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Cancer-related fatigue in (non-)Hodgkin lymphoma
Hematological cancers represent the fifth most prevalent cancer in the Netherlands1. A relatively 

rare type of hematological cancer is Hodgkin lymphoma (HL) with an absolute incidence of 

532 in 20192. This cancer develops in het lymphatic system; more specifically, it is an abnormal 

multiplication of B-lymphocytes. HL is most often diagnosed in younger individuals (age between 

15 and 44 years). In the past decades, treatments for HL changed from large radiotherapy 

fields to the combination of chemotherapy and radiotherapy with smaller radiotherapy fields. 

Responses to these improved treatments are good, with a current overall 10-year survival rate 

of 78 percent3. 

The good prognosis leading to a higher number of survivors caused an increased interest 

towards the late effects experienced by HL survivors. For example, increased risks to develop 

secondary cancers and cardio-vascular diseases are reported in this group4. In the Netherlands, 

the BETER consortium (better care after HL: evaluation of long-term treatment effects and 

screening) offers a healthcare infrastructure aiming to inform, screen, and treat HL survivors for 

these late effects5. In 2021, the BETER consortium included 22 hospitals. Within this consortium, 

radiation-oncologists, hematologists, epidemiologists, and psychologists work together to 

formulate treatment guidelines and conduct research to improve care for these survivors. More 

recently, diffuse large B-cell lymphoma (DLBCL) survivors were added to the BETER-consortium 

because the late effects in this group are comparable to the late effects reported in HL survivors. 

DLBCL is the most prevalent hematological cancer with an incidence of 1.548 in 20192. This 

aggressive non-Hodgkin lymphoma (NHL) is most often diagnosed in individuals 60 years of age 

or older and has a 10-year survival rate of 45 percent1, 2, 6. 

The screening within the BETER-clinics focuses on somatic and psychological late effects 

influencing the daily life of HL and DLBCL survivors. One of the symptoms often reported 

to radiation-oncologists and hematologists is cancer-related fatigue (CRF)7. A previous study 

within the BETER-consortium showed a prevalence of CRF in HL survivors of 41 to 43 percent 

compared to 23 to 28 percent in the general Dutch population. Moreover, a study with more 

than 800 NHL survivors (mean survivorship 4.2 years [SD = 2.7]) showed that 61 percent reported 

clinically relevant and persistent fatigue8. The National Comprehensive Cancer Network (NCCN) 

defines CRF as “a distressing, persistent, subjective sense of physical, emotional, and/or 

cognitive tiredness or exhaustion related to cancer or cancer treatment that is not proportional 

to recent activity and interferes with usual functioning”9. Survivors suffering from fatigue 

report feeling tired despite resting, have difficulties to complete normal activities, and have 

problems concentrating10. It affects the quality of life of these survivors11 and is often reported 

in a cluster of symptoms including sleep problems, depression, anxiety, and pain12-16. Moreover, 

higher levels of fatigue are associated with more problems in cognitive functioning17-19, which 

are also reported by lymphoma survivors20. 

Etiology of cancer-related fatigue
Despite the high number of cancer survivors that suffer from CRF, relatively little is known about 

the etiology of CRF. There are several hypotheses for the etiology of CRF, covering demographic, 

medical, psychosocial, behavioral, and biological factors21-24. This section describes the current 
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knowledge on the influence of these factors on CRF based on four systematic reviews covering 

information from patients and survivors with different types of cancer21-24. If available, specific 

results for HL are reported separately25. 

Demographic factors 

The majority of studies investigating the association between demographic factors and CRF 

suggest the absence of associations of gender, age, marital status, ethnicity, education, 

employment, or income to CRF21-24. Some studies suggested that fatigue was associated with 

gender, age, marital status, employment, and income22. Yet, there is an inconsistency in these 

studies as not all of these studies report associations into the same direction22. For example, it 

has been shown that higher levels of fatigue occur in younger patients in breast cancer patients 

receiving chemotherapy22 while in HL survivors, it has been shown that higher levels of CRF 

were reported by older survivors25. 

Medical factors 

In general, no associations were found of CRF with disease-related variables, including 

diagnosis, tumor size, tumor stage, the presence of metastases, and time since diagnosis in 

cancer survivors22, 23. Moreover, no associations were found between CRF and treatment-

related variables, including treatment (e.g. chemotherapy, radiotherapy, tamoxifen), time since 

treatment completion and the length of hospital stay22, 23. This is also confirmed in 5-years HL 

survivors as there were no associations of CRF with HL specific factors or treatment-related 

variables25. There is a significant positive association between CRF and the number of self-

reported comorbidities12. 

Psychosocial and behavioral factors 

There are consistent findings showing that higher levels of fatigue are related to higher levels 

of anxiety, depression, sleep problems, dysfunctional coping behavior, lack of social support, 

and stressful life events21-23, 26. Moreover, higher levels of baseline fatigue prior to treatment are 

associated with higher levels of fatigue at follow-up in HL survivors25. It has been shown that 

higher levels of CRF are associated with lower levels of physical activity and increased body mass 

index21-23.

Biological factors 

Multiple biological factors have been studied in the context of CRF. For these biological factors, 

a difference is made between central fatigue that originates in the central nervous system and 

peripheral fatigue that reflects the inability of muscles to perform a task27. For central fatigue, 

the most studied mechanism is cytokine dysregulation21, 26-28. This is based on the principle that 

inflammatory cytokines can induce fatigue and other changes in behavior29. It is proposed 

that cancer and cancer treatment activate the production of pro-inflammatory cytokines30, 31 

that may persist after treatment as the host deals with persisting pathogenesis and changes 

in homeostasis21. Nonetheless, it should be noted that results on the association between 

different types of proinflammatory cytokines and CRF are inconclusive21, 26-28. Another biological 

factor linked to central fatigue is a dysregulation of the hypothalamic-pituitary-adrenal (HPA) 
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axis21, 26-28. The HPA-axis is responsible for the production of the hormone cortisol following a 

daily rhythm and in response to stress. There is some evidence that breast cancer survivors with 

fatigue had lower cortisol levels during the day and a blunted response to a stressor compared 

to breast cancer survivors without fatigue32, 33 suggesting a dysregulation of the HPA axis. Similar 

results have been shown for women with ovarian cancer and advanced cancer patients34, 35. 

Animal studies suggested that this might be a consequence of chronic inflammation36. A third 

biological factor that may influence central fatigue is circadian rhythm disruption21, 26-28, which 

is described in more detail below. Other hypothesized mechanisms related to central fatigue 

are serotonin dysregulation and vagal afferent nerve function, although these hypotheses are 

primarily based on animal studies26, 27. Hypotheses for peripheral mechanism include a muscle 

metabolism dysregulation caused by adenosine triphosphate dysregulation and contractile 

properties26-28. However, it should be noted that these hypotheses are based on small sample 

sized (animal) studies26, 27. 

It is important to mention that these biological factors relate to each other, making the 

pathophysiology of CRF very complex26, 27. Cytokine dysregulation seems to play a crucial role 

as cytokines influence other described mechanisms, including the HPA axis, circadian rhythms, 

serotonin metabolism and vagal afferent activation, via signaling pathways and feedback 

loops. The HPA axis regulates cortisol and cytokine production, while the HPA axis itself is also 

influenced by serotonin. Moreover, cortisol, inflammatory cytokines and serotonin influence 

circadian rhythms and disrupted circadian rhythms influence the HPA axis. 

Circadian rhythms

Circadian rhythms37 are internally generated rhythms that have a cycle of approximately 

24-hours. The name stems from the Latin circa (about) and dies (day). These rhythms are 

necessary to optimize physiology and behavior in anticipation on the regular changes in 

environmental light, temperature, and food availability because of the earth’s daily rotation. 

For example, in anticipation of sleeping, the production of cortisol is decreased and the 

production of melatonin, a hormone that stimulates sleep, is increased in dim light situations 

to optimize bodily conditions for sleep (Figure 1). It is essential that these internal rhythms 

synchronize to the external environment. For example, when we travel to the east or the 

west, we want our biological clock to adjust to the external environment in that situation. Our 

biological clock, based in the superchiasmatic nucleus (SCN) situated in the brain, uses signals 

from the environment to entrain internal circadian rhythms to external circadian rhythms. These 

entraining signals are called zeitgebers. The most important zeitgeber is light. Other zeitgebers 

are temperature, food availability and, for humans, social obligations37. 

Disruptions of circadian rhythms and the association with CRF have been studied using 

different methods. First, actigraphy can be used to assess rest-activity rhythms, i.e. sleep-wake 

cycles (Figure 2)38. An actigraph is a wrist-worn tri-axial accelerometer. Based on movements, 

each epoch (for example, a period of 60 seconds) is categorized as being asleep or being awake. 

Together with information on bed times provided by the individual who wore the actigraph, it 

is possible to calculate sleep and circadian variables38, 39, e.g. total time in bed, actual sleep time, 

and mid-sleep (the time between sleep onset and sleep offset). Results of actigraphy studies in 

patients with cancer showed that patients with higher levels of CRF showed more disruptions 
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Figure 1. Circadian rhythm of cortisol and melatonin. Cortisol shows a strong increase in the early morning 
with a decrease during the day that reaches its lowest point during the night. Melatonin shows an increase 
in the evening in dim light conditions with the highest point during the night and a steep decrease in the 
early morning. 

in their sleep-wake cycle, i.e. they had more awakenings during the night and were less active 

during the day40-43. 

A second method to study circadian rhythms is via the assessment of the secretion of 

hormones that follow a circadian rhythm, specifically melatonin and cortisol. Melatonin is 

the best marker of the internal rhythm in dim light conditions44. Its circadian rhythm shows 

increasing levels during the evening (in dim light conditions) that reaches its top during the 

night followed by a decrease that reaches its lowest point during the day44. To the best of 

our knowledge, there are currently no published results on the association between melatonin 

secretion and CRF. Cortisol shows a circadian rhythm with a steep increase after awakening 

followed by a gradual decline during the day that reaches its lowest point during the night. 

Besides the lower secretion of cortisol and the smaller response to stressors32-35, some studies 

suggested that a disruption in this circadian rhythm is associated with CRF34, 35, 45. For example, it 

is shown that a smaller morning/night ratio of cortisol is associated with higher levels of CRF34.

A third approach to study circadian rhythms is via self-reported questionnaires that include 

items on the sleep-wake rhythm. Examples of these questionnaires are the Munich Chronotype 

Questionnaire (MCTQ)46, the Morningness Eveningness Questionnare (MEQ)47, and the 

Composite Scale of Morningness (CSM)48. The outcome of these questionnaires is someone’s 

chronotype, which describes an individual’s preference in the timing of sleep and wake, also 

known as morning or evening types46. Morning types, or larks, tend to get up early and prefer 

to complete tasks in the morning, while evening types, or owls, tend to wake up later and 

prefer to complete tasks in the afternoon or evening. Individual differences in chronotype are

CortisolMelatonin

AWAKENING

DARK DARKlight

sleep
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Figure 2. Example of an actigraphy measurement of six days. The black spikes represent activity as measured 
with the tri-axial accelerometer. The yellow spikes show when the light sensory detected light and at which 
intensity. The red area is the period during which the participant reported to be asleep. To determine this 
period, the participant pushed a button on the actigraph. These periods are used to calculate sleep variables 
like time in bed, sleep onset, sleep offset, got-up time, and sleep efficiency. The activity of the complete 
days are used to calculate non-parametric outcomes concerning the circadian rhythm like interdaily stability 
and intradaily variability. 

the result of genetic variation (genes affect the temporal relationship between a zeitgeber 

and the biological clock49-51), weaker zeitgeber signals in the current society (the introduction 

of artificial light increases exposure to light in previously dim light situations), and age 

(adolescents are more likely to have later chronotypes, which shifts to earlier chronotypes 

after adolescence)52. Some studies showed that evening types reported higher levels of fatigue 
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compared to morning types in individuals with irritable bowel symptoms53 and students54. As 

far as we know, the association between chronotype and fatigue in cancer populations has not 

been studied. 

Assessment of cancer-related fatigue 
Originally, the general concept of fatigue was conceptualized as a unidimensional construct 

but increased research interest for fatigue changed this view to a multidimensional concept of 

fatigue since the 1990s55. The first distinction was made into physical and mental components 

of fatigue56, 57. Nowadays, different views exist on the multidimensionality of fatigue. For 

example, Vercoulen et al. propose four domains: subjective experience of fatigue, reduced 

concentration, reduced motivation, and reduced physical activity58; while Schwartz et al 

propose three domains: situation-specific fatigue, consequences of fatigue, and response to 

rest/sleep59. 

The distinction between unidimensional and multidimensional fatigue is also reflected 

in the number of instruments that are available to measure CRF. Several review studies60-62 

identified a range of 14 up  to 40 different questionnaires, although the validity and reliability 

for most of these questionnaires is questionable. Taken together, these reviews suggest that 

a 10-point numeric rating scale is the best screening tool for CRF61, 62. For the unidimensional 

construct, the European Organization for Research and Treatment of Cancer Quality of 

Life questionnaire (EORTC QLQ-C30) fatigue subscale63 and the Functional Assessment of 

Cancer Therapy-Fatigue subscale (FACT-F)64 were suggested as questionnaires with excellent 

psychometric properties60-62.  The Multidimensional Fatigue Symptom Inventory short form 

(MFSI-30)65 and the Chalder Fatigue Scale (FQ)66 were highly recommended for the assessment 

of multiple dimensions of fatigue 60-62. 

Another assessment of fatigue recommended for measuring multiple dimensions of 

CRF is the Multidimensional Fatigue Inventory67. This scale aims to measure five dimensions 

of fatigue, including general fatigue, physical fatigue, reduced activity, reduced motivation, 

and mental fatigue. After the initial validation67, 68, the questionnaire became one of the most 

widely used fatigue assessments in Europe69. It has been translated and validated in multiple 

languages70-83. However, the original validation study did not only show an acceptable fit for 

the five-factor structure but also for two four-factor structures. One in which the dimensions of 

general fatigue and physical fatigue were combined and one in which the general fatigue items 

were removed67. Therefore, the authors suggested that additional research was necessary to 

investigate the additional value of the separate use of the general fatigue and physical fatigue 

subscales. 

Treatment for cancer-related fatigue 
Even though there is a high prevalence of cancer-related fatigue, radiation-oncologists and 

hematologists of the BETER-consortium have no standard treatment to offer HL and DLBCL 

survivors suffering from CRF. The NCCN guidelines84 mention high-level evidence for non-

pharmacological interventions, including physical activity, psychosocial interventions, and 

cognitive behavioral therapy for insomnia, which could be offered to cancer survivors to 
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reduce CRF. Lower-level evidence is available for pharmacologic treatments, including psycho-

stimulants, for CRF. A recent meta-analysis85 evaluated which intervention type is most 

effective in reducing cancer-related fatigue. A total number of 113 studies were included. 

The majority of the studies (n=69) investigated physical activity (including aerobic, anaerobic, 

or the combination of aerobic and anaerobic modes of exercise), followed by psychological 

interventions (n=34; including cognitive behavioral therapy, psychoeducation, or an eclectic 

method), pharmaceutical interventions (n=14; including paroxetine hydrochloride, modafinil 

or armodafinil, methylphenidate hydrochloride or dexymethylphenidate, dexamphetamine, or 

methylprednisolone) and the combination of physical activity and psychosocial interventions 

(n=10). Results showed that the largest improvement in CRF was seen after physical activity 

interventions, which are associated with a general weighted moderate effect size of 0.33. 

Psychological interventions and the combination of physical activity and psychological 

interventions showed similar improvements, with weighted effect sizes of 0.27 and 0.26, 

respectively. Pharmaceutical interventions led to significant improvements but these were 

associated with a smaller weighted effect size of 0.09. Therefore, it was concluded that 

physicians should prescribe physical activity and psychological interventions to reduce fatigue 

in patients suffering from CRF.  

Despite the high number of studies showing promising results for physical activity and 

psychological interventions, these type of interventions are still not implemented as standard 

treatments for CRF. This might be due to limitations of these interventions. For example, fatigue 

has the characteristic to be a barrier to start physical activity meaning that not all fatigued 

survivors will be motivated to participate86. Moreover, most of the studied interventions are 

labor intensive, as they require professional guidance during the intervention. Therefore, it 

is interesting to seek for other interventions that are easy to deliver and have low costs and 

a low burden to complete. An example of such an intervention is light therapy, which is also 

mentioned in the NCCN guidelines based on lower-level evidence with consensus that the 

treatment is appropriate84. 

Light therapy 
The history of light therapy is well described by Choukroun and Geoffroy87. Briefly, the importance 

and therapeutic effect of the sun, and thus light, was already mentioned by Hippocrates in his 

book On Airs, Waters, Places88 at 400 BC. The modern use of light therapy stems from the 1980s 

when doctor Rosenthal described Seasonal Affective Disorder (SAD) and the antidepressant 

effect of light therapy on these depressive symptoms during autumn and winter89. Since then, 

many studies followed to test the efficacy of light therapy on reducing depressive symptoms90, 

91 and other symptoms like circadian rhythm disturbances and sleep disorders92, 93. While it has 

been shown to be effective to improve sleep and circadian problems92, 93, the results for the 

efficacy of light therapy on mood disorders is promising but less conclusive90. 

The current guidelines on the treatment of SAD prescribe a standard protocol for light 

therapy94, 95. This protocol mentions that individuals should be exposed to bright light of at least 

2.500 lux of white, fluorescent light without ultra-violet wavelengths. The preferred starting 

‘dose’ is exposure to a light intensity of 10.000 lux for a duration of 30 minutes in the morning. 
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Figure 3. Overview of light intensities for different situations. 

Figure 3 shows a comparison of this light intensity to daily situations. Individuals should position 

the light source closely to their eyes (no more than 50-80 centimeters apart) and the eyes 

should be open. Based on this protocol, patients with SAD usually show improvements within 

one week, which can take up to four weeks to achieve a full response94. 

Physiology of light 

The exact mechanism of light therapy to improve mood, sleep and circadian rhythm disorders 

are not completely understood. To understand more about this mechanism it is important 

to learn more about  the information processing of light by the retina and brain, which can 

be identified in two categories87. First, and best known, is visual information: light that falls 

on the retina is transferred to the visual cortex. This is primarily done by rods and cones, 

which are photoreceptors that transmit their signals via ganglion cells to the optic nerve for 

further processing in the visual cortex. The second type of information is non-visual and results 

primarily from light information processed by the intrinsically photosensitive retinal ganglion 

cells (ipRGC)96, 97. These cells transmit their signals via the production of melanopsin to non-

image forming centers of the brain that are involved in the regulation of pupillary light reflex, 

sleep, arousal, and circadian rhythms87, 96-99. 

The mechanism of light therapy is attributed to this non-visual information processing. So 

far, the most studied pathway that explains the effect of light therapy is the influence of light 

on circadian rhythms100, 101. The link between light and circadian rhythms is strong, as light is 

the most important zeitgeber for circadian rhythms37, 102. This is the result of a direct association 

between of the ipRGCs via the retinohypothalamic tract to the superchiasmatic nucleus (SCN)96, 

97. The SCN is the pacemaker of circadian rhythms, i.e. the human biological clock, that ensures 

entrainment of circadian rhythms to the environment via the secretion of hormones to signal 

circadian rhythms to other structures in the body96, 97, 102. The most important example is the 

secretion of melatonin by the pineal gland, which is inhibited in bright light conditions103. The 

effect of light therapy in the morning on melatonin is shown in figure 4. Exposure to light in the 

morning results in a phase advance of the circadian rhythm, i.e. the biological night, causing 

someone to feel alert earlier in the morning and sleepy earlier in the night. Light therapy in 

the evening prolongs the environmental day and therefore delays the biological night, causing 

someone to feel alert later in the morning and sleepy later in the night. 

The rods, cones, and ipRGC have different photo pigments, which makes them most 

sensitive to light with different wavelengths, i.e. different colors. The rods are most sensitive 

to light of 492 nm (blue-greenish) and are necessary to process visual information in dim light 

circumstances104. Cones are necessary for distinguishing colors in normal lit situations with 

different sensitivity peaks for short (S, 420 nm, blue), medium (M, 533 nm, green color) and 

long (L, 562 nm, red color) wavelengths104. The ipRGCs are most sensitive for blue light (around 
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Figure 4. The effect of morning light therapy on the circadian rhythm of melatonin. In this case, the solid 
line shows a circadian rhythm of someone who has a delayed circadian rhythm, i.e. has problems to fall 
asleep during the night and difficulties to stay awake in the morning because the biological night is not 
synchronized to the environmental night. Light therapy in the morning cause a phase advance of light 
therapy. As a result, the onset of melatonin production is at an earlier time point, inducing sleepiness at 
an earlier time point. 

460 nm) and therefore the circadian response is most strongly affected by blue light98, 105. Hence, 

the type of light used in light therapy is mostly enriched around these wavelengths. 

Light therapy in cancer populations 

At the start of the study described in this thesis, two pilot studies tested the efficacy of light therapy 

as a treatment for CRF in cancer populations106, 107. The first study was conducted by Ancoli-Israel 

et al in women with breast cancer undergoing chemotherapy to test the effect of light therapy 

during treatment106. Thirty-nine participants were randomized to a bright white light condition 

(BWL, intervention)or a dim red light condition (DRL, control). Results showed that the usual 

increase in CRF during chemotherapy (from baseline to the recovery week after a fourth cycle 

of chemotherapy) was present in the DRL condition but not in the BWL condition. 

This indicates that light therapy protected against a deterioration of fatigue 

during treatment. Secondary analyses with actigraphy data indicated that light therapy 

prevented circadian rhythm desynchronization108. More specifically, the group exposed to DRL 

showed circadian rhythm deterioration during the first and fourth chemotherapy treatment 

week, which did not return to baseline during the recovery weeks. However, the group exposed 

to BWL showed some deterioration of the circadian rhythm during the chemotherapy weeks 

but also showed statistically significant improvements of the circadian rhythm during the 

recovery weeks. Moreover, it has been shown that BWL prevented a quality of life deterioration, 

while individuals exposed to DRL showed lower levels of quality of life after chemotherapy109. 

Based on the positive effects of light therapy in cancer patients receiving treatment, Redd 

et al investigated the efficacy of light therapy on CRF in survivors of different types of cancer107. 
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Thirty-six participants with a mean time since diagnosis of 1.4 years were randomized to a 

BWL of DRL condition and used light therapy for four consecutive weeks. The results were 

promising. Both groups showed an equal improvement in fatigue during the first two weeks, 

but during the last two weeks a clear difference was seen between the two groups. Participants 

exposed to BWL showed further improvements in fatigue that continued until three weeks 

post intervention, while the fatigue levels of participants exposed to DRL returned to baseline 

levels. The effect size of the difference in change of fatigue over time between BWL and DWL 

was large (d = 0.98). On an individual level, all participants in the BWL condition had fatigue 

levels below the cut-off score of clinically relevant fatigue, while 55 percent of the participants 

in the DRL condition still showed clinically relevant fatigue after four weeks of light therapy. A 

secondary analyses on sleep parameters showed that subjectively reported sleep quality and 

actigraphy derived sleep efficiency, total sleep time and wake after sleep onset improved for 

participants in the BWL condition and remained stable in participants exposed to DRL110. 

These first studies106, 107 showed that light therapy is feasible and potentially effective as 

a treatment for CRF and symptoms related to CRF like depression, quality of life, sleep quality 

and sleep disturbances. However, sample sizes of both studies were small and the follow-up 

time was relatively short (until 3 weeks post intervention). Moreover, the effect of light therapy 

on biological outcomes, e.g. the circadian rhythms of cortisol and melatonin, has not been 

described. This information could provide new insights into the mechanism of action of light 

therapy and the etiology of CRF. 

Light therapy and cognitive functioning 

CRF is associated with cancer-related cognitive impairments17-19. Hence, it is clinically relevant 

to investigate whether light therapy also leads to improvements in cognitive functioning. Two 

types of studies can be identified. First, studies that investigate the direct effect of light on 

someone’s cognitive functioning111-115. Results of these studies provide information on light 

settings in which individuals function best, for example, what type of lights in the office leads 

to the most optimal work environment for employers. Second, studies that investigate long-

term exposure to light therapy (daily use of at least two weeks). So far, these studies have been 

reported for patients with dementia and mild traumatic brain injury with inconclusive results. 

Some showed positive effects116-118, while other studies showed no effects119, 120. As far as we 

know, the effect of light therapy on cognitive functioning in cancer populations has not been 

studied before. 

Thesis outline
In this thesis, we report on the SPARKLE study: a multicenter, double blind, randomized controlled 

trial (RCT) evaluating the effect of light therapy on CRF and related symptoms including sleep 

quality, psychosocial functioning, and circadian rhythms in HL and DLBCL survivors with CRF. 

Chapter 2 describes the study rationale, design and methods of the SPARKLE study. In Chapter 

3, we report the efficacy of light therapy on improving CRF, sleep quality, depression, anxiety, 

health-related quality of life, and objectively assessed circadian rhythms of sleep, cortisol, 

and melatonin. Chapter 4 describes the efficacy of light therapy on subjective and objective 

cognitive functioning. Chapter 5 reports on a cross-sectional study to evaluate the factor 
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structure and the optimal scoring algorithm of the Multidimensional Fatigue Inventory in the 

general Dutch population, which has been used as a primary outcome in the SPARKLE study. In 

chapter 6, we investigated the associations of CRF with chronotype and CRF with sleep quality 

in (non-) Hodgkin lymphoma survivors with and without CRF to learn more about potential 

working mechanisms of light therapy as a treatment for CRF. This thesis ends with an overall 

summary and a general discussion of the research and outcomes in chapter 7.  
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ABSTRACT 

Background
Cancer related fatigue (CRF) is one of the most prevalent and distressing long-term complaints 

reported by (non-) Hodgkin survivors. To date there has been no standard treatment for CRF in 

this population. A novel and promising approach to treat CRF is exposure to bright white light 

(BWL) therapy. Yet, large scale randomized controlled trials (RCT) testing its efficacy in these 

patients and research on potential mechanisms is lacking. The objective of the current study 

is to investigate the efficacy of light therapy as a treatment for CRF and to explore potential 

mechanisms. 

Methods/design 
In a multicenter, randomized controlled trial we are evaluating the efficacy of two intensities of 

light therapy in reducing CRF complaints and restrictions caused by CRF in survivors of Hodgkin 

lymphoma or diffuse large B-cell lymphoma. Secondary outcomes include sleep quality, 

depression, anxiety, quality of life, cognitive complaints, cancer worries, fatigue catastrophizing, 

self-efficacy to handle fatigue, biological circadian rhythms of melatonin, cortisol and activity, 

and biomarkers of inflammation. We will recruit 128 survivors, with fatigue complaints, from 

academic and general hospitals. Survivors are randomized to either an intervention (exposure 

to bright white light) or a comparison group (exposure to dim white light). The longitudinal 

design includes four measurement points at baseline (T0), post-intervention at 3.5 weeks (T1), 

3 months post-intervention (T2) and 9 months post-intervention (T3). Each measurement point 

includes self-reported questionnaires and actigraphy (10 days). T0 and T1 measurements also 

include collection of blood and saliva samples. 

Discussion
Light therapy has the potential to be an effective treatment for CRF in cancer survivors. This 

study will provide insights on its efficacy and potential mechanisms. If proven to be effective, 

light therapy will provide an easy to deliver, low-cost and low-burden intervention, introducing 

a new era in the treatment of CRF. 
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BACKGROUND 

After the introduction of modern radiotherapy and combination chemotherapy, Hodgkin 

lymphoma (HL) has become the prototype of a curable malignancy with cure rates of 80 to 

90%1. Also, for selected patients with aggressive non-Hodgkin lymphoma, survival has improved 

significantly, i.e. the 5-year overall survival of patients with diffuse large B-cell lymphoma 

(DLBCL) varies from 40 to 85%2. Unfortunately, treatment of lymphoma is associated with 

various late adverse effects, including cancer related fatigue (CRF)3. 

CRF is defined as “a distressing, persistent, subjective sense of physical, emotional, and/

or cognitive tiredness or exhaustion related to cancer and/or cancer treatment that is not 

proportional to recent activity and interferes with usual functioning”4, 5. Patients feel tired even 

after resting, have reduced capacity to carry out normal activities, experience slow physical 

recovery from tasks, and report diminished concentration6. CRF is one of the most frequently 

reported long-term symptoms in (non-) Hodgkin survivors with prevalence ratings between 25 

to 60% compared to 10 to 25% in the general population7, 8. CRF significantly affects patients’ 

quality of life5 and seems to be influenced by symptoms of depression, anxiety, and the presence 

of comorbid conditions8. 

Currently, there is no standard treatment for CRF. A range of non-pharmacological 

interventions to treat CRF have been investigated, including physical activity (PA), psycho-

education, cognitive-behavior therapy (CBT), CBT with hypnosis (CBTH), mindfulness-based 

approaches, and a number of complementary and alternative medicine interventions (e.g., 

acupuncture/acupressure, yoga, music therapy)5. Some of these interventions, including PA9, 10, 

CBT11, and CBTH12, have been associated with large effect sizes. In the case of CBT, these effects 

remain stable for at least two years13. These findings are promising but not without limitations. 

For example, motivation is essential to complete these interventions while fatigue can reduce 

the motivation for PA14. Also, CBT is labor intensive since it requires professional guidance for 

several weeks. 

A new development in the treatment of CRF is the use of light therapy. During this therapy, 

patients are asked to expose themselves to bright white light (BWL) for 30 minutes within 

the first half hour after awakening. Systematic exposure to BWL was originally developed to 

treat seasonal affective disorder15 and is currently the treatment of choice for this disorder16-18 

although a recent review provided less conclusive results19. Additionally, light therapy has been 

found to help restore circadian rhythm disturbances and sleep disorders20, 21. 

Several studies have investigated the efficacy of light therapy specifically for CRF. One 

study randomized breast cancer patients undergoing chemotherapy to either a BWL (n = 23) 

or a dim red light (DRL; n = 16) condition22. Results showed that the usual increase in CRF 

from baseline to the end of the fourth chemotherapy cycle was seen in women exposed to 

DRL, while such an increase was not seen in the group exposed to BWL. In addition, circadian 

rhythms became more synchronized and quality of life was better in the women exposed to 

BWL compared to women exposed to DRL. Another study used the same design to test the 

efficacy of light therapy for CRF in cancer survivors23. Results showed that fatigue decreased 

to normal levels in survivors exposed to BWL (n = 18) while survivors exposed to DRL (n = 18) 

stayed at clinically significant levels of fatigue. These results also showed a significant decrease 
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in depressive symptoms and better sleep quality in survivors exposed to BWL compared to DRL. 

More recently, results were published from a larger RCT that included 81 cancer survivors24. 

Survivors exposed to BWL showed greater reductions in fatigue and improvements in mood, 

depressive symptoms and quality of life compared to survivors exposed to DRL. In summary, 

these findings support the use of light therapy as a treatment for CRF. 

However, the mechanisms that explain the effect of light therapy on CRF have largely 

remained unexplored. Light is one of the strongest synchronizers of the circadian rhythm 

system25. When it enters the eye, light affects processes in the suprachiasmatic nucleus (SCN), a 

structure better known as the human master pacemaker of circadian rhythms26. Based on this 

knowledge, several hypotheses about potential mechanisms could be formulated. 

The first hypothesis is that light therapy normalizes the sleep-wake cycle. Previous 

studies showed that sleep-wake cycles, measured with questionnaires as well as objective 

measurements with actigraphy, were disrupted in patients with cancer after chemotherapy 

and that this disruption was related to increased CRF22, 27. Furthermore, it was shown that light 

therapy during chemotherapy resulted in sleep-wake cycles that returned to baseline levels 

after chemotherapy while patients in the comparison condition showed disrupted sleep-wake 

cycles after four cycles of chemotherapy27. Moreover, secondary analysis on objective sleep data 

collected with actigraphy in cancer survivors with CRF suggested that exposure to bright white 

light improved the sleep efficiency to normal ranges while this improvement was not seen in 

the group exposed to dim red light28. 

The second hypothesis is that the mechanism may be related to changes in circadian 

rhythms. The superchiasmatic nucleus (SCN) is responsible for the production of melatonin, 

a hormone that is secreted in darkness, which acts as a time-cue for sleep. Melatonin shows a 

circadian rhythm with rising levels during the evening that reaches the peak during the night 

followed by a decrease that reaches its lowest point (nadir) in the morning. The SCN also plays 

a role in the production of cortisol, a glucocorticoid hormone that shows a sharp increase in 

the first 30 minutes after awakening, followed by a gradual decline over the day that reaches 

its nadir during the night29. Impairments of this rhythmicity, such as the flattened morning-rise 

and a lower ratio between morning and nocturnal levels of cortisol, have consistently been 

associated with deteriorations in mood in both healthy and clinical populations and increased 

CRF in clinical populations30-32. Light therapy was proven to be effective in entrainment of the 

circadian rhythms of melatonin and cortisol33. Moreover, improvements in CRF over time were 

associated with normalization of the circadian cortisol rhythm34, suggesting that a potential 

mechanism of light therapy on CRF is via the normalization of the circadian rhythms of these 

hormones.

A third potential mechanism is the normalizing effect of light therapy on the HPA axis, 

which may affect inflammatory cytokine activity. There is a wealth of research, both in animals 

as well as in clinical and healthy human populations, showing strong interconnections between 

fatigue and inflammation. Consistent associations have been shown between CRF and plasma 

levels of inflammatory markers such as interleukin-6 and C-reactive protein35, 36. There is also a 

well characterized feedback loop between the HPA axis and inflammation, whereby the HPA 

axis can down regulate inflammation and is itself up regulated by inflammatory signaling37. 
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BWL has been found to normalize HPA axis function38 raising the possibility that BWL may 

affect inflammatory cytokine activity either directly or indirectly, e.g., via its normalizing effects 

on the HPA axis.

The main aim of this double-blind, randomized controlled trial, called ‘improving Sleep 

quality, Psychosocial functioning and cAncer Related fatigue with Light thErapy (SPARKLE)’, is 

to determine the effect of exposure to BWL compared to exposure to dim white light (DWL), 

on CRF in ≥ 2 years survivors of HL and DLBCL. Additionally, this trial will explore potential 

mechanisms of light therapy on CRF by investigating the influence of light therapy on factors 

associated with CRF. More specific, the secondary objectives are: 

1.	 to examine the effect of exposure to BWL compared to DWL on sleep quality and psycho-

logical variables (depression, anxiety, cognitive complaints, and quality of life). 

2.	 to investigate whether exposure to BWL, compared to DWL, affects circadian rhythms of 

cortisol and melatonin, activity, vitamin D concentrations and levels of biomarkers for in-

flammation markers. 

3.	 to explore whether the effects of exposure to BWL on CRF can be predicted by the effect 

of BWL on sleep quality, psychological variables, biological and activity circadian rhythms, 

and inflammation markers. 

METHODS

This trial will use a double blind randomized controlled trial design with one intervention 

group exposed to bright white light and one comparison group exposed to dim white light. 

The design of the trial and the anticipated flow is shown in Figure 1. This trial (under number 

NL61017.031.17) has been approved by The Institutional Review Board of The Netherlands 

Cancer Institute as well as by the review boards of  the participating hospitals (see recruitment 

and randomization). Patient recruitment and data collection started in August 2017. 

Participants
The intended study sample will comprise 128 survivors of Hodgkin lymphoma (HL) or diffuse 

large B-cell lymphoma (DLBCL). Inclusion criteria are: (1) a survivorship of ≥ 2 years; (2) presence 

of moderate to severe fatigue symptoms since diagnosis of or treatment for HL or DLBCL. The 

presence of fatigue will be defined by fulfilling at least one of the following criteria: (a) a 

moderate to severe fatigue score on the general fatigue subscale of the multidimensional 

fatigue index; (b) a score of ≥ 17 on the Work and Social Adjustment Scale indicating clinical 

levels of impairments in daily functioning caused by fatigue39. 

Exclusion criteria are: (1) presence of somatic cause for fatigue (defined as (a) New York 

Heart Association class 3/4 (heart failure), (b) having a COPD gold class 3/4 (lung failure), or 

(c) having other organ failure that has led  to marked limitation of physical activity). Patient 

can be included if, despite having used stable medication for ≥ 6 months for the somatic cause, 

fatigue complaints remain; (2) pregnancy (until 3 months postnatal) or lactating; (3) having had 

extensive surgery in the past 3 months; (4) having a current diagnosis of psychiatric disorder 

that can hamper participation; (5) having  had a diagnosis of and/or treatment for secondary 
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Figure 1. Overview of the trial design 

malignancy in the past 12 months; (6) presence of photophobia or other eye diseases that show 

symptoms of photophobia; (7) current or previous use of light therapy (≥ 1 week); (8) current 

employment in shift work. 

Recruitment
Participants for this study will be recruited via collaborating BETER-clinics. The BETER 

consortium (Better care after Hodgkin lymphoma: Evaluation of long-Term Treatment Effects 

and screening) is organising a nationwide infrastructure for survivorship care for lymphoma 

survivors, to prevent morbidity and mortality from late treatment effects40. This consortium 

identifies and traces 5-year survivors of HL and DLBCL treated in 23 Dutch academic as well 

as general hospitals. So far, eight BETER-clinics agreed to collaborate with the SPARKLE study: 

Antoni van Leeuwenhoek, LUMC, Radboudumc, VUmc, UMCU, ErasmusMC, Albert Schweitzer 

hospital, HagaZiekenhuis, Admiraal de Ruyter hospital. 

Survivors (≥ 2 years) of HL or DLBCL who visit their treating physician for follow-up care 

are screened for CRF symptoms. When CRF symptoms are present and the patient meets the 

inclusion criteria, the physician will hand out a pamphlet, a response card and a screening 

questionnaire to the patient. A second strategy to recruit patients is via an evaluation of the 

BETER screening questionnaire that patients complete for their first BETER-clinic visit. This 

questionnaire includes a visual analogue scale (VAS) scale from 0 (no fatigue) to 10 (worst 

imaginable fatigue). If the fatigue score is 4 or higher, patients will be sent the information 

package. 
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Patients are asked to return the response card to express their interest in participation. In 

case of no interest, patients are asked to specify their reason(s) on the response card. If patients 

are interested, they are asked to complete the screening questionnaire and return this to the 

SPARKLE research team. Non-responders will receive a reminder three weeks after receiving the 

information package. 

Patients who return the screening questionnaire receive a call from the SPARKLE research 

team. The aim of this phone call is to provide more information about the study and to screen 

on inclusion and exclusion criteria. Interested and eligible patients will receive a more detailed 

patient information letter and an informed consent form. Patients are requested to return a 

signed informed consent or a no-interest-response-card within two weeks. Non-responders 

will be called to assess willingness for participation three weeks after sending the patient 

information letter. 

Randomization 
Equally distributed across all four seasons, participants are randomized to either an intervention 

group (n = 64) or a comparison condition (n = 64) using the minimization technique at a 1:1 

ratio. Randomization is stratified for diagnosis (HL; DLBCL), time since diagnosis (<5 years; 

5-10 years; 11-20 years; >20 years) and gender (male; female). Randomization is outsourced 

to an independent party, using the randomization programme ALEA. The output determines 

which lamp (with BWL or with DWL) is offered to each participant. This lamp will be part 

of the content of a bag offered to the research assistant who visits the participants. In this 

way, both the research team and the participants are blinded  to the allocated condition. The 

randomization code will only be broken if a patient reports severe adverse side effects as a 

result of the light intervention. 

Description of interventions 
Instructions for light therapy are equal in both conditions. All participants self-administer 

light therapy at home for 30 minutes each morning during a period of 3,5 weeks. Participants 

start with the light therapy within 30 minutes after waking up and position the light box at a 

distance of 45 cm and an angle of 45° from their face. During the light therapy participants can 

engage in other activities such as reading or having breakfast. They are informed not to stare 

into the light but to keep their eyes open to ensure that light falls on the retina. No instructions 

for sleep pattern adjustments are provided in the current trial. 

Light therapy in both conditions will be administered via a Litebook© Edge (Litebook, Ltc. 

Medicine Hat, Canada). The Litebook© Edge is a small (15 x 12 x 1 cm), lightweight box designed 

to be placed on a table. The Litebook© Edge contains 60 premium white light emitting diode 

(LED) lights which mimic the visible spectrum of sunlight for minimum glare and maximum eye 

comfort. For purposes of safety, the Litebook© Edge emits no ultraviolet light. The Litebook© 

Edge devices used in this study were modified to include an integrated meter that allows for 

adherence monitoring by recording time and duration of on-time on each day. 
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Intervention group 

The intervention group will be exposed to BWL with an intensity of 10.000 lux at a distance of 

45 cm. The spectrum of the light in this condition will be enriched around 480 nm wavelengths. 

Light with this colour has previously been shown to be the effective factor in light therapy as it 

is associated with melatonin suppression26. 

Comparison group

Participants in the comparison condition will be exposed to dim white light, with an intensity of 

10-20 lux at a distance of 45 cm. This light was successfully used as a comparison condition for 

BWL therapy in Alzheimer´s disease. Similar results are expected in cancer survivors (personal 

communication with Dr. M.G. Figueiro, November 14, 2016).

Study procedure 
All participants complete a battery of self-report questionnaires and wear a wrist actigraph at 

four different measurement points (T0: baseline; T1: directly after  3,5 weeks of light therapy; 

T2: 3 months after light therapy; T3: 9 months after light therapy). The first (T0) and second 

(T1) measurement points include a visit to the hospital to provide participants with materials 

and instructions, to perform cognitive tests, and to collect blood (during the visit) and saliva 

(on day 8 and 36) samples. Figure 2 shows a schematic diagram of a participant’s timeline. 

The research assistant or study coordinator calls the participant after 5 days of light therapy 

asking for the occurrence of any side effects (headache, nausea, agitated feeling and irritated 

eyes). In normal cases, these side effects vanish in a few days.  Light therapy is terminated when 

these side effects are still present after 5 days of light therapy. These participants are asked to 

complete all follow-up assessments. 

After 3,5 weeks of light therapy, participants are asked not to use light therapy during 

the follow-up measurements. No instructions are provided for the use of concomitant care and 

other interventions. 

Study measures

Sociodemographic and clinical data 

Information regarding the patients’ age, education, marital status, living situation, work status 

and medication use will be obtained via a questionnaire. Clinical information, including date 

of diagnosis, tumor characteristics, and treatment history will be abstracted from the BETER-

database. This clinical information will be abstracted from the patients’ medical record when 

participants are not included in the BETER-consortium. Current season will be derived from the 

start date of light therapy. 

Outcome measures 

The Multidimensional Fatigue Inventory (MFI)41, a VAS-scale for fatigue42 and the Work and 

Social Adjustment Scale (WSAS)43 are the primary outcome measure of this study. Secondary 

outcome measures include: Pittsburg Sleep Quality Index (PSQI)44, wrist actigraphy45, Center 

for Epidemiological Studies – Depression scale (CES-D)46, State-Trait Anxiety Inventory-6 items 

(STAI-6)47, Medical outcome studies short form (SF-36)48, Medical Outcomes Studies Cognitive
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Figure 2. Overview of study procedure

function scale (MOS-CF6)49, MD Anderson Symptom Inventory (MDASI)50, Psychomotor 

Vigilance Task (PVT)51, 15 words task52, digit span task53, cancer worry scale (CWS)54, fatigue 

catastrophizing scale (FCS)55, Self-efficacy scale 28 (SES-28)56, salivary cortisol and melatonin, 

and inflammatory biomarkers. Detailed descriptions of these outcome measures are provided 

in table 1. 

A brief self-developed questionnaire will be used to examine the use of alcohol and caffeine, 

screen time prior to sleeping, solarium, wake-up lights, or the use of other interventions that 

could impact CRF (including physical exercise, CBT, or other interventions). Additional questions 

assess participant’s experience, compliance, and satisfaction with light therapy. Compliance is 

also assessed with a light therapy log during light therapy. 

Actigraphy 

Objective measures of sleep and circadian activity will be monitored with an accelerometer in a 

microelectromechanical system (MotionWatch8, Camntech, Cambridgeshire, United Kingdom). 

The MotionWatch8 is a small device, similar in size to a watch, with a tri-axial accelerometer. 

It has a 4.0 Mbits storage capacity and a waterproof casing. This watch will be worn on the 

non-dominant wrist for 10 (24-h) days at all measurement points and during light therapy. 

Output of the MotionWatch8 includes the following sleep parameters: time in bed, time out of 

bed, sleep onset latency (min), sleep efficiency, total time in bed (min), total sleep time (min), 

wake after sleep onset (min), number of awakenings, and average awakening time (min). 

Additionally, output of the MotionWatch8 includes the following circadian activity rhythm 

variables: interdaily stability (IS), Intra-Daily Variability (IV), Least 5 (L5) average, Most 10 (M10) 

average, and relative amplitude (RA). In addition, it offers nap analyses for naps during the day 

and day activity analyses. 

An actigraphy log will be used to ensure that the scoring software of the actigraph detects 

the sleep habits of participants accurately. Based on the guidelines for the use of actigraphy, 

the following items will be included: bed time, attempted time to fall asleep, wake-up time, out-

of-bed time, time of day time naps, times the actigraph was removed, unusual circumstances 

that might have affected sleep/wake patterns (such as illness)45.
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Table 1. Study outcome measures and corresponding questionnaires

Variable Questionnaire Number of 
items

Type of items Time frame Score range Psychometric details 

PRIMARY OUTCOMES 

Cancer-related fatigue MFI41 20 4-point Likert 
scale

Past few days Subscale scores: 4-20; higher scores 
indicate more fatigue 

Subscales: general fatigue, mental fatigue, physical fatigue, 
reduced motivation, reduced activity. 

Cronbach’s alpha: 0.84. 

VAS-scale42 1 11-point Likert 
scale

This moment 0-10; higher scores indicate more 
fatigue 

Restrictions caused by 
fatigue

WSAS43, 57 5 9-point Likert 
scale

Influence of fatigue 
on daily life’

0-40; higher scores indicate higher 
levels of disability.

Cronbach’s alpha: >0 .79.  

SECONDARY OUTCOMES 

Sleep quality PSQI44 19 4-point Likert 
scale and open-
ended questions

Past month Total score: 0-21

Subscale scores: 0-3; higher 
scores indicate more acute sleep 
disturbances. 

Subscales: subjective sleep quality, sleep latency, sleep 
duration, habitual sleep efficiency, sleep disturbances, use of 
sleeping medication, daytime dysfunction. 

Cronbach’s alpha: 0.83. 

Depression CES-D46, 58 20 4-point Likert 
scale

Past week 0-60; higher scores indicate greater 
depressive symptoms.

Cronbach’s alpha: 0.85-0.90 

Anxiety STAI-647 6 4 point Likert 
scale

This moment 20-80; higher scores indicate increased 
anxiety

Cronbach’s alpha: 0.83 

Quality of life SF-3648, 59 36 Dichotomous

3- to 6-point 
Likert scale

Past 4 weeks Subscale scores: 0-100; higher scores 
indicates higher levels of functioning/
well-being

Subscales: physical functioning, role limitations due to physical 
health problems, bodily pain, social functioning, general 
mental health, role limitations due to emotional problems, 
vitality, general health perceptions

Cronbach’s alpha: 0.84

Cognitive complaints MOS-CF649, 60 6 6-point Likert 
scale

Past week 0-100; higher scores indicated better 
cognitive functioning

Cronbach’s alpha: ≥ 0.89

MDASI50 8 11-point Likert 
scale

Past 24 hours 0-80; higher score indicates worse or 
more disturbing cognitive complaints.

Cancer worries CWS54 8 + 1 4-point Likert 
scale

Past week 9-36; higher score indicates more 
frequent worries about cancer. 

Cronbach’s alpha: 0.87

Fatigue 
catastrophizing

FCS55, 61 10 5-point Likert 
scale

Current attitude 10-40; higher score indicates more 
catastrophizing

Cronbach’s alpha: 0.85

Self-efficacy SES-2856, 62 7 4-point Likert 
scale

Current attitude 7-28; higher score indicates higher 
level of perceived control over fatigue 
symptoms. 

Cronbach’s alpha: 0.68-0.77

CES-D Center for Epidemiological Studies – Depression scale; CWS Cancer Worry Scale; FCS Fatigue 
catastrophizing Scale; MDASI MD Anderson Symptom Inventory; MFI Multidimensional Fatigue 
Inventory; MOS-CF6 Medical Outcomes Studies Cognitive functioning; PSQI Pittsburgh Sleep Quality 
Index; SF-36 Medical Outcome Studies short form; SES-28 Self-efficacy Scale 28; STAI-6 State Trait Anxiety 
Inventory-6 items; VAS Visual Analogue Scale; WSAS Work and Social Adjustment Scale.
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Biological samples 

Salivary cortisol 

All participants will be asked to collect saliva to assess cortisol on five different time points 

during 24 consecutive hours: 1) at personal waking time, 2) 30 minutes after awakening, 3) 45 

minutes after awakening, 4) at 16.00 o’clock, and 5) at bedtime. These time points are chosen 

in line with published guidelines for determination of the Cortisol Awakening Response (CAR)63. 

The afternoon and evening samples are used to estimate the diurnal cortisol slope and the area 

under the curve. 

Saliva will be collected by a passive drool technique into a propylene vial. Participants are 

not allowed to smoke, engage in vigorous exercise, eat or drink caffeinated drinks or food, and 

eat protein-rich meal during the sampling period starting 1 hour prior to sampling. Eating and 

drinking of other nourishments is allowed until 5 minutes prior to sampling. Brushing of teeth 

is not allowed for 30 minutes before sampling. After sampling, the participant is instructed to 

record the time that they completed the sample and to refrigerate it. Samples will be returned 

to the study coordinator by mail after which the samples will be frozen at -80°C to keep samples 

stable until analysis. Cortisol levels will be determined with an electrochemiluminescensce 

immunoassay ‘ECLIA’ on the Cobas®6000 analyzer (Roche Diagnostics GmbH, Mannheim, 

Germany).

Salivary melatonin

A subgroup (n = 25 per condition) will be asked to collect five additional saliva samples in 

the evening to determine the Dim Light Melatonin Onset (DLMO). Starting point forthis saliva 

collection will be 5h prior to usual bedtime followed by one sample every sequential hour. 

Previous research indicated that these time points provide a reliable measurement for DLMO 

with at home collected saliva samples64. Participants receive the additional instruction to collect 

these samples in dim light conditions. 

A commercial direct saliva melatonin radioimmunoassay (RIA; Bühlmann laboratories, 

Schönenbuch, Switzerland) will be used to assess melatonin levels in saliva. The DLMO will 

be determined based on a threshold of 4.0 pg/mL. Previous research indicated that a fixed 

threshold is the most convenient way to determine DLMO although there is a risk that DLMO 

cannot be determined in patients with sleep problems as a consequence of low secretion of 

melatonin64. When we address this problem in the current study, an alternative procedure will 

be used. DLMO will then be defined as the time when melatonin concentration is two SD above 

the basal mean of three daytime samples65.   

Blood samples 

Blood samples are collected to measure biomarkers of inflammation and vitamin D at baseline. 

During T0 and T1, two tubes of 10 mL of blood will be collected. One of these tubes will be 

saved in the biobank NKI-AVL. The other will be used to assess vitamin D and the following 

inflammatory biomarkers in duplicate by ELISA: IL-1RA, hsIL-6, sTNF-RII, and hsCRP. Vitamin D 

has been associated with current levels of fatigue66-68. The before-mentioned biomarkers have 

previously been associated with fatigue in patients with cancer35, 69. The level of these biomarkers, 

as well as the change in biomarker levels will be used as parameters for the statistical analysis. 
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Data management 
The original signed informed consent forms are stored at the department of the participating 

institute where the participant is recruited. All participants receive a unique participant 

number, in order to code their outcome measures without the-risk of harming anonymity. 

Participants can choose to complete an online or pen-and paper version of the questionnaire. 

Paper versions of completed questionnaires and a (copy of) the signed informed consent forms 

are stored at the Division of Psychosocial Research and Epidemiology of the Netherlands Cancer 

Institute separately. Online completion of questionnaires will take place via an online secured 

(HTTPS) research tool, called Explora Zorg, which is specifically developed for research in Dutch 

health care. Each participant has a personal log-in code. Completed paper versions of the 

questionnaires will be entered in this online system by the research assistant. 

The information given online by patients is accessible to the study staff only, via a secured 

code. This code is known by the principal investigator (EB), the study coordinator (DS), and 

the research assistant (JG). The principal investigator will safeguard the key to the code. The 

collected data in this research tool is saved on the secured database of the Netherlands Cancer 

Institute on a monthly basis. 

Blood and saliva samples of all participants are stored at the general clinical laboratory of 

the Netherlands Cancer Institute. Each sample is coded with a unique participant number. Date 

and time of sampling are reported on the samples.   

Statistical methods 

Sample size calculation 

The MFI is the primary outcome on which sample size calculations are based. With a sample 

of 128 patients (n = 64 per group), the study will have an 80% power to detect an Cohen’s 

effect size of 0.5 for the main effect of light therapy on fatigue with a p-value set at 0.05 

(power calculation with G*power 370). Cohen’s effect size of 0.5 means a 0.5 standard deviation 

difference on the primary measurement outcome, which is considered to be a clinical meaningful 

difference71. Participants who discontinue light therapy but complete questionnaires will be 

included in the intention-to-treat analysis. 

Statistical analyses 

Data will be analysed using the Statistical Package for the Social Sciences (SPSS). Although 

we endeavour to check all questionnaires upon their return and call participants to complete 

missing items, some data might still be missing. Missing values will be imputed according to the 

manual of the questionnaire. In general, descriptive statistics will be computed for the outcome 

variables, potential covariates and demographic variables. Bivariate analyses will be undertaken 

to explore associations between outcome and potentially confounding variables (e.g. season, 

diagnosis, years since diagnosis) using correlations (for continuous variables) and Chi-square 

tests (for categorical variables). 

Group differences in change in fatigue during the trial will be investigated using a mixed 

effect growth model with random intercept and slope, nested within site (clusters of different 

hospitals). This approach takes into account the within and between person variability, and deals 
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adequately with missing data72. If baseline differences are identified despite randomisation, 

these variables will be accounted for in the model. In case of non-ignorable dropout we will 

correct the model for different patterns of missing values73. All analyses will be done on an 

´intention to treat´ basis. Additional explorative analyses will be done on a ´per protocol´ 

basis.

The mixed effect model approach described for change in fatigue will also be used 

to determine treatment effects of continuous secondary outcome measures. To evaluate 

between-group differences in categorical secondary outcome measures, we will use generalized 

estimating equations (GEE) for longitudinal data. This approach accounts for correlated 

within subject responses, allows for not normally distributed variables and deals adequately 

with missing data73-75. Since there are multiple outcomes, the p-values for each model will be 

adjusted for multiple comparisons. 

Within the intervention group we will explore which variables are predictive for the 

efficacy of light therapy in reducing fatigue. A mixed effect model for longitudinal data will be 

used with fatigue as dependent variable and the following independent variables: sleep quality, 

depression, anxiety, cognitive complaints, quality of life, and biological circadian rhythms. The 

p-values will be adjusted for multiple testing.

Monitoring 
The Institutional Review Board of The Netherlands Cancer Institute did not appoint a data 

monitoring committee because of the low risk on adverse events. Instead, the investigator 

submits a summary of the progress of the trial to the accredited METC once a year. Information 

is provided on the date of inclusion of the first subject, numbers of subjects included and 

numbers of subjects that have completed the trial, serious adverse events/ serious adverse 

reactions, other problems, and amendments. Some study sites require adherence to local 

monitoring protocols. 

DISCUSSION 

CRF affects approximately 40 to 60% of long-term survivors treated for (non-) Hodgkin 

lymphoma. Recently, interest shifted to light therapy as a promising treatment for CRF. Previous 

studies showed a prevention of increasing levels of CRF in breast cancer patients during 

chemotherapy and a reduction of fatigue complaints in cancer survivors after exposure to BWL 

compared to exposure to dim red light. Yet, the patient samples in these studies were small and 

knowledge of possible mechanisms and long-term effect of light therapy is lacking. This trial 

investigates the efficacy of light therapy in survivors of HL and DLBCL and explores potential 

mechanisms explaining its efficacy, including chronobiological and psychosocial pathways.

This trial has several noteworthy strengths, including (1) the randomized controlled trial 

design; (2) recruitment in multiple centers across the Netherlands; (3) the use of a dim white 

light comparison condition instead of a dim red light comparison condition to exclude the 

influence of light color; (4) the use of intention-to-treat analyses; and (5) inclusion of long-term 

follow-up measurements to investigate the long-term efficacy of light therapy. 
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There are also several limitations in this trial. First, for practical reasons the duration of 

light therapy is 3,5 weeks in the current study while previous studies provided light therapy 

for four weeks. Since light therapy for CRF is an upcoming research field, the duration of light 

therapy and its efficacy is not yet investigated. Clinical practice suggests that the effect of light 

therapy is often seen within two weeks. If no effect is seen in this period, than it is unlikely to 

see a change in the following weeks. For this reason, it is expected that shortening the time 

period of light therapy with four days will not impact the efficacy of light therapy. Second, a 

somatic cause for fatigue complaints is an exclusion criterion. Yet, screening does not include 

assessments of possible somatic factors. Instead, the treating physician judges whether a 

patient has a somatic cause for fatigue or not. In case of doubt, a team of three experts will be 

consulted to judge whether someone can be included in the trial. Third, the DLMO is assessed 

with 5 saliva collections starting 5 hours prior to sleep onset. Recommendations by EUCLOCK 

(a large European wide research network aiming to investigate the circadian clock in single cells 

and humans) advices to include a saliva collection until 1 hour after sleep onset. Yet, this would 

influence someone’s sleep pattern and might affect fatigue levels the following day. For this 

reason, saliva is only collected prior to sleep onset. 

In conclusion, new insights suggest the efficacy of light therapy as a treatment for cancer 

related fatigue. If proven to be effective, light therapy will provide an easy to deliver, low-

cost and low-burden intervention, introducing a new era in the treatment of CRF. National 

implementation of light therapy will be facilitated via close collaboration with the BETER-clinics. 

Moreover, the investigation of potential mechanisms enriches the CRF literature with possible 

new suggestions for causative factors of CRF, a symptom that is neither well understood nor 

treated.  
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ABSTRACT 

Purpose 
To evaluate the short- and long-term effects of light therapy on fatigue (primary outcome) and 

sleep quality, depression, anxiety, quality of life and circadian rhythms (secondary outcomes) in 

survivors of (non-)Hodgkin lymphoma presenting with chronic cancer-related fatigue. 

Methods
We randomly assigned 166 survivors (mean survival 13 years) to a bright white light intervention 

(BWL) or dim white light comparison (DWL) group. Measurements were completed at baseline 

(T0), post-intervention (T1) and at three (T2) and nine (T3) months follow-up. A mixed-effect 

modeling approach was used to compare linear and non-linear effects of time between groups. 

Results 
There were no significant differences between BWL and DWL in the reduction of fatigue over 

time. Both BWL and DWL significantly (p < .001) improved fatigue levels during the intervention 

which only slightly diminished during follow-up (EST0-T1 = −0.71; EST1-T3 = 0.15). Similar results 

were found for depression, sleep quality, and some aspects of quality of life. Light therapy had 

no effect on circadian rhythms. 

Conclusions 
BWL was not superior in reducing fatigue compared to DWL in HL and DLBCL survivors. 

Remarkably, the total sample showed clinically relevant and persistent improvements on fatigue 

not commonly seen in longitudinal observational studies in these survivors. 
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INTRODUCTION 

Cancer-related fatigue (CRF) is one of the most frequently reported symptoms with prevalence 

rates of 25 to 60 percent in survivors of Hodgkin lymphoma (HL) and Diffuse Large B-cell 

lymphoma (DLBCL)1, 2. CRF is related to a lower quality of life and often described as part of 

a symptom cluster including sleep disturbances, depression, anxiety, and pain1, 3-7. In cancer 

patients, these symptoms are associated with circadian disruptions, e.g., more sleep disruptions 

during the night and/or napping during the day8-13. Light therapy, in which individuals are 

exposed to bright light, is known for its positive effect on seasonal affective disorders14-16 and 

circadian rhythm disorders17, 18. It is assumed to work via its restorative effect on circadian 

rhythms through stimulation of the suprachiasmatic nucleus (the biological clock)19, 20 although 

other mechanisms of action, for example stimulation of mood regulation areas, have also been 

reported21. 

Three studies showed promising results of morning bright light therapy as a treatment for 

CRF in cancer patients undergoing chemotherapy22 and in cancer survivors23, 24. These results 

also suggested that light therapy improved sleep quality, quality of life, and restored circadian 

sleep-wake cycles24-29. However, these studies had several methodological limitations, including 

small sample sizes22, 23 and short follow-up assessments (3 weeks post intervention)22-24.

Therefore, the present study investigated the effect of light therapy on CRF in a randomized 

controlled trial in a large sample of cancer survivors and a follow-up of 9 months. The primary 

aim was to investigate the short- and long-term efficacy of light therapy in decreasing CRF 

and improving sleep quality, depression, anxiety, quality of life, and circadian disruptions in 

HL and DLBCL survivors with CRF. We hypothesized that participants exposed to bright white 

light (BWL), the intervention group, would show an improvement in fatigue compared to 

participants exposed to dim white light (DWL), the comparison group. Secondly, we expected 

improvements in associated symptoms, including sleep quality, depression, anxiety, and quality 

of life, and entrainment of circadian rhythms.

