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Chapter 7 – Sleep in survivors of a childhood brain tumor

Abstract

Background: Survivors of childhood brain tumors are prone to sleep and neurocognitive 

problems. Effective interventions to improve neurocognitive functioning are 

largely lacking. In general, sleep problems are negatively related to neurocognitive 

functioning, but this relationship is unclear in survivors of childhood brain tumors. 

Therefore, the occurrence of sleep problems, potential risk factors, and the relation 

between sleep and executive functioning were evaluated. 

Procedure: Baseline data of a randomized controlled trial on the effectiveness of 

neurofeedback were used. Childhood brain tumor survivors 8-18 years of age with 

parent-reported neurocognitive complaints ≥ 2 years after treatment were eligible. 

Parents completed the Sleep Disturbance Scale for Children. Executive functioning was 

assessed by parents and teachers (Behavior Rating Inventory of Executive Functioning). 

Multiple linear regression analyses were used to examine sociodemographic and 

medical characteristics and emotional difficulties and hyperactivity / inattention 

(Strength and Difficulties Questionnaire) as potential risk factors for sleep problems, 

and to assess the association between sleep and executive functioning.

Results: Forty-eight percent of survivors (n = 82, 7.0 ± 3.6 years post diagnosis, age 

13.8 ± 3.2 years) had sleep problems and scored significantly worse than the norm on 

the subscales Initiating and Maintaining Sleep, Excessive Somnolence and the total 

scale (effect sizes .58 - .92). Emotional problems and / or hyperactivity / inattention 

were independent potential risk factors. Sleep problems were associated with worse 

parent-reported executive functioning. 

Conclusions: Sleep problems occur among half of childhood brain tumor survivors 

with neurocognitive problems, and are associated with worse executive functioning. 

Future studies should focus on the development of sleep interventions for this 

population, to improve sleep as well as executive functioning. 
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Introduction

The prevalence and nature of sleep problems varies with the different developmental 

stages of childhood.1 Sleep problems involve disturbances in quality, timing, or amount 

of achieved sleep, which cause daytime problems.2 Up to 50% of children experience 

a sleep problem at some point during childhood, characterized mostly by problems 

with falling and staying asleep.1,3,4 Sleep problems are related to a lower quality of 

life in children.3-5 In longitudinal studies, children with emotional problems such as 

anxiety and attention problems tend to have more sleep problems.6-8 Alternatively, 

behavioral problems and mood disturbances are negative psychosocial consequences 

of sleep problems too, as is daytime sleepiness, which can lead to difficulties with 

focus and attention.1,5,9 The relationship between sleep and psychosocial issues 

therefore seems to be bidirectional. 

Children with a brain tumor are more prone to sleep disturbances than survivors of 

other pediatric malignancies. The hypothalamus and the hypothalamic-pituitary axis 

located in the brain are main regulators of sleep and play a key role in identifying sleep 

debt and regulating the circadian rhythm.10 These brain structures can be damaged 

primarily if the tumor is located in this region or secondarily if radiotherapy and surgery 

affect the area, often resulting in sleep-wake disturbances.11 Sleep problems are one of 

the most frequently reported symptoms after finishing treatment for a pediatric brain 

tumor.12 Children and adolescent survivors self report sleep problems in 20-38% of 

cases, and the majority perceives these problems as severe or distressing.12,13 Verberne 

et al. reported that survivors of a brain tumor and other pediatric malignancies, 

experience more problems with initiating and maintaining sleep, which affects their 

daytime functioning. Survivors of a brain tumor also experience more sleepiness, 

compared to children with other malignancies and compared to healthy children.14 

Besides tumor location and treatment, behavioral aspects may also play an important 

role in the susceptibility for sleep problems. For example, almost 20% of survivors 

experience clinically relevant inattention problems.15 Inattention is one of the core 

symptoms of Attention Deficit Hyperactivity Disorder (ADHD), which has been linked 

to a higher prevalence of several sleep problems.16,17 This makes inattention a factor 

worth investigating in relation to sleep problems in survivors of a brain tumor. 

