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1. Introduction 
In 1904, Dr. James Herrick, a cardiologist and professor of medicine, was the first 

to report “peculiar elongated and sickle shaped” red blood cells in a young African 

American patient. The patient was suffering from aches and pains in his muscles, 

abdominal pain, shortness of breath, and heart palpitations. He also frequently felt tired, 

suffered from headaches, experienced attacks of dizziness, and had ulcers on his legs. 

This first sickle cell patient came to Chicago in 1904 to study dentistry in one of the best 

schools of the United States of America, and was likely the only black student there. He 

was a wealthy, intelligent 20-year-old man from the West Indies; and, despite frequent 

hospitalizations for his illness, Walter Clement Noel completed his education, along with 

his classmates, three years later. He returned to Grenada and practiced dentistry until he 

died of pneumonia at the age of 32. He was buried in the Catholic cemetery at Sauteurs 

in the north of Grenada.

Nowadays, the bright, young and wealthy Walter Clement Noel would still make a 

rather exceptional case. The first reason for this is the increasing evidence that sickle 

cell disease (SCD), a hereditary anemia, may cause neurocognitive deficits, as (silent) 

cerebral infarctions frequently occur in this patient population. The second reason is 

that most patients with SCD in Western Europe come from families coping with social 

and financial problems, as the majority belongs to immigrant communities with a lower 

socio-economic status (SES). Consequences of the disease, such as neurocognitive 

deficits, in combination with consequences of low SES, may in turn cause behavioral 

and emotional problems and low health-related quality of life (HRQoL). As a result, the 

development and academic achievement of children with SCD may be hampered, and 

their full participation in society may be jeopardized. 

2. Medical aspects of sickle cell disease

2.1 Prevalence and incidence
Sickle cell disease (SCD) is a hereditary red blood cell disorder that occurs predominantly 

in people of African ancestry (1). It results from an autosomal recessive genetic deficit 

and is classified by genotype. Persons affected with SCD demonstrate abnormal genes 

for hemoglobin (Hb) S, which produces a change in the shape of red blood cells from 

their normal disk shape to a sickle shape. These abnormally shaped cells obstruct normal 

blood flow and production of new blood cells, resulting in chronic anemia. The most 

common type of SCD is the homozygous condition, HbSS, which is caused by two 

abnormal genes for hemoglobin S. HbSS is associated with earlier, more frequent and 

more severe symptoms than other types. Other types include HbSC, HbSß0-thalassemia, 

and HbSß+-thalassemia.
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Chapter 1

Worldwide, 275000 (0.2%) of the children born annually are affected by SCD, with 

the highest incidence (1.7%) in Western Africa. In Western Europe, SCD is increasingly 

common due to demographic changes. Nowadays, it is the most common genetic 

disorder in children in the United Kingdom, with an estimated number of approximately 

12000 SCD patients. In the Netherlands, approximately 1000 children have SCD (2). 

In the past decades, the black population in the Netherlands has increased due to 

immigration from Western Africa, Surinam and the Dutch Antilles, in combination with 

the relatively high birth rates among the black population. In 2007, SCD was included 

in the national newborn screening program. As a result, the prevalence of SCD in the 

Netherlands has increased and is expected to increase further in the next few decades. 

2.2 Medical consequences
The African medical literature already reported about SCD in the 1870s, when it was 

known locally as ogbanjes, meaning “children who come and go”, because of the very 

high infant mortality rate caused by the disease. Fortunately, the chance of survival has 

increased enormously since then, granting children with SCD to grow up into adulthood 

and to have a longer life expectancy. In the United Kingdom, the estimated survival for 

HbSS patients at 10 and 20 years of age was 99% (3). Results of a recent study in our 

hospital on the survival rate of children with SCD in The Netherlands have demonstrated 

an estimated survival of 98% at age 18 (4). 

The decrease in childhood mortality has led to an increase in childhood morbidity. 

SCD is characterized by chronic hemolytic anemia and vascular occlusion, causing 

acute, extremely painful episodes and irreversible organ damage. SCD affects all organs 

throughout the body. Common complications of SCD include functional hyposplenia 

(impaired capacity of the spleen), causing increased susceptibility for infections, acute 

chest syndrome (vaso-occlusive crisis in the lungs), hepatomegaly (enlarged liver) and 

gallstone development, retinopathy (damage to the retina of the eye), and renal failure. 

However, the most devastating complication of SCD is cerebrovascular infarction. 

One third of SCD patients show cerebral infarcts on MRI scans at the age of 18 years 

(5-9). Eleven percent of children experience an overt cerebral infarct, accompanied by 

neurological symptoms, and 11-35% of children suffer from silent infarcts (5-9). Overt 

infarcts are generally associated with stenoses of the large supplying arteries of the brain, 

i.e. the internal carotid arteries and the arteries in the circle of Willis. Silent infarcts may 

occur throughout the brain, but commonly occur in frontal lobe white matter, within the 

border zone between the middle and anterior cerebral artery distribution. Silent infarcts 

are the result of critical reductions in the delivery of oxygen to the brain through several 

interrelated mechanisms (10). Children with SCD have reduced oxygen carrying capacity 

due to their low hemoglobin levels. This may be further compromised in acute medical 

events such as acute chest syndrome or infection. Chronic lung disease may also reduce 

the oxygen content of the blood. Obstruction of small vessels is facilitated by sickled 

red blood cells, which are more adhesive than normal red cells. Furthermore, increased 
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blood viscosity, associated with HbS, may impair the flow of blood through narrowed 

vessels or in normal brain capillaries. 

2.3 Treatment
Therapeutic options for SCD comprise preventive antibiotics, scheduled blood 

transfusions, administration of hydroxyurea, and hematopoietic stem-cell transplantation. 

Infections caused by hyposplenia can be prevented by penicillin prophylaxis in 

combination with immunisation. Scheduled blood transfusion is a therapeutic option 

used in acute situations, prior to surgery, or as part of a chronic blood transfusion 

schedule. Unfortunately, it is associated with iron accumulation, causing cardiac and 

endocrinological dysfunction when adequate chelation therapy to remove the iron is 

not installed. Another therapeutic option is hydroxyurea, which has proven to reduce 

the rate of painful vaso-occlusive crises. Finally, hematopoietic stem-cell transplantation 

is the only curative therapy for SCD, but may have severe side effects and therefore a 

careful balance between benefit and harm is necessary. 

3. Psychological aspects of sickle cell disease: what is known
3.1 Neurocognitive sequelae 
SCD has been associated with impairments in general cognitive functioning as measured 

by IQ. Children with SCD and overt stroke are most impaired, with a mean decrease of 

approximately 14 Full-scale IQ points (11), while children with silent infarcts have been 

described to score 4-7 Full-scale IQ points lower than children with normal MRI (12;13). 

However, it appears that there are cognitive effects of SCD for children with normal MRI 

as well (14-16). 

Besides detrimental effects on IQ, SCD has been associated with deficits in specific 

areas of neurocognitive functioning including executive functioning (17-23) and 

visuo-motor functions (24;25). Deficits in these two areas are expected, given that silent 

infarcts commonly occur in frontal lobe white matter, within the border zone between the 

middle and anterior cerebral artery distribution (26;27). The frontal lobes play a major role 

in executive functions, which are higher order cognitive functions including abilities such 

as response inhibition, planning, working memory, and attention (28). These functions 

greatly affect other areas of neurocognitive functions and are generally strongly related 

to academic and behavioral problems. Sustained attention and working memory appear 

to be particularly vulnerable in children with SCD (17). Response inhibition and planning 

have been studied less extensively. White matter damage is thought to underlie deficits 

in visuo-motor functions. Although deficits on this neurocognitive domain have been 

recognized in children with SCD, findings remain inconsistent (17). Some researchers 

have reported average visuo-motor skills in children with SCD (19;29) while others found 

clear deficits compared to healthy siblings (24;25). Characteristics and main findings of 
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Chapter 1

previous studies on neurocognitive deficits in children with SCD compared to healthy 

siblings are summarized in Table 1. 

3.2 Behavioral and emotional problems
Neurocognitive deficits may indirectly exert influence on the psychosocial well-being of 

children with SCD, but may also directly cause behavioral and emotional problems. As 

the frontal lobes seem to be especially vulnerable to infarctions (19;30), and children 

with SCD have repeatedly been found to experience deficits in attention and executive 

function (e.g. difficulties with impulse control) (17;19-23) they are particularly expected 

to have externalizing problems, such as hyperactive or aggressive behaviour. Although 

findings from previous studies have been inconclusive, they generally suggest a higher 

prevalence of internalizing problems, such as anxiety and depression (31-34). Surprisingly, 

no evident increased risk of externalizing problems has been revealed (31). Characteristics 

and main findings of previous studies on behavioral and emotional problems in children 

with SCD using the Child Behavior Checklist, Teacher Report Form or Youth Self Report 

are summarized in Table 2. 

3.3 Health-related Quality of Life
Quality of Life (QoL) is defined as an individual’s perception of one’s position in life 

in the context of culture and value systems, as well as in relation to one’s goals, 

expectations, standards and concerns. Health-related QoL (HRQoL) is defined as QoL 

in which a dimension of personal judgement of one’s health and disease is added (35). 

The measurement of HRQoL, encompassing the physical, psychological, and social 

component of children’s well-being, is still in its infancy in children with SCD (36). For 

example, compared to over 400 studies on HRQoL in children with cancer, research on 

HRQoL of children with SCD is just scratching the surface (37). The relatively few studies 

that have been performed revealed that HRQoL of children with SCD is generally poor 

(38-43). Characteristics and main findings of these previous studies are summarized in 

Table 3. 

4. The next step: what needs to be known
Since the life expectancy of children with SCD has drastically been improved, it is 

important to focus on influencing morbidity. The morbidity associated with cerebral 

infarcts is most relevant in children with SCD, as these occur so frequently and can 

have such devastating effects. Although previous psychological research in children 

with SCD has mainly focused on studying neurocognitive functioning, many studies 

used restricted assessment batteries or lacked adequate control groups to control 

for the low SES of most patients. Therefore, a comprehensive neurocognitive profile 

of children with SCD is currently unavailable and needs to be provided. It is also very 
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important to gain more knowledge about the etiology of neurocognitive deficits (i.e., 

the association between cerebral damage and neurocognitive functioning), as this issue 

currently remains unresolved. If it would be evident which medical factors determine 

neurocognitive functioning, it would become easier to detect children at risk at an early 

stage, to prevent these children from developing academic and behavioral problems.

Behavioral and emotional problems and HRQoL have not been studied as much as 

neurocognitive functioning in children with SCD and have scarcely been correlated to 

medical or neurocognitive factors. The prevalence of behavioral and emotional problems 

has mostly been investigated using parents as proxy-reporters, while the value of 

multi-informant assessment of children’s behavior is clearly supported (44-46). In light of 

the background of this patient population, it is important to determine the differential 

effect of the disease and low SES on behavioral and emotional problems and HRQoL. 