PATIENTS AND METHODS 

Research design and study sample 
The study design of this double-blind randomized controlled trial has been described in detail 

elsewhere30. Briefly, survivors with a history of lymphoma were recruited from ten hospitals in 

the Netherlands. Inclusion criteria were: (1) age between 18 and 70 years; (2) primary diagnosis 

of HL or DLBCL at least 2 years prior to study entry; (3) moderate to severe fatigue since 

diagnosis and/or treatment. Exclusion criteria covered other factors that could have affected 

acute fatigue or circadian rhythms. The study was approved by the institutional review board of 

the Netherlands Cancer Institute (number NL61017.031.17) and all participating hospitals, and 

is registered at ClinicalTrials.gov (NCT03242902). 
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Procedure, randomization, and timing of assessments
Participant enrollment took place between September 2017 and October 2019. Figure 1 

provides the CONSORT diagram. Briefly, survivors were recruited via referrals from clinicians or 

through participation in a survey study on bedtime, sleep quality, and CRF31. Survivors received 

an information brochure, screening questionnaire, and response card to indicate interest in 

participation, or reasons for nonparticipation. Interested survivors were screened by telephone 

to confirm eligibility. Eligible survivors received a patient information letter. 

After providing written informed consent, participants were randomly assigned to the 

BWL or DWL group at a 1:1 ratio, stratified by diagnosis, time since diagnosis, and gender, by 

a research assistant not involved in the study. All other study personnel were blinded to the 

condition until a participant had completed the final assessment. Participants were informed 

that two intensities of light therapy were being compared without being informed regarding 

the hypotheses. 

Participants were assessed at baseline (T0), after 25 days of light therapy (T1), and at 

three (T2), and nine months (T3) after treatment. T0 and T1 included a visit to the hospital to 

provide instructions and exchange study materials. T2 and T3 were completed at home. After 

completion of T3, participants received information on their assigned condition. 

Intervention
In line with previous studies22, 23, the first 37 participants used the Litebook Edge (Litebook, 

Ltc. Medicine Hat, Canada). Confirmatory spectral measurements of the Litebook established 

a light intensity of 351 lux at eye level for the BWL condition. As this is comparable to ‘office 

lighting’ and may not be sufficient for light therapy, we changed to Luminette glasses (Lucimed 

SA, Villers-le-Bouillet, Belgium). This light source exposed individuals to broad-spectrum, white 

light enriched at 468 nm and 570 nm of 1.500 lux at eye level for BWL, and 8 lux for DWL (see 

Appendix 1). All participants, including Litebook users, were included in the intention-to-treat 

analyses.

The light therapy protocol, based on previous studies22, 23, instructed participants to use 

light therapy for 30 minutes, daily, within 30 minutes after awakening, for a duration of 25 days 

at home. Other activities like reading or having breakfast were  permitted during therapy. A 

member of the research staff called on the fifth day to check for side effects. 

Study measures 
Sociodemographic information was collected with the screening and baseline questionnaire. 

Clinical information was abstracted from patient’s medical records. Primary outcomes included 

general fatigue (Visual Analogue Scale [VAS]-fatigue32 from 0 [no fatigue] to 10 [worst 

imaginable fatigue], Multidimensional Fatigue Inventory [MFI] general fatigue scale33, 34), and 

restrictions caused by fatigue (Works and Social Adjustment Scale [WSAS])35. 

Secondary outcomes included questionnaires to assess sleep quality (Pittsburg Sleep 

Quality Index [PSQI]36), depression (Center for epidemiological studies - depression scale 

[CES-D]37), anxiety (State Trait Anxiety Inventory - 6 items [STAI-6]38), quality of life (RAND 36-

item Health Survey [RAND 36]39, 40), and assessments of sleep (wrist actigraphy41, 42), and salivary
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Figure 1: CONSORT diagram. 
HL Hodgkin lymphoma; DLBCL Diffuse Large B-cell lymphoma 
* Patients could provide more than one reason for nonparticipation or could be excluded for more than 
one reason. No. of missing assessments at T1, T2, and T3 were not necessarily cumulative.  
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concentrations of cortisol43 and melatonin44, 45 (see Appendix 2). A detailed description of the 

outcomes is provided in Table 1.

Statistical analyses 
With ≥ 64 participants per group, the study had 80% power to detect an effect size (ES) of 

.50 with a two-tailed p-value of .05. Thirty-seven additional participants were recruited to 

ensure sufficient power for the sensitivity analyses in Luminette users. Comparisons of baseline 

characteristics between groups were performed using independent samples t-test, Mann 

Whitney, Chi-square, or Fisher’s Exact tests. Scores on patient-reported outcome measures were 

calculated according to published algorithms. Missing values were replaced by the average 

score of the completed items in the same scale for each individual, provided that at least 50% 

of the items of a scale had been completed. 

To evaluate differences between groups over time in primary and secondary outcomes, 

we used a mixed effect modelling approach with random intercept and slope with a maximum 

likelihood solution. We modeled linear and quadratic time effects to determine if an initial 

change in the outcome was maintained during follow-up. The choice for models with linear 

or non-linear effects, for models with different covariance structures (UN, AR1, CS), and 

models corrected for potential non-ignorable dropout were determined by using the Bayesian 

Information Criterion (BIC)46 and the Akaike’s Information Criterion (AIC)47. The overall mean 

change and difference in mean change scores over time between groups during the active 

treatment phase (T0-T1) and follow-up period (T1-T3) were accompanied by standardized 

effect sizes (ES) calculated based on the estimated marginal means and pooled SD: (meanT1-

meanT0)/pooled SDT0-T1 or (meanT3-meanT1)/pooled SDT1-T3. ESs of 0.20 were considered small, 

0.50 moderate, and 0.80 large48. An ES ≥ .50 was considered clinically relevant49. To limit type-I 

errors due to multiple testing, a p-value of .01 was considered statistically significant. 

At the individual patient level, clinically relevant improvement was determined on a 

1.1-point decrease on the VAS-fatigue50, 51, a 2.0-point decrease on the general fatigue subscale 

of the MFI52, or a 4.1-point decrease (0.5 standard deviation49, 53) on the WSAS. Chi-square tests 

were used to compare differences in improvement between the intervention and comparison 

group. 

All analyses were conducted on an intention-to-treat (ITT) basis. Additionally, we 

performed one per-protocol analysis including participants who used light therapy on all 25 

treatment days and two sensitivity analyses on data from participants who used (1) Luminette 

glasses; and (2) light therapy during autumn/winter (October to March). All statistical analyses 

were conducted in SPSS version 25. 

RESULTS

In total, 984 survivors were invited to participate in the study, of whom 321 (33%) returned a 

response card indicating that they were not interested, and 309 (31%) did not respond (Fig. 

1). Of the 354 interested survivors, 273 (77%) survivors met criteria for further screening and 

211 (60%) were eligible for participation, of whom 170 (48%) signed informed consent. Four 

participants withdrew informed consent prior to randomization. The remaining 166 participants
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Table 1. Study outcome measures and corresponding questionnaires

Variable Assessment Details 

PRIMARY OUTCOMES

Cancer-related 
fatigue

VAS-fatigue • 1 item; 11-point Likert scale 
• Total score: 0-10; higher scores indicate more fatigue
• Time frame: this moment

MFI • 20 items; 5-point Likert scales 
• Subscales: general fatigue, mental fatigue, physical fatigue, reduced 
   motivation, reduced activity. Only general fatigue is used since 
   psychometric validation of this scale indicated that this subscale is the 
   most reliable29

• Subscale score: 4-20; higher scores indicate more fatigue
• Time frame: past few days

Restrictions 
caused by 
fatigue

WSAS • 5 item; value range between 0.00 and 8.00
• Total score: 0-40; higher scores indicate higher levels of disability
• Time frame: influence of fatigue on daily life

SECONDARY OUTCOMES 

Sleep quality PSQI • 19 items; 4-point Likert scale and open-ended questions
• Subscales: subjective sleep quality, sleep latency, sleep duration, 
   habitual sleep efficiency, sleep disturbances, use of sleeping 
   medication, daytime dysfunction
• Total score: 0-21; Subscale scores: 0-3; higher scores indicate more 
   acute sleep disturbances
• Time frame: past month

Depression CES-D • 20 items; 4-point Likert scale 
• Total score: 0-60; higher scores indicate greater depressive symptoms
• Time frame: past week

Anxiety STAI-6 • 6 items; 4-point Likert scale
• Total score: 20-80; higher scores indicate increased anxiety
• Time frame: this moment

Quality of life RAND-36 • 36 items; dichotomous and 3- to 6-point Likert scale
• Scales: physical functioning, role limitations due to physical health, 
   role limitations due to emotional problems, energy, emotional well-
   being, social functioning, pain, general health
• Scale scores: 0-100; higher scores indicates higher levels of 
   functioning/well-being
• Time frame: past 4 weeks

Sleep Wrist 
actigraphy

• Device: MotionWatch8 (Camntech, Cambridgeshire, United Kingdom)
• Technical settings: epoch length 60 seconds, tri-axial mode
• Location: non-dominant wrist
• Time period: 10 days (Friday 18:00 h till Monday 12:00 h)
• Actigraphy log included: bedtime, attempted time to fall asleep, 
   wake-up time, out-of-bed time, nap times, non-wear times
• Derived sleep variables: sleep efficiency, mid sleep, and total bed 
   time. 
• Derived sleep-wake rhythm variables: Interdaily stability (IS; an 
   estimate of the 24-hour sleep-wake rhythm) and intradaily variability 
   (IV; an estimate of the stability of the sleep-wake rhyhtm)37. 

(Continued on next page)
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Table 1. (continued)

Variable Assessment Details 

Sleep
(continued)

Wrist 
actigraphy
(continued)

• A measurements point was excluded from the sleep variables 
   analyses when the actigraphy was worn for less than 4 nights 
   and from the sleep-wake rhythm variables analyses when the 
   actigraphy was worn for less than 72 consecutive hours. 
• Scores: IS: 0-2; higher scores indicate a more fragmented rhythm; 
   IV: 0-1; 1 indicates perfect synchronization

Cortisol Salivary 
cortisol

• Saliva collection via a passive drool technique in a propylene vial 
   at the participants’ home. 
• Sample collection on five different time points during 24 
   consecutive hours: 1) at personal waking time, 2) 30 minutes 
   after awakening, 3) 45 minutes after awakening, 4) at 16.00 
   o’clock, and 5) at bedtime.
• Saliva collection was on the Friday prior to light therapy (start 
   day Monday) and the Friday after completion of light therapy 
   (finish day was Thursday). 
• After sample collection, saliva samples were stored in the 
   refrigerator and mailed to the lab via post where the samples 
   were stored in a freezer at a -80°C until processing. 
• Cortisol values (nmol/l) were determined using liquid 
   chromatography tandem mass spectrometry. Method 
   imprecisions were ≤ 13.9% and lower limits of quantitation were 
   0.5 nmol/l.
• Derived variables: cortisol awakening response, diurnal cortisol 
   slope, area under the curve. 
• For further details on the analytical method and performance 
   characteristic, see Appendix 2

Melatonin Salivary 
melatonin 

• Subsample (n=60)
• Collection of five additional saliva samples starting 5 hours prior 
   to bedtime followed by one sample every sequential hour. 
• Collection and handling of samples was similar to the procedure 
   described for cortisol. Method imprecisions were ≤ 11.9% and 
   lower limits of quantitation were 0.01 nmol/l.
• Derived variables: Dim Light Melatonin Onset (DLMO) based on 
   the hockey-stick method40.
• For further details on the analytical method and performance 
   characteristic, see Appendix 2

CES-D Center for Epidemiological Studies – Depression scale; CWS Cancer Worry Scale; FCS Fatigue 
catastrophizing Scale; MFI Multidimensional Fatigue Inventory; PSQI Pittsburgh Sleep Quality Index; 
RAND-36 Medical Outcome Studies short form; SES-28 Self-efficacy Scale 28; STAI-6 State Trait Anxiety 
Inventory-6 items; VAS Visual Analogue Scale; WSAS Work and Social Adjustment Scale.

were randomized to the BWL (n = 83) or the DWL (n = 83) group and were included in the 

intention-to-treat analysis. Completion rates of self-reported questionnaires at baseline 

assessment T0 (99%) and follow-up assessment T1 (95%), T2 (86%), and T3 (87%) differed 

significantly between groups at T1 (BWL: 99% v DWL: 90%; p = .03). Correction for non-

ignorable dropout did not improve model fit (Appendix 3). The completion of T3 during 

Covid-19 restrictions (n = 33; 23%) did not differ between groups and did not affect the study 

results (Appendix 4). Presented results are uncorrected for these factors. Availability rates of 

actigraphy-derived sleep and circadian variables at T0 (95% and 94%, respectively), T1 (89% 

and 87%, respectively), T2 (83% and 81%, respectively), and T3 (84% and 83%, respectively) 
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did not differ between groups. Availability rates of cortisol and melatonin concentrations at 

T0 (100% and 100%, respectively) and T1 (96% and 93%, respectively) were similar between 

groups (see Appendix 2).

Most participants were HL survivors (83%). Their mean age was 45.7 years and the average 

time since lymphoma was 12.9 years. Almost all participants had received chemotherapy (93%) 

and/or radiotherapy (72%). Baseline levels of fatigue were high (mean VAS-fatigue = 6.1; mean 

MFI general fatigue = 15.7; mean WSAS = 20.5). Except for marital status (p = .03), all baseline 

characteristics were balanced between the groups (see Table 2). 

Table 3 shows the characteristics of light therapy use by the participants. According to the 

light therapy diaries (n = 155), 37% used light therapy all 25 days and 56% used light therapy 

for 14 to 25 days with a median time between sleep offset and light therapy start of 19 minutes 

(range: 5-109 minutes). In the complete sample (N = 166), 13 survivors stopped prematurely 

with the study. Reasons for attrition were self-reported side effects (n = 7), time constraints or 

personal circumstances (n = 6).

Primary outcomes 
There were no significant differences between BWL and DWL in the improvement of 

fatigue over time (Figure 2 and Appendix Table A5.1). Both BWL and DWL (Appendix 

Table A5.2) led to a statistically significant, clinically relevant, improvement of fatigue 

during the intervention which slightly diminished during follow-up (VAS fatigue: 

EST0-T1= −0.71, EST1-T3= 0.15; MFI general fatigue: EST0-T1= −0.81, EST1-T3= 0.13). The improvement 

of restrictions caused by fatigue showed a moderate effect during the intervention which 

slightly further improved during follow-up (WSAS: EST0-T1= −0.32, EST1-T3= −0.07). At an individual 

level, results showed no differences in the number of participants with clinically relevant 

improvements on primary outcomes between both groups (Table 4). 

Secondary outcomes 
There were no significant differences between BWL and DWL on secondary outcomes (Figure 2, 

Appendix Table A5.1). Both BWL and DWL (Appendix Table A5.2) led to statistically significant 

improvements, indicating moderate effects during the intervention which slightly diminished 

across later follow-up, for sleep quality (EST0-T1= −0.44, EST1-T3= 0.10) and depression (EST0-T1= 

−0.41, EST1-T3= 0.16). Three aspects of health-related quality of life showed statistically significant 

improvements of moderate effects of moderate effects during the intervention which slightly 

further improved during follow-up: role limitations due to physical functioning (EST0-T1= 0.33, 

EST1-T3= 0.11), energy (EST0-T1= 0.48, EST1-T3= 0.05), and social functioning (EST0-T1= 0.35, EST1-T3= 

0.09). No significant group differences or overall time effects were observed for anxiety, the 

remaining subscales of the RAND-36, and actigraphy-derived sleep. Moreover, no effects were 

observed for cortisol and melatonin (Figure 3, Appendix Table A5.1 and A5.2). 

The per protocol analysis including individuals who adhered to 25 days of light therapy 

showed similar results except for a group difference in the effect of light therapy on sleep 

efficiency (Appendix Table A5.3). Sleep efficiency improved in the BWL group and deteriorated 

in the DWL group between T2 and T3 suggesting that this effect did not result from light 

therapy. The sensitivity analyses for individuals who used Luminette glasses or light therapy 

during autumn/winter yielded similar results (Appendix Table A5.4 and A5.5). 
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Table 2. Baseline sociodemographic, clinical and fatigue characteristics (N = 166) a

No. (%)b

Characteristic  All survivors BWL (n=83) DWL (n=83) p N

Age, years  166

Mean 45.7 46.7 44.8 .30

SD 12.2 11.9 12.5

Female 99 (59.6) 50 (60.2) 49 (59.0) .87 166

Education .24 165

None/primary 2 (1.2) 0 (0.0) 2 (2.4)

High school and vocational 85 (51.5) 43 (51.8) 42 (51.2)

College or university 78 (47.3) 40 (48.2) 38 (46.3)

Married or in relationship 130 (78.8) 71 (85.5) 59 (72.0) .03 165

Part- or full-time job 85 (51.5) 42 (50.6) 43 (52.4) .81 165

Chronotype .44 165

Morning type 29 (35.4) 56 (33.9) 27 (32.5)

Evening type 33 (40.2) 74 (44.8) 41 (49.4)

No specific type 20 (24.4) 35 (21.2) 15 (18.1)

Recruitment .86 166

Asked by physician 50 (30.1) 24 (28.9) 26 (31.3)

Survey study 98 (59.0) 49 (59.0) 49 (59.0)

Applied for participation 18 (10.8) 10 (12.0) 8 (9.6)

Diagnosis .68 166

HL 138 (83.1) 70 (84.3) 68 (81.9)

DLBCL 28 (16.9) 13 (15.7) 15 (18.1)

Ann Arbor stage .64 155

I 21 (12.7) 10 (12.0) 11 (13.3)

II 87 (52.4) 40 (48.2) 47 (56.6)

III 25 (15.1) 14 (16.9) 11 (13.3)

IV 22 (13.3) 13 (15.7) 9 (10.8)

Time since diagnosis, yearsc .88 166

Mean 12.9 13.0 12.9

SD 9.9 9.6 10.3

2-5 years 41 (24.7) 20 (24.1) 21 (25.3) .97

5-10 years 50 (30.1) 24 (28.9) 26 (31.3)

10-20 years 39 (23.5) 20 (24.1) 19 (22.9)

> 20 years 36 (21.7) 19 (22.9) 17 (20.5)

(Continued on next page)
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Table 2. (continued)

No. (%)b

Characteristic  All survivors BWL (n=83) DWL (n=83) p N

Treatments received

Radiotherapy 116 (72.0) 56 (69.1) 60 (75.0) .41 161

Chemotherapy 151 (93.2) 76 (92.7) 75 (93.8) .79 162

Stem cell transplantation 19 (11.8) 8 (9.9) 11 (13.8) .45 161

Total body irradiationd 2 (1.2) 0 (0.0) 2 (2.5) .24 162

Surgery (splenectomy)d 6 (3.7) 3 (3.7) 3 (3.8) 1.0 162

Relapse 25 (15.4) 13 (15.9) 12 (15.0) .88 162

Second malignancies 25 (15.7) 13 (15.7) 12 (15.4) .91 159

Hyperthyroidismd, e 1 (0.6) 0 (0.0) 1 (1.3) .49 156

Hypothyroidisme 36 (23.1) 21 (26.3) 15 (19.7) .34 156

Heart complaints, NYHA class 1 or 2 33 (20.8) 19 (23.5) 14 (17.9) .39 159

Fatigue (baseline)

VAS .09 164

Mean 6.1 5.9 6.3

SD 1.6 1.8 1.4

MFI general fatigue .76 165

Mean 15.7 15.6 15.8

SD 2.7 2.9 2.5

Work and social restrictions caused by 
fatigue (WSAS)

.73 165

Mean 20.5 20.7 20.2

SD 8.2 7.8 8.5

Sleep medication use 25 (15.2) 11 (13.3) 14 (17.1) .49 165

BWL bright white light; DWL dim white light; SD standard deviation; HL Hodgkin lymphoma; DLBCL: 
Diffuse large B-cell lymphoma; VAS visual analogue scale. 
a Medical information was available by less than the total number of participants due to missing data in 
the medical information form completed by treating physician or researcher. b Unless otherwise specified. 
c Based on Mann-Whitney Test. d Based on Fisher’s Exact Test.e Survivors were included when their 
medication use was stable for ≥ 6 months and fatigue complaints remained. 

Adverse effects 
Two participants were hospitalized for at least one night because of serious adverse events not 

related to the study (stress-related symptoms and pancreatitis). Self-reportedside effects, e.g. 

headache and/or nausea (22%) and tired eyes (19%), were balanced between groups (Table 

2). These effects were temporary and disappeared within five days despite continuation of light 

therapy. 
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Table 3. Light therapy characteristics. 

No. (%)a

Characteristic
All 

survivors BWL (n=83) DWL (n=83) p N

Season LT start .94 164

Autumn 42 (25.6) 23 (27.7) 19 (23.5)

Winter 47 (28.7) 23 (27.7) 24 (29.6)

Spring 47 (28.7) 23 (27.7) 24 (29.6)

Summer 28 (17.1) 14 (16.9) 14 (17.3)

LT device

Litebook Edge 37 (22.6) 18 (21.7) 19 (23.5) 164

Luminette 127 (77.4) 65 (78.3) 62 (76.5)

Days of LT use based on LT diaryb .52 155

Mean 22.7 22.5 22.9

SD 4.4 4.6 4.0

> 25 daysc 3 (1.9) 0 (0.0) 3 (3.9) .13 155

25 days 58 (37.4) 33 (41.8) 25 (32.9)

14-24 days 87 (56.1) 41 (51.9) 46 (60.5)

1-13 days (premature stop) 7 (4.5) 5 (6.3) 2 (2.6)

Time difference sleep end and LT start (min)d .13 155

Mean 25.0 27.4 22.6

SD 19.5 22.6 15.3

Time difference DLMO and LT start (h) .17

Mean 11.4 11.1 11.7

SD 1.5 1.0 1.9

n 45 23 22

Self-reported side effects 

Head ache/nausea 35 (21.6) 21 (25.6) 14 (17.5) .21 162

Agitated feelingb 5 (3.1) 1 (1.2) 4 (5.0) .21 162

Tired eyes 30 (18.5) 11 (13.4) 19 (23.8) .09 162

Change in visionb 8 (4.9) 5 (6.1) 3 (3.8) .72 162

Other self-reported side effectse 15 (9.3) 6 (7.3) 9 (11.3) .39 162

Premature stop of LT 13 (7.8) 7 (8.4) 6 (7.2) .77 166

Reasons for premature stopb .21 13

Self-reported side effects 7 (53.8) 5 (71.4) 2 (33.3)

No time or personal circumstances 6 (46.2) 2 (28.6) 4 (66.7)

BWL Bright white light; DLMO dim light melatonin onset; DWL Dim white light; LT light therapy
a Unless otherwise specified. b Categorical test results is based on Fisher’s Exact Test. c Some individuals 
misinterpreted the protocol and used light therapy for 28, 30, or 33 days. d Based on Mann Whitney Test. 
e Other self-reported side effects: worse sleep quality (n = 7), feeling more fatigued (n = 2), feeling rushed 
(n = 1), shingles (n = 1), feeling confused (n = 1), sensitive gingiva (n = 1), and a dry mouth (n = 1).
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Figure 2 Changes in raw mean levels of primary and secondary self-reported outcomes from baseline to 
nine months follow-up in groups receiving bright white light therapy (BWL; n = 83) and dim white light 
therapy (DWL; n = 83). 
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Figure 3. Changes in raw mean levels of actigraphy-derived sleep variables (A, B, C, D) and cortisol and 
melatonin variables (E, F, G, H) in groups receiving bright white light therapy (BWL; n = 83) and dim white 
light therapy (DWL; n = 83). 
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Notes figures 2 and 3
Bars indicate standard deviations. 
BWL Bright white light; CES-D Center for Epidemiological Studies – Depression; DWL Dim white light; MFI 
Multidimensional Fatigue inventory; PSQI Pittsburgh Sleep Quality Index; RAND-36 RAND 36-item Health 
Survey; STAI-6 State Trait Anxiety Index – short form; VAS fatigue Visual Analogue Scale fatigue; WSAS 
Work and Social Adjustment Scale. T0 indicates baseline, T1 directly post intervention, T2 3 months after 
the end of light therapy and T3 9 months after finishing light therapy.
a The total score of the PSQI is shown. Based on the AIC and BIC criteria, the model with the best fit 
excluded a random slope and included an autoregressive covariance structure. The effect of light therapy 
on the seven subscales of the PSQI is described in Appendix 6. b The Energy and General Health subscales of 
the RAND-36 are shown. The remaining subscales are described in Appendix Table A5.1. 

Table 4. Number (percentage) of participants with clinically meaningful improvement based on fatigue 
assessments. 

T0-T1a T0-T2a T0-T3a

No. (%) No. (%) No. (%)

BWL DWL BWL DWL BWL DWL

VAS fatigue

Improved 34 (42) 41 (55) 25 (35) 37 (52) 24 (33) 27 (39)

Not improved 47 (58) 34 (45) 46 (65) 34 (48) 49 (67) 43 (61)

n 81 75 71 71 73 70

pb .11 .04 .48

ORc 0.60 0.50 0.78

MFI general fatigue

Improved 49 (60) 47 (63) 35 (49) 37 (52) 36 (49) 40 (57)

Not improved 33 (40) 28 (37) 37 (51) 34 (48) 38 (51) 30 (43)

n 82 75 72 71 74 70

pb .71 .68 .31

ORc 0.89 0.87 0.71

WSAS

Improved 33 (40) 26 (35) 31 (43) 27 (39) 31 (42) 29 (41)

Not improved 49 (60) 49 (65) 41 (57) 43 (61) 43 (58) 41 (59)

n 82 75 72 70 74 70

pb .47 .59 .96

ORc 1.27 1.20 1.02

MFI Multidimensional Fatigue inventory; OR Odds Ratio; VAS Visual Analogue Scale; WSAS Work and 
Social Adjustment Scale. 
a T0 baseline; T1 post intervention; T2 3 months after light therapy; T3 9 months after light therapy b p 
value of the Pearson chi-square test. c Odds ratios of 1.5 were considered small, 2.0 as moderate, and 3.0 
as large. 
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DISCUSSION

In this double blind, randomized controlled trial, exposure to morning BWL showed no 

superiority to morning DWL on fatigue and related symptoms in long-term HL and DLBCL 

survivors presenting with chronic cancer-related fatigue. Remarkably, both groups showed 

clinically relevant improvements on fatigue and restrictions caused by fatigue, and improvements 

on sleep quality, depression, and three aspects of quality of life (role limitations due to physical 

functioning, energy, and social functioning). This improvement slightly diminished during 

follow-up but was still clinically relevant nine months post intervention. Neither BWL nor DWL 

had an effect on anxiety, other aspects of quality of life, actigraphy-derived sleep, and cortisol 

or melatonin concentrations. 

In contrast to two earlier studies that investigated the effect of light therapy on cancer-

related fatigue in adult cancer survivors23, 24, the current larger phase-III trial did not observe 

superiority of BWL over DWL. There were several differences between these studies. First, the 

average time since diagnosis was much longer in our study (13 years) compared to previous 

studies (17 months23 and 28 months24). Second, previous studies used dim red light (DRL; 50 

lux23 or 400 lux24) as a comparison condition, instead of DWL (20 lux). As the circadian system is 

most strongly affected by white light enriched around 470 nm20, the DWL condition in our study 

might still have been somewhat effective. This effect is not expected for DRL. However, Johnson 

et al.24 only showed superiority of BWL to DRL on the total score of fatigue, with effect sizes 

of 1.20 and 0.93, respectively, indicating that both groups improved. No superiority of BWL to 

DRL was reported for five dimensions of fatigue (including general fatigue), mood, depression, 

quality of life, and sleep quality on which both groups showed improvements, suggesting that 

the selection of DWL or DRL as comparison may not fully explain the discrepancies54. 

It is notable that study participation led to clinically relevant improvements (ES= −0.71 

[VAS-fatigue]; ES= −0.81 [MFI general fatigue]) in long-term cancer survivors suffering from 

chronic fatigue. Although we cannot explain this by differences in light intensity, it is important 

to further investigate which aspects of the study protocol caused this effect. First, the positive 

effects might result from lifestyle changes. For example, some participants spontaneously self-

reported that they exercised more (36%), which may have increased their light exposure if 

it was outside, or kept a more regular sleep-wake cycle following light therapy (17%). These 

activities have been associated with reduced CRF55-57. Second, the improvement might be 

explained by the personal attention during participation58 or as a placebo response which 

has been reported previously for CRF59. Third, the decrease of fatigue might reflect a natural 

improvement over time, although we believe this is unlikely in our study because longitudinal 

observational studies in long-term cancer survivors showed persisting fatigue60, 61. Finally, we 

cannot exclude the possibility that regression towards the mean explained a small part of the 

positive effects observed in this trial.  

Contrary to our expectations, we found no effect of light therapy on actigraphy-derived 

sleep or cortisol and melatonin, which follow a circadian rhythm. This is in line with a previous 

study showing that changes in cortisol levels did not mediate the positive effect of light therapy 

on CRF in cancer survivors62. Moreover, baseline values of actigraphy-derived sleep in the 

current sample suggest the presence of sleep problems but no circadian disruptions compared 
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to the general population63-65. Two recent studies also suggested an absence of an association 

between circadian disruptions and CRF in long-term cancer survivors31, 66. Therefore, it is unclear 

whether circadian disruptions are associated with CRF in cancer survivors although research in 

this group is limited and further exploration is necessary. 

Our trial had several limitations. First, we did not include an objective assessment of 

total daily light exposure. Therefore, we could not confirm self-reported compliance, assess 

the duration of light therapy, or correct for exposure to natural light. Second, although the 

compliance rate of 91% in the current study was high compared to previous studies24, 25 (91% 

vs. 67-95%, respectively), only a minority (37%) of the participants used light therapy on all 

25 days. However, the majority (56%) used light therapy for 14-25 days, which is enough to 

show improvements according to the guidelines of light therapy for SAD 67. Third, our study 

sample was limited to (non-)Hodgkin lymphoma survivors, which might reduce generalizability 

to other populations. However, similar findings are expected in other populations because 

no associations are reported between fatigue and disease-related factors 68-70. Finally, the 

completion rate of the post intervention questionnaire differed between groups with fewer 

cases available for the comparison group. However, correction for missing data patterns yielded 

similar results. 

Our study had several strengths, including its multicenter RCT design, larger sample size, 

high follow-up rates and the assessment of self-reported as well as behavioral and biological 

effects of light therapy. 

In conclusion, our data showed no superiority of exposure to BWL compared to DWL. 

Light therapy, irrespective of light intensity, led to clinically relevant and relatively stable 

improvements of fatigue, and improved sleep quality, depression, and quality of life in long-

term HL and DLBCL survivors with chronic CRF. Therefore, it is important to further investigate 

which component(s) of the light therapy study protocol explain clinical improvements observed 

after intervention as well as comparison light conditions. 
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APPENDIX 1 SPECIFICS OF LIGHT THERAPY DEVICES

The Litebook Edge (Litebook, Ltc. Medicine Hat, Canada) is a small (15 x 12 x 1 cm) lightweight 

box that contains 60 premium white light emitting diode (LED) lights that mimic the visible 

spectrum of sunlight. Participants placed this device on a table at a distance of 45 cm in an 

angle of 45° from the face. The Luminette glasses contain 8 LEDs that are directed to the lens 

via a holographic field. Table A1.1 shows estimations of irradiance for both devices. Figure A1.1 

and A1.2 show the light spectrum of both devices.

Table A1.1 Estimations of irradiance for the Litebook Edge and Luminette glasses. 

LB
BWL lat

LB
BWL cl

LB
DWL lat

LB
DWL cl

LUM
BWL

LUM
DWL

Peak spectral irradiance, nm 450 450 455 455 465 470

Visibility, lux 351.44 148.71 2.49 0.65 1012.75 8.37

S cone sensitivity, α-opic lux 530.57 228.54 3.36 0.9 1966.49 17.51

Melanopsin sensitivity, α-opic 
lux

373.99 160.55 2.59 0.69 1934.17 20.84

Rod sensitivity, α-opic lux 364.89 156.19 2.54 0.68 1639.64 16.84

M cone sensitivity, α-opic lux 357.48 152.01 2.52 0.67 1277.56 11.99

L cone sensitivity, α-opic lux 343.95 145.53 2.44 0.64 1056.78 9.2

Irradiance, µW/cm2 126.05 53.6 0.9 0.26 438.74 4.1

Photon flux, 1/cm2/s 3.38E+14 1.43E+14 2.45E+12 7.45E+11 1.14E+15 1.06E+13

Log photon flux, log10 (1/
cm2/s)

14.53 14.16 12.39 11.87 15.06 13.02

BWL Bright White light; cl contralateral eye (eye furthest from light source); DWL Dim White Light; lat  
lateral eye (eye closest to light source) LB Litebook Edge; LUM Luminette. 
Note: estimations of irradiance are based on the average values of five measurements performed with a 
radio spectrometer. 
Derived from: Lucas RJ, Peirson SN, Berson D, Brown T, Cooper H, Czeisler CA, Figueiro MG, Gamlin PD, 
Lockley SW, O’Hagan JB, Price LLA, Provencio I, Skene DJ, Brainard G. Irradiance Toolbox, 2013
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Figure A1.1. Light spectrum of the BWL Litebook Edge. 

Figure A1.2. Light spectrum of the BWL Luminette glasses
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APPENDIX 2: COLLECTION, HANDLING, AND PROCESSING OF SALIVA 

SAMPLES

METHODS 

Procedure
All participants were asked to collect saliva on the Friday before the start of light therapy and 

the Friday after the end of light therapy to assess cortisol. Five saliva samples were collected 

at waking time, 30 minutes and 45 minutes after awakening, at 4 pm, and at bedtime. A 

subsample of 60 participants were asked to collect five additional samples at -5h, -4h, -3h, 

-2h, and -1h before bedtime to explore the effect of light therapy on melatonin secretion. 

Saliva was collected by a passive drool technique in a propylene vial. Participants were asked 

to avoid smoking, vigorous exercise, caffeinated and alcoholic drinks, chocolate, bananas, and 

food containing food colouring. Eating and drinking of other nourishments and brushing teeth 

was not allowed 15 and 30 min prior to sampling, respectively. Participants were instructed to 

note the time of sampling on a tracking sheet and store the samples in their home refrigerator. 

Samples were sent to the Netherlands Cancer Institute on the Monday after saliva collection. 

Samples were subsequently stored in a freezer at a -80°C until processing. Cortisol and 

melatonin values were determined using liquid chromatography - mass spectrometry (LC-MS). 

Cortisol and melatonin concentrations were calculated in nmol/l and pmol/l with a lower limit 

of quantitation of 0.5 nmol/l and 10.0 pmol/l, respectively. 

Salivary cortisol and melatonin assay
Reagents were Melatonin d4; N-Acetyl-5-methoxytryptamine-α,α,β,β-d4 from CDN Isotopes 

(Quebec, Canada), Cortisol C13; Cortisol-2,3,4- 13C3, melatonin standard >98%, cortisone 

standard >98% and cortisol standard >98% from Sigma Aldrich (St. Louis, MO, USA).

Samples were prepared by adding a 250 µL salivary aliquot to a 2 mL Safe-lock Eppendorf 

tube and 10 µL of internal standard solution was added. Analytes were extracted by adding 1 

mL of ethyl acetate, 15 minutes shaking of the samples, centrifuging the samples (5 minutes, 

RT, 8000g), snap freezing the hydrophilic phase and collecting and evaporating the organic 

phase. Next, the extracts were dissolved in 100 µL of injection fluid (20% methanol, 80% water) 

and spun down (5 minutes, RT, 12000g), before analysis. All samples were analyzed. 

The cortisol and melatonin concentrations were analyzed in a single analytical 

measurement using liquid chromatography isotope-dilution tandem mass spectrometry. The 

Shimadzu Nexera X2 ultra high performance liquid chromatographer (Columbia, MD, USA) was 

employed to provide a flow of 0.6 mL/min through a C-18 Column (2,6 µm 50 mm x 2,10 mm) 

from Phenomenex (Torrance, California, USA). Column temperature was maintained at 30 °C. 

Chromatography was performed using a linear gradient between an aqueous phase containing 

0.1% formic acid and 2 mM ammonium acetate and methanol. Here, a mobile phase of 30% 

methanol increased to 46.5% in 2.8 minutes, then mobile phase is changed to 100% methanol 

for 1.4 minutes before equilibrating tot the starting mobile phase containing 30% methanol. 
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Cortisol and melatonin quantitation was performed using multiple reaction monitoring 

mode on a QTRAP6500+ mass spectrometer (Sciex, Concord, ON, Canada). Ionization was 

achieved with an IonDrive™ Turbo V Source operated in positive mode. The mass transitions 

used for the analytes and their international standards (IS) are presented in Table A2.1. 

Table A2.1. Applied MS/MS settings.

Q1 massa (Da) Q3 massa (Da) Analyte

1 233,190 174,000 Melatonine Quan

2 233,190 159,000 Melatonine Qual

3 237,212 178,100 Melatonine d4 quan

4 237,212 163,200 Melatonine d4 qual

5 363,065 327,100 Cortisol quan

6 363,065 121,000 Cortisol qual

7 366,243 124,100 Cortisol C13 Quan

8 366,243 126,100 Cortisol C13 qual

Salivary cortisol and melatonin assay performance characteristics
The method was calibrated by weighted stock standards. A method comparison study with the 

published method from UMC Groningen (n = 20) confirmed proper method calibration (Table 

A2.2). Method imprecision was determined by running three control levels in quadruple in 

seven individual runs. The obtained imprecisions are presented in Tables A2.3.

Table A2.2. Method relation and correlation with other method1.

Cortisol Melatonin

Slope 1.12 1.01

Intercept 0.398 0.0026

Pearsons’ R2 0.99 0.99

Table A2.3. Method imprecision for cortisol and melatonin. 

Average (nmol/L) SD CV (%)

Cortisol

QC-high 39,3 5,46 13,9%

QC-intermediate 29,2 3,37 11,6%

QC-low 4,8 0,52 10,9%

Melatonin

QC-high: 0,900 0,075 8,3%

QC-intermediate: 0,355 0,034 9,6%

QC-low: 0,049 0,006 11,6%
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Lower limit of quantitation (LLOQ) was based on lowest concentration with a CV of ≤ 

20% and a Singal/Noise ratio of ≥ 10. The LLOQs were 0.010 nmol/L for melatonin and 0.50 

nmol/L for cortisol. Samples with identifiable peaks below the LLOQ were quantified but are 

associated with higher inaccuracy.

No interference was observed for DHEA, prednisone, androstenedione, 

17-hydroxyprogesterone, progesterone, testosterone, 17β-estradiol, serotonin, L-tryoptophan, 

5-OH-trytophan, aldosterone, 5-HIAA and N-actetyl-5-hydroxytryptamine. Prednisolone did 

interfere with cortisol, but this interference could be identified from the chromatogram and 

was not observed in the study samples.

Data reduction 
The five cortisol samples were used to determine the cortisol awakening response (CAR), 

diurnal slope, and total cortisol output. The CAR is the rapid increase in cortisol concentrations 

during the first 30 to 45 minutes after awakening2. The CAR mean increase (MnInc) was 

calculated using the formula: (awakening + 30 min + awakening + 45 min)/2 – awakening3. 

The diurnal slope reflects circadian fluctuations in cortisol4. It was determined by regressing the 

natural log-transformed cortisol values of awakening, 4 pm, and bedtime on time since waking 

(in hours). The unstandardized coefficient was used as a measure for diurnal slope. A flatter 

decline in cortisol levels over the course of the day is represented by larger (smaller magnitude 

negative) unstandardized values, while a steeper decline in cortisol values is represented by 

smaller unstandardized values. The total cortisol output reflects the exposure during the day4 

and was calculated as the area under the curve with respect to the ground (AUCg) based on the 

trapezoidal formula using all five cortisol samples5. 

For the subsample that collected five additional samples at -5h, -4h, -3h, -2h, and -1h 

before bedtime, these 5 samples and the bedtime sample were used to determine the dim 

light melatonin onset (DLMO), which represents the start of the secretion of melatonin in dim 

light situations. A hockey-stick method was used to determine the DLMO using the hockey-stick 

program module designed6. For this purpose, melatonin concentrations were converted from 

pmol/l to pg/ml by dividing detected concentrations by 4.3.  

RESULTS 

Participants
From the 166 participants, 155 participants agreed to collect saliva for the cortisol assessment. 

Seventeen participants were excluded from the cortisol analyses because of corticosteroid use 

leaving to a total sample of 138 participants. The availability of cortisol profiles at T0 (100%) 

and T1 (96%) were similar between groups. For an overview, see Consort diagram. A total 

number of 1334 samples were available for analysis. Thirty-six samples (2.7%) had undetectable 

cortisol levels and were imputed with the lower limit of quantitation divided by two (0.25 

nmol/l). After screening for outliers (≥ 3.5 standard deviation), 23 (1.7%) samples were 

removed. Figure A2.1 shows the raw cortisol values at each sampling point per group at pre- 

and post intervention. As the CAR is easily underestimated when collection of the first samples 
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is delayed by more than 15 minutes after awakening7, the time point of the first collection was 

compared to actigraphy-derived awakening time. Therefore, 26 and 22 profiles were excluded 

at baseline and post-intervention, respectively due to a delay of ≤ 15 min between waking and 

first sample collection.

From the 155 participants that agreed to collect saliva, 57 (34%) were willing to collect 

additional samples in the evening to determine the DLMO. A total number of 659 samples 

were available for analysis. Samples with undetectable melatonin levels (n = 178, 27.0%) were 

imputed with the lower limit of quantitation divided by two (5.0 pmol/l). The availability of 

melatonin profiles at T0 (100%) and T1 (93%) were similar between groups. It was possible to 

detect a DLMO for 48 profiles (84%) at T0 and 37 profiles (65%) at T1. Table A2.4 provides an 

overview of reasons for missing DLMO’s and figure A2.2 shows the change in DLMO from pre- 

to post-intervention. 

Figure A2.1. Average raw cortisol values for bright white light (BWL) and dim white light (DWL) conditions 
at each sampling time pre- and post-intervention. 
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Table A2.4. Overview of reasons for missing DLMO’s. 

Baseline Post intervention

Profiles available 57 (100%) 53 (93%)

Deviation from protocol 4 (7%) 5 (9%)

Determined DLMO 48 (84) 37 (65)

Missing 9 20

No dynamic part 5 3

No base part 3

Insufficient number of data points 1 8

Time of collection not available/samples missing 3 6

Note: Deviation from protocol include drinking coffee or tea, eating chocolate, taking external melatonin, 
no closure of curtains, or withdrawal of consent to collect additional saliva in the evening. 

Figure A2.2. Overview of individual changes in DLMO in BWL (black) and DWL (grey) from pre- to post-
intervention. 
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APPENDIX 3: CORRECTION FOR MISSING DATA 

INTRODUCTION 

The rate of missing T1 questionnaires was significantly different between the intervention and 

control group (see the results section of the manuscript), with more missing data in the DWL 

group compared to the BWL group. This could lead to a potential bias in the results because 

the number of individuals that stopped prematurely with light therapy more often did not 

complete all assessments (Table A3.1). Consequently, fatigue levels might have been worse in 

the unobserved group compared to the observed group, which might affect the conclusions of 

the primary analyses. 

Table A3.1. Missing data patterns (for groups that successfully completed light therapy or stopped light 
therapy

n (%)

Missing data pattern Successfully completed Premature stop 

OOOO 136 (88.9) 3 (23.1)

OOOM / OOMO 8 (5.2) 4 (7.7)

OOMM 6 (3.9) 4 (23.1)

OMMM 3 (2.0) 5 (38.5)

O=observed; M=missing

METHOD 

To evaluate the possible effects of missing data on the study results, we used a pattern-mixture 

model in our primary growth curve model analyses. Appendix Table A3.2 shows the possible 

patterns of missing data. The pattern of missingsness was included as an independent variable 

in the growth curve model, as well as the interaction with group and time, to adjust for non-

ignorable drop-out. A significant interaction between the missing data pattern and time or 

group indicates that having missing data predicted change in the dependent variables. In the 

analysis, we combined the patterns OOOM and OOMO as groups were small, and excluded the 

MMMM pattern (O=observed, M=Missing). The SPSS syntax for the dependent variable VAS-

fatigue is as follows: 

MIXED VAS with time_lin time_sq BY group marstat_cat patternmiss

/CRITERIA=CIN(95) MXITER(100) MXSTEP(10) SCORING(1) SINGULAR(0.000000000001) 

HCONVERGE(0, ABSOLUTE) LCONVERGE(0, ABSOLUTE) PCONVERGE(0.000001, ABSOLUTE) 

/FIXED time_lin time_sq group marstat_cat patternmiss time_lin*group time_sq*group 

time_lin*marstat_cat time_sq*marstat_cat group*marstat_cat time_lin*patternmiss time_

sq*patternmiss group*patternmiss

/METHOD ML

/PRINT SOLUTION TESTCOV

/RANDOM intercept time_lin | subject(ID) covtype(VC). 
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Where time_lin: 0 = T0; 1 = T1; 3.91 = T2; 9.44 = T3

time_sq: 0 = T0; 1 = T1; 15.29 = T2; 89.11 = T3

group: 0 = BWL; 1 = DWL

marstat_cat: 0 = single / widow; 1 = married or in a relationship

patternmiss: 1 = OOOM / OOMO; 2 = OOMM; 3= OMMM; 4 = OOOO.

Note: SPSS uses the category with the highest value as the reference group. 

Table A3.2. Possible missing data patterns and their number of occurrence in the BWL and DWL group 
(Fisher’s exact test p = .06). 

n (%)

Missing data 
pattern

T0 T1 T2 T3 BWL DWL Total

OOOO Obs Obs Obs Obs 71 (85.5) 68 (81.9) 139 (83.7)

OOOM Obs Obs Obs Mis 1 (1.2) 3 (3.6) 4 (2.4)

OOMM Obs Obs Mis Mis 7 (8.4) 2 (2.4) 9 (5.4)

OMMM Obs Mis Mis Mis 1 (1.2) 7 (8.4) 8 (4.8)

MMMM Mis Mis Mis Mis 0 (0.0) 1 (1.2) 1 (0.6)

OOMO Obs Obs Mis Obs 3 (3.6) 2 (2.4) 5 (3.0)

Mis missing; Obs observed; T0 baseline; T1 post intervention; T2 3 months after light therapy; T3 9 
months after light therapy

RESULTS 

The results of the growth curve model with adjustment for non-ignorable drop-out led to the 

same conclusions as the models without this adjustment: the significance levels were slightly 

different (ranging from −.21 to .11), and the effect sizes were slightly different (ranging from 

−.02 to .03; Appendix Table A3.3). 

DISCUSSION 

The results of the pattern mixture model showed similar results compared to the non-adjusted 

models. Therefore, they support the robustness of the conclusions drawn from the primary 

analyses that BWL showed no superiority over DWL in the treatment of cancer-related fatigue, 

sleep quality, depression and anxiety. 
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Table A3.3. Mean values and standard deviations per time-point, and between-group difference for 
the growth curve models of primary and secondary measures corrected for non-ignorable dropout and 
marital status. 

T0a T1a T2a T3a Group difference 
linear time effect 

Group difference 
quadratic time effect ESb

n M [SD] n M [SD] n M [SD] n M [SD] B SE p B SE p T0-T1 T1-T3

PRIMARY OUTCOMES

Fatigue 

VAS fatigue 

BWL 82 5.9 [1.8] 82 4.8 [1.9] 72 5.0 [2.1] 74 5.1 [2.3] 0.19 0.15 .21 -0.02 0.01 .31 0.18 0.08

DWLc 82 6.3 [1.4] 75 4.8 [1.9] 71 5.0 [1.7] 70 5.1 [2.1]

MFI general fatigue 

BWL 83 15.6 [2.9] 82 13.2 [3.4] 72 13.6 [3.4] 74 13.8 [3.5] 0.08 0.24 .72 0.00 0.02 .98 0.05 0.17

DWLc 82 15.8 [2.5] 75 13.1 [3.3] 71 13.5 [3.4] 70 13.2 [3.6]

Restrictions caused by fatigue (WSAS)

BWL 83 20.7 [7.8] 82 17.4 [8.7] 72 17.5 [9.0] 74 17.3 [9.3] -0.25 0.39 .52 0.03 0.04 .42 -0.15 0.15

DWLc 82 20.2 [8.5] 75 17.8 [8.8] 70 17.2 [8.8] 70 16.5 [9.2]

SECONDARY OUTCOMES

Sleep quality (PSQI)d

BWL 83 7.5 [3.7] 82 6.3 [3.1] 72 6.6 [3.1] 74 6.4 [3.2] 0.02 0.21 .94 -0.01 0.02 .74 0.13 -0.16

DWLc 82 7.6 [3.6] 75 5.9 [3.1] 69 6.2 [3.1] 70 6.4 [3.0]

Depression (CES-D) 

BWL 83 18.0 [4.6] 82 16.8 [4.7] 72 17.3 [4.6] 74 18.0 [5.5] 0.21 0.33 .52 -0.01 0.03 .87 0.28 0.22

DWLc 82 19.0 [5.0] 75 16.3 [4.5] 69 16.8 [3.9] 70 16.6 [4.7]

Anxiety (STAI-6 )

BWL 83 39.6 [10.9] 82 37.4 [11.4] 72 38.7 [10.7] 74 39.0 [12.1] 0.62 0.70 .38 -0.06 0.07 .41 0.04 0.06

DWLc 82 39.9 [9.8] 75 37.2 [9.5] 69 36.7 [8.9] 69 38.1 [11.5]

Quality of life (RAND-36)

Physical functioning 

BWL 83 73.8 [20.5] 82 75.1 [20.6] 72 74.4 [21.5] 74 75.2 [24.0] -0.43 0.24 .07 0.12 -0.26

DWLc 82 75.1 [19.5] 75 74.3 [21.7] 69 78.6 [19.5] 69 78.9 [18.9]

Role functioning/physical 

BWL 83 33.7 [36.7] 82 49.1 [42.0] 72 38.2 [37.0] 74 50.7 [39.9] -0.59 0.71 .41 0.14 -0.22

DWLc 82 39.0 [36.0] 75 49.7 [38.7] 69 55.1 [41.7] 69 59.1 [41.8]

Role functioning/emotional

BWL 83 71.9 [38.4] 82 74.8 [38.7] 72 74.5 [36.0] 74 70.7 [38.2] 0.11 0.65 .87 -0.04 -0.04

DWLc 82 72.4 [38.4] 75 76.9 [35.9] 69 73.9 [36.6] 69 74.4 [37.1]

(Continued on next page)
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Table A3.3. Mean values and standard deviations per time-point, and between-group difference for 
the growth curve models of primary and secondary measures corrected for non-ignorable dropout and 
marital status. 

T0a T1a T2a T3a Group difference 
linear time effect 

Group difference 
quadratic time effect ESb

n M [SD] n M [SD] n M [SD] n M [SD] B SE p B SE p T0-T1 T1-T3

PRIMARY OUTCOMES

Fatigue 

VAS fatigue 

BWL 82 5.9 [1.8] 82 4.8 [1.9] 72 5.0 [2.1] 74 5.1 [2.3] 0.19 0.15 .21 -0.02 0.01 .31 0.18 0.08

DWLc 82 6.3 [1.4] 75 4.8 [1.9] 71 5.0 [1.7] 70 5.1 [2.1]

MFI general fatigue 

BWL 83 15.6 [2.9] 82 13.2 [3.4] 72 13.6 [3.4] 74 13.8 [3.5] 0.08 0.24 .72 0.00 0.02 .98 0.05 0.17

DWLc 82 15.8 [2.5] 75 13.1 [3.3] 71 13.5 [3.4] 70 13.2 [3.6]

Restrictions caused by fatigue (WSAS)

BWL 83 20.7 [7.8] 82 17.4 [8.7] 72 17.5 [9.0] 74 17.3 [9.3] -0.25 0.39 .52 0.03 0.04 .42 -0.15 0.15

DWLc 82 20.2 [8.5] 75 17.8 [8.8] 70 17.2 [8.8] 70 16.5 [9.2]

SECONDARY OUTCOMES

Sleep quality (PSQI)d

BWL 83 7.5 [3.7] 82 6.3 [3.1] 72 6.6 [3.1] 74 6.4 [3.2] 0.02 0.21 .94 -0.01 0.02 .74 0.13 -0.16

DWLc 82 7.6 [3.6] 75 5.9 [3.1] 69 6.2 [3.1] 70 6.4 [3.0]

Depression (CES-D) 

BWL 83 18.0 [4.6] 82 16.8 [4.7] 72 17.3 [4.6] 74 18.0 [5.5] 0.21 0.33 .52 -0.01 0.03 .87 0.28 0.22

DWLc 82 19.0 [5.0] 75 16.3 [4.5] 69 16.8 [3.9] 70 16.6 [4.7]

Anxiety (STAI-6 )

BWL 83 39.6 [10.9] 82 37.4 [11.4] 72 38.7 [10.7] 74 39.0 [12.1] 0.62 0.70 .38 -0.06 0.07 .41 0.04 0.06

DWLc 82 39.9 [9.8] 75 37.2 [9.5] 69 36.7 [8.9] 69 38.1 [11.5]

Quality of life (RAND-36)

Physical functioning 

BWL 83 73.8 [20.5] 82 75.1 [20.6] 72 74.4 [21.5] 74 75.2 [24.0] -0.43 0.24 .07 0.12 -0.26

DWLc 82 75.1 [19.5] 75 74.3 [21.7] 69 78.6 [19.5] 69 78.9 [18.9]

Role functioning/physical 

BWL 83 33.7 [36.7] 82 49.1 [42.0] 72 38.2 [37.0] 74 50.7 [39.9] -0.59 0.71 .41 0.14 -0.22

DWLc 82 39.0 [36.0] 75 49.7 [38.7] 69 55.1 [41.7] 69 59.1 [41.8]

Role functioning/emotional

BWL 83 71.9 [38.4] 82 74.8 [38.7] 72 74.5 [36.0] 74 70.7 [38.2] 0.11 0.65 .87 -0.04 -0.04

DWLc 82 72.4 [38.4] 75 76.9 [35.9] 69 73.9 [36.6] 69 74.4 [37.1]

(Continued on next page)
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Table A3.3. (continued)

T0a T1a T2a T3a Group difference 
linear time effect 

Group difference 
quadratic time effect ESb

n M [SD] n M [SD] n M [SD] n M [SD] B SE p B SE p T0-T1 T1-T3

Role functioning/emotional

BWL 83 71.9 [38.4] 82 74.8 [38.7] 72 74.5 [36.0] 74 70.7 [38.2] 0.11 0.65 .87 -0.04 -0.04

DWLc 82 72.4 [38.4] 75 76.9 [35.9] 69 73.9 [36.6] 69 74.4 [37.1]

Energy 

BWL 83 42.9 [14.9] 82 50.4 [17.2] 72 49.9 [16.7] 73 50.7 [20.3] -0.79 1.02 .44 0.05 0.10 .65 -0.03 -0.15

DWLc 82 41.2 [15.2] 75 49.7 [15.6] 69 50.4 [16.1] 69 51.9 [18.2]

Emotional well-being 

BWL 83 73.0 [14.6] 82 75.0 [16.1] 72 72.7 [17.6] 73 71.2 [18.9] -1.75 0.94 .06 0.14 0.09 .15 -0.18 -0.18

DWLc 82 69.9 [16.8] 75 75.0 [15.9] 69 75.6 [16.1] 69 74.6 [16.8]

Social functioning 

BWL 83 59.6 [19.8] 82 68.0 [20.4] 72 66.8 [22.0] 74 69.6 [24.8] 0.97 1.29 .45 -0.10 0.13 .44 0.14 -0.10

DWLc 82 61.4 [20.2] 75 67.2 [19.1] 69 65.9 [19.4] 69 70.3 [21.8]

Pain 

BWL 83 73.0 [25.3] 82 76.3 [22.3] 72 74.7 [25.1] 74 72.8 [25.7] -0.92 1.25 .46 0.03 0.12 .79 0.07 -0.25

DWLc 82 70.2 [24.7] 75 71.3 [23.3] 69 74.4 [21.8] 69 74.8 [22.2]

General health 

BWL 83 48.3 [17.3] 82 49.0 [17.4] 72 48.8 [20.6] 73 48.8 [21.3] -0.32 0.25 .21 -0.01 -0.16

DWLc 82 50.2 [21.5] 75 51.9 [20.7] 69 53.6 [21.5] 69 54.5 [21.9]

Raw means and standard deviations are reported. Models were adjusted for non-ignorable drop-out 
and marital status 
BWL Bright white light; CES-D Center for Epidemiological Studies – Depression; CWS Cancer Worry Scale; 
DWL Dim white light; FCS Fatigue Catastrophizing Scale; IS Interdaily Stability; IV Intradaily Variability; 
MFI Multidimensional Fatigue inventory; PSQI Pittsburgh Sleep Quality Index; RAND-36 RAND 36-item 
Health Survey; SES Self-efficacy Scale; STAI-6 State Trait Anxiety Index – short form; VAS fatigue Visual 
Analogue Scale fatigue; WSAS Work and Social Adjustment Scale. 
a T0 baseline; T1 post intervention; T2 3 months after light therapy; T3 9 months after light therapy. 
b The effect size was calculated based on the t test statistic (2*t)/(√df); small .20; moderate .50; large .80.  
c DWL is reference group. d Based on the AIC and BIC criteria, the model with the best fit excluded a 
random slope and included an autoregressive covariance structure.
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Table A3.3. (continued)

T0a T1a T2a T3a Group difference 
linear time effect 

Group difference 
quadratic time effect ESb

n M [SD] n M [SD] n M [SD] n M [SD] B SE p B SE p T0-T1 T1-T3

Role functioning/emotional

BWL 83 71.9 [38.4] 82 74.8 [38.7] 72 74.5 [36.0] 74 70.7 [38.2] 0.11 0.65 .87 -0.04 -0.04

DWLc 82 72.4 [38.4] 75 76.9 [35.9] 69 73.9 [36.6] 69 74.4 [37.1]

Energy 

BWL 83 42.9 [14.9] 82 50.4 [17.2] 72 49.9 [16.7] 73 50.7 [20.3] -0.79 1.02 .44 0.05 0.10 .65 -0.03 -0.15

DWLc 82 41.2 [15.2] 75 49.7 [15.6] 69 50.4 [16.1] 69 51.9 [18.2]

Emotional well-being 

BWL 83 73.0 [14.6] 82 75.0 [16.1] 72 72.7 [17.6] 73 71.2 [18.9] -1.75 0.94 .06 0.14 0.09 .15 -0.18 -0.18

DWLc 82 69.9 [16.8] 75 75.0 [15.9] 69 75.6 [16.1] 69 74.6 [16.8]

Social functioning 

BWL 83 59.6 [19.8] 82 68.0 [20.4] 72 66.8 [22.0] 74 69.6 [24.8] 0.97 1.29 .45 -0.10 0.13 .44 0.14 -0.10

DWLc 82 61.4 [20.2] 75 67.2 [19.1] 69 65.9 [19.4] 69 70.3 [21.8]

Pain 

BWL 83 73.0 [25.3] 82 76.3 [22.3] 72 74.7 [25.1] 74 72.8 [25.7] -0.92 1.25 .46 0.03 0.12 .79 0.07 -0.25

DWLc 82 70.2 [24.7] 75 71.3 [23.3] 69 74.4 [21.8] 69 74.8 [22.2]

General health 

BWL 83 48.3 [17.3] 82 49.0 [17.4] 72 48.8 [20.6] 73 48.8 [21.3] -0.32 0.25 .21 -0.01 -0.16

DWLc 82 50.2 [21.5] 75 51.9 [20.7] 69 53.6 [21.5] 69 54.5 [21.9]

Raw means and standard deviations are reported. Models were adjusted for non-ignorable drop-out 
and marital status 
BWL Bright white light; CES-D Center for Epidemiological Studies – Depression; CWS Cancer Worry Scale; 
DWL Dim white light; FCS Fatigue Catastrophizing Scale; IS Interdaily Stability; IV Intradaily Variability; 
MFI Multidimensional Fatigue inventory; PSQI Pittsburgh Sleep Quality Index; RAND-36 RAND 36-item 
Health Survey; SES Self-efficacy Scale; STAI-6 State Trait Anxiety Index – short form; VAS fatigue Visual 
Analogue Scale fatigue; WSAS Work and Social Adjustment Scale. 
a T0 baseline; T1 post intervention; T2 3 months after light therapy; T3 9 months after light therapy. 
b The effect size was calculated based on the t test statistic (2*t)/(√df); small .20; moderate .50; large .80.  
c DWL is reference group. d Based on the AIC and BIC criteria, the model with the best fit excluded a 
random slope and included an autoregressive covariance structure.
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APPENDIX 4: COMPLETION DURING COVID-19 RESTRICTIONS. 

INTRODUCTION 

Thirty-three participants completed the 9 months follow-up assessment during the restrictions 

for the Covid-19 pandemic. This meant that these participants were encouraged to work from 

home and social activities were restricted. Consequently, sleep and work patterns could change 

and influence our results. 