A pediatric brain tumor and its treatment also has a negative influence on 

neurocognitive functioning. The deficits mostly arise in attention, working memory 

and processing speed. Intelligence Quotient (IQ) decreases after treatment for a brain 

tumor.18 On average, survivors have almost one standard deviation (SD) lower IQ 

than the norm population.19 Younger age at diagnosis and treatment with cranial 
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radiotherapy are strongly associated with worse neurocognitive outcomes, as is 

longer time since diagnosis, since developmental demands increase with age and 

damage to neural cells can challenge normal development.20-22 

Significant associations between neurocognitive functioning and various aspects of 

sleep have been reported in healthy and chronically sick children - worse sleep is 

associated with worse neurocognitive outcomes.1,5,23-30 Neurocognitive outcomes 

were measured in different ways in these studies - academic performance was 

frequently used as an indicator of neurocognitive functioning,1,5,23,24 and a more 

comprehensive perspective was given by neurocognitive performance tasks.25-27,30 

However, ecologically valid measures, such as questionnaires assessing the real-

world behavioral manifestations of executive dysfunction, were used less often.28,29 

These type of measures have become increasingly important for clinical translation 

of research results.31

As pediatric brain tumor survivors are at risk both for sleep problems and 

neurocognitive impairment, improvement of sleep could be a way to benefit 

neurocognitive functioning in these children, for which proper interventions are 

currently scarce.32 Exploring the extent of sleep problems in a vulnerable subgroup of 

brain tumor survivors - children with neurocognitive complaints - and subsequently 

examining the relation between sleep and behavioral executive functioning in this 

specific population is an important step towards developing and implementing sleep 

interventions. Therefore, this study aimed to determine (a) the rate of occurrence of 

sleep problems (based on a questionnaire that addresses domains similar to the six 

main categories of the International Classification of Sleep Disorders-3:33 Insomnia, 

sleep-related breathing disorders, parasomnias, sleep-related movement disorders, 

disorders of somnolence and circadian rhythm sleep-wake disorders); (b) potential 

risk factors (sociodemographic, medical, and psychosocial) for sleep problems; and 

(c) the relation between sleep problems and behavioral executive functioning in 

survivors of a brain tumor with parent-reported neurocognitive complaints.

Methods

Participants and procedure
Baseline data of a randomized controlled trial (RCT) on the effectiveness of 

neurofeedback to improve neurocognitive functioning are used for the current study.32 

Survivors of a brain tumor with parent-reported neurocognitive complaints, aged 

8-18 years, who completed tumor treatment at least 2 years ago, were approached 
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through their oncologist or psychologist for participation in the RCT. If interested in 

the RCT, parents / caregivers filled out a screening questionnaire concerning their 

child’s neurocognitive functioning. The questionnaire included the attention subscale 

of the Disruptive Behavior Disorders Rating Scale (DBDRS34) and items on problems 

with attention, memory, information processing, and speed. Patients were eligible 

for inclusion if parents/caregivers reported cognitive problems, defined as a DBDRS-

score indicative of subclinical functioning (14 or higher), and / or reported at least 

two problems with respect to attention, memory, speed, and information processing. 

Exclusion criteria for the RCT were diagnosis with ADHD / ADD, a mental or physical 

condition that could prohibit neurocognitive assessment, and insufficient mastery of 

the Dutch language. Participants filled out written informed consent forms and Dutch 

versions of the questionnaires described in the following sections online, at home. 

Participating hospitals were the Emma Children’s Hospital / Academic Medical Center 

in Amsterdam, VU Medical Center in Amsterdam, University Medical Center Utrecht/

Wilhelmina Children’s Hospital in Utrecht, Radboud University Medical Center in 

Nijmegen and University Medical Center Maastricht in Maastricht. 

Primary outcomes
Sleep problems

Sleep was assessed with the Sleep Disturbance Scale for Children (SDSC).35 The SDSC 

is a parent-reported questionnaire, developed and validated by Bruni et al, in a large 

group of healthy children (aged 6.5-15.3 years) and a clinical subsample of children 

with known insomnia, hypersomnia, parasomnias, and respiratory problems during 

sleep.35 The objective was to provide a standardized measure of sleep disturbance 

in childhood and adolescence. The SDSC reached a good test-retest reliability  

(r = .71) and good diagnostic accuracy (area under the curve .91).35 Since then, the 

SDSC has been used in studies with survivors of a brain tumor, children with pineal 

cysts, neurofibromatosis, and other neuropsychological conditions.14,36-38 

The SDSC contains 26 questions that assess sleep behavior and disturbances in the 

previous 6 months and are divided in the following six subscales: disorders of initiating 

and maintaining sleep (DIMS, seven items, e.g., ‘the child has difficulty going to sleep 

at night’), sleep breathing disorders (SBD, three items, e.g., ‘the child has difficulty 

breathing at night’), disorders of arousal / nightmares (DA, three items, e.g., ‘you have 

observed the child sleepwalking’), sleep wake transition disorders (SWTD, six items, 

e.g., ‘the child jerks parts of the body while falling asleep’), disorders of excessive 

somnolence (DOES, six items, e.g., ‘the child is unusually difficult to wake up in the 

morning’), and sleep hyperhidrosis (SHY, two items, e.g., ‘the child sweats excessively 
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while falling asleep’). Items (problems) are answered on a 5-point Likert scale:  

1 = never, 5 = always. For two items in the DIMS subscale, the Likert scale reflects 

an amount of hours (‘how many hours of sleep does your child get on most nights’:  

1 = 9-11 h, 5 = less than 5 h; and ‘how long after going to bed does your child usually 

fall asleep’: 1 = less than 15 minutes, 5 = more than 60 minutes). The total score 

range is 26-130, a higher score reflects worse symptoms. Norm values have been 

established for Italian children aged 6.5-15.3 years. A score above the upper quartile 

(39) of the norm is considered clinically relevant.35 In our population, all subscales 

except for DA reached a satisfying Cronbach’s alpha ≥ .60 (DIMS .61, SBD .60, DA 

.38, SWTD .66, DOES .61, SHY .87, and total score .79), therefore the DA subscale 

was excluded from analysis. 

Behavioral executive functioning

One important subset of neurocognitive functions is encompassed in executive 

functioning, that is, functions necessary for the cognitive control and adaptation 

of behavior. Daily behavioral executive functioning was assessed with the Behavior 

Rating Inventory of Executive Functioning (BRIEF).39 The BRIEF is a parent- and 

teacher-rated questionnaire. The questionnaire comprises 75 items divided in 

eight subscales (inhibit, shift, emotional control, initiate, working memory, plan/

organize, organization of materials, and monitor), two indices (behavioral index and 

metacognition index), and a total score. Items are answered on a 3-point Likert scale: 

1 = never, 3 = often. A higher score indicates worse behavioral executive functioning. 

The raw scores are transformed to age and gender-specific standardized T-scores with 

a mean of 50 and an SD of 10.40 In this study, the indices and total score are used. In 

our population Cronbach’s alphas for the BRIEF parent ranged from .66 to .94, and 

for the BRIEF teacher from .82 to .97.39 

Independent variables
Demographic and medical variables

Medical characteristics were retrieved from medical records. Variables of interest were 

time since diagnosis, tumor location, treatment type, and history of hydrocephalus. 

Parents / caregivers provided information on sociodemographic characteristics. 

Variables of interest were child’s age at assessment and gender, as gender has previously 

been shown to be associated with sleep problems and its consequences,4,9,41-43 and 

highest level of parent education as a reflection of the family’s socioeconomic status, 

which has been associated with both sleep and neurocognitive functioning.41,43,44
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Psychosocial functioning

To assess the child’s psychosocial functioning, the parent form of the Strength and 

Difficulties Questionnaire (SDQ) was used.45,46 The SDQ assesses behaviors, emotions, 

and relationships of children in the previous 6 months. The questionnaire comprises a 

total of 25 items divided into four problem subscales (emotional symptoms, conduct 

problems, hyperactivity / inattention, and peer problems) and a strength subscale 

(prosocial behavior). Items are answered on a 3-point Likert scale: 0 = not true, 2 = 

certainly true. In this study, the following two problem subscales were used: emotional 

symptoms (five items) and hyperactivity / inattention (five items). The emotional 

problems subscale of the SDQ measures the presence of worries, fears, nervousness, 

other mood disturbances, and physical complaints often present with anxiousness. 

The hyperactivity / inattention subscale measures indications of behaviors such 

as restlessness, being overactive or easily distracted, and the ability to think before 

acting.45,46 In our population, Cronbach’s alpha for the emotional symptoms subscale 

was .60 and for the subscale hyperactivity / inattention .72. 

Statistical analyses
To assess sleep problems, SDSC subscale scores and the total score were compared to 

the scores in the norm population using a one-sample t-test.35 Effect sizes (ES) were 

calculated and interpreted following Cohen: 0.2 as small, 0.5 as medium and 0.8 as 

large.47,48 Descriptive statistics were used to determine the occurrence of clinically 

relevant sleep problems. We considered a P-value < .008 significant, .05 divided by the 

number of (sub)scales. 