However, healthy siblings have scarcely been included as controls in studies on behavioral 

and emotional problems, and not at all in studies on HRQoL. Finally, evidence of medical 

and/or neurocognitive risk factors for behavioral and emotional problems could point 

out which children are most at risk, and could lead to more targeted interventions.

5. AANPAK project
5.1 Purpose of the study
This thesis reports the results of the AANPAK project (AAndacht voor NeuroPsychologische 

Aspecten bij Kinderen met sikkelcelziekte, attention for neurocognitive deficits in 

children with SCD), which was initiated at the Comprehensive Sickle Cell Disease Care 

Centre of the Emma Children’s Hospital, Academic Medical Centre, in Amsterdam, The 

Netherlands. The study focused on three different aspects of psychological functioning 

in children with SCD: neurocognitive deficits, behavioral and emotional problems, and 

HRQoL. The AANPAK project was part of the research line of the pediatric psychology 

program in the Emma Children’s Hospital, which focuses on studying psychosocial 

consequences of growing up with a chronic disease and indicating specific risk factors 

for the development of psychosocial problems. The AANPAK project aimed to (1) assess 

neurocognitive functioning in children with SCD in comparison to healthy siblings (who 

are comparable in age, gender, ethnicity and SES), (2) investigate the prevalence of 

behavioral and emotional problems and evaluate HRQoL in children with SCD compared 

to healthy siblings and a Dutch norm population, (3) identify medical determinants of 

neurocognitive deficits in children with SCD, and (4) identify medical and neurocognitive 

determinants of behavioral and emotional problems in children with SCD.

5.2 Theoretical background and research model
The theoretical model of the interrelatedness of all these aspects is depicted by the three 

boxes in Figure 1. Within this model, behavioral and emotional problems and health-
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Chapter 1

related quality of life are regarded as outcomes of neurocognitive functioning, which in 

itself is regarded as an outcome of medical and socio-demographic determinants. 

5.3 Research questions
This theoretical model forms the base for three research questions of the AANPAK 

project:

1.  What are the differences between children with SCD and healthy siblings (matched 

for age, gender, ethnicity and socio-economic status) in neurocognitive functioning, 

behavioral and emotional problems, and HRQoL? 

2.  Which are the medical determinants of neurocognitive functioning in children with 

SCD?

3.  What is the effect of medical determinants and neurocognitive functioning on 

behavioral and emotional problems in children with SCD? 

5.4 Study design
The AANPAK project is a cross-sectional case-control study. Behavioral and emotional 

problems were investigated in a large cohort of 106 children with SCD (HbSS, HbS-β0-

thalassemia, HbS-β+-thalassemia or HbSC) aged 6 to 18 years. Caregivers and teachers 

completed behavioral questionnaires and scores were compared to a control group of 37 

healthy siblings and normative data, to gain more insight into the nature and prevalence 

of these problems. 

Neurocognitive functioning and HRQoL were evaluated in a sub-cohort of 41 randomly 

selected children with SCD with a severe form of SCD (HbSS or HbS-β0-thalassemia) 

aged 6 to 18 years. A large battery of neurocognitive tests as well as a self-report HRQoL 

questionnaire was administered in the outpatient clinic. Neurocognitive outcomes 

were compared to a control group of 38 healthy siblings, and HRQoL outcomes were 

compared to both controls and normative data. The factors and corresponding measures 

that were used in the AANPAK project are presented in Table 4.

Figure 1. Theoretical model AANPAK project

  
Medical parameters  
 
 
  Socio-demographic 
factors    

 
 

Neurocognitive 
functioning  
 
 
  
 
 

 
 

 
Behavioral and 
emotional problems  
 
Health-Related Quality 
of Life  
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5.5. Scope of the thesis
The first part of this thesis contains the results of our three case-control studies on 

neurocognitive functioning, behavioral and emotional problems, and HRQoL in children 

with SCD. In Chapter 2, we evaluated a broad range of neurocognitive functions in 

children with SCD compared to a control group of healthy siblings, in order to gain more 

insight into the specific deficits of these patients. Chapter 3 presents the results on 

the prevalence of behavioral and emotional problems in children with SCD compared to 

healthy siblings and a Dutch norm population. In Chapter 4 we investigated whether 

the HRQoL of children with SCD was associated with consequences of the disease, 

or with the low socio-economic status (SES) of this patient population, by comparing 

children with SCD to healthy siblings and a Dutch norm population.

In the second part of the thesis, we aimed to identify risk factors for neurocognitive 

deficits and behavioral and emotional problems. Therefore, we investigated the 

association of laboratory markers of disease severity and radiological parameters with 

neurocognitive functioning in children with SCD in Chapter 5. Finally, we explored the 

impact of medical factors and neurocognitive functioning on behavioral and emotional 

problems in Chapter 6. This thesis closes with a summary and discussion of the results 

of the preceding chapters (General discussion) Chapter 7.

General introduction
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Chapter 1

Table 1. Neurocognitive functioning of children with SCD versus healthy siblings

Author, year Patients Controls Outcome measures Main findings

Swift et al, 
1989 
(29)

N=21 
children with SCD 
aged 7-16

N=21 
healthy siblings 

- Intelligence (WISC-R) 
- Verbal and visuo- spatial memory (Detroit Test 

of Learning Aptitude)
- Visuo-motor functioning (Beery VMI)

-  Significant differences in Full-scale, Verbal and Performance IQ between patients and siblings
-  Significant differences in verbal and visuo-spatial memory between patients and siblings. Patients scored 

especially lower on visuo-spatial memory (> 1 SD)
-  No significant differences in visuo-motor functioning
-  No medical determinants for neurocognitive functioning were found 

Wasserman et al, 
1991 
(47)

N=43 
children with SCD 
aged 7-16

N=30 
healthy siblings 

- Intelligence (WISC-R) 
- Verbal and non-verbal memory (Luria-Nebraska 

Neuropsychological Battery)
- Motor functioning (Luria-Nebraska 

Neuropsychological Battery)

-  Significant differences in Full-scale and Performance IQ. Patients also had lower Verbal IQ, but this difference 
did not reach significance

-  No significant differences in memory between patients and siblings older than 12 years
-  Significant differences in memory between patients and siblings younger than 12 years: patients performed 

less well
-  29% of patients above cut-off (=critical level) versus 0% of siblings
-  No significant differences in motor functioning

Brown et al, 
1993 
(48)

N=70 
children with SCD 
aged 2,5-17

N=18 
healthy siblings

- Intelligence (K-ABC) 
- Sustained attention (MFFT Continuous 

Performance Task)
- Visual short term memory (Bead Memory 

subtest of the Stanford- Binet intelligence scale)
- Visuo-motor functioning (Beery VMI)

-  No significant differences in IQ between patients and siblings
-  Patients performed less well on sustained attention task, especially older children
-  No significant difference in visual short term memory and visuo-motor functioning
-  Hemoglobin level is significant predictor of IQ and visual memory
-  Correlation between SES and IQ

Craft et al, 
1993
(20)

N=29 
children with SCD 
aged 6-17 
N=12 without stroke, 
N=6 with anterior 
lesions (3 silent), 
N=11 with diffuse 
lesions (3 silent)

N=20 
healthy siblings

- Sustained attention (Test of auditory vigilance)
- Verbal learning and memory (Children’s 

Auditory Verbal Learning Test)
- Motor speed, Coordination (Finger tapping test)
- Spatial organization (Object Assembly and 

Bock Design subtest of WISC-R, Benton Visual 
Retention Test, Spatial Relations subtest of 
Woodcock-Johnson Revised)

-  No significant differences between children with overt anterior strokes and children with overt diffuse 
strokes in sustained attention

-  Children with silent anterior lesions performed less well on sustained attention than children with silent 
diffuse lesions and siblings

-  No significant differences in memory
-  No significant differences in motor speed
-  Children with diffuse lesions performed less well on spatial organization than children with silent anterior 

lesions and siblings

Steen et al, 
1998 
(49)

N=30 
children with SCD 
mean age 10.4
N=17 with normal 
MRI, N=13 with 
abnormal MRI 

N=24 
healthy siblings

- Intelligence (WISC-R or WISC-III) -  Significantly lower Full-scale IQ in patients with abnormal MRI than patients with normal MRI and healthy 
siblings

-  FSIQ of total group of patients = 75
-  FSIQ of healthy siblings = 88
-  FSIQ of patients with normal MRI = 79
-  FSIQ of patients with abnormal MRI = 71 

Schatz et al, 
1999
(23)

N=28 
children with SCD 
aged 7-21 
N=7 with anterior 
lesions, N=18 with 
diffuse lesions

N=17 
healthy siblings

- Sustained attention (TOVA) 
- Set shifting (WCST)
- Planning (Tower of Hanoi) 
- Verbal learning and memory (CVLT)
- Spatial organization (DAS)

-  Significant differences between patients and siblings in attention/executive functions and spatial 
organization

-  Patients with anterior lesions had selective deficits in attention/executive functions and spatial organization, 
but patients with diffuse lesions had general deficits on all tasks

-  Both patients with anterior and diffuse lesions had lower score on planning task than siblings (only patients 
with anterior lesions also made more errors than siblings) 

-  Only patients with diffuse lesions performed worse on all spatial measures than siblings
-  No differences in verbal learning and memory

Bernaudin et al, 
2000
(13)

N=156 
children with SCD
aged 5-15
N=104 with normal 
MRI, N=11 with overt 
stroke, N=17 with 
silent stroke

N=76 
healthy siblings

- Intelligence (WISC-III) 
- Motor functioning (Purdue Pegboard)

Intelligence:
-  Total group of patients had lower Full-scale, Verbal and Performance IQ than siblings:
-  FSIQ (83.9 vs 90.3) 
-  VIQ (90.4 vs 96.7) 
-  PIQ (80.6 vs 85.7)
-  Higher proportion of FSIQ <75 in patients than siblings (30% vs 9%)
-  Cognitive functioning was more impaired in patients with overt stroke, low hematocrit, high platelet count, 

or silent stroke + low hematocrit and/or high platelet count 

Motor functioning:
-  Patients with overt stroke scored lower on motor functioning compared to patients without stroke
-  No significant differences between patients with silent stroke and patients without stroke 
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-  Patients performed less well on sustained attention task, especially older children
-  No significant difference in visual short term memory and visuo-motor functioning
-  Hemoglobin level is significant predictor of IQ and visual memory
-  Correlation between SES and IQ

Craft et al, 
1993
(20)

N=29 
children with SCD 
aged 6-17 
N=12 without stroke, 
N=6 with anterior 
lesions (3 silent), 
N=11 with diffuse 
lesions (3 silent)