METHOD 

To correct for this, we asked these participants to complete a survey on how the Covid-19 

restrictions changed their sleep-wake cycle and whether it affected their fatigue level. We 

also performed the growth curve model with the exclusion of the final assessment of these 

participants. 

RESULTS 

Results of the survey (Table A4.1) showed that the majority of the participants did not change 

their bedtimes (70%), nor did they experience a change in sleep quality (82%), although they 

reported changes in daily routine (88%). Sixty-three percent of the participants reported no 

effect of the Covid-19 restrictions on fatigue levels, 19% felt more fatigued and 11% felt less 

fatigue. The restrictions led to changes in the time that individuals spend outside. One third 

spend more time outside, 26% spend less time outside and 37% reported no change in time 

spend outside. Results of the growth curve model excluding the final assessments completed 

during Covid-19 restrictions led to similar conclusions as the unadjusted growth curve models 

(Appendix Table A4.2).

DISCUSSION 

Although the majority of the participants did not change their sleep behaviors because of 

the work and social activities restrictions due to Covid-19, the majority also mentioned that 

their daily activities and time spent outside changed. Yet, this did not affect self-reported sleep 

quality and fatigue levels. Moreover, the sensitivity analyses with the exclusion of the final 

assessment completed during Covid-19 restrictions showed similar results compared to the 

primary analyses. 
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Table A4.1. Overview of the self-reported influence of Covid-19 restrictions on sleep times, daily routine, 
and fatigue (n = 26).

n (%)

1a. Did your bedtimes change because of the Covid-19 restrictions? 

No 19 (70,4)

Yes 7 (25.9)

1b. If your bedtimes changes, how did they change? 

I go to bed earlier 3 (11.1)

I go to bed later 6 (22.2)

I get up earlier 2 (7.4)

I get up later 2 (7.4)

2. Do you feel like your sleep quality changed since the Covid-19 restrictions?

No 22 (81.5)

Yes, I sleep better 2 (7.4)

Yes, I sleep worse 2 (7.4)

3. Is your daily routine more busy or more relaxed since the Covid-19 restrictions?  

Remained the same 6 (22.2)

Became more busy 3 (11.1)

Became more relaxed 7 (25.9)

My daily routine changed, but it wasn’t more busy or relaxed 10 (37.0)

4. Do you spend more or less time outside since the Covid-19 restrictions? 

Remained the same 10 (37.0)

More time outside 9 (33.3)

Less time outside 7 (25.9)

5. Do you think that the Covid-19 restrictions had an effect on your fatigue? 

No 17 (63.0)

Yes, I feel more fatigued 5 (18.5)

Yes, I feel less fatigued 3 (11.1)

Notes Table A4.2 (next pages): 
Raw means and standard deviations are reported. Models were adjusted for marital status.
BWL Bright white light; CES-D Center for Epidemiological Studies – Depression; CWS Cancer Worry Scale; 
DWL Dim white light; FCS Fatigue Catastrophizing Scale; IS Interdaily Stability; IV Intradaily Variability; MFI 
Multidimensional Fatigue inventory; PSQI Pittsburgh Sleep Quality Index; RAND-36 RAND 36-item Health 
Survey; SES Self-efficacy Scale; STAI-6 State Trait Anxiety Index – short form; VAS fatigue Visual Analogue 
Scale fatigue; WSAS Work and Social Adjustment Scale. 
a T0 baseline; T1 post intervention; T2 3 months after light therapy; T3 9 months after light therapy. b The 
effect size was calculated based on the t test statistic (2*t)/(√df); small .20; moderate .50; large .80. c DWL 
is reference group. d Based on the AIC and BIC criteria, the model with the best fit excluded a random slope 
and included an autoregressive covariance structure. e Due to convergence problems, an identity covariance 
matrix instead of variance components covariance structure was used. 
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Table A4.2. Mean values and standard deviations per time-point, and between-group difference for the 
growth curve models of primary and secondary measures excluding the final assessments completed 
during Covid-19 restrictions.

T0a T1a T2a T3a Group difference 
linear time effect 

Group difference 
quadratic time effect ESb

n M [SD] n M [SD] n M [SD] n M [SD] B SE p B SE p T0-T1 T1-T3

PRIMARY OUTCOMES

Fatigue 

VAS fatigue 

BWL 82 5.9 [1.8] 82 4.8 [1.9] 72 5.0 [2.1] 58 5.1 [2.3] 0.20 0.15 .17 -0.02 0.02 .19 0.18 -0.04

DWLc 82 6.3 [1.4] 75 4.8 [1.9] 71 5.0 [1.7] 53 5.2 [2.2]

MFI general fatigue 

BWL 83 15.6 [2.9] 82 13.2 [3.4] 72 13.6 [3.4] 58 13.9 [3.5] 0.10 0.24 .68 0.00 0.02 .93 0.05 0.13

DWLc 82 15.8 [2.5] 75 13.1 [3.3] 71 13.5 [3.4] 53 13.6 [3.7]

Restrictions caused by fatigue (WSAS)

BWL 83 20.7 [7.8] 82 17.4 [8.7] 72 17.5 [9.0] 58 17.8 [9.5] -0.23 0.39 .55 0.03 0.04 .41 -0.15 0.17

DWLc 82 20.2 [8.5] 75 17.8 [8.8] 70 17.2 [8.8] 53 16.8 [9.6]

SECONDARY OUTCOMES

Sleep quality (PSQI)d

BWL 83 7.5 [3.7] 82 6.3 [3.1] 72 6.6 [3.1] 58 6.5 [3.3] 0.05 0.21 .81 -0.01 0.02 .74 0.13 -0.13

DWLc 82 7.6 [3.6] 75 5.9 [3.1] 69 6.2 [3.1] 53 6.5 [3.0]

Depression (CES-D) 

BWL 83 18.0 [4.6] 82 16.8 [4.7] 72 17.3 [4.6] 58 18.0 [5.4] 0.28 0.33 .40 -0.01 0.03 .74 0.28 0.19

DWLc 82 19.0 [5.0] 75 16.3 [4.5] 69 16.8 [3.9] 53 16.9 [4.8]

Anxiety (STAI-6 )

BWL 83 39.6 [10.9] 82 37.4 [11.4] 72 38.7 [10.7] 58 39.1 [11.9] 0.64 0.70 .36 -0.05 0.07 .51 0.04 0.12

DWLc 82 39.9 [9.8] 75 37.2 [9.5] 69 36.7 [8.9] 53 38.0 [12.0]

Quality of life (RAND-36)

Physical functioning 

BWL 83 73.8 [20.5] 82 75.1 [20.6] 72 74.4 [21.5] 58 72.4 [25.2] -0.60 0.28 .03 0.12 -0.33

DWLc 82 75.1 [19.5] 75 74.3 [21.7] 69 78.6 [19.5] 53 78.3 [19.2]

Role functioning/physical 

BWL 83 33.7 [36.7] 82 49.1 [42.0] 72 38.2 [37.0] 58 46.6 [41.2] -0.85 0.81 .30 0.14 -0.27

DWLc 82 39.0 [36.0] 75 49.7 [38.7] 69 55.1 [41.7] 53 56.6 [43.9]

Role functioning/emotional

BWL 83 71.9 [38.4] 82 74.8 [38.7] 72 74.5 [36.0] 58 72.4 [37.5] -0.15 0.74 .84 -0.04 -0.11

DWLc 82 72.4 [38.4] 75 76.9 [35.9] 69 73.9 [36.6] 53 75.5 [36.5]

(Continued on next page)
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Table A4.2. Mean values and standard deviations per time-point, and between-group difference for the 
growth curve models of primary and secondary measures excluding the final assessments completed 
during Covid-19 restrictions.

T0a T1a T2a T3a Group difference 
linear time effect 

Group difference 
quadratic time effect ESb

n M [SD] n M [SD] n M [SD] n M [SD] B SE p B SE p T0-T1 T1-T3

PRIMARY OUTCOMES

Fatigue 

VAS fatigue 

BWL 82 5.9 [1.8] 82 4.8 [1.9] 72 5.0 [2.1] 58 5.1 [2.3] 0.20 0.15 .17 -0.02 0.02 .19 0.18 -0.04

DWLc 82 6.3 [1.4] 75 4.8 [1.9] 71 5.0 [1.7] 53 5.2 [2.2]

MFI general fatigue 

BWL 83 15.6 [2.9] 82 13.2 [3.4] 72 13.6 [3.4] 58 13.9 [3.5] 0.10 0.24 .68 0.00 0.02 .93 0.05 0.13

DWLc 82 15.8 [2.5] 75 13.1 [3.3] 71 13.5 [3.4] 53 13.6 [3.7]

Restrictions caused by fatigue (WSAS)

BWL 83 20.7 [7.8] 82 17.4 [8.7] 72 17.5 [9.0] 58 17.8 [9.5] -0.23 0.39 .55 0.03 0.04 .41 -0.15 0.17

DWLc 82 20.2 [8.5] 75 17.8 [8.8] 70 17.2 [8.8] 53 16.8 [9.6]

SECONDARY OUTCOMES

Sleep quality (PSQI)d

BWL 83 7.5 [3.7] 82 6.3 [3.1] 72 6.6 [3.1] 58 6.5 [3.3] 0.05 0.21 .81 -0.01 0.02 .74 0.13 -0.13

DWLc 82 7.6 [3.6] 75 5.9 [3.1] 69 6.2 [3.1] 53 6.5 [3.0]

Depression (CES-D) 

BWL 83 18.0 [4.6] 82 16.8 [4.7] 72 17.3 [4.6] 58 18.0 [5.4] 0.28 0.33 .40 -0.01 0.03 .74 0.28 0.19

DWLc 82 19.0 [5.0] 75 16.3 [4.5] 69 16.8 [3.9] 53 16.9 [4.8]

Anxiety (STAI-6 )

BWL 83 39.6 [10.9] 82 37.4 [11.4] 72 38.7 [10.7] 58 39.1 [11.9] 0.64 0.70 .36 -0.05 0.07 .51 0.04 0.12

DWLc 82 39.9 [9.8] 75 37.2 [9.5] 69 36.7 [8.9] 53 38.0 [12.0]

Quality of life (RAND-36)

Physical functioning 

BWL 83 73.8 [20.5] 82 75.1 [20.6] 72 74.4 [21.5] 58 72.4 [25.2] -0.60 0.28 .03 0.12 -0.33

DWLc 82 75.1 [19.5] 75 74.3 [21.7] 69 78.6 [19.5] 53 78.3 [19.2]

Role functioning/physical 

BWL 83 33.7 [36.7] 82 49.1 [42.0] 72 38.2 [37.0] 58 46.6 [41.2] -0.85 0.81 .30 0.14 -0.27

DWLc 82 39.0 [36.0] 75 49.7 [38.7] 69 55.1 [41.7] 53 56.6 [43.9]

Role functioning/emotional

BWL 83 71.9 [38.4] 82 74.8 [38.7] 72 74.5 [36.0] 58 72.4 [37.5] -0.15 0.74 .84 -0.04 -0.11

DWLc 82 72.4 [38.4] 75 76.9 [35.9] 69 73.9 [36.6] 53 75.5 [36.5]

(Continued on next page)
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Table A4.2.  (continued)

T0a T1a T2a T3a Group difference 
linear time effect 

Group difference 
quadratic time effect ESb

n M [SD] n M [SD] n M [SD] n M [SD] B SE p B SE p T0-T1 T1-T3

Energy 

BWL 83 42.9 [14.9] 82 50.4 [17.2] 72 49.9 [16.7] 57 50.9 [20.3] -0.92 1.03 .37 0.06 0.10 .54 -0.03 -0.11

DWLc 82 41.2 [15.2] 75 49.7 [15.6] 69 50.4 [16.1] 53 49.7 [18.4]

Emotional well-being 

BWL 83 73.0 [14.6] 82 75.0 [16.1] 72 72.7 [17.6] 57 72.1 [19.1] -1.99 0.93 .03 0.17 0.09 .07 -0.18 -0.09

DWLc 82 69.9 [16.8] 75 75.0 [15.9] 69 75.6 [16.1] 53 72.2 [17.5]

Social functioning 

BWL 83 59.6 [19.8] 82 68.0 [20.4] 72 66.8 [22.0] 58 68.3 [24.9] 0.87 1.27 .50 -0.07 0.13 .60 0.14 -0.02

DWLc 82 61.4 [20.2] 75 67.2 [19.1] 69 65.9 [19.4] 53 67.0 [22.6]

Pain 

BWL 83 73.0 [25.3] 82 76.3 [22.3] 72 74.7 [25.1] 58 69.6 [26.8] -0.66 1.26 .60 -0.01 0.13 .96 0.07 -0.29

DWLc 82 70.2 [24.7] 75 71.3 [23.3] 69 74.4 [21.8] 53 74.2 [22.9]

General health 

BWL 83 48.3 [17.3] 82 49.0 [17.4] 72 48.8 [20.6] 58 46.1 [19.6] -0.49 0.30 .11 -0.01 -0.22

DWLc 82 50.2 [21.5] 75 51.9 [20.7] 69 53.6 [21.5] 53 54.3 [21.8]

Sleep actigraphy

Sleep efficiency, %

BWL 80 74.38 [7.71] 74 73.43 [7.75] 70 73.99 [7.68] 55 74.29 [8.95] 0.04 0.07 .62 -0.04 0.08

DWLc 77 74.04 [8.3] 73 73.48 [8.91] 68 74.23 [8.32] 53 73.35 [8.85]

Mid-sleep time, hh:mm

BWL 80 3:46 [0:46] 74 3:41 [0:47] 70 3:46 [0:46] 55 3:43 [0:41] -20.58 42.00 .63 -0.05 0.00

DWLc 77 3:45 [0:52] 73 3:42 [0:52] 68 3:44 [0:47] 53 3:46 [0:57]

Total sleep time, min

BWL 80 6:23 [0:51] 74 6:16 [0:54] 70 6:18 [0:49] 55 6:16 [0:56] 90.68 119.86 .45 -13.04 12.21 .29 -0.06 -0.04

DWLc 77 6:20 [0:46] 73 6:14 [0:58] 68 6:19 [0:50] 53 6:20 [0:51]

IS e

BWL 79 0.76 [0.10] 73 0.75 [0.11] 68 0.75 [0.09] 54 0.77 [0.08] 0.00 0.01 1.00 0.00 0.00 .98 0.25 -0.07

DWLc 77 0.76 [0.12] 72 0.73 [0.13] 67 0.75 [0.12] 53 0.75 [0.11]

IV

BWL 79 0.41 [0.10] 73 0.41 [0.12] 68 0.42 [0.11] 54 0.42 [0.10] 0.01 0.01 .37 0.00 0.00 .51 -0.16 0.16

DWLc 77 0.40 [0.13] 72 0.41 [0.15] 67 0.40 [0.12] 53 0.41 [0.14]
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Table A4.2.  (continued)

T0a T1a T2a T3a Group difference 
linear time effect 

Group difference 
quadratic time effect ESb

n M [SD] n M [SD] n M [SD] n M [SD] B SE p B SE p T0-T1 T1-T3

Energy 

BWL 83 42.9 [14.9] 82 50.4 [17.2] 72 49.9 [16.7] 57 50.9 [20.3] -0.92 1.03 .37 0.06 0.10 .54 -0.03 -0.11

DWLc 82 41.2 [15.2] 75 49.7 [15.6] 69 50.4 [16.1] 53 49.7 [18.4]

Emotional well-being 

BWL 83 73.0 [14.6] 82 75.0 [16.1] 72 72.7 [17.6] 57 72.1 [19.1] -1.99 0.93 .03 0.17 0.09 .07 -0.18 -0.09

DWLc 82 69.9 [16.8] 75 75.0 [15.9] 69 75.6 [16.1] 53 72.2 [17.5]

Social functioning 

BWL 83 59.6 [19.8] 82 68.0 [20.4] 72 66.8 [22.0] 58 68.3 [24.9] 0.87 1.27 .50 -0.07 0.13 .60 0.14 -0.02

DWLc 82 61.4 [20.2] 75 67.2 [19.1] 69 65.9 [19.4] 53 67.0 [22.6]

Pain 

BWL 83 73.0 [25.3] 82 76.3 [22.3] 72 74.7 [25.1] 58 69.6 [26.8] -0.66 1.26 .60 -0.01 0.13 .96 0.07 -0.29

DWLc 82 70.2 [24.7] 75 71.3 [23.3] 69 74.4 [21.8] 53 74.2 [22.9]

General health 

BWL 83 48.3 [17.3] 82 49.0 [17.4] 72 48.8 [20.6] 58 46.1 [19.6] -0.49 0.30 .11 -0.01 -0.22

DWLc 82 50.2 [21.5] 75 51.9 [20.7] 69 53.6 [21.5] 53 54.3 [21.8]

Sleep actigraphy

Sleep efficiency, %

BWL 80 74.38 [7.71] 74 73.43 [7.75] 70 73.99 [7.68] 55 74.29 [8.95] 0.04 0.07 .62 -0.04 0.08

DWLc 77 74.04 [8.3] 73 73.48 [8.91] 68 74.23 [8.32] 53 73.35 [8.85]

Mid-sleep time, hh:mm

BWL 80 3:46 [0:46] 74 3:41 [0:47] 70 3:46 [0:46] 55 3:43 [0:41] -20.58 42.00 .63 -0.05 0.00

DWLc 77 3:45 [0:52] 73 3:42 [0:52] 68 3:44 [0:47] 53 3:46 [0:57]

Total sleep time, min

BWL 80 6:23 [0:51] 74 6:16 [0:54] 70 6:18 [0:49] 55 6:16 [0:56] 90.68 119.86 .45 -13.04 12.21 .29 -0.06 -0.04

DWLc 77 6:20 [0:46] 73 6:14 [0:58] 68 6:19 [0:50] 53 6:20 [0:51]

IS e

BWL 79 0.76 [0.10] 73 0.75 [0.11] 68 0.75 [0.09] 54 0.77 [0.08] 0.00 0.01 1.00 0.00 0.00 .98 0.25 -0.07

DWLc 77 0.76 [0.12] 72 0.73 [0.13] 67 0.75 [0.12] 53 0.75 [0.11]

IV

BWL 79 0.41 [0.10] 73 0.41 [0.12] 68 0.42 [0.11] 54 0.42 [0.10] 0.01 0.01 .37 0.00 0.00 .51 -0.16 0.16

DWLc 77 0.40 [0.13] 72 0.41 [0.15] 67 0.40 [0.12] 53 0.41 [0.14]
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APPENDIX 5 ADDITIONAL TABLES FOR INTENTION-TO-TREAT, PER 

PROTOCOL AND SENSITIVITY ANALYSES. 
Table A5.1. Mean values and standard deviations per time-point, and between-group differences of the 
primary and secondary measures for the growth curve models of the intention-to-treat analysis.

T0a T1a T2a T3a Group difference 
linear time effect 

Group difference 
quadratic time effect ESb

n M [SD] n M [SD] n M [SD] n M [SD] B SE p B SE p T0-T1 T1-T3

PRIMARY OUTCOMES

Fatigue 

VAS fatigue 

BWL 82 5.9 [1.8] 82 4.8 [1.9] 72 5.0 [2.1] 74 5.1 [2.3] 0.18 0.15 .23 -0.01 0.01 .32 0.18 0.08

DWLc 82 6.3 [1.4] 75 4.8 [1.9] 71 5.0 [1.7] 70 5.1 [2.1]

MFI general fatigue 

BWL 83 15.6 [2.9] 82 13.2 [3.4] 72 13.6 [3.4] 74 13.8 [3.5] 0.08 0.24 .73 0.00 0.02 .98 0.05 0.17

DWLc 82 15.8 [2.5] 75 13.1 [3.3] 71 13.5 [3.4] 70 13.2 [3.6]

Restrictions caused by fatigue (WSAS)

BWL 83 20.7 [7.8] 82 17.4 [8.7] 72 17.5 [9.0] 74 17.3 [9.3] -0.23 0.39 .56 0.03 0.04 .45 -0.15 0.15

DWLc 82 20.2 [8.5] 75 17.8 [8.8] 70 17.2 [8.8] 70 16.5 [9.2]

SECONDARY OUTCOMES

Sleep quality (PSQI)d

BWL 83 7.5 [3.7] 82 6.3 [3.1] 72 6.6 [3.1] 74 6.4 [3.2] 0.07 0.21 .73 -0.01 0.02 .59 0.13 -0.16

DWLc 82 7.6 [3.6] 75 5.9 [3.1] 69 6.2 [3.1] 70 6.4 [3.0]

Depression (CES-D) 

BWL 83 18.0 [4.6] 82 16.8 [4.7] 72 17.3 [4.6] 74 18.0 [5.5] 0.27 0.33 .41 -0.01 0.03 .75 0.28 0.22

DWLc 82 19.0 [5.0] 75 16.3 [4.5] 69 16.8 [3.9] 70 16.6 [4.7]

Anxiety (STAI-6 )

BWL 83 39.6 [10.9] 82 37.4 [11.4] 72 38.7 [10.7] 74 39.0 [12.1] 0.72 0.69 .30 -0.07 0.07 .34 0.04 0.06

DWLc 82 39.9 [9.8] 75 37.2 [9.5] 69 36.7 [8.9] 69 38.1 [11.5]

Quality of life (RAND-36)

Physical functioning 

BWL 83 73.8 [20.5] 82 75.1 [20.6] 72 74.4 [21.5] 74 75.2 [24.0] -0.42 0.23 .08 0.12 -0.26

DWLc 82 75.1 [19.5] 75 74.3 [21.7] 69 78.6 [19.5] 69 78.9 [18.9]

Role limitations/physical 

BWL 83 33.7 [36.7] 82 49.1 [42.0] 72 38.2 [37.0] 74 50.7 [39.9] -0.59 0.71 .41 0.14 -0.22

DWLc 82 39.0 [36.0] 75 49.7 [38.7] 69 55.1 [41.7] 69 59.1 [41.8]

(Continued on next page)
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APPENDIX 5 ADDITIONAL TABLES FOR INTENTION-TO-TREAT, PER 

PROTOCOL AND SENSITIVITY ANALYSES. 
Table A5.1. Mean values and standard deviations per time-point, and between-group differences of the 
primary and secondary measures for the growth curve models of the intention-to-treat analysis.

T0a T1a T2a T3a Group difference 
linear time effect 

Group difference 
quadratic time effect ESb

n M [SD] n M [SD] n M [SD] n M [SD] B SE p B SE p T0-T1 T1-T3

PRIMARY OUTCOMES

Fatigue 

VAS fatigue 

BWL 82 5.9 [1.8] 82 4.8 [1.9] 72 5.0 [2.1] 74 5.1 [2.3] 0.18 0.15 .23 -0.01 0.01 .32 0.18 0.08

DWLc 82 6.3 [1.4] 75 4.8 [1.9] 71 5.0 [1.7] 70 5.1 [2.1]

MFI general fatigue 

BWL 83 15.6 [2.9] 82 13.2 [3.4] 72 13.6 [3.4] 74 13.8 [3.5] 0.08 0.24 .73 0.00 0.02 .98 0.05 0.17

DWLc 82 15.8 [2.5] 75 13.1 [3.3] 71 13.5 [3.4] 70 13.2 [3.6]

Restrictions caused by fatigue (WSAS)

BWL 83 20.7 [7.8] 82 17.4 [8.7] 72 17.5 [9.0] 74 17.3 [9.3] -0.23 0.39 .56 0.03 0.04 .45 -0.15 0.15

DWLc 82 20.2 [8.5] 75 17.8 [8.8] 70 17.2 [8.8] 70 16.5 [9.2]

SECONDARY OUTCOMES

Sleep quality (PSQI)d

BWL 83 7.5 [3.7] 82 6.3 [3.1] 72 6.6 [3.1] 74 6.4 [3.2] 0.07 0.21 .73 -0.01 0.02 .59 0.13 -0.16

DWLc 82 7.6 [3.6] 75 5.9 [3.1] 69 6.2 [3.1] 70 6.4 [3.0]

Depression (CES-D) 

BWL 83 18.0 [4.6] 82 16.8 [4.7] 72 17.3 [4.6] 74 18.0 [5.5] 0.27 0.33 .41 -0.01 0.03 .75 0.28 0.22

DWLc 82 19.0 [5.0] 75 16.3 [4.5] 69 16.8 [3.9] 70 16.6 [4.7]

Anxiety (STAI-6 )

BWL 83 39.6 [10.9] 82 37.4 [11.4] 72 38.7 [10.7] 74 39.0 [12.1] 0.72 0.69 .30 -0.07 0.07 .34 0.04 0.06

DWLc 82 39.9 [9.8] 75 37.2 [9.5] 69 36.7 [8.9] 69 38.1 [11.5]

Quality of life (RAND-36)

Physical functioning 

BWL 83 73.8 [20.5] 82 75.1 [20.6] 72 74.4 [21.5] 74 75.2 [24.0] -0.42 0.23 .08 0.12 -0.26

DWLc 82 75.1 [19.5] 75 74.3 [21.7] 69 78.6 [19.5] 69 78.9 [18.9]

Role limitations/physical 

BWL 83 33.7 [36.7] 82 49.1 [42.0] 72 38.2 [37.0] 74 50.7 [39.9] -0.59 0.71 .41 0.14 -0.22

DWLc 82 39.0 [36.0] 75 49.7 [38.7] 69 55.1 [41.7] 69 59.1 [41.8]

(Continued on next page)
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Table A5.1. (continued)

T0a T1a T2a T3a Group difference 
linear time effect 

Group difference 
quadratic time effect ESb

n M [SD] n M [SD] n M [SD] n M [SD] B SE p B SE p T0-T1 T1-T3

Role limitations/emotional

BWL 83 71.9 [38.4] 82 74.8 [38.7] 72 74.5 [36.0] 74 70.7 [38.2] 0.02 0.64 .97 -0.04 -0.04

DWLc 82 72.4 [38.4] 75 76.9 [35.9] 69 73.9 [36.6] 69 74.4 [37.1]

Energy 

BWL 83 42.9 [14.9] 82 50.4 [17.2] 72 49.9 [16.7] 73 50.7 [20.3] -0.92 1.01 .37 0.05 0.10 .59 -0.03 -0.15

DWLc 82 41.2 [15.2] 75 49.7 [15.6] 69 50.4 [16.1] 69 51.9 [18.2]

Emotional well-being 

BWL 83 73.0 [14.6] 82 75.0 [16.1] 72 72.7 [17.6] 73 71.2 [18.9] -1.85 0.94 .05 0.14 0.09 .13 -0.18 -0.18

DWLc 82 69.9 [16.8] 75 75.0 [15.9] 69 75.6 [16.1] 69 74.6 [16.8]

Social functioning 

BWL 83 59.6 [19.8] 82 68.0 [20.4] 72 66.8 [22.0] 74 69.6 [24.8] 1.05 1.28 .41 -0.11 0.13 .40 0.14 -0.10

DWLc 82 61.4 [20.2] 75 67.2 [19.1] 69 65.9 [19.4] 69 70.3 [21.8]

Pain 

BWL 83 73.0 [25.3] 82 76.3 [22.3] 72 74.7 [25.1] 74 72.8 [25.7] -0.74 1.25 .55 0.02 0.12 .90 0.07 -0.25

DWLc 82 70.2 [24.7] 75 71.3 [23.3] 69 74.4 [21.8] 69 74.8 [22.2]

General health 

BWL 83 48.3 [17.3] 82 49.0 [17.4] 72 48.8 [20.6] 73 48.8 [21.3] -0.35 0.26 .17 -0.01 -0.16

DWLc 82 50.2 [21.5] 75 51.9 [20.7] 69 53.6 [21.5] 69 54.5 [21.9]

Actigraphy 

Sleep efficiency, %

BWL 80 74.4 [7.7] 74 73.4 [7.8] 70 74.0 [7.7] 71 74.5 [8.3] 0.04 0.07 .55 -0.04 0.10

DWLc 77 74.0 [8.3] 73 73.5 [8.9] 68 74.2 [8.3] 69 73.8=9 [8.5]

Mid-sleep time, hh:mm

BWL 80 3:46 [0:46] 74 3:41 [0:47] 70 3:46 [0:46] 71 3:50 [0:47] 8.82 36.75 .81 -0.05 0.08

DWLc 77 3:45 [0:52] 73 3:42 [0:52] 68 3:44 [0:47] 69 3:44 [0:52]

Total sleep time, hh:mm

BWL 80 6:23 [0:51] 74 6:16 [0:54] 70 6:18 [0:49] 71 6:18 [0:54] 84.26 119.02 .48 -11.76 11.81 .32 -0.06 -0.05

DWLc 77 6:20 [0:46] 73 6:14 [0:58] 68 6:19 [0:50] 69 6:21 [0:52]

IS

BWL 79 0.76 [0.10] 73 0.75 [0.11] 68 0.75 [0.09] 69 0.77 [0.08] 0.00 0.01 .95 0.00 0.00 .99 0.25 -0.09

DWLc 77 0.76 [0.12] 72 0.73 [0.13] 67 0.75 [0.12] 69 0.75 [0.12]

(Continued on next page)
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Table A5.1. (continued)

T0a T1a T2a T3a Group difference 
linear time effect 

Group difference 
quadratic time effect ESb

n M [SD] n M [SD] n M [SD] n M [SD] B SE p B SE p T0-T1 T1-T3

Role limitations/emotional

BWL 83 71.9 [38.4] 82 74.8 [38.7] 72 74.5 [36.0] 74 70.7 [38.2] 0.02 0.64 .97 -0.04 -0.04

DWLc 82 72.4 [38.4] 75 76.9 [35.9] 69 73.9 [36.6] 69 74.4 [37.1]

Energy 

BWL 83 42.9 [14.9] 82 50.4 [17.2] 72 49.9 [16.7] 73 50.7 [20.3] -0.92 1.01 .37 0.05 0.10 .59 -0.03 -0.15

DWLc 82 41.2 [15.2] 75 49.7 [15.6] 69 50.4 [16.1] 69 51.9 [18.2]

Emotional well-being 

BWL 83 73.0 [14.6] 82 75.0 [16.1] 72 72.7 [17.6] 73 71.2 [18.9] -1.85 0.94 .05 0.14 0.09 .13 -0.18 -0.18

DWLc 82 69.9 [16.8] 75 75.0 [15.9] 69 75.6 [16.1] 69 74.6 [16.8]

Social functioning 

BWL 83 59.6 [19.8] 82 68.0 [20.4] 72 66.8 [22.0] 74 69.6 [24.8] 1.05 1.28 .41 -0.11 0.13 .40 0.14 -0.10

DWLc 82 61.4 [20.2] 75 67.2 [19.1] 69 65.9 [19.4] 69 70.3 [21.8]

Pain 

BWL 83 73.0 [25.3] 82 76.3 [22.3] 72 74.7 [25.1] 74 72.8 [25.7] -0.74 1.25 .55 0.02 0.12 .90 0.07 -0.25

DWLc 82 70.2 [24.7] 75 71.3 [23.3] 69 74.4 [21.8] 69 74.8 [22.2]

General health 

BWL 83 48.3 [17.3] 82 49.0 [17.4] 72 48.8 [20.6] 73 48.8 [21.3] -0.35 0.26 .17 -0.01 -0.16

DWLc 82 50.2 [21.5] 75 51.9 [20.7] 69 53.6 [21.5] 69 54.5 [21.9]

Actigraphy 

Sleep efficiency, %

BWL 80 74.4 [7.7] 74 73.4 [7.8] 70 74.0 [7.7] 71 74.5 [8.3] 0.04 0.07 .55 -0.04 0.10

DWLc 77 74.0 [8.3] 73 73.5 [8.9] 68 74.2 [8.3] 69 73.8=9 [8.5]

Mid-sleep time, hh:mm

BWL 80 3:46 [0:46] 74 3:41 [0:47] 70 3:46 [0:46] 71 3:50 [0:47] 8.82 36.75 .81 -0.05 0.08

DWLc 77 3:45 [0:52] 73 3:42 [0:52] 68 3:44 [0:47] 69 3:44 [0:52]

Total sleep time, hh:mm

BWL 80 6:23 [0:51] 74 6:16 [0:54] 70 6:18 [0:49] 71 6:18 [0:54] 84.26 119.02 .48 -11.76 11.81 .32 -0.06 -0.05

DWLc 77 6:20 [0:46] 73 6:14 [0:58] 68 6:19 [0:50] 69 6:21 [0:52]

IS

BWL 79 0.76 [0.10] 73 0.75 [0.11] 68 0.75 [0.09] 69 0.77 [0.08] 0.00 0.01 .95 0.00 0.00 .99 0.25 -0.09

DWLc 77 0.76 [0.12] 72 0.73 [0.13] 67 0.75 [0.12] 69 0.75 [0.12]

(Continued on next page)
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Table A5.1. (continued)

T0a T1a T2a T3a Group difference 
linear time effect 

Group difference 
quadratic time effect ESb

n M [SD] n M [SD] n M [SD] n M [SD] B SE p B SE p T0-T1 T1-T3

IV

BWL 79 0.41 [0.10] 73 0.41 [0.12] 68 0.42 [0.11] 69 0.41 [0.09] 0.01 0.01 .28 0.00 0.00 .28 -0.16 0.03

DWLc 77 0.40 [0.13] 72 0.41 [0.15] 67 0.40 [0.12] 69 0.42 [0.17]

Circadian rhythm

Cortisol awakening response

BWL 52 0.5 [3.4] 52 0.8 [3.6] 1.17 0.84 .17 0.27

DWLc 57 1.7 [4.0] 52 1.1 [4.1]

Diurnal cortisol slope 

BWL 63 -0.17 [0.08] 58 -0.18 [0.08] 0.00 0.02 .93 -0.06

DWLc 66 -0.17 [0.09] 61 -0.17 [0.08]

Total cortisol output 

BWL 60 41.2 [23.4] 48 41.3 [23.4] 7.52 5.16 .15 0.26

DWLc 64 48.2 [26.0] 56 41.3 [19.2]

DLMO, hh:mm

BWL 24 20:39 [1:11] 18 20:46 [1:21] -0.10 0.34 .77 -0.17

DWLc 20 20:54 [1:20] 18 20:55 [1:27]

Raw means and standard deviations are reported. Models were adjusted for marital status
BWL Bright white light; CES-D Center for Epidemiological Studies – Depression; CWS Cancer Worry Scale; 
DLMO Dim light melatonin onset; DWL Dim white light; FCS Fatigue Catastrophizing Scale; IS Interdaily 
Stability; IV Intradaily Variability; MFI Multidimensional Fatigue inventory; PSQI Pittsburgh Sleep Quality 
Index; RAND-36 RAND 36-item Health Survey; SES Self-efficacy Scale; STAI-6 State Trait Anxiety Index – 
short form; VAS fatigue Visual Analogue Scale fatigue; WSAS Work and Social Adjustment Scale. 
a T0 baseline; T1 post intervention; T2 3 months after light therapy; T3 9 months after light therapy. 
b The effect size was calculated based on the t test statistic (2*t)/(√df); small .20; moderate .50; large 
.80. c DWL is reference group. d Based on the AIC and BIC criteria, the model with the best fit excluded a 
random slope and included an autoregressive covariance structure.
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Table A5.1. (continued)

T0a T1a T2a T3a Group difference 
linear time effect 

Group difference 
quadratic time effect ESb

n M [SD] n M [SD] n M [SD] n M [SD] B SE p B SE p T0-T1 T1-T3

IV

BWL 79 0.41 [0.10] 73 0.41 [0.12] 68 0.42 [0.11] 69 0.41 [0.09] 0.01 0.01 .28 0.00 0.00 .28 -0.16 0.03

DWLc 77 0.40 [0.13] 72 0.41 [0.15] 67 0.40 [0.12] 69 0.42 [0.17]

Circadian rhythm

Cortisol awakening response

BWL 52 0.5 [3.4] 52 0.8 [3.6] 1.17 0.84 .17 0.27

DWLc 57 1.7 [4.0] 52 1.1 [4.1]

Diurnal cortisol slope 

BWL 63 -0.17 [0.08] 58 -0.18 [0.08] 0.00 0.02 .93 -0.06

DWLc 66 -0.17 [0.09] 61 -0.17 [0.08]

Total cortisol output 

BWL 60 41.2 [23.4] 48 41.3 [23.4] 7.52 5.16 .15 0.26

DWLc 64 48.2 [26.0] 56 41.3 [19.2]

DLMO, hh:mm

BWL 24 20:39 [1:11] 18 20:46 [1:21] -0.10 0.34 .77 -0.17

DWLc 20 20:54 [1:20] 18 20:55 [1:27]

Raw means and standard deviations are reported. Models were adjusted for marital status
BWL Bright white light; CES-D Center for Epidemiological Studies – Depression; CWS Cancer Worry Scale; 
DLMO Dim light melatonin onset; DWL Dim white light; FCS Fatigue Catastrophizing Scale; IS Interdaily 
Stability; IV Intradaily Variability; MFI Multidimensional Fatigue inventory; PSQI Pittsburgh Sleep Quality 
Index; RAND-36 RAND 36-item Health Survey; SES Self-efficacy Scale; STAI-6 State Trait Anxiety Index – 
short form; VAS fatigue Visual Analogue Scale fatigue; WSAS Work and Social Adjustment Scale. 
a T0 baseline; T1 post intervention; T2 3 months after light therapy; T3 9 months after light therapy. 
b The effect size was calculated based on the t test statistic (2*t)/(√df); small .20; moderate .50; large 
.80. c DWL is reference group. d Based on the AIC and BIC criteria, the model with the best fit excluded a 
random slope and included an autoregressive covariance structure.
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Table A5.2. Mean values and standard deviations per time-point and time effects for growth curve 
models of primary and secondary measures for the total sample.

T0a T1a T2a T3a Linear time effect Quadratic time effect ESb

n M [SD] n M [SD] n M [SD] n M [SD] B SE p B SE p T0-T1 T1-T3

PRIMARY OUTCOMES

Fatigue 

VAS fatigue 164 6.1 [1.6] 157 4.8 [1.9] 143 5.0 [1.9] 144 5.1 [2.2] -0.40 0.07 <.001 0.03 0.01 <.001 -0.71 0.15

MFI general fatigue 165 15.7 [2.7] 157 13.1 [3.3] 143 13.6 [3.4] 144 13.5 [3.5] -0.74 0.12 <.001 0.06 0.01 <.001 -0.81 0.13

Restrictions caused by fatigue (WSAS) 165 20.5 [8.2] 157 17.6 [8.7] 142 17.3 [8.9] 144 16.9 [9.2] -1.07 0.19 <.001 0.08 0.02 <.001 -0.32 -0.07

SECONDARY OUTCOMES

Sleep quality (PSQI)c 165 7.6 [3.7] 157 6.1 [3.1] 141 6.4 [3.1] 144 6.4 [3.1] -0.40 0.10 <.001 0.03 0.01 .001 -0.44 0.10

Depression (CES-D) 165 18.5 [4.8] 157 16.6 [4.6] 141 17.1 [4.3] 144 17.3 [5.1] -0.47 0.16 .004 0.04 0.02 .007 -0.41 0.16

Anxiety (STAI-6) 165 39.8 [10.4] 157 37.4 [10.5] 141 37.7 [9.9] 143 38.6 [11.8] -0.79 0.34 .02 0.08 0.03 .02 -0.23 0.13

Quality of Life (RAND-36)

Physical functioning 165 74.4 [20.0] 157 74.7 [21.1] 141 76.4 [20.6] 143 77.0 [21.7] 0.17 0.12 .14 0.01 0.07

Role functioning/physical 165 36.4 [36.4] 157 49.4 [40.3] 141 47.0 [40.0] 143 54.7 [40.9] 1.35 0.35 <.001 0.33 0.11

Role functioning/emotional 165 72.1 [38.3] 157 75.8 [37.3] 141 74.2 [36.2] 143 72.5 [37.6] -0.08 0.32 .80 0.10 -0.08

Energy 165 42.1 [15.1] 157 50.1 [16.4] 141 50.1 [16.4] 142 51.3 [19.2] 2.86 0.50 <.001 -0.23 0.05 <.001 0.48 0.05

Emotional well-being 165 71.5 [15.8] 157 75.0 [15.9] 141 74.1 [16.9] 142 72.9 [17.9] 1.11 0.46 .02 -0.11 0.05 .01 0.21 -0.13

Social functioning 165 60.5 [19.9] 157 67.6 [19.8] 141 66.4 [20.7] 143 69.9 [23.3] 1.97 0.63 .002 -0.13 0.06 .03 0.35 0.09

Pain 165 71.6 [25.0] 157 73.9 [22.8] 141 74.5 [23.5] 143 73.8 [24.0] 1.06 0.61 .08 -0.10 0.06 .10 0.11 -0.04

General health 165 49.2 [19.4] 157 50.4 [19.0] 141 51.1 [21.1] 142 51.6 [21.7] 0.17 0.13 .19 0.05 0.04

Actigraphy

Sleep efficiency, % 157 74.2 [8.0] 147 73.5 [8.3] 138 74.1 [8.0] 140 74.2 [8.4] 0.02 0.04 .55 -0.10 0.09

Mid-sleep time, hh:mm 157 3:45 [0:49] 147 3:41 [0:49] 138 3:45 [0:46] 140 3:47 [0:50] 31.41 18.01 .08 -0.02 0.11

Total sleep time, hh:mm 157 6:21 [0:49] 147 6:15 [0:55] 138 6:19 [0:49] 140 6:19 [0:53] -58.72 58.94 .32 6.50 5.85 .27 -0.11 0.08

IS 156 0.76 [0.11] 145 0.74 [0.12] 135 0.75 [0.10] 138 0.76 [0.10] -0.01 0.00 .07 0.00 0.00 .04 -0.24 0.22

IV 156 0.41 [0.12] 145 0.41 [0.14] 135 0.41 [0.12] 138 0.41 [0.14] 0.00 0.00 .55 0.00 0.00 .78 0.02 0.06

Circadian rhythm

Cortisol awakening response 109 1.1 [3.8] 104 0.9 [3.9] -0.27 0.42 .52 -0.07

Diurnal cortisol slope 129 -0.17 [0.08] 119 -0.18 [0.08] -0.01 0.01 .49 -0.08

Total cortisol output 124 44.8 [24.9] 104 41.3 [21.1] -3.04 2.55 .24 -0.13

DLMO, hh:mm 44 20:46 [1:15] 36 20:50 [1:23] -0.01 0.16 .94 -0.01

Raw means and standard deviations are reported. 
CES-D Center for Epidemiological Studies – Depression; CWS Cancer Worry Scale; DLMO Dim light 
melatonin onset; FCS Fatigue Catastrophizing Scale; IS Interdaily Stability; IV Intradaily Variability; MFI 
Multidimensional Fatigue inventory; PSQI Pittsburgh Sleep Quality Index; RAND-36 RAND 36-item Health 
Survey; SES Self-efficacy Scale; STAI-6 State Trait Anxiety Index – short form; VAS fatigue Visual Analogue 
Scale fatigue; WSAS Work and Social Adjustment Scale. a T0 baseline; T1 post intervention; T2 3 months 
after light therapy; T3 9 months after light therapy. b The effect size was calculated based on the t test

statistic (2*t)/(√df); small .20; moderate .50; large .80. c Based on the AIC and BIC criteria, the model with 
the best fit excluded a random slope and included an autoregressive covariance structure.
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Table A5.2. Mean values and standard deviations per time-point and time effects for growth curve 
models of primary and secondary measures for the total sample.

T0a T1a T2a T3a Linear time effect Quadratic time effect ESb

n M [SD] n M [SD] n M [SD] n M [SD] B SE p B SE p T0-T1 T1-T3

PRIMARY OUTCOMES

Fatigue 

VAS fatigue 164 6.1 [1.6] 157 4.8 [1.9] 143 5.0 [1.9] 144 5.1 [2.2] -0.40 0.07 <.001 0.03 0.01 <.001 -0.71 0.15

MFI general fatigue 165 15.7 [2.7] 157 13.1 [3.3] 143 13.6 [3.4] 144 13.5 [3.5] -0.74 0.12 <.001 0.06 0.01 <.001 -0.81 0.13

Restrictions caused by fatigue (WSAS) 165 20.5 [8.2] 157 17.6 [8.7] 142 17.3 [8.9] 144 16.9 [9.2] -1.07 0.19 <.001 0.08 0.02 <.001 -0.32 -0.07

SECONDARY OUTCOMES

Sleep quality (PSQI)c 165 7.6 [3.7] 157 6.1 [3.1] 141 6.4 [3.1] 144 6.4 [3.1] -0.40 0.10 <.001 0.03 0.01 .001 -0.44 0.10

Depression (CES-D) 165 18.5 [4.8] 157 16.6 [4.6] 141 17.1 [4.3] 144 17.3 [5.1] -0.47 0.16 .004 0.04 0.02 .007 -0.41 0.16

Anxiety (STAI-6) 165 39.8 [10.4] 157 37.4 [10.5] 141 37.7 [9.9] 143 38.6 [11.8] -0.79 0.34 .02 0.08 0.03 .02 -0.23 0.13

Quality of Life (RAND-36)

Physical functioning 165 74.4 [20.0] 157 74.7 [21.1] 141 76.4 [20.6] 143 77.0 [21.7] 0.17 0.12 .14 0.01 0.07

Role functioning/physical 165 36.4 [36.4] 157 49.4 [40.3] 141 47.0 [40.0] 143 54.7 [40.9] 1.35 0.35 <.001 0.33 0.11

Role functioning/emotional 165 72.1 [38.3] 157 75.8 [37.3] 141 74.2 [36.2] 143 72.5 [37.6] -0.08 0.32 .80 0.10 -0.08

Energy 165 42.1 [15.1] 157 50.1 [16.4] 141 50.1 [16.4] 142 51.3 [19.2] 2.86 0.50 <.001 -0.23 0.05 <.001 0.48 0.05

Emotional well-being 165 71.5 [15.8] 157 75.0 [15.9] 141 74.1 [16.9] 142 72.9 [17.9] 1.11 0.46 .02 -0.11 0.05 .01 0.21 -0.13

Social functioning 165 60.5 [19.9] 157 67.6 [19.8] 141 66.4 [20.7] 143 69.9 [23.3] 1.97 0.63 .002 -0.13 0.06 .03 0.35 0.09

Pain 165 71.6 [25.0] 157 73.9 [22.8] 141 74.5 [23.5] 143 73.8 [24.0] 1.06 0.61 .08 -0.10 0.06 .10 0.11 -0.04

General health 165 49.2 [19.4] 157 50.4 [19.0] 141 51.1 [21.1] 142 51.6 [21.7] 0.17 0.13 .19 0.05 0.04

Actigraphy

Sleep efficiency, % 157 74.2 [8.0] 147 73.5 [8.3] 138 74.1 [8.0] 140 74.2 [8.4] 0.02 0.04 .55 -0.10 0.09

Mid-sleep time, hh:mm 157 3:45 [0:49] 147 3:41 [0:49] 138 3:45 [0:46] 140 3:47 [0:50] 31.41 18.01 .08 -0.02 0.11

Total sleep time, hh:mm 157 6:21 [0:49] 147 6:15 [0:55] 138 6:19 [0:49] 140 6:19 [0:53] -58.72 58.94 .32 6.50 5.85 .27 -0.11 0.08

IS 156 0.76 [0.11] 145 0.74 [0.12] 135 0.75 [0.10] 138 0.76 [0.10] -0.01 0.00 .07 0.00 0.00 .04 -0.24 0.22

IV 156 0.41 [0.12] 145 0.41 [0.14] 135 0.41 [0.12] 138 0.41 [0.14] 0.00 0.00 .55 0.00 0.00 .78 0.02 0.06

Circadian rhythm

Cortisol awakening response 109 1.1 [3.8] 104 0.9 [3.9] -0.27 0.42 .52 -0.07

Diurnal cortisol slope 129 -0.17 [0.08] 119 -0.18 [0.08] -0.01 0.01 .49 -0.08

Total cortisol output 124 44.8 [24.9] 104 41.3 [21.1] -3.04 2.55 .24 -0.13

DLMO, hh:mm 44 20:46 [1:15] 36 20:50 [1:23] -0.01 0.16 .94 -0.01

Raw means and standard deviations are reported. 
CES-D Center for Epidemiological Studies – Depression; CWS Cancer Worry Scale; DLMO Dim light 
melatonin onset; FCS Fatigue Catastrophizing Scale; IS Interdaily Stability; IV Intradaily Variability; MFI 
Multidimensional Fatigue inventory; PSQI Pittsburgh Sleep Quality Index; RAND-36 RAND 36-item Health 
Survey; SES Self-efficacy Scale; STAI-6 State Trait Anxiety Index – short form; VAS fatigue Visual Analogue 
Scale fatigue; WSAS Work and Social Adjustment Scale. a T0 baseline; T1 post intervention; T2 3 months 
after light therapy; T3 9 months after light therapy. b The effect size was calculated based on the t test

statistic (2*t)/(√df); small .20; moderate .50; large .80. c Based on the AIC and BIC criteria, the model with 
the best fit excluded a random slope and included an autoregressive covariance structure.
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Table A5.3: Mean values and standard deviations per time-point, and between-group differences of the 
primary and secondary measures for the growth curve models for individuals who adhered to 25 days 
of light therapy.

T0a T1a T2a T3a Group difference 
linear time effect 

Group difference 
quadratic time effect ESb

n M [SD] n M [SD] n M [SD] n M [SD] B SE p B SE p T0-T1 T1-T3

PRIMARY OUTCOMES

Fatigue 

VAS fatigue 

BWL 32 6.3 [1.9] 33 5.0 [1.9] 31 5.2 [2.3] 32 5.4 [2.3] 0.18 0.24 .44 -0.02 0.02 .45 0.11 -0.06

DWLc 28 6.3 [1.8] 28 4.8 [2.0] 27 4.8 [1.8] 28 5.3 [2.4]

MFI general fatigue 

BWL 33 15.7 [3.1] 33 13.7 [3.4] 31 13.9 [4.1] 32 14.3 [3.5] 0.34 0.36 .34 -0.03 0.04 .41 0.40 -0.15

DWLc 28 16.0 [2.3] 28 12.6 [2.9] 27 13.4 [3.4] 28 13.6 [3.6]

Restrictions caused by fatigue (WSAS)

BWL 33 23.6 [8.4] 33 19.0 [8.9] 31 20.2 [9.1] 32 19.9 [8.4] 0.46 0.64 .48 -0.04 0.06 .51 -0.20 0.14

DWLc 28 22.1 [8.5] 28 19.3 [9.2] 26 18.4 [10.0] 28 18.7 [10.7]

SECONDARY OUTCOMES

Sleep quality (PSQI)d

BWL 33 8.2 [4.0] 33 6.4 [2.9] 31 6.2 [3.1] 32 6.5 [3.1] 0.06 0.35 .86 -0.02 0.03 .57 -0.13 -0.21

DWLc 28 7.0 [3.7] 28 5.6 [2.5] 26 5.3 [2.8] 28 6.4 [2.8]

Depression (CES-D) 

BWL 33 19.2 [4.3] 33 16.7 [4.3] 31 17.4 [4.1] 32 18.1 [5.8] -0.29 0.50 .56 0.03 0.05 .58 -0.24 0.14

DWLc 28 17.0 [4.1] 28 15.5 [3.4] 26 16.1 [4.7] 28 16.4 [5.6]

Anxiety (STAI-6 )

BWL 33 41.2 [11.8] 33 36.1 [10.6] 31 38.3 [10.8] 32 39.2 [11.2] -0.14 1.15 .90 0.00 0.11 .99 -0.30 0.06

DWLc 28 36.7 [8.0] 28 34.5 [7.6] 26 34.7 [8.6] 27 36.5 [10.4]

Quality of life (RAND-36)

Physical functioninge

BWL 33 67.7 [22.6] 33 70.0 [22.9] 31 66.6 [22.7] 32 68.8 [25.9] -0.12 0.90 .89 0.31 -0.26

DWLc 28 74.8 [20.5] 28 70.2 [22.2] 26 74.2 [19.5] 27 74.6 [21.1]

Role functioning/physical 

BWL 33 28.0 [34.7] 33 46.2 [40.6] 31 32.3 [37.7] 32 41.4 [41.5] -0.14 1.14 .91 0.33 -0.21

DWLc 28 42.0 [38.5] 28 47.3 [35.6] 26 51.9 [44.1] 27 50.9 [43.6]

Role functioning/emotional

BWL 33 74.7 [37.3] 33 79.8 [36.3] 31 73.1 [35.9] 32 76.0 [36.2] 0.60 0.99 .55 0.05 0.08

DWLc 28 86.9 [24.6] 28 90.5 [25.4] 26 87.2 [23.2] 27 84.0 [31.2]

(Continued on next page)
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Table A5.3: Mean values and standard deviations per time-point, and between-group differences of the 
primary and secondary measures for the growth curve models for individuals who adhered to 25 days 
of light therapy.

T0a T1a T2a T3a Group difference 
linear time effect 

Group difference 
quadratic time effect ESb

n M [SD] n M [SD] n M [SD] n M [SD] B SE p B SE p T0-T1 T1-T3

PRIMARY OUTCOMES

Fatigue 

VAS fatigue 

BWL 32 6.3 [1.9] 33 5.0 [1.9] 31 5.2 [2.3] 32 5.4 [2.3] 0.18 0.24 .44 -0.02 0.02 .45 0.11 -0.06

DWLc 28 6.3 [1.8] 28 4.8 [2.0] 27 4.8 [1.8] 28 5.3 [2.4]

MFI general fatigue 

BWL 33 15.7 [3.1] 33 13.7 [3.4] 31 13.9 [4.1] 32 14.3 [3.5] 0.34 0.36 .34 -0.03 0.04 .41 0.40 -0.15

DWLc 28 16.0 [2.3] 28 12.6 [2.9] 27 13.4 [3.4] 28 13.6 [3.6]

Restrictions caused by fatigue (WSAS)

BWL 33 23.6 [8.4] 33 19.0 [8.9] 31 20.2 [9.1] 32 19.9 [8.4] 0.46 0.64 .48 -0.04 0.06 .51 -0.20 0.14

DWLc 28 22.1 [8.5] 28 19.3 [9.2] 26 18.4 [10.0] 28 18.7 [10.7]

SECONDARY OUTCOMES

Sleep quality (PSQI)d

BWL 33 8.2 [4.0] 33 6.4 [2.9] 31 6.2 [3.1] 32 6.5 [3.1] 0.06 0.35 .86 -0.02 0.03 .57 -0.13 -0.21

DWLc 28 7.0 [3.7] 28 5.6 [2.5] 26 5.3 [2.8] 28 6.4 [2.8]

Depression (CES-D) 

BWL 33 19.2 [4.3] 33 16.7 [4.3] 31 17.4 [4.1] 32 18.1 [5.8] -0.29 0.50 .56 0.03 0.05 .58 -0.24 0.14

DWLc 28 17.0 [4.1] 28 15.5 [3.4] 26 16.1 [4.7] 28 16.4 [5.6]

Anxiety (STAI-6 )

BWL 33 41.2 [11.8] 33 36.1 [10.6] 31 38.3 [10.8] 32 39.2 [11.2] -0.14 1.15 .90 0.00 0.11 .99 -0.30 0.06

DWLc 28 36.7 [8.0] 28 34.5 [7.6] 26 34.7 [8.6] 27 36.5 [10.4]

Quality of life (RAND-36)

Physical functioninge

BWL 33 67.7 [22.6] 33 70.0 [22.9] 31 66.6 [22.7] 32 68.8 [25.9] -0.12 0.90 .89 0.31 -0.26

DWLc 28 74.8 [20.5] 28 70.2 [22.2] 26 74.2 [19.5] 27 74.6 [21.1]

Role functioning/physical 

BWL 33 28.0 [34.7] 33 46.2 [40.6] 31 32.3 [37.7] 32 41.4 [41.5] -0.14 1.14 .91 0.33 -0.21

DWLc 28 42.0 [38.5] 28 47.3 [35.6] 26 51.9 [44.1] 27 50.9 [43.6]

Role functioning/emotional

BWL 33 74.7 [37.3] 33 79.8 [36.3] 31 73.1 [35.9] 32 76.0 [36.2] 0.60 0.99 .55 0.05 0.08

DWLc 28 86.9 [24.6] 28 90.5 [25.4] 26 87.2 [23.2] 27 84.0 [31.2]

(Continued on next page)
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Table A5.3. (continued)

T0a T1a T2a T3a Group difference 
linear time effect 

Group difference 
quadratic time effect ESb

n M [SD] n M [SD] n M [SD] n M [SD] B SE p B SE p T0-T1 T1-T3

Energy 

BWL 33 41.1 [15.7] 33 50.0 [15.8] 31 47.9 [17.6] 31 48.5 [22.5] -2.57 1.53 .10 0.23 0.15 .13 0.07 -0.20

DWLc 28 40.2 [15.2] 28 47.9 [13.8] 26 51.9 [15.7] 27 49.6 [19.5]

Emotional well-being 

BWL 33 73.0 [15.0] 33 78.1 [13.4] 31 73.5 [19.0] 31 71.9 [19.4] -3.55 1.43 .01 0.35 0.14 .02 -0.19 0.00

DWLc 28 72.1 [14.5] 28 80.3 [12.7] 26 80.9 [13.8] 27 74.4 [18.0]

Social functioning 

BWL 33 59.1 [20.6] 33 67.4 [22.1] 31 67.7 [23.9] 32 65.6 [27.9] 0.48 2.15 .82 -0.06 0.21 .78 0.05 -0.06

DWLc 28 61.2 [21.3] 28 68.3 [20.5] 26 65.9 [21.1] 27 67.6 [27.6]

Pain 

BWL 33 69.7 [22.7] 33 69.5 [24.2] 31 69.7 [25.2] 32 68.9 [26.9] -1.46 1.99 .47 0.11 0.20 .59 -0.07 -0.08

DWLc 28 67.6 [27.4] 28 69.1 [23.4] 26 70.5 [23.3] 27 70.7 [26.2]

General health 

BWL 33 47.1 [16.7] 33 46.7 [17.3] 31 45.8 [21.2] 31 44.4 [20.9] -0.25 0.39 .52 -0.25 0.03

DWLc 28 50 [19.0] 28 54.3 [17.9] 26 55.2 [19.1] 27 51.9 [21.2]

Sleep (actigraphy)

Sleep efficiency, %

BWL 32 74.0 [8.7] 32 73.7 [8.6] 30 74.1 [8.9] 30 75.8 [8.8] 0.35 0.11 .002 -0.02 0.40

DWLc 28 75.6 [7.6] 28 75.6 [8.4] 26 75.2 [8.1] 27 74.0 [9.4]

Mid-sleep time, hh:mm

BWL 32 3:36 [0:42] 32 3:36 [0:49] 30 3:41 [0:42] 30 3:40 [0:41] 16.42 57.56 .78 0.01 0.07

DWLc 28 3:37 [0:41] 28 3:36 [0:42] 26 3:43 [0:49] 27 3:38 [0:55]

Total sleep time, min

BWL 32 6:18 [0:56] 32 6:13 [0:57] 30 6:23 [0:51] 30 6:24 [0:55] 321.82 172.87 .07 -21.16 17.20 .22 -0.12 0.35

DWLc 28 6:18 [0:49] 28 6:20 [1:00] 26 6:19 [0:53] 27 6:12 [0:58]

IS

BWL 32 0.76 [0.12] 32 0.73 [0.11] 30 0.75 [0.08] 30 0.78 [0.07] 0.00 0.01 .80 0.00 0.00 .91 0.02 0.33

DWLc 28 0.79 [0.09] 28 0.76 [0.12] 26 0.77 [0.11] 27 0.77 [0.14]

IV

BWL 32 0.42 [0.11] 32 0.41 [0.14] 30 0.43 [0.13] 30 0.40 [0.08] 0.01 0.01 .58 0.00 0.00 .42 -0.12 -0.25

DWLc 28 0.39 [0.08] 28 0.40 [0.10] 26 0.40 [0.09] 27 0.42 [0.21]

(Continued on next page)
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Table A5.3. (continued)

T0a T1a T2a T3a Group difference 
linear time effect 

Group difference 
quadratic time effect ESb

n M [SD] n M [SD] n M [SD] n M [SD] B SE p B SE p T0-T1 T1-T3

Energy 

BWL 33 41.1 [15.7] 33 50.0 [15.8] 31 47.9 [17.6] 31 48.5 [22.5] -2.57 1.53 .10 0.23 0.15 .13 0.07 -0.20

DWLc 28 40.2 [15.2] 28 47.9 [13.8] 26 51.9 [15.7] 27 49.6 [19.5]

Emotional well-being 

BWL 33 73.0 [15.0] 33 78.1 [13.4] 31 73.5 [19.0] 31 71.9 [19.4] -3.55 1.43 .01 0.35 0.14 .02 -0.19 0.00

DWLc 28 72.1 [14.5] 28 80.3 [12.7] 26 80.9 [13.8] 27 74.4 [18.0]

Social functioning 

BWL 33 59.1 [20.6] 33 67.4 [22.1] 31 67.7 [23.9] 32 65.6 [27.9] 0.48 2.15 .82 -0.06 0.21 .78 0.05 -0.06

DWLc 28 61.2 [21.3] 28 68.3 [20.5] 26 65.9 [21.1] 27 67.6 [27.6]

Pain 

BWL 33 69.7 [22.7] 33 69.5 [24.2] 31 69.7 [25.2] 32 68.9 [26.9] -1.46 1.99 .47 0.11 0.20 .59 -0.07 -0.08

DWLc 28 67.6 [27.4] 28 69.1 [23.4] 26 70.5 [23.3] 27 70.7 [26.2]

General health 

BWL 33 47.1 [16.7] 33 46.7 [17.3] 31 45.8 [21.2] 31 44.4 [20.9] -0.25 0.39 .52 -0.25 0.03

DWLc 28 50 [19.0] 28 54.3 [17.9] 26 55.2 [19.1] 27 51.9 [21.2]

Sleep (actigraphy)

Sleep efficiency, %

BWL 32 74.0 [8.7] 32 73.7 [8.6] 30 74.1 [8.9] 30 75.8 [8.8] 0.35 0.11 .002 -0.02 0.40

DWLc 28 75.6 [7.6] 28 75.6 [8.4] 26 75.2 [8.1] 27 74.0 [9.4]

Mid-sleep time, hh:mm

BWL 32 3:36 [0:42] 32 3:36 [0:49] 30 3:41 [0:42] 30 3:40 [0:41] 16.42 57.56 .78 0.01 0.07

DWLc 28 3:37 [0:41] 28 3:36 [0:42] 26 3:43 [0:49] 27 3:38 [0:55]

Total sleep time, min

BWL 32 6:18 [0:56] 32 6:13 [0:57] 30 6:23 [0:51] 30 6:24 [0:55] 321.82 172.87 .07 -21.16 17.20 .22 -0.12 0.35

DWLc 28 6:18 [0:49] 28 6:20 [1:00] 26 6:19 [0:53] 27 6:12 [0:58]

IS

BWL 32 0.76 [0.12] 32 0.73 [0.11] 30 0.75 [0.08] 30 0.78 [0.07] 0.00 0.01 .80 0.00 0.00 .91 0.02 0.33

DWLc 28 0.79 [0.09] 28 0.76 [0.12] 26 0.77 [0.11] 27 0.77 [0.14]

IV

BWL 32 0.42 [0.11] 32 0.41 [0.14] 30 0.43 [0.13] 30 0.40 [0.08] 0.01 0.01 .58 0.00 0.00 .42 -0.12 -0.25

DWLc 28 0.39 [0.08] 28 0.40 [0.10] 26 0.40 [0.09] 27 0.42 [0.21]

(Continued on next page)
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Table A5.3. (continued)

T0a T1a T2a T3a Group difference 
linear time effect 

Group difference 
quadratic time effect ESb

n M [SD] n M [SD] n M [SD] n M [SD] B SE p B SE p T0-T1 T1-T3

Circadian rhythm

Cortisol Awakening Response

BWL 22 -0.4 [2.5] 25 0.6 [3.6] 2.64 1.33 .05 0.67

DWLc 19 2.4 [4.5] 20 0.9 [4.0]

Diurnal cortisol slope

BWL 26 -0.15 [0.06] 25 -0.19 [0.08] -0.02 0.03 .52 -0.29

DWLc 21 -0.18 [0.08] 19 -0.20 [0.08]

Total cortisol output

BWL 26 36.2 [16.9] 21 37.8 [22.0] 5.15 8.12 .53 0.29

DWLc 20 50.1 [20.7] 17 46.1 [22.1]

DLMO, hh:mm

BWL 12 20:23 [1:17] 9 20:14 [1:11] -0.06 0.30 .86 0.12

DWLc 8 20:36 [1:26] 8 20:09 [1:31]

Raw means and standard deviations are reported. Models were adjusted for marital status
BWL Bright white light; CES-D Center for Epidemiological Studies – Depression; CWS Cancer Worry Scale; 
DLMO Dim light melatonin onset; DWL Dim white light; FCS Fatigue Catastrophizing Scale; IS Interdaily 
Stability; IV Intradaily Variability; MFI Multidimensional Fatigue inventory; PSQI Pittsburgh Sleep Quality 
Index; RAND-36 RAND 36-item Health Survey; SES Self-efficacy Scale; STAI-6 State Trait Anxiety Index – 
short form; VAS fatigue Visual Analogue Scale fatigue; WSAS Work and Social Adjustment Scale. 
a T0 baseline; T1 post intervention; T2 3 months after light therapy; T3 9 months after light therapy 
b The effect size was calculated based on the t test statistic (2*t)/(√df); small .20; moderate .50; large .80.  
c DWL is reference group. d Based on the AIC and BIC criteria, the model with the best fit excluded a 
random slope and included an autoregressive covariance structure. e identity covariance matrix
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Table A5.3. (continued)

T0a T1a T2a T3a Group difference 
linear time effect 

Group difference 
quadratic time effect ESb

n M [SD] n M [SD] n M [SD] n M [SD] B SE p B SE p T0-T1 T1-T3

Circadian rhythm

Cortisol Awakening Response

BWL 22 -0.4 [2.5] 25 0.6 [3.6] 2.64 1.33 .05 0.67

DWLc 19 2.4 [4.5] 20 0.9 [4.0]

Diurnal cortisol slope

BWL 26 -0.15 [0.06] 25 -0.19 [0.08] -0.02 0.03 .52 -0.29

DWLc 21 -0.18 [0.08] 19 -0.20 [0.08]

Total cortisol output

BWL 26 36.2 [16.9] 21 37.8 [22.0] 5.15 8.12 .53 0.29

DWLc 20 50.1 [20.7] 17 46.1 [22.1]

DLMO, hh:mm

BWL 12 20:23 [1:17] 9 20:14 [1:11] -0.06 0.30 .86 0.12

DWLc 8 20:36 [1:26] 8 20:09 [1:31]

Raw means and standard deviations are reported. Models were adjusted for marital status
BWL Bright white light; CES-D Center for Epidemiological Studies – Depression; CWS Cancer Worry Scale; 
DLMO Dim light melatonin onset; DWL Dim white light; FCS Fatigue Catastrophizing Scale; IS Interdaily 
Stability; IV Intradaily Variability; MFI Multidimensional Fatigue inventory; PSQI Pittsburgh Sleep Quality 
Index; RAND-36 RAND 36-item Health Survey; SES Self-efficacy Scale; STAI-6 State Trait Anxiety Index – 
short form; VAS fatigue Visual Analogue Scale fatigue; WSAS Work and Social Adjustment Scale. 
a T0 baseline; T1 post intervention; T2 3 months after light therapy; T3 9 months after light therapy 
b The effect size was calculated based on the t test statistic (2*t)/(√df); small .20; moderate .50; large .80.  
c DWL is reference group. d Based on the AIC and BIC criteria, the model with the best fit excluded a 
random slope and included an autoregressive covariance structure. e identity covariance matrix
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Table A5.4: Mean values and standard deviations per time-point, and between-group differences of the 
primary and secondary measures for the growth curve models for individuals who used the Luminette 
glasses.

T0a T1a T2a T3a Group difference 
linear time effect 

Group difference 
quadratic time effect ESb

n M [SD] n M [SD] n M [SD] n M [SD] B SE p B SE p T0-T1 T1-T3

PRIMARY OUTCOMES

Fatigue 

VAS fatigue 

BWL 65 5.9 [1.8] 64 4.7 [2.0] 55 4.8 [2.1] 57 5.0 [2.3] -0.05 0.17 .78 0.01 0.02 .68 0.08 0.05

DWLc 62 6.3 [1.5] 58 4.9 [1.9] 55 5.3 [1.5] 55 5.2 [1.9]

MFI general fatigue 

BWL 65 15.5 [2.8] 64 13.2 [3.4] 55 13.5 [3.2] 57 13.8 [3.4] -0.17 0.27 .54 0.03 0.03 .36 0.13 0.08

DWLc 62 15.7 [2.5] 58 12.9 [3.5] 55 14.0 [3.3] 55 13.3 [3.4]

Restrictions caused by fatigue (WSAS)

BWL 65 20.8 [7.3] 64 17.1 [8.3] 55 17.2 [8.6] 57 17.1 [9.1] -0.45 0.47 .34 0.05 0.05 .25 -0.20 0.16

DWLc 62 20.2 [8.5] 58 17.8 [9.1] 54 17.5 [8.5] 55 16.3 [8.7]

SECONDARY OUTCOMES

Sleep quality (PSQI)d

BWL 65 7.7 [3.8] 64 6.2 [3.0] 55 6.6 [3.0] 57 6.5 [3.1] -0.16 0.23 .49 0.01 0.02 .54 -0.01 -0.02

DWLc 62 7.2 [3.6] 58 5.5 [2.8] 53 6.2 [3.2] 55 5.9 [2.9]

Depression (CES-D)e

BWL 65 18.0 [4.7] 64 16.8 [4.7] 55 17.6 [4.8] 57 17.9 [5.4] 0.55 0.47 .24 -0.04 0.05 .43 0.29 0.25

DWLc 62 19.0 [4.9] 58 16.3 [4.7] 53 16.8 [4.0] 55 16.4 [4.5]

Anxiety (STAI-6 )

BWL 65 39.5 [10.8] 64 38.5 [11.8] 55 39.5 [11.1] 57 38.9 [12.1] 0.96 0.77 .22 -0.09 0.08 .26 0.12 0.01

DWLc 62 39.8 [9.4] 58 37.4 [10.2] 53 36.8 [8.5] 54 37.6 [11.2]

Quality of life (RAND-36)

Physical functioning 

BWL 65 74.2 [20.3] 64 75.9 [19.9] 55 75.8 [21.4] 57 76.7 [23.1] -0.32 0.26 .23 0.17 -0.25

DWLc 62 76.5 [17.3] 58 75.6 [19.4] 53 78.2 [18.6] 54 80.3 [17.0]

Role functioning/physical 

BWL 65 33.8 [37.6] 64 50.4 [41.9] 55 38.2 [36.3] 57 50.4 [40.2] -0.65 0.84 .44 0.20 -0.26

DWLc 62 41.5 [35.6] 58 50.9 [37.7] 53 52.8 [41.2] 54 60.2 [41.9]

Role functioning/emotionale

BWL 65 71.8 [38.3] 64 74.0 [39.2] 55 73.3 [36.5] 57 67.3 [39.6] -0.80 1.05 .45 -0.08 -0.15

DWLc 62 71.5 [39.0] 58 77.0 [34.9] 53 73.6 [35.4] 54 75.9 [35.1]

(Continued on next page)



Efficacy of light therapy for cancer-related fatigue | 103

3

Table A5.4: Mean values and standard deviations per time-point, and between-group differences of the 
primary and secondary measures for the growth curve models for individuals who used the Luminette 
glasses.

T0a T1a T2a T3a Group difference 
linear time effect 

Group difference 
quadratic time effect ESb

n M [SD] n M [SD] n M [SD] n M [SD] B SE p B SE p T0-T1 T1-T3

PRIMARY OUTCOMES

Fatigue 

VAS fatigue 

BWL 65 5.9 [1.8] 64 4.7 [2.0] 55 4.8 [2.1] 57 5.0 [2.3] -0.05 0.17 .78 0.01 0.02 .68 0.08 0.05

DWLc 62 6.3 [1.5] 58 4.9 [1.9] 55 5.3 [1.5] 55 5.2 [1.9]

MFI general fatigue 

BWL 65 15.5 [2.8] 64 13.2 [3.4] 55 13.5 [3.2] 57 13.8 [3.4] -0.17 0.27 .54 0.03 0.03 .36 0.13 0.08

DWLc 62 15.7 [2.5] 58 12.9 [3.5] 55 14.0 [3.3] 55 13.3 [3.4]

Restrictions caused by fatigue (WSAS)

BWL 65 20.8 [7.3] 64 17.1 [8.3] 55 17.2 [8.6] 57 17.1 [9.1] -0.45 0.47 .34 0.05 0.05 .25 -0.20 0.16

DWLc 62 20.2 [8.5] 58 17.8 [9.1] 54 17.5 [8.5] 55 16.3 [8.7]

SECONDARY OUTCOMES

Sleep quality (PSQI)d

BWL 65 7.7 [3.8] 64 6.2 [3.0] 55 6.6 [3.0] 57 6.5 [3.1] -0.16 0.23 .49 0.01 0.02 .54 -0.01 -0.02

DWLc 62 7.2 [3.6] 58 5.5 [2.8] 53 6.2 [3.2] 55 5.9 [2.9]

Depression (CES-D)e

BWL 65 18.0 [4.7] 64 16.8 [4.7] 55 17.6 [4.8] 57 17.9 [5.4] 0.55 0.47 .24 -0.04 0.05 .43 0.29 0.25

DWLc 62 19.0 [4.9] 58 16.3 [4.7] 53 16.8 [4.0] 55 16.4 [4.5]

Anxiety (STAI-6 )

BWL 65 39.5 [10.8] 64 38.5 [11.8] 55 39.5 [11.1] 57 38.9 [12.1] 0.96 0.77 .22 -0.09 0.08 .26 0.12 0.01

DWLc 62 39.8 [9.4] 58 37.4 [10.2] 53 36.8 [8.5] 54 37.6 [11.2]

Quality of life (RAND-36)

Physical functioning 

BWL 65 74.2 [20.3] 64 75.9 [19.9] 55 75.8 [21.4] 57 76.7 [23.1] -0.32 0.26 .23 0.17 -0.25

DWLc 62 76.5 [17.3] 58 75.6 [19.4] 53 78.2 [18.6] 54 80.3 [17.0]

Role functioning/physical 

BWL 65 33.8 [37.6] 64 50.4 [41.9] 55 38.2 [36.3] 57 50.4 [40.2] -0.65 0.84 .44 0.20 -0.26

DWLc 62 41.5 [35.6] 58 50.9 [37.7] 53 52.8 [41.2] 54 60.2 [41.9]

Role functioning/emotionale

BWL 65 71.8 [38.3] 64 74.0 [39.2] 55 73.3 [36.5] 57 67.3 [39.6] -0.80 1.05 .45 -0.08 -0.15

DWLc 62 71.5 [39.0] 58 77.0 [34.9] 53 73.6 [35.4] 54 75.9 [35.1]

(Continued on next page)
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Table A5.4. (continued)

T0a T1a T2a T3a Group difference 
linear time effect 

Group difference 
quadratic time effect ESb

n M [SD] n M [SD] n M [SD] n M [SD] B SE p B SE p T0-T1 T1-T3

Energy 

BWL 65 42.0 [15.0] 64 49.8 [17.5] 55 49.8 [16.9] 57 50.4 [19.6] 0.02 1.17 .98 -0.04 0.12 .70 -0.02 -0.15

DWLc 62 41.4 [14.9] 58 50.0 [15.7] 53 49.4 [16.3] 54 53.1 [18.1]

Emotional well-being 

BWL 65 71.6 [15.1] 64 74.7 [16.3] 55 70.9 [18.4] 57 70.2 [18.7] -1.31 1.06 .22 0.08 0.11 .47 -0.04 -0.32

DWLc 62 70.5 [16.9] 58 74.6 [16.3] 53 75.1 [15.5] 54 76.1 [15.4]

Social functioning 

BWL 65 58.8 [19.0] 64 67.8 [20.0] 55 66.4 [19.8] 57 69.5 [24.4] 3.16 1.38 .02 -0.33 0.14 .02 0.23 -0.19

DWLc 62 62.5 [18.4] 58 67.5 [19.7] 53 63.0 [19.3] 54 72.9 [20.0]

Pain 

BWL 65 72.9 [25.8] 64 75.4 [21.5] 55 74.5 [24.9] 57 72.6 [24.5] -0.65 1.46 .66 0.00 0.15 .98 0.03 -0.23

DWLc 62 70.4 [24.4] 58 71.7 [23.0] 53 73.8 [22.2] 54 74.4 [21.6]

General health 

BWL 65 48.1 [17.6] 64 49.2 [17.0] 55 49.3 [20.5] 57 49.3 [19.9] -0.39 0.29 .18 -0.02 -0.16

DWLc 62 50.5 [19.2] 58 52.5 [20.2] 53 52.2 [21.3] 54 54.5 [22.1]

Sleep (actigraphy)

Sleep efficiency, %

BWL 63 74.90 [7.21] 57 73.68 [7.43] 53 74.39 [7.10] 54 74.51 [7.68] -0.03 0.08 .76 -0.10 0.07

DWLc 59 74.37 [6.71] 56 73.72 [7.68] 52 74.74 [7.26] 55 74.43 [7.71]

Mid-sleep time, hh:mm

BWL 63 3:49 [0:48] 57 3:41 [0:48] 53 3:48 [0:50] 54 3:53 [0:51] -2.57 43.53 .95 -0.14 0.09

DWLc 59 3:37 [0:40] 56 3:38 [0:48] 52 3:42 [0:42] 55 3:43 [0:50]

Total sleep time, min

BWL 63 6:23 [0:50] 57 6:14 [0:52] 53 6:20 [0:48] 54 6:17 [0:54] 48.63 134.39 .72 -8.74 13.31 .51 -0.11 -0.05

DWLc 59 6:21 [0:42] 56 6:16 [0:51] 52 6:21 [0:47] 55 6:21 [0:51]

IS

BWL 62 0.76 [0.10] 56 0.74 [0.11] 51 0.74 [0.09] 52 0.76 [0.09] 0.00 0.01 .94 0.00 0.00 .92 0.17 -0.07

DWLc 59 0.77 [0.10] 56 0.73 [0.14] 52 0.74 [0.11] 55 0.75 [0.12]

IV

BWL 62 0.41 [0.09] 56 0.40 [0.12] 51 0.42 [0.11] 52 0.40 [0.09] 0.01 0.01 .48 0.00 0.00 .44 -0.18 -0.04

DWLc 59 0.39 [0.11] 56 0.41 [0.12] 52 0.40 [0.11] 55 0.42 [0.17]

(Continued on next page)
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Table A5.4. (continued)

T0a T1a T2a T3a Group difference 
linear time effect 

Group difference 
quadratic time effect ESb

n M [SD] n M [SD] n M [SD] n M [SD] B SE p B SE p T0-T1 T1-T3

Energy 

BWL 65 42.0 [15.0] 64 49.8 [17.5] 55 49.8 [16.9] 57 50.4 [19.6] 0.02 1.17 .98 -0.04 0.12 .70 -0.02 -0.15

DWLc 62 41.4 [14.9] 58 50.0 [15.7] 53 49.4 [16.3] 54 53.1 [18.1]

Emotional well-being 

BWL 65 71.6 [15.1] 64 74.7 [16.3] 55 70.9 [18.4] 57 70.2 [18.7] -1.31 1.06 .22 0.08 0.11 .47 -0.04 -0.32

DWLc 62 70.5 [16.9] 58 74.6 [16.3] 53 75.1 [15.5] 54 76.1 [15.4]

Social functioning 

BWL 65 58.8 [19.0] 64 67.8 [20.0] 55 66.4 [19.8] 57 69.5 [24.4] 3.16 1.38 .02 -0.33 0.14 .02 0.23 -0.19

DWLc 62 62.5 [18.4] 58 67.5 [19.7] 53 63.0 [19.3] 54 72.9 [20.0]

Pain 

BWL 65 72.9 [25.8] 64 75.4 [21.5] 55 74.5 [24.9] 57 72.6 [24.5] -0.65 1.46 .66 0.00 0.15 .98 0.03 -0.23

DWLc 62 70.4 [24.4] 58 71.7 [23.0] 53 73.8 [22.2] 54 74.4 [21.6]

General health 

BWL 65 48.1 [17.6] 64 49.2 [17.0] 55 49.3 [20.5] 57 49.3 [19.9] -0.39 0.29 .18 -0.02 -0.16

DWLc 62 50.5 [19.2] 58 52.5 [20.2] 53 52.2 [21.3] 54 54.5 [22.1]

Sleep (actigraphy)

Sleep efficiency, %

BWL 63 74.90 [7.21] 57 73.68 [7.43] 53 74.39 [7.10] 54 74.51 [7.68] -0.03 0.08 .76 -0.10 0.07

DWLc 59 74.37 [6.71] 56 73.72 [7.68] 52 74.74 [7.26] 55 74.43 [7.71]

Mid-sleep time, hh:mm

BWL 63 3:49 [0:48] 57 3:41 [0:48] 53 3:48 [0:50] 54 3:53 [0:51] -2.57 43.53 .95 -0.14 0.09

DWLc 59 3:37 [0:40] 56 3:38 [0:48] 52 3:42 [0:42] 55 3:43 [0:50]

Total sleep time, min

BWL 63 6:23 [0:50] 57 6:14 [0:52] 53 6:20 [0:48] 54 6:17 [0:54] 48.63 134.39 .72 -8.74 13.31 .51 -0.11 -0.05

DWLc 59 6:21 [0:42] 56 6:16 [0:51] 52 6:21 [0:47] 55 6:21 [0:51]

IS

BWL 62 0.76 [0.10] 56 0.74 [0.11] 51 0.74 [0.09] 52 0.76 [0.09] 0.00 0.01 .94 0.00 0.00 .92 0.17 -0.07

DWLc 59 0.77 [0.10] 56 0.73 [0.14] 52 0.74 [0.11] 55 0.75 [0.12]

IV

BWL 62 0.41 [0.09] 56 0.40 [0.12] 51 0.42 [0.11] 52 0.40 [0.09] 0.01 0.01 .48 0.00 0.00 .44 -0.18 -0.04

DWLc 59 0.39 [0.11] 56 0.41 [0.12] 52 0.40 [0.11] 55 0.42 [0.17]

(Continued on next page)
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Table A5.4. (continued)

T0a T1a T2a T3a Group difference 
linear time effect 

Group difference 
quadratic time effect ESb

n M [SD] n M [SD] n M [SD] n M [SD] B SE p B SE p T0-T1 T1-T3

Circadian rhythm

Cortisol Awakening Response

BWL 42 0.4 [3.6] 41 1.1 [3.5] 1.25 0.95 .19 0.28

DWLc 44 1.8 [3.9] 39 1.3 [4.1]

Diurnal cortisol slope

BWL 49 -0.16 [0.08] 43 -0.16 [0.08] -0.01 0.02 .81 -0.10

DWLc 48 -0.17 [0.08] 44 -0.16 [0.07]

Total cortisol output 

BWL 46 42.0 [25.5] 38 40.0 [23.7] 5.65 5.63 .32 0.18

DWLc 47 49.7 [25.1] 41 41.9 [19.1]

DLMO, hh:mm

BWL 15 20:24 [1:04] 9 20:53 [1:32] 0.13 0.55 .82 0.17

DWLc 8 19:54 [0:53] 10 20:18 [1:25]

Raw means and standard deviations are reported. Models were adjusted for marital status
BWL Bright white light; CES-D Center for Epidemiological Studies – Depression; CWS Cancer Worry Scale; 
DLMO Dim light melatonin onset; DWL Dim white light; FCS Fatigue Catastrophizing Scale; IS Interdaily 
Stability; IV Intradaily Variability; MFI Multidimensional Fatigue inventory; PSQI Pittsburgh Sleep Quality 
Index; RAND-36 RAND 36-item Health Survey; SES Self-efficacy Scale; STAI-6 State Trait Anxiety Index – 
short form; VAS fatigue Visual Analogue Scale fatigue; WSAS Work and Social Adjustment Scale. 
a T0 baseline; T1 post intervention; T2 3 months after light therapy; T3 9 months after light therapy
b The effect size was calculated based on the t test statistic (2*t)/(√df); small .20; moderate .50; large .80.  
c DWL is reference group. d Based on the AIC and BIC criteria, the model with the best fit excluded a 
random slope and included an autoregressive covariance structure. e identity covariance structure
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Table A5.4. (continued)

T0a T1a T2a T3a Group difference 
linear time effect 

Group difference 
quadratic time effect ESb

n M [SD] n M [SD] n M [SD] n M [SD] B SE p B SE p T0-T1 T1-T3

Circadian rhythm

Cortisol Awakening Response

BWL 42 0.4 [3.6] 41 1.1 [3.5] 1.25 0.95 .19 0.28

DWLc 44 1.8 [3.9] 39 1.3 [4.1]

Diurnal cortisol slope

BWL 49 -0.16 [0.08] 43 -0.16 [0.08] -0.01 0.02 .81 -0.10

DWLc 48 -0.17 [0.08] 44 -0.16 [0.07]

Total cortisol output 

BWL 46 42.0 [25.5] 38 40.0 [23.7] 5.65 5.63 .32 0.18

DWLc 47 49.7 [25.1] 41 41.9 [19.1]

DLMO, hh:mm

BWL 15 20:24 [1:04] 9 20:53 [1:32] 0.13 0.55 .82 0.17

DWLc 8 19:54 [0:53] 10 20:18 [1:25]

Raw means and standard deviations are reported. Models were adjusted for marital status
BWL Bright white light; CES-D Center for Epidemiological Studies – Depression; CWS Cancer Worry Scale; 
DLMO Dim light melatonin onset; DWL Dim white light; FCS Fatigue Catastrophizing Scale; IS Interdaily 
Stability; IV Intradaily Variability; MFI Multidimensional Fatigue inventory; PSQI Pittsburgh Sleep Quality 
Index; RAND-36 RAND 36-item Health Survey; SES Self-efficacy Scale; STAI-6 State Trait Anxiety Index – 
short form; VAS fatigue Visual Analogue Scale fatigue; WSAS Work and Social Adjustment Scale. 
a T0 baseline; T1 post intervention; T2 3 months after light therapy; T3 9 months after light therapy
b The effect size was calculated based on the t test statistic (2*t)/(√df); small .20; moderate .50; large .80.  
c DWL is reference group. d Based on the AIC and BIC criteria, the model with the best fit excluded a 
random slope and included an autoregressive covariance structure. e identity covariance structure



108

Table A5.5. Mean values and standard deviations per time-point, and between-group differences of the 
primary and secondary measures for the growth curve models for individuals who used the light therapy 
during autumn or winter.

T0a T1a T2a T3a Group difference 
linear time effect 

Group difference 
quadratic time effect ESb

n M [SD] n M [SD] n M [SD] n M [SD] B SE p B SE p T0-T1 T1-T3

PRIMARY OUTCOMES

Fatigue 

VAS fatigue 

BWL 45 5.8 [1.7] 46 4.6 [1.9] 39 4.8 [2.1] 42 4.8 [2.3] 0.22 0.21 .30 -0.02 0.02 .24 0.32 -0.34

DWLc 43 6.6 [1.5] 41 4.8 [2.0] 40 5.2 [1.5] 39 5.7 [2.0]

MFI general fatigue 

BWL 46 15.6 [2.6] 46 12.9 [3.5] 39 13.4 [3.3] 42 13.3 [3.3] -0.03 0.32 .93 0.01 0.03 .86 0.09 -0.06

DWLc 43 16.6 [2.5] 41 13.5 [3.3] 40 14.3 [3.1] 39 14.2 [3.7]

Restrictions caused by fatigue (WSAS)

BWL 46 20.3 [7.5] 46 16.5 [7.7] 39 17.3 [8.7] 42 16.8 [9.3] -0.15 0.54 .78 0.01 0.05 .80 -0.08 -0.01

DWLc 43 22.4 [8.5] 41 19.0 [9.3] 39 19.5 [9.4] 39 19.2 [9.3]

SECONDARY OUTCOMES

Sleep quality (PSQI)d

BWL 46 7.1 [3.6] 46 5.9 [2.9] 39 6.3 [3.1] 42 6.2 [3.0] 0.10 0.27 .72 -0.01 0.03 .67 0.22 -0.21

DWLc 43 7.3 [3.3] 41 5.3 [2.2] 39 6.1 [3.0] 39 6.3 [2.9]

Depression (CES-D) 

BWL 46 17.6 [4.2] 46 16.5 [3.7] 39 16.7 [4.3] 42 17.1 [4.9] -0.02 0.45 .97 0.00 0.45 .94 0.40 -0.14

DWLc 43 18.9 [5.4] 41 15.9 [4.6] 39 17.2 [3.9] 39 17.4 [5.5]

Anxiety (STAI-6)

BWL 46 37.9 [10.1] 46 36.4 [10.4] 39 36.7 [10.3] 42 37.9 [9.2] 0.66 0.97 .50 -0.05 0.10 .60 0.22 -0.01

DWLc 43 40.9 [8.3] 41 37.2 [9.1] 39 37.4 [9.5] 38 38.4 [12.0]

Quality of life (RAND-36)

Physical functioning 

BWL 46 74.8 [19.7] 46 74.5 [19.6] 39 74.4 [20.4] 42 74.4 [24.2] -0.48 0.33 .15 0.01 -0.21

DWLc 43 74.0 [19.9] 41 74.1 [23.3] 39 76.0 [21.1] 38 77.6 [19.2]

Role functioning/physical 

BWL 46 37.0 [33.2] 46 52.7 [41.2] 39 39.1 [38.0] 42 49.4 [41.1] -0.67 1.00 .51 0.23 -0.22

DWLc 43 39.0 [39.5] 41 46.3 [39.7] 39 50.6 [41.9] 38 50.7 [43.7]

Role functioning/emotional

BWL 46 78.3 [34.6] 46 79.7 [36.2] 39 80.3 [29.3] 42 73.8 [37.2] -0.23 0.91 .81 -0.20 -0.06

DWLc 43 68.2 [39.1] 41 78.0 [34.6] 39 70.1 [37.3] 38 73.7 [38.1]

(Continued on next page)



Efficacy of light therapy for cancer-related fatigue | 109

3

Table A5.5. Mean values and standard deviations per time-point, and between-group differences of the 
primary and secondary measures for the growth curve models for individuals who used the light therapy 
during autumn or winter.

T0a T1a T2a T3a Group difference 
linear time effect 

Group difference 
quadratic time effect ESb

n M [SD] n M [SD] n M [SD] n M [SD] B SE p B SE p T0-T1 T1-T3

PRIMARY OUTCOMES

Fatigue 

VAS fatigue 

BWL 45 5.8 [1.7] 46 4.6 [1.9] 39 4.8 [2.1] 42 4.8 [2.3] 0.22 0.21 .30 -0.02 0.02 .24 0.32 -0.34

DWLc 43 6.6 [1.5] 41 4.8 [2.0] 40 5.2 [1.5] 39 5.7 [2.0]

MFI general fatigue 

BWL 46 15.6 [2.6] 46 12.9 [3.5] 39 13.4 [3.3] 42 13.3 [3.3] -0.03 0.32 .93 0.01 0.03 .86 0.09 -0.06

DWLc 43 16.6 [2.5] 41 13.5 [3.3] 40 14.3 [3.1] 39 14.2 [3.7]

Restrictions caused by fatigue (WSAS)

BWL 46 20.3 [7.5] 46 16.5 [7.7] 39 17.3 [8.7] 42 16.8 [9.3] -0.15 0.54 .78 0.01 0.05 .80 -0.08 -0.01

DWLc 43 22.4 [8.5] 41 19.0 [9.3] 39 19.5 [9.4] 39 19.2 [9.3]

SECONDARY OUTCOMES

Sleep quality (PSQI)d

BWL 46 7.1 [3.6] 46 5.9 [2.9] 39 6.3 [3.1] 42 6.2 [3.0] 0.10 0.27 .72 -0.01 0.03 .67 0.22 -0.21

DWLc 43 7.3 [3.3] 41 5.3 [2.2] 39 6.1 [3.0] 39 6.3 [2.9]

Depression (CES-D) 

BWL 46 17.6 [4.2] 46 16.5 [3.7] 39 16.7 [4.3] 42 17.1 [4.9] -0.02 0.45 .97 0.00 0.45 .94 0.40 -0.14

DWLc 43 18.9 [5.4] 41 15.9 [4.6] 39 17.2 [3.9] 39 17.4 [5.5]

Anxiety (STAI-6)

BWL 46 37.9 [10.1] 46 36.4 [10.4] 39 36.7 [10.3] 42 37.9 [9.2] 0.66 0.97 .50 -0.05 0.10 .60 0.22 -0.01

DWLc 43 40.9 [8.3] 41 37.2 [9.1] 39 37.4 [9.5] 38 38.4 [12.0]

Quality of life (RAND-36)

Physical functioning 

BWL 46 74.8 [19.7] 46 74.5 [19.6] 39 74.4 [20.4] 42 74.4 [24.2] -0.48 0.33 .15 0.01 -0.21

DWLc 43 74.0 [19.9] 41 74.1 [23.3] 39 76.0 [21.1] 38 77.6 [19.2]

Role functioning/physical 

BWL 46 37.0 [33.2] 46 52.7 [41.2] 39 39.1 [38.0] 42 49.4 [41.1] -0.67 1.00 .51 0.23 -0.22

DWLc 43 39.0 [39.5] 41 46.3 [39.7] 39 50.6 [41.9] 38 50.7 [43.7]

Role functioning/emotional

BWL 46 78.3 [34.6] 46 79.7 [36.2] 39 80.3 [29.3] 42 73.8 [37.2] -0.23 0.91 .81 -0.20 -0.06

DWLc 43 68.2 [39.1] 41 78.0 [34.6] 39 70.1 [37.3] 38 73.7 [38.1]

(Continued on next page)
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Table A5.5. (continued)

T0a T1a T2a T3a Group difference 
linear time effect 

Group difference 
quadratic time effect ESb

n M [SD] n M [SD] n M [SD] n M [SD] B SE p B SE p T0-T1 T1-T3

Energy 

BWL 46 46.1 [11.8] 46 53.8 [15.5] 39 50.9 [15.0] 41 54.4 [18.3] -2.12 1.33 .11 0.19 0.13 .15 -0.17 0.03

DWLc 43 36.6 [14.3] 41 47.6 [17.4] 39 45.9 [15.0] 38 47.2 [18.2]

Emotional well-being 

BWL 46 76.2 [13.7] 46 76.6 [15.5] 39 75.2 [16.9] 41 75.3 [17.2] -2.57 1.18 .03 0.24 0.12 .05 -0.41 0.07

DWLc 43 67.1 [16.2] 41 74.4 [16.6] 39 75.0 [16.3] 38 72.5 [16.9]

Social functioning 

BWL 46 62.5 [16.2] 46 71.2 [16.6] 39 69.2 [18.8] 42 72.3 [21.5] 0.51 1.65 .76 -0.03 0.16 .85 0.08 0.03

DWLc 43 56.4 [19.0] 41 63.7 [19.1] 39 61.5 [19.3] 38 64.1 [22.7]

Pain 

BWL 46 70.7 [24.8] 46 78.6 [22.5] 39 73.3 [27.1] 42 72.7 [26.4] 0.23 1.64 .89 -0.07 0.16 .67 0.27 -0.25

DWLc 43 70.5 [26.1] 41 71.5 [23.4] 39 72.5 [22.6] 38 72.0 [24.2]

General health 

BWL 46 46.5 [15.5] 46 48.6 [17.9] 39 46.7 [19.7] 41 46.0 [20.2] -0.61 0.37 .10 -0.06 -0.26

DWLc 43 47.8 [20.2] 41 51.6 [19.2] 39 52.9 [19.3] 38 53.8 [21.1]

Sleep (actigraphy)

Sleep efficiency. %

BWL 44 75.00 [8.25] 41 74.27 [7.89] 39 75.04 [8.26] 40 75.63 [9.05] 0.06 0.09 .53 -0.01 0.11

DWLc 42 73.83 [7.09] 41 73.46 [7.71] 39 74.27 [7.52] 39 73.76 [7.51]

Mid-sleep time. hh:mm

BWL 44 3:42 [0:43] 41 3:36 [0:46] 39 3:43 [0:48] 40 3:44 [0:41] -14.15 48.95 .77 -0.06 0.04

DWLc 42 3:54 [0:59] 41 3:50 [1:01] 39 3:50 [0:48] 39 3:53 [0:55]

Total sleep time, min

BWL 44 6:26 [0:54] 41 6:24 [0:52] 39 6:21 [0:55] 40 6:17 [0:57] 141.36 151.97 .35 -18.78 15.08 .22 -0.02 -0.07

DWLc 42 6:25 [0:37] 41 6:24 [0:48] 39 6:18 [0:44] 39 6:22 [0:49]

IS e

BWL 43 0.77 [0.10] 40 0.77 [0.09] 38 0.75 [0.09] 39 0.77 [0.08] -0.01 0.01 .56 0.00 0.00 .70 0.39 -0.41

DWLc 42 0.76 [0.12] 41 0.72 [0.14] 39 0.76 [0.11] 39 0.77 [0.10]

IV

BWL 43 0.42 [0.11] 40 0.41 [0.11] 38 0.42 [0.13] 39 0.41 [0.10] 0.01 0.01 .40 0.00 0.00 .42 -0.21 0.12

DWLc 42 0.40 [0.12] 41 0.42 [0.13] 39 0.39 [0.11] 39 0.41 [0.14]

(Continued on next page)
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Table A5.5. (continued)

T0a T1a T2a T3a Group difference 
linear time effect 

Group difference 
quadratic time effect ESb

n M [SD] n M [SD] n M [SD] n M [SD] B SE p B SE p T0-T1 T1-T3

Energy 

BWL 46 46.1 [11.8] 46 53.8 [15.5] 39 50.9 [15.0] 41 54.4 [18.3] -2.12 1.33 .11 0.19 0.13 .15 -0.17 0.03

DWLc 43 36.6 [14.3] 41 47.6 [17.4] 39 45.9 [15.0] 38 47.2 [18.2]

Emotional well-being 

BWL 46 76.2 [13.7] 46 76.6 [15.5] 39 75.2 [16.9] 41 75.3 [17.2] -2.57 1.18 .03 0.24 0.12 .05 -0.41 0.07

DWLc 43 67.1 [16.2] 41 74.4 [16.6] 39 75.0 [16.3] 38 72.5 [16.9]

Social functioning 

BWL 46 62.5 [16.2] 46 71.2 [16.6] 39 69.2 [18.8] 42 72.3 [21.5] 0.51 1.65 .76 -0.03 0.16 .85 0.08 0.03

DWLc 43 56.4 [19.0] 41 63.7 [19.1] 39 61.5 [19.3] 38 64.1 [22.7]

Pain 

BWL 46 70.7 [24.8] 46 78.6 [22.5] 39 73.3 [27.1] 42 72.7 [26.4] 0.23 1.64 .89 -0.07 0.16 .67 0.27 -0.25

DWLc 43 70.5 [26.1] 41 71.5 [23.4] 39 72.5 [22.6] 38 72.0 [24.2]

General health 

BWL 46 46.5 [15.5] 46 48.6 [17.9] 39 46.7 [19.7] 41 46.0 [20.2] -0.61 0.37 .10 -0.06 -0.26

DWLc 43 47.8 [20.2] 41 51.6 [19.2] 39 52.9 [19.3] 38 53.8 [21.1]

Sleep (actigraphy)

Sleep efficiency. %

BWL 44 75.00 [8.25] 41 74.27 [7.89] 39 75.04 [8.26] 40 75.63 [9.05] 0.06 0.09 .53 -0.01 0.11

DWLc 42 73.83 [7.09] 41 73.46 [7.71] 39 74.27 [7.52] 39 73.76 [7.51]

Mid-sleep time. hh:mm

BWL 44 3:42 [0:43] 41 3:36 [0:46] 39 3:43 [0:48] 40 3:44 [0:41] -14.15 48.95 .77 -0.06 0.04

DWLc 42 3:54 [0:59] 41 3:50 [1:01] 39 3:50 [0:48] 39 3:53 [0:55]

Total sleep time, min

BWL 44 6:26 [0:54] 41 6:24 [0:52] 39 6:21 [0:55] 40 6:17 [0:57] 141.36 151.97 .35 -18.78 15.08 .22 -0.02 -0.07

DWLc 42 6:25 [0:37] 41 6:24 [0:48] 39 6:18 [0:44] 39 6:22 [0:49]

IS e

BWL 43 0.77 [0.10] 40 0.77 [0.09] 38 0.75 [0.09] 39 0.77 [0.08] -0.01 0.01 .56 0.00 0.00 .70 0.39 -0.41

DWLc 42 0.76 [0.12] 41 0.72 [0.14] 39 0.76 [0.11] 39 0.77 [0.10]

IV

BWL 43 0.42 [0.11] 40 0.41 [0.11] 38 0.42 [0.13] 39 0.41 [0.10] 0.01 0.01 .40 0.00 0.00 .42 -0.21 0.12

DWLc 42 0.40 [0.12] 41 0.42 [0.13] 39 0.39 [0.11] 39 0.41 [0.14]

(Continued on next page)
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Table A5.5. (continued)

T0a T1a T2a T3a Group difference 
linear time effect 

Group difference 
quadratic time effect ESb

n M [SD] n M [SD] n M [SD] n M [SD] B SE p B SE p T0-T1 T1-T3

Circadian rhythm

Cortisol Awakening Response

BWL 27 -0.2 [3.1] 29 0.4 [3.8] 1.37 1.32 .30 0.34

DWLc 31 1.5 [4.6] 29 0.7 [4.3]

Diurnal cortisol slope

BWL 35 -0.17 [0.07] 32 -0.19 [0.09] -0.01 0.03 .76 -0.13

DWLc 26 -0.18 [0.08] 24 -0.19 [0.08]

Total cortisol output 

BWL 35 37.4 [16.0] 28 40.3 [25.5] 10.21 7.22 .16 0.53

DWLc 26 47.3 [21.2] 21 40.8 [17.6]

DLMO, hh:mm

BWL 20 20:25 [1:01] 15 20:43 [1:27] 0.46 0.76 .55 0.17

DWLc 13 20:33 [1:29] 12 20:40 [1:40]

Raw means and standard deviations are reported. Models were adjusted for marital status
BWL Bright white light; CES-D Center for Epidemiological Studies – Depression; CWS Cancer Worry Scale; 
DLMO Dim light melatonin onset; DWL Dim white light; FCS Fatigue Catastrophizing Scale; IS Interdaily 
Stability; IV Intradaily Variability; MFI Multidimensional Fatigue inventory; PSQI Pittsburgh Sleep Quality 
Index; RAND-36 RAND 36-item Health Survey; SES Self-efficacy Scale; STAI-6 State Trait Anxiety Index – 
short form; VAS fatigue Visual Analogue Scale fatigue; WSAS Work and Social Adjustment Scale. 
a T0 baseline; T1 post intervention; T2 3 months after light therapy; T3 9 months after light therapy
b The effect size was calculated based on the t test statistic (2*t)/(√df); small .20; moderate .50; large .80.  
c DWL is reference group. d Based on the AIC and BIC criteria, the model with the best fit excluded a 
random slope and included an autoregressive covariance structure. e identity covariance structure
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Table A5.5. (continued)

T0a T1a T2a T3a Group difference 
linear time effect 

Group difference 
quadratic time effect ESb

n M [SD] n M [SD] n M [SD] n M [SD] B SE p B SE p T0-T1 T1-T3

Circadian rhythm

Cortisol Awakening Response

BWL 27 -0.2 [3.1] 29 0.4 [3.8] 1.37 1.32 .30 0.34

DWLc 31 1.5 [4.6] 29 0.7 [4.3]

Diurnal cortisol slope

BWL 35 -0.17 [0.07] 32 -0.19 [0.09] -0.01 0.03 .76 -0.13

DWLc 26 -0.18 [0.08] 24 -0.19 [0.08]

Total cortisol output 

BWL 35 37.4 [16.0] 28 40.3 [25.5] 10.21 7.22 .16 0.53

DWLc 26 47.3 [21.2] 21 40.8 [17.6]

DLMO, hh:mm

BWL 20 20:25 [1:01] 15 20:43 [1:27] 0.46 0.76 .55 0.17

DWLc 13 20:33 [1:29] 12 20:40 [1:40]

Raw means and standard deviations are reported. Models were adjusted for marital status
BWL Bright white light; CES-D Center for Epidemiological Studies – Depression; CWS Cancer Worry Scale; 
DLMO Dim light melatonin onset; DWL Dim white light; FCS Fatigue Catastrophizing Scale; IS Interdaily 
Stability; IV Intradaily Variability; MFI Multidimensional Fatigue inventory; PSQI Pittsburgh Sleep Quality 
Index; RAND-36 RAND 36-item Health Survey; SES Self-efficacy Scale; STAI-6 State Trait Anxiety Index – 
short form; VAS fatigue Visual Analogue Scale fatigue; WSAS Work and Social Adjustment Scale. 
a T0 baseline; T1 post intervention; T2 3 months after light therapy; T3 9 months after light therapy
b The effect size was calculated based on the t test statistic (2*t)/(√df); small .20; moderate .50; large .80.  
c DWL is reference group. d Based on the AIC and BIC criteria, the model with the best fit excluded a 
random slope and included an autoregressive covariance structure. e identity covariance structure
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APPENDIX 6 PITTSBURGH SLEEP QUALITY INDEX SUBSCALES ANALYSES

INTRODUCTION 

The Pittsburgh Sleep Quality Index does not only describe a total score for general sleep quality 

but also provides scores for seven subscales assessing different aspects of sleep quality: subjective 

sleep quality, sleep latency, sleep duration, sleep efficiency, sleep disruptions, sleep medication, 

and daily dysfunctioning. We previously showed that fatigue after cancer was associated with 

subjective sleep quality and daily dysfunctioning1. Therefore, we wanted to further investigate 

whether these aspects of sleep quality were affected by the light therapy intervention. 

METHODS

The scores on the subscales of the PSQSI were calculated according to published algorithms. 

Missing values were replaced by the average score of the completed items of the same scale for 

each individual provided that at least 50% of the items of a scale had been completed. Subscale 

scores ranges between 0 (no problems) and 3 (problems). Because of the ordinal character of 

these outcomes, we used Generalized Estimating Equations to evaluate group differences over 

time. All models were adjusted for marital status. In case of non-significant group effects, we 

performed a post-hoc analysis with the exclusion of group to evaluate the time effect.

RESULTS

Figure A6.1 shows the results of the generalized estimating equations per subscale. None of 

the subscales showed significant differences in change of time between groups indicating that 

the effect of light therapy was similar in both groups. The post-hoc analyses with the complete 

samples showed that there was a significant improvement after light therapy on subjective 

sleep quality, sleep latency, and daily dysfunctioning. This indicates that these aspects of sleep 

quality improved irrespective of the intensity of light therapy that they used. 

DISCUSSION 

The results of the subscales of the PSQI showed that BWL showed no superiority to DWL 

in improving different aspects of sleep quality. When the whole group was evaluated, light 

therapy did not affect self-reported sleep duration, sleep efficiency, sleep disruptions, and 

sleep medication use. Light therapy did affect subjective sleep quality, sleep latency, and daily 

dysfunctioning. This is in line with recent findings that fatigue after cancer was associated with 

subjective sleep quality and daily dysfunctioning in survivors of (non-)Hodgkin lymphoma1. 

The effect of light therapy on self-reported sleep latency is not in line with the results of the 

actigraphy assessment (data not shown) in the current study. This indicates that, although the 

objective time necessary to fall asleep (assessed with actigraphy) did not change, participants 
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experienced an improvement in the time that they needed to fall asleep (assessed with the self-

reported sleep latency scale of the PSQI).

REFERENCES 
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Survivors. Journal of Biological Rhythms, 36(1): 71-83.
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Figure A6.1 Overview of the effect of light therapy on the different subscales of the PSQI. 
There were no between group differences on the different aspects of sleep quality (betw.group p-value). 
In the complete sample, we saw a significant improvement on subjective sleep quality, sleep latency, and 
daily dysfunctioning (time p-value).
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ABSTRACT

Objectives 
Cancer-related fatigue is associated with cancer-related cognitive impairment. Therefore, this 

study evaluated short- and long-term effects of light therapy on cognitive complaints and 

cognitive functioning in fatigued lymphoma survivors.

Methods 
Fatigued Hodgkin Lymphoma (HL) and Diffuse Large B-cell Lymphoma (DLBCL) survivors (N 

= 166; mean survival 13 years) were randomly assigned to receive either bright white light 

(BWL; intervention) or dim white light (DWL, comparison) therapy for 30 minutes over 25 days. 

Assessments of fatigue and cognitive complaints (questionnaires) were collected at baseline, 

post-intervention, and at three and nine months follow-up. Cognitive functioning was assessed 

with neuropsychological tests at baseline and post-intervention. Differences between groups in 

changes over time were examined using a mixed-effect modeling approach. 

Results
Over one-third of the participants showed cognitive dysfunction at baseline, specifically in 

verbal memory where deviant scores were observed for immediate recall in 34% and delayed 

recall in 27% of the participants compared to 16% in the norm population. Neither BWL nor 

DWL diminished cognitive complaints or improved cognitive functioning (range p-values .07 to 

.80; range effect sizes .04 to .29) in the total group of fatigued survivors nor in the subgroup 

suffering from cognitive dysfunction. 

Conclusion
Approximately one-third of the survivors of HL and DLBCL with cancer-related fatigue experience 

objectively measured cognitive dysfunctioning. Light therapy does not appear to improve these 

complaints. Therefore, we suggest that other cognitive rehabilitation interventions should be 

made available to mitigate cognitive dysfunctioning in these survivors. 
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INTRODUCTION

Cancer-related cognitive impairment (CRCI) involves cognitive symptoms, such as impairments 

in short-term and working memory, attention, executive functioning and/or processing speed, 

reported by patients with non-central nervous system cancers1. CRCI includes patient-reported 

cognitive complaints and objectively measured cognitive decline assessed by neuropsychological 

tests. Cognitive complaints are reported by up to 75 percent of cancer survivors that have 

received chemotherapy1. Cognitive decline is shown in 15 to 25 percent of patients treated for 

breast cancer and in 16 percent of patients treated for lymphoma2. As cognitive complaints may 

also be influenced by additional psychological factors such as fatigue, anxiety, depression, and 

insomnia3, this may explain the discrepancy between prevalence rates of subjectively measured 

cognitive complaints and objectively measured cognitive decline.

Light therapy has been suggested as an effective treatment for cancer-related fatigue. 

Several studies showed a decline in fatigue after 4 weeks of morning light therapy in survivors of 

cancer4, 5. Moreover, results showed improved sleep quality, sleep-wake cycles, and depression5-8, 

which are also associated with CRCI. These effects might be explained by the resynchronizing 

effect of light on circadian rhythms via stimulation of the suprachiasmatic nucleus (SCN; the 

biological clock)9. 

Studies on the effect of light on cognitive functioning can be categorized into two groups. 

First, the effect of short-term exposure to light, i.e. light therapy on 1 or 2 days. Results showed 

an improvement in alertness and cognitive performance in healthy subjects10, sleep-deprived 

healthy subjects11, and healthy subjects under mental fatigue initiated by demanding tasks12. 

Secondly, a few studies investigated the effect of long-term exposure to light therapy (daily use 

during at least two consecutive weeks). These studies were limited to patients with dementia 

and mild traumatic brain injury. Results were inconclusive with some studies showing positive 

effects on cognitive functioning after light therapy13-15 and some showing no effects16, 17. 

We recently conducted a double-blind, randomized controlled trial to test the efficacy of 

light therapy in reducing cancer-related fatigue in chronically fatigued Hodgkin lymphoma (HL) 

and Diffuse Large B-cell lymphoma (DLBCL) survivors. Results showed that, irrespective of the 

type of intervention (exposure to bright white light [BWL; intervention group] or dim white 

light [DWL; comparison group], reduced levels of fatigue were reported. As far as we know, 

studies measuring the effect of light therapy on cognitive functioning in cancer survivors are 

lacking. Therefore, the objective of this planned secondary analysis was to evaluate the efficacy 

of light therapy in diminishing cognitive complaints and improving cognitive functioning in HL 

and DLBCL survivors with cancer-related fatigue. It was hypothesized that light therapy would 

diminish cognitive complaints and improve cognitive functioning, especially for survivors who 

showed cognitive dysfunctioning at baseline. 

METHODS

This study was a secondary analysis of a double-blind randomized controlled trial on the efficacy 

of light therapy on decreasing fatigue in chronically fatigued HL or DLBCL survivors. The study 
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design and primary results are described in detail elsewhere18. The study was executed in 

accordance with the Declaration of Helsinki and with approval from the institutional review 

board of the Netherlands Cancer Institute (number NL61017.031.17).

Participants 
Survivors were recruited from ten hospitals in the Netherlands between September 2017 and 

October 2019. Participants were included if they were: (1) aged between 18 and 70 years; 

(2) diagnosed with HL or DLBCL 2 years before study entry; and (3) experienced moderate to 

severe fatigue since diagnosis or treatment. Moderate to severe fatigue was defined as a score 

of the general fatigue subscale of the Multidimensional Fatigue Inventory (MFI)19 above the 

75th percentile compared to age- and sex-matched cancer survivors20 or a score of 17 or higher 

on the Work and Social Adjustment Scale21. Participants were excluded if there was a somatic 

cause for fatigue or a (medical) condition that could potentially compromise the effect of light 

therapy. 

Procedure, randomization, and timing of assessments 
Survivors were recruited in two separate ways: (1) via referral from their physician, or (2) 

by showing interest in participating in this clinical study after participation in a survey study 

on chronotype, sleep quality and fatigue for which they were invited by their treating 

physician22. Eligible survivors received an information brochure and sent a completed screening 

questionnaire and a response card indicating their interest or reasons for nonparticipation to 

the research team. Eligibility of interested survivors was confirmed by telephone screening after 

which eligible survivors received a patient information letter and informed consent. 

After signing informed consent, a research assistant not involved in other study procedures 

randomly assigned participants to the intervention group (BWL) or control group (DWL) at a 1:1 

ratio stratified on diagnosis, time since diagnosis, and gender using a minimization technique 

(randomization software program ALEA; FormVision, Abcoude, the Netherlands). All other 

members of the research team were blinded to the study arm until the participant completed 

the final assessment. We told participants that two intensities of light therapy were compared 

without mentioning the expected absence of an effect of DWL. 

Assessments of fatigue and cognitive complaints via questionnaires were at baseline (T0), 

post-intervention (T1), 3 months post-intervention (T2), and 9 months post-intervention (T3). 

Neuropsychological tests were completed in person during a visit to the hospital at T0 and T1.  

Intervention 
Light therapy comprised of exposure to an artificial source of light, which is already widely 

known for seasonal affective disorder. In line with previous studies on light therapy in cancer 

survivors4, 5, the first 37 randomly assigned participants used the Litebook Edge (Litebook, Ltc. 

Medicine Hat, Canada). This device should have exposed participants in the BWL group to blue-

enriched (480 nm) white light of 10.000 lux (app. 1.500 lux at eye level) and the DWL group to 

blue-enriched (480 nm) white light of 10-20 lux. However, confirmatory spectral measurements 

indicated that the Litebook Edge exposed participants in the BWL condition to 351 lux at eye 

level, which is insufficient for light therapy. Therefore, the remaining 127 participants used 
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Luminette glasses (Lucimed SA, Villers-le-Bouillet, Belgium) for the administration of light 

therapy, which exposed participants to white light enriched around 468 and 570 nm of 1.500 

lux (BWL) or 8 lux (DWL) at eye level. All participants, including Litebook Edge users, were 

included in the intention-to-treat analyses. 

Light therapy was completed in the morning within 30 minutes after wakening for the 

duration of 30 minutes over 3,5 weeks (25 days). Participants were encouraged to engage in 

other activities like having breakfast or reading while completing light therapy. 

Measures 
Sociodemographic information was collected with a screening and baseline questionnaire. 

Clinical information was abstracted from patients’ medical records. A Visual Analogue Scale 

(VAS-fatigue) from 0 (no fatigue) to 10 (worst imaginable fatigue) and the general fatigue 

subscale of the Multidimensional Fatigue Inventory (MFI)19 were used to describe fatigue. 

Cognitive complaints

Self-reported cognitive complaints were assessed with two questionnaires. The Medical 

Outcomes Studies cognitive functioning (MOS-CF6)23 was used to assess cognitive complaints. 

This 6-item scale assesses memory, reasoning and thinking during the past week. Responses 

are given on a 6-point scale from ‘always’ to ‘never’. The total score is the summation of all 

responses converted to a 0 (worst cognitive functioning) to 100 (best cognitive functioning) 

scale. 

Eight items of the MD Anderson Symptom Inventory (MDASI)24 were included to assess 

remembering, concentration, and interference caused by cognitive complaints in daily life. 

These items were rated on an 11-point scale, ranging from 0 (no complaints) to 10 (worst 

complaints) during the past 24 hours. Memory and concentration were based on the single 

items ‘remembering’ and ‘concentration’. The interference caused by cognitive complaints was 

based on the average of the remaining six items. 

Cognitive functioning

Objectively measured cognitive functioning was based on three neuropsychological tasks. 

Attention and vigilance were assessed with the psychomotor vigilance task (PVT)25. During this 

task, participants monitor a black computer screen and push a button when a reaction time 

counter starts to run on the display. A response with feedback on the reaction time appeared 

on the screen after pressing the button for 1 second. The time counter was presented with a 

random inter-stimulus interval ranging from 2 to 10 seconds. The total test time was 5 minutes. 

Derived variables from the PVT were response speed defined as mean 1/reaction times (1/RT; 

s) and the number of performance lapses (RTs ≥ 500ms). 

The 15 words task26 was used to assess verbal learning and retention of information. 

During a learning phase, a list of 15 words was read aloud to the participants after which 

the participant was asked to recall all the remembered words. After 15 min, participants were 

asked for delayed recall of all remembered words and for recognition of the presented words 

in a list of 30 words. Two parallel versions were used in random order to limit practice effects. 
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Derived variables from the 15 words task were the total number of correct words during the 

learning phase (5 trials), free recall, and recognition. 

Attention and working memory were assessed with the digit span task27. Participants 

listened to a sequence of numerical digits and were asked to recall the sequence in the same 

order (forward) or reverse order (backward). The number of digits increased from 2 to 9 

(forward) or 8 (backward) until the participant was no longer able to recall two sequences 

with the same number of digits correctly. Derived variables from the digit span task were the 

total number of correctly repeated sequences (forward and backward). 

Statistical analysis 
Baseline characteristics of the intervention and control group were compared using independent 

samples t-test, Mann Whitney, Chi-square, or Fisher’s Exact tests. Questionnaire scores were 

calculated according to published scoring algorithms. Missing values were replaced by the 

average score of the completed items in the same scale for each individual, provided that ≥ 50% 

of the items in that scale had been completed. 

To evaluate the prevalence of cognitive dysfunctioning at baseline, we compared baseline 

scores of two neuropsychological tests to a Dutch norm population. Specifically, scores on the 

15 words task were compared to sex-, age- and education-matched controls28 and scores on the 

digit span task were compared to age-matched controls27 and transformed to t-scores. A score 

was classified as deviant when it was at least 1 standard deviation (SD) below the mean of the 

general population. An individual was categorized as showing cognitive dysfunctioning when 

at least two subtests had a deviant score. Due to the absence of norm data for the PVT, this task 

was not included in this analysis. 

To evaluate differences in the effect of light therapy on cognitive complaints between the 

intervention and control group over time (T0-T3), we used a mixed effect modelling approach 

with a random intercept and a restricted maximum likelihood solution. We used baseline to 

follow-up analysis to evaluate the effect of light therapy on cognitive functioning between 

groups (T0-T1). Within each mixed-effect model, the control group was the reference category. 

Models were adjusted for age, education level, and baseline fatigue. Additionally, models were 

adjusted for possible baseline differences and, in case of non-ignorable drop-out, for different 

patterns of missing values. Models with and without correction for baseline differences, different 

missing data patterns, and different covariance structures (UN, AR1, CS)   were compared 

using the Bayesian Information Criterion (BIC)29 and the Akaike’s Information Criterion (AIC)30. 

Models with lower BIC or AIC values are considered to be better fitting models.

Differences in mean change scores over time between the treatment group and the 

control group were accompanied by standardized effect sizes (ES) calculated based on the 

mean scores and pooled standard deviation (SD): (meanT1-meanT0)/pooled SDT0-T1 or (meanT3-

meanT1)/pooled SDT1-T3. Effect sizes of 0.2 were considered small, 0.5 moderate, and 0.8 large31. 

An effect size ≥ .50 was considered clinically relevant32.

 All analyses were conducted on an intention-to-treat (ITT) basis. Additionally, we 

performed a per-protocol analysis on data from participants who adhered to the light therapy 

on all 25 days; and three sensitivity analyses on data from patients who (1) showed cognitive 
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dysfunctioning at baseline; (2) used the Luminette glasses; (3) used light therapy during fall or 

winter (October to March). All statistical analyses were conducted in SPSS version 25.

RESULTS 

Participants 
In total, 166 participants signed informed consent and were randomly allocated to either BWL 

(n = 83) or DWL (n = 83). Table 1 summarizes sociodemographic, clinical and fatigue-related 

characteristics of the study sample. The mean age of the survivors was 45.7 years (SD = 12.2). 

More than half of the participants were female (60%). Almost half of the group (47%) had 

completed college or university. 

The majority of the participants (83%) was diagnosed with HL and had received 

chemotherapy (93%). The mean survival was 12.9 years (SD = 9.9). Baseline levels of fatigue 

were high with a mean VAS-fatigue score of 6.1 (SD = 1.6) and a mean general fatigue score 

of 15.7 (SD = 2.7). Except for marital status, all baseline characteristics were balanced between 

groups. 

The completion rates of the questionnaires at baseline assessment T0 (n = 165, 99%), and 

follow-up assessments T1 (n = 157; 95%), T2 (n = 141; 85%), and T3 (n = 142; 86%) differed 

between groups at T1 (DWL: 90% v BWL: 99%; p = .03). There were no differences between 

groups for the completion rates of the PVT at T0 (n = 159; 96%)and T1 (n = 146; 88%) and the 

15 words task and digit span task at T0 (n = 164; 99%) and T1 (n = 154; 93). 

Baseline cognitive functioning
Fifty-six participants (34%) showed cognitive dysfunctioning in the number of correctly 

remembered items during the learning phase and 45 participants (27%) during the recall phase 

of the 15 words task compared to 16% in the norm groups. For the digit span task, deviant 

scores on the total number of correctly repeated sequences were seen in 27 participants (17%), 

on the forward digit span task in 25 participants (15%), and on the backward digit span task 

in 23 participants (14%) compared to 16% in the norm groups. Overall, 53 participants (32%) 

had a deviant score on two or more subtests. The percentage of cognitive dysfunctioning at 

baseline did not differ between groups (data not shown). 

Efficacy analyses
Figure 1 shows results of the intention-to-treat analyses corrected for age, education, and 

baseline fatigue (see appendix Table A1 for details). Correction for marital status and missing 

data patterns did not improve model fit, and both were omitted from the models. For cognitive 

complaints, results showed no differences between BWL and DWL over time (p ≥ .10) nor an 

overall time effect (appendix Table A2) in both groupscombined (p ≥ .62). Results were similar 

for cognitive functioning, as there were no differences between groups over time (p ≥ .07) nor 

an overall time effect (p ≥ .05; see appendix Table A2). These results suggest that cognitive 

complaints and cognitive functioning were unaffected by light therapy.  

The per-protocol analysis including participants who adhered to the complete light therapy 

protocol (Appendix Table A3) and sensitivity analyses including (1) participants with cognitive
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Table 1. Baseline sociodemographic, clinical, fatigue, and light therapy characteristics

All survivors 
(n=166)

BWL 
(n=83)

DWL 
(n=83)

p N

SOCIODEMOGRAPHIC VARIABLES

Age, mean years (SD)  45.7 (12.2) 46.7 (11.9) 44.8 (12.5) .30 166

Female, n (%) 99 (59.6) 50 (60.2) 49 (59.0) .87 166

Education, n (%) .24 165

None/primary 2 (1.2) 0 (0.0) 2 (2.4)

High school and vocational 85 (51.5) 43 (51.8) 42 (51.2)

College or university 78 (47.3) 40 (48.2) 38 (46.3)

Married or in relationship, n (%) 130 (78.8) 71 (85.5) 59 (72.0) .03* 165

Part- or full-time job, n (%) 85 (51.5) 42 (50.6) 43 (52.4) .81 165

CLINICAL VARIABLES

Diagnosis, n (%) .68 166

HL 138 (83.1) 70 (84.3) 68 (81.9)

DLBCL 28 (16.9) 13 (15.7) 15 (18.1)

Time since diagnosis, mean years (SD)a 12.9 (9.9) 13.0 (9.6) 12.9 (10.3) .88 166

Treatments received, n (%)

Radiotherapy 116 (72.0) 56 (69.1) 60 (75.0) .41 161

Chemotherapy 151 (93.2) 76 (92.7) 75 (93.8) .79 162

Stem cell transplantation 19 (12.1) 8 (10.1) 11 (14.1) .45 161

Total body irradiationb 2 (1.2) 0 (0.0) 2 (2.5) .24 162

Surgery (splenectomy)b 6 (3.7) 3 (3.7) 3 (3.8) 1.0 162

FATIGUE 

VAS-fatigue, mean (SD)c 6.1 (1.6) 5.9 (1.8) 6.3 (1.4) .09 164

General fatigue (MFI), mean (SD)d 15.7 (2.7) 15.6 (2.9) 15.8 (2.5) .76 165

LIGHT THERAPY CHARACTERISTICS

Season start light therapy .94 164

Autumn 42 (25.6) 23 (27.7) 19 (23.5)

Winter 47 (28.7) 23 (27.7) 24 (29.6)

Spring 47 (28.7) 23 (27.7) 24 (29.6)

Summer 28 (17.1) 14 (16.9) 14 (17.3)

Light therapy device

Litebook Edge 37 (22.6) 18 (21.7) 19 (23.5) 164

Luminette 127 (77.4) 65 (78.3) 62 (76.5) 164

Premature stop of light therapy 13 (7.8) 7 (8.4%) 6 (7.2) .77 166

(Continued on next page)
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Table 1. (continued)

All survivors 
(n=166)

BWL 
(n=83)

DWL 
(n=83)

p N

Days light therapy use, mean (SD) 22.7 (4.4) 22.5 (4.6) 22.9 (4.0) .52 155

> 25 daysb 3 (1.9) 0 (0.0) 3 (3.9) .13 155

25 days 58 (37.4) 33 (41.8) 25 (32.9)

14-24 days 87 (56.1) 41 (51.9) 46 (60.5)

1-13 days (premature stop) 7 (4.5) 5 (6.3) 2 (2.6)

BWL bright white light; DWL dim white light; SD standard deviation; HL Hodgkin lymphoma; DLBCL: 
Diffuse large B-cell lymphoma; MFI Multidimensional Fatigue inventory; VAS visual analogue scale; WSAS 
Work and Social Adjustment Scale
* p <.05
a Based on Mann-Whitney Test. b Based on Fisher’s Exact Test. c Score range 0 - 10, with higher scores re-
flecting higher levels of fatigue. d Score range 4 - 20, with higher scores reflecting higher levels of general 
fatigue.

dysfunctioning at baseline (Figure 2 and Appendix Table A4); (2) participants who used the 

Luminette glasses (appendix Table A5), and (3) participants who used light therapy during 

fall or winter (appendix Table A6) did not change the conclusions from the intention-to-treat 

analysis.

DISCUSSION 

The results of this double blind, randomized controlled trial, showed that over one-third of 

long-term HL and DLBCL survivors presenting with chronic cancer-related fatigue experience 

(objectively assessed) cognitive dysfunctioning. We previously showed that light therapy, 

irrespective of light intensity, improved fatigue in long-term chronically fatigued lymphoma 

survivors. The results of the current analyses suggest that light therapy has no effect on 

cognitive complaints or cognitive functioning in this group. There was no superiority for the 

effect of exposure to morning BWL compared to DWL on cognitive complaints or cognitive 

functioning, nor was there an overall improvement irrespective of exposure to BWL or DWL.  

Cognitive dysfunctioning was predominantly seen for verbal memory; the prevalence was 

twice as high in the study population compared to the norm population. The prevalence of 

problems with attention and working memory was comparable to the norm population. These 

prevalence rates are in line with previous studies on survivors of different types of cancer33. 

Although normative data for the PVT is lacking, the PVT scores in our sample were comparable 

to that of the community-based sample of the Wisconsin Sleep Cohort study34 and are therefore, 

likely within the normative range. 

The finding that light therapy was not effective in our sample as a treatment for CRCI is 

in line with a previous study on light therapy in individuals with dementia16 and a Cochrane 

review17. This Cochrane review included 11 trials comprising 499 participants. The pooled data 

of these studies showed no effect of light therapy on cognitive functioning assessed with a 

Mini-Mental State Examination. However, our findings contradict studies (not included in the 
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Left page
Figure 1. Effects of light therapy on cognitive complaints and cognitive functioning in participants exposed 
to BWL (n=83) and dim white light DWL(n=82). Exact values, p-values, and effect sizes are available in 
Appendix Table A1. 
15WT 15 words task; BWL bright white light; DST Digit Span Task; DWL dim white light; MDASI MD Anderson 
Symptom Inventory; MOS-CF6 Medical Outcomes Studies – Cognitions; PVT Psychomotor Vigilance Task; T0 
baseline; T1 post intervention; T2 3 months after light therapy; T3 9 months after light therapy. 

Cochrane review) that show an effect of light therapy on cognitive functioning in seniors14 and 

individuals with mild traumatic brain injury15. These studies tested comparable light therapy 

protocols but used monochromatic blue light instead of the polychromatic white light used in 

the current study. This might explain the differences in results, as blue wavelengths are assumed 

responsible for the restoring effect of light therapy on the circadian rhythm9. However, it is 

reasonable to expect similar results as the light used in our study was enriched in this blue 

spectrum. Another study that tested light therapy in individuals with dementia13 showed a 

positive effect on cognitive functioning. However, this study included a comparison between 

whole day bright and dim light in group care facilities for a duration of multiple years and is 

therefore less comparable to our study design. 

Another reason for the contradicting results of the current study compared to previous 

studies might be related to the characteristics of our study population. The studies showing an 

effect of light therapy recruited seniors with or without dementia and individuals with brain 

traumatic brain injury13-15. These populations showed cognitive decline in multiple domains, 

while the cognitive decline in the current sample was limited to a verbal memory. Therefore, 

the overall cognitive decline in these populations might not be comparable. 

Alternatively, the lack of an effect of light therapy on cognitive functioning in HL and 

DLBCL survivors might be explained by the suggested absence of a disturbed circadian rhythm in 

our sample. Therefore, we hypothesize that there is no causal relationship between a disturbed 

circadian rhythm and CRCI in long-term lymphoma survivors. Previous studies found some 

indications for such an association in advanced cancer patients35 but also showed indications for 

different biological mechanisms, for example skeletal muscular and mitochondrial dysfunction, 

inflammation dysfunction, a dysregulation of cytokine activity, and central nervous system 

disorders36. Light therapy is known for its restorative effect on circadian rhythm. Consequently, 

a lack of an association between disturbed circadian rhythms and CRCI may explain why light 

therapy had no effect on cognitive complaints or cognitive functioning. It should be mentioned 

that alternative mechanism of action, for example stimulation of mood regulation areas, have 

also been reported for light therapy. 

Study limitations
The current study had several strengths, including a randomized controlled double-blind design 

with a large sample size. However, there are also some limitations. First, as this study described 

a secondary analysis, participants were not recruited based on cognitive dysfunctioning. 

Whereas all suffered from cancer related fatigue, only over one-third of the current sample 

experienced cognitive dysfunctioning. Therefore, we cannot rule out that there was insufficient 

room for improvement in the total group. However, the sensitivity analysis in survivors who
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Figure 2. Effects of light therapy on cognitive complaints and cognitive functioning in participants who 
showed cognitive dysfunctioning at baseline exposed to BWL (n=25) or DWL (n=28). Exact values, p-values, 
and effect sizes are available in Appendix Table A4. 
15WT 15 words task; BWL bright white light; DST Digit Span Task; DWL dim white light; MDASI MD An-
derson Symptom Inventory; MOS-CF6 Medical Outcomes Studies – Cognitions; PVT Psychomotor Vigilance 
Task; T0 baseline; T1 post intervention; T2 3 months after light therapy; T3 9 months after light therapy.

experienced cognitive dysfunctioning showed similar results to the complete sample but 

suffered from insufficient power to detect significant effects. Second, the PVT was originally 

developed for studies investigating the influence of sleep deprivation or circadian rhythms on 

sustained attention25. Sustained attention shows a circadian rhythm with the highest level of 

alertness between 10:00 and 14:00 hour37. To account for this rhythm, the PVT is normally 

assessed on multiple time points during the day. We assessed the PVT only once at both 

measurements points. To limit the effect of the circadian rhythm on cognitive functioning, the 

neuropsychological tasks were completed at similar times at pre- and post-intervention. A third 

possible limitation of the study is that the sample was highly educated. 

Clinical implications
Over one-third of the survivors of HL and DLBCL showed cognitive dysfunctioning, predominantly 

in verbal memory. The experience of cognitive dysfunctioning can be very disturbing for survivors 

and can lead to problems in daily life, for example in people’s professional life. Therefore, early 

identification of those at risk, for example via the Amsterdam Cognition Scan38, is advised and 

rehabilitation interventions (e.g. internet-based cognitive rehabilitation39) should be available 

for these survivors. 

Conclusions 
This study showed that approximately one third of the HL and DLBCL survivors, with an average 

time since diagnosis of 13 years, experience objectively defined cognitive dysfunctioning. This 

was specifically seen for the verbal memory domain. Cognitive functioning on attention and 

working memory was comparable to the norm population. Although previous studies suggested 

that light therapy improved cognitive functioning in senior individuals, and individuals with 

dementia and mild traumatic brain injury, the current results suggest that light therapy does 

not improve cognitive functioning in survivors of HL and DLBCL. Sufficiently powered studies 

in survivors with confirmed cognitive dysfunctioning are necessary to support our conclusions. 
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APPENDIX
Table A1. Mean values and standard deviations per time-point and between-group differences for the 
mixed-effects models of the outcome measurements.

T0a T1a T2a T3a Linear time effect T0-T3 ESb

n M [SD] n M [SD] n M [SD] n M [SD] B SE p T0-T1 T1-T3

COGNITIVE COMPLAINTS 

MOS-CF6

BWL 83 63.8 [18.2] 82 66.4 [19.5] 72 66.9 [17.2] 73 66.4 [20.4] -0.41 0.26 .12 0.06 0.19

DWLc 82 60.5 [17.9] 75 64.7 [17.7] 68 63.8 [18.9] 69 69.3 [16.7]

MDASI remembering 

BWL 83 3.8 [2.9] 82 3.6 [2.8] 72 3.6 [2.6] 73 3.7 [2.9] 0.06 0.04 .10 0.03 0.18

DWLc 82 4.1 [2.8] 75 3.9 [2.7] 69 4.0 [2.5] 69 3.4 [2.7]

MDASI concentrating 

BWL 83 3.8 [2.8] 82 3.9 [2.7] 72 3.9 [2.5] 73 3.9 [2.8] 0.03 0.04 .39 0.17 0.02

DWLc 82 4.5 [2.5] 75 4.1 [2.6] 69 4.5 [2.4] 69 4.0 [2.6]

MDASI interference 

BWL 83 4.3 [2.1] 82 3.5 [2.0] 72 3.6 [2.1] 73 3.7 [2.3] 0.03 0.03 .29 0.08 0.19

DWLc 82 4.5 [2.0] 74 3.8 [2.2] 69 3.7 [2.1] 69 3.6 [2.2]

COGNITIVE FUNCTIONING Between-group difference T0-T1

1/RT (PVT)d

BWL 80 3.8 [0.5] 74 3.9 [0.4] N/A N/A 0.06 0.08 .48 0.10 N/A

DWLc 78 3.7 [0.6] 71 3.8 [0.6] N/A N/A

Performance lapses (PVT)d

BWL 80 0.9 [2.7] 74 0.5 [0.9] N/A N/A -0.65 0.49 .19 0.18 N/A

DWLc 78 0.9 [2.4] 71 1.0 [4.3] N/A N/A

No. correct items learning phase (15WT)

BWL 83 46.2 [10.4] 79 48.1 [12.6] N/A N/A -0.69 1.25 .58 0.06 N/A

DWLc 81 47.7 [11.1] 75 50.0 [10.0] N/A N/A

No. correct items free recall (15WT)

BWL 83 10.0 [3.0] 79 10.5 [3.3] N/A N/A -0.32 0.37 .39 0.10 N/A

DWLc 81 10.0 [3.0] 75 10.8 [2.8] N/A N/A

No. correct items recognition (15WT)

BWL 83 28.8 [1.8] 79 29.0 [1.6] N/A N/A 0.83 0.46 .07 0.27 N/A

DWLc 80 29.1 [1.7] 75 28.7 [3.5] N/A N/A

(Continued on next page)
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APPENDIX
Table A1. Mean values and standard deviations per time-point and between-group differences for the 
mixed-effects models of the outcome measurements.

T0a T1a T2a T3a Linear time effect T0-T3 ESb

n M [SD] n M [SD] n M [SD] n M [SD] B SE p T0-T1 T1-T3

COGNITIVE COMPLAINTS 

MOS-CF6

BWL 83 63.8 [18.2] 82 66.4 [19.5] 72 66.9 [17.2] 73 66.4 [20.4] -0.41 0.26 .12 0.06 0.19

DWLc 82 60.5 [17.9] 75 64.7 [17.7] 68 63.8 [18.9] 69 69.3 [16.7]

MDASI remembering 

BWL 83 3.8 [2.9] 82 3.6 [2.8] 72 3.6 [2.6] 73 3.7 [2.9] 0.06 0.04 .10 0.03 0.18

DWLc 82 4.1 [2.8] 75 3.9 [2.7] 69 4.0 [2.5] 69 3.4 [2.7]

MDASI concentrating 

BWL 83 3.8 [2.8] 82 3.9 [2.7] 72 3.9 [2.5] 73 3.9 [2.8] 0.03 0.04 .39 0.17 0.02

DWLc 82 4.5 [2.5] 75 4.1 [2.6] 69 4.5 [2.4] 69 4.0 [2.6]

MDASI interference 

BWL 83 4.3 [2.1] 82 3.5 [2.0] 72 3.6 [2.1] 73 3.7 [2.3] 0.03 0.03 .29 0.08 0.19

DWLc 82 4.5 [2.0] 74 3.8 [2.2] 69 3.7 [2.1] 69 3.6 [2.2]

COGNITIVE FUNCTIONING Between-group difference T0-T1

1/RT (PVT)d

BWL 80 3.8 [0.5] 74 3.9 [0.4] N/A N/A 0.06 0.08 .48 0.10 N/A

DWLc 78 3.7 [0.6] 71 3.8 [0.6] N/A N/A

Performance lapses (PVT)d

BWL 80 0.9 [2.7] 74 0.5 [0.9] N/A N/A -0.65 0.49 .19 0.18 N/A

DWLc 78 0.9 [2.4] 71 1.0 [4.3] N/A N/A

No. correct items learning phase (15WT)

BWL 83 46.2 [10.4] 79 48.1 [12.6] N/A N/A -0.69 1.25 .58 0.06 N/A

DWLc 81 47.7 [11.1] 75 50.0 [10.0] N/A N/A

No. correct items free recall (15WT)

BWL 83 10.0 [3.0] 79 10.5 [3.3] N/A N/A -0.32 0.37 .39 0.10 N/A

DWLc 81 10.0 [3.0] 75 10.8 [2.8] N/A N/A

No. correct items recognition (15WT)

BWL 83 28.8 [1.8] 79 29.0 [1.6] N/A N/A 0.83 0.46 .07 0.27 N/A

DWLc 80 29.1 [1.7] 75 28.7 [3.5] N/A N/A

(Continued on next page)
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Table A1. (continued)

T0a T1a T2a T3a Between-group difference T0-T1 ESb

n M [SD] n M [SD] n M [SD] n M [SD] B SE p T0-T1 T1-T3

No. correct items digit span task

BWL 83 15.6 [3.4] 79 16.1 [3.4] N/A N/A -0.38 0.43 .38 0.12 N/A

DWLc 81 15.1 [3.4] 75 15.8 [3.5] N/A N/A

Forward digit span task

BWL 83 9.1 [1.8] 79 9.3 [1.9] N/A N/A -0.08 0.31 .80 0.07 N/A

DWLc 81 8.9 [2.0] 75 9.2 [1.9] N/A N/A

Backward digit span task

BWL 83 6.5 [1.9] 79 6.8 [2.0] N/A N/A -0.27 0.24 .26 0.14 N/A

DWLc 81 6.2 [1.9] 75 6.7 [2.0] N/A N/A

Raw means and standard deviations are reported. 
BWL Bright white light; DWL Dim white light; MDASI MD Anderson Symptom Inventory; MOS-CF6 
Medical Outcomes Studies – Cognitions. 
a T0 baseline; T1 post intervention; T2 3 months after light therapy; T3 9 months after light therapy. 
b The effect size was calculated based on the mean scores and pooled standard deviation (SD): (meanT1-
meanT0)/pooled SDT0-T1 or (meanT3-meanT1)/pooled SDT1-T3; small 0.2, moderate 0.5, large 0.8. c DWL is the 
reference group. d 1 case excluded because of influential outlier.
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Table A1. (continued)

T0a T1a T2a T3a Between-group difference T0-T1 ESb

n M [SD] n M [SD] n M [SD] n M [SD] B SE p T0-T1 T1-T3

No. correct items digit span task

BWL 83 15.6 [3.4] 79 16.1 [3.4] N/A N/A -0.38 0.43 .38 0.12 N/A

DWLc 81 15.1 [3.4] 75 15.8 [3.5] N/A N/A

Forward digit span task

BWL 83 9.1 [1.8] 79 9.3 [1.9] N/A N/A -0.08 0.31 .80 0.07 N/A

DWLc 81 8.9 [2.0] 75 9.2 [1.9] N/A N/A

Backward digit span task

BWL 83 6.5 [1.9] 79 6.8 [2.0] N/A N/A -0.27 0.24 .26 0.14 N/A

DWLc 81 6.2 [1.9] 75 6.7 [2.0] N/A N/A

Raw means and standard deviations are reported. 
BWL Bright white light; DWL Dim white light; MDASI MD Anderson Symptom Inventory; MOS-CF6 
Medical Outcomes Studies – Cognitions. 
a T0 baseline; T1 post intervention; T2 3 months after light therapy; T3 9 months after light therapy. 
b The effect size was calculated based on the mean scores and pooled standard deviation (SD): (meanT1-
meanT0)/pooled SDT0-T1 or (meanT3-meanT1)/pooled SDT1-T3; small 0.2, moderate 0.5, large 0.8. c DWL is the 
reference group. d 1 case excluded because of influential outlier.
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Table A2. Mean values and standard deviations per time-point and linear time effects of the outcome 
measurements for all participants.

T0a T1a T2a T3a Linear time effect ESb

n M [SD] n M [SD] n M [SD] n M [SD] B SE p T0-T1 T1-T3

COGNITIVE COMPLAINTS

MOS-CF6 165 62.2 [18.1] 157 65.6 [18.6] 140 65.4 [18.0] 142 67.8 [18.7] 0.09 0.72 .90 0.18 0.10

MDASI remembering 165 4.0 [2.9] 157 3.7 [2.7] 141 3.8 [2.6] 142 3.6 [2.8] -0.05 0.11 .66 0.08 0.06

MDASI concentrating 165 4.2 [2.7] 157 4.0 [2.7] 141 4.2 [2.5] 142 3.9 [2.7] 0.03 0.10 .77 0.07 0.01

MDASI interference 165 4.4 [2.0] 156 3.7 [2.1] 141 3.7 [2.1] 142 3.6 [2.2] 0.04 0.07 .62 0.34 0.01

COGNITIVE FUNCTIONING 

Reaction time (PVT)c 158 3.8 [0.5] 145 3.9 [0.5] N/A N/A -0.42 0.22 .06 0.14 N/A

Performance lapses (PVT)c 158 0.9 [2.6] 145 0.7 [3.1] N/A N/A 0.43 1.33 .74 0.06 N/A

No. correct items learning phase (15WT) 164 46.9 [10.7] 154 49.0 [11.4] N/A N/A 4.86 3.41 .16 0.19 N/A

No. correct items free recall (15WT) 164 10.0 [3.0] 165 10.6 [3.1] N/A N/A -0.27 1.00 .79 0.20 N/A

No. correct items recognition (15WT) 163 29.0 [1.7] 154 28.9 [2.7] N/A N/A 0.19 1.26 .88 0.05 N/A

No. correct items digit span task 164 15.3 [3.4] 154 15.9 [3.4] N/A N/A 1.39 1.16 .23 0.20 N/A

Forward digit span task 164 9.0 [1.9] 154 9.2 [1.9] N/A N/A 0.07 0.85 .93 0.14 N/A

Backward digit span task 164 6.4 [1.9] 154 6.7 [2.0] N/A N/A 1.32 0.67 .05 0.20 N/A

Raw means and standard deviations are reported. 
15WT 15 words task; MDASI MD Anderson Symptom Inventory; MOS-CF6 Medical Outcomes Studies – 
Cognitions; PVT Psychomotor Vigilance Task. 
a T0 baseline; T1 post intervention; T2 3 months after light therapy; T3 9 months after light therapy.
b The effect size was calculated based on the mean scores and pooled standard deviation (SD): (meanT1-
meanT0)/pooled SDT0-T1 or (meanT3-meanT1)/pooled SDT1-T3; small 0.2, moderate 0.5, large 0.8. c One case 
excluded because of influential outlier.
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Table A2. Mean values and standard deviations per time-point and linear time effects of the outcome 
measurements for all participants.

T0a T1a T2a T3a Linear time effect ESb

n M [SD] n M [SD] n M [SD] n M [SD] B SE p T0-T1 T1-T3

COGNITIVE COMPLAINTS

MOS-CF6 165 62.2 [18.1] 157 65.6 [18.6] 140 65.4 [18.0] 142 67.8 [18.7] 0.09 0.72 .90 0.18 0.10

MDASI remembering 165 4.0 [2.9] 157 3.7 [2.7] 141 3.8 [2.6] 142 3.6 [2.8] -0.05 0.11 .66 0.08 0.06

MDASI concentrating 165 4.2 [2.7] 157 4.0 [2.7] 141 4.2 [2.5] 142 3.9 [2.7] 0.03 0.10 .77 0.07 0.01

MDASI interference 165 4.4 [2.0] 156 3.7 [2.1] 141 3.7 [2.1] 142 3.6 [2.2] 0.04 0.07 .62 0.34 0.01

COGNITIVE FUNCTIONING 

Reaction time (PVT)c 158 3.8 [0.5] 145 3.9 [0.5] N/A N/A -0.42 0.22 .06 0.14 N/A

Performance lapses (PVT)c 158 0.9 [2.6] 145 0.7 [3.1] N/A N/A 0.43 1.33 .74 0.06 N/A

No. correct items learning phase (15WT) 164 46.9 [10.7] 154 49.0 [11.4] N/A N/A 4.86 3.41 .16 0.19 N/A

No. correct items free recall (15WT) 164 10.0 [3.0] 165 10.6 [3.1] N/A N/A -0.27 1.00 .79 0.20 N/A

No. correct items recognition (15WT) 163 29.0 [1.7] 154 28.9 [2.7] N/A N/A 0.19 1.26 .88 0.05 N/A

No. correct items digit span task 164 15.3 [3.4] 154 15.9 [3.4] N/A N/A 1.39 1.16 .23 0.20 N/A

Forward digit span task 164 9.0 [1.9] 154 9.2 [1.9] N/A N/A 0.07 0.85 .93 0.14 N/A

Backward digit span task 164 6.4 [1.9] 154 6.7 [2.0] N/A N/A 1.32 0.67 .05 0.20 N/A

Raw means and standard deviations are reported. 
15WT 15 words task; MDASI MD Anderson Symptom Inventory; MOS-CF6 Medical Outcomes Studies – 
Cognitions; PVT Psychomotor Vigilance Task. 
a T0 baseline; T1 post intervention; T2 3 months after light therapy; T3 9 months after light therapy.
b The effect size was calculated based on the mean scores and pooled standard deviation (SD): (meanT1-
meanT0)/pooled SDT0-T1 or (meanT3-meanT1)/pooled SDT1-T3; small 0.2, moderate 0.5, large 0.8. c One case 
excluded because of influential outlier.
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Table A3. Mean values and standard deviations per time-point and between-group differences for the 
mixed-effects models of the outcome measurements for participants who used light therapy on at least 
25 days.

T0a T1a T2a T3a Linear time effect T0-T3 ESb

n M [SD] n M [SD] n M [SD] n M [SD] B SE p T0-T1 T1-T3

COGNITIVE COMPLAINTS 

MOS-CF6 

BWL 33 62.4 [17.5] 33 68.2 [19.6] 31 66.2 [17.7] 31 64.9 [22.2] -0.37 0.46 .42 0.14 0.30

DWLc 28 61.5 [15.6] 28 64.6 [19.2] 26 63.8 [21.4] 27 68.0 [19.6]

MDASI remembering 

BWL 33 4.3 [3.0] 33 3.7 [3.0] 31 3.5 [2.7] 31 3.9 [3.0] -0.04 0.05 .47 0.16 0.04

DWLc 28 3.8 [3.0] 28 3.6 [3.0] 28 4.0 [3.2] 27 3.7 [3.1]

MDASI concentrating

BWL 33 4.3 [2.8] 33 3.7 [2.9] 31 4.1 [2.5] 31 4.1 [2.8] -0.02 0.06 .69 0.10 0.04

DWLc 28 4.3 [2.7] 28 3.9 [2.8] 26 4.3 [2.8] 27 4.0 [3.0]

MDASI interference

BWL 33 4.5 [1.9] 33 3.8 [1.9] 31 4.0 [2.2] 31 3.8 [2.3] 0.02 0.05 .64 0.06 0.11

DWLc 28 4.7 [1.8] 27 4.1 [2.1] 26 3.5 [2.1] 27 3.8 [2.3]

COGNITIVE FUNCTIONING Between-group difference T0-T1

1/RT (PVT)d

BWL 32 3.7 [0.5] 30 3.9 [0.4] N/A N/A 0.23 0.16 .14 0.42 N/A

DWLc 28 3.8 [0.6] 28 3.8 [0.7] N/A N/A

Performance lapses (PVT)d

BWL 32 1.4 [3.5] 30 0.4 [0.8] N/A N/A -1.72 1.10 .12 0.43 N/A

DWLc 28 1.1 [3.0] 28 1.9 [6.8] N/A N/A

No. correct items learning phase (15WT)

BWL 33 42.6 [11.0] 33 43.7 [11.9] N/A N/A -2.65 2.09 .21 0.22 N/A

DWLc 28 46.2 [13.7] 28 50.0 [12.2] N/A N/A

No. correct items free recall (15WT)

BWL 33 8.8 [3.1] 33 9.2 [3.3] N/A N/A -0.54 0.63 .40 0.12 N/A

DWLc 28 9.5 [3.5] 28 10.3 [3.0] N/A N/A

No. correct items recognition (15WT)

BWL 33 28.4 [2.0] 33 28.4 [2.0] N/A N/A -0.11 0.48 .82 0.12 N/A

DWLc 28 29.2 [1.4] 28 29.4 [1.2] N/A N/A

(Continued on next page)
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Table A3. Mean values and standard deviations per time-point and between-group differences for the 
mixed-effects models of the outcome measurements for participants who used light therapy on at least 
25 days.

T0a T1a T2a T3a Linear time effect T0-T3 ESb

n M [SD] n M [SD] n M [SD] n M [SD] B SE p T0-T1 T1-T3

COGNITIVE COMPLAINTS 

MOS-CF6 

BWL 33 62.4 [17.5] 33 68.2 [19.6] 31 66.2 [17.7] 31 64.9 [22.2] -0.37 0.46 .42 0.14 0.30

DWLc 28 61.5 [15.6] 28 64.6 [19.2] 26 63.8 [21.4] 27 68.0 [19.6]

MDASI remembering 

BWL 33 4.3 [3.0] 33 3.7 [3.0] 31 3.5 [2.7] 31 3.9 [3.0] -0.04 0.05 .47 0.16 0.04

DWLc 28 3.8 [3.0] 28 3.6 [3.0] 28 4.0 [3.2] 27 3.7 [3.1]

MDASI concentrating

BWL 33 4.3 [2.8] 33 3.7 [2.9] 31 4.1 [2.5] 31 4.1 [2.8] -0.02 0.06 .69 0.10 0.04

DWLc 28 4.3 [2.7] 28 3.9 [2.8] 26 4.3 [2.8] 27 4.0 [3.0]

MDASI interference

BWL 33 4.5 [1.9] 33 3.8 [1.9] 31 4.0 [2.2] 31 3.8 [2.3] 0.02 0.05 .64 0.06 0.11

DWLc 28 4.7 [1.8] 27 4.1 [2.1] 26 3.5 [2.1] 27 3.8 [2.3]

COGNITIVE FUNCTIONING Between-group difference T0-T1

1/RT (PVT)d

BWL 32 3.7 [0.5] 30 3.9 [0.4] N/A N/A 0.23 0.16 .14 0.42 N/A

DWLc 28 3.8 [0.6] 28 3.8 [0.7] N/A N/A

Performance lapses (PVT)d

BWL 32 1.4 [3.5] 30 0.4 [0.8] N/A N/A -1.72 1.10 .12 0.43 N/A

DWLc 28 1.1 [3.0] 28 1.9 [6.8] N/A N/A

No. correct items learning phase (15WT)

BWL 33 42.6 [11.0] 33 43.7 [11.9] N/A N/A -2.65 2.09 .21 0.22 N/A

DWLc 28 46.2 [13.7] 28 50.0 [12.2] N/A N/A

No. correct items free recall (15WT)

BWL 33 8.8 [3.1] 33 9.2 [3.3] N/A N/A -0.54 0.63 .40 0.12 N/A

DWLc 28 9.5 [3.5] 28 10.3 [3.0] N/A N/A

No. correct items recognition (15WT)

BWL 33 28.4 [2.0] 33 28.4 [2.0] N/A N/A -0.11 0.48 .82 0.12 N/A

DWLc 28 29.2 [1.4] 28 29.4 [1.2] N/A N/A

(Continued on next page)
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Table A3. (continued)

T0a T1a T2a T3a Between-group difference T0-T1 ESb

n M [SD] n M [SD] n M [SD] n M [SD] B SE p T0-T1 T1-T3

No. correct items digit span task

BWL 33 14.8 [3.6] 33 15.7 [3.1] N/A N/A 0.41 0.68 .55 0.17 N/A

DWLc 28 14.9 [4.1] 28 15.1 [3.9] N/A N/A

Forward digit span task

BWL 33 8.7 [1.8] 33 9.0 [1.7] N/A N/A 0.22 0.54 .69 0.15 N/A

DWLc 28 8.6 [2.4] 28 8.7 [2.1] N/A N/A

Backward digit span task

BWL 33 6.2 [2.0] 33 6.6 [2.0] N/A N/A 0.19 0.34 .58 0.15 N/A

DWLc 28 6.2 [2.2] 28 6.4 [2.2] N/A N/A

Raw means and standard deviations are reported. 
BWL Bright white light; DWL Dim white light; MDASI MD Anderson Symptom Inventory; MOS-CF6 
Medical Outcomes Studies – Cognitions. 
a T0 baseline; T1 post intervention; T2 3 months after light therapy; T3 9 months after light therapy.
b The effect size was calculated based on the mean scores and pooled standard deviation (SD): (meanT1-
meanT0)/pooled SDT0-T1 or (meanT3-meanT1)/pooled SDT1-T3; small 0.2, moderate 0.5, large 0.8. c DWL is the 
reference group. d 1 case excluded because of influential outlier.
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Table A3. (continued)

T0a T1a T2a T3a Between-group difference T0-T1 ESb

n M [SD] n M [SD] n M [SD] n M [SD] B SE p T0-T1 T1-T3

No. correct items digit span task

BWL 33 14.8 [3.6] 33 15.7 [3.1] N/A N/A 0.41 0.68 .55 0.17 N/A

DWLc 28 14.9 [4.1] 28 15.1 [3.9] N/A N/A

Forward digit span task

BWL 33 8.7 [1.8] 33 9.0 [1.7] N/A N/A 0.22 0.54 .69 0.15 N/A

DWLc 28 8.6 [2.4] 28 8.7 [2.1] N/A N/A

Backward digit span task

BWL 33 6.2 [2.0] 33 6.6 [2.0] N/A N/A 0.19 0.34 .58 0.15 N/A

DWLc 28 6.2 [2.2] 28 6.4 [2.2] N/A N/A

Raw means and standard deviations are reported. 
BWL Bright white light; DWL Dim white light; MDASI MD Anderson Symptom Inventory; MOS-CF6 
Medical Outcomes Studies – Cognitions. 
a T0 baseline; T1 post intervention; T2 3 months after light therapy; T3 9 months after light therapy.
b The effect size was calculated based on the mean scores and pooled standard deviation (SD): (meanT1-
meanT0)/pooled SDT0-T1 or (meanT3-meanT1)/pooled SDT1-T3; small 0.2, moderate 0.5, large 0.8. c DWL is the 
reference group. d 1 case excluded because of influential outlier.
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Table A4: Mean values and standard deviations per time-point and between-group differences for 
the mixed-effects models of the outcome measurements for participants showed deviant cognitive 
functioning on baseline.

T0a T1a T2a T3a Linear time effect T0-T3 ESb

n M [SD] n M [SD] n M [SD] n M [SD] B SE p T0-T1 T1-T3

COGNITIVE COMPLAINTS 

MOS-CF6 

BWL 25 65.0 [19.9] 24 65.0 [20.1] 20 67.3 [17.5] 21 71.3 [21.9] 0.46 0.41 .27 0.39 0.33

DWLc 28 54.0 [17.6] 27 61.9 [16.5] 25 59.6 [17.5] 26 63.2 [16.7]

MDASI remembering 

BWL 25 3.8 [2.9] 24 3.9 [2.6] 20 3.6 [2.6] 21 3.4 [2.9] -0.03 0.07 .65 0.04 0.07

DWLc 28 5.0 [2.7] 27 4.9 [2.6] 25 5.0 [2.6] 26 4.5 [2.8]

MDASI concentrating

BWL 25 4.4 [3.2] 24 4.0 [2.6] 20 3.8 [2.5] 21 3.5 [3.0] -0.14 0.07 .05 0.15 0.24

DWLc 28 5.0 [2.5] 27 4.9 [2.4] 25 5.3 [2.1] 26 4.9 [2.3]

MDASI interference

BWL 25 4.5 [2.2] 24 3.7 [2.1] 20 3.8 [2.2] 21 3.5 [2.7] -0.07 0.06 .20 0.28 0.04

DWLc 28 4.7 [2.0] 27 4.3 [2.0] 25 4.2 [1.9] 26 4.0 [2.1]

COGNITIVE FUNCTIONING Between-group difference T0-T1

1/RT (PVT)d

BWL 25 3.7 [0.5] 23 4.0 [0.4] N/A N/A 0.25 0.20 .20 0.43 N/A

DWLc 28 3.7 [0.7] 28 3.7 [0.7] N/A N/A

Performance lapses (PVT)d

BWL 25 1.7 [4.0] 23 0.4 [0.8] N/A N/A -2.26 1.28 .09 0.41 N/A

DWLc 28 1.3 [3.8] 28 1.8 [6.8] N/A N/A

No. correct items learning phase (15WT)

BWL 25 36.8 [10.1] 24 37.9 [11.5] N/A N/A -3.28 2.42 .18 0.32 N/A

DWLc 28 41.3 [10.1] 28 45.6 [7.7] N/A N/A

No. correct items free recall (15WT)

BWL 25 7.0 [2.4] 24 8.2 [3.2] N/A N/A -0.20 0.70 .78 0.09 N/A

DWLc 28 8.4 [3.2] 28 9.8 [2.7] N/A N/A

No. correct items recognition (15WT)

BWL 25 27.4 [2.4] 24 27.1 [2.1] N/A N/A 0.27 0.55 .62 0.11 N/A

DWLc 28 28.4 [2.3] 28 28.9 [1.4] N/A N/A

(Continued on next page)
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Table A4: Mean values and standard deviations per time-point and between-group differences for 
the mixed-effects models of the outcome measurements for participants showed deviant cognitive 
functioning on baseline.

T0a T1a T2a T3a Linear time effect T0-T3 ESb

n M [SD] n M [SD] n M [SD] n M [SD] B SE p T0-T1 T1-T3

COGNITIVE COMPLAINTS 

MOS-CF6 

BWL 25 65.0 [19.9] 24 65.0 [20.1] 20 67.3 [17.5] 21 71.3 [21.9] 0.46 0.41 .27 0.39 0.33

DWLc 28 54.0 [17.6] 27 61.9 [16.5] 25 59.6 [17.5] 26 63.2 [16.7]

MDASI remembering 

BWL 25 3.8 [2.9] 24 3.9 [2.6] 20 3.6 [2.6] 21 3.4 [2.9] -0.03 0.07 .65 0.04 0.07

DWLc 28 5.0 [2.7] 27 4.9 [2.6] 25 5.0 [2.6] 26 4.5 [2.8]

MDASI concentrating

BWL 25 4.4 [3.2] 24 4.0 [2.6] 20 3.8 [2.5] 21 3.5 [3.0] -0.14 0.07 .05 0.15 0.24

DWLc 28 5.0 [2.5] 27 4.9 [2.4] 25 5.3 [2.1] 26 4.9 [2.3]

MDASI interference

BWL 25 4.5 [2.2] 24 3.7 [2.1] 20 3.8 [2.2] 21 3.5 [2.7] -0.07 0.06 .20 0.28 0.04

DWLc 28 4.7 [2.0] 27 4.3 [2.0] 25 4.2 [1.9] 26 4.0 [2.1]

COGNITIVE FUNCTIONING Between-group difference T0-T1

1/RT (PVT)d

BWL 25 3.7 [0.5] 23 4.0 [0.4] N/A N/A 0.25 0.20 .20 0.43 N/A

DWLc 28 3.7 [0.7] 28 3.7 [0.7] N/A N/A

Performance lapses (PVT)d

BWL 25 1.7 [4.0] 23 0.4 [0.8] N/A N/A -2.26 1.28 .09 0.41 N/A

DWLc 28 1.3 [3.8] 28 1.8 [6.8] N/A N/A

No. correct items learning phase (15WT)

BWL 25 36.8 [10.1] 24 37.9 [11.5] N/A N/A -3.28 2.42 .18 0.32 N/A

DWLc 28 41.3 [10.1] 28 45.6 [7.7] N/A N/A

No. correct items free recall (15WT)

BWL 25 7.0 [2.4] 24 8.2 [3.2] N/A N/A -0.20 0.70 .78 0.09 N/A

DWLc 28 8.4 [3.2] 28 9.8 [2.7] N/A N/A

No. correct items recognition (15WT)

BWL 25 27.4 [2.4] 24 27.1 [2.1] N/A N/A 0.27 0.55 .62 0.11 N/A

DWLc 28 28.4 [2.3] 28 28.9 [1.4] N/A N/A

(Continued on next page)
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Table A4. (continued)

T0a T1a T2a T3a Between-group difference T0-T1 ESb

n M [SD] n M [SD] n M [SD] n M [SD] B SE p T0-T1 T1-T3

No. correct items digit span task

BWL 25 13.3 [3.7] 24 13.7 [2.9] N/A N/A -0.93 0.76 .22 0.30 N/A

DWLc 28 13.1 [3.4] 28 14.6 [3.8] N/A N/A

Forward digit span task

BWL 25 8.1 [1.8] 24 8.1 [1.4] N/A N/A -0.72 0.57 .22 0.40 N/A

DWLc 28 7.7 [2.0] 28 8.5 [2.0] N/A N/A

Backward digit span task

BWL 25 5.2 [2.1] 24 5.6 [2.0] N/A N/A -0.21 0.40 .60 0.15 N/A

DWLc 28 5.4 [2.1] 28 6.1 [2.3] N/A N/A

Raw means and standard deviations are reported. 
BWL Bright white light; DWL Dim white light; MDASI MD Anderson Symptom Inventory; MOS-CF6 
Medical Outcomes Studies – Cognitions. 
a T0 baseline; T1 post intervention; T2 3 months after light therapy; T3 9 months after light therapy.
b The effect size was calculated based on the mean scores and pooled standard deviation (SD): (meanT1-
meanT0)/pooled SDT0-T1 or (meanT3-meanT1)/pooled SDT1-T3; small 0.2, moderate 0.5, large 0.8. c DWL is the 
reference group. d 1 case excluded because of influential outlier.
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Table A4. (continued)

T0a T1a T2a T3a Between-group difference T0-T1 ESb

n M [SD] n M [SD] n M [SD] n M [SD] B SE p T0-T1 T1-T3

No. correct items digit span task

BWL 25 13.3 [3.7] 24 13.7 [2.9] N/A N/A -0.93 0.76 .22 0.30 N/A

DWLc 28 13.1 [3.4] 28 14.6 [3.8] N/A N/A

Forward digit span task

BWL 25 8.1 [1.8] 24 8.1 [1.4] N/A N/A -0.72 0.57 .22 0.40 N/A

DWLc 28 7.7 [2.0] 28 8.5 [2.0] N/A N/A

Backward digit span task

BWL 25 5.2 [2.1] 24 5.6 [2.0] N/A N/A -0.21 0.40 .60 0.15 N/A

DWLc 28 5.4 [2.1] 28 6.1 [2.3] N/A N/A

Raw means and standard deviations are reported. 
BWL Bright white light; DWL Dim white light; MDASI MD Anderson Symptom Inventory; MOS-CF6 
Medical Outcomes Studies – Cognitions. 
a T0 baseline; T1 post intervention; T2 3 months after light therapy; T3 9 months after light therapy.
b The effect size was calculated based on the mean scores and pooled standard deviation (SD): (meanT1-
meanT0)/pooled SDT0-T1 or (meanT3-meanT1)/pooled SDT1-T3; small 0.2, moderate 0.5, large 0.8. c DWL is the 
reference group. d 1 case excluded because of influential outlier.
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Table A5. Mean values and standard deviations per time-point and between-group differences for the 
mixed-effects models of the outcome measurements for Luminette Glasses users only.

T0a T1a T2a T3a Linear time effect T0-T3 ESb

n M [SD] n M [SD] n M [SD] n M [SD] B SE p T0-T1 T1-T3

COGNITIVE COMPLAINTS 

MOS-CF6 

BWL 65 62.9 [17.8] 64 65.9 [19.4] 55 65.5 [16.6] 57 65.2 [20.5] -0.49 0.30 .11 0.02 0.29

DWLc 62 60.6 [16.1] 58 64.0 [16.3] 52 61.9 [17.3] 54 69.6 [15.7]

MDASI remembering 

BWL 65 3.9 [2.8] 64 3.8 [2.7] 55 3.6 [2.5] 57 3.8 [2.9] 0.05 0.04 .30 0.08 0.09

DWLc 62 4.3 [2.8] 58 3.8 [2.6] 53 4.0 [2.3] 54 3.6 [2.6]

MDASI concentrating

BWL 65 4.0 [2.7] 64 4.1 [2.7] 55 4.0 [2.3] 57 4.1 [2.7] 0.04 0.04 .42 0.19 0.02

DWLc 62 4.6 [2.4] 58 4.2 [2.5] 53 4.5 [2.2] 54 4.0 [2.5]

MDASI interference

BWL 65 4.4 [1.9] 64 3.6 [1.9] 55 3.7 [1.9] 57 3.7 [2.1] 0.03 0.03 .28 0.11 0.25

DWLc 62 4.5 [1.9] 57 3.9 [2.0] 53 3.8 [1.9] 54 3.5 [2.0]

COGNITIVE FUNCTIONING Between-group difference T0-T1

1/RT (PVT)d

BWL 62 3.8 [0.5] 57 3.9 [0.4] N/A N/A 0.06 0.09 .49 0.15 N/A

DWLc 59 3.7 [0.5] 54 3.8 [0.6] N/A N/A

Performance lapses (PVT)d

BWL 62 1.1 [3.0] 57 0.5 [0.9] N/A N/A -0.84 0.61 .17 0.29 N/A

DWLc 59 0.8 [2.2] 54 1.0 [4.9] N/A N/A

No. correct items learning phase (15WT)

BWL 65 46.6 [10.3] 61 48.7 [11.9] N/A N/A -0.83 1.33 .54 0.07 N/A

DWLc 62 48.6 [11.1] 57 49.8 [10.4] N/A N/A

No. correct items free recall (15WT)

BWL 65 10.2 [2.9] 61 10.7 [3.0] N/A N/A -0.23 0.41 .57 0.09 N/A

DWLc 62 10.3 [3.0] 57 11.0 [2.7] N/A N/A

No. correct items recognition (15WT)

BWL 65 29.0 [1.7] 61 29.1 [1.6] N/A N/A 1.05 0.55 .06 0.33 N/A

DWLc 61 29.3 [1.1] 57 28.7 [4.0] N/A N/A

No. correct items digit span task

BWL 65 15.5 [3.5] 61 16.2 [3.6] N/A N/A -0.40 0.45 .37 0.07 N/A

DWLc 62 15.1 [3.6] 57 15.9 [3.7] N/A N/A

(Continued on next page)
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Table A5. Mean values and standard deviations per time-point and between-group differences for the 
mixed-effects models of the outcome measurements for Luminette Glasses users only.

T0a T1a T2a T3a Linear time effect T0-T3 ESb

n M [SD] n M [SD] n M [SD] n M [SD] B SE p T0-T1 T1-T3

COGNITIVE COMPLAINTS 

MOS-CF6 

BWL 65 62.9 [17.8] 64 65.9 [19.4] 55 65.5 [16.6] 57 65.2 [20.5] -0.49 0.30 .11 0.02 0.29

DWLc 62 60.6 [16.1] 58 64.0 [16.3] 52 61.9 [17.3] 54 69.6 [15.7]

MDASI remembering 

BWL 65 3.9 [2.8] 64 3.8 [2.7] 55 3.6 [2.5] 57 3.8 [2.9] 0.05 0.04 .30 0.08 0.09

DWLc 62 4.3 [2.8] 58 3.8 [2.6] 53 4.0 [2.3] 54 3.6 [2.6]

MDASI concentrating

BWL 65 4.0 [2.7] 64 4.1 [2.7] 55 4.0 [2.3] 57 4.1 [2.7] 0.04 0.04 .42 0.19 0.02

DWLc 62 4.6 [2.4] 58 4.2 [2.5] 53 4.5 [2.2] 54 4.0 [2.5]

MDASI interference

BWL 65 4.4 [1.9] 64 3.6 [1.9] 55 3.7 [1.9] 57 3.7 [2.1] 0.03 0.03 .28 0.11 0.25

DWLc 62 4.5 [1.9] 57 3.9 [2.0] 53 3.8 [1.9] 54 3.5 [2.0]

COGNITIVE FUNCTIONING Between-group difference T0-T1

1/RT (PVT)d

BWL 62 3.8 [0.5] 57 3.9 [0.4] N/A N/A 0.06 0.09 .49 0.15 N/A

DWLc 59 3.7 [0.5] 54 3.8 [0.6] N/A N/A

Performance lapses (PVT)d

BWL 62 1.1 [3.0] 57 0.5 [0.9] N/A N/A -0.84 0.61 .17 0.29 N/A

DWLc 59 0.8 [2.2] 54 1.0 [4.9] N/A N/A

No. correct items learning phase (15WT)

BWL 65 46.6 [10.3] 61 48.7 [11.9] N/A N/A -0.83 1.33 .54 0.07 N/A

DWLc 62 48.6 [11.1] 57 49.8 [10.4] N/A N/A

No. correct items free recall (15WT)

BWL 65 10.2 [2.9] 61 10.7 [3.0] N/A N/A -0.23 0.41 .57 0.09 N/A

DWLc 62 10.3 [3.0] 57 11.0 [2.7] N/A N/A

No. correct items recognition (15WT)

BWL 65 29.0 [1.7] 61 29.1 [1.6] N/A N/A 1.05 0.55 .06 0.33 N/A

DWLc 61 29.3 [1.1] 57 28.7 [4.0] N/A N/A

No. correct items digit span task

BWL 65 15.5 [3.5] 61 16.2 [3.6] N/A N/A -0.40 0.45 .37 0.07 N/A

DWLc 62 15.1 [3.6] 57 15.9 [3.7] N/A N/A

(Continued on next page)
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Table A5. (continued)

T0a T1a T2a T3a Between-group difference T0-T1 ESb

n M [SD] n M [SD] n M [SD] n M [SD] B SE p T0-T1 T1-T3

Forward digit span task

BWL 65 8.9 [1.8] 61 9.4 [2.0] N/A N/A 0.02 0.35 .95 0.08 N/A

DWLc 62 8.9 [2.1] 57 9.2 [2.0] N/A N/A

Backward digit span task

BWL 65 6.6 [2.0] 61 6.8 [2.1] N/A N/A -0.40 0.26 .12 0.19 N/A

DWLc 62 6.2 [2.0] 57 6.8 [2.2] N/A N/A

Raw means and standard deviations are reported. 
BWL Bright white light; DWL Dim white light; MDASI MD Anderson Symptom Inventory; MOS-CF6 Med-
ical Outcomes Studies – Cognitions. 
a T0 baseline; T1 post intervention; T2 3 months after light therapy; T3 9 months after light therapy.
b The effect size was calculated based on the mean scores and pooled standard deviation (SD): (meanT1-
meanT0)/pooled SDT0-T1 or (meanT3-meanT1)/pooled SDT1-T3; small 0.2, moderate 0.5, large 0.8. c DWL is the 
reference group. d 1 case excluded because of influential outlier.
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Table A5. (continued)

T0a T1a T2a T3a Between-group difference T0-T1 ESb

n M [SD] n M [SD] n M [SD] n M [SD] B SE p T0-T1 T1-T3

Forward digit span task
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BWL Bright white light; DWL Dim white light; MDASI MD Anderson Symptom Inventory; MOS-CF6 Med-
ical Outcomes Studies – Cognitions. 
a T0 baseline; T1 post intervention; T2 3 months after light therapy; T3 9 months after light therapy.
b The effect size was calculated based on the mean scores and pooled standard deviation (SD): (meanT1-
meanT0)/pooled SDT0-T1 or (meanT3-meanT1)/pooled SDT1-T3; small 0.2, moderate 0.5, large 0.8. c DWL is the 
reference group. d 1 case excluded because of influential outlier.
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Table A6. Mean values and standard deviations per time-point and between-group differences for the 
mixed-effects models of the outcome measurements for participants who used light therapy during fall 
or winter.

T0a T1a T2a T3a Linear time effect T0-T3 ESb

n M [SD] n M [SD] n M [SD] n M [SD] B SE p T0-T1 T1-T3

COGNITIVE COMPLAINTS 

MOS-CF6 

BWL 46 62.4 [16.7] 46 65.9 [18.0] 39 66.4 [17.1] 41 68.8 [16.6] -0.22 0.35 .54 0.06 0.04

DWLc 43 57.1 [18.6] 41 62.4 [19.0] 39 58.9 [20.7] 38 66.1 [18.6]

MDASI remembering 

BWL 46 4.0 [2.9] 46 3.8 [2.7] 39 3.7 [2.8] 41 3.6 [2.9] 0.08 0.06 .14 0.03 0.20

DWLc 43 4.2 [2.8] 41 4.0 [2.6] 39 4.1 [2.7] 38 3.3 [3.1]

MDASI concentrating

BWL 46 3.8 [2.6] 46 3.9 [2.5] 39 3.9 [2.5] 41 3.7 [2.8] 0.02 0.05 .74 0.22 0.09

DWLc 43 5.0 [2.5] 43 4.5 [2.6] 39 5.1 [2.4] 38 4.5 [2.6]

MDASI interference

BWL 46 3.9 [1.9] 46 3.1 [2.0] 39 3.3 [1.8] 41 3.1 [2.1] -0.01 0.04 .89 0.06 0.09

DWLc 43 5.0 [2.0] 40 4.1 [2.1] 39 4.2 [2.1] 38 4.0 [2.2]

COGNITIVE FUNCTIONING Between-group difference T0-T1

1/RT (PVT)d

BWL 43 3.9 [0.4] 39 3.9 [0.4] N/A N/A 0.03 0.10 .78 0.05 N/A

DWLc 42 3.7 [0.6] 38 3.7 [0.6] N/A N/A

Performance lapses (PVT)d

BWL 43 0.8 [2.1] 39 0.5 [1.0] N/A N/A -0.70 1.08 .52 0.28 N/A

DWLc 42 1.0 [2.6] 38 1.5 [5.8] N/A N/A

No. correct items learning phase (15WT)

BWL 46 45.7 [10.0] 44 49.2 [12.5] N/A N/A 1.51 1.72 .38 0.16 N/A

DWLc 43 48.8 [11.3] 42 50.6 [10.4] N/A N/A

No. correct items free recall (15WT)

BWL 46 9.9 [2.9] 44 10.6 [3.5] N/A N/A -0.09 0.49 .85 0.00 N/A

DWLc 43 10.3 [3.1] 42 11.0 [2.6] N/A N/A

No. correct items recognition (15WT)

BWL 46 28.6 [2.0] 44 29.1 [1.5] N/A N/A 1.46 0.74 .05 0.43 N/A

DWLc 43 29.2 [1.1] 42 28.6 [4.2] N/A N/A

(Continued on next page)
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DWLc 43 5.0 [2.5] 43 4.5 [2.6] 39 5.1 [2.4] 38 4.5 [2.6]

MDASI interference

BWL 46 3.9 [1.9] 46 3.1 [2.0] 39 3.3 [1.8] 41 3.1 [2.1] -0.01 0.04 .89 0.06 0.09

DWLc 43 5.0 [2.0] 40 4.1 [2.1] 39 4.2 [2.1] 38 4.0 [2.2]

COGNITIVE FUNCTIONING Between-group difference T0-T1

1/RT (PVT)d

BWL 43 3.9 [0.4] 39 3.9 [0.4] N/A N/A 0.03 0.10 .78 0.05 N/A

DWLc 42 3.7 [0.6] 38 3.7 [0.6] N/A N/A

Performance lapses (PVT)d

BWL 43 0.8 [2.1] 39 0.5 [1.0] N/A N/A -0.70 1.08 .52 0.28 N/A

DWLc 42 1.0 [2.6] 38 1.5 [5.8] N/A N/A

No. correct items learning phase (15WT)

BWL 46 45.7 [10.0] 44 49.2 [12.5] N/A N/A 1.51 1.72 .38 0.16 N/A

DWLc 43 48.8 [11.3] 42 50.6 [10.4] N/A N/A

No. correct items free recall (15WT)

BWL 46 9.9 [2.9] 44 10.6 [3.5] N/A N/A -0.09 0.49 .85 0.00 N/A

DWLc 43 10.3 [3.1] 42 11.0 [2.6] N/A N/A

No. correct items recognition (15WT)

BWL 46 28.6 [2.0] 44 29.1 [1.5] N/A N/A 1.46 0.74 .05 0.43 N/A

DWLc 43 29.2 [1.1] 42 28.6 [4.2] N/A N/A

(Continued on next page)
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Table A6. (continued)

T0a T1a T2a T3a Between-group difference T0-T1 ESb

n M [SD] n M [SD] n M [SD] n M [SD] B SE p T0-T1 T1-T3

No. correct items digit span task

BWL 46 15.8 [3.1] 44 16.2 [3.3] N/A N/A -0.61 0.57 .28 0.20 N/A

DWLc 43 14.9 [3.6] 42 15.9 [3.7] N/A N/A

Forward digit span task

BWL 46 9.3 [1.6] 44 9.3 [1.9] N/A N/A -0.62 0.43 .15 0.27 N/A

DWLc 43 8.8 [2.1] 42 9.2 [2.0] N/A N/A

Backward digit span task

BWL 46 6.5 [1.8] 44 6.9 [1.8] N/A N/A 0.02 0.29 .95 0.08 N/A

DWLc 43 6.2 [2.1] 42 6.6 [2.1] N/A N/A

Raw means and standard deviations are reported. 
BWL Bright white light; DWL Dim white light; MDASI MD Anderson Symptom Inventory; MOS-CF6 Med-
ical Outcomes Studies – Cognitions. 
a T0 baseline; T1 post intervention; T2 3 months after light therapy; T3 9 months after light therapy.
b The effect size was calculated based on the mean scores and pooled standard deviation (SD): (meanT1-
meanT0)/pooled SDT0-T1 or (meanT3-meanT1)/pooled SDT1-T3; small 0.2, moderate 0.5, large 0.8. c DWL is 
the reference group. d One case excluded because of influential outlier. For 1/RT. no random intercept 
was included in the model because convergence could not be reached for the model including a random 
intercept. 
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Table A6. (continued)

T0a T1a T2a T3a Between-group difference T0-T1 ESb
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a T0 baseline; T1 post intervention; T2 3 months after light therapy; T3 9 months after light therapy.
b The effect size was calculated based on the mean scores and pooled standard deviation (SD): (meanT1-
meanT0)/pooled SDT0-T1 or (meanT3-meanT1)/pooled SDT1-T3; small 0.2, moderate 0.5, large 0.8. c DWL is 
the reference group. d One case excluded because of influential outlier. For 1/RT. no random intercept 
was included in the model because convergence could not be reached for the model including a random 
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ABSTRACT 

Objective
One of the most commonly used tools to measure fatigue is the Multidimensional Fatigue 

Inventory (MFI). Studies into the scale structure of the MFI show discrepant findings. The 

objective of this study was to investigate the scale structure of the MFI in the general Dutch 

population.

Study design and Setting 
Using data from a Dutch probability-based internet panel (n=2512), the original 5-factor model, 

a 4-factor, and a 5- and 4-bifactor model of the MFI were tested with confirmatory factor 

analyses. Additional models were investigated using exploratory factor analysis (EFA). 

Results
Results neither confirmed a 5-factor (RMSEA = 0.120, CFI = 0.933, TLI = 0.920) nor a 4-factor 

model (RMSEA = 0.122, CFI = 0.928, TLI = 0.917). The two bi-factor models also showed a poor 

fit (bi-4-factor: RMSEA = 0.151, CFI = 0.895, TLI = 0.873; bi-5-factor: RMSEA = 0.153, CFI = 0.894, 

TLI = 0.871). EFA did not support an alternative model but seemed to show robustness in the 

loading of the original general fatigue items.

Conclusion
Our results did not provide empirical support for a four or five (bi-)factor structure of the MFI, 

nor for an alternative model. The most reliable scale of the MFI seems to be the general fatigue 

scale that could be used as a general indicator of fatigue. 
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INTRODUCTION

Fatigue is a symptom that is familiar to almost all individuals. There is a high prevalence of 

fatigue in both the normal population1 and in individuals with (chronic) illnesses, i.e. cancer2. 

However, there is a lack of consensus on the definition and multidimensionality of fatigue. For 

example, a general definition of fatigue is: “overwhelming sense of tiredness, lack of energy, 

and a feeling of exhaustion, associated with impaired physical and/or cognitive functioning; 

which needs to be distinguished from symptoms of depression”3. This general definition 

ignores the current discussion on the dimensionality of fatigue. Some authors propose that 

fatigue can be distinguished in mental and physical fatigue4, while others propose more than 

two dimensions, e.g. the EORTC-FA125 measures three dimensions (physical, emotional and 

cognitive fatigue)5, 6. Due to the lack of consensus on the multidimensionality of fatigue, a gold 

standard to measure fatigue is missing.  

One of the most commonly used questionnaires for fatigue in Europe is the Multidimensional 

Fatigue Inventory (MFI)7. It was developed by Smets and colleagues6 to meet the need for 

a brief questionnaire that excludes somatic items (such as headache) and measures multiple 

dimensions of fatigue. A priori defined dimensions based on literature and patient interviews 

(n = 12) included: general fatigue (general remarks that reflects an individual’s functioning), 

physical fatigue (feeling of tiredness), reduced activity (often co-occurring with fatigue), 

reduced motivation (to start with new activities), and mental fatigue (cognitive symptoms 

related to fatigue)6. These dimensions were confirmed in samples of radiotherapy patients (n = 

111), chronic fatigued patients (n = 357), psychology students (n = 481), medical students (n = 

158), and army recruits (n = 316), using confirmatory factor analyses6, 8.

The original validation of the MFI provided evidence for the five dimensions of fatigue6, 

8. Several studies investigated the psychometric properties of the MFI. Only two studies8, 

9 identified the originally proposed factor structure. Most studies reported different factor 

structures such as a three10-12, a four13-16 or a five-factor structure with different item loadings 

compared to the original factor structure17-21. Multiple studies have presented a combination of 

the general and physical fatigue scales6, 11, 13-17, 19, 20, 22 (see Table 1). Originally, Smets et al.6 also 

reported a four factor model in which the general and physical fatigue scales were combined, 

but chose a 5-factor model because the separate scales of general and physical fatigue might 

provide additional information for other constructs associated with fatigue. 

Considering these discrepant findings, the objective of this study was to further 

investigate the factor structure of the MFI in the general Dutch population with the aim 

of generating an optimal scoring algorithm. Therefore, we investigated the original five 

factor structure, and the alternative four factor structure (general fatigue and physical 

fatigue combined), and two bi-factor models, in which both the 4- and 5-factor models are 

modeled as hierarchical structures that include a general factor and specific domain factors. 
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Table 1. Overview of validation studies of the MFI.

Language Ref Population Factor structure Factor analysis Remarks 

Dutch [5] Patients with: cancer treated with RT (n=111), chronic fatigue syndrome (n=395 
psychology students (n=481), medical students (n=158), junior physicians (before 
and after first practical training; n=46), and army recruits(n=160 and n=156 after 
military training)

5 (GF, PF, MF, RA, RM) CFA Original validation study, participants 
completed 24 items. 

[11] Patients with cancer receiving RT (n=141) 5 (Original GF, PF, MF, RA, RM) CFA

[16] Patients with Parkinson’s disease (n=153) 4 (GF and PF combined, MF, RA, RM) PCA Correlations between scales, total score 
might be more valid as a general fatigue 
score. 

German [13] Chronically critically ill patients (post-acute ICU) (n=113) 3 (GF, PF, RM) CFA MFI is not reliable in this sample, too 
many irrelevant items for individuals on 
the post-acute ICU

Polish [14] Patients with cancer (n=340) 3 (PF, MF, RM) PCA No good fit to model A: fatigue as 
a unidimensional factor or model B: 
original 5 factor structure. Model C is 
result of post-hoc modifications 

French [18] Patients with thyroid disease (n=225) 4 (GF and PF combined, MF, RA, RM) PCA, varimax

Korean [19] Outpatients visiting university hospital (n=595) 4 (GF and PF combined, MF, RA 
[negative phrased], RM [positively 
phrased])

PCA, varimax

Brazilian-
Portuguese

[20] Survivors of Hodgkin lymphoma (n=200) 5 (GF and PF combined, MF, RM 
(separated over two factors), RA)

Principal axis 
factoring, 
Varimax

Persian [17] Patients with chronic hepatitis B (n=297) 4 (PF, RA, MF, RM) PCA

Hindi [12] Patients with cancer (n=200) 5 (Original GF, PF, MF, RA, RM) CFA Insignificant correlations between scales

Chinese [15] Patients with cancer prior to CT and last week CT  (n=385) 3 (spiritual fatigue, PF, MF) Exploratory, 
Varimax

[21] Patients with major depression (n=137) 5 (physical and mental energy, lack of 
physical and mental energy, MF, RA, 
activity planning)

PCA, Varimax Lower internal consistency compared to 
patients with cancer, fatigue symptoms 
and Parkinson’s disease. 

English [22] US adult population (CFS-like n=292; chronically unwell n=269; well n=222) 5 (PF, MF, RA, RM, general/reduced 
motivation)

PCA, Varimax All scales discriminated between groups 

[42] Patients treated with dialysis (n=470) No reliable factor model was confirmed CFA Poor model fit to 5-factor, 1-factor, and 
bi-factor model 

[23] Patients with Sjogren’s syndrome (n=34) or rheaumatoid arthritis (n=48) 5 (GF and PF combined, MF, RA, RM 
separated over two factors)

PCA, Varimax

[24] Patients with cancer (n=210) 5 factor structure was obtained but 
item loadings were not those proposed 
and dual loadings were seen. 

PCA, Varimax

Swedish [25] Cancer patients receiving RT (n=100); palliative cancer patients (n=284); 
outpatients at a medical clinic (n=145); hospital staff (n=220)

5 (GF, PF, MF, RA, RM) Cronbach’s alpha

GF general fatigue; PF physical fatigue; MF mental fatigue; RA reduced activity; RM reduced motivation; 
CFA confirmatory factor analysis; PCA principal components analysis; RT radiotherapy; ICU intensive care 
unit; CT chemotherapy; CFS: Chronic Fatigue Syndrome.
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GF general fatigue; PF physical fatigue; MF mental fatigue; RA reduced activity; RM reduced motivation; 
CFA confirmatory factor analysis; PCA principal components analysis; RT radiotherapy; ICU intensive care 
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METHODS 

Data source 
Data collection for this paper was conducted by CentERdata, an institute for online data 

collection and research located at Tilburg University, the Netherlands (www.centerdata.nl). This 

institute coordinates the LISS (Longitudinal Internet Studies for the Social Sciences) panel23, 24. 

This internet panel is a probability sample of households drawn from the population register by 

Statistics Netherlands. Approximately 5000 households, representative of the Dutch-speaking 

population living in the Netherlands, are included in this panel. Households without internet-

access are loaned equipment to provide internet-access. Panel members receive a monthly 

invitation to complete an online questionnaire, which will take 15 to 30 minutes in total. This 

questionnaire is completed by one member of the household. Panel members are paid for 

each completed questionnaire. A full description of the recruitment of (new) panel members is 

described in further detail elsewhere24. 

In December 2017, CentERdata invited 3.590 randomly selected panel members to 

complete an online questionnaire that included questions on lifestyle (smoking, drinking), 

chronic disorders, cancer specific health-related quality of life (EORTC-QLQ-C30), and the MFI. 

These panel members were aged 16 years or older with an oversampling of 18 to 34 years and 

75 years and older. After invitation, 2.544 (70.9%) individuals started with the questionnaire 

battery and 2512 individuals completed the battery including the MFI (70.0%). Our analyses 

are based on the sample that completed the total battery. Compared to non-responders, 

responders were older, more often married, and more often retired (Table 2).  

Ethics statement
In the Netherlands, ethical approval for questionnaire research in the general population is not 

required. Data collection abides the European “General Data Protection Regulation (GDPR)”. 

All participants gave double consent: first to participate in the LISS panel and second to receive 

monthly questionnaires.

Measurements 
The original Dutch version of the MFI6 was used to measure fatigue. It contains five scales; 

general fatigue (items 1, 5, 12, 16), mental fatigue (items 7, 11, 13, 19), physical fatigue (items 

2, 8, 14, 20), reduced motivation (items 4, 9, 15, 18) and reduced activity (items 3, 6, 10, 17). 

Items are scored on a 5-point scale on which the participant expressed the degree to which 

the statement applied to him or her (from agreement “yes, that is true” to disagreement “no, 

that is not true”) in the previous days. Item scores are summed to create a sum score for each 

scale, ranging between 4 (best condition) and 20 (worst condition). Higher scores indicate 

more fatigue. 

An additional 10-point Visual Analogue Scale (VAS) for fatigue was included. Participants 

were asked “if you had to mark your fatigue with a score on a scale from 1 (no fatigue at all) to 

10 (worst imaginable fatigue), which score would you give your fatigue?” 
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Statistical analysis
Descriptive statistics were used to report the sociodemographic characteristics of the sample. 

Pearson correlation analyses were used to calculate the correlation between the scales of the 

original 5-factor structure and the VAS-fatigue score.  

We evaluated the 4- and 5-factor model using confirmatory factor analysis (CFA) using 

the lavaan package in R26 and the semTools package27. We also modeled the 4- and the 5- 

factor model as hierarchical structures including a general factor and specific domain factors28. 

This evaluated whether item variation in the MFI reflects variation in a single unidimensional 

construct or if a questionnaire is multidimensional and scales are needed29. This bi-factor model 

allows items to simultaneously load on a general factor, in our case fatigue, and on a secondary 

factor of a specific fatigue domain. These specific domain factors account for the residual 

variance between the items once the contribution to the general factor has been partialed 

out. All domain factors are uncorrelated and have the same conceptual footing because they 

all contribute to the general factor28. We used the diagonally weighted least squares estimator 

(DWLS) with the mean- and variance adjustment procedure30.  A mean- and variance-adjusted 

scaled chi square was calculated for each model. This is the standard (normal-theory) chi 

square statistic divided by a scaling correction to better approximate a chi square under non-

normality31.  We also reported the comparative fit index (CFI) and the Tucker-Lewis Index (TLI) 

(for both, values ≥ 0.97 indicate a good fit, and between 0.95 and 0.97 an acceptable fit), and 

the Root Mean Square Error of Approximation (RMSEA) (values < 0.05 indicating a good fit, 

and between 0.05 and 0.08 an acceptable fit)32. Because these goodness-of-fit statistics are 

derived from the models using the chi squared test, they too are scaled and become robust 

to non-normality33. All standardized factor loadings were required to be greater than 0.4 and 

statistically significant34. 

In case of poor model fit, rather than relying on modification indices, we subsequently 

carried out exploratory factor analyses (EFA). We evaluated models from one- to six factors 

using EFA with Geomin rotation and diagonally weighted least squares estimator (DWLS) 

in Mplus35-37. We again used the scaled CFI, TLI, and RMSEA as indicators of model fit. All 

standardized factor loadings were required to be greater than 0.4 and statistically significant. 

Items were considered unstable if cross-loadings were significant on another factor with a 

difference between the two highest loadings being smaller than 0.234. We used the Kaiser 

criterion and scree plot to determine the number of factors that would yield the best solution38. 

RESULTS 

Table 2 summarizes the sociodemographic and clinical characteristics of the respondents. In 

total, 1165 men (46.4%) and 1347 women (53.6%) with a mean age of 52.1 years (standard 

deviation (SD) = 18.5) completed the questionnaire. Forty percent of the responders reported no 

comorbidities. The top six of comorbid diseases in the past 12 months were: back pain (28.9%), 

high blood pressure (20.1%), arthrosis (17.7%), cancer (9.5%), asthma/chronic bronchitis/COPD 

(8.7%), and heart disease (8.0%). Depression was reported by 5.9 percent of the participants.  
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Table 2. Sociodemographic and clinical characteristics and fatigue scores on the MFI for the total sam-
ple (n=2512).

Responders (n=2512) Non-responders (n=1078)a

Age in years (M, SD) 52.1 (18.5) 39.3 (16.3)

Sex

Male 1165 (46.4) 469 (43.5)

Female 1347 (53.6) 609 (56.5)

Living situation

Married (n, %) 1262 (50.2) 436 (40.4)

Not married (n, %) 1250 (49.8) 642 (59.6)

Education

Primary education (n, %) 186 (7.4) 79 (7.4)

High school and vocational education (n, %) 1407 (56.1) 576 (53.7)

College and university (n, %) 915 (36.5) 417 (38.9)

Missing (n) 4 6

Employment

Paid job / self-employed (n, %) 1194 (47.5) 661 (61.3)

Unemployed (n, %) 349 (13.9) 115 (10.7)

Student (n, %) 218 (8.7) 195 (18.1)

Retired (n, %) 636 (25.3) 67 (6.2)

Work disabled (n, %) 98 (3.9) 30 (2.8)

Other (n, %) 17 (0.7) 10 (0.9)

Self-reported comorbiditiesb (in past 12 months)

0 (n, %) 914 (39.7)

1 (n, %) 659 (28.6)

≥2 (n, %) 732 (31.8)

Missingc 207

Fatigue

General fatigue (M, SD) 9.8 (4.4)

Physical fatigue (M, SD) 8.8 (4.2)

Reduced activity (M, SD) 9.3 (3.9)

Reduced motivation (M, SD) 8.7 (3.6)

Mental fatigue (M, SD) 8.3 (3.7)

Sum score (M, SD) 44.9 (16.7)

VAS (M, SD) 4.1 (2.3)
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The reported percentages refer to valid cases. 
M Mean; SD standard deviation
a Responders differed significantly from non-responders on age, living situation, and employment (all p 
<.001). b Comorbidities as measured by an adapted version of the Self-Administered Comorbidity Mea-
sure25, including heart disease, stroke, high blood pressure, lung disease, diabetes mellitus, gastric ulcer, 
kidney disease, liver disease, anemia or other blood disease, thyroid disease, depression, arthrosis, back 
pain, rheumatoid arthritis, and other medical conditions. c Data of 207 responders was missing because 
the labels ‘yes’ or ‘no’ were not shown to responders who completed the questionnaire on their smart-
phone. This data was considered unreliable and not included. 

The responses to the individual items of the MFI are depicted in Table 3 and show that the 

majority of the participants reported none to mild fatigue. Based on the VAS-fatigue, 49% of 

the participants reported mild fatigue (VAS 3 or lower), 31% reported moderate fatigue (VAS 

4 to 6), and 20% reported severe fatigue (VAS 7 or higher)39. 

We found a strong correlation between the VAS score and general fatigue (r =  0.77). 

Moderate correlations were found between the VAS and the remaining scales (range: r =  0.52 

to 0.65). 

Confirmatory Factor Analyses (CFA)
Standardized factor loadings for the original 5-factor model and the 4-factor model are 

presented in Appendix Table A1 and A2. Although, both the original 5-factor model, and the 

4-factor model revealed statistically significant standardized factor loadings greater than 0.4 

on all factors, both model showed a poor model fit according the fit indices (Table 4). We 

also observed high correlations between the factors in the original 5-factor model (ranging 

between 0.63-0.97; Table 5), with the highest correlations being between the general and 

physical fatigue scale (r = 0.92) and the reduced motivation and reduced activity scale (r = 0.97). 

Similarly, for the 4-factor model with general and physical fatigue forming one factor, high 

correlations were observed between factors (ranging between 0.69-0.97; Table 5), with the 

highest correlations again being between the reduced motivation and reduced activity scale. 

When modeling these models as hierarchical structures including a general factor and 

specific domain factors, we found a poor fit for both bi-factor models (Table 4). Additionally, 

results showed small non-significant factor loadings of items 6 on RA (p = 0.458), and of item 

9 on RM (p = 0.511), and negative residual variances for items 1, 2, 7, and 19 when modeling 

the hierarchical 5-Factor Model. Similarly, results showed small non-significant factor loading of 

items 6 on RA (p = 0.121), and of item 9 on RM (p = 0.938), and negative residual variances for 

items 1, 3, 4, and 7 when modeling the hierarchical 4-factor model. This indicates identification 

problems suggesting the inappropriateness of both models for this data.  

Exploratory Factor Analyses (EFA)
Due to the lack of evidence of an adequate model from the CFA, we further investigated the 

scale structure of the MFI using exploratory factor analyses (EFA). EFA identified a 4-factor 

solution, reflecting one factor combining physical and general fatigue, a mental fatigue factor, 

and two factors both having a combination of reduced activity and reduced motivation 

indicators. Table 6 shows the standardized factor loading per indicator, with the largest loading 

in bold. Model fit was poor to moderate (CFI = 0.965 and TLI = 0.943, RMSEA = 0.101). Factor
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Table 3. Distribution of responses on the single items of the MFI in the total sample (N = 2512).

N (%)

1
Yes, this
is true

2 3 4 5
No, this is
not true

General Fatigue

1 I feel fit 1049 (41.8) 637 (25.4) 443 (17.6) 221 (8.8) 162 (6.4)

5 I feel tired 246 (9.8) 478 (19.0) 519 (20.7) 543 (21.6) 726 (28.9)

12 I feel rested 559 (22.3) 708 (28.2) 608 (24.2) 418 (16.6) 219 (8.7)

16 I tire easily 209 (8.3) 374 (14.9) 518 (20.6) 584 (23.2) 827 (32.9)

Physical Fatigue

2 Physically I feel only able to 
do a little

139 (5.5) 216 (8.6) 333 (13.3) 457 (18.2) 1367 (54.4)

8 Physically I can take on a lot 870 (34.6) 786 (31.3) 464 (18.5) 238 (9.5) 154 (6.1)

14 Physically I feel I am in a bad 
condition

160 (6.4) 253 (10.1) 466 (18.6) 587 (23.4) 1046 (41.6)

20 Physically I feel I am in an 
excellent condition

643 (25.6) 748 (29.8) 519 (20.7) 326 (13.0) 276 (11.0)

Reduced Activity

3 I feel very active 654 (26.0) 789 (31.4) 597 (23.8) 308 (12.3) 164 (6.5)

6 I think I do a lot in a day 664 (26.4) 665 (26.5) 658 (26.2) 303 (12.1) 222 (8.8)

10 I think I do very little in a day 144 (5.7) 308 (12.3) 481 (19.1) 571 (22.7) 1008 (40.1)

17 I get little done 116 (4.6) 251 (10.0) 491 (19.5) 629 (25.0) 1025 (40.8)

Reduced Motivation

4 I feel like doing all sorts of 
nice things

922 (36.7) 781 (31.1) 497 (19.8) 209 (8.3) 103 (4.1)

9 I dread having to do things 133 (5.3) 290 (11.5) 463 (18.4) 655 (26.1) 971 (38.7)

15 I have a lot of plans 681 (27.1) 750 (29.9) 717 (28.5) 250 (10.0) 114 (4.5)

18 I don’t feel like doing 
anything

100 (4.0) 248 (9.9) 488 (19.4) 602 (24.0) 1074 (42.8)

Mental Fatigue

7 When I am doing something, 
I can keep my thoughts on it

1243 (49.5) 688 (27.4) 363 (14.5) 150 (6.0) 68 (2.7)

11 I can concentrate well 1084 (43.2) 724 (28.8) 476 (18.9) 173 (6.9) 55 (2.2)

13 My thoughts easily wander 143 (5.7) 255 (10.2) 432 (17.2) 647 (25.8) 1035 (41.2)

19 It takes a lot of effort to 
concentrate on things

156 (6.2) 338 (13.5) 515 (20.5) 637 (25.4) 866 (34.5)

MFI Multidimensional Fatigue Inventory
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Table 4: Scaled fit indices; Confirmatory factor analyses and Bi-factor analyses on the MFI.

Original 5-Factor 
Model

5-BI Factor Model 4-Factor Model 4-BI Factor Model

CFI 0.933 0.895 0.928 0.894

TLI 0.920 0.873 0.917 0.871

RMSEA 0.120 0.151 0.122 0.153

4-Factor Model, model consisting of 20 indicators and four factors: general and physical fatigue com-
bined, reduced activity, reduced motivation, and mental fatigue; 5-Factor Model, model consisting of 
20 indicators and five factors: general fatigue, physical fatigue, reduced activity, reduced motivation, 
and mental fatigue; Bi-factor model, a hierarchical structure that includes a general factor and specific 
domain factors. 
CFI comparative fit index; MFI Multidimensional Fatigue Inventory; RMSEA root mean square error of 
approximation; TLI Tucker-Lewis Index.

Table 5. Between-factor correlations of the Multidimensional Fatigue Inventory

Original 5-Factor model

GF PF MF RA RM

GF 1

PF 0.920 1

MF 0.719 0.625 1

RA 0.824 0.878 0.704 1

RM 0.818 0.825 0.756 0.966 1

4-Factor Model

GPF MF RA RM

GPF 1

MF 0.692 1

RA 0.869 0.704 1

RM 0.838 0.756 0.966 1

4-Factor Model, model consisting of 20 indicators and four factors: general and physical fatigue com-
bined (GPF), reduced activity (RA), reduced motivation(RM), and mental fatigue (MF); 5-Factor Model, 
model consisting of 20 indicators and five factors: general fatigue (GF), physical fatigue (PF), reduced 
activity (RA), reduced motivation(RM), and mental fatigue (MF).
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Table 6. Single item (cross-)loadings on the four factor solution of Exploratory Factor Analyses.

F1 F2 F3 F4

General Fatigue

1 I feel fit POS 0,620 0,878 0,359 0,583

5 I feel tired NEG 0,321 0,801 0,551 0,448

12 I feel rested POS 0,506 0,763 0,547 0,434

16 I tire easily NEG 0,418 0,836 0,518 0,615

Physical Fatigue

2 Physically I feel only able to do a little NEG 0,456 0,743 0,331 0,659

8 Physically I can take on a lot POS 0,654 0,747 0,229 0,639

14 Physically I feel I am in a bad condition NEG 0,444 0,777 0,281 0,649

20 Physically I feel I am in an excellent condition POS 0,636 0,845 0,236 0,601

Reduced Activity

3 I feel very active POS 0,818 0,694 0,323 0,599

6 I think I do a lot in a day POS 0,557 0,300 0,069 0,643

10 I think I do very little in a day NEG 0,512 0,473 0,246 0,853

17 I get little done NEG 0,534 0,616 0,414 0,852

Reduced Motivation

4 I feel like doing all sorts of nice things POS 0,802 0,510 0,292 0,533

9 I dread having to do things NEG 0,454 0,598 0,469 0,694

15 I have a lot of plans POS 0,691 0,375 0,226 0,475

18 I don't feel like doing anything NEG 0,609 0,600 0,457 0,795

Mental Fatigue

7 When I am doing something, I can keep my 
thoughts on it

POS 0,526 0,370 0,726 0,432

11 I can concentrate well POS 0,571 0,456 0,820 0,452

13 My thoughts easily wander NEG 0,360 0,457 0,736 0,546

19 It takes a lot of effort to concentrate on 
things

NEG 0,362 0,440 0,696 0,584

F factor 

correlations were low to moderate, ranging from 0.23 to 0.58. Although items loaded 

significantly on their factors, half of the items of the MFI cross-loaded significantly on other 

factors (see Table 6), indicating that these items are unstable. The only items appearing to be 

more robust in their loading are the original general fatigue items. When evaluating the factor 

loadings in bold, and taking the cross loading into account, we found that eight out of 10 

negatively worded items (bold grey in Table 6) tended to cluster together on Factor 4. Although 

less pronounced, a similar trend was found for the positively worded items (bold italic grey in 

Table 6), of which six out of 10 tended to cluster on factor 1 (see Table 6).
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DISCUSSION 

The MFI has been used in numerous studies to measure multiple dimensions of fatigue, but 

consensus about its scale structure or scoring procedure is lacking. In this study, we were unable 

to replicate the original 5-factor model as proposed by Smets et al.6, nor was there support 

for a 4-factor model (combining general and physical fatigue). Adding a general factor to the 

5-factor and 4-factor model (i.e. creating a bi-factor model) also did not yield satisfactory results. 

With additional explorative analyses, we were unsuccessful in identifying an alternative model. 

Most other similarly conducted studies have not demonstrated empirical support for the 

original 5-factor structure of the MFI. Instead, models with different structures were found10-21. 

Chilcot et al.40, also evaluated the bi- factor structure of the 5 factor model and like us, were 

unable to confirm it. Similar to the results of Smets et al.8, we found correlations between the 

original five factors to be high. This generally indicates an overlap in variation, and brings into 

question whether these factors are unique and truly represent distinct domains of fatigue. We 

found one of the largest correlations between general and physical fatigue. Other studies found 

similar results where the physical and general aspects of fatigue could not be distinguished as 

separate domains13-15, 17, 20. 

In our study, we tested various factor structures for the MFI, but to no avail. Although 

results were highly inconsistent, other studies were able to find evidence for certain factor 

structures of the MFI. We have conducted our analyses on data from a sample of the general 

Dutch population. We argue that the factor structures found in other studies might be sample 

specific (i.e., cancer, thyroid disease, Sjogren’s syndrome, rheaumatoid arthritis, Parkinson’s 

disease, major depression, post-polio syndrome, chronic hepatitis B, dialysis patients [Table 

1]), although no consistent factor structure was proposed. In addition to the use of a 

heterogeneous sample from the general Dutch population, our study has by far the largest 

sample size. The sample sizes in most other studies were relatively small for these kinds of factor 

analytical approaches (Table 1). Rule of thumb dictates a bare minimum of five respondents per 

parameter estimated to conduct factor analysis41. For evaluating the original 5-factor structure 

of the MFI, this would require a minimum of 350 respondents. If we could assume that the 

items of the MFI are reliable indicators of the underlying constructs, then a smaller sample size 

might do. However, in the case of the MFI we would argue that the sparse data might have led 

to unjust inferences in the past.

The current discussion on the definition and dimensionality of fatigue might also explain 

the lack of evidence for a robust factor structure and discrepant findings in the literature. 

Originally, fatigue was originally seen as a unidimensional construct but increased research has 

suggested a multidimensional construct of fatigue42. Michielsen and colleagues42, showed that 

four different fatigue assessments claiming to measure one, two or five dimensions of fatigue 

(excluding the MFI) all measured one unidimensional concept of fatigue.  This raises questions 

about whether the MFI covers the concept it intends to measure. Besides the general fatigue 

domain, the other domains may reflect constructs that can be, but may not necessarily be 

influenced by fatigue (i.e., the physical fatigue domain rather represents physical functioning 

and the mental fatigue domain, cognitive functioning). We also found that the general fatigue 

scale correlates highly with the VAS scale measuring fatigue, supporting the idea that the other 
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scales of the MFI might measure concepts related to or influenced by fatigue instead of fatigue 

itself. However, it is important to note that the suggested unidimensionality of fatigue might 

be instrument-specific. Validation studies for other instruments were able to replicate different 

dimensions of fatigue. For example, the three dimension of fatigue assessed with the EORTC-

FA12 have been successfully replicated in the general German population43 and young adults 

with cancer44. 

The above pertains to a conceptual approximation of the problem with the MFI. However, 

(part of) the problem may lie in the semantics of the items. When developing an instrument, 

the intention is to develop scales that resemble unidimensional constructs. The argument 

for including both positively and negatively worded items is to prevent response bias, i.e. to 

avoid a respondents’ tendency to agree (acquiescence) or disagree (counter-acquiscence) with 

a question despite its content45. Although this response tendency can have an effect on the 

validity of a questionnaire, reversing items can also lead to mistakes and confusion and may 

be an even bigger threat to the validity46. One study showed that using the original twenty 

items of the MFI, with 10 positively and 10 negatively worded items, did not prevent response 

bias. Instead, it facilitated more mistakes than when items were posed in the same direction47. 

Moreover, the reverse wording of items in a questionnaire may inadvertently lead to two 

distinct factors: one for positive, and one for negative items, purely based on semantics47. This 

was also seen in our exploratory analysis, again with the exception of the general fatigue items. 

Other studies found similar trends16-18. This can be a methodological artefact, or these positively 

and negatively worded items may simply mirror two separate constructs on different continua. 

Nevertheless, this is an unintended and unwanted effect of the MFI. 

In conclusion, our results did not provide empirical support for the two hypothesised 

measurement models for the MFI, nor for an alternative model in a large sample of the general 

Dutch population. Results did indicate that the general fatigue scale could be a good measure 

of fatigue. Nevertheless, the conceptual and structural issues surrounding the MFI which 

have been raised in this paper warrant considerable cognisance and caution when choosing a 

(multidimensional) questionnaire to measure fatigue.
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APPENDIX
Table A1. Single item Standardized factor loadings for the five factor model.

GF PF MF RA RM

General Fatigue

1 I feel fit 0.927 0.000 0.000 0.000 0.000

5 I feel tired 0.788 0.000 0.000 0.000 0.000

12 I feel rested 0.810 0.000 0.000 0.000 0.000

16 I tire easily 0.876 0.000 0.000 0.000 0.000

Physical Fatigue

2 Physically I feel only able to do a little 0.000 0.807 0.000 0.000 0.000

8 Physically I can take on a lot 0.000 0.846 0.000 0.000 0.000

14 Physically I feel I am in a bad condition 0.000 0.811 0.000 0.000 0.000

20
Physically I feel I am in an excellent 
condition

0.000 0.890 0.000 0.000 0.000

Mental Fatigue

7
When I am doing something, I can keep 
my thoughts on it

0.000 0.000 0.786 0.000 0.000

11 I can concentrate well 0.000 0.000 0.877 0.000 0.000

13 My thoughts easily wander 0.000 0.000 0.810 0.000 0.000

19
It takes a lot of effort to concentrate on 
things

0.000 0.000 0.806 0.000 0.000

Reduced Activity

3 I feel very active 0.000 0.000 0.000 0.880 0.000

6 I think I do a lot in a day 0.000 0.000 0.000 0.563 0.000

10 I think I do very little in a day 0.000 0.000 0.000 0.749 0.000

17 I get little done 0.000 0.000 0.000 0.856 0.000

Reduced Motivation

4 I feel like doing all sorts of nice things 0.000 0.000 0.000 0.000 0.756

9 I dread having to do things 0.000 0.000 0.000 0.000 0.782

15 I have a lot of plans 0.000 0.000 0.000 0.000 0.615

18 I don’t feel like doing anything 0.000 0.000 0.000 0.000 0.859

GF general fatigue PF physical fatigue; MF Mental fatigue; RA Reduced Activity; RM Reduced Motivation.  
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Table A2. Single item standardized factor loadings for the four factor model.

GPF MF RA RM

General Fatigue

1 I feel fit 0.900 0.000 0.000 0.000

5 I feel tired 0.776 0.000 0.000 0.000

12 I feel rested 0.796 0.000 0.000 0.000

16 I tire easily 0.858 0.000 0.000 0.000

Physical Fatigue

2 Physically I feel only able to do a little 0.790 0.000 0.000 0.000

8 Physically I can take on a lot 0.831 0.000 0.000 0.000

14 Physically I feel I am in a bad condition 0.794 0.000 0.000 0.000

20 Physically I feel I am in an excellent condition 0.870 0.000 0.000 0.000

Mental Fatigue

7
When I am doing something, I can keep my thoughts 
on it

0.000 0.787 0.000 0.000

11 I can concentrate well 0.000 0.877 0.000 0.000

13 My thoughts easily wander 0.000 0.810 0.000 0.000

19 It takes a lot of effort to concentrate on things 0.000 0.806 0.000 0.000

Reduced Activity

3 I feel very active 0.000 0.000 0.881 0.000

6 I think I do a lot in a day 0.000 0.000 0.563 0.000

10 I think I do very little in a day 0.000 0.000 0.749 0.000

17 I get little done 0.000 0.000 0.856 0.000

Reduced Motivation

4 I feel like doing all sorts of nice things 0.000 0.000 0.000 0.756

9 I dread having to do things 0.000 0.000 0.000 0.782

15 I have a lot of plans 0.000 0.000 0.000 0.615

18 I don’t feel like doing anything 0.000 0.000 0.000 0.859

GPF combined scale of general fatigue and physical fatigue; MF Mental fatigue; RA Reduced Activity; 
RM Reduced Motivation.  
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ABSTRACT 

Cancer-related fatigue has been related to circadian disruptions and lower levels of sleep quality. 

However, it is unknown whether the circadian phase, which is associated with chronotype and 

timing of sleep, is related to fatigue after cancer. The aims of this study were to investigate the 

associations between 1) chronotype and cancer-related fatigue and 2) sleep quality and cancer-

related fatigue. In this cross-sectional questionnaire study, 458 (non-)Hodgkin lymphoma 

survivors (n=231 female, mean age 49.7 years) completed a VAS fatigue-scale from 0 (no 

fatigue) to 10 (worst imaginable fatigue), the Munich Chronotype Questionnaire (MCTQ), and 

the Pittsburgh Sleep Quality Index (PSQI) between October 2018 and July 2019. A hierarchical 

linear regression analysis was used to evaluate the associations between the dependent variable 

fatigue and chronotype (based on early, intermediate, or late average midsleep) in model 1, 

and fatigue and sleep quality in model 2. The results showed no indications for an association 

between chronotype and fatigue (all p-values ≥ .50). There were associations between two 

(out of seven) aspects of sleep quality and fatigue: subjective sleep quality (p < .001) and daily 

dysfunctioning (p < .001). Therefore, it is more likely that fatigue is associated with self-reported 

sleep quality rather than with chronotype. However, experimental studies with objective, 

physiological data on circadian phase and sleep quality are necessary to confirm the conclusions 

of this cross-sectional study.
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BACKGROUND 

Cancer-related fatigue is one of the most frequently reported complaints in cancer survivors1 

with a prevalence between 25 and 60 percent in (non-)Hodgkin lymphoma survivors2, 3. 

The National Comprehensive Cancer Network (NCCN) defined cancer-related fatigue as “a 

distressing persistent, subjective sense of physical, emotional and/or cognitive tiredness or 

exhaustion related to cancer or cancer treatment that is not proportional to recent activity and 

interferes with usual functioning”4. The etiology of fatigue after cancer is still unknown but it is 

likely that multiple factors ranging from cognitive, emotional, psychosocial and somatic factors 

are involved5. 

One proposed underlying cancer-related fatigue mechanism is circadian rhythm disruption. 

Several studies, based on objective and subjective measurements, showed an association 

between circadian disruptions and fatigue, sleep disturbances, depression, and cognitive 

impairment6-8. These circadian disruptions in patients treated for cancer include a smaller 

amplitude of the rest-activity patterns (i.e. more sleep disruptions during the night and less 

activity during the day) and a flatter slope of the circadian rhythm of cortisol. This dampened 

rest-activity pattern was correlated with higher levels of fatigue in patients with metastatic 

colorectal cancer9. Additionally, a flatter cortisol slope was found for individuals with fatigue 

after cancer10, 11. 

Yet, these results do not provide insight into the timing (i.e. phase advanced or phase 

delayed) of the circadian rhythm and its association with fatigue after cancer. Chronotype 

can be used as a marker of the circadian phase and is based on the timing of the sleep-wake 

cycle12. It is defined as the mid-point between sleep onset and awakening on days when no 

alarm clock is used. Individual differences between chronotypes exist due to genetic variance, 

age, and environment12. Some individuals are more prone to be active in the morning, so 

called ‘larks’, and some individuals work better in the evening, so called ‘owls’. Several studies 

showed an association between later chronotypes (the owls) and negative health outcomes 

like depression13, bipolar disorders14, obesity15, and seasonal affective disorder16. It is also shown 

that a later chronotype is related to fatigue in individuals with irritable bowel symptoms17 and 

students18. However, the causal relationship between chronotype and negative health outcomes 

remains unclear. One explanation might be the misalignment between the circadian clock and 

social obligations. For example, extremely late evening types experience a need to sleep around 

3 o’clock in the morning. Yet, society obligates these individuals to set an early alarm, creating 

a sleep debt during the week. This phenomenon is also known as a social jet lag12.

On the other hand, circadian rhythm disruptions have been associated with lower levels 

of sleep quality in cancer patients19. Sleep disturbances and sleep disorders are well studied 

in patients treated for cancer and prevalence rates up to 62% have been reported in patients 

with cancer compared to 30% in healthy volunteers. This prevalence remains higher in patients 

treated for cancer compared to healthy volunteers up to 18 months after diagnosis20. Several 

studies showed an association between poorer sleep quality and increased levels of fatigue 

in patients treated for cancer21, 22. Related to chronotype, several studies in other populations 

showed that evening types had worse sleep quality14, 15, 18. 
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The reason to study the associations between chronotype and cancer-related fatigue 

and sleep quality and cancer-related fatigue is threefold. First, studies in other populations 

showed associations between eveningness and fatigue14, 15, 17, 18 suggesting that this association 

might also be present in other populations. Second, it provides information on the potential 

working mechanism of morning light therapy as a treatment for fatigue after cancer23-25 . As 

morning light therapy advances the circadian phase, which is associated with chronotype26, 

a later chronotype might be associated with fatigue. Alternatively, light therapy has been 

shown to improve sleep quality27, which might be the working mechanism of light therapy for 

decreasing fatigue. Third, a description of chronotypes in cancer survivors with cancer-related 

fatigue provides information on the optimal timing of light therapy (e.g. when cancer survivors 

with fatigue are more often morning types, morning light therapy will shift them even earlier 

which is not desired). Therefore, the current study aimed to explore the associations between 

1) chronotype and fatigue after cancer and 2) sleep quality and fatigue after cancer. It was 

expected that survivors with moderate to severe fatigue would show a delayed chronotype, i.e. 

being an evening type, and report poorer sleep quality compared to survivors with no to mild 

fatigue. If this is the case, light therapy in the morning might decrease symptoms of fatigue 

after cancer.

METHODS 

Study participants
For this cross-sectional study, individuals were invited to participate in the study if they met 

the following inclusion criteria: (1) diagnosis of Hodgkin Lymphoma (HL) or Diffuse Large B-cell 

Lymphoma (DLBCL) at least 2 years ago; (2) no treatment for cancer in the past 12 months; 

(3) sufficient knowledge of the Dutch language. Individuals were excluded if they reported to 

work in nightshifts. 

Procedure 
The hematologist or radiation oncologist in seven hospitals in the Netherlands (Admiraal de 

Ruyter hospital, Albert Schweitzer hospital, Amsterdam UMC [location AMC], Erasmus MC, 

Haga hospital, Leiden University Medical Center, University Medical Center Utrecht) identified 

eligible participants. Based on the inclusion criteria, a total number of 761 eligible survivors 

were identified. These individuals received an information package from their treating 

physician, including an invitation letter, a patient information letter with informed consent, 

our questionnaire, and a return envelope. The package also included additional information on 

a clinical trial testing light therapy as a treatment for fatigue after cancer (SPARKLE study)28 . 

Participants with fatigue could request more information about this clinical trial via a response 

card. All participants returned a signed informed consent form and the completed questionnaire 

by mail to the study coordinator.

Additionally, Hematon (the patient organization of lymphoma patients in the Netherlands) 

included a message in their monthly newsletter to their members (> 4300 members) to inform 

them about the study. This message included a link to an online version of the questionnaire. 
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Only those responders who expressed interest and left contact details were contacted for 

further screening for eligibility in the SPARKLE study. No contact details were available for 

responders who completed the survey but were not interested in the SPARKLE study. 

Study procedures conformed to the Declaration of Helsinki. Ethical approval for the study 

was obtained from the Institutional Review board of the Netherlands Cancer Institute (under 

number NL61017.031.17). Questionnaires were completed between October 2018 and July 2019.

Measurements 
Sociodemographic data included self-reported age, gender, education, marital status, living 

situation, and work status. Clinical data, including diagnosis, date of diagnosis (month and 

year), treatment history, height, and weight were also obtained via self-report. Height and 

weight were used to calculate BMI, which was categorized into normal (18.5 – 24.9), overweight 

(25-30), and obese (> 30). There were only two underweight cases (BMI <1 8.5) who were 

included in the normal category. Comorbidities were assessed by an adapted version of the 

Self-Administered Comorbidity Measure29.

The Munich Chronotype Questionnaire (MCTQ)30 was used to measure sleep timing on 

work days and work-free days. Fourteen items cover bedtime, sleep time, sleep latency, wake 

time, sleep inertia, alarm clock use, and light exposure on workdays and work-free days. Based 

on the completed items of the MCTQ, sleep onset was calculated as the sum of the time to get 

ready to fall asleep (preparation time) and the minutes needed to fall asleep (sleep latency). 

Sleep duration was calculated as the difference between sleep onset and sleep offset. Total 

time in bed was calculated as the difference between bedtime and the time someone gets out 

of bed. Average midsleep (aMS) was calculated as the midpoint between sleep onset and sleep 

offset on all days of the week. aMS was used as in indicator for chronotype31 and categorized 

in five categories: moderate to extremely early (aMS before 2:00 h) slightly early (aMS between 

2:00 h and 3:00 h), intermediate (aMS between 3:00 h and 4:00 h), slightly late (aMD between 

4:00 h and 5:00 h) and extremely late (aMS of 5:00 h or later) aMS based on the distribution 

of chronotype in the population of the Munich Chronotype Questionnaire12. Social jetlag was 

calculated as the difference of the midpoint between sleep onset and sleep offset on workdays 

and free days. Employment was categorized in three categories: unemployed (0 workdays), 

employed part time (1 to 4 workdays), and employed fulltime (4 or more workdays). 

A VAS-scale ranging from 0 (no fatigue) to 10 (worst imaginable fatigue) was used to 

assess fatigue. Based on the VAS score, fatigue was categorized as no to mild fatigue (VAS-

scores ≤ 3), moderate fatigue (VAS range from 4 to 7), or severe fatigue (VAS ≥ 7)32. 

Fatigue was described in more detail by the general fatigue score of the Multidimensional 

Fatigue Inventory (MFI)33. Originally, the MFI measures five domains of fatigue (general fatigue, 

mental fatigue, physical fatigue, reduced motivation, and reduced activity) but Kieffer et al.34 

showed that this factor structure is questionable. The general fatigue subscale is the most 

stable measurement for fatigue and was therefore included in our analysis. In addition, the 

relationship between fatigue and cancer or its treatment was assessed by asking the following 

question: “Have you experienced persistent fatigue since the diagnosis of and/or treatment for 

cancer?” which was answered with “yes” or “no”.
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The Pittsburgh Sleep Quality Index (PSQI)35 was included to assess sleep quality. This 19-

item questionnaire measures various aspects of sleep patterns and sleep quality including 

seven subscales: subjective sleep quality, sleep latency, sleep duration, sleep efficiency, sleep 

disruptions, use of sleep medication and daily dysfunctioning. Questions one to four cover 

bedtime, sleep inertia, get-up time and sleep duration and were derived from the MCTQ to 

avoid repetition in the questionnaire. Scores on the subscales range between 0 (no difficulty) 

to 3 (severe difficulty) and were included as categorical variables (score 0, 1, 2, or 3) in the 

hierarchical regression model. The complete score ranges between 0 (good sleep quality) to 21 

(worse sleep quality) and was used for descriptive purposes only. 

Statistical analyses
Sociodemographic, clinical, fatigue, and sleep characteristics of the study population were 

described using descriptive statistics for the entire sample and, separately, for survivors with no 

to mild, moderate, or severe fatigue after cancer. Differences between groups for continuous 

variables were tested with one-way ANOVA’s and Bonferroni post-hoc procedures. For non-

normal distributions or unequal variances, Kruskall-Wallis tests were used. Chi-square tests were 

used to study group differences for categorical variables. Fisher’s Exact tests were used when 

the cross table included one or more cells with less than five observations. Bonferroni corrected 

p-values were used to correct for multiple testing (see footnote under Table 2). 

Pearson correlation analysis were used to test bivariate associations between chronotype, 

sleep quality and fatigue. A hierarchical linear regression analysis was used to evaluate the 

association between fatigue and average midsleep and fatigue and sleep quality. In the first 

model, the continuous score of the VAS-fatigue was used as the dependent variable and aMS 

as independent variable. For the regression analyses, we combined the categories ‘slightly 

morning’ and ‘moderate to extreme morning’ into morning type and ‘slightly evening’ and 

‘moderate to extreme evening’ into evening type to reduce potential bias by the small number 

of extreme types. In the second model, the seven sleep quality subscales of the PSQI were added 

as categorical independent variables to the first model. Both models included age (years), time 

since diagnosis (years), and comorbidities (number) as continuous factors and sex (male: yes/

no), BMI (overweight: yes/no; obese: yes/no), marital status (married or living together: yes/

no), education (college or university: yes/no), diagnosis (non-Hodgkin lymphoma: yes/no), 

part-time employment (yes/no), and fulltime employment (yes/no) as categorical factors to 

control for their effects on fatigue or chronotype12. There were no treatment variables included 

in the regression models because previous studies showed that treatment had no effect on 

fatigue scores in survivors of HL36. Bonferroni corrected p-values were used to correct for 

multiple testing (see footnote under Table 3). 

Missing values in the 19 variables included in the hierarchical regression were imputed. 

First, single imputation was used on two items of the MCTQ based on the following imputation 

rules: 1) Missing ‘preparation time to go to sleep’ was copied from ‘bedtime’; and 2) ‘Sleep 

latency’ was copied from ‘sleep latency’ of the other day (work or free day) if available. After this 

single imputation, multiple imputation37 was used to create and analyze 10 multiply imputed 

datasets. Incomplete variables were imputed under fully conditional specifications, using the 

default settings of the Mice 3.7 package38, in R version 3.6.139. All 19 variables included in the 
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regression were used in the imputation model as well as all auxiliary variables used to create 

the PSQI subscales and all MFI items. The parameters of substantive interest were estimated in 

each imputed dataset separately, and combined using Rubin’s rules. For comparison, we also 

performed the analysis on the subset of complete cases. All statistical analyses were performed 

using SPSS version 25.0 or R version 3.6.1.

RESULTS 

Participants 
Of the 761 eligible participants who were invited through the hospitals, 430 returned a 

questionnaire on paper (response rate of 57%). Recruitment via the newsletter of the patient 

federation Hematon led to 91 online responses. In total, 521 questionnaires were returned. From 

the online reactions, 37 of the 91 participants completed less than 70% of the questionnaire 

and were excluded from analyses. Twenty-six participants were excluded from analyses due to 

shiftwork, leading to an analytic sample of 458 participants. 

The mean age of the analytic sample was 49.7 years (SD = 12.3), with 231 females (50%). 

The majority (71%) was diagnosed with Hodgkin lymphoma. The mean time since diagnosis 

was 12.0 years (SD = 9.7). Ninety-three percent of the participants received chemotherapy, 60 

percent received radiotherapy and 25 percent received other treatments. The majority (68%) 

reported at least one comorbidity. See Table 1 for more details. 

Fatigue 
Based on the VAS-fatigue scale, 134 survivors (29%) reported to experience no to mild fatigue, 

171 survivors (37%) reported moderate fatigue and 133 (29%) reported severe fatigue since 

diagnosis or treatment for cancer (20 survivors [4%] did not complete the VAS-fatigue scale). 

General fatigue (MFI) and the proportion of individuals that report fatigue since cancer were 

higher in the moderately and severely fatigued group than in the no to mild fatigued group. 

Bedtime information
Bedtime information on free days per group is shown in Table 2 for the entire sample and, 

separately, for groups based on the VAS-fatigue. There were no differences for sleep onset, 

wake-up time, and sleep duration between groups. However, there was a significant difference 

in total time spent in bed, which was increased in survivors with severe fatigue (9:35 hrs.) 

compared to survivors with moderate fatigue (9:12 hrs.), who stayed longer in bed compared to 

survivors without fatigue (8:48 hrs.). This difference in total time spent in bed can be explained 

by the finding that moderately and severely fatigued survivors had a statistically significant 

earlier bed time (36 and 25 minutes, respectively) compared to no-fatigued survivors and 

tended to have a longer sleep inertia. There were no differences in average midsleep between 

groups, probably explained by comparable sleep onset and wake-up times between groups. 

Based on the average midsleep, 145 survivors (32%) were classified as morning types (M = 

2:26; SD = 0:29), 211 survivors (46%) as intermediate types (M = 3:26; SD = 0:17), and 87 (19%) 
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Table 1. Sociodemographic, clinical and fatigue characteristics for all survivors and for survivors with no, 
moderate, or severe fatigue separately.

No. (%)

Total
(n=458)

No 
fatigue
(n=134)

Moderate 
fatigue
(n=171)

Severe 
fatigue
(n=133)

p- value
Post-
hoc

Missing 
(%)

Age in years    .002** N> M,S 1.5

Mean 49.7 52.6 47.9 48.4

SD 12.3 11.7 12.0 12.9

20-35 years 71 (16) 14 (11) 29 (18) 27 (21) .005**

36-50 years 147 (32) 32 (24) 66 (40) 42 (32)

51-65 years 186 (41) 67 (50) 58 (35) 52 (40)

65-75 years 47 (10) 20 (15) 13 (8) 11 (8)

Sex

Female 231 (50) 47 (35) 91 (55) 85 (64) <.001*** 1.1

Male 222 (49) 87 (65) 76 (46) 47 (36)

BMI (SD) .12 2.2

Mean 26.1 25.3 26.5 25.9

SD 4.6 4.3 4.8 4.5

16.5-25a 207 (45) 73 (56) 71 (43) 60 (46) .25

25-30 171 (37) 40 (31) 67 (40) 52 (39)

>30 90 (15) 18 (14) 28 (17) 20 (15)

Living situation

Married 340 (74) 107 (80) 132 (79) 87 (67) .02* 1.5

Educationb

None/Primary 
education 

7 (2) 1 (1) 2 (1) 4 (3) .70 1.5

High school and 
vocational education 

229 (50) 66 (50) 86 (52) 65 (50)

College and university 215 (47) 66 (50) 79 (47) 62 (47)

Number of working days .001** N>S 1.1

Mean 2.9 3.4 2.9 2.5

SD 2.1 2.1 2.1 2.2

Employment status 

Unemployed 126 (29) 28 (21) 47 (28) 51 (39) .01 1.1

Employed part-time 84 (19) 23 (17) 37 (22) 24 (18)

Employed fulltime 223 (52) 83 (62) 83 (50) 57 (43)

(Continued on next page)
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Table 1. (continued)

No. (%)

Total
(n=458)

No 
fatigue
(n=134)

Moderate 
fatigue
(n=171)

Severe 
fatigue
(n=133)

p- value
Post-
hoc

Missing 
(%)

Diagnosisb

HL 324 (71) 92 (70) 122 (72) 94 (71) .26 1.0

DLBCL 74 (16) 27 (21) 28 (17) 17 (13)

Aggressive NHL 14 (3) 1 (1) 6 (4) 6 (5)

Low grade NHL 8 (2) 1 (1) 2 (1) 5 (4)

NHL, unknown origin 26 (6) 10 (8) 8 (5) 7 (5)

Other 8 (2) 1 (1) 3 (2) 4 (3)

Time since diagnosis in years .56 2.2

Mean 12.0 11.6 12.5 11.3

SD 9.7 9.3 9.8 9.5

0-5 years 126 (28) 39 (30) 44 (27) 40 (30) .95

6-15 years 184 (40) 53 (40) 68 (41) 54 (41)

> 15 years 138 (30) 40 (30) 53 (32) 38 (29)

Treatment 

Chemotherapy 424 (93) 127 (96) 155 (91) 122 (92) .32 0.4

Radiotherapy 276 (60) 84 (63) 104 (61) 76 (57) .59 0.4

Other treatmentsc 112 (25) 33 (25) 39 (23) 35 (26) .79 0.4

Self-reported comorbidities (in past 12 months)

0 137 (30) 59 (45) 43 (26) 30 (23) <.001*** 2.8

1 126 (28) 38 (29) 51 (31) 34 (26)

≥2 182 (40) 35 (27) 72 (43) 65 (50)

Fatigue

General fatigue <.001*** N<M<S 0

Mean 12.7 7.9 14.0 16.3

SD 4.7 3.2 3.4 2.9

Cancer-related fatigue 
(yes)

300 (66) 28 (21) 133 (79) 127 (96) <.001*** 1.1

SD standard deviation; N no fatigue; M moderate fatigue; S severe fatigue; HL Hodgkin lymphoma; 
DLBCL diffuse large B-cell lymphoma; NHL Non-Hodgkin lymphoma. 
a Two underweight cases (BMI between 16.5 and 18.5) were included in the normal BMI category. 
b Fisher’s Exact Test reported. c Other treatments include stem cell transplantation, surgery, 
immunotherapy or wait and see. * <.05, ** <.01, *** <.001
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as evening types (M = 4:31; SD = 0:36). For 15 survivors (3%) aMS could not be calculated due 

to missing data. 

Bedtime information, sleep quality and fatigue
Figure 1 shows a schematic overview of bivariate Pearson correlations between chronotype, 

sleep quality and fatigue. Chronotype was significantly associated with two aspects of sleep 

quality: sleep latency (r = .21; p < .001) and sleep duration (r = .14; p < .01). With the exception 

of chronotype (r = .02; p = .62) and sleep duration (r = .04; p = .42), all subscales of sleep quality 

were significantly associated with fatigue (r range = .20 to .59; all p values < .001).  

Table 3 shows the results of the hierarchical linear regression model after multiple imputa-

tion. Model 1 (R2= .18; 95% CI = 0.12 - 0.25) shows significant associations between fatigue after 

cancer and age (B = −0.06; p < .001), and comorbidities (B = 0.40; p < .001). These associations 

can be interpreted as follows: an increase of 10 years of age was associated with a decrease of 

0.6 point in the VAS fatigue scale; an increase of one comorbidity is associated with an increase 

of 0.40 points on the VAS-fatigue. No association was found between fatigue and intermediate 

aMS (B = 0.12; p = .67) or late aMS (B = −0.03; p = 0.90) compared to early aMS.

After inclusion of sleep quality variables, model 2 (R2 = .51, 95% CI = 0.44 - 0.57) shows 

significant associations between fatigue and subjective sleep quality (B fairly good = 0.87; B fairly 

bad = 1.47; B very bad = 2.80; for all p ≤ .001) and between fatigue and daily dysfunctioning (B 

some dysfunctioning = 2.15; B quite a bit dysfunctioning = 3.09; B severe dysfunctioning = 3.28; all p values < .001). These 

associations can be interpreted as follows: the influence of subjective sleep quality ranged from 

an increase of 0.85 points (‘fairly good sleep quality’) to 2.82 points (‘very bad sleep quality’) 

on the VAS fatigue relative to individuals who report their subjective sleep quality to be ‘very 

good’; the influence of daily dysfunctioning ranged from an increase of 2.03 points (‘some 

dysfunctioning) to 3.28 points (‘severe dysfunctioning’) on the VAS-fatigue compared to ‘no 

problems’in daily dysfunctioning. Compared to model 1, the associations between fatigue and 

age and fatigue and comorbidities were no longer significant.

Potential multicollinearity issues of the sleep quality variables were evaluated by inspecting 

the variance inflation factor (VIF) and tolerance values of the second model applied on complete 

cases only. Two indicator (dummy) variables of the sleep disruption scale showed VIF (>3.5) 

and tolerance (<0.2) values that indicated a potential collinearity problems. However, these 

variables represent answer categories of the same categorical variable (sleep disruption) where 

the proportion of cases in the reference category is relatively small (5.4%), which causes the VIF 

to be larger. This was not the case for the other PSQI subscales where the proportion of cases 

in the reference categories were larger. The relatively large VIF of the dummy variables of the 

sleep disruption scale did not affect the other variables in the model and can therefore safely 

be ignored. There were no collinearity problems between subscales of the PSQI.

Similar results were obtained when the analysis was performed on the complete cases only 

(n=379; see Appendix Table A1). There was one difference: sleep duration answer “5-6 hours” 

(B imputed = −1.00, p = .01; B complete cases = −1.41, p = .001) was significant in the complete cases 

analysis. Since confidence intervals were smaller for the imputed data analysis, these results 

were preferred. 
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Figure 1 Schematic overview of bivariate Pearson correlations between chronotype, sleep quality, and 
cancer-related fatigue based on complete cases only. 
PSQI Pittsburgh Sleep Quality Index; ** < .01, *** < .001 
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Table 2: Mean (SD) bedtime and sleep quality information for all survivors and for survivors with no, 
moderate, or severe fatigue separately.

Total
(n=458)

No fatigue
(n=134)

Moderate fatigue
(n=171)

Severe fatigue 
(n=133)

p-value
Post-hoc 

comparison
Missing (%)

BED TIMEa

Basic variables

I go to bed at … o’clock 23:03 (0:59) 23:23 (0:59) 22:59 (0:58) 22:48 (0:57) <.001* N > M, S 0.9

I get ready to fall asleep at … o’clock 23:25 (0:55) 23:37 (0:56) 23:26 (0:50) 23:14 (0:57) .004* N > S 1.1

I need … minutes to fall asleep‡ 17 (22) 11 (13) 17 (19) 24 (31) <.001* N, M < S 1.7

I wake up at … o’clockb 7:43 (1:25) 7:49 (1:10) 7:39 (1:24) 7:45 (1:36) .86 1.5

After … minutes I get up 32 (56) 22 (32) 33 (51) 39 (60) .006 2.6

Hours spent outsideb 2:38 (1:49) 3:17 (2:14) 2:20 (1:29) 2:17 (1:34) <.001* N > M, S 10.9

Calculated variables

Sleep onset 23:42 (0:59) 23:48 (0:59) 23:43 (0:54) 23:36 (1:06) .29 1.3

Sleep durationb 8:00 (1:28) 8:01 (1:07) 7:55 (1:32) 8:09 (1:41) .05 2.0

Total time in bed 9:10 (1:18) 8:48 (1:03) 9:12 (1:21) 9:35 (1:21) <.001* N < M < S 1.7

Average midsleep 3:19 (0:51) 3:18 (0:48) 3:19 (0:47) 3:22 (0:58) .76 3.3

Moderate/extreme early, n (%)c 21 (5) 4 (3) 7 (4) 9 (7) .74 3.3

Slightly early, n (%) 124 (27) 42 (32) 44 (27) 31 (24)

Intermediate, n (%) 211 (46) 64 (48) 78 (48) 62 (48)

Slightly late, n (%) 75 (16) 20 (15) 30 (19) 23 (18)

Moderate/extreme late, n (%) 12 (3) 3 (2) 3 (2) 5 (4)

Social jetlag 0:44 (0:43) 0:51 (0:45) 0:41 (0:41) 0:40 (0:44) .06 2.2

SLEEP QUALITYa

Subjective sleep qualityb 1.1 (0.7) 0.6 (0.6) 1.2 (0.6) 1.4 (0.8) <.001* N < M < S 0.4

Sleep latency 1.0 (0.9) 0.5 (0.8) 1.0 (0.9) 1.3 (1.0) <.001* N < M < S 1.7

Sleep duration 0.4 (0.8) 0.5 (0.8) 0.4 (0.8) 0.4 (0.8) .51 2.0

Sleep efficiencyb 0.4 (0.7) 0.1 (0.4) 0.5 (0.9) 0.4 (0.8) <.001* N < M, S 2.0

Sleep disruptionsb 1.3 (0.6) 1.1 (0.5) 1.3 (0.5) 1.5 (0.7) <.001* N < M < S 6.8

Sleep medicationb 0.3 (0.8) 0.1 (0.4) 0.3 (0.8) 0.4 (0.9) <.001* N < M, S 0

Daily dysfunctioningb 1.1 (0.8) 0.4 (0.6) 1.2 (0.7) 1.6 (0.8) <.001* N < M < S 0.9

Total scoreb 5.4 (3.3) 3.4 (2.2) 5.8 (3.2) 6.8 (3.4) <.001* N < M < S 9.0

The 24-hour clock notation is used for questions regarding time (22:30 is half past 10 p.m.) and duration 
(0:30 is 30 minutes, i.e. 0,5 hours).
SD standard deviation; N no fatigue; M moderate fatigue; S severe fatigue. 
a Bonferroni corrected p-value of 0.004 (0.05/12) or less was considered to be statistically significant for 
bedtime variables. A Bonferroni corrected p-value of 0.006 (0.05/8) or less was considered to be statis-
tically significant for sleep quality variables. b Kruskal-Wallis test reported. c Fisher’s Exact Test reported. 
* < .004 for bedtime variables or < .006 for sleep quality variables
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Table 2: Mean (SD) bedtime and sleep quality information for all survivors and for survivors with no, 
moderate, or severe fatigue separately.

Total
(n=458)

No fatigue
(n=134)

Moderate fatigue
(n=171)

Severe fatigue 
(n=133)

p-value
Post-hoc 

comparison
Missing (%)

BED TIMEa

Basic variables

I go to bed at … o’clock 23:03 (0:59) 23:23 (0:59) 22:59 (0:58) 22:48 (0:57) <.001* N > M, S 0.9

I get ready to fall asleep at … o’clock 23:25 (0:55) 23:37 (0:56) 23:26 (0:50) 23:14 (0:57) .004* N > S 1.1

I need … minutes to fall asleep‡ 17 (22) 11 (13) 17 (19) 24 (31) <.001* N, M < S 1.7

I wake up at … o’clockb 7:43 (1:25) 7:49 (1:10) 7:39 (1:24) 7:45 (1:36) .86 1.5

After … minutes I get up 32 (56) 22 (32) 33 (51) 39 (60) .006 2.6

Hours spent outsideb 2:38 (1:49) 3:17 (2:14) 2:20 (1:29) 2:17 (1:34) <.001* N > M, S 10.9

Calculated variables

Sleep onset 23:42 (0:59) 23:48 (0:59) 23:43 (0:54) 23:36 (1:06) .29 1.3

Sleep durationb 8:00 (1:28) 8:01 (1:07) 7:55 (1:32) 8:09 (1:41) .05 2.0

Total time in bed 9:10 (1:18) 8:48 (1:03) 9:12 (1:21) 9:35 (1:21) <.001* N < M < S 1.7

Average midsleep 3:19 (0:51) 3:18 (0:48) 3:19 (0:47) 3:22 (0:58) .76 3.3

Moderate/extreme early, n (%)c 21 (5) 4 (3) 7 (4) 9 (7) .74 3.3

Slightly early, n (%) 124 (27) 42 (32) 44 (27) 31 (24)

Intermediate, n (%) 211 (46) 64 (48) 78 (48) 62 (48)

Slightly late, n (%) 75 (16) 20 (15) 30 (19) 23 (18)

Moderate/extreme late, n (%) 12 (3) 3 (2) 3 (2) 5 (4)

Social jetlag 0:44 (0:43) 0:51 (0:45) 0:41 (0:41) 0:40 (0:44) .06 2.2

SLEEP QUALITYa

Subjective sleep qualityb 1.1 (0.7) 0.6 (0.6) 1.2 (0.6) 1.4 (0.8) <.001* N < M < S 0.4

Sleep latency 1.0 (0.9) 0.5 (0.8) 1.0 (0.9) 1.3 (1.0) <.001* N < M < S 1.7

Sleep duration 0.4 (0.8) 0.5 (0.8) 0.4 (0.8) 0.4 (0.8) .51 2.0

Sleep efficiencyb 0.4 (0.7) 0.1 (0.4) 0.5 (0.9) 0.4 (0.8) <.001* N < M, S 2.0

Sleep disruptionsb 1.3 (0.6) 1.1 (0.5) 1.3 (0.5) 1.5 (0.7) <.001* N < M < S 6.8

Sleep medicationb 0.3 (0.8) 0.1 (0.4) 0.3 (0.8) 0.4 (0.9) <.001* N < M, S 0

Daily dysfunctioningb 1.1 (0.8) 0.4 (0.6) 1.2 (0.7) 1.6 (0.8) <.001* N < M < S 0.9

Total scoreb 5.4 (3.3) 3.4 (2.2) 5.8 (3.2) 6.8 (3.4) <.001* N < M < S 9.0

The 24-hour clock notation is used for questions regarding time (22:30 is half past 10 p.m.) and duration 
(0:30 is 30 minutes, i.e. 0,5 hours).
SD standard deviation; N no fatigue; M moderate fatigue; S severe fatigue. 
a Bonferroni corrected p-value of 0.004 (0.05/12) or less was considered to be statistically significant for 
bedtime variables. A Bonferroni corrected p-value of 0.006 (0.05/8) or less was considered to be statis-
tically significant for sleep quality variables. b Kruskal-Wallis test reported. c Fisher’s Exact Test reported. 
* < .004 for bedtime variables or < .006 for sleep quality variables
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Table 3 Linear model of independent variables on the continuous value of the VAS-fatigue with 
imputed data (n = 458).

Model 1a Model 2a

95% CI 95% CI

B (SE) Lower Upper p B (SE) Lower Upper p

Constant 7.88 0.65 6.59 9.16 Constant 3.72 0.69 2.38 5.07

Intermediate aMS 0.14 0.25 -0.35 0.63 .58 Intermediate aMS -0.02 0.21 -0.43 0.40 .94

Late aMS -0.01 0.33 -0.66 0.63 .97 Late aMS -0.34 0.29 -0.92 0.23 .24

Age -0.06 0.01 -0.08 -0.04 <.001* Age -0.03 0.01 -0.04 -0.01 .01

Male -0.64 0.24 -1.12 0.16 .01 Male -0.46 0.21 -0.87 -.06 .03

BMI: overweight 0.34 0.25 -0.15 0.83 .17 BMI: overweight 0.26 0.20 -0.14 0.65 .21

BMI: obese 0.35 0.33 -0.31 1.00 .30 BMI: obese 0.18 0.27 -0.36 0.72 .51

Married -0.27 0.26 -0.77 0.24 .30 Married 0.18 0.21 -0.24 0.60 .40

College or university 0.15 0.24 -0.31 0.62 .52 College or university -0.16 0.20 -0.55 0.22 .41

NHL 0.32 0.28 -0.23 0.86 .25 NHL 0.04 0.22 -0.40 0.48 .85

Time since diagnosis 0.00 0.01 -0.03 0.03 .99 Time since diagnosis 0.00 0.01 -0.02 0.02 .72

Comorbidities 0.40 0.08 0.25 0.55 <.001* Comorbidities 0.05 0.07 -0.08 0.18 .45

Part-time employment -0.94 0.35 -1.62 -0.25 .01 Part-time employment -0.49 0.30 -1.07 0.10 .10

Fulltime employment -0.88 0.32 -1.50 -0.25 .006 Fulltime employment -0.23 0.28 -0.77 0.32 .43

Subjective sleep quality 1 0.89 0.26 0.38 1.39 .001*

Subjective sleep quality 2 1.47 0.35 0.78 2.15 <.001*

Subjective sleep quality 3 2.80 0.68 1.47 4.14 <.001*

Sleep latency 1 0.19 0.23 -0.27 0.64 .42

Sleep latency 2 0.43 0.30 -0.15 1.01 .14

Sleep latency 3 -0.08 0.46 -0.84 0.99 .87

Sleep duration 1 -0.26 0.25 -0.76 0.23 .30

Sleep duration 2 -1.00 0.40 -1.78 -0.21 .01

Sleep duration 3 -1.08 0.61 -2.28 0.13 .08

Sleep efficiency 1 0.02 0.29 -0.54 0.58 .95

Sleep efficiency 2 1.00 0.48 0.05 1.95 .04

Sleep efficiency 3 1.14 0.71 0.25 2.53 .11

Sleep disruptions 1 -0.50 0.40 -1.29 0.29 .21

Sleep disruptions 2 -0.50 0.46 -1.40 0.39 .27

Sleep disruptions 3 0.42 0.79 -1.14 1.97 .60

Sleep medication 1 -0.03 0.60 -1.21 1.15 .96

Sleep medication 2 -0.06 0.55 -1.13 1.02 .92

Sleep medication 3 0.42 0.40 -0.37 1.22 .30

(Continued on next page)
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Table 3 Linear model of independent variables on the continuous value of the VAS-fatigue with 
imputed data (n = 458).

Model 1a Model 2a

95% CI 95% CI

B (SE) Lower Upper p B (SE) Lower Upper p

Constant 7.88 0.65 6.59 9.16 Constant 3.72 0.69 2.38 5.07

Intermediate aMS 0.14 0.25 -0.35 0.63 .58 Intermediate aMS -0.02 0.21 -0.43 0.40 .94

Late aMS -0.01 0.33 -0.66 0.63 .97 Late aMS -0.34 0.29 -0.92 0.23 .24

Age -0.06 0.01 -0.08 -0.04 <.001* Age -0.03 0.01 -0.04 -0.01 .01

Male -0.64 0.24 -1.12 0.16 .01 Male -0.46 0.21 -0.87 -.06 .03

BMI: overweight 0.34 0.25 -0.15 0.83 .17 BMI: overweight 0.26 0.20 -0.14 0.65 .21

BMI: obese 0.35 0.33 -0.31 1.00 .30 BMI: obese 0.18 0.27 -0.36 0.72 .51

Married -0.27 0.26 -0.77 0.24 .30 Married 0.18 0.21 -0.24 0.60 .40

College or university 0.15 0.24 -0.31 0.62 .52 College or university -0.16 0.20 -0.55 0.22 .41

NHL 0.32 0.28 -0.23 0.86 .25 NHL 0.04 0.22 -0.40 0.48 .85

Time since diagnosis 0.00 0.01 -0.03 0.03 .99 Time since diagnosis 0.00 0.01 -0.02 0.02 .72

Comorbidities 0.40 0.08 0.25 0.55 <.001* Comorbidities 0.05 0.07 -0.08 0.18 .45

Part-time employment -0.94 0.35 -1.62 -0.25 .01 Part-time employment -0.49 0.30 -1.07 0.10 .10

Fulltime employment -0.88 0.32 -1.50 -0.25 .006 Fulltime employment -0.23 0.28 -0.77 0.32 .43

Subjective sleep quality 1 0.89 0.26 0.38 1.39 .001*

Subjective sleep quality 2 1.47 0.35 0.78 2.15 <.001*

Subjective sleep quality 3 2.80 0.68 1.47 4.14 <.001*

Sleep latency 1 0.19 0.23 -0.27 0.64 .42

Sleep latency 2 0.43 0.30 -0.15 1.01 .14

Sleep latency 3 -0.08 0.46 -0.84 0.99 .87

Sleep duration 1 -0.26 0.25 -0.76 0.23 .30

Sleep duration 2 -1.00 0.40 -1.78 -0.21 .01

Sleep duration 3 -1.08 0.61 -2.28 0.13 .08

Sleep efficiency 1 0.02 0.29 -0.54 0.58 .95

Sleep efficiency 2 1.00 0.48 0.05 1.95 .04

Sleep efficiency 3 1.14 0.71 0.25 2.53 .11

Sleep disruptions 1 -0.50 0.40 -1.29 0.29 .21

Sleep disruptions 2 -0.50 0.46 -1.40 0.39 .27

Sleep disruptions 3 0.42 0.79 -1.14 1.97 .60

Sleep medication 1 -0.03 0.60 -1.21 1.15 .96

Sleep medication 2 -0.06 0.55 -1.13 1.02 .92

Sleep medication 3 0.42 0.40 -0.37 1.22 .30

(Continued on next page)
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Table 3 (continued)

Model 1a Model 2a

95% CI 95% CI

B (SE) Lower Upper p B (SE) Lower Upper p

Daily dysfunctioning 1 2.15 0.23 1.70 2.60 <.001*

Daily dysfunctioning 2 3.09 0.28 2.53 3.64 <.001*

Daily dysfunctioning 3 3.28 0.50 2.31 4.26 <.001*

aMS average midsleep; BMI Body Mass Index; NHL Non-Hodgkin lymphoma; CT chemotherapy; RT 
radiotherapy; * <.0038 (model 1) or <.0015 (model 2)
a For model 1, a Bonferroni corrected p-value of 0.0038 (0.05/13) was used. For model 2, a Bonferroni 
corrected p-value of 0.0015 (0.05/34) was used.
Intermediate aMS:  intermediate aMS (1) vs early aMS (0) and late aMS (0) 
Late aMS:  late aMS (1) vs early aMS (0) and intermediate aMS (0) 
Age: included as continuous variables in years
Male: male (1) vs female (0) 
BMI overweight: BMI overweight (1) vs BMI healthy (0) and BMI obese (0) 
BMI obese: BMI obese (1) vs BMI healthy (0) and BMI overweight (0) 
Married: married or living together (1) vs single, widow or divorced (0) 
College or university: college or university (1) vs primary education, high school/vocational education (0) 
NHL: non-Hodgkin lymphoma (1) vs Hodgkin lymphoma (0) 
Time since diagnosis: included as continuous variable in years
Comorbidities: included as continuous variable in number of self-reported comorbidities. 
Part time employment: part time employed (1) vs no employment (0) or fulltime employment (0) 
Fulltime employment: fulltime employed (1) vs no employment (0) or part time employment (0)
Subjective sleep quality: reference category is good subjective sleep quality (0)
Sleep latency: reference category is no problems (0)  
Sleep duration: reference category is more than 7 hours (0) 
Sleep efficiency: reference category is more than 85% (0) 
Sleep disruptions: reference category is no disruptions (0) 
Sleep medication: reference category is no sleep medication (0) 
Daily dysfunctioning: reference category is no dysfunctioning (0)

DISCUSSION 

The aim of this study was to investigate the associations between chronotype and cancer-related 

fatigue and between sleep quality and cancer-related fatigue. Contrary to our hypothesis, the 

results do not support an association between chronotype and fatigue, measured by average 

midsleep. There were associations between two aspects of sleep quality and fatigue, specifically 

subjective sleep quality and daily dysfunctioning, indicating that a higher level of fatigue is 

associated with lower levels of self-reported sleep quality. Interestingly, we showed that 

fatigued survivors have comparable self-reported actual sleep times to those with no to mild 

fatigue but spend a longer time in bed trying to fall asleep. Additionally, our results showed 

that survivors who are younger or have more comorbidities reported higher levels of fatigue 

after cancer. These associations attenuated when sleep quality was taken into account. 

Previous studies on the association between chronotype and fatigue in other populations 

showed mixed results. One study showed that morning type individuals with irritable bowel 

symptoms reported less fatigue compared to evening types while this association was absent 

in healthy controls17. Another study showed increased levels of chronic work-related fatigue 
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Table 3 (continued)

Model 1a Model 2a

95% CI 95% CI

B (SE) Lower Upper p B (SE) Lower Upper p

Daily dysfunctioning 1 2.15 0.23 1.70 2.60 <.001*

Daily dysfunctioning 2 3.09 0.28 2.53 3.64 <.001*

Daily dysfunctioning 3 3.28 0.50 2.31 4.26 <.001*

aMS average midsleep; BMI Body Mass Index; NHL Non-Hodgkin lymphoma; CT chemotherapy; RT 
radiotherapy; * <.0038 (model 1) or <.0015 (model 2)
a For model 1, a Bonferroni corrected p-value of 0.0038 (0.05/13) was used. For model 2, a Bonferroni 
corrected p-value of 0.0015 (0.05/34) was used.
Intermediate aMS:  intermediate aMS (1) vs early aMS (0) and late aMS (0) 
Late aMS:  late aMS (1) vs early aMS (0) and intermediate aMS (0) 
Age: included as continuous variables in years
Male: male (1) vs female (0) 
BMI overweight: BMI overweight (1) vs BMI healthy (0) and BMI obese (0) 
BMI obese: BMI obese (1) vs BMI healthy (0) and BMI overweight (0) 
Married: married or living together (1) vs single, widow or divorced (0) 
College or university: college or university (1) vs primary education, high school/vocational education (0) 
NHL: non-Hodgkin lymphoma (1) vs Hodgkin lymphoma (0) 
Time since diagnosis: included as continuous variable in years
Comorbidities: included as continuous variable in number of self-reported comorbidities. 
Part time employment: part time employed (1) vs no employment (0) or fulltime employment (0) 
Fulltime employment: fulltime employed (1) vs no employment (0) or part time employment (0)
Subjective sleep quality: reference category is good subjective sleep quality (0)
Sleep latency: reference category is no problems (0)  
Sleep duration: reference category is more than 7 hours (0) 
Sleep efficiency: reference category is more than 85% (0) 
Sleep disruptions: reference category is no disruptions (0) 
Sleep medication: reference category is no sleep medication (0) 
Daily dysfunctioning: reference category is no dysfunctioning (0)

DISCUSSION 

The aim of this study was to investigate the associations between chronotype and cancer-related 

fatigue and between sleep quality and cancer-related fatigue. Contrary to our hypothesis, the 

results do not support an association between chronotype and fatigue, measured by average 

midsleep. There were associations between two aspects of sleep quality and fatigue, specifically 

subjective sleep quality and daily dysfunctioning, indicating that a higher level of fatigue is 

associated with lower levels of self-reported sleep quality. Interestingly, we showed that 

fatigued survivors have comparable self-reported actual sleep times to those with no to mild 

fatigue but spend a longer time in bed trying to fall asleep. Additionally, our results showed 

that survivors who are younger or have more comorbidities reported higher levels of fatigue 

after cancer. These associations attenuated when sleep quality was taken into account. 

Previous studies on the association between chronotype and fatigue in other populations 

showed mixed results. One study showed that morning type individuals with irritable bowel 

symptoms reported less fatigue compared to evening types while this association was absent 

in healthy controls17. Another study showed increased levels of chronic work-related fatigue 

in evening type student-workers compared to morning and intermediate types18. However, in 

line with the current results, a recent study in patients with rheumatoid arthritis showed no 

association between chronotype and fatigue while these patients reported a 23 minutes earlier 

chronotype compared to the general population40. 

One explanation for these mixed results might be the use of different questionnaires to 

assess chronotype. The MCTQ assesses actual sleep times, but other questionnaires like the 

Morningness Eveningness Questionnaire (MEQ)41 and Composite Scale of Morningness (CSM)42 

use preferred sleep times in ideal circumstances and statements to determine chronotype. The 

advantage of the MEQ and Composite Scale of Morningness is the cut-off score to determine 

chronotype. For the MCTQ, this determination is more arbitrarily as there are no cut-off times 

to determine chronotype. To address the issue of mixed results, it is important to replicate the 

previous findings based on self-reported information with an objective assessment of circadian 

phase. Until now, this was difficult for large-scaled studies because the golden standard for this 

assessment is the assessment of Dim Light Melatonin Onset (DLMO). This procedure is very time-

consuming. However, the BodyTime assay was introduced recently43. This assay determines the 

circadian phase based on a single blood sample, which makes it more suitable for large-scaled 

studies.  

Although the current results did not provide evidence for an association between 

chronotype and fatigue after cancer, our results do not contradict previous studies on circadian 

disruptions in cancer survivors6-9. The primary focus of the current study was to investigate 

whether the timing of actual sleep time, defined as chronotype, differed between survivors 

of cancer with and without fatigue. The studies on circadian disruptions looked more broadly 

at disruptions in rest-activity patterns (for example lying awake during the night and taking 

naps during the day to compensate) and showed that these disruptions were associated with 

cancer side effects like fatigue, sleep disturbances, depression, and cognitive impairment. Our 

results suggest a disturbed circadian rhythm in cancer patients with severe fatigue when we 

have a closer look to their sleep times. Results showed that survivors with moderate to severe 

fatigue tend to spend more time in bed before they fall asleep. One possible explanation is that 

fatigued survivors go to bed too early with respect to their circadian sleep drive. In other words, 

they might feel tired while their circadian rhythm is not yet set to sleep. Moreover, moderately 

and severely fatigued survivors reported more sleep disruptions compared to survivors without 

fatigue complaints. 
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Study strengths and limitations 
As far as we know, the current study is the first to explore a potential association between 

circadian phase, defined as chronotype, and fatigue in cancer survivors. It is important to study 

this association as it provides more information on the optimal timing of light therapy as a 

treatment for fatigue after cancer. The results of this correlational study did not provide direct 

evidence that a delayed circadian phase is associated with fatigue after cancer. However, the 

results of the sleep times do not rule out that light therapy in the morning will improve fatigue 

in patients with a delayed circadian phase since moderate to severe fatigued survivors tend to 

take longer to get up in the morning and spend less time outside during the day. This suggests 

that they do not get early morning light, which is helpful to advance the circadian rhythm and 

will prepare them to fall asleep at an earlier time that might improve fatigue. Alternatively, light 

therapy might be able to improve fatigue by improving sleep quality, which was associated with 

cancer-related fatigue in our study. A recent study suggested an improvement of sleep quality 

after light therapy27. 

A second strength of this study was the use of average midsleep as an indicator for circadian 

phase instead of the original indicator of chronotype from the MCTQ. Originally, someone’s 

chronotype is based on the calculation of the midpoint between sleep onset and offset on 

free days when no alarm clock is used, corrected for sleep debt during the week, the mid-sleep 

on free days sleep corrected (MSFsc). However, recent results showed a stronger association 

between DLMO and aMS31 compared to the association between DLMO and MSFsc44. For this 

reason, aMS was used. 

There are also several limitations. First, this survey study was also used to recruit participants 

for a clinical trial to study the efficacy of light therapy as a treatment for fatigue after cancer. 

The possibility of participation in a trial to decrease fatigue could have been an additional 

reason to return a completed questionnaire for those suffering from fatigue. This might explain 

the high prevalence of 70% of fatigue in responders compared to 40 to 60 percent reported 

in literature2, 3. Moreover, our sample included only survivors of (non-)Hodgkin lymphoma, 

possibly reducing its generalizability to other populations of cancer survivors. 

Second, all data were self-reported by the participants. Clinical variables (diagnosis, 

time since diagnosis, etc.) could not be verified. Also, we made a crude categorization of 

employment status based on the self-reported number of working days. We had no information 

on working hours. Consequently, survivors who were part time employed could have been 

wrongly categorized as fulltime employment. Moreover, previous studies showed that there 

is a discrepancy between subjective and objectively measured sleep information45. Therefore, 

future studies should include objective measurements like the DLMO, BodyTime assay, or 

actigraphy to investigate the association between chronotype, sleep, and fatigue. 

Third, the cross-sectional study design implies that our conclusions are based on associations. 

It is not possible to draw conclusions on the chronological order of the investigated variables 

in relation to cancer-related fatigue. This is relevant because it is likely that some variables are 

an effect of fatigue rather than a causal factor, for example daily dysfunctioning. Longitudinal 

studies are necessary to provide more insight into the causality of associations found in the 

current study. 
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Future research 
Some of our findings give rise to interesting future research. First, the attenuated associations 

between fatigue and age and fatigue and comorbidities when sleep quality was added to the 

model suggest that sleep quality mediates these associations. The current study focused on 

the relationship between chronotype and cancer-related fatigue and sleep quality and cancer-

related fatigue. Therefore, we did not perform mediation analyses to test this hypothesis. It 

is our recommendation that future research investigates a potential mediating effect of sleep 

quality while investigating factors that are associated with fatigue after cancer. Second, studies 

could investigate whether interventions aiming to improve sleep quality are more beneficial 

as a treatment for fatigue after cancer compared to interventions aiming to improve circadian 

phase. 

Clinical implications 
This study suggests that fatigue after cancer is associated with subjective sleep quality and not 

with chronotype. For this reason, clinicians should not only focus on a patient’s timing of sleep 

and duration but also on the sleep quality reported by survivors of cancer. To do this, clinicians 

can ask questions like “How would you rate your sleep quality in the previous month: very 

good, fairly good, fairly bad or very bad?” and “How often do you have trouble to stay awake 

while driving, eating meals or engaging in social activities?” When a patient reports fairly bad 

or very bad sleep quality and problems to stay awake, further investigation of the sleep pattern 

and fatigue is necessary to determine the clinical significance of the fatigue. In case of clinical 

significant fatigue, patients should be referred for treatment (for example refer to cognitive 

behavioral therapy46 or receive sleep hygiene information). 

Conclusions 
The current study aimed to provide more insight into cancer-related fatigue by investigating 

associations between 1) fatigue and chronotype and 2) fatigue and sleep quality. As fatigue 

levels were related to sleep quality but not to chronotype, the results suggest that it is likely 

that fatigue is associated with disrupted sleep rather than circadian phase. More objectively 

measured circadian and sleep aspects are necessary to confirm this conclusion. 
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APPENDIX 

Table A1. Linear model of independent variables on the continuous value of the VAS-fatigue on com-
plete cases (N=379)

Model 1a Model 2a

95% CI 95% CI

B (SE) Lower Upper p B (SE) Lower Upper p

Constant 7.69 0.71 6.29 9.09 Constant 3.50 0.74 2.05 4.95

Intermediate aMS 0.25 0.27 -0.29 0.79 .36 Intermediate aMS 0.05 0.23 -0.39 0.50 .82

Late aMS 0.09 0.36 -0.63 0.80 .81 Late aMS -0.19 0.31 -0.80 0.42 .54

Age -0.06 0.01 -0.08 -0.04 <.001* Age -0.02 0.01 -0.04 0.00 .05

Male -0.48 0.27 -1.01 0.06 .08 Male -0.38 0.23 -0.83 0.07 .10

BMI: overweight 0.40 0.27 -0.13 0.94 .14 BMI: overweight 0.22 0.22 -0.20 0.65 .30

BMI: obese 0.40 0.38 -0.34 1.14 .29 BMI: obese 0.25 0.30 -0.34 0.84 .41

Married -0.44 0.30 -1.03 0.14 .14 Married 0.14 0.25 -0.34 0.62 .57

College or university 0.21 0.26 -0.30 0.71 .43 College or university -0.12 0.21 -0.53 0.30 .58

NHL 0.25 0.31 -0.35 0.85 .42 NHL -0.03 0.25 -0.52 0.46 .91

Time since diagnosis 0.00 0.01 -0.03 0.03 .83 Time since diagnosis 0.00 0.01 -0.02 0.02 .95

Comorbidities 0.39 0.09 0.22 0.55 <.001* Comorbidities 0.05 0.07 -0.10 0.20 .49

Part time employment -0.66 0.38 -1.42 0.09 .09 Part time employment -0.40 0.33 -1.04 0.24 .22

Fulltime employment -0.89 0.35 -1.57 -0.21 .01 Fulltime employment -0.23 0.29 -0.81 0.35 .43

Subjective sleep quality 1 0.89 0.28 0.35 1.44 .001*

Subjective sleep quality 2 1.39 0.39 0.63 2.15 <.001*

Subjective sleep quality 3 2.93 0.75 1.45 4.41 <.001*

Sleep latency 1 0.19 0.24 -0.29 0.67 .44

Sleep latency 2 0.46 0.33 -0.19 1.10 .16

Sleep latency 3 0.29 0.51 -0.71 1.29 .57

Sleep duration 1 -0.13 0.29 -0.69 0.43 .64

Sleep duration 2 -1.41 0.43 -2.25 -0.58 .001*

Sleep duration 3 -1.89 0.90 -3.65 -0.11 .04

Sleep efficiency 1 0.06 0.30 -0.54 0.66 .85

Sleep efficiency 2 0.67 0.56 -0.44 1.77 .24

Sleep efficiency 3 2.05 0.90 0.28 3.81 .02

Sleep disruptions 1 -0.59 0.44 -1.45 0.27 .18

Sleep disruptions 2 -0.67 0.51 -1.66 0.33 .19

Sleep disruptions 3 0.65 0.86 -1.03 2.34 .45

Sleep medication 1 -0.18 0.61 -1.38 1.03 .78

Sleep medication 2 -0.29 0.64 -1.55 0.97 .65

Sleep medication 3 0.53 0.45 -0.36 1.41 .24

(Continued on next page)
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Table A1. Linear model of independent variables on the continuous value of the VAS-fatigue on com-
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95% CI 95% CI
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Part time employment -0.66 0.38 -1.42 0.09 .09 Part time employment -0.40 0.33 -1.04 0.24 .22

Fulltime employment -0.89 0.35 -1.57 -0.21 .01 Fulltime employment -0.23 0.29 -0.81 0.35 .43

Subjective sleep quality 1 0.89 0.28 0.35 1.44 .001*

Subjective sleep quality 2 1.39 0.39 0.63 2.15 <.001*

Subjective sleep quality 3 2.93 0.75 1.45 4.41 <.001*

Sleep latency 1 0.19 0.24 -0.29 0.67 .44

Sleep latency 2 0.46 0.33 -0.19 1.10 .16

Sleep latency 3 0.29 0.51 -0.71 1.29 .57

Sleep duration 1 -0.13 0.29 -0.69 0.43 .64

Sleep duration 2 -1.41 0.43 -2.25 -0.58 .001*

Sleep duration 3 -1.89 0.90 -3.65 -0.11 .04

Sleep efficiency 1 0.06 0.30 -0.54 0.66 .85

Sleep efficiency 2 0.67 0.56 -0.44 1.77 .24

Sleep efficiency 3 2.05 0.90 0.28 3.81 .02

Sleep disruptions 1 -0.59 0.44 -1.45 0.27 .18

Sleep disruptions 2 -0.67 0.51 -1.66 0.33 .19

Sleep disruptions 3 0.65 0.86 -1.03 2.34 .45

Sleep medication 1 -0.18 0.61 -1.38 1.03 .78
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(Continued on next page)
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Table A1. (continued)

Model 1a Model 2a

95% CI 95% CI

B (SE) Lower Upper p B (SE) Lower Upper p

Daily dysfunctioning 1 2.32 0.25 1.82 2.81 <.001*

Daily dysfunctioning 2 3.31 0.31 2.70 3.91 <.001*

Daily dysfunctioning 3 3.20 0.57 2.08 4.32 <.001*

R2 = .17 R2 = .52

Δ R2 = .35, p <.001

aMS average midsleep; BMI Body Mass Index; NHL Non-Hodgkin lymphoma; * <.0038 (model 1) or 
<.0015 (model 2)
a For model 1, a Bonferroni corrected p-value of 0.0038 (0.05/13) was used. For model 2, a Bonferroni 
corrected p-value of 0.0015 (0.05/34) was used.
Intermediate aMS:  intermediate aMS (1) vs early aMS (0) and late aMS (0) 
Late aMS:  late aMS (1) vs early aMS (0) and intermediate aMS (0) 
Age: included as continuous variables in years
Male: male (1) vs female (0) 
BMI overweight: BMI overweight (1) vs BMI healthy (0) and BMI obese (0) 
BMI obese: BMI obese (1) vs BMI healthy (0) and BMI overweight (0) 
Married: married or living together (1) vs single, widow or divorced (0) 
College or university: college or university (1) vs primary education, high school/vocational education (0) 
NHL: non-Hodgkin lymphoma (1) vs Hodgkin lymphoma (0) 
Time since diagnosis: included as continuous variable in years
Comorbidities: included as continuous variable in number of self-reported comorbidities. 
Part time employment: part time employed (1) vs no employment (0) or fulltime employment (0) 
Fulltime employment: fulltime employed (1) vs no employment (0) or part time employment (0)
Subjective sleep quality: reference category is good subjective sleep quality (0)
Sleep latency: reference category is no problems (0)  
Sleep duration: reference category is more than 7 hours (0) 
Sleep efficiency: reference category is more than 85% (0) 
Sleep disruptions: reference category is no disruptions (0) 
Sleep medication: reference category is no sleep medication (0) 
Daily dysfunctioning: reference category is no dysfunctioning (0)
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Table A1. (continued)

Model 1a Model 2a

95% CI 95% CI

B (SE) Lower Upper p B (SE) Lower Upper p

Daily dysfunctioning 1 2.32 0.25 1.82 2.81 <.001*

Daily dysfunctioning 2 3.31 0.31 2.70 3.91 <.001*

Daily dysfunctioning 3 3.20 0.57 2.08 4.32 <.001*

R2 = .17 R2 = .52

Δ R2 = .35, p <.001

aMS average midsleep; BMI Body Mass Index; NHL Non-Hodgkin lymphoma; * <.0038 (model 1) or 
<.0015 (model 2)
a For model 1, a Bonferroni corrected p-value of 0.0038 (0.05/13) was used. For model 2, a Bonferroni 
corrected p-value of 0.0015 (0.05/34) was used.
Intermediate aMS:  intermediate aMS (1) vs early aMS (0) and late aMS (0) 
Late aMS:  late aMS (1) vs early aMS (0) and intermediate aMS (0) 
Age: included as continuous variables in years
Male: male (1) vs female (0) 
BMI overweight: BMI overweight (1) vs BMI healthy (0) and BMI obese (0) 
BMI obese: BMI obese (1) vs BMI healthy (0) and BMI overweight (0) 
Married: married or living together (1) vs single, widow or divorced (0) 
College or university: college or university (1) vs primary education, high school/vocational education (0) 
NHL: non-Hodgkin lymphoma (1) vs Hodgkin lymphoma (0) 
Time since diagnosis: included as continuous variable in years
Comorbidities: included as continuous variable in number of self-reported comorbidities. 
Part time employment: part time employed (1) vs no employment (0) or fulltime employment (0) 
Fulltime employment: fulltime employed (1) vs no employment (0) or part time employment (0)
Subjective sleep quality: reference category is good subjective sleep quality (0)
Sleep latency: reference category is no problems (0)  
Sleep duration: reference category is more than 7 hours (0) 
Sleep efficiency: reference category is more than 85% (0) 
Sleep disruptions: reference category is no disruptions (0) 
Sleep medication: reference category is no sleep medication (0) 
Daily dysfunctioning: reference category is no dysfunctioning (0)
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The studies in this thesis report on the outcomes of a double blind, randomized controlled 

trial (RCT) of light therapy in Hodgkin Lymphoma (HL) and Diffuse Large B-cell lymphoma 

(DLBCL) survivors with persistent moderate to severe fatigue since diagnosis. We evaluated the 

short- and long-term efficacy of light therapy on improving fatigue after cancer and associated 

symptoms including sleep quality, depression, anxiety, quality of life, cognitive complaints, 

cognitive functioning, and circadian rhythms of sleep-wake cycles, melatonin, and cortisol. 

In addition, we described a psychometric evaluation of one of the primary outcomes, the 

Multidimensional Fatigue Inventory (MFI) in the general Dutch population. We also reported 

on the associations of chronotype with cancer-related fatigue (CRF) and sleep quality with 

CRF. This chapter summarizes our main findings in part 1. In part 2, we discuss our results 

with respect to the current literature and report on methodological considerations, overall 

conclusions, clinical implications, and implications for future research. 

PART 1: SUMMARY

Chapter 1 introduces the need for an effective treatment for cancer-related fatigue for HL and 

DLBCL survivors. In the Netherlands, the BETER consortium offers a healthcare infrastructure 

for survivorship care after a HL and DLBCL diagnosis. Within this consortium, survivors are 

informed about late adverse effects of treatment and offered screening and timely treatment. 

Cancer-related fatigue (CRF) is one of the most reported symptoms by HL and DLBCL survivors 

to radiation-oncologists and hematologists in this consortium. The prevalence rates range 

between 41 to 61 percent compared to a prevalence of moderate to severe fatigue of 23 to 

28 percent in the general Dutch population. Although the etiology of CRF is unknown, it is 

suggested that CRF results from multiple factors covering demographic, medical, psychosocial, 

behavioral, and biological factors. An example of a biological factor is circadian rhythm 

disruptions. Despite its high prevalence, evidence-based treatments for CRF are limited (i.e. 

cognitive behavioral therapy or physical exercise) and are not effective for all survivors suffering 

from CRF (these therapies require a high motivation from patients). Therefore, it is important 

to investigate alternative treatments, for example light therapy. When the research described 

in this thesis started, two pilot studies in breast cancer patients receiving chemotherapy (n = 39) 

and cancer survivors (n = 36) showed promising effect of light therapy as a treatment for CRF. 

Moreover, secondary analyses indicated that light therapy affected symptoms associated with 

CRF including circadian sleep-wake cycles and quality of life. Therefore, it was hypothesized 

that light therapy reduced fatigue through a restorative effect on circadian rhythms. Despite 

the positive effects in these pilot studies, there were limitations including small sample sizes 

and short follow up times (up to three weeks post-intervention) and questions remained about 

the mechanisms of action that explain the positive effect of light therapy. Hence, replication 

of these results in a sufficiently powered randomized controlled trial and the investigation of 

possible mechanisms of action were necessary. 

Chapter 2 describes the rationale and design of the SPARKLE study, where we aimed 

to examine the efficacy of light therapy on improving CRF. Participants were recruited from 

10 community and academic hospitals. Eligible survivors were randomly assigned to exposure 
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to bright white light (BWL; intervention) or exposure to dim white light (DWL; control). 

Participants were instructed to use light therapy within 30 minutes after awakening for a 

duration of 30 minutes on 25 consecutive days. Primary outcomes included fatigue and work 

and social adjustments caused by this fatigue. Secondary outcomes included depression, 

anxiety, quality of life, sleep quality, circadian rhythms of sleep-wake cycles, melatonin, cortisol, 

cognitive complaints and cognitive functioning. Outcome measures were assessed at baseline 

(T0), immediate post-intervention (T1), and at three (T2) and nine (T3) months follow-up. 

Survivors in the DWL group were offered BWL after completion of the T3 assessment. Based on 

this study design, it was possible to replicate the promising effect of light therapy on CRF in a 

sufficiently powered trial, investigate the long-term effect of light therapy on CRF and explore 

potential mechanisms of action. 

Chapter 3 reports the findings of the SPARKLE study. In total, 166 HL and DLBCL survivors 

with a mean age of 46 and a mean survivorship of 13 years participated. Compliance rates 

were high with a mean use of light therapy of 23 days. There were no significant differences 

between BWL and DWL in the reduction of fatigue over time. Both BWL and DWL significantly 

(p < .001) improved fatigue levels during the intervention which only slightly diminished during 

follow-up (EST0-T1 = −0.71; EST1-T3 = 0.15). Similar results were found for depression, sleep quality, 

and three aspects of quality of life (role limitations due to physical functioning, energy, and 

social functioning). Light therapy had no effect on anxiety, sleep-wake cycles (determined with 

actigraphy), and cortisol and melatonin levels. Subgroup analyses on participants who used: 1) 

light therapy on all 25 treatment days (n = 56); 2) Luminette glasses (n = 127); or 3) light therapy 

during autumn or winter (n = 88) showed similar results and did not change our conclusions. 

At the individual patient level, 35 to 63 percent of the survivors showed a clinically relevant 

reduction of fatigue at T1, irrespective of condition. This study demonstrates that BWL was not 

superior in reducing fatigue compared to DWL. Instead, both groups showed reduced fatigue 

levels. Future research is necessary to investigate which elements of the study protocol led to 

these condition-independent improvements. 

Chapter 4 presents the effect of light therapy on cognitive complaints and cognitive 

functioning in long-term HL and DLBCL survivors with CRF. Over one-third of the participants 

showed cognitive dysfunction at baseline, specifically in verbal memory where deviant scores 

were observed for immediate recall in 34% and delayed recall in 27% of the participants 

compared to 16% in the norm population. Neither BWL nor DWL diminished cognitive 

complaints or improved cognitive functioning (range p-values .07 to .80; range effect sizes .04 

to .29) in the total group of fatigued survivors nor in the subgroup suffering from cognitive 

dysfunction. These results indicate that approximately one-third of long-term HL and DLBCL 

survivors experience cognitive dysfunctioning. Light therapy does not appear to improve these 

complaints. Therefore, we suggest that other cognitive rehabilitation interventions should be 

made available to mitigate cognitive dysfunctioning in these survivors.

Chapter 5 presents the results of a psychometric evaluation of the Multidimensional 

Fatigue Inventory (MFI), which was one of the primary outcomes of the SPARKLE study. The 

original validation study suggested that the MFI measures five domains of fatigue, i.e. general 

fatigue, physical fatigue, reduced activity, reduced motivation, and mental fatigue, although 
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two four-factor structures also showed acceptable fit. Further validation studies showed 

inconclusive results on the factor structure of the MFI. The aim of this psychometric evaluation 

was to investigate the scale structure of the MFI in the general Dutch population (n = 2512). 

The results of a confirmatory factor analysis did not provide support for the original 5-factor 

structure (RMSEA = 0.120, CFI = 0.933, TLI = 0.920). Moreover, we were unable to replicate a 

four-factor structure that combined the general fatigue and physical fatigue subscales (RMSEA 

= 0.122, CFI = 0.928, TLI = 0.917). Adding a general factor to the five- and four-factor model to 

create a bi-factor model also did not show acceptable model fit (bi-4-factor: RMSEA = 0.151, CFI 

= 0.895, TLI = 0.873; bi-5-factor: RMSEA = 0.153, CFI = 0.894, TLI = 0.871). Exploratory factor 

analyses provided no alternative models with an acceptable model fit but seemed to show 

robustness in the loading of the original general fatigue items. These results did not provide 

empirical support for a four or five (bi-)factor structure of the MFI, nor for an alternative model. 

We propose that the most reliable scale of the MFI seems to be the general fatigue scale. This 

scale could be used as a general indicator of fatigue.

Chapter 6 reports on the results of a survey study, which was part of the recruitment 

for the SPARKLE study. Hence, it was completed by (non-)Hodgkin lymphoma survivors with 

and without fatigue. The rationale for this study was based on the ability of light to align 

internal circadian rhythms to external rhythm. Although several studies showed that circadian 

disruptions in the sleep-wake cycle (more awakenings during the night and more naps during 

the day) are associated with CRF in patients with cancer, it is unclear whether the timing of 

this rhythm is misaligned from the external rhythm in cancer survivors with CRF. Therefore, we 

investigated the associations of chronotype (someone’s preference in the timing of sleep and 

wake, i.e. a morning or an evening type) with CRF, and sleep quality with CRF in a survey study. 

It was hypothesized that evening types would report higher levels of cancer-related fatigue 

compared to morning types.  A total number of 458 survivors (50% female) with a mean age 

of 50 years completed a VAS fatigue-scale from 0 (no fatigue) to 10 (worst imaginable fatigue), 

the Munich Chronotype Questionnaire (MCTQ), and the Pittsburgh Sleep Quality Index (PSQI) 

between October 2018 and July 2019. The majority was diagnosed with a HL (71%) and the 

mean time since diagnosis was 12 years. Sixty-six percent of our sample reported moderate to 

severe fatigue. There was no statistically significant difference for average midsleep time, i.e. 

the midpoint between sleep onset and sleep offset that was used to determine chronotype, 

between survivors with and without fatigue symptoms. A hierarchical linear regression analysis 

was used to evaluate the associations between fatigue and chronotype (based on early, 

intermediate, or late average midsleep) in model 1, and fatigue and sleep quality in model 

2. The results showed no indications for an association between chronotype and fatigue (all 

p-values ≥ .50). There were associations between two (out of seven) aspects of sleep quality 

and fatigue: subjective sleep quality (p < .001) and daily dysfunctioning (p < .001). Therefore, it 

is more likely that CRF in long-term HL and DLBCL survivors is associated with self-reported sleep 

quality rather than with chronotype.
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PART 2: GENERAL DISCUSSION

This section describes a general discussion of the studies presented in this thesis. It is divided 

in two different parts. The first part covers light therapy for CRF and related symptoms. The 

second part covers circadian rhythms and CRF. The buildup of each part is as follows: first, we 

discuss our findings in the context of the current literature; thereafter follows a discussion of 

methodological limitations and an overview of overall conclusions; and finally, we reflect on 

the clinical implications and provide suggestions for future research. 

LIGHT THERAPY FOR CANCER RELATED FATIGUE

Comparison with the literature
The rational for the SPARKLE study was based on two pilot studies from Ancoli-Israel et al.1 in 

patients with breast cancer and Redd et al.2 in cancer survivors that showed promising effects 

of light therapy as a treatment for CRF. Since then, several studies3-13 on the effect of light 

therapy in cancer populations have been published. The sections below provide an overview 

of the results of these studies. First, studies that investigated the use of light therapy for CRF 

in cancer survivors with fatigue complaints are mentioned. Second, light therapy for cancer 

survivors with other symptoms are evaluated. Finally, light therapy for patients with cancer 

while receiving treatment are described. An overview of these studies is provided in Table 1. 

Light therapy for cancer survivors with cancer-related fatigue 

Two studies investigated the use of light therapy for cancer survivors with CRF as a treatment 

to reduce fatigue. The first study by Redd et al.2 randomly assigned 36 survivors to exposure 

to BWL or dim red light (DRL) and used the FACIT-fatigue as primary outcome. The results 

showed superiority of BWL over DRL with an effect size of 0.98. The second study by Johnson 

et al. studied light therapy in 81 cancer survivorswho met ICD-10 criteria for CRF and compared 

exposure to BWL or DRL in a RCT4. Results showed superiority of BWL over DRL for reducing 

fatigue symptoms with an effect size of 0.30, indicating that the group exposed to BWL had 

a 17 percent larger reduction in fatigue complaints compared to participants exposed to DRL. 

Our results showed no superiority of BWL over DWL on reducing fatigue but indicated 

that both groups, irrespective of light intensity, reported reduced fatigue (based on a VAS-

scale for fatigue and the general fatigue subscale of the MFI) after completion of the light 

therapy protocol (chapter 3). This was an unexpected finding because both Redd et al.2 and 

Johnson et al.4 reported superiority of BWL. However, it is important to notice that Johnson 

et al. only observed superiority of BWL for the total score of the Multidimensional Fatigue 

Symptom Inventory - short form (MFSI-SF)14. In line with our results, Johnson et al.4 showed no 

differences between survivors exposed to BWL or DRL for the effect of light therapy on the 

five domains of fatigue assessed with the MFSI-sf (general, physical, emotional, and mental 

fatigue, and vigor). The total group, irrespective of light intensity, reported clinically relevant 

improvements on general, physical, emotional, and mental fatigue. No effect was observed 

for vigor. This indicates that the only study showing a convincing superiority of BWL over DRL
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Table 1. Overview of studies on the effect of light therapy in cancer populations

Studya Study 
typeb

Participants Light therapy characteristics Outcome Instrument Conclusion 

CANCER SURVIVORS WITH CRF

Redd et al. 
(2014)2

PS Breast, gynecologic, and 
hematological cancer 
survivors

Mean survivorship: 17 months

BWL (n=18) vs DRL (n=18)

Litebook 1.2

30 min within 30 min upon waking, 4 
weeks 

Fatigue FACIT-fatigue •	 BWL showed superiority over DRL for reducing fatigue (effect size 
Cohen’s d = 0.98).

•	 DRL did not reduce fatigue. 

Wu et al. 
(2018)3

BWL (n=25) vs DRL (n=19) Sleep-wake 
cycles

Wrist 
actigraphy

•	 BWL showed superiority over DRL for improving sleep efficiency 
(partial η2 = 0.28). 

•	 No effect on total sleep time and wake after sleep onset.

Sleep quality PSQI •	No effect on sleep quality.

Johnson et al. 
(2017)4

RCT Cancer survivors

Mean survivorship: 28 months

BWL (n=42) vs DRL (n=39)

Litebook Elite 

30 min within 30 min upon waking, 4 
weeks 

Fatigue MFSI-SF Total score: 
•	 BWL showed superiority over DRL for reducing fatigue (effect size 

Cohen’s d = 0.30).
•	 DRL did reduce fatigue (effect size Cohen’s d = 0.93 compared to d 

= 1.20 in BWL).
Subscales: 
•	 Improvements on general, physical, emotional, and mental fatigu 

over time in both groups.
•	 No effect on vigor.

Mood POMS-SF •	 Improvement of mood disturbance over time in both groups. 

Depression CES-D •	 Reduction of depressive symptoms over time in both groups. 

Quality of 
Life

FACT-G •	 Improvements of QoL over time in both groups. 

Garland et 
al. (2020)5

Insomnia ISI •	 BWL showed superiority over DRL for improving insomnia. 

Sleep quality PSQI •	 Improvements of sleep quality over time in both groups.

Sleep-wake 
cycles

Wrist 
actigraphy

•	 No effect on sleep onset latency, wake after sleep onset, sleep 
efficiency, and total sleep time. 

Johnson et 
al. (2020)6

Cortisol Diurnal slope •	 Increased cortisol slopes over time in both groups.

Total cortisol 
output

•	Increased cortisol output over time in both groups.

CANCER SURVIVORS WITH SYMPTOMS OTHER THAN FATIGUE

Kronish et al. 
(2019)7

PT Cancer survivors with at least 
mild depressive symptoms

Mean survivorship: N/A

BWL vs DRL 
N=8

Litebook Advantage 

30 min each morning, 3 weeks of BWL or 
DRL, crossover across 12 weeks

Depression VAS-
depression 
(daily)

•	 Two individuals reported a decrease, five reported no difference 
and one reported an increase of depressive symptoms after BWL 
compared to DRL.

Fatigue VAS-fatigue
(daily) 

•	 One individual reported a decrease, six reported no differences, and 
one reported an increase of fatigue after BWL compared to DRL.

(Continued on next page)
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Table 1. Overview of studies on the effect of light therapy in cancer populations

Studya Study 
typeb
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•	 DRL did not reduce fatigue. 

Wu et al. 
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BWL (n=25) vs DRL (n=19) Sleep-wake 
cycles

Wrist 
actigraphy

•	 BWL showed superiority over DRL for improving sleep efficiency 
(partial η2 = 0.28). 

•	 No effect on total sleep time and wake after sleep onset.

Sleep quality PSQI •	No effect on sleep quality.

Johnson et al. 
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RCT Cancer survivors
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BWL (n=42) vs DRL (n=39)
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Fatigue MFSI-SF Total score: 
•	 BWL showed superiority over DRL for reducing fatigue (effect size 

Cohen’s d = 0.30).
•	 DRL did reduce fatigue (effect size Cohen’s d = 0.93 compared to d 
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over time in both groups.
•	 No effect on vigor.
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PT Cancer survivors with at least 
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BWL vs DRL 
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30 min each morning, 3 weeks of BWL or 
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Depression VAS-
depression 
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one reported an increase of fatigue after BWL compared to DRL.

(Continued on next page)
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Table 1. (continued)

Studya Study 
typeb

Participants Light therapy characteristics Outcome Instrument Conclusion 

Fox et al. 
(2020)8

FS Ovarian and gynecologic 
cancer survivors with sleep 
disturbances

Mean survivorship: N/A

Green BL (n=10) vs DRL (n=11)

Re-Timer 

45 min upon waking, 4 weeks

Sleep-wake 
cycles

Wrist 
actigraphy

•	 Tendency for superiority of BL over DRL on number of nighttime 
wakenings. 

•	 Tendency for an increase of total sleep time over time in both 
groups.

•	 No effect on time in bed, sleep onset latency, wake after sleep 
onset, sleep efficiency.

Sleep quality PSQI •	 Tendency for superiority of BL over DRL on improving sleep quality.

Quality of life FACT-G •	 No effect on quality of life.

Fatigue FACIT-fatigue •	 Improvements of fatigue over time in both groups.

Cognitive 
function

FACT-
Cognitive 
Function

•	 Tendency for superiority of BL over DRL on the comments from 
others subscale.

Depression PROMIS-
Depression 
Item Bank

•	 Tendency for superiority of BL over DRL on depressive symptoms.

Diurnal 
cortisol

Saliva •	 No effect on cortisol. 

Melatonin Urine •	 No effect on melatonin.

Rogers et al. 
(2020)9

FS Adolescent cancer survivors

Mean survivorship: 12 months

BWL (n=8)

Litebook Elite

30 min upon waking, 4 weeks

Sleep-wake 
cycles 

Wrist 
actigraphy

•	 No effect on acrophase, amplitude, F-statistic, MESOR. 

PATIENTS WITH CANCER WHILE RECEIVING CANCER TREATMENT 

Ancoli-Israel 
et al. (2012)1

PS Breast cancer patients 
receiving 4 cycles of 
chemotherapy

BWL (n=23) vs. DRL (n=16)

Litebook 1.2

30 min upon waking, 8-12 weeks (4 cycles 
of chemotherapy)

Fatigue MFSI-SF Total score: 
•	 BWL prevented the increase of fatigue that was seen after DRL.
•	 Changes in fatigue were unrelated to changes in sleep or circadian 

rhythms.
Subscales:
•	 Both groups showed worse scores on general, physical, or mental 

subscales. 
•	 No change on the vigor subscale.

Neikrug et 
al. (2012)10

Sleep-wake 
cycles 

Wrist 
actigraphy

•	 Both groups showed a dampened and less robust circadian rhythm 
during chemotherapy weeks compared to baseline. 

•	 The circadian rhythm returned to baseline or improved during the 
recovery week in the BWL group. This was not seen in the DRL 
group. 

•	 No effect on acrophase (time of day of the peak of the circadian 
rhythm, which is indicative for a phase advance or delay). 

Jeste et al. 
(2013)11

Quality of life FACT-B •	 No significant differences on change in QoL over time between 
groups.

•	 The DRL group showed significantly lower QoL during 
chemotherapy weeks compared to baseline.  

(Continued on next page)
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Table 1. (continued)

Studya Study 
typeb

Participants Light therapy characteristics Outcome Instrument Conclusion 
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•	 No change on the vigor subscale.

Neikrug et 
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cycles 

Wrist 
actigraphy

•	 Both groups showed a dampened and less robust circadian rhythm 
during chemotherapy weeks compared to baseline. 

•	 The circadian rhythm returned to baseline or improved during the 
recovery week in the BWL group. This was not seen in the DRL 
group. 

•	 No effect on acrophase (time of day of the peak of the circadian 
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(Continued on next page)
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Table 1. (continued)

Studya Study 
typeb

Participants Light therapy characteristics Outcome Instrument Conclusion 

Quality of life FOSQ •	 Significant deterioration in sleepiness-related QoL in DRL compared 
to no change in BWL.

•	 Changes in sleepiness-related QoL were related to changes in 
fatigue.

Depression CES-D •	 No significant differences on change in depression over time 
between groups.

•	 The DRL showed significantly more depressive symptoms during 
chemotherapy weeks compared to baseline.  

Valdimars-
dottir et al. 
(2018)12

RCT Patients with multiple myelo-
ma during autologous stem 
cell transplantation hospital-
ization

BWL (n=23) vs DWL (n=21)

Acuity Brands 

Programmed environmental illumination 
of hospital rooms between 7 and 10 AM

Depression CES-D •	 BWL prevented the increase of depressive symptoms that was seen 
after DRL (η2 = 0.08).

Crabtree et 
al. (2020)13

FS AYA’s undergoing cancer 
treatment 

BWL (n=26) vs DRL (n=25)

Litebook Advantage 

30 min within 1 h upon waking, 8 weeks

Fatigue PedsQL MFS Total score: 
•	 BWL showed larger reductions of fatigue than the reduction seen 

after DRL. 
Subscales: 
•	 BWL showed a reductions on cognitive fatigue, which was not seen 

after DRL. 
•	 Both groups showed reductions on general and sleep/rest fatigue. 

AYA adolescents and young adults; BL bright light; BWL bright white light; CES-D Center for 
Epidemiologic Studies-Depression scale; DRL dim red light; FACIT-fatigue Functional Assessment of 
Chronic Illness Therapy-Fatigue; FACT-B Functional Assessment of Cancer Therapy-Breast; FACT-G 
Functional Assessment of Cancer Therapy-General; FOSQ Functional outcomes of Sleep Questionnaire; 
ISI Insomnia Severity Index MFS Multidimensional Fatigue Scale; MFSI-SF Multidimensional Fatigue 
Symptom Inventory-Short Form; POMS-SF Profile of Mood States-Short Form; PROMIS Patient-Reported 
Outcome Measurement Information System; PSQI Pittsburgh Sleep Quality Index; VAS Visual Analogue 
Scale. 
a Authors in italics reported secondary analyses of the primary studies reported by the authors 
in normal font. b FS feasibility study; PS pilot study; PT personalized (within-subjects) trials; RCT 
Randomized controlled trial

was the pilot study by Redd et al.2. Both RCTs that followed after this pilot study showed that 

reductions of fatigue were also observed after exposure to a control condition. 

It is relevant to have a closer look at the clinical importance of the positive effects 

observed after light therapy. Redd et al.2 reported a clinically important distinction between 

survivors exposed to BWL compared to DRL since none of the cancer survivors experienced 

clinical levels of fatigue after exposure to BWL, while 55 percent of the survivors exposed to 

DRL still experienced CRF. The effect size of this difference was 0.98. Johnson et al.4 reported a 

smaller effect size of 0.30 for the superiority of BWL on the total score of the MFSI-sf. Our results 

showed an effect size of 0.81 for general fatigue in all participants, irrespective of condition, at 

post intervention, which corresponds to clinical significant benefits for 60 to 63 percent in the 

BWL and DWL group, respectively (chapter 3). This is in line with effect sizes of 0.96 and 0.76 on 

general fatigue in BWL and DRL, respectively, reported by Johnson et al.4. The effect sizes of our 

study and the study by Johnson et al. suggest clinically relevant improvements in both groups 
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Table 1. (continued)

Studya Study 
typeb

Participants Light therapy characteristics Outcome Instrument Conclusion 
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after DRL. 
Subscales: 
•	 BWL showed a reductions on cognitive fatigue, which was not seen 

after DRL. 
•	 Both groups showed reductions on general and sleep/rest fatigue. 

AYA adolescents and young adults; BL bright light; BWL bright white light; CES-D Center for 
Epidemiologic Studies-Depression scale; DRL dim red light; FACIT-fatigue Functional Assessment of 
Chronic Illness Therapy-Fatigue; FACT-B Functional Assessment of Cancer Therapy-Breast; FACT-G 
Functional Assessment of Cancer Therapy-General; FOSQ Functional outcomes of Sleep Questionnaire; 
ISI Insomnia Severity Index MFS Multidimensional Fatigue Scale; MFSI-SF Multidimensional Fatigue 
Symptom Inventory-Short Form; POMS-SF Profile of Mood States-Short Form; PROMIS Patient-Reported 
Outcome Measurement Information System; PSQI Pittsburgh Sleep Quality Index; VAS Visual Analogue 
Scale. 
a Authors in italics reported secondary analyses of the primary studies reported by the authors 
in normal font. b FS feasibility study; PS pilot study; PT personalized (within-subjects) trials; RCT 
Randomized controlled trial

was the pilot study by Redd et al.2. Both RCTs that followed after this pilot study showed that 

reductions of fatigue were also observed after exposure to a control condition. 

It is relevant to have a closer look at the clinical importance of the positive effects 

observed after light therapy. Redd et al.2 reported a clinically important distinction between 

survivors exposed to BWL compared to DRL since none of the cancer survivors experienced 

clinical levels of fatigue after exposure to BWL, while 55 percent of the survivors exposed to 

DRL still experienced CRF. The effect size of this difference was 0.98. Johnson et al.4 reported a 

smaller effect size of 0.30 for the superiority of BWL on the total score of the MFSI-sf. Our results 

showed an effect size of 0.81 for general fatigue in all participants, irrespective of condition, at 

post intervention, which corresponds to clinical significant benefits for 60 to 63 percent in the 

BWL and DWL group, respectively (chapter 3). This is in line with effect sizes of 0.96 and 0.76 on 

general fatigue in BWL and DRL, respectively, reported by Johnson et al.4. The effect sizes of our 

study and the study by Johnson et al. suggest clinically relevant improvements in both groups 

as effect sizes of 0.50 or larger are considered clinically relevant15. Moreover, these numbers are 

comparable to clinically significant improvements resulting from cognitive behavioral therapy 

(clinical improvement in 54 percent)16 and physical exercise (d = 0.53)17. This suggests that all 

light therapies, either BWL, DWL, or DRL, led to clinically relevant improvements of fatigue in 

cancer survivors with CRF. 

Our results further showed that both groups, irrespective of condition, showed 

improvements on subjectively reported sleep quality, depression, and three aspects of quality 

of life (chapter 3). No effects were observed for anxiety and other aspects of quality of life, 

nor for objectively assessed sleep-wake cycles and circadian rhythms of melatonin and cortisol 

(chapter 3). These results are partially in line with previous results. The pilot study3 suggested 

that light therapy had no effect on subjective sleep quality but the RCT5 showed, in line with 

our results, that both groups improved on subjective sleep quality over time. Moreover, results 

of the RCT4 showed that both types of light therapy (BWL and DRL) led to improvements on 

depression and quality of life. 

Light therapy is known for its entraining effect on circadian rhythms to the environmental 

rhythm (e.g. light-dark cycle). Redd et al.2 suggested that the positive effect of light therapy 

might results from the entrainment of circadian activity rhythms. A secondary analysis of this 

study3 suggested that BWL improved sleep efficiency in cancer survivors. However, this effect 

was small, clinically irrelevant and not replicated by our RCT (chapter 3) nor the RCT by Johnson 

et al.5. In fact, both RCTs showed no effect of light therapy on actigraphy derived sleep-wake 

cycles. We further investigated this hypothesis by looking at neuroendocrine correlates of the 

circadian rhythm (melatonin and cortisol). Our results showed that there was no effect on these 
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outcomes (chapter 3). This is partly in line with a secondary analysis of the RCT by Johnson et al.6 

showing that the diurnal cortisol slope and the total cortisol slope increased after completion 

of the light therapy in both groups (d = 0.57 and d = 0.49, respectively). This increase was not a 

mediator for the relationship between light therapy and fatigue levels. 

Light therapy for cancer survivors with symptoms other than fatigue 

Studies on light therapy in cancer survivors were not limited to CRF as an outcome. Three 

studies tested the efficacy for other symptoms in studies with small sample sizes. 

First, Kronish et al.7 used a different approach to study the efficacy of light therapy in 

cancer survivors with at least mild depressive symptoms. They used a crossover within-subject 

design for nine cancer survivors who were exposed to either BWL or DRL. The results of this 

study showed that the effect of light therapy is heterogeneous. Some survivors reported a 

decrease, the majority showed no difference, and some an increase on depression and fatigue 

after exposure to BWL compared to exposure to DRL. Whether depression and fatigue 

decreased during the study irrespective of condition was not reported. 

Second, Fox et al.8 studied the feasibility and preliminary efficacy of light therapy in 

ovarian and endometrial cancer survivors with sleep disturbances. Although not statistically 

significant, results showed a tendency towards superiority for green bright light (GBL) over DRL 

on the number of nighttime awakenings (actigraphy), subjective sleep quality, and depression. 

Furthermore, in line with our results, the results showed a statistically significant clinically 

relevant improvement (d = 1.19) of fatigue in all participants, irrespective of light condition. 

There was a tendency for a significant increase of total sleep time over time in both groups. 

No effects were found for other actigraphy-derived variables, quality of life, and cortisol and 

melatonin concentrations. 

The study by Fox et al.8 is the only study that also reported the effect of light therapy on 

subjectively assessed cognitive functioning, namely: perceived cognitive impairment, impact 

of perceived cognitive impairment on quality of life, comments from others, and perceived 

cognitive abilities. There was a nearly significant superiority of DRL over GBL for the comments 

from others domain since scores worsened in the GBL group and remained stable in the DRL 

group. However, the change in the GBL group was very small. No effects were found on the 

other domains. In chapter 4, we reported the effect of light therapy on cognitive impairment 

(assessed with questionnaires) and cognitive functioning (based on neuropsychological tests). 

Our results showed that light therapy, irrespective of light intensity, had no effect on these 

outcomes. 

An important limitation of our study (chapter 4) and the study by Fox et al.8 is that 

the samples were not recruited based on the presence of cognitive dysfunctioning but on 

the presence of sleep disturbances or CRF, respectively. A closer inspection of the baseline 

values in our study indicated that one-third of the survivors with CRF experienced cognitive 

dysfunctioning (chapter 4), which reduces the power of our study. The results of a sensitivity 

analysis in these survivors were in line with the intention-to-treat analyses, showing that light 

therapy had no effect on cognitive complaints or cognitive functioning (range p-values .05 to 

.78; range effect sizes .04 to .43). Based on these two studies, we suggest that light therapy is 

probably not effective for reducing cognitive complaints or improving cognitive functioning. 
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However, replication of these results in a sufficiently powered study in a sample with objectively 

assessed cognitive dysfunctioning at baseline is necessary to confirm this conclusion. 

Finally, Rogers et al.9 examined the feasibility of light therapy to improve circadian rhythms 

in eight adolescent cancer survivors. This was a convenience sample not selected on circadian 

disruptions a priori because the study primarily focused on the acceptability and adverse events 

and secondarily studied the effect of light therapy on circadian activity rhythms. The results 

showed that participants did not report an increased number of adverse events compared to 

healthy adolescents with no history of cancer. Moreover, there was no effect of light therapy on 

circadian activity rhythms. This might result from the selection of the sample, as the circadian 

activity rhythms of the participants were comparable to a healthy control group leaving small 

to no room for improvement.

Light therapy for patients with cancer while receiving cancer treatment  

The interest for light therapy as a treatment for CRF stems from the pilot study of Ancoli-Israel 

et al.1 that showed promising results. Exposure to BWL prevented the increase of fatigue and 

deterioration of circadian activity rhythms and quality of life compared to DRL in breast cancer 

patients receiving chemotherapy1, 10, 11. Since then, two more studies investigated the effect of 

light therapy in patients with cancer while receiving cancer treatment. 

Valdimarsdottir et al.12 investigated the effect of programmed environmental illumination 

of hospitals room on depressive symptoms in forty-four patients with multiple myeloma 

scheduled for autologous stem cell transplant. The results showed a significant difference 

between groups indicating that patients exposed to BWL showed a smaller increase of 

depressive symptoms during hospitalization compared to patients exposed to DWL.

Crabtree et al.13 studied the acceptability and feasibility of light therapy to reduce fatigue 

in adolescent and young adults receiving treatment for cancer. Fifty-one participants with newly 

diagnosed solid tumors, including lymphoma, were randomized to BWL or DRL. Results showed 

that there were no differences between individuals exposed to BWL or DWL concerning the 

side effects reported due to light therapy and treatment of cancer. Moreover, results of self-

reported fatigue showed that there were significant differences between groups for the effect 

of light therapy on cognitive fatigue and total fatigue, with larger reductions of fatigue after 

BWL compared to DRL. Improvements on general fatigue and sleep/rest fatigue were reported 

in both groups. 

Summary of light therapy studies in cancer populations 

In general, research on light therapy for cancer populations is limited. The majority of the 

published studies are pilot studies with methodological limitations, for example small sample 

sizes. Studies that primarily focused on light therapy for cancer survivors with CRF2, 4 concluded 

superiority of exposure to BWL compared to DRL on fatigue, although a closer inspection of 

the RCT by Johnson et al.4 indicates that both types of light therapy led to clinically relevant 

reductions in multiple domains of fatigue in cancer survivors with CRF. Moreover, light 

therapy, irrespective of condition, led to improvements on subjectively reported sleep quality, 

depression, and quality of life. It is unlikely that these positive effects result from an entrainment 
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of circadian rhythms as no effects were observed for light therapy on circadian rhythms of 

sleep-wake cycles, cortisol and melatonin.  

Studies that included cancer survivors with symptoms other than CRF, also reported a 

reduction of fatigue after light therapy, irrespective of condition8. Moreover, results on the 

primary outcomes of these studies, including depressive symptoms or sleep disturbances were 

inconclusive. One study suggested superiority of exposure to BWL for the number of night time 

awakening, subjective sleep quality, and depression8. However, another study showed no effect 

on objectively assessed sleep-wake cycles9. This might be explained by individual differences on 

the effect of light therapy that was reported after a within-subject comparison of exposure to 

BWL and DRL7. 

Studies that investigated the use of light therapy in patients with cancer while receiving 

treatment seem more promising since all of them reported lower levels of fatigue and depression 

and better quality of life after exposure to BWL compared to DRL1, 10-13. One pilot study showed 

that exposure to BWL maintained the circadian rhythm at baseline while the group exposed to 

DRL showed deterioration of the circadian activity rhythm10. 

Unexpected improvement of fatigue irrespective of light intensity

Contrary to the results of Redd et al.2, our study, as well as the RCT reported by Johnson et 

al.4, reported clinically relevant improvements of fatigue after light therapy, irrespective of 

light intensity. There are multiple explanations for this improvement in both groups. First, 

the positive effect of light therapy on self-reported outcomes in both groups might be the 

consequence of non-specific treatment effects, i.e. the Hawthorne effect. The Hawthorne 

effect describes changes in the behavior and/or reporting by a participant simply because the 

participant is observed18. Examples of potential non-specific treatment effects in the SPARKLE 

study are positive attention from the research team, increased awareness that CRF is a common 

symptom, increased physical activity, and increased awareness on someone’s sleep-wake cycle 

by the completion of a sleep diary for 10 days, which were all reported by the participants. 

Some participants also reported to enjoy the 30 minutes of “quiet time” in the morning while 

completing light therapy. These effects might resemble effective components of (internet-

based) cognitive behavioral therapy (CBT) and mindfulness-based CBT (MBCT), which are shown 

to be effective as a treatment for CRF16, 19, 20. One module of CBT addresses the importance of 

a regular sleep-wake cycle and includes an assignment to track someone’s sleep-wake rhythm 

for several days to gain insight into this rhythm. This assignment unintentionally became part 

of the study design of the SPARKLE study when we asked participants to complete a sleep diary 

for 10 days during each measurement point. Moreover, the 30 minutes of quiet time might 

resemble an assignment of MBCT. A closer evaluation of MBCT showed that an increase on 

sense of control was the most important working mechanism21, which is in line with personal 

comments by some participants mentioning that they experienced an increased capability to 

change their fatigue.

Second, the improvement of fatigue in the DWL group can be the result of a placebo 

response, which could be the case for the BWL group as well. Placebo responses to treatments 

for CRF have been reported and a recent meta-analysis based on 29 studies showed that 29 

percent (with a range between 3 to 77 percent22, 23) of the participants showed a decrease in 
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fatigue after placebo treatment in patients with cancer and cancer survivors24. The included 

studies mostly investigated pharmacological treatment for CRF compared to placebo pills, but 

other placebo treatments were sham acupuncture (n = 3), control telephone calls (n = 1), sesame 

seed oil injections (n = 1), and sham infrared laser (n = 1). Hoenemeyer et al.25 showed that this 

placebo response also occurs when it is clearly mentioned to participants that they receive 

placebo pills. Twenty-nine percent of the participants who received open-label placebo pills 

reported clinically relevant and statistically significant improvements with a moderate effect 

size (d = 0.63) compared to treatment as usual. This effect remained stable during a follow-up 

period of three weeks. Another meta-analyses on the effect of placebo treatment for insomnia 

symptoms showed that participants who received a placebo treatment (pharmacological and 

psychological) reported significant changes in self-reported sleep outcomes but not in objective 

outcomes26. 

To the best of our knowledge, a placebo response for light therapy has not been described 

but the findings of the SPARKLE study suggest this might be the case. Both BWL and DWL 

led to improvements in self-reported outcomes with effect sizes comparable to those found 

after open-label placebo pills treatment25 in the absence of a response on objectively assessed 

circadian rhythms of sleep-wake cycles, cortisol, and melatonin. However, we should be careful 

to conclude that light therapy in the SPARKLE study did not elicit a biological response. We 

primarily focused on the assumption that light therapy works via entrainment of circadian 

rhythms because light is the most important zeitgeber for the circadian rhythm. Nonetheless, 

it has been shown that the intrinsically photosensitive retinal ganglion cells responsible for this 

biological response are not only connected to the superchiasmatic nucleus but also to other 

brain regions involved in sleep regulation, cognitive functioning, and mood27. For example, a 

recent study28 showed that sleep quality measured with polysomnography was associated with 

light exposure on the preceding day in healthy participants. These results suggested that light 

exposure not only affects circadian driven aspects of sleep but also homeostatic sleep pressure. 

The homeostatic sleep pressure was not assessed in the SPARKLE study. Therefore, there might 

be other mechanisms of action, independent from circadian entrainment, explaining the effect 

of light therapy that have not been studied in the SPARKLE study.

Finally, the positive effect of light therapy in both groups might not be related to light 

therapy or study participation but could simply be the consequence of a natural improvement 

of fatigue. Although we did not include a waiting list control condition to test this hypothesis, 

we believe that the chance of spontaneous natural improvement of CRF in our participants 

is very small. The mean time since diagnosis of our sample was almost 13 years, indicating 

that these survivors suffered from CRF for many years. A natural improvement of CRF is likely 

to occur in the first two years after diagnosis but stable levels, or even increasing levels, are 

reported  after this period29. Specifically, two longitudinal studies in long-term cancer survivors 

showed that fatigue levels remained stable during follow-up30, 31. Therefore, we expect that a 

spontaneous improvement of fatigue in our sample during a period of 3,5 weeks is unlikely.

Methodological limitations
Our intervention study had several methodological strengths, including the double-blind, 

randomized controlled design, the assessment of self-reported, behavioral, and biological 
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outcomes, a large sample size, multicenter participation, and a relatively long follow-up period 

of nine months. However, there were also some methodological limitations concerning the 

light therapy characteristics, the assessment of fatigue, and the assessment of melatonin and 

cortisol. 

Light therapy characteristics

Light therapy protocol

The first study in breast cancer patients receiving chemotherapy instructed participants to use 

light therapy for 30 minutes in the morning, upon awakening, during the first four cycles of 

chemotherapy (approximately eight to twelve weeks)1, 10. These instructions were based on the 

guidelines for light therapy for seasonal affective disorder (SAD)32, 33. The studies that followed 

used similar instructions, although the duration was shortened to four weeks (28 days)2, 4, 8, 

9 or three weeks7 in cancer survivors. Only the Instructions for the study by Valdimarsdottir 

et al.12 differed as light sources were on between 7 AM and 9 AM while the participant was 

hospitalized for autologous stem cell transplant. Although this seems like a much longer time 

frame, the authors made this choice to ensure that participants were exposed to light therapy 

for at least 30 minutes each morning as participants were allowed to leave their room. In line 

with these studies, we instructed participants to use light therapy for 30 minutes within half 

an hour after wakening. Only the duration of light therapy was slightly shorter (25 days). We 

preferred this duration, as we wanted to collect saliva at the end of a workweek (i.e. on Friday) 

to decrease the circadian shift effect due to changing sleep-wake rhythms on weekend days 

compared to weekdays. The shorter duration of light therapy could potentially explain the lack 

of superiority of BWL over DWL. However, we believe this is unlikely, as the guideline of light 

therapy for SAD describe that light therapy usually shows improvements within the first two 

weeks with a full clinical response after four weeks33. Therefore, the duration of 25 days should 

have been enough to elicit an initial clinical response. 

Compliance to light therapy

A compliance rate of 47 to 49 percent was reported in adult patients receiving chemotherapy1, 

which was slightly smaller than the compliance rate of 57% reported in AYA’s receiving cancer 

treatment. In adult cancer survivors3, 4, 8, the compliance rate ranged from 67 to 95 percent 

compared to 61 percent in adolescent cancer survivors9. The subjective report of compliance 

in the SPARKLE study showed that light therapy was used on 91 percent of the required days. 

Hence, the compliance rate in our study was high compared to previous studies. When we look 

at the compliance on an individual basis, we see that 37 percent of the participants completed 

light therapy on all 25 treatment days. The majority, 56 percent, used light therapy for 14 to 

24 days. Based on the light therapy guidelines for seasonal affective disorder32, we expect that 

these individuals would have experienced a first response to the light therapy but might not 

have reached a full response. We did not include an objective measurement of light exposure 

in our study. Therefore, we could not confirm the compliance to light therapy nor correct for 

daily light exposure. However, sensitivity analyses corrected for season did not change the 

conclusions. 
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Spectral aspects of light therapy

Most studies that investigated light therapy in cancer populations used a light therapy device 

from the Litebook Company (i.e. Litebook 1.21, 2, Litebook Elite4, 9, or Litebook Advantage7, 

13). One study used light therapy glasses, i.e. the Re-Timer8 and one study used lights from 

Acuity Brands12 that could be placed in hospital rooms. The first 37 participants of the SPARKLE 

study used of Litebook Edge. However, spectral measurements established a light spectrum 

enriched around 450 nm of 351 lux at eye level for the device used in the BWL condition. This 

is comparable to office lighting and not sufficient for light therapy. Therefore, we changed to 

Luminette glasses. Table 2 gives an overview of the technical aspects of these devices. 

Table 2: Overview of technical aspects of light therapy devicesa. 

Light source Condition LEDs Light intensity Peak light spectrum

Litebook 1.2 BWL 60, white 1.350 lux 464 nm and 564 nm

DRL 60, red < 50 lux N/A

Litebook Elite BWL 25, white 1.250 - 1.500 lux 465 nm

DRL 25, red < 400 lux 633 nm

Litebook Advantage BWL 24, red 10.000 lux N/A

DRL 24, red N/A N/A

Re-Timer BGL 4, red 506 lux N/A

DRL 4, red N/A N/A

Acuity Brands BWL N/A 1.300 lux N/A 

DWL N/A 90 lux N/A

Litebook Edge BWL 15, white 10.000 lux 480 nm

DWL 15, white < 20 lux 480 nm

Luminette glasses BWL 8, white 1.013 lux 465 nm

DWL 8, white 8 lux 465 nm

LED light-emitting diode, BWL bright white light, DRL dim red light, BGL bright green light, DWL dim 
white light, nm nanometer
a These technical aspects were retrieved from the methodological sections of the studies using these 
devices. The technical aspects of the Luminette glasses used in our study are based on spectrometric 
measurements. 

Based on the details of the light spectra used in the different studies, we want to address 

three issues. First, there appears to be a difference of the intensity of the Litebook Advantage 

(10.000 lux) compared to the Litebook 1.2 and Litebook Elite (1.250 to 1.500 lux). However, 

it is very likely that the intensity of the Litebook Advantage is the intensity reported by the 

distributor, which is described as an equivalent of 1.500 lux at eye level. Second, the guidelines 

for light therapy use in seasonal affective disorders propose that the starting “dose” for light 

therapy is 10.000 lux for 30 to 40 minutes a day. An alternative dose is exposure to 2.500 lux for 

2 hours a day33. This indicates that the intensity of light therapy used in the described trials might 

have been too low or the duration too short. However, we suspect that the guidelines mean 

that light therapy devices used for light therapy should elicit an intensity of 10.000 lux, which is 

equivalent to 1.500 lux at eye level. If this is the case, than the light therapy protocols in these 
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studies follow the guidelines. Third, the description of the light spectra lacks details in most 

studies. Most details were mentioned by Johnson et al.4 who described the peak wavelength 

and intensity of both conditions, while other studies9, 13 only reported the intensity of the BWL 

condition without details on the peak wavelength or the light spectrum of the DRL condition. 

There is also an example of different light spectrum reports within the same research team, as 

Ancoli-Israel et al.1 reported no information on the BWL condition, Neikrug et al.10 mentioned 

an intensity of 1.500 lux, while Jeste et al.11 described an intensity of 10.000 lux. Therefore, we 

want to underline the importance of a standard description based on standardized estimations 

of light spectra in light therapy studies. In our study, we used the Irradiance Toolbox by Lucas 

et al. to describe light spectra34. More recently, the International Commission on Illumination 

(CIE) introduced an Equivalent Daylight Illuminance Toolbox that can be used to convert light 

spectra into absolute α-opic irradiance in mW/m2, which is in line with the seven units of the 

basic International System of Units (SI units)35. More details on minimum reporting guidelines 

for light exposure are reported by Spitschan et al.36. 

There were differences between the light spectra of the control conditions used in the 

studies on light therapy in cancer patients or cancer survivors. Most studies used DRL with 

intensities of less than 50 lux1, 2 or 400 lux4, or intensities were not reported8, 9, 13. In the SPARKLE 

study, we used DWL with an intensity of less than 20 lux. This light might have been able to elicit 

a biological response. Nonetheless, several studies showed that polychromatic light, as used in 

the SPARKLE trial, needed an intensity of 393 lux or higher to induce an effect on circadian 

rhythms37, 38. This is supported by the study of Valdimarsdottir et al.12 that showed significant 

differences in individuals exposed to BWL (1.300 lux) and DWL (90 lux). Moreover, one study39 

compared the effect of dim white light (50 lux, 460 nm) and dim red light (50 lux, 633 nm) on 

mood and fatigue in a within-subjects design. The results, based on five cancer survivors who 

completed primary cancer treatment, showed that two participants had significantly lower 

fatigue symptoms after DRL while this was not seen after exposure to DWL. The remaining 

participants showed no differences of the effects of exposure to DRL or DWL. These results 

suggests that the between group differences in the SPARKLE study could be similar or even 

larger compared to previous studies using DRL. 

Assessment of cancer-related fatigue

Different instruments were used to assess fatigue in studies investigating the efficacy of light 

therapy as a treatment for CRF. Redd et al.2 used the FACIT-fatigue40, Johnson et al.4 the MFSI-

SF14 and we used the MFI41 as one of the primary outcomes. We decided to use the MFI for 

four reasons. First, this scale measures five different domains of fatigue and therefore, it was 

possible to investigate whether light therapy has an effect on some aspects of fatigue and 

not on other domains of fatigue. Second, the MFI has been widely used to assess CRF42. Third, 

several review studies suggested that the MFI is a valid and reliable assessment for CRF with 

acceptable psychometric properties43-46. Finally, norm data from a German population was 

available to determine the clinical significance of fatigue in eligible HL and DLBCL survivors42. 

While the SPARKLE study was ongoing, we wanted to publish norm data of the MFI from a 

Dutch population and had a closer look into the validation studies of the MFI. At that moment, 

we realized that replication of the original five-factor structure was scarce and decided to 
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perform a psychometric evaluation of the MFI. The results of our confirmatory factor analyses, 

reported in chapter 5, showed no empirical support for the original 5-factor structure of the 

MFI, nor for the alternative 4-factor structure reported in the original validation study or a bi-

5-factor and bi-4-factor structure that also included a general factor for fatigue. We performed 

additional exploratory factor analyses to examine whether an alternative factor structure could 

describe the different dimensions of fatigue assessed with the MFI. The results showed no 

reliable and valid alternative factor structure. Therefore, we suggest that results of the subscales 

of the MFI should be interpreted with caution. It is preferred that conclusions are based on 

the general fatigue subscale as this subscale showed the most robust results and the highest 

correlations with a visual analogue scale from 0 (no fatigue) to 10 (worst imaginable fatigue). 

Consequently, we only reported results of the MFI general fatigue scale in our studies. 

This could potentially explain why we were unable to detect superiority of BWL over DWL 

because Redd et al. and Johnson et al. showed superiority of BWL over DRL for the total fatigue 

score from the FACIT-fatigue and the MFSI-SF. The results on the general fatigue scales in both 

RCTs were conclusive, showing improvements over time in both groups. When we repeated our 

analysis for the total score of the MFI and the remaining scales of the MFI (unpublished), we 

were still unable to detect statistically significant differences in change over time between BWL 

and DWL. An improvement over time was seen in the total group, irrespective of light intensity, 

for the total score of the MFI and physical fatigue, reduced activity and reduced motivation. 

No effect was seen on mental fatigue, which contradicts the finding of Johnson et al. where 

mental fatigue improved in both groups. 

Another aspect of the fatigue instruments used in these studies is whether fatigue was 

assessed as a unidimensional or a multidimensional construct. The FACIT-fatigue measures 

fatigue as a unidimensional construct. The MFSI-SF measures multiple dimensions of fatigue. 

The MFI aims to assess five dimensions of fatigue but the lack of a reproducible factor structure 

and the presence of high correlations between the original factors (chapter 5) suggests that 

the MFI might not be successful in the assessment of different dimensions of fatigue. The 

correlations between factors indicate an overlap in variation, which makes it questionable 

that these factors represent unique domains of fatigue. Instead, it might be that the MFI 

measures a unidimensional general fatigue dimension and that the other scales cover other 

constructs that can, but may not necessarily be, influenced by fatigue. For example, the mental 

fatigue domain covers cognitive functioning and physical fatigue covers physical functioning. 

Therefore, we only reported the results of general fatigue and considered this a unidimensional 

assessment of fatigue. Remarkably, Johnson47 reported that results from the FACIT-fatigue in 

their RCT showed no significant difference between groups but improvements over time for 

the total sample. Taken together, the inconsistency for the superiority of BWL compared to a 

comparison condition is also not explained by the choice to assess fatigue as a unidimensional 

or multidimensional construct. 

It is important to note two important methodological aspects when interpreting the lack 

of a factor structure in our psychometric evaluation of the MFI while other studies were able 

to identify certain factor structures. First, the samples used to examine the factor structure of 

the MFI. Our study was conducted in a sample of the Dutch general population, while other 
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studies tested the factor structure in samples of patients with somatic disorders. Consequently, 

the reported factor structures might be sample specific. Second, the sample size should be 

considered. A rule of thumb states that at least five participants per estimated parameter 

need to be included to perform confirmatory factor analysis48. This means that at least 350 

participants are necessary to confirm the factor structure of the MFI. Our study included the 

largest sample size so far for a confirmatory factor analysis of the MFI (n = 2512). Most of 

the validation studies in the past did not reach this bare minimum, which might have led to 

unjustified conclusions in the past. 

Assessment of melatonin and cortisol

One of the strengths of our study is the inclusion of the assessment of circadian rhythms of 

melatonin and cortisol. It is known that these neuroendocrine correlates of the circadian 

rhythm are affected by multiple factors, e.g. drinking of caffeinated drinks, eating bananas 

or chocolate. Moreover, it is important for the determination of the dim light melatonin onset 

(DLMO) that the evening saliva samples were collected in dim light situations. Therefore, we 

planned to collect the melatonin samples only during autumn and winter and asked participants 

to close the curtains during the collection of these samples. Despite our efforts, 15 out of 57 

participants collected evening saliva samples for DLMO determination in the spring or the 

summer. These participants were asked to wear orange glasses to block blue light during the 

evening sample collection. Although we provided clear instructions, we don’t know whether 

all participants followed these instructions. Some participants self-reported that they did not 

comply with some of the instructions and were removed from the analyses. Specifically for the 

DLMO, non-adherence to the dim light saliva collection could have masked a true effect of light 

therapy. 

Overall conclusions
The following conclusions can be drawn from the light therapy study presented in this thesis: 

	There is insufficient evidence to recommend light therapy as a treatment for cancer-

related fatigue in long-term cancer survivors. 

•	 There was no superiority for exposure to BWL compared to DWL on reducing 

fatigue in long-term HL and DLBCL survivors with chronic-cancer related fatigue 

(chapter 3). 

•	 Both groups, irrespective of light intensity, showed clinically relevant improvements 

of fatigue (chapter 3). 

•	 Both groups, irrespective of light intensity, showed improvements on subjective 

sleep quality, depression and some aspects of quality of life (i.e. role limitations due 

to physical functioning, energy, and social functioning) (chapter 3). 

•	 Light therapy had no effect on objectively assessed circadian activity rhythms 

(chapter 3). 

•	 Light therapy had no effect on the circadian rhythms of cortisol and melatonin 

(chapter 3). 

	One-third of long-term HL and DLBCL survivors with persistent fatigue experience 

cognitive dysfunctioning. 
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•	 Cognitive dysfunctioning especially occurs in the verbal memory domain (chapter 

4). 

•	 Light therapy had no effect on cognitive complaints and cognitive functioning in 

long-term HL and DLBCL survivors with chronic cancer-related fatigue (chapter 4).

	The multidimensional fatigue inventory has a questionable factor structure. 

•	 A psychometric evaluation of the Multidimensional Fatigue Inventory in the Dutch 

general population (n = 2512) did not confirm the original 5-factor structure, nor 

an alternative 4-factor nor a 5- and 4-bifactor model (chapter 5).

•	 The lack of a clear factor structure makes it questionable whether the MFI measures 

multiple dimensions of fatigue (chapter 5). 

•	 The conceptual and structural issues with the MFI question whether conclusions 

based on the five scales of the MFI are reliable (chapter 5).

•	 The general fatigue scale showed robust loadings and showed the highest 

correlation with a fatigue rating from 0 (no fatigue) to 10 (worst fatigue) 

suggesting that the general fatigue scale could be a good measure to assess fatigue 

(chapter 5).

Clinical implications
The guidelines of the National Comprehensive Cancer Network (NCCN) currently recommend 

the use of light therapy for CRF in cancer survivors. This recommendation is based on lower-

level evidence from the pilot study by Redd et al.2 and the RCT by Johnson et al.4 and uniform 

consensus that the intervention is appropriate. The study described in this thesis does not 

support this recommendation for long-term cancer survivors. However, there was a clinically 

relevant and statistically significant improvement for fatigue in approximately sixty percent of 

our participants, irrespective of light intensity, which should not be ignored as these survivors 

suffered from fatigue for an average duration of 13 years. For some participants, this effect was 

life changing, as can be seen in the comment of one participant describing how light therapy 

influenced her life nine months after light therapy use: 

“I can’t describe the feeling that I got my life back. No longer a walking zombie. Sleeping 

for max. 2 to 3 hours a night is over. During the last 10 years, my life was disrupted 

because of insomnia. Continuously fatigued. Now, people in my environment see a 

sparkle in my eyes. They see changes in my behavior. I also feel this. I am more active. 

More outgoing. Enjoying trips and vacations. I can go on for hours. The light therapy 

was offered to me at the right time in my life. It felt like a complete reset. Shortly, I feel 

reborn. I became a new human.” 

(Female participant, 58 years, 9 years since DLBCL diagnosis, exposed to DWL)

At this moment, it remains unclear what caused this positive effect reported by the majority of 

the participants. Therefore, the interpretation of these results for clinical implications can be 

twofold. On the one hand, we can conclude that we cannot advice the radiation-oncologists 

and hematologists of the BETER consortium to prescribe light therapy as a treatment for 

CRF. Within our RCT, we compared a biologically active light intensity with a light intensity 
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that is currently considered to be biologically inactive. As there were no differences between 

individuals exposed to the intervention or the control light, there is no proof for the efficacy 

of light therapy. Instead, the improvement might be caused by other factors, for example life 

style changes, the Hawthorne effect or a placebo response. Therefore, it is necessary to further 

investigate which elements of the light therapy study protocol are responsible for the clinical 

relevant improvements before implementation of light therapy as a treatment for cancer 

survivors with CRF. 

On the other hand, one could argue that light therapy could be made available for cancer 

survivors with CRF. As described by Kaptchuk and Miller49, the goal of medicine is to heal. 

This includes curation, controlling a disease, and relieving symptoms. The results described in 

this thesis suggest that light therapy is able to relieve fatigue in a substantial part of cancer 

survivors that are suffering. Moreover, it is easy to deliver and requires almost no supervision 

from clinical staff. As the mechanisms of action are currently unclear, and a placebo response 

cannot be excluded, light therapy could be implemented according to the recommendations 

for implementation of placebo treatments in clinical practice50. These recommendations 

mention that placebo effects should be optimally used in clinical practice while informing 

patients optimally about placebo effects. For light therapy, this would mean that physicians 

acknowledge that the positive effects for light therapy are not yet understood and might 

stem from placebo effects. If a patient remains enthusiastic about light therapy, they could 

try if it works for them. Expectations play an important role in placebo effects50. Hence, we 

advise to only offer light therapy to cancer survivors who have a positive attitude towards it. 

Previous studies showed that the prescription of an open-label placebo treatment in cancer 

survivors with CRF25, irritable bowel syndrome51, chronic pain52, 53, and migraine54 led to reduced 

symptoms. 

However, while our study was ongoing, the evaluation of an internet-based cognitive 

behavioral therapy (ICBT) for CRF was published19. Severely fatigued breast cancer survivors 

were randomized to ICBT or care a usual (CAU; mean time since diagnosis of 44 and 39 months, 

respectively). Results showed that survivors randomized to ICBT reported significantly reduced 

fatigue levels compared to survivors who received CAU with an effect size of 1.0. On an 

individual level, 73% of the survivors in the ICBT group reported a clinically relevant reduction 

compared to 27% of the survivors in the CAU group. Therefore, it can be suggested that this 

internet-based function was as successful (or even more successful) that the face-to-face version 

of CBT for CRF, which led to a clinical improvement in 54% of the participants55. Moreover, 

the internet-based version has additional advantages, for example lower costs and it is easier 

accessible for survivors. Therefore, it might be more interesting for the radiation-oncologists 

and hematologists of the BETER-consortium to explore the efficacy and implementation of 

ICBT for CRF in clinical practice. 

Another important clinical finding described in this thesis is the finding that approximately 

one-third of the long-term HL and DLBCL survivors with persistent CRF experienced cognitive 

dysfunctioning, predominantly in the verbal memory domain. This can be very disturbing for 

survivors as it can influence their daily life, e.g. they might have trouble in their professional life. 

Therefore, physicians of the BETER consortium should be aware of these problems. Survivors 
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might benefit from early detection, for example via the Amsterdam Cognition Scan56, and 

referral to cognitive rehabilitations programs, e.g. internet-based cognitive rehabilitation57.

Directions for future research
Multiple questions for the use of light therapy as a treatment of CRF remain. For example, it 

could be further investigated which elements of light therapy study protocols are responsible 

for the clinically relevant improvements observed in a small majority of our participants. The 

section "Unexpected improvement of fatigue irrespective of light intensity" gives an overview of 

potential elements, including non-specific treatment effects or a placebo response. Moreover, 

the dataset collected during this project can be used to further investigate several research 

questions. First, actigraphy data collected during the day can be used to investigate whether 

the positive effect of light therapy was associated with increased physical activity during 

the intervention. Second, exploratory analyses can be performed to investigate individual 

differences between individuals who experienced reduced fatigue levels after light therapy, 

irrespective of condition, compared to survivors who did not experience this effect. Third, blood 

samples collected at baseline and post intervention can be used to investigate the influence of 

light therapy in inflammatory biomarkers related to CRF. These blood samples can also be used 

to investigate associations between a response to light therapy and the genetic profile, for 

example with clock genes. 

It is a difficult issue to investigate whether a placebo response led to the positive effects 

observed in our light therapy trial, as there are still gaps in our knowledge on the mechanisms 

of action for light therapy. The literature describes several control conditions for light therapy 

trials, including DRL, DWL, negative ions at a low or high flow rate, or the use of a deactivated 

negative air ionizer58. We choose to use white light with a low intensity as a control condition 

because we assumed the lower intensity would cause no, or a very limited, biological response. 

However, we cannot rule out that the DWL had some biological effects. Therefore, future 

studies should investigate whether the DWL spectrum of our study had any biological effects. 

More fundamental research on the projections of intrinsically photosensitive retinal ganglion 

cells might unravel pathways sensitive for blue-enriched white light of low intensities. This 

research should not be limited to circadian responses but should also investigate projections 

to other brain regions (for example emotion regulation and sleep regulation). New insights 

into these pathways will make it easier to determine the characteristics of a true placebo light 

therapy. 

On a more general level, it would be interesting to explore whether the combination of 

light therapy with other treatments for CRF, for example ICBT, leads to additive treatment 

effects. For example, in insomnia patients it has been shown that the combination of 

chronobiologic treatment, e.g. light therapy, and internet-based CBT for insomnia (ICBTI) led 

to a longer sustained effect of ICBTI59. The design of a similar study in breast cancer patients 

receiving chemotherapy was recently published by Bean et al.60 and data collection is ongoing. 

To the best of our knowledge, this is currently not under investigation in cancer survivors. An 

alternative approach might be a design in which participants first complete four weeks of light 

therapy followed by a physical exercise or CBT intervention based on the hypothesis that an 

initial response to light therapy might increase motivation to participate in these interventions. 
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The discussion on light therapy studies in cancer populations in this chapter described 

a discrepancy for the effect of light therapy in cancer survivors compared to patients with 

cancer receiving treatment. The evidence for superiority of BWL over a control condition in 

the treatment of CRF in cancer survivors is not convincing. However, several studies in patients 

with cancer receiving treatment suggest a protective effect of BWL compared to DRL for the 

increase of negative symptoms like fatigue and depression and desynchronization of circadian 

rhythms during treatment. As these studies had methodological limitations, we would advice 

to perform a RCT to test the protective effect of light therapy for the occurrence of fatigue 

and related symptoms in patients with cancer undergoing treatment. This trial should include 

long-term follow-up assessments to investigate whether this initial intervention prevents the 

occurrence or reduces the levels of these symptoms in cancer survivors. 

The results of our critical evaluation of the psychometric properties of the MFI shows the 

importance of psychometric evaluations of scales that have been widely used in research. Even 

though multiple review studies mentioned the MFI as a valid and reliable scale to measure 

multiple dimensions of fatigue, our results suggest otherwise. Based on the lack of a clear 

distinction between multiple dimensions of fatigue, we suggest that results from the MFI 

should be interpreted with caution. The general fatigue subscale seems to be the most reliable 

scale. For future studies, we would advice to primarily use a valid and reliable assessment of the 

unidimensional concept of fatigue. This advice is in line with previous recommendations61, 62. 

Moreover, it is questionable whether it is clinically relevant to distinguish different dimensions 

of fatigue45. In case of specific hypotheses on subdomains of fatigue, a multidimensional 

assessment of fatigue can be added. This recommendation is in line with current guidelines 

of an independent working group, the ASCPRO (assessing symptoms of cancer using patient-

reported outcomes)63

CIRCADIAN RHYTHMS AND CANCER RELATED FATIGUE

Comparison with the literature
The studies described in this thesis strongly focused on the effect of light on circadian rhythms. 

This was based on the rationale that light is the most strongest zeitgeber for circadian rhythms 

and the findings that higher levels of CRF are consistently associated with disruptions in circadian 

rhythms in patients with cancer64-69. Studies based on circadian activity rhythms, assessed with 

actigraphy, concluded that patients with cancer with higher levels of fatigue showed less 

daytime activity, more daytime sleep, and night awakenings. Studies that investigated the 

association between neuroendocrine correlates of circadian rhythms and fatigue after cancer 

showed that a flatter diurnal slope was associated with higher levels of CRF70, 71. However, when 

we started this study, it was unclear whether a misalignment between the environmental 

rhythm and endogenous circadian rhythms is associated with CRF. We hypothesized that the 

endogenous circadian rhythms of cancer survivors with CRF might be delayed compared to the 

environmental rhythm. 

To test this hypothesis, we performed a survey study in which we compared the chronotype 

and sleep quality of long-term HL and DLBCL survivors with and without CRF (chapter 6). Our 

results showed that there was no association between chronotype and CRF, suggesting that the 
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preference for morningness or eveningness did not differ between survivors with and without 

fatigue. Our results are in line with the finding that chronotype was not associated with fatigue 

in patients with rheumatoid arthritis72. However, our results contradict a previous study that 

reported that breast cancer survivors who reported to be an evening type suffered from higher 

levels of fatigue compared to survivors who reported to be a morning type73. Studies in other 

populations also showed that evening types reported higher levels of fatigue compared to 

morning types (e.g.in individuals with irritable bowel symptoms74 and students75).  

Since chronotype is not only correlated with circadian phase but also with the homeostatic 

sleep drive, we also assessed sleep quality in the survey study. Results showed that two aspects 

of sleep quality, i.e. subjective sleep quality and daily dysfunctioning, were associated with CRF 

(i.e. worse scores on these aspects were associated with higher levels of fatigue). These findings 

are in line with the baseline values of the objective assessment of circadian sleep-wake cycles in 

the light therapy study (chapter 3) suggesting that cancer survivors with CRF showed disrupted 

sleep patterns compared to healthy populations, while circadian variables were within the 

normal range76-78. 

Remarkably, the number of studies on the association between circadian disruptions and 

CRF in long-term cancer survivors (at least two years after diagnosis) is very limited. To the best 

of our knowledge, only two recent studies are available79-81. One study compared circadian 

activity rhythms, assessed with actigraphy, between 15 breast cancer survivors (5 years post-

diagnosis) to 13 age and BMI-matched healthy controls79, 80. Results showed no differences in 

the timing of the sleep-wake cycle between both group but there were differences between 

groups for activity levels. Breast cancer survivors showed lower activity levels during the total 

24-hour cycle compared to healthy controls. There was no report on the association between 

circadian activity rhythms and fatigue. The other study assessed circadian activity rhythms with 

actigraphy in 29 adolescents within 5 years after cancer treatment and 30 healthy controls81. 

There were no differences between survivors and healthy controls on circadian activity rhythms 

and fatigue scores between adolescent cancer survivors and healthy controls. Notably, there 

was an association between circadian activity disruptions and fatigue in early survivors, which 

was not seen in long-term survivors, suggesting that disruptions in circadian activity rhythms 

experienced shortly after treatment recovered within the first 5 years after treatment for 

adolescent cancer. 

Taken together, disruptions in circadian rhythms have been associated with fatigue in 

patients with cancer. However, studies on this association in cancer survivors are scarce and 

suggest the absence of an association between disruptions in circadian rhythms and CRF in 

long-term cancer survivors. Replication of these results is necessary in sufficiently powered 

studies including objective assessments of circadian rhythms.   

Methodological considerations
This survey study (chapter 6) had several strengths, including the large sample size, multicenter 

participation and the use of average midsleep as an indicator for chronotype instead of the 

original indicator of chronotype from the Munich Chronotype Questionnaire (MCTQ). However, 

several methodological issues need to be considered when interpreting the results. 
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The inconclusive results on the association between chronotype and fatigue in the studies 

described above might result from the use of different questionnaires to assess someone’s 

chronotype. The two studies that showed no association between chronotype and fatigue, 

including our study, used the MCTQ82. This questionnaire assesses actual sleep times on work 

and free days to determine chronotype. The studies suggesting an association between 

chronotype and fatigue used other questionnaires, for example the Morningness Eveningness 

Questionnaire (MEQ)83 or the Composite Scale of Morningness (SCM)84. An advantage of these 

questionnaires is the availability of cutoff scores to determine someone’s chronotype. These 

cutoff scores are not available for the MCTQ and therefore the categorization of morning type 

and evening type might seem more arbitrarily. A disadvantage of the MEQ and CSM is that 

chronotype is based on preferred sleep times in ideal circumstances and statements. Therefore, 

we preferred to use the MCTQ as we aimed to describe actual sleeping patterns from cancer 

survivors with and without CRF.  

Additionally, our results are based on self-reported data from a cross-sectional survey study. 

Self-reported sleep times are also influenced by work and social obligations. Therefore, the 

absence of an association between circadian rhythm disruptions and CRF needs to be confirmed 

with objective measurements of circadian rhythms, e.g. actigraphy assessments or the DLMO. 

The baseline actigraphy results of the light therapy study seem to confirm this conclusion but 

this was based on a comparison of published outcomes in the general population. To draw 

robust conclusions, it is necessary to perform statistical tests on this comparison. 

Overall conclusions
	It is unlikely that circadian disruptions are associated with cancer-related fatigue in long-

term cancer survivors.

•	 There was no relationship between chronotype and cancer-related fatigue in long-

term (non-)Hodgkin lymphoma survivors (chapter 6).

•	 Two aspects of sleep quality, i.e. subjective sleep quality and daily dysfunctioning, 

were associated with cancer-related fatigue in long-term (non-)Hodgkin lymphoma 

survivors (chapter 6).

•	 Baseline levels of actigraphy-derived sleep-wake cycles in participants of the 

SPARKLE study suggested the presence of sleep problems and the absence of 

circadian disruptions when compared to the general population (chapter 3).

Clinical implications
The aim of our survey study was to learn more about the association between sleep times and 

CRF. This information is valuable to determine the most optimal timing of light therapy. If the 

results would show that survivors with CRF showed an advanced sleep-wake rhythm compared 

to survivors without CRF, i.e. going to bed at 21:00 h and waking up at 5:00, than light therapy 

in the evening would be most effective because this will delay the sleep-wake cycle. On the 

other hand, if the results would show that survivors with CRF showed a delayed sleep-wake 

rhythm compared to survivors without CRF, i.e. going to bed at 1:00 h and waking up at 9:00 

h, than light therapy in the morning would be most effective because this would advance the 

sleep-wake cycle. 
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However, the results described in this thesis showed no indications for a relationship 

between the timing of the circadian sleep-wake cycle and CRF in long-term HL and DLBCL 

survivors. There was an association between sleep quality and CRF, indicating that survivors 

with a lower sleep quality suffered from higher levels of fatigue. Therefore, survivors with CRF 

might benefit most from a closer inspection of sleep problems and interventions aiming to 

improve sleep quality, e.g. CBT. 

Directions for future research
Disruptions in circadian rhythms have been associated with fatigue in patients with cancer. 

However, the number of studies on this association in cancer survivors are limited and mostly 

focus on patients with cancer while receiving treatment. We performed a survey study to 

investigate the association of chronotype, which correlates to endogenous circadian rhythms, 

and cancer-related fatigue. Although we found no association between chronotype and CRF 

in long-term HL and DLBCL survivors, a closer inspection of the bed times showed differences 

between survivors with and without fatigue. Survivors with severe fatigue tended to go to 

bed at an earlier time compared to non-fatigued survivors (22:48 h and 23:23 h, respectively) 

and needed more time to fall asleep (24 min and 11 min, respectively). Moreover, moderately 

to severely fatigued survivors tended to use more time to get up in the morning and spend 

less time outside during the day. Consequently, we cannot rule out that survivors with fatigue 

go to bed too early with respect to their circadian sleep drive. This hypothesis could not 

be investigated in this survey study but can be studied if future research includes objective 

assessments, for example, actigraphy assessments or determinations of the DLMO from saliva 

or with the BodyTime assay85. These studies are necessary to draw firm conclusions about the 

association between circadian disruptions and CRF in cancer survivors.

Additionally, it is interesting to further investigate the longitudinal influence of cancer and 

cancer treatment on circadian disruptions and the association between circadian disruptions 

and CRF. As mentioned above, the association between circadian rhythm disruptions and CRF 

has been consistently shown for patients with cancer while receiving treatment but not for 

cancer survivors. The same discrepancy has been described above for studies on light therapy. 

Several studies suggest superiority of BWL compared to DRL in patients with cancer while 

receiving treatment but not for cancer survivors with CRF. Therefore, we hypothesize that 

biological changes during cancer treatment, i.e. circadian disruptions, might be responsible 

for negative health outcomes, including fatigue, sleep problems, depression, and diminished 

quality of life. In cancer survivors, these underlying biological causes might no longer be 

present. Instead, behavioral and mental adaptations might be responsible for maintaining 

these negative outcomes. One approach to study this is by using patient reported outcomes 

(PROMS) used in clinical practice and biobank blood samples. These blood samples could be 

used to determine changes in dim light melatonin onset, which can be determined with the 

BodyTime assay85. Within such a cohort, researchers could also investigate the course of CRF 

and determine whether maladaptive behavior and/or cognitions are responsible for the shift 

from acute fatigue to chronic fatigue. 

For the methodology of future studies investigating the association between circadian 

disruptions and CRF, it is important to formulate guidelines describing the most optimal 
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procedure to identify individuals with clinically relevant circadian disruptions for scientific 

purposes. Currently, actigraphy and DLMO are used in clinical practice to determine whether 

someone’s circadian activity rhythm or endogenous circadian rhythm are not entrained to 

environmental rhythm. However, for scientific purposes, there are no clear guidelines how 

clinically relevant circadian disruptions can be determined in large datasets. A first step in 

this process might be to publish norm data per gender and age group for actigraphy-derived 

variables. These are currently not available although large datasets, for example from the UK 

Biobank76, exist. 

CONCLUSIONS 

In view of the high prevalence of CRF in long-term HL and DLBCL survivors, we evaluated the 

efficacy of light therapy to reduce this symptom. Although there was no superiority of exposure 

to BWL compared to DWL, both groups, irrespective of light intensity, showed clinically relevant 

improvements. Therefore, we recommend future studies to investigate which elements of the 

current study protocol were responsible for this positive effect before the implementation of 

light therapy in clinical practice. Moreover, the effect of light therapy on circadian rhythms 

was evaluated. The results showed no effect of light therapy on circadian activity rhythms 

or neuroendocrine correlates of the circadian system (melatonin and cortisol). This might be 

explained by the lack of an association between circadian rhythm disturbances and CRF in long-

term cancer survivors. Future studies should investigate whether circadian rhythm disruptions 

are an initial cause of CRF that play no, or only a limited, role in the maintenance of this 

symptom. Furthermore, one-third of the long-term HL and DLBCL survivors with CRF suffers 

from cognitive dysfunctioning, specifically in verbal memory. Physicians should be aware of 

these symptoms and might refer their patients to specialized neuropsychologist for further 

screening and treatment of these complaints. 
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SAMENVATTING (SUMMARY IN DUTCH)

De studies die beschreven zijn in dit proefschrift presenteren de resultaten van een dubbelblind, 

gerandomiseerde gecontroleerde studie naar het gebruik van lichttherapie door mensen die in 

het verleden een Hodgkin lymfoom (HL) of een diffuus grootcellig B-cel lymfoom hadden (DLBCL). 

Deze studies evalueerden het korte en lange termijneffect van lichttherapie op vermoeidheid 

na kanker en symptomen die hiermee in verband staan, zoals slaap kwaliteit, depressie, angst, 

kwaliteit van leven, cognitieve klachten, cognitief functioneren en circadiane ritmes van slaap-

waak patronen, melatonine en cortisol. Daarnaast hebben we een psychometrische evaluatie 

uitgevoerd van één van de primaire uitkomstmaten, de Multidimensionele Vermoeidheids 

Index, in de algemene Nederlandse populatie. Als laatste hebben we de verbanden tussen 

kanker-gerelateerde vermoeidheid en chronotype en kanker-gerelateerde vermoeidheid en 

slaap kwaliteit beschreven. Dit hoofdstuk is een samenvatting van de belangrijkste uitkomsten.  

In hoofdstuk 1 wordt het belang voor een effectieve behandeling voor kanker-

gerelateerde vermoeidheid na een HL- of DLBCL-diagnose geïntroduceerd. In Nederland 

biedt het BETER consortium een infrastructuur voor gezondheidszorg na een HL- of DLBCL-

diagnose. Binnen deze gezondheidszorg worden overlevenden geïnformeerd over lange 

termijneffecten van hun behandeling en krijgen ze screening en tijdige behandeling voor deze 

effecten aangeboden. Vermoeidheid na kanker is één van de meest gehoorde symptomen 

die overlevenden binnen dit consortium rapporteren bij hun hematoloog of radiotherapeut. 

De prevalentie van vermoeidheid na kanker ligt tussen 41 en 61 procent in deze groep wat 

vergeleken kan worden met een prevalentie van matige tot ernstige vermoeidheid tussen 23 

en 28 procent in de algemene Nederlandse populatie. Hoewel er nog veel onduidelijk is over de 

etiologie van vermoeidheid na kanker, bestaat er het idee dat deze vermoeidheid veroorzaakt 

wordt door een combinatie van meerdere factoren waaronder demografische, medische, 

psychosociale, gedrag en biologische factoren. Een voorbeeld van een biologische factor is een 

verstoring van het circadiane ritme. Ondanks de hoge prevalentie van vermoeidheid na kanker, 

zijn er weinig op bewijs gebaseerde behandelingen (i.e. cognitieve gedragstherapie voor 

vermoeidheid na kanker of fysieke activiteit) en zijn deze behandelingen niet voor iedereen 

effectief (een hoge motivatie is vereist). Om deze redenen is het belangrijk om alternatieve 

behandelingen voor vermoeidheid na kanker te onderzoeken, bijvoorbeeld lichttherapie. Toen 

het onderzoek beschreven in dit proefschrift startte, beschreef de literatuur twee pilotstudies 

in borstkanker patiënten die chemotherapie ontvingen (n = 39) en overlevenden van kanker 

(n = 36) die veelbelovende resultaten lieten zien. Secundaire analyses van deze studies 

suggereerden daarnaast dat lichttherapie symptomen die in verband staan met vermoeidheid 

na kanker, zoals circadiane slaap-waak patronen en kwaliteit van leven, verbeterden. Hierdoor 

werd de hypothese geformuleerd dat lichttherapie vermoeidheid na kanker kan verminderen 

door het corrigerende effect op het circadiane ritme. Echter, deze pilotstudies hadden een 

aantal beperkingen waaronder een kleine groep deelnemers en korte termijn vervolgmetingen 

(tot 3 weken na de lichttherapie) en roepen vragen op over de mechanismen die dit effect 

kunnen verklaren. Zodoende is het nodig om deze positieve resultaten te repliceren in een 

gerandomiseerd gecontroleerde studie met voldoende deelnemers en mogelijke mechanismen 

die dit positieve effect kunnen verklaren verder uit te zoeken. 
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Hoofdstuk 2 beschrijft de opzet van de SPARKLE-studie. Het primaire doel van de 

SPARKLE-studie was om de effectiviteit van lichttherapie voor vermoeidheid na kanker na een 

HL- of DLBCL-diagnose te onderzoeken. Deelnemers werden geworven in tien verschillende 

academische en perifere ziekenhuizen. Potentiele deelnemers werden willekeurig toegewezen 

aan blootstelling aan fel wit licht (BWL; de interventie) of zwak wit licht (DWL; de controle). 

Deelnemers werden geïnstrueerd om deze lichttherapie te volgen binnen een half uur nadat 

zij wakker werden voor de duur van 30 minuten gedurende 25 aaneengesloten dagen. 

Primaire uitkomstmaten waren vermoeidheid en werk en sociale aanpassingen veroorzaakt 

door vermoeidheid. Secundaire uitkomstmaten waren depressie, angst, kwaliteit van leven, 

slaap kwaliteit, circadiane ritmes van slaap-waak patronen, cortisol en melatonine, cognitieve 

klachten en cognitief functioneren. Deze uitkomstmaten werden gemeten voorafgaand aan de 

lichttherapie (T0), direct na lichttherapie (T1), 3 maanden na lichttherapie (T2) en 9 maanden na 

lichttherapie (T3). Deelnemers die blootgesteld waren aan DWL kregen na het beantwoorden 

van T3 de mogelijkheid om alsnog BWL te volgen. Op basis van deze studie opzet was het 

mogelijk om de veelbelovende effecten uit de pilotstudies verder te onderzoeken in een studie 

met voldoende deelnemers. Daarnaast was het mogelijk om de lange termijneffecten en 

mogelijke mechanismen die dit positieve effect kunnen verklaren verder uit te zoeken. 

In hoofdstuk 3 worden de resultaten van de SPARKLE-studie beschreven. In totaal deden 

er 166 overlevenden van HL of DLBCL mee. Zij hadden een gemiddelde leeftijd van 46 jaar en 

de gemiddelde tijd tussen diagnose en deelname was 13 jaar. De naleving van lichttherapie 

was hoog met een gemiddeld gebruik van lichttherapie gedurende 23 dagen. Er waren geen 

verschillen in het effect van lichttherapie op vermoeidheid tussen deelnemers blootgesteld aan 

BWL of DWL. Beide groepen, dus ongeacht lichtintensiteit, lieten een significante (p < .001) 

verbetering zien van vermoeidheid gedurende de interventie wat maar iets afnam gedurende 

de vervolgmetingen (EST0-T1 = -0.71; EST1-T3 = 0.15). Vergelijkbare resultaten werden gevonden 

voor depressie, slaap kwaliteit en drie aspecten van kwaliteit van leven (rol beperkingen 

door fysieke functioneren, energie en sociaal functioneren). Lichttherapie had geen effect 

op angst, slaap-waak ritmes (gemeten met actigrafie) en cortisol en melatonine niveaus. 

Subgroep analyses van deelnemers die lichttherapie gebruikten: 1) op alle 25 behandeling 

dagen (n = 56); 2) via de Luminette brillen (n = 127); of 3) in de herfst/winter (n = 88) lieten 

vergelijkbare uitkomsten zien waardoor onze conclusies niet veranderden. Op het individuele 

niveau zagen we dat 35 tot 63 procent een klinisch relevante verbetering van vermoeidheid 

ervaarde, ongeacht de lichttherapie waar ze aan blootgesteld waren. Deze resultaten laten 

zien dat BWL niet superieur is in het verminderen van vermoeidheid na kanker ten opzichte van 

DWL. In plaats daarvan lieten deelnemers in beide groepen een verbetering zien. Aanvullend 

onderzoek is nodig om te bepalen welke onderdelen van het studieprotocol geleid hebben tot 

de conditie-onafhankelijke verbeteringen.

Hoofdstuk 4 presenteert de effecten van lichttherapie op cognitieve klachten en cognitief 

functioneren in lange termijn overlevenden van een HL of DLBCL met klinisch relevante 

vermoeidheid. Ongeveer een derde van de deelnemers liet cognitief disfunctioneren zien op 

baseline. Dit werd met name gezien in het verbale geheugen waar afwijkende scores gezien 

werden bij 34% voor directe herinnering en bij 27% voor verlate herinnering ten opzichte van 
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16% in een norm populatie. Zowel BWL als DWL had geen effect op cognitieve klachten of op 

cognitief functioneren (range p-waarden tussen .07 en .80; range effect grootte tussen .04 

en .29). Ook werd er geen effect gezien in de totale groep of in de subgroep die cognitief 

disfunctioneren ervaarde op baseline. Deze resultaten laten zien dat ongeveer een derde van 

de HL en DLBCL overlevenden met vermoeidheid na kanker problemen ervaart met cognitief 

functioneren. Lichttherapie lijkt hier geen succesvolle behandeling voor te zijn. Daarom stellen 

wij voor dat andere cognitieve revalidatie trajecten beschikbaar gesteld moeten worden om 

het cognitief functioneren van deze mensen te verbeteren.

In hoofdstuk 5 wordt een psychometrische evaluatie van de Multidimensionele 

Vermoeidheids Index (MFI) beschreven. De MFI was één van de primaire uitkomstmaten van de 

SPARKLE-studie. De originele validatie studie van de MFI concludeerde dat de MFI vijf dimensies 

van vermoeidheid meet: algemene vermoeidheid, fysieke vermoeidheid, verminderde activiteit, 

verminderde motivatie en mentale vermoeidheid. Desondanks waren er ook aanwijzingen 

voor twee modellen waarin vier dimensies van vermoeidheid gemeten worden. Aanvullende 

validatie studies geven geen uitsluitsel over de factor structuur van de MFI. Daarom was 

het doel van deze studie om de factor structuur van de MFI verder te onderzoeken in de 

algemene Nederlandse populatie (n = 2512). De resultaten van een confirmatieve factor 

analyse ondersteunde het oorspronkelijke vijf factor model niet (RMSEA = 0.120, CFI = 0.933, 

TLI = 0.920). Ook was het niet mogelijk om een alternatief vier factor model waarin algemene 

vermoeidheid en fysieke vermoeidheid gecombineerd werden te bevestigen (RMSEA = 0.122, 

CFI = 0.928, TLI = 0.917). Na het toevoegen van een algemene factor aan dit vijf of vier factor 

model om een bi-factor model te creëren werd er nog steeds geen acceptabele factor structuur 

gevonden (bi-4-factor: RMSEA = 0.151, CFI = 0.895, TLI = 0.873; bi-5-factor: RMSEA = 0.153, CFI 

= 0.894, TLI = 0.871). Exploratieve factor analyse bood geen alternatieve modellen met een 

acceptabele factor structuur, hoewel het wel de robuustheid van de items van de algemene 

vermoeidheid schaal liet zien. Deze resultaten geven aan dat er geen empirisch bewijs is voor 

een vijf of vier (bi-)factor structuur van de MFI of voor een alternatief model. Wij stellen dat de 

algemene vermoeidheid sub schaal de meest betrouwbare uitkomstmaat van de MFI is. Deze 

schaal kan gebruikt worden als een indicator voor vermoeidheid. 

In hoofdstuk 6 worden de resultaten van een vragenlijst studie die onderdeel was van 

de werving van de lichttherapie studie beschreven. Hierdoor is deze vragenlijst beantwoord 

voor HL- en DLBCL-overlevenden met en zonder vermoeidheid na kanker. De rationale voor 

dit onderzoek is gebaseerd op het vermogen van licht om interne circadiane ritmes bij te 

stellen aan externe circadiane ritmes. Hoewel verschillende onderzoeken hebben laten zien 

dat verstoringen in het interne circadiane ritme (meer wakker worden gedurende de nacht 

en meer dutjes doen overdag) een relatie hebben met vermoeidheid in patiënten met kanker, 

is het nog onduidelijk is dit ook komt doordat de timing van het interne circadiane ritme 

afwijkend is van het externe circadiane ritme. Om die reden hebben wij onderzocht of er 

een relatie is tussen chronotype (iemands voorkeur in de timing van het slaap-waakpatroon, 

bijvoorbeeld of iemand een ochtend- of een avondmens is) en vermoeidheid na kanker. In deze 

vragenlijst studie hebben we verder nog onderzocht wat het verband is tussen slaap kwaliteit 

en vermoeidheid na kanker. De hypothese was dat avondmensen hogere vermoeidheidsscores 
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zouden hebben ten opzichte van ochtendmensen. In totaal hebben 458 overlevenden 

(50% vrouw) met een gemiddelde leeftijd van 50 jaar deelgenomen. Zij vulden een VAS 

vermoeidheidsschaal van 0 (geen vermoeidheid) tot 10 (ergst voorstelbare vermoeidheid), 

de Munich Chronotype Questionnaire en de Pittsburgh Sleep Quality Index in tussen oktober 

2018 en juli 2019. De meerderheid was gediagnosticeerd met een HL (71%) en de gemiddelde 

tijd sinds diagnose was 12 jaar. Zessenzestig procent van de deelnemers rapporteerde matige 

tot ernstige vermoeidheid. Er was geen statistisch significant verschil voor het gemiddelde 

midsleep tijdstip, i.e. het tijdstip tussen het in slaap vallen en het wakker worden wat gebruikt 

wordt om chronotype te bepalen, tussen deelnemers met en zonder vermoeidheid. Een 

hiërarchische lineaire regressie werd gebruikt om de verbanden tussen vermoeidheid na kanker 

en chronotype (gebaseerd op vroeg, gemiddeld en laat chronotype; model 1) en vermoeidheid 

na kanker en slaap kwaliteit (model 2) te onderzoeken. De resultaten lieten zien dat er geen 

verband was tussen vermoeidheid na kanker en chronotype (alle p-waarden ≥ .50). Er waren 

wel verbanden tussen vermoeidheid na kanker en twee (van de zeven) aspecten van slaap 

kwaliteit: subjectieve slaap kwaliteit (p < .001) en dagelijks disfunctioneren (p < .001). Daarom 

is het waarschijnlijker dat vermoeidheid na kanker in verband staat met iemands slaap kwaliteit 

dan met iemands chronotype. 

Hoofdstuk 7 beschrijft de belangrijkste bevindingen van de studies die beschreven 

zijn in dit proefschrift, vergelijkt deze bevindingen met de huidige literatuur en bespreekt 

methodologische beperkingen en ideeën voor toekomstig onderzoek. Op basis van de huidige 

literatuur concluderen we dat er onvoldoende bewijs is voor de effectiviteit van lichttherapie 

voor vermoeidheid na kanker in (lange termijn) overlevenden van kanker. Er zijn wel suggesties 

dat lichttherapie effectief kan zijn om vermoeidheid laag te houden in patiënten die behandeld 

worden voor kanker. Eenzelfde scheiding is te zien in de literatuur over het verband tussen 

circadiane ritmes en vermoeidheid: voor patiënten met kanker laten verschillende studies 

zien dat een verstoring in het circadiane ritme in verband staan met hogere niveaus van 

vermoeidheid, maar de (beperkte) studies in overlevenden van kanker bieden geen bewijs 

voor dit verband. Dit suggereert dat vermoeidheid tijdens kanker een gevolg kan zijn van deze 

biologische factor, maar dat na genezing andere factoren een belangrijkere rol spelen in het 

behoud van deze vermoeidheidsklachten. Methodologische beperkingen van de beschreven 

studies hebben te maken met het lichttherapie protocol, de naleving van de lichttherapie, 

eigenschappen van de lichttherapie en de meting van vermoeidheid, cortisol, melatonine en 

chronotype. Toekomstig onderzoek kan meer duidelijkheid schetsen over welke onderdelen 

van het huidige studieprotocol verantwoordelijk zijn voor de geobserveerde, klinisch relevante 

verbetering in een gedeelte van de deelnemers. Dit zou kunnen komen door non-specifieke 

behandel effecten of er is sprake van een placebo reactie. Ook kan er gekeken worden of een 

combinatie van cognitieve gedragstherapie voor vermoeidheid na kanker en lichttherapie leidt 

tot additieve behandelingseffecten. Daarnaast kan verder onderzocht worden tot wanneer 

circadiane verstoringen een invloed hebben op vermoeidheid tijdens of na kanker en welke 

factoren een rol spelen in het behoud van de vermoeidheidsklachten na genezing.
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