To determine the potential risk factors for sleep problems, we performed multiple linear 

regression analyses. Separate regression models were estimated for each SDSC subscale 

and for the total score, predicted by medical variables (time since diagnosis, radiotherapy, 

and tumor location), sociodemographic variables (age, gender, and educational level 

of parents), and the SDQ subscales emotional symptoms and hyperactivity/inattention. 

We considered a P-value < .008 significant (.05 divided by the six regression models). 

Tumor location was divided in three categories (supratentorial, infratentorial, and 

supratentorial midline). Supratentorial midline tumors served as the reference category 

because it is known that children with a tumor located at the supratentorial midline 

have a higher prevalence of sleep problems, since key regulators of sleep, such as the 

hypothalamus, are situated in this region.49-51 Previous research suggests influence on 

sleep of all the variables mentioned above. The association between hydrocephalus 

and sleep is unclear.14 Univariate regression analysis revealed no significant relationship 

between the prior presence of hydrocephalus and the SDSC subscales and total score  

(P = .18 – .80). We therefore did not use this variable in the prediction models. 
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Finally, to determine the relation between sleep problems (as reflected by the SDSC 

total score) and behavioral executive functioning (BRIEF), we performed multiple 

linear regression analyses with BRIEF scores as the dependent variable and the SDSC 

total score as the independent variable. The regression analyses were corrected 

for medical variables (time since diagnosis, radiotherapy, and tumor location) and 

sociodemographic variables (age, gender, and educational level of parents). SDQ 

subscale scores were not included in the models because of multicollinearity with 

the BRIEF scores. Separate association models were estimated for the indices and 

the total score of the BRIEF parent and teacher, resulting in three regression models 

for parents and three for teachers. We considered a P-value < .017 significant (.05 

divided by the three regression models). 

Beta values were interpreted following Cohen: For dichotomous predictors 0.2 as 

small, 0.5 as medium and 0.8 as large; for continuous predictors 0.1 as small, 0.3 as 

medium and 0.5 as large.47,48 IBM SPSS version 21 was used for all analyses. 

Results

Population
A total of 249 patients were approached for the study: 96 did not meet the inclusion 

criteria, 71 declined participation before the inclusion criteria could be assessed 

and a total of 82 patients met inclusion criteria and participated in the study (mean 

age 13.8 years, SD 3.2 years, 49% males). This resulted in a participation rate of 

54%. Demographic and medical characteristics are shown in Table 1. Participants 

did not differ from the survivors who declined participation (n = 71) regarding age 

at assessment, gender, radiotherapy, and tumor location. Participants more often 

received chemotherapy (43% vs 27%) and the time since diagnosis was longer (mean 

7.0, SD 3.6 vs mean 6.1, SD 3.3 years).32 

Rate of occurrence of sleep problems
In our population, 48.8% reported scores indicative of a clinically relevant sleep 

problem, which is significantly (P < .001) higher than the 25% in the norm population. 

As shown in Table 2, mean scores of the survivors were significantly higher than the 

norm, indicating more sleep problems. Medium to large effects sizes were found on 

the subscale DIMS (P < .001, ES = 0.92), DOES (P < .001, ES = 0.58), and on the total 

score (P < .001, ES = 0.74). Scores did not differ on SBD (P = .13, ES = 0.19), SWTD 

(P .02, ES = 0.32), and SHY (P = .70, ES = 0.04). 
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Table 1 Description of the study population

Total sample (n=82)

Age at assessment (mean years, SD) 13.8 (3.2)

Time since diagnosis (mean years, SD) 7.0 (3.6)

Gender (n, % male) 40 (48.8)

Highest education parent (n, %)a

   Low or intermediate 39 (47.6)

   High 43 (52.4)

Tumor location (n, %) -

   Supratentorial midline 16 (19.5)

   Infratentorial 36 (43.9)

   Supratentorial 30 (36.6)

Tumor type and grade (n, %) -

   High grade 34 (41.5)

         Medullablastoma 12 (14.6)

         Supratentorial PNET 8 (9.8)

         Ependymoma 5 (6.1)

         Astrocytoma gr III 5 (6.1)

         Germ cell tumor 4 (4.9)

   Low grade 48 (58.5)

         Low-grade glioma 35 (42.7)

         Craniopharyngioma 7 (8.5)

         Plexus papilloma 6 (7.3)

Treatment (n, %) -

   Radiotherapy 30 (36.7)

   Chemotherapy 35 (42.7)

   Surgery 72 (87.8)

History of hydrocephalus (n, %) 39 (47.6)

Questionnaire scores -

   BRIEF parent total score (mean, SD; range) 54 (8); 37-76

   BRIEF teacher total score (mean, SD; range) 51 (13); 31-103

   SDQ parent emotional symptoms subscale (mean, SD; range) 3 (2); 0-9

   SDQ parent hyperactivity/inattention subscale (mean, SD; range) 4 (2); 0-10

Abbreviations: BRIEF = Behavior Rating Inventory of Executive Functioning; PNET = Primitive Neuro-
Ectodermal Tumor; SD = Standard Deviation; SDQ = Strength and Difficulties Questionnaire
a Low or intermediate - primary education, general secondary education and secondary vocational 
education; high - higher vocational education and university.
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Table 2 SDSC scores of study population compared to norm values35

SDSC subscalea Mean (SD) study 
population

Mean (SD) norm 
population

P-value Effect size

DIMS 12.8 (3.4) 9.9 (3.1) < 0.001 -0.92

SBD 4.1 (1.6) 3.8 (1.5) 0.13 -0.19

SWTD 8.9 (2.9) 8.1 (2.4) 0.02 -0.32

DOES 8.6 (2.5) 7.1 (2.6) < 0.001 -0.58

SHY 2.9 (1.6) 2.9 (1.7) 0.70 -0.04

Total score 40.7 (8.2) 35.1 (7.7) < 0.001 -0.74

Abbreviations: DIMS = Disorders of Initiating and Maintaining Sleep; DOES = Disorders Of Excessive 
Somnolence; SBD = Sleep Breathing Disorders; SD = Standard Deviation; SDSC = Sleep Disturbance 
Scale for Children; SHY = Sleep Hyperhidrosis; SWTD = Sleep-Wake Transition Disorders
a Significant results (P < .008) are presented in bold. 

Table 3 Prediction models for sleep problems as measured with the SDSC (n=82)

Dependent 
variable

Predictorsa B Bèta P-value R2

DIMS Age
Female gender
Time since diagnosis
SDQ emotion
SDQ hyperactivity/inattention
High educational level parentsb

Radiotherapy 
Tumor location supratentorial midline
Infratentorial
Supratentorial

0.26
0.85
-0.12
0.64
0.49
0.49
- 0.18
Reference
0.80
0.06

0.24
0.13
-0.12
0.39
0.34
0.07
- 0.03
Reference
0.12
0.01

.04

.25

.26
< .001
.002
.49
.81
Reference
.39
.96

0.32

SBD Age
Female gender
Time since diagnosis
SDQ emotion
SDQ hyperactivity/inattention
High educational level parentsb

Radiotherapy 
Tumor location supratentorial midline
Infratentorial
Supratentorial

- 0.11
- 1.02
0.06
- 0.06
0.06
- 0.39
0.72
Reference
0.20
0.06

- 0.20
- 0.31
0.13
- 0.08
0.09
- 0.12
0.21
Reference
0.06
0.02

.11

.01

.31

.51

.46

.30

.06
Reference
.68
.91

0.17

SWTD Age
Female gender
Time since diagnosis
SDQ emotion
SDQ hyperactivity/inattention
High educational level parentsb

Radiotherapy 
Tumor location supratentorial midline
Infratentorial
Supratentorial

0.00
- 0.76
- 0.02
0.23
0.34
- 0.79
- 0.23
Reference
0.23
- 0.31

0.01
- 0.13
- 0.03
0.17
0.28
- 0.14
- 0.04
Reference
0.04
- 0.05

.97

.25

.81

.12

.02

.22

.73
Reference
.78
.72

0.21 

(continued on following page)
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Potential risk factors for sleep problems
Behavioral problems according to SDQ subscales (emotional problems: P < .001, beta 

= 0.39; hyperactivity/inattention: P < .01, beta = 0.34) were significantly associated 

with higher scores on DIMS. Behavioral problems were also significantly related to 

higher scores on the total score (emotional problems: P = .004, beta = 0.31; hyperactivity 

/ inattention: P = .006, beta = 0.31). Female gender was significantly associated with 

lower scores on SHY (P < .001, beta = - 0.40), indicating that females had fewer sleep 

problems on this subscale than males. Age, time since diagnosis, the educational level 

of parents, radiotherapy, and tumor location were not significantly associated with any 

of the subscales or the total score of the SDSC. Results are shown in Table 3. 

DOES Age
Female gender
Time since diagnosis
SDQ emotion
SDQ hyperactivity/inattention
High educational level parentsb

Radiotherapy 
Tumor location supratentorial midline
Infratentorial
Supratentorial

0.14
- 0.21
- 0.06
0.32
0.09
0.89
- 0.95
Reference
- 0.98
- 0.46

0.18
- 0.04
- 0.09
0.27
0.09
0.18
- 0.19
Reference
- 0.20
- 0.09

.16

.72

.47

.02

.49

.12

.10
Reference
.19
.55

0.17

SHY Age
Female gender
Time since diagnosis
SDQ emotion
SDQ hyperactivity/inattention
High educational level parentsb

Radiotherapy 
Tumor location supratentorial midline
Infratentorial
Supratentorial

- 0.10
- 1.29
- 0.01
0.01
- 0.02
0.28
- 0.09
Reference
0.23
0.38

- 0.20
- 0.40
- 0.03
0.01
- 0.03
0.09
- 0.03
Reference
0.07
0.11

.12
< .001
.83
.93
.82
.46
.82
Reference
.64
.46

0.17

Total score Age
Female gender
Time since diagnosis
SDQ emotion
SDQ hyperactivity/inattention
High educational level parentsb

Radiotherapy 
Tumor location supratentorial midline
Infratentorial
Supratentorial

0.21
- 2.61
- 0.17
1.23
1.07
0.10
- 0.92
Reference
0.53
- 0.32

0.08
- 0.16
- 0.07
0.31
0.31
0.01
- 0.05
Reference
0.03
- 0.20

.48

.15

.51

.004

.006

.95

.60
Reference
.82
.89

0.30

Abbreviations: DIMS = Disorders of Initiating and Maintaining Sleep; DOES = Disorders Of Excessive 
Somnolence; SBD = Sleep Breathing Disorders; SD = Standard Deviation; SDSC = Sleep Disturbance 
Scale for Children; SHY = Sleep Hyperhidrosis; SWTD = Sleep-Wake Transition Disorders
a Significant results (P < .008) are presented in bold.
b Low or intermediate - primary education, general secondary education and secondary vocational 
education; high - higher vocational education and university.
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Relationship between sleep problems and behavioral executive 
functioning
Total sleep problems, as reflected by the SDSC total score, corrected for medical 

and sociodemographic variables, were significantly associated with both BRIEF parent 

indices (metacognition index: P = .005, beta = 0.32; behavioral index: P .001, beta 

= 0.34) and the BRIEF parent total score (P .001, beta = 0.38) with medium ES. 

According to the teacher-reported BRIEF, sleep was not significantly associated with 

behavioral executive functioning. Results are shown in Table 4. 

Table 4 Association models of sleep and behavioral executive functioning 

Dependent variable Independent variablesa B Beta P-value

BRIEF parent (n=82)

Metacognition index SDSC total score
Age
Female gender
Time since diagnosis
High educational level parentsb

Radiotherapy
Tumor location supratentorial midline
Infratentorial
Supratentorial

0.32
-0.30
-1.26
0.22
2.51
1.57
Reference
2.50
3.83

0.32
-0.12
-0.08
0.10
0.16
0.10
Reference
0.16
0.23

.005

.32

.50

.42

.16

.38
Reference
.29
.12

Behavioral index SDSC total score
Age
Female gender
Time since diagnosis
High educational level parentsb

Radiotherapy
Tumor location supratentorial midline
Infratentorial
Supratentorial

0.46
0.74
-5.30
-0.02
-2.53
-1.49
Reference
1.55
5.57

0.34
0.21
-0.24
-0.01
-0.11
-0.06
Reference
0.07
0.24

.001

.06

.03

.95

.26

.51
Reference
.60
.08

Total score SDSC total score
Age
Female gender
Time since diagnosis
High educational level parentsb

Radiotherapy
Tumor location supratentorial midline
Infratentorial
Supratentorial

0.40
0.07
-2.82
0.14
0.47
0.68 
Reference
2.40
4.81

0.38
0.03
-0.17
0.06
0.03
0.04
Reference
0.14
0.28

.001

.82

.14

.59

.79

.70
Reference
.31
.05

BRIEF teacher (n=73)

Metacognition index SDSC total score
Age
Female gender
Time since diagnosis
High educational level parentsb

Radiotherapy
Tumor location supratentorial midline
Infratentorial
Supratentorial

-0.19
-1.71
3.73
0.38
-2.47
6.44
Reference
4.83
-0.90

-0.10
-0.40
0.14
0.10
-0.09
0.22
Reference
0.17
-0.03

.37

.002

.25

.42

.43

.05
Reference
.24
.83

(continued on following page)



534029-L-bw-vKooten534029-L-bw-vKooten534029-L-bw-vKooten534029-L-bw-vKooten
Processed on: 6-10-2020Processed on: 6-10-2020Processed on: 6-10-2020Processed on: 6-10-2020 PDF page: 153PDF page: 153PDF page: 153PDF page: 153

153

7

Behavioral index SDSC total score
Age
Female gender
Time since diagnosis
High educational level parentsb

Radiotherapy
Tumor location supratentorial midline
Infratentorial
Supratentorial

-0.28
-0.89
3.39
0.18
-3.53
2.50
Reference
3.10
-2.70

-0.16
-0.23
0.14
0.05
-0.14
0.10
Reference
0.13
-0.11

.18

.08

.28

.69

.24

.42
Reference
.43
.51

Total score SDSC total score
Age
Female gender
Time since diagnosis
High educational level parentsb

Radiotherapy
Tumor location supratentorial midline
Infratentorial
Supratentorial

-0.22
-1.34
4.52
0.35
-3.38
5.05
Reference
5.28
-0.65

-0.12
-0.34
0.18
0.10
-0.13
0.19
Reference
0.21
-0.03

.28

.007

.14

.43

.25

.10
Reference
.16
.87

Abbreviations: BRIEF = Behavior Rating Inventory of Executive Functioning; SDSC = Sleep Disturbance 
Scale for Children
a Significant results (P < .017) are presented in bold.
b Low or intermediate - primary education, general secondary education and secondary vocational 
education; high - higher vocational education and university.

Discussion

The aim of this study was to determine the rate of occurrence of sleep problems, 

potential risk factors for sleep problems, and the relation between sleep problems 

and behavioral executive functioning in pediatric survivors of a brain tumor. We 

answered these questions through analysis of parent-reported sleep (SDSC) in a large 

cohort of survivors with parent-reported neurocognitive complaints, and additional 

analysis with parent and teacher-reported behavioral executive functioning (BRIEF). 

The BRIEF was chosen because of its ecological validity.31 

We found a high occurrence of clinically relevant sleep problems in pediatric brain 

tumor survivors with parent-reported neurocognitive complaints. These sleep problems 

manifest mainly in initiating and maintaining sleep and excessive somnolence. 

Previous studies have also shown problems with excessive somnolence and initiating 

and maintaining sleep, as well as an increased prevalence of insomnia, compared to 

healthy children and children with other malignancies.13,14,51,52 Damage of hypothalamic 

structures due to tumor location or treatment can cause damage to hypocretin and 

melatonin producing cells, which can subsequently lead to increased somnolence 

and irregular sleep patterns.11 Contrary to previous research, there was no increased 

occurrence of SBD in our population. However, drawing solid conclusions about SBD in 

our population is somewhat hampered because this disorder was measured in a three-
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item scale with moderate internal consistency. Apart from this, measuring SBD with 

questionnaires is difficult anyway.53 SBD are often associated with obesity and damage 

to the brainstem and thalamic nuclei.11,13,49 The relatively low number of tumors located 

at the supratentorial midline (20%) could explain the normal occurrence of SBD in our 

study population. Unfortunately, there was no information available on weight status. 

The results indicate that emotional problems and hyperactivity / inattention might be 

risk factors for sleep problems, though the direction of the relation between sleep 

problems and emotional problems cannot be confirmed given the cross-sectional design 

of the study. This finding is in line with results previously been found in healthy children 

and other populations such as children with ADHD.3,6-9,54 Similar results were reported 

by Cohen et al. in groups of children with neurological disorders, they concluded 

that sleep problems are likely more related to behavioral and environmental factors 

rather than the neurological disorder itself.55 There are pathophysiological mechanisms 

that can explain the increased occurrence of sleep problems in children with a brain 

tumor. Medical variables such as tumor location and radiotherapy were not statistically 

significant in predicting sleep problems in our study sample. 

As expected, our results show a significant relation between sleep and behavioral 

executive functioning as scored by the parents. This in line with other studies - parents 

who reported more sleep problems for their child also reported worse behavioral 

executive functioning.25-30,39 However, we did not find a significant association between 

sleep problems and teacher-rated behavioral executive functioning. There are several 

potential reasons for this discrepancy. First of all, parents and teachers see the child in 

different contexts, as can be illustrated by the lack of correlation between the BRIEF 

parent and teacher scores previously found in our sample.39 Teachers reported better 

behavioral executive functioning in brain tumor survivors than the parents did,39 which 

may relate to different demands at school versus at home. Teachers have a solid reference 

for functioning in healthy children at school, whereas parents have a comprehensive 

view of a child’s life including his/her premorbid functioning. Second, associations 

between two parent-reported outcomes may be more likely than between parent-

proxy and teacher-proxy outcomes. Taveras et al. did however find a relation between 

both parent and teacher-reported BRIEF scores with parent-reported sleep duration, a 

more objective measure of sleep.56 Patient self reports and objective measures of sleep 

such as polysomnography or actigraphy would therefore be informative in the future. 

Finally, parental psychosocial functioning may influence their perception of their child’s 

sleep and behavioral executive functioning, as has previously been reported for sleep 

and quality of life in other populations - greater distress and more difficulty sleeping 

reported by parents was associated with worse parent-proxy scores for their child.57,58 
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Considering the fact that effective interventions for improvement of neurocognitive 

functioning in survivors of a brain tumor are largely lacking,32 it is important to look for 

alternative ways to improve neurocognitive functioning in this vulnerable population. 

The results of this study point at psychosocial / behavioral factors as potential risk 

factors for sleep problems, indicating that behavioral sleep interventions could be 

one such alternative way. A behavioral sleep intervention consisting of information 

on normal sleep, sleep hygiene, and management strategies for sleep behavior in 

children with ADHD has been shown to improve both sleep and working memory 

in an RCT.59 Cognitive behavior therapy (CBT) encompassing the core components 

sleep restriction, stimulus control, and cognitive restructuring has been shown to be 

effective for insomnia in patients with cancer, including brain tumor survivors,60,61 

and could improve initiation and maintenance of sleep. By improving sleep, CBT has 

also demonstrated to improve psychopathology, including symptoms of ADHD.62 

Interventions for excessive somnolence are dependent on the cause.63 Behavioral 

sleep interventions are favorable when somnolence is brought on by insufficient or 

inadequate sleep, disorders of arousal, or delayed sleep phase syndrome, whereas 

pharmacological and other additional therapies may be indicated in other causal 

mechanisms of somnolence.63 

There are a few limitations to this study. First of all, the study population was selected 

based on parent-reported neurocognitive complaints and participants more often 

received chemotherapy and were longer from diagnosis than nonparticipants were. 

This means results could possibly be less generalizable to a lower-risk population. 

Second, the sample was diverse regarding the medical variables and thus the power 

was small to detect the medical correlates of sleep. Third, the primary outcomes are 

parent reported. The influence of this is unclear, since parents often underestimate 

the sleep problems reported by their children,64-66 but parental psychosocial problems 

can lead to overestimation of child problems too.57,58 Future studies should include 

self reports and objective sleep assessments in addition to proxy-reports. Fourth, 

though Italian SDSC norm values are available, ideally Dutch norm values should have 

been used. Finally, our results are based on a cross-sectional design, thus, causal 

relations cannot be proven. To further investigate the potential risk factors identified 

here, a longitudinal design is necessary. 

In conclusion, sleep problems are very common in pediatric brain tumor survivors, with 

parent-reported neurocognitive problems. Psychosocial factors such as emotional 

problems and hyperactivity / inattention are potential risk factors for these sleep 

problems. In turn, sleep problems are associated with worse behavioral executive 

functioning, at least as reported by parents. The results of this study illustrate that 
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behavioral executive functioning could potentially be improved by optimizing sleep. 

Future studies should focus on increasing understanding of this association and 

longitudinal designs are necessary to prove causal relations. It would be ideal to 

use multiple measures for behavioral executive functioning and sleep, since self and 

proxy-reports and actigraphy give different insights and can complement each other. 

Further development, testing and adaptation of suitable interventions are needed 

to improve sleep in populations more vulnerable to the executive consequences of 

disturbed sleep. 
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