N=20 
healthy siblings

- Sustained attention (Test of auditory vigilance)
- Verbal learning and memory (Children’s 

Auditory Verbal Learning Test)
- Motor speed, Coordination (Finger tapping test)
- Spatial organization (Object Assembly and 

Bock Design subtest of WISC-R, Benton Visual 
Retention Test, Spatial Relations subtest of 
Woodcock-Johnson Revised)

-  No significant differences between children with overt anterior strokes and children with overt diffuse 
strokes in sustained attention

-  Children with silent anterior lesions performed less well on sustained attention than children with silent 
diffuse lesions and siblings

-  No significant differences in memory
-  No significant differences in motor speed
-  Children with diffuse lesions performed less well on spatial organization than children with silent anterior 

lesions and siblings

Steen et al, 
1998 
(49)

N=30 
children with SCD 
mean age 10.4
N=17 with normal 
MRI, N=13 with 
abnormal MRI 

N=24 
healthy siblings

- Intelligence (WISC-R or WISC-III) -  Significantly lower Full-scale IQ in patients with abnormal MRI than patients with normal MRI and healthy 
siblings

-  FSIQ of total group of patients = 75
-  FSIQ of healthy siblings = 88
-  FSIQ of patients with normal MRI = 79
-  FSIQ of patients with abnormal MRI = 71 

Schatz et al, 
1999
(23)

N=28 
children with SCD 
aged 7-21 
N=7 with anterior 
lesions, N=18 with 
diffuse lesions

N=17 
healthy siblings

- Sustained attention (TOVA) 
- Set shifting (WCST)
- Planning (Tower of Hanoi) 
- Verbal learning and memory (CVLT)
- Spatial organization (DAS)

-  Significant differences between patients and siblings in attention/executive functions and spatial 
organization

-  Patients with anterior lesions had selective deficits in attention/executive functions and spatial organization, 
but patients with diffuse lesions had general deficits on all tasks

-  Both patients with anterior and diffuse lesions had lower score on planning task than siblings (only patients 
with anterior lesions also made more errors than siblings) 

-  Only patients with diffuse lesions performed worse on all spatial measures than siblings
-  No differences in verbal learning and memory

Bernaudin et al, 
2000
(13)

N=156 
children with SCD
aged 5-15
N=104 with normal 
MRI, N=11 with overt 
stroke, N=17 with 
silent stroke

N=76 
healthy siblings

- Intelligence (WISC-III) 
- Motor functioning (Purdue Pegboard)

Intelligence:
-  Total group of patients had lower Full-scale, Verbal and Performance IQ than siblings:
-  FSIQ (83.9 vs 90.3) 
-  VIQ (90.4 vs 96.7) 
-  PIQ (80.6 vs 85.7)
-  Higher proportion of FSIQ <75 in patients than siblings (30% vs 9%)
-  Cognitive functioning was more impaired in patients with overt stroke, low hematocrit, high platelet count, 

or silent stroke + low hematocrit and/or high platelet count 

Motor functioning:
-  Patients with overt stroke scored lower on motor functioning compared to patients without stroke
-  No significant differences between patients with silent stroke and patients without stroke 
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Table 1. continued

Author, year Patients Controls Outcome measures Main findings

Schatz et al, 
2001
(50)

N=19 
children 
with SCD with silent 
infarcts, mean age 
10.9
N=45 children 
without silent 
infarcts, mean age 
10.7

N=18 
healthy siblings

- Sustained attention (Cancellation A’s Task 
TOVA)

- Speed for attention/ sequencing/ mental 
flexibility/visual search (Trail Making Test) 

- Set shifting (WCST) 
- Verbal learning and memory (CVLT / Wide 

Range Assessment of Memory and Learning 
(WRAML))

- Motor functioning (Purdue Pegboard)
- Spatial organization (DAS-Pattern Construction, 

Judgement of Line Orientation, Woodcock 
Johnson- Revised Visual Closure)

-  Patients with silent infarcts showed significantly more neurocognitive deficits compared to patients without 
infarcts and siblings, mainly deficits in attention/executive functions

-  53% of patients with silent infarcts had abnormal scores in attention/executive functions compared to 13% 
without silent infarcts and 0% siblings

-  30% of patients with silent infarcts had abnormal scores in visual-spatial/motor functioning compared to 
33% without silent infarcts and 0% siblings

Table 2. Behavioral and emotional problems in children with sickle cell disease measured with the Child 
Behavior Checklist (CBCL), Teacher Report Form (TRF) and Youth Self Report (YSR)

Author, year Patients Controls Outcome measures Main findings

Hurtig & Park, 
1989
(51)

N=33 
children with SCD 
aged 12-17 

- -  CBCL (1983 version) -  Patients had more behavioral problems compared to low SES norm sample
-  Boys scored higher on all scales. Scores approached clinical range for Somatic Problems, Immaturity, and 

Hyperactivity scale
-  Girls scored higher on Somatic Problems, Schizoid, Depressed/Withdrawal, and Delinquent scale. Scores 

approached clinical range for Somatic Problems scale

Brown et al, 
1993
(32)

N=61
children with SCD 
aged 6-17

N=15 
healthy siblings

-  CBCL (1978 version)
-  TRF (1986 version)

CBCL:
-  Patients scored higher on Internalizing Problems than siblings
-  No significant differences on Somatic Problems scale

TRF:
-  Patients scored higher on Externalizing Problems, Inattention and Nervous/overactive 
-  Days absent from school was a significant predictor of Internalizing Problems 
-  Diagnosis or gender did not appear s as significant predictors 

Associations were found between:
-  Maternal psychopathology and Internalizing Problems for both CBCL and TRF
-  Family cohesion score and CBCL Externalizing Problems
-  Family adaptation score and CBCL Internalizing Problems
-  Self-reported depressive symptoms in children, CBCL Externalizing Problems, more social impairment 

according to teachers, less adaptive behaviour on Vineland, and less cohesion in family
-  Familial stressors and CBCL Internalizing Problems

Kell et al, 
1998
(52)

N=80 
children with SCD 
aged 12-18 

- -  CBCL
-  YSR

Comparison between patients and norm sample:
-  No significant differences in Externalizing Problems
-  Higher scores on Internalizing Problems (without Somatic Problems scale) for boys with SCD on CBCL
-  Higher scores on Somatic Problems scale for boys and girls with SCD on CBCL and YSR

Comparison between self-report and proxy-report:
-  No significant differences between parents and children in Internalizing or Externalizing Problems 
-  Adolescents rated their family as less competent than parents

Percentages with scores in clinical range: 
-  CBCL: 37% in clinical range for Somatic Problems
-  YSR: 43% in clinical range for Somatic Problems
-  Percentages with scores in clinical range on other scales ranged between 1% and 14% (which is lower than 

in other studies)
-  Lower SES was not associated with behavioral problems
-  Higher family competence was associated with fewer behavioral problems, especially in younger adolescents 
-  Girls seem to be more influenced by family competence than boys, reflected by more Internalizing Problems 

and Somatic Problems

20

proefschrift Hijmans.indb   20 8-12-2011   13:10:41



Table 1. continued

Author, year Patients Controls Outcome measures Main findings
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Behavior Checklist (CBCL), Teacher Report Form (TRF) and Youth Self Report (YSR)
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N=33 
children with SCD 
aged 12-17 

- -  CBCL (1983 version) -  Patients had more behavioral problems compared to low SES norm sample
-  Boys scored higher on all scales. Scores approached clinical range for Somatic Problems, Immaturity, and 

Hyperactivity scale
-  Girls scored higher on Somatic Problems, Schizoid, Depressed/Withdrawal, and Delinquent scale. Scores 

approached clinical range for Somatic Problems scale

Brown et al, 
1993
(32)

N=61
children with SCD 
aged 6-17

N=15 
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-  CBCL (1978 version)
-  TRF (1986 version)

CBCL:
-  Patients scored higher on Internalizing Problems than siblings
-  No significant differences on Somatic Problems scale

TRF:
-  Patients scored higher on Externalizing Problems, Inattention and Nervous/overactive 
-  Days absent from school was a significant predictor of Internalizing Problems 
-  Diagnosis or gender did not appear s as significant predictors 

Associations were found between:
-  Maternal psychopathology and Internalizing Problems for both CBCL and TRF
-  Family cohesion score and CBCL Externalizing Problems
-  Family adaptation score and CBCL Internalizing Problems
-  Self-reported depressive symptoms in children, CBCL Externalizing Problems, more social impairment 

according to teachers, less adaptive behaviour on Vineland, and less cohesion in family
-  Familial stressors and CBCL Internalizing Problems

Kell et al, 
1998
(52)

N=80 
children with SCD 
aged 12-18 

- -  CBCL
-  YSR

Comparison between patients and norm sample:
-  No significant differences in Externalizing Problems
-  Higher scores on Internalizing Problems (without Somatic Problems scale) for boys with SCD on CBCL
-  Higher scores on Somatic Problems scale for boys and girls with SCD on CBCL and YSR

Comparison between self-report and proxy-report:
-  No significant differences between parents and children in Internalizing or Externalizing Problems 
-  Adolescents rated their family as less competent than parents

Percentages with scores in clinical range: 
-  CBCL: 37% in clinical range for Somatic Problems
-  YSR: 43% in clinical range for Somatic Problems
-  Percentages with scores in clinical range on other scales ranged between 1% and 14% (which is lower than 

in other studies)
-  Lower SES was not associated with behavioral problems
-  Higher family competence was associated with fewer behavioral problems, especially in younger adolescents 
-  Girls seem to be more influenced by family competence than boys, reflected by more Internalizing Problems 

and Somatic Problems
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Table 2. continued

Author, year Patients Controls Outcome measures Main findings

Thompson et al, 
1999
(53)

N=289 
children with SCD
aged 6-15

- -  CBCL Percentages with scores in clinical range: 
-  25% on Total Problems
-  22% on Internalizing Problems 
-  18% on Externalizing Problems
-  Overall 30% in clinical range on at least 1 broadband scale
-  No significant differences for gender, MRI status, or genotype
-  Higher percentage in clinical range on Externalizing Problems for mothers who were never married than 

mothers who were married/divorced/widowed

Thompson et al, 
2003
(33)

N=222 
children with SCD
aged 5-15 

- -  CBCL -  No changes over time in behavioral problems
-  9% with consistent behavioral problems over time

Trzepacz et al, 
2004
(34)

N=70 
children with SCD
aged 8-14 

N=68 classroom 
controls 

-  CBCL (filled in by primary and secondary 
caregiver)

-  Patients scored higher on Total and Internalizing Problems and lower on Total Competence
-  Primary caregivers: patients scored higher on all 15 categories
-  Secondary caregivers: patients scored higher on 12 categories

Percentages with scores in clinical range: 
-  More patients in clinical range on Total and Externalizing Problems
-  Combination primary/secondary CBCL: 43% of patients in clinical range on at least 1 broadband scale versus 

21% of controls

Gold et al, 
2008
(54)

N=41 
children with SCD
aged 7-17 

N=97 
healthy siblings

-  CBCL -  Patients scored higher on Internalizing Problems and Somatic Problems

Percentages with scores in clinical range: 
-  More patients and siblings in clinical range on Total, Internalizing and Externalizing Problems when 

compared to norm sample, prevalence is 2 -3 times higher

Table 3. Health-related Quality of life in children with SCD

Author, year Patients Controls HRQoL Measure Main findings

Kater et al,
1999
(38)

N=45 
children 
with SCD 
aged 5-15 
and their 
parents

- -  TACQOL Parent Form (5-11)
-  TACQOL Child Form (8-15)

Compared to healthy non-White reference data:
-  Patients scored lower on physical functioning, motor functioning, autonomy, and negative mood according 

to both parents and children
-  No significant differences on cognitive, school, social, and positive mood
-  Parents scored lower on negative moods than children
-  No age differences were found

Palermo et al,
2002
(39)

N=58 
children 
with SCD
aged 5-18

N=120 
healthy 
African- 
American 
children

-  CHQ Parent Form 50
-  Other measures: demographics, disease 

complications

Comparison between patients and healthy controls:
-  Lower summary scores for patients on Physical and Psychosocial domains
-  Significant differences on 13 of 14 subscales

Comparison between patients with SCD and patients with JIA: 
-  Comparable scores on Physical domain 
-  Lower scores on Psychosocial domain

Comparison between patients with SCD and patients with epilepsy:
-  Comparable scores on Psychosocial domain 
-  Lower scores on Physical domain

Associations were found between lower Physical score and:
-  increasing age
-  female gender 
-  total number of disease-related complications 
-  SES (measured as work status and educational level) was not predictive of Physical score
-  No predictors were found for Psychosocial score
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Table 2. continued

Author, year Patients Controls Outcome measures Main findings
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compared to norm sample, prevalence is 2 -3 times higher

Table 3. Health-related Quality of life in children with SCD
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(38)
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and their 
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- -  TACQOL Parent Form (5-11)
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-  Patients scored lower on physical functioning, motor functioning, autonomy, and negative mood according 

to both parents and children
-  No significant differences on cognitive, school, social, and positive mood
-  Parents scored lower on negative moods than children
-  No age differences were found

Palermo et al,
2002
(39)

N=58 
children 
with SCD
aged 5-18

N=120 
healthy 
African- 
American 
children

-  CHQ Parent Form 50
-  Other measures: demographics, disease 

complications

Comparison between patients and healthy controls:
-  Lower summary scores for patients on Physical and Psychosocial domains
-  Significant differences on 13 of 14 subscales

Comparison between patients with SCD and patients with JIA: 
-  Comparable scores on Physical domain 
-  Lower scores on Psychosocial domain

Comparison between patients with SCD and patients with epilepsy:
-  Comparable scores on Psychosocial domain 
-  Lower scores on Physical domain

Associations were found between lower Physical score and:
-  increasing age
-  female gender 
-  total number of disease-related complications 
-  SES (measured as work status and educational level) was not predictive of Physical score
-  No predictors were found for Psychosocial score
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Table 3. continued

Author, year Patients Controls HRQoL Measure Main findings

Panepinto et al,
2005
(41)

N=53
children 
with SCD 
aged 5-18
N=95 
parents
N=49 
child-parent 
pairs

- -  CHQ Parent Form 28 (5-18)
-  CHQ Child Form 87 (10-18)
-  Other measures: age, gender, education, race, 

medical and neurobehavioral comorbities, SCD type, 
disease status 

Parent Form:
-  Mean Physical HRQoL T-score = 33.02 (compared to norms of healthy non-White children = 50.6)
-  Mean Psychosocial HRQoL T-score = 45.40 (compared to norms of healthy non-White children = 49.9)

Within group comparisons:
-  No differences between older versus younger children
-  No differences between stroke versus no stroke
-  Lower physical HRQoL in children with acute chest syndrome/vaso-occlusive crises in past 3 years

Association were found between:
-  Disease status – Physical score
-  Neurobehavioral co-morbidities and parental education – Psychosocial score 

Child Form:
-  Lower scores on 3 subscales: physical functioning, general health perceptions, role/social physical
-  In general, children did not perceive themselves as having worse psychosocial HRQoL, such as lower self-

esteem
-  Parents rate their children’s HRQoL lower than children do (except for bodily pain and other observable 

domains)

Palermo et al,
2008
(40)

N=56 children 
with SCD
aged 8-17 

- -  CHQ Parent Form 50
-  Other measures: disease severity, pain intensity, 

depression, parent education, family income, 
distressed neighbourhood, Functional Disability 
Inventory 

-  Mean Physical HRQoL T-score = 38.8 (sd 13.1)
-  Mean Psychosocial HRQoL T-score = 45.6 (sd 11.5)

Associations were found between:
-  Higher pain intensity – greater disability and lower physical score
-  Higher family income – less disability and higher physical score, but lower psychosocial score
-  Higher parental education- higher physical and psychosocial score
-  Higher neighbourhood distress – lower physical score
-  Greater depression – greater disability, lower psychosocial score 
-  Greater disease severity – lower psychosocial score

Barakat et al,
2008
(55)

N=42children 
with SCD 
aged 12 -18
and their parents 

- -  CHQ 50 Parent Form 
-  CHQ 50 Child Form
-  Other measures: Varni Pediatric Pain Questionnaire 

(PPQ), Behavioral Assessment System for Children 
(BASC), Pediatric Inventory for Parents (PIP), 
demographic form, disease severity as measured 
by pain and acute chest syndrome, Risk Index (to 
assess sociodemographic and psychological risk 
based on social and familial factors) 

-  Scores on physical functioning and self-esteem HRQOL were within normative range 
-  Teens reported higher physical HRQoL than parents

Parenting stress was a mediator for parent-reported pain frequency and:
-  parental-reported physical HRQoL
-  parental-reported self-esteem HRQoL
-  teen-reported physical HRQoL

Parenting stress was a mediator for teen-reported pain frequency and
teen-reported physical HRQoL

Panepinto et al,
2009
(42)

N=104 
children 
with SCD
aged 2-18

N=74 
children 
without SCD 
(78% African 
American)

-  PedsQL Parent Form (2-18) 
-  PedsQL Child Form (5-18)
-  Other measures: family income, disease severity,age, 

presence of other chronic conditions (medical and 
neurobehavioral co-morbidities)

Parent Form: 
-  Patients had lower scores than controls on all 3 summary scores, social functioning and school functioning

Associations were found between:
-  Higher disease severity – worse total HRQoL
-  Lowest income level, having medical co-morbidities and older age– worse total, physical and psychosocial 

HRQoL
No interaction effects were found between poverty level and disease group

Child Form:
-  Lower scores on physical health summary score
Associations were found between:
-  Higher disease severity – worse physical HRQoL
No effects were found of other variables on psychosocial HRQoL 

Panepinto et al,
2009
(56)

N=97 
parents of 
children 
with SCD

N=73 
parents of 
healthy 
children

-  PedsQL Family Impact Module
-  PedsQL Parent Form

-  Parents of children with SCD were older, had higher income, and higher education
-  Ceiling effects of the family impact module
-  Lower score for parents of children with severe SCD on subscales worry and communication, compared to 

mild SCD and controls. No differences on other subscales.
-  Lowest scores for severe SCD and medical + neurobehavioral comorbidities
-  Correlations between family impact module and parent-proxy report
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Table 3. continued

Author, year Patients Controls HRQoL Measure Main findings
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Table 4. Factors and corresponding measures used in the AANPAK project

Factors Measures

Medical parameters -  Cerebral MRI
-  Right–left asymmetries in cerebral blood flow measured by continuous 

arterial spin labelling (CASL) MRI
-  Transcranial Doppler ultrasonography (TCD) measured in the right and 

left middle cerebral artery, anterior cerebral artery and internal carotid 
artery

-  Blood cell counts: lactate dehydrogenase, hemoglobin, reticulocytes, 
and leukocytes

Socio-demographic factors -  Age 
-  Gender
-  Country of origin
-  Parental marital status
-  Maternal educational level
-  Parental paid employment

Neurocognitive functioning -  Intelligence (WISC-III/WAIS-III)
-  Executive functioning:

-  response inhibition and sustained attention (Stop task)
-  visuo-spatial working memory (N-back task)
-  verbal working memory (Digit span)
-  planning (Tower of London)

-  Visuo-motor functioning (Beery-Buktenica Developmental Test of Visual-
Motor Integration (Beery VMI)

Behavioral and emotional problems -  Child Behavior Checklist (CBCL)
-  Teacher Report Form (TRF)
-  Disruptive Behavior Disorder rating scale (DBD), caregiver and teacher 

version

Health-related Quality of Life -  KIDSCREEN-52 (child self-report)
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Chapter 2

Abstract
Aim: Sickle cell disease (SCD) can lead to profound cerebral damage, associated with 

neurocognitive deficits. The aim of the current study was to evaluate a broad range 

of neurocognitive functions in children with SCD compared to a SES-matched control 

group, in order to gain more insight into the specific deficits of these patients. 

Methods: Forty-one children with homozygous SCD (HbSS or HbS-β0-thalassemia) 

and 38 controls were assessed on a comprehensive set of well-defined and validated 

measures of neurocognitive functioning. Besides general intelligence, we evaluated 

executive functioning extensively (including response inhibition, sustained attention, 

planning, visuo-spatial working memory and verbal working memory) as well as 

visuo-motor functioning. 

Results: SCD was clearly associated with lower IQ scores. More than one in three 

children with SCD had a Full-scale IQ below 75. Furthermore, children with SCD showed 

deficits in visuo-motor functioning. Some evidence was found for executive dysfunction: 

Children with SCD displayed poor visuo-spatial working memory, as well as subtle deficits 

in sustained attention and planning. No significant differences were found between 

children with SCD and controls in terms of response inhibition and verbal working 

memory. 

Conclusion: Children with SCD are at increased risk of lower intelligence, visuo-motor 

impairments and executive dysfunction. These neurocognitive deficits may underlie high 

rates of scholastic impairments in these children. The present findings further illuminate 

the importance of regular neurocognitive evaluations and future neurocognitive 

rehabilitation programs for children with SCD. 
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Introduction
Sickle cell disease (SCD) is a hereditary red blood cell disorder that is characterized by 

chronic haemolytic anaemia and vascular occlusion, causing pain and irreversible organ 

damage. The most devastating complication of SCD is cerebral vascular infarction. 

Although most infarcts are not accompanied by overt neurological symptoms – 

so-called silent infarcts - they do appear to be associated with diminished neurocognitive 

functioning (1-3). 

Indeed, SCD has been associated with impairments in general cognitive functioning 

as measured by IQ. Children with SCD and overt strokes seem to be most impaired, with 

a decrease of approximately 14 Full-scale IQ points (3), while children with silent infarcts 

have been described to score 4-7 Full-scale IQ points lower than children with normal 

MRI (4, 5). However, it appears that there are cognitive effects of SCD for children with 

normal MRI as well (6-8).  

In addition to detrimental effects on general cognitive functioning, SCD has been 

associated with deficits in specific areas of neurocognitive functioning including executive 

functioning (1, 9-14) and visuo-motor functions (15, 16). Deficits in these two areas are 

expected, given that silent infarcts commonly occur in frontal lobe white matter, within 

the border zone between the middle and anterior cerebral artery distribution (17, 18). The 

frontal lobes play a major role in executive functions, which are higher order cognitive 

functions including abilities such as response inhibition, planning, working memory, and 

attention (19). These functions greatly affect other areas of neurocognitive functions 

and are generally strongly related to academic and behavioral problems. Sustained 

attention and working memory appear to be particularly vulnerable in children with SCD 

(1). Response inhibition and planning have been studied less extensively. White matter 

damage is thought to underlie deficits in visuo-motor functions. Although deficits on 

this neurocognitive domain have been recognized in children with SCD, findings remain 

inconsistent (1). Some researchers have reported average motor skills in children with 

SCD (10, 20) while others found clear deficits compared to healthy controls (15, 16). 

Many studies investigated either visual-spatial or motor skills, but not both (1).

Although the literature on neurocognitive sequelae of SCD is quite extensive, previous 

studies have several methodological limitations. Many studies lacked appropriate 

comparison groups. As the majority of families of children with SCD come from immigrant 

communities with a low socio-economic status (SES) and are single parented (21), 

these children are more likely than the general population to grow up in unfavourable 

circumstances that already place them at higher risk for neurocognitive deficits (3). 

Although siblings without SCD have been described as the preferable control group 

for studying the neurocognitive effects of SCD (22), only few researchers incorporated 

healthy siblings as controls. Furthermore, almost all previous studies on neurocognitive 

deficits in SCD have been performed in the United States of America. Findings from 

these studies need to be replicated in Western Europe because of differences in the 

healthcare and educational system and the origins of the patient population, as SCD 

Neurocognitive deficits in children with SCD
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patients in Western-Europe are mainly new immigrants from Western Africa, while most 

African-Americans have been living in the US for a long time. Moreover, many studies 

used restricted assessment batteries: Some studies focused only on general intelligence, 

whereas others targeted isolated aspects of neurocognitive functioning.

The present study extends previous research by comparing a large group of Dutch 

children with SCD to a SES-matched control group, comprising healthy siblings of 

participating children with SCD and healthy siblings of other SCD patients receiving care 

at our hospital, on a comprehensive set of well-defined and validated measures of key 

neurocognitive functions. 

Methods
Participants
Forty-one children with SCD and 38 SES-matched controls aged 6 to 18 years participated 

in the study. A total of 46 children were randomly selected from the children receiving 

treatment for a severe form of SCD (HbSS or HbS-β0-thalassemia) at the Comprehensive 

Sickle Cell Care Center of the Emma Children’s Hospital, Academic Medical Center in 

Amsterdam. From these, 41 patients (89%) participated (5 declined). Most of these 

had an HbSS genotype (n = 37, 90%), the other four (10%) had an HbS-β0-genotype. 

Of the children with SCD that were included, three (7%) had previously experienced 

a symptomatic stroke. Six children (14%) received scheduled blood transfusion, either 

for stroke (n = 4) or intracranial arterial stenoses detected on MRI (n = 2). The clinical 

condition of all children with SCD was stable at the time the neurocognitive assessment 

took place.

After recruitment of participants with SCD, SES-matched controls were recruited. 

Fifty-seven healthy children were invited to participate. From these, 38 (67%) 

participated. First, we recruited healthy (full or half-) siblings of the group of participating 

children with SCD. These siblings were matched for age and gender one by one to 

participants. As no sibling match was available for all participating children with SCD, we 

recruited 19 additional controls (50%), who were healthy siblings from non-participating 

children with SCD receiving care at our hospital. These controls had similar demographic 

characteristics and were matched for age and gender one by one to participants as well. 

Inclusion took place between October 2007 and October 2008.

Procedure
The medical ethics committee of the Academic Medical Center in Amsterdam approved 

the study protocol. Written informed consent was obtained from parents and children 

aged twelve years and older. Administration of the neurocognitive tests was performed 

in a fixed order by trained examiners using standardized instructions. Administration of 

the entire test battery (including breaks) required a maximum of three and an half hours. 
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Neurocognitive measures

Intelligence
Full-scale IQ was estimated by four subtests of the Wechsler Intelligence Scale for 

Children-III (23) or the Wechsler Adult Intelligence Scale-III (24) (depending on the child’s 

age): Vocabulary, Arithmetic, Block Design and Picture Arrangement. These subtests 

correlate in the low to mid .90’s with Full-scale IQ and therefore give a reliable estimate 

of Full-scale IQ. Verbal IQ was estimated by Vocabulary and Arithmetic, and Performance 

IQ was estimated by Block Design and Picture Arrangement. 

Executive Functioning
Response inhibition and sustained attention
Response inhibition and sustained attention were measured using the Stop task (25, 26). 

This task requires the child to react as quickly and accurately to airplanes appearing on 

a computer screen and to occasionally inhibit a response upon presentation of a visual 

stop signal. Response inhibition was measured by stop signal reaction time (SSRT, an 

estimate of the speed of the inhibitory response). Sustained attention was measured by 

the number of errors, and by mean reaction time (MRT) of correct responses, which was 

calculated for the first, second, third, and fourth part of the task. 

Planning
Planning ability was investigated using an adapted version of the Tower of London (ToL; 

(27)), with multiple difficulty levels. This task requires the child to rearrange three coloured 

balls on three vertical pegs of different lengths, to transform an initial configuration of 

the balls into a ‘tower’, in which the balls are arranged on a designated peg. The child 

has to plan the sequence of moves, as there are constraints on the number of moves 

and trials allowed to solve the problem. The main outcome measure was the ToL score, 

which is based on the number of trials required to solve a problem. Additional outcome 

variables were Planning time (the time between presentation of an item and initiation 

of the first move) and Execution time (the time between initiation of the first move and 

completion of the final move). It was expected that Planning and Execution time would 

increase with higher difficulty levels. 

Working memory
Visuo-spatial working memory was measured with a spatial variant of the computerized 

N-back task (28-30). Children were presented with a picture of an apple with four holes 

in it, from which a caterpillar appeared. Children were instructed to press one of four 

response buttons corresponding to the hole in which they had seen the caterpillar one 

move back (1-back condition) up to four moves back (4-back condition). A maximum 

of four blocks (of 32 trials each) was administered, preceded by a practice block of 10 

trials. Total number of correct responses was used as measure of visuo-spatial working 

memory.

Neurocognitive deficits in children with SCD
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Verbal working memory was measured with the maximum span on Digit span forwards 

and backwards of the WISC-III (23) or WAIS-III (24) (depending on the child’s age). The 

forward part was administered first and consisted of repeating sequences of numbers 

increasing in length in the exact same order. For the backward part, children had to 

repeat sequences of numbers increasing in length in the reverse order. 

Visuo-motor functioning
Visuo-motor functioning was assessed using the Beery-Buktenica Developmental Test of 

Visual-Motor Integration (Beery VMI; (31)). In the Beery VMI children have to reproduce 

30 geometric shapes with graded difficulty as accurately as possible. Total score was 

used as outcome measure. 

Data Analysis
The Statistical Package for the Social Sciences (SPSS version 16.0) was used to manage 

and analyze the data. All neurocognitive outcome measures were normalized by applying 

a Van der Waerden transformation. An independent t-test and Chi square tests were 

used to compare children with SCD to controls on demographic characteristics. 

Linear mixed models were used to analyze differences between children with 

SCD and controls on the measures derived from the neurocognitive tasks. The linear 

mixed model allows for the investigation of group differences while controlling for 

the non-independency of data (i.e. more than one child participated per family, which 

resulted in related measurements within groups and between groups). All neurocognitive 

measures (except for IQ scores) were analyzed using group and age as fixed factors and 

family as random effect to account for within family correlation. Age was included in the 

model because of the broad age range of the subjects in the study and age-corrected 

standardized scores were not available for all neurocognitive measures. For IQ scores, 

only group was included as fixed factor, as analyses were performed with age-corrected 

standardized scores. Since Planning and Execution time on the ToL were obtained for 

multiple difficulty levels, difficulty level was added to the model as additional fixed factor. 

The group by difficulty level interaction was studied to determine group differences in 

the effects of increasing difficulty levels on task performance. A second random effect 

(random intercept per patient) was added, to account for the correlation between 

measurements belonging to the same patient. Similarly, to analyse group differences 

in sustained attention, MRTs derived form the first through fourth part of the Stop 

task were analysed with task part as additional fixed factor and an additional random 

intercept per patient. P values < 0.05 were considered significant. Effect sizes (d) were 

calculated by dividing the difference in mean score between children with SCD and 

controls by the pooled standard deviation of both groups. According to Cohen (32), 

effect sizes < 0.2 are considered small, effect sizes > 0.5 and < 0.8 moderate, and effect 

sizes > 0.8 large.
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Results
Demographics
Table 1 provides the demographic characteristics of children with SCD and controls. 

The groups did not significantly differ in age, gender, country of origin, parental marital 

status, maternal educational level or parental paid employment. 

Neurocognitive domains 
Table 2 describes the results for the two groups on the neurocognitive measures. 

Intelligence 
Children with SCD had a lower mean Full-scale IQ than controls. They also had a lower 

mean Performance IQ and Verbal IQ. The mean Full-scale IQ of controls was just below 

the average range compared to population norms, whereas the mean Full-scale IQ of 

children with SCD was more than 1.5 SD below the population average. The distribution 

of Full-scale IQ scores of children with SCD and controls is presented in Figure 1. 

Table 1. Demographic characteristics of children with SCD and SES-matched controls

Children with SCD
(n = 41)

SES-matched controls 
(n = 38)

Age in years, M (SD) 12.2 (3.1) 11.6 (3.3)

Boys, n (%) 21 (51) 19 (50)

Country of origin 

Surinam, n (%) 18 (44) 24 (64)

West/Central Africa, n (%) 20 (49) 10 (26)

Turkey, n (%) 2 (5) 2 (5)

Netherlands Antilles, n (%) 1 (2) 2 (3)

Parental marital status 

Married/living together, n (%) 15 (37) 18 (47)

Single, n (%) 26 (63) 20 (53)

Highest level of education of mother a

Lower, n (%) 23 (56) 20 (53)

Intermediate, n (%) 6 (15) 11 (29)

Higher, n (%) 2 (5) 1 (2)

Not specified, n (%) 10 (24) 6 (16)

Parental paid employment 

Yes, n (%) 22 (54) 24 (63)

No, n (%) 17 (42) 10 (26)

Not specified, n (%) 2 (5) 4 (11)

Group differences were tested for: age, gender, country of origin, parental marital status, highest level of 
education of mother, and parental paid employment. None of the group comparisons were significant, all 
effect sizes were small. a Education: Lower = elementary education, general secondary education junior-
level, lower vocational education; Intermediate = general secondary education-senior level, and vocational 
education-junior level; Higher = vocational education-senior level and university education.
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Exploratory analyses showed that more than one in three children with SCD (32%) had a 

Full-scale IQ below 75, versus one in ten controls (10%) (c2 (1) = 5.239, p = 0.022).  

Executive Functioning
Response inhibition and sustained attention 
No group differences were found in SSRT on the Stop task, indicating no differences 

between children with SCD and controls in response inhibition. Groups did not differ in 

MRT across the four parts of the task and there was no evidence of a greater decline 

in MRT across the four parts of the task in the SCD group compared to the control 

group. The difference between children with SCD and controls on Errors almost reached 

significance, indicating somewhat lower levels of sustained attention in children with 

Table 2. Performance on neurocognitive measures of children with SCD and SES-matched controls

Neurocognitive measure Children with 
SCD (n = 41)

SES-matched 
controls  (n = 38)

Group differences

M SD M SD d df p

IQ

Full-scale IQ 80 12.5 88 13.1 0.6 47.85 <0.001

Verbal IQ 83 12.1 93 15.1 0.7 46.84 <0.001

Performance IQ 79 14.6 86 10.6 0.6 54.87 0.010

Response inhibition

Stop signal reaction time 225 59.2 222 50.18 0.1 71.00 0.408

Sustained attention

Errors on Stop task 4 5.6 3 4.3 0.2 3.90 0.053

MRT on Stop task (averaged
across experimental blocks)

552 117.3 550 107.1 <0.1 70.32 0.968

Planning

ToL score 46 9.9 47 9.3 0.1 48.07 0.012

Planning time on ToL (averaged
across difficulty level)

22 19.5 28 32.9 0.2 199.86 0.404

Execution time on ToL (averaged
across difficulty level)

54 21.7 52 21.7 0.1 235.06 0.002

Visuo-spatial working memory

N-Back task correct responses 48 25.9 57 28.3 0.3 65.14 0.005

Verbal working memory

Digit span forwards 8 1.6 8 1.5 <0.1 68.08 0.099

Digit span backwards 5 1.9 5 1.8 <0.1 60.93 0.552

Motor functioning

Beery VMI total score 22 3.9 23 4.1 0.3 55.30 0.015

Note. Effect sizes (d) were calculated by dividing the difference in mean score between children with SCD 
and SES-matched controls by the pooled standard deviation of both groups. SCD = Sickle Cell Disease, MRT 
= Mean Reaction Time, ToL = Tower of London, VMI = Visual-Motor Integration. P-values derived from 
linear mixed models. 
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Figure 1. Distribution of Full-scale IQ scores in children with SCD and SES-matched controls
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SCD. Age was associated with task performance (p < 0.001), with older children 

performing better than younger children on all measures of the Stop task.

Planning
Children with SCD obtained a slightly but significantly lower ToL score than controls, 

indicating somewhat poorer planning ability. Compared to controls, children with SCD 

used 6 seconds less Planning time and 2 seconds more Execution time on average to 

solve an item. Only the difference in Execution time reached statistical significance. 

Moreover, the increase in difficulty level had a differential effect on the Execution time 

of both groups. With increasing difficulty levels, children with SCD took less time to 

execute an item, while controls effectively took more time (p = 0.037). Age contributed 

significantly to both the ToL score and Execution time, with older children performing 

better (p < 0.001). Age did not significantly contribute to Planning time (p = 0.902).

Working memory
Results from the N-Back task revealed that children with SCD made less correct 

responses than controls, indicating poorer visuo-spatial working memory. However, 

no group differences were found in verbal working memory. Children with SCD and 

controls achieved a similar score on both Digit span forwards and backwards. Age was 

associated with performance on both working memory tasks (p < 0.001 on N-Back task, 

p = 0.004 on Digit span forwards, and p = 0.003 on Digit span backwards), with older 

children performing better. 

Visuo-motor functioning
Children with SCD obtained a lower total score on the Beery VMI compared to controls, 

indicating deficits in visuo-motor functioning. Older age was associated with better 

performance (p < 0.001). 
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Discussion
This study provides evidence that children with SCD perform worse than SES-matched 

controls on several well-defined and validated measures of key neurocognitive functions. 

SCD is clearly associated with lower intelligence and deficits in visuo-motor functioning 

compared to controls. Some evidence was found for executive dysfunction: Children with 

SCD displayed poor visuo-spatial working memory, as well as subtle deficits in sustained 

attention and planning. No significant differences were found between children with 

SCD and controls in terms of response inhibition and verbal working memory.    

Our study adds to the existing literature with the finding that children with SCD had 

lower Full-scale, Verbal and Performance IQ’s compared to SES-matched controls. In a 

meta-analysis of 10 studies using sibling controls, the mean Full-scale IQ of children with 

SCD was established at 87 (SD 14), compared to a mean Full-scale IQ of 91 (SD 13) for 

healthy siblings (6), which is a surprisingly small difference. Although the mean Full-scale 

IQ of our control group, for 50% comprised of healthy siblings, is comparable to these 

results (88, SD 13), we found a lower mean Full-scale IQ for children with SCD (80, SD 13). 

This contrast could be explained by the age of our study sample. In our study, children 

with SCD were approximately one to three years older than the children in most of 

the studies in the meta-analysis. Previous results showed lower IQ’s in older samples 

(11-13 years) than in younger samples (9-10 years and 10-11 years), suggesting a decline 

in cognitive functioning with increasing age (6). Survivors of childhood cancer have 

similarly been described to show a decline in cognitive functioning with increasing age 

and developmental stage (33). Future longitudinal studies should provide more insight 

in this issue. Another explanation for the lower mean Full-scale IQ in our study sample 

could be that, in the present study, there might have been more children with silent 

infarcts than in the studies reviewed by Schatz et al. (6). This possibility can not be ruled 

out since the present study, as well as a number of studies reviewed by Schatz et al., did 

not establish the presence of silent infarctions using MRI. These children may represent 

a subgroup with a lower Full-scale IQ. 

It is particularly striking that one in three children with SCD had a Full-scale IQ below 

75, which clinically would be described as having a learning disability. This percentage is 

similar to the percentage reported in a French study (5) and is expected to have profound 

consequences for academic functioning. It is surprising to note, however, that relatively 

few children with SCD in our sample (14%) received special educational services.

In contrast to our expectations, mixed evidence was found for deficiencies in executive 

functioning. Most researchers investigating executive functions of children with SCD 

focused on mental flexibility and sustained attention, overlooking other relevant frontal 

lobe functions such as response inhibition and planning (9-12, 34). The results of the 

present study failed to find support for deficits in response inhibition and verbal working 

memory. Previously, infarcts associated with SCD resulted in impaired memory span 

in some but not all children; the pattern of performance varied depending on lesion 

location (35). Verbal working memory of children with anterior or posterior lesions was 
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comparable to children without infarcts, while children with infarcts in diffuse regions of 

the brain performed less well. We did observe that children with SCD displayed difficulties 

in visuo-spatial working memory, and subtle deficits in sustained attention and planning 

compared to SES-matched controls. As the general relationship between executive 

functioning deficits and externalizing behaviour disorders has been firmly established 

(36), these subtle deficits in executive functioning might be related to results of our 

previous work, showing that some children with SCD display externalizing behaviour 

problems, particularly at school (37). However, effect sizes of executive function deficits 

were small. It will be relevant to distinguish children with and without infarcts and to 

differentiate according to lesion location in future studies, especially when investigating 

this neurocognitive domain.

Children with SCD showed deficits in visuo-spatial working memory and visuo-motor 

functioning compared to SES-matched controls. These deficits have previously been 

observed in children with SCD (14, 16, 34), although findings in this area have been 

remarkably inconsistent (3, 12, 38). In the present study, a visual working memory 

measure was chosen that is relatively independent of motor-functioning (N-Back task) 

and an instrument to assess visuo-motor functioning was included as well (Beery VMI), as 

was recently recommended (16). Interestingly, deficits appeared on both tasks, leading 

us to speculate that children with SCD might have a specific deficit in the perception of 

visuo-spatial information. No deficits were found on verbal working memory. Visuo-motor 

cognitive abilities generally appear to be more affected than auditory-verbal abilities in 

children with SCD (1, 3), which is confirmed by the results of the present study. 

While interpreting the results of this study, limitations and strengths should be taken 

into account. A first limitation was that the recruitment of age- and gender matched 

healthy siblings from participating children with SCD appeared less feasible than we 

expected. This caused us to recruit healthy siblings in families from non-participating 

children with SCD as controls, who were comparable in terms of SES as they were 

coming from the same neighborhood. Consequently, in our control group, children 

from Surinam descent seemed somewhat overrepresented compared to the SCD group. 

Nevertheless, the groups did not significantly differ in country of origin, and IQ scores of 

controls were comparable to those found in other comparison groups of healthy siblings. 

Moreover, within-group analyses in both patients and controls revealed no significant 

differences with small effect sizes between children from Surinam or African descent on 

any of the neurocognitive measures. Suggestions to strengthen future research designs 

would be to perform multicenter studies, to expand the participant pool and thereby 

increase feasibility regarding the inclusion of age- and gender matched healthy siblings 

from participating children with SCD. Additionally, longitudinal designs would allow the 

consideration of developmental aspects of neurocognitive functioning in children with 

SCD. Another limitation was the lack of MRI data. Correlating biological parameters, like 

MRI data and severity of the anaemia to neurocognitive outcome measures will be a 

future direction of our work, which will hopefully provide more insight into the causes of 

the neurocognitive deficits observed. 
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Strengths of this study were that we assessed a broad range of neurocognitive 

functions, using well-defined and validated measures, providing a comprehensive 

neurocognitive profile of children with SCD. As healthy siblings have been described as 

the preferable control group, we included a control group comprising healthy siblings of 

participating children with SCD and healthy siblings of other SCD patients receiving care 

at our hospital. Moreover, we used robust statistical methods that took within family 

correlations into account. 

Our findings demonstrate evidence that SCD is associated with significant deficits 

in general cognitive functioning, as well as subtle deficits in executive functioning. 

Furthermore, our findings suggest that visuo-motor abilities might also be prone to 

impairments in SCD. The results of this study stress the importance of implementing 

routine neurocognitive evaluation in daily clinical practice. This, together with brain 

imaging evaluations, would result in earlier detection of those children at higher risk for 

neurocognitive problems, preferably followed by close monitoring and early intervention 

(39). Until now, few interventions have been developed (see (40), for a review). 

Neurocognitive rehabilitation could help children with SCD to compensate for their 

limitations, which could contribute significantly to the quality of life of these children.
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Chapter 3

Abstract
Aim: Behavioral and emotional problems in children with sickle cell disease (SCD) may 

be related to disease factors, or to socio-demographic factors. The aim of this study 

was to investigate the prevalence of behavioral and emotional problems in children with 

SCD living in a Western European country, compared to healthy siblings (who were 

comparable in age, gender, ethnicity and socio-economic status), and to a Dutch norm 

population. 

Methods: The Child Behavior Checklist (CBCL), Teacher Report Form (TRF) and Disruptive 

Behavior Disorders rating scale (DBD) were distributed among caregivers and teachers 

of 119 children with SCD aged 6 to 18 years and among caregivers and teachers of 38 

healthy siblings. 

Results: Questionnaires were returned by caregivers and/or teachers of 106 children with 

SCD and 37 healthy siblings. According to caregivers and teachers, children with SCD 

had more severe internalizing problems than healthy siblings and the norm population. 

According to teachers, subgroups of both children with SCD and healthy siblings had 

more severe externalizing problems than the norm population. Children with SCD 

had more difficulties than healthy siblings in terms of school functioning, showed less 

competent social behavior and tended to have more attention deficits. 

Conclusion: Children with SCD are at increased risk of developing internalizing 

problems as a result of their disease. Subgroups of children with SCD are at increased 

risk of developing severe externalizing problems, which may either be related to 

socio-demographic factors, or to disease factors, such as neurocognitive deficits 

associated with cerebral infarction. 
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Introduction
Sickle cell disease (SCD) is a hereditary red blood cell disorder that occurs predominantly in 

people of African ancestry (1). SCD is increasingly common in Europe due to demographic 

changes. Nowadays, it is the most common genetic disorder in children in the United 

Kingdom. In the Netherlands, an estimated number of 1000 children, originating from 

Surinam and Central Africa, have SCD. The unpredictable course of SCD places a heavy 

strain on affected children and their families. Besides the medical problems, most 

families with a child with SCD have to cope with social and financial problems, as the 

majority belongs to immigrant communities with a lower socio-economic status (SES) 

and is single parented (2). The combined effects of the disease and socio-demographic 

factors may lead to behavioral and emotional problems in children with SCD. To establish 

whether these problems are mainly related to disease factors or to socio-demographic 

factors, research on the prevalence of these problems needs to take socio-demographic 

factors into account. Subsequently, adequate health care can be provided.

The clinical picture of SCD is characterized by chronic hemolytic anemia and vascular 

occlusion, causing recurrent painful episodes (vaso-occlusive crises) and irreversible organ 

damage. The most devastating complication of SCD is cerebral infarction. At the age of 

18 years cerebral infarcts are present on MRI scans in one third of SCD patients (3-7). 

Although most of these infarcts are not accompanied by focal neurological deficits, they 

appear to be associated with diminished neurocognitive functioning (8, 9). This may 

hamper the development and academic achievement of children with SCD, jeopardizing 

full participation in society. As a result, neurocognitive deficits may indirectly exert 

influence on the psychosocial well-being of these children. Neurocognitive deficits may 

also directly cause behavioral and emotional problems. As the frontal lobes seem to 

be especially vulnerable to infarctions (10, 11), children with SCD have repeatedly been 

found to experience deficits in attention and executive function (e.g. difficulties with 

impulse control) (8, 10, 12-15). These neurocognitive deficits are particularly associated 

with externalizing problems, such as hyperactive or aggressive behaviour. 

Although findings from previous studies have been inconclusive, they generally 

suggest a higher prevalence of internalizing problems, such as anxiety and depression, 

but no increased risk of externalizing problems (16). This might be due to several 

methodological issues. Most researchers used the Child Behavior Checklist (17) as the only 

measure for the assessment of behavioral and emotional problems (18-24). Although this 

is a well-validated, empirically based instrument, it neither encompasses all symptoms of 

externalizing behavior disorders nor correspond well to the terminology of the DSM-IV 

(25). Furthermore, in light of the background of children with SCD, the frequent use of 

children from the general population as the only comparison is questionable (16). Yet, 

only a limited number of investigators included a healthy comparison group matched 

for age, gender, ethnicity and SES (18, 19, 24). In addition, most researchers solely 

relied on parental ratings of behavioral and emotional problems, while the value of 

multi-informant assessment of children’s behavior is clearly supported (26-28). Besides 

Behavioral problems in children with SCD
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these methodological issues, a more general limitation is that most studies have been 

performed in the United States of America, where the healthcare system and the patient 

population are different from Europe.

The aim of the current study was to investigate the prevalence of behavioral and 

emotional problems in children with SCD living in a Western European country compared 

to (1) healthy siblings (who are comparable in age, gender, ethnicity and SES) and 

(2) a Dutch norm population, using multiple informants and multiple measures.We 

hypothesized that children with SCD would receive higher scores on questionnaires 

assessing behavioral and emotional problems than healthy siblings and the Dutch 

norm population. Specifically, we expected caregivers and teachers to report more 

externalizing problems in children with SCD. 

Methods
Participants
All 119 children aged 6 to 18 years with SCD (HbSS, HbS-β0-thalassemia, HbS-β+-

thalassemia or HbSC) receiving treatment at the Comprehensive Sickle Cell Care Center 

of the Emma Children’s Hospital, Academic Medical Center in Amsterdam, were eligible 

for inclusion. For the control group, 38 healthy (full or half-) siblings of these SCD patients, 

matched for age and gender, were selected. Inclusion took place between August 2007 

and October 2008. 

Measures
The Child Behavior Checklist (CBCL) (17, 29) is a 118-item caregiver-reported inventory, 

providing scores on eight syndrome scales: Anxious/Depressed, Withdrawn/Depressed, 

Somatic Complaints, Social Problems, Thought Problems, Attention Problems, Rule-Breaking 

Behavior, and Aggressive Behavior. In addition, it provides scores on the broad-band scales 

Internalizing Problems (which combines Anxious/Depressed, Withdrawn/Depressed, 

and Somatic Complaints), Externalizing Problems (which combines Rule-Breaking and 

Aggressive Behavior) and Total Problems (which combines all syndrome scales). The 

CBCL also contains three competence scales (Activities, Social Competence, and School 

Performance), which together form another broad-band scale: Total Competence. 

T scores are computed from raw scores; higher scores on the syndrome scales indicate 

greater severity of problems. A T score of 63 (90th percentile) demarcates the clinical 

range, which is an indication that a child needs professional help. For the competence 

scales, lower scores indicate greater severity. A T score < 37 indicates the clinical range. 

Adequate psychometric properties for this rating scale have been established (17, 29). 

The Teacher Report Form (TRF) (17, 30) is the teacher version of the CBCL. Scores 

result in the same scales as described above, with the exception of Total Competence 

and its subscales. In the TRF the fourth broad-band scale is Adaptive Functioning, 
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encompassing the scales Academic Performance, Working Hard, Behaving Appropriately, 

Learning and Happy. 

The Disruptive Behavior Disorder rating scale (DBD) (25, 31) is a 42-item inventory that 

assesses all symptoms of externalizing behavior disorders as described in the DSM-IV. 

The questionnaire can be completed by both caregivers and teachers and provides 

scores on 4 scales: Inattention, Hyperactivity/impulsivity, Oppositional Defiant Disorder 

and Conduct Disorder. Higher scores indicate greater severity of problems. Scores above 

the 95th percentile represent the clinical range. Adequate psychometric properties have 

been established (25). 

Procedure
The medical ethics committee of the Academic Medical Center of Amsterdam approved 

the study protocol. The CBCL and DBD were sent to the caregivers’ home address. 

Caregivers signed informed consent forms, by which they gave permission to send 

the TRF and the DBD to the teachers. Teachers received both questionnaires, together 

with a copy of the informed consent form. Filling out both questionnaires required 

about 30 minutes. Initial non-responders were contacted and motivated to return the 

questionnaires. 

Data Analysis
SPSS version 15.0 was used to analyze data. Before conducting the final analyses several 

preparation analyses were conducted. First, missing data were imputed using the 

Estimation Maximization procedure (32). The percentage of missing data was less than 

10%. Next, raw scores were normalized by applying a Van der Waerden transformation 

(33). Thirdly, independent t-tests and Chi square tests were used to compare respondents 

to non-respondents regarding demographic and medical characteristics. 

Linear mixed models were used to compare normalized raw scores of children with 

SCD and healthy siblings on the caregiver forms. The linear mixed model allows for the 

investigation of group differences while controlling for the non-independency of data (i.e. 

caregivers completed questionnaires for more than one child per family, which resulted 

in related measurements within groups and between groups). Therefore, group was used 

as factor, and family as random effect to account for within family correlation. As teacher 

forms were independent measurements, normalized raw scores of children with SCD and 

healthy siblings on these forms were compared using independent sample t-tests. 

To protect for Type 1 errors, results from the broad-band scales were examined first. 

If significant results were found, subscales were analyzed. A significance level of p < 0.05 

was used; levels of p < 0.10 were reported as trends. Effect sizes (d) were calculated by 

dividing the difference in mean score between children with SCD and healthy siblings by 

the standard deviation of the scores of healthy siblings. According to Cohen (34), effect 

sizes of up to 0.2 were considered to be small, effect sizes of about 0.5 to be moderate 

and effect sizes of about 0.8 to be large.
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In addition to comparing mean scores, the proportion of children with SCD with 

scores in the clinical range on the CBCL, TRF and DBD was compared to the proportion 

of healthy siblings using Chi square test. Confidence intervals were calculated (35) for 

comparison to the proportion of children in the Dutch norm population. Furthermore, 

caregiver and teacher forms were combined, to compare proportions of children with 

scores in the clinical range reported by at least one informant on at least one of the 

scales. 

Within-group analyses were performed to compare children with more severe 

genotypes of SCD (HbSS or HbS-β0-thalassemia) to children with less severe genotypes 

of SCD (HbSC or HbS-β+-thalassemia). All CBCL and TRF analyses were performed 

using normalized raw scores, although T-scores are reported in the tables to facilitate 

comparisons with previous studies. Normalized raw scores were used for DBD analyses 

as well; raw scores are depicted in the tables, because standard scores were only 

available for Dutch children aged 6 to 12 years, and this study population exceeded that 

age range.  

Results
Respondents
The CBCL and DBD were returned by caregivers of 95 children with SCD (response rate 

80%). Most forms were completed by mothers (71%), followed by fathers (19%) and 

others (10%; e.g. stepparents, grandparents). Caregivers of 35 healthy siblings returned 

the questionnaires (92%). In this group, most forms were completed by mothers as well 

(80%), followed by fathers (14%) and others (6%). Teachers of 101 children with SCD 

(85%) and of 29 healthy siblings (76%) returned the TRF and DBD.

Regarding differences between children of participating caregivers and children of 

non-participating caregivers, the age and gender distribution did not differ, but disease 

severity did: 78% of participating caregivers had a child with a more severe genotype 

(HbSS, HbSβ0), as opposed to 31% of non-participating caregivers. 

Participant characteristics are depicted in Table 1. No significant differences between 

the age and gender distribution of both groups were found. Of the children with SCD 

that were included, four (4%) had previously experienced a symptomatic stroke. Nine 

children (9%) received scheduled blood transfusion, either for stroke (4%), intracranial 

stenoses of arteries as detected on MRI (3%), cerebral bleeding (1%), or an extremely 

high frequency of vaso-occlusive crises (1%). One child (1%) had previously undergone 

an unsuccessful bone marrow transplantation.

Caregiver report: CBCL and DBD
Results from the CBCL showed that children with SCD differed significantly from healthy 

siblings on two broad-band scales (Table 2). Children with SCD had higher mean scores 
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Table 1. Characteristics of children with SCD and healthy siblings for whom completed questionnaires 
were returned by either their caregiver, or their teacher, or both.

Children with SCD
(n=106)

Healthy siblings
(n=37)

Age, M (SD) 12.3 (3.6) 11.6 (3.2)

Boys, n (%) 65 (61) 19 (51)

Disease severity

HbSS, n (%) 77 (73)

HbSC, n (%) 21 (20)

HbSβ0, n (%) 6 (6)

HbSβ+, n (%) 2 (2)

Table 2. Caregiver report: Child Behavior Checklist and Disruptive Behavior Disorder rating scale scores 
for children with SCD and healthy siblings

Questionnaire Children with SCD
(n=95)

Healthy siblings
(n=35)

Effect 
size

Mean SD Mean SD d F

Child Behavior Checklist

Total Problems 52.6 9.5 48.0 10.2 0.5 5.9**

Internalizing Problems 56.0 9.7 50.7 9.5 0.6 7.2***

Anxious/Depressed 54.5 5.7 52.6 4.6 0.4 3.1*

Withdrawn/Depressed 56.6 6.9 55.0 4.8 1.2 1.8 

Somatic Complaints 61.1 9.2 56.2 6.8 0.6 7.0***

Externalizing Problems 48.5 9.5 47.2 9.8 0.2 0.49

Rule-breaking Behavior 53.0 4.4 52.8 4.1 0.2 0.83

Aggressive Behavior 53.4 5.0 53.2 4.4 0.1 0.30 

Other syndrome scales

Social Problems 55.6 5.6 52.8 4.3 0.6 8.4**

Thought Problems 54.7 5.5 53.8 6.9 0.3 1.2

Attention Problems 54.9 5.0 53.5 4.4 0.4 2.4

Total Competence 37.3 7.4 39.0 7.5 0.3 3.8*

Activities 36.5 9.2 34.9 11.1 0.0 0.12

Social Competence 43.4 8.1 47.0 6.6 0.5 4.8**

School Performance 44.8 7.2 46.0 6.4 0.3 2.4 

Disruptive Behavior Disorders

Inattention 3.9 4.1 3.2 3.1 0.1 0.46

Hyperactivity/impulsivity 3.2 3.6 3.2 3.7 0.0 0.01

Oppositional Defiant Disorder 2.3 2.7 1.8 2.3 0.2 1.1 

Conduct Disorder 0.7 1.5 0.5 0.8 0.1 0.01

Range CBCL (0-100), mean = 50, Ranges DBD: Inattention and Hyperactivity/impulsivity (0-27), ODD 
(0-24), CD (0-48). The four broad-band scales of the CBCL are underlined. Syndrome scales of the CBCL 
are in italics. * p < 0.10; ** p < 0.05; *** p < 0.01. 
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on Total Problems and Internalizing Problems. There was a trend for lower scores of 

children with SCD on Total Competence. 

Further analysis of the syndrome scales demonstrated that children with SCD scored 

significantly higher than healthy siblings on Somatic Complaints and Social Problems, and 

lower on Social Competence. There was a trend for a higher mean score on Anxious/

Depressed. 

Results from the DBD revealed no significant differences between mean scores of 

children with SCD and healthy siblings. One in four children with SCD (24%) scored in the 

clinical range on Internalizing Problems (Table 3). This proportion was significantly larger 

than both the proportion of healthy siblings and the norm sample. Total Competence 

scores were in the clinical range in 40 percent of both children with SCD and healthy 

siblings. This is a four-fold increase in comparison to the norm sample. For Externalizing 

Problems and Total Problems, the proportion of children with SCD with clinical scores 

was comparable to both healthy siblings and the norm sample. Similarly, for the DBD 

no differences were found in the proportion of children with SCD with clinical scores, 

compared to the proportion of both healthy siblings and the norm sample.

Teacher report: TRF and DBD
Results of the TRF showed that children with SCD differed significantly from healthy 

siblings on one broad-band scale: children with SCD received lower scores on Total 

Adaptive Functioning, and its subscales Academic Performance and Behaving 

Appropriately (Table 4). Results from the DBD revealed no significant differences in mean 

scores, but there was a trend for higher scores of children with SCD on Inattention.

Nineteen percent of children with SCD had scores in the clinical range on Internalizing 

Problems, which was significantly larger than the proportion of healthy siblings and 

the norm sample (Table 5). Both among children with SCD and healthy siblings, a high 

proportion of children obtained scores in the clinical range on Externalizing Problems. 

Similarly, a high proportion of both children with SCD and healthy siblings had scores in 

the clinical range on all DBD scales.   

Caregiver and teacher report combined
When the CBCL and the TRF were combined, 51 percent of children with SCD had 

problems in the clinical range reported by at least one informant on at least one of 

the broad-band scales, as opposed to 33 percent of healthy siblings (c2 (1) = 2.635, p 

= 0.105). Combining the caregiver and teacher DBD, proportions with clinical scores 

reported by at least one informant on at least one of the scales were large in both 

children with SCD (48%) and healthy siblings (41%) (c2 (1) = 0.439, p = 0.508).

Genotype
Within-group analyses revealed that caregivers of children with more severe genotypes 

of SCD reported higher mean scores on Total Problems and Internalizing Problems 
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Table 3. Caregiver report: proportions of children with SCD and healthy siblings with behavioral problem 
scores in the clinical range compared to the Dutch norm population

Questionnaire Children with SCD
(n=95)

Healthy siblings
(n=35)

n % 95% CI n % 95% CI

Child Behavior Checklist

Total Problems 13 14 8-22 3 9 2-23

Internalizing Problems 23     24** 16-34a 3 9 2-23

Externalizing Problems 5 5 2-12 0 0 -

Total Competence 39 41 31-52a 14 40 24-58a

Disruptive Behavior Disorder

Inattention 3 3 1-9 0 0 -

Hyperactivity/impulsivity 2 2 0-7 1 3 0-15

Oppositional Defiant Disorder 3 3 1-9 0 0 -

Conduct Disorder 5 5 2-12 1 3 0-15

CI: confidence interval; ** Significant difference at p < 0.05 between children with SCD and healthy 
siblings. a 95% Confidence interval exceeds proportion in the Dutch norm population. In the Dutch norm 
population 9% of children have scores in the clinical range on CBCL broad-band scales; 5% of children 
have scores in the clinical range on DBD scales.

Table 4. Teacher report: Teacher Report Form and Disruptive Behavior Disorder rating scale scores for 
children with SCD and healthy siblings

Questionnaire Children with SCD
(n=101)

Healthy siblings
(n=29)

Effect 
size

Mean SD Mean SD d t

Teacher Report Form

Total Problems 54.2 8.6 52.4 8.6 0.2 1.1 

Internalizing Problems 54.5 9.6 51.6 8.3 0.4 1.5 

Externalizing Problems 54.7 9.1 53.2 10.3 0.2 .79

Total Adaptive Functioning 45.2 7.6 48.0 7.3 0.5 -2.2**

Academic Performance 47.2 7.4 50.3 8.2 0.5 -2.4**

Working Hard 47.1 7.8 49.2 7.9 0.4 -1.6

Behaving Appropriately 45.4 7.0 47.8 7.4 0.4 -2.1**

Learning 45.8 7.4 47.7 7.8 0.3 -1.5

Happy 46.2 7.9 48.7 8.2 0.3 -1.6

Disruptive Behavior Disorder 

Inattention 5.6 5.6 4.0 5.3 0.4 1.7*

Hyperactivity/impulsivity 4.0 5.8 3.1 5.3 0.2 .85

Oppositional Defiant Disorder 3.2 4.3 2.5 3.5 0.2 .96

Conduct Disorder 0.7 1.4 0.7 1.5 0.2 .88

Range CBCL (0-100), mean = 50, Ranges DBD: Inattention and Hyperactivity/impulsivity (0-27), ODD 
(0-24), CD (0-48) * p < 0.10; ** p < 0.05. 
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compared to caregivers of children with less severe genotypes. Children with more 

severe genotypes also had higher scores on Anxious/Depressed, Withdrawn/Depressed, 

Somatic Complaints and Rulebreaking Behavior (all t’s > - 4.56; p < 0.05). There was a 

trend for higher scores of children with more severe genotypes on Social and Thought 

Problems. Moreover, 17 percent of the children with more severe genotypes received 

scores in the clinical range on Total Problems, (c2 (1) = 3.822, p = 0.051) and 31 percent 

had scores in the clinical range on Internalizing Problems (c2 (1) = 7.714, p = 0.005), as 

opposed to 0 percent of the children with less severe genotypes. Teachers of children 

with more severe genotypes reported behavioral and emotional problems at levels 

similar to teachers of children with less severe genotypes of SCD.

Discussion
This study investigated the prevalence of behavioral and emotional problems in children 

with SCD living in a Western European country, compared to healthy siblings (comparable 

in ethnicity and SES) and a Dutch norm population, using multiple informants and 

multiple measures. Both caregivers and teachers perceived more internalizing problems 

in children with SCD in comparison to both healthy siblings and the norm population. 

Teachers identified more externalizing problems in subgroups of both children with SCD 

and healthy siblings in comparison to the norm population. Children with SCD were 

also perceived to have more difficulties than healthy siblings in school functioning, to 

demonstrