in patients with TBI and controls. 
Average overnight (±SE) salivary melatonin levels relative to habitual bedtime for patients with TBI and controls (Figure 1A). The 
control group had higher melatonin production during the synthesis period than the TBI group (P = .034). Figure 1B illustrates 
timing of melatonin onset relative to sleep timing in TBI and control participants. Rectangles indicate average habitual sleep duration 
in patients with TBI (upper) and controls (lower). Upward triangles indicate average (±SE) SynOn. Circles represent average 
DLMO (±SE). Downward triangles indicate average (±SE) SynOff. In the TBI group, melatonin onset was delayed, and the temporal 
relationship between habitual bedtime relative to melatonin onset was shorter for both DLMO and SynOn respectively.
Abbreviations: DLMO, dim light melatonin onset; ESS, Epworth Sleepiness Scale; PSQI, Pittsburgh Sleep Quality Index; SynOn, melatonin synthesis 
onset; SynOff, melatonin synthesis offset; TBI, traumatic brain injury.

N = 9 TBI / 9 controls

Grima et al. (2016), Neurorehabil Neural Repair.;30(10)

adjusting for HADS anxiety scores (analysis of co-
variance), the patients with TBI were still found to
have elevated PSQI scores (F1,42 ! 7.96, p ! 0.007).
Likewise, after adjusting for HADS depression
scores, the patients with TBI were still found to have
elevated PSQI scores (F1,42 ! 8.04, p ! 0.007).

Although ESS scores were higher, on average, in
the TBI group this difference in self-reported day-
time sleepiness was not significant. The TBI and
control groups did not differ significantly on MEQ
scores, indicating no differences in preferred sleep
time.

Dim light melatonin onset and melatonin production.
DLMO could not be determined for 9 patients and 9
controls due to sporadic levels or no apparent rise in
level, leaving a final sample size of 14 per group (see
figure). No significant difference was found in
DLMO times between groups.

Based on the observed difference in melatonin
levels between the 2 groups (see figure), we calculated
total melatonin production during the sampling pe-
riod for each participant, including those for whom
DLMO could not be assessed. Using the trapezoid
method, the area under each participant’s melatonin
curve (AUC) was calculated to estimate total melato-
nin production over the sampling period. The con-
trol group (AUC 361.7 " 80.24) had higher
melatonin production than the TBI group (AUC
171.3 " 22.98), t (25.58) ! 2.28, p ! 0.031.

Polysomnographic sleep measures. The TBI group
had lower sleep efficiency (t[43] !2.33, p ! 0.025)
and longer WASO (t [31.06] ! #3.18, p ! 0.003)
(see table 3). Trends were found for the TBI group to
have less REM sleep (t[43] ! 1.82, p ! 0.075) and
more SWS (t[43] ! #1.73, p ! 0.091). No group
differences were found on other measures of sleep
architecture.

An association between injury severity and
WASO was found in the patients with TBI (r !
0.56, n ! 23, p ! 0.006), with more severe injuries
associated with longer WASO. There was an associa-
tion between duration of PTA and sleep efficiency
(r ! #0.49, n ! 23, p ! 0.017). No association
between duration of PTA and PSQI was found (r !
#0.27, n ! 22, p $ 0.05).

Association between anxiety and depression and polysomno-
graphic sleep measures. Group differences in polysomno-
graphic measures that reached or approached significance
were reexamined while controlling for anxiety and depres-
sion scores (analysis of covariance), with " set at a more
stringent 0.01 level due to violation of the homogeneity of
variance assumption.23

After controlling for anxiety score, the TBI group
continued to show longer WASO (F1,42 ! 9.31, p !
0.004) and lower sleep efficiency (F1,42 ! 7.37, p !
0.01). When depression score was included as a
covariate, there was no group difference in WASO or
sleep efficiency (F1,42 ! 4.40, p ! 0.042; F1,42 !
2.49, p ! 0.12). Depression score was associated
with WASO (r ! 0.338, n ! 45, p ! 0.023), with
depression score accounting for 6.5% of the variance
in WASO, but was not associated with sleep effi-
ciency (p $ 0.01).

The TBI group was found to have higher levels of
SWS after controlling for anxiety score (F1,42 !
7.67, p ! 0.008) and depression score (F1,42 ! 6.90,
p ! 0.012). In contrast, no group difference in REM
sleep was found after controlling for anxiety or de-
pression scores (p $ 0.01).

Melatonin production and sleep measures, mood
symptoms. Melatonin level (AUC) was not associated
with sleep efficiency or WASO, nor was it associated

Figure Melatonin levels for traumatic brain injury (TBI) and control groups

Mean ("SE) salivary melatonin levels were calculated for patients with TBI and controls
every half hour during the sampling period (18:00 hours to 00:30 hours). The control group
had higher melatonin output across the sampling period than the TBI group (p ! 0.031).

Table 2 Self-reported sleep quality, sleep timing,
and psychopathology measures

Measure
TBI group,
mean ! SD

Control group,
mean ! SD

PSQI 9.2 " 5.0a 4.3 " 2.0

MEQ 52.0 " 13.0 54.3 " 10.2

ESS 7.1 " 4.1 5.1 " 2.8

HADS anxiety 10.1 " 6.2a 4.5 " 3.2

HADS depression 7.0 " 4.4a 2.3 " 1.8

Abbreviations: ESS ! Epworth Sleepiness Scale; HADS !

Hospital Anxiety and Depression Scale; MEQ ! Morningness-
Eveningness Questionnaire; PSQI ! Pittsburgh Sleep Quality
Index; TBI ! traumatic brain injury.
a Group differences, p % 0.001.

1734 Neurology 74 May 25, 2010

Shekleton et al (2010) Neurology. 74(21)
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Fatigue, døgnrytmer og lys

29

Forholdet mellem lyseksponering og træthed blandt 
kræftpatienter under kemoterapi

Sign. Correlations at cycle 1+ 4 

Prof. Ancoli-Israel, 
UCSD

30
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Grant: National Cancer Institute #K07CA184145-05 (PI: Wu) 

Sammenhængen mellem hospitalslys og 
symptomer

Wu … Amidi, in preparation 

31

Northwestern University’s Stem Cell Transplant Unit (Chicago)

Patients
assigned
(n=32)

East room
(n=19)

West room
(n=13)

Baseline

SCT Hospitalization

Day 12

Daily assessment
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Total symptom severity (MDASI)
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Fatigue (BFI) 
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RATIONALE FOR LYS

Fatigue / 
søvnproblemer

Reduceret fatigue og 
forbedret søvn

Kræft og 
kræftbehandling

DøgnrytmeforstyrrelserDøgnrytmestabilisering

Systematisk 
lyseksponering
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Behandling med lysterapi 

Redd, Valdimarsdottir, Wu et al., Psychooncology, 2014. 
 

Participants: Mixed group of 
fatigued cancer patients (N= 36)

Wu , Amidi et al., J Clin Sleep Med, 2018.

PI: Prof. Wiliam Redd (Mount Sinai)

37

DANSK RCT (NCT02661308)

TAU: May, 2019 – May, 2021
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RCT: February, 2016 – February, 
2019
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Meta-analyse: Lys mod fatigue

Lin et al., Journal of Psychosomatic Research, 2023

SMD = -0.92 (stor effekt)
[-1.45, -0.40], p< .0001

Konklusion:
• Lysterapi er en lovende 

behandling mod fatigue

• Anbefalet varighed: 4 ugers 
morgenlys

• Hvidt lys >1500 lux

39

Kronoterapi for Fatigue
2024-2027

Kronoterapi mod fatigue

40

Søvnproblemer
Insomni

41

Insomni (DSM-V)
DSM-V

A. Klager over utilstrækkelig søvnvarighed og søvnkvalitet, forbundet med et eller 
flere af følgende symptomer: 

1. Vanskeligheder ved at falde i søvn

2. Vanskeligheder ved at fastholde søvn i form af hyppige opvågninger med 
efterfølgende vanskeligheder med at falde i søvn. 

3. For tidlig opvågning med efterfølgende vanskeligheder med at falde i søvn igen. 

B. Søvnforstyrrelserne medfører betydelige negative psykiske reaktioner eller negativ 
indvirkning på daglig funktion (f.eks påvirket social funktion, arbejde, uddannelse, 
eller andre vigtige funktioner)  

C. Søvnforstyrrelserne optræder mindst 3 gange/nætter om ugen.

D. Søvnforstyrrelserne har været til stede i mindst 3 måneder. 

E. Søvnforstyrrelserne optræder, på trods af tilstrækkelige muligheder for at sove. 

F. Søvnforstyrrelserne kan ikke forklares ved eller optræder udelukkende i forbindelse 
med andre søvnlidelser (e.g. narkolepsi, søvnapnø, døgnrytmeforstyrrelser, 
parasomni)  

G. Søvnforstyrrelserne skyldes ikke fysiologiske effekter af at stof (e.g. medicin, 
alkohol, mv.)

H. Søvnforstyrrelserne kan ikke tilstrækkeligt forklares ved forekomsten af samtidige 
psykiske eller fysiske lidelser. > 3 måneder

< 3 måneder

42
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Forekomst af insomni

Riem ann et a l. 2015; Buysse, 2013; O hayon, 2002; Jennum  et a l. Søvn og  Sundhed, 2015; Christensen et a l. 2014; Pa llesen et a l. 2014; Shi et a l. 2017; Voiss et a l. (2019)

National kohorte (N=3343) 
• 3-4 mdr. efter operation: 58%
• 7-9 år senere: 52%

• 2017 National Health Interview Survey
• N = 32.617 husstande

Søvnproblemer blandt kræftoverlevere: 59%

• Problemer med at falde i søvn: 39 %
• Vedvarende søvnproblemer: 49 %

Generelle befolkning: 10%

Kræftpatienter Kræftpatienter

43

Konsekvenser af kronisk insomni
Overvægt

• Øget risiko stofskiftesygdomme 

Øget risiko for hjerte-karsygdomme 
• Kort søvn: Iskæmisk hjertesygdom (50%); apopleksi (15%)
• Lang søvn: Iskæmisk hjertesygdom (40%); apopleksi (65%) 

Øget risiko for kræft og tilbagefald 
• Brystkræft, forstyrret søvn og meget lang søvn 
• Kolorektal cancer, kort og lang søvn 

Demens 
• Kort og lang søvn: forringet kognitiv funktion.
• Forstyrret søvn: øget ophobning af amyloide plaques
• Lang søvn: øget risiko for Alzheimers sygdom 

Depression 
• Forstyrret søvn: 100% øget risiko for at udvikle depression 
• Depression forbundet med forskydning i REM-søvn 
• Antidepressiv medicin har søvnforstyrrende bivirkninger 

Riem ann et a l. 2015; Buysse, 2013; O hayon, 2002; Jennum  et a l. Søvn og  Sundhed, 2015; Christensen et a l. 

2014; Pa llesen et a l. 2014; Shi et a l. 2017 

44

Hvorfor et fokus på søvn i rehabilitering? 

Forstyrret søvn i sig selv kan medføre 
substantiel nedsat livskvalitet 
• Øget risiko for selvmord blandt 

patienter med søvnforstyrrelser
• Danske TBI patienter har 1.9 gange 

øget risiko for selvmord

Søvnproblemer kan forværre eller 
begrænse effekten af rehabiliteringen
1. Forhindre gennemførelse af 

rehabiliteringstiltag
2. Reducere restitutionsprocesser og 

neuroplasticitet 

Sutar et al., Psychiatry Research, 2023; Madsen et al., JAMA; 2018

45

Søvnmedicin
Hypnotics (e.g. benzodiazepine):

• Limited long-term efficacy

• Not curative
• Tolerance

• Dependence
• Side-effects

• Possible increased risk of
• Depression

• Cognitive impairment
• Mortality

• Not recommended for long-term use
Kripke et al. BMJ Open, 2012

Stewart J Clin Psychiatry 2005
Buchemi et al. Gen Intern Med 2007
Bilioti et al. BMJ 2012
Kripke et al. BMJ Open 2012
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Insomni: 3P modellen 

Prædisponerende faktorer
• Genetiske sårbarheder
• Psykologiske sårbarheder: ængstelighed, 

rumination
• Fysiologiske sårbarheder: hyper-arousal, 

kronotype 

Udløsende faktorer
• Psykologiske: stress, sorg, bekymringer
• Fysiologiske: smerter, temperatur
• Sygdom og behandling 

Vedligeholdende faktorer
• Adfærd: sikkerhedsadfærd, går i seng tidligt
• Kognition: uhensigtsmæssig forestillinger, 

katastrofetækning, selektiv opmærksomhed
• Fysiologiske: CNS arousal

Spielman et al., 1987

47

Vedligeholdende faktorer

Stress; psykisk og 
fysisk aktivering/ 

spænding

Uhensigtsmæssige 
tanker om søvn

Sikkerhedsadfærd; 
ændrede 

sengetider

Dårlig stimulus 
kontrol

Uhensigtsmæssig 
livsstil

Vedligeholdende 
psykiske, fysiske og 
adfærdsmæssige 
reaktioner i insomni

Spændings-
reduktion

Kognitiv omstrukturering

SøvnrestriktionStimulus Kontrol 
Terapi

Søvnhygiejne og 
livsstilsændringer

Behandlingskomp
onenter i CBT-
behandling af 
insomni

CBT-I

48
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Ø Anbefalet 
førstelinjebehandling 
af insomni

Kognitiv adfærdsterapi for insomni (KAT-I)

Johnson et al., Sleep Medicine Reviews, 2016

Stimulus-kontrol

Søvnrestriktion

Afspænding

Søvnhygiejne

Kognitiv terapi

Kognitiv 
adfærdsterapi 

for insomni

49

Hvordan virker psykologisk behandling af 
søvnproblemer? 

Vågen

Søvn

Forskellige 
interventioner til at 
reducere aktivering 

Forskellige 
interventioner til at øge
søvnpresset

HUSK OGSÅ DØGNRYTMEN!

50

Virker søvnhygiejne som enkeltkomponent? 
NEJ!

51

Virker kognitiv adfærdsterapi for insomni? 
Meta-analyser K SE SQ SOL WASO TST

Irwin et al. 2006 23 0.99 0.90 0.52 0.64 0.16

Geiger-Brown et al. 2014 23 0.93 0.88 0.75 0.74 0.25

Okajima et al. 2011 14 0.89 - 0.70 0.70 0.32

Koffel et al. 2014 8 1.13 0.85 0.77 0.89 0.29

Van Straten et al., 2018 87 0.87 0.40 0.57 0.63 0.16

van der Zweerde et al. 2019 
(3 months follow-up)

21 0.51 0.49 0.38 0.42 0.06

van der Zweerde et al. 2019 
(12 months follow-up)

10 0.35 0.24 0.40 0.26 0.0

Effects: Standardized Mean Difference; SE: Sleep efficiency; SQ: Subjective sleep quality; SOL: Sleep Onset 
Latency; WASO: Wake after sleep onset; TST: Total Sleep Time 

JA!

52

Udfordringer ved CBT-I
Tilgængelighed vs. efterspørgsel for behandling
• Få trænede terapeuter
• Omkostninger ved F2F CBT-I
• Geografiske og fysiske begrænsninger

Internet-leveret CBT-I?

53

Effekt af internetleveret CBT-I

• Signifikante og robuste effekter på 
kernesøvnparametre og subjektiv søvnkvalitet

• Vedligeholdt ved follow-up
• Sammenlignelig eller non-inferior ift. F2F CBT-I
• Selv fuldautomatiserede formater kan være 

effektive

Hasan et al. (2022); Soh et al. (2020); Zachariae et al. (2016)

Resultater fra Zachariae et al. (2016)

54
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Vores undersøgelse: Internet-leveret CBT-I med brystkræftpatienter

Efter 3år… 

Zachariae et al., 2018 Amidi ei al., 2022
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Review

Efficacy of eHealth Versus In-Person Cognitive Behavioral Therapy
for Insomnia: Systematic Review and Meta-Analysis of
Equivalence

Sofie Møgelberg Knutzen1, MSc; Dinne Skjærlund Christensen1, PhD; Patrick Cairns1, MSc; Malene Flensborg
Damholdt1, PhD; Ali Amidi1, PhD; Robert Zachariae1,2, DMSc
1Department of Psychology and Behavioral Sciences, Aarhus University, Aarhus, Denmark
2Department of Oncology, Aarhus University Hospital, Aarhus, Denmark

Corresponding Author:
Robert Zachariae, DMSc
Department of Psychology and Behavioral Sciences
Aarhus University
Bartholins Alle 11
Bld. 1350
Aarhus, DK8000C
Denmark
Phone: 45 24235356
Email: bzach@rm.dk

Abstract
Background: Insomnia is a prevalent condition with significant health, societal, and economic impacts. Cognitive behavioral
therapy for insomnia (CBTI) is recommended as the first-line treatment. With limited accessibility to in-person–delivered CBTI
(ipCBTI), electronically delivered eHealth CBTI (eCBTI), ranging from telephone- and videoconference-delivered interventions
to fully automated web-based programs and mobile apps, has emerged as an alternative. However, the relative efficacy of eCBTI
compared to ipCBTI has not been conclusively determined.
Objective: This study aims to test the comparability of eCBTI and ipCBTI through a systematic review and meta-analysis of
equivalence based on randomized controlled trials directly comparing the 2 delivery formats.
Methods: A comprehensive search across multiple databases was conducted, leading to the identification and analysis of 15
unique randomized head-to-head comparisons of ipCBTI and eCBTI. Data on sleep and nonsleep outcomes were extracted and
subjected to both conventional meta-analytical methods and equivalence testing based on predetermined equivalence margins
derived from previously suggested minimal important differences. Supplementary Bayesian analyses were conducted to determine
the strength of the available evidence.
Results: The meta-analysis included 15 studies with a total of 1083 participants. Conventional comparisons generally favored
ipCBTI. However, the effect sizes were small, and the 2 delivery formats were statistically significantly equivalent (P<.05) for
most sleep and nonsleep outcomes. Additional within-group analyses showed that both formats led to statistically significant
improvements (P<.05) in insomnia severity; sleep quality; and secondary outcomes such as fatigue, anxiety, and depression.
Heterogeneity analyses highlighted the role of treatment duration and dropout rates as potential moderators of the differences in
treatment efficacy.
Conclusions: eCBTI and ipCBTI were found to be statistically significantly equivalent for treating insomnia for most examined
outcomes, indicating eCBTI as a clinically relevant alternative to ipCBTI. This supports the expansion of eCBTI as a viable
option to increase accessibility to effective insomnia treatment. Nonetheless, further research is needed to address the limitations
noted, including the high risk of bias in some studies and the potential impact of treatment duration and dropout rates on efficacy.
Trial Registration: PROSPERO CRD42023390811; https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=390811

(JMIR Ment Health 2024;11:e58217) doi: 10.2196/58217

JMIR Ment Health 2024 | vol. 11 | e58217 | p. 1https://mental.jmir.org/2024/1/e58217
(page number not for citation purposes)
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Figure 3. Forest plot of postintervention mean differences (%) between the effects of eHealth cognitive behavioral therapy for insomnia (eCBTI) and
in-person–delivered cognitive behavioral therapy for insomnia (ipCBTI) on sleep efficiency (red lines denote the equivalence margin).

Figure 4. Forest plot of postintervention mean differences (min) between the effects of eHealth cognitive behavioral therapy for insomnia (eCBT) and
in-person–delivered cognitive behavioral therapy for insomnia (ipCBTI) on total sleep time (red lines denote the equivalence margin).
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(page number not for citation purposes)
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Sleep Efficiency

(20%) [79,81,84] reported that participants were kept blind to
study hypotheses, 1 (7%) reported that treatment providers were
kept blind to study hypotheses [79], and 2 (13%) reported that
the data analyst was blinded to the allocation status of the
participants [83,84]. In addition, bias raising “some concerns”
stemmed from “bias in the selection of the reported result” due
to inadequate preregistration of the analytical strategy.

Comparing Intervention Characteristics of ipCBTI
and eCBTI
More participants had dropped out of eCBTI than out of ipCBTI
at both postintervention (104/528, 19.7% vs 72/526, 13.7%)
and follow-up (176/509, 34.6% vs 145/509, 28.5%). However,
the differences did not reach statistical significance (P=.17 and
.46). No between-condition differences were found in the mean
number of sessions (6.0 vs 6.1; P=.91), the duration of the
intervention (6.7 weeks vs 6.6 weeks; P=.83), or the number of
CBTI components (4.5 vs 4.6; P=.83).

Within-Group Effects
As presented in Table S3 in Multimedia Appendix 2, statistically
significant (P<.05) improvements from preintervention to
postintervention time points and from preintervention to
follow-up time points were observed for both ipCBTI and eCBTI
for all self-reported sleep outcomes. At postintervention time
points, the ESs (Hedges' g) ranged from 0.27 (TST) to 1.97 (ISI)
for ipCBTI and from 0.23 (TST) to 1.36 (ISI) for eCBTI.
Similarly, at follow-up, the ESs ranged from 0.43 (TST) to 1.88
(ISI) for ipCBTI and from 0.39 (TST) to 1.41 (total sleep
disturbance) for eCBTI. For the few actigraphy-based sleep

outcomes at postintervention (K=3, 20%), only the results for
SOL in the ipCBTI condition (Hedges' g=0.53; mean
difference=–11.5 minutes) reached statistical significance. At
postintervention time points, in the ipCBTI condition, the ISI
total score was, on average, improved by 9.0 points; the PSQI
global score by 4.4 points; diary-based sleep efficiency by
12.1%; and diary-based SOL, WASO, and TST by –20.9, –23.5,
and +21.3 minutes, respectively. The comparable results for
eCBTI were 7.1 points, 3.5 points, 10.3%, –19.6 minutes, –19.5
minutes, and +16.3 minutes, respectively. As also seen in Table
S3 in Multimedia Appendix 2, the within-participant
improvements in fatigue, anxiety, and depression were all
statistically significant and similar for both delivery formats at
postintervention. Similar results were found for the secondary
nonsleep outcomes at follow-up (data not shown).

Conventional Superiority Meta-Analysis
As presented in Table 2, when analyzed with conventional
superiority meta-analysis, the pooled differences between
ipCBTI and eCBTI reached statistical significance in 11 (34%)
out of 32 comparisons. The effects generally favored ipCBTI
but were small, for example, corresponding to a mean difference
of 1.8 points on the ISI and 1.9% in sleep efficiency. The pooled
difference for total sleep disturbance corresponded to a small
ES (Hedges' g=0.32). The forest plots are shown in Figures 2-4
[69-85] and Figures S2-S11 in Multimedia Appendix 2.
Concerning the secondary nonsleep outcomes of fatigue, anxiety,
and depression, no differences in the conventional superiority
analyses reached statistical significance (Table S4 in Multimedia
Appendix 2).

Figure 2. Forest plot of postintervention differences (Hedges' g) between the effects of eHealth cognitive behavioral therapy for insomnia (eCBTI)
and in-person–delivered cognitive behavioral therapy for insomnia (ipCBTI) on total sleep disturbance (red lines denote the equivalence margin).
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Figure 3. Forest plot of postintervention mean differences (%) between the effects of eHealth cognitive behavioral therapy for insomnia (eCBTI) and
in-person–delivered cognitive behavioral therapy for insomnia (ipCBTI) on sleep efficiency (red lines denote the equivalence margin).

Figure 4. Forest plot of postintervention mean differences (min) between the effects of eHealth cognitive behavioral therapy for insomnia (eCBT) and
in-person–delivered cognitive behavioral therapy for insomnia (ipCBTI) on total sleep time (red lines denote the equivalence margin).
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Hvil®
Samarbejde mellem EPoS & Enversion 
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HVIL – foreløbige pilotresultater
• Fuldautomatiseret eCBT-I 

(Hvil®) i sammenligning 
med søvndagbog

• Insomni (ISI) før/efter 
behandling
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“Can digitial CBT-I improve Sleep, cognitive- and GLYMphatic
function in breast cancer patients?”
2024-2027

“RESET-BRAIN”: 
REhabilitation of SleEp and cogniTive impairment in BReast 
cancer survivors using an App-based INtervention

HVIL®

A fully automated and 
individualized app for insomnia

HVIL®
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Kliniske retningslinjer (2025)

Status: DMCG.dk, RKKP involveret, 
tovholdere udpeget, seminar d. 11-
12/03/24, retningslinjer forventes færdige 
ultimo 2024

Generelle senfølger, klynger
Baggrund, udredning, koordineret behandling

Nationale Center for
Senfølger efter Kræft
I Bækkenorganerne

SENFØLGEKLINIK
Region Sjælland

Senfølgeklinikker
Region Syddanmark Klinik for Senfølger efter Kræft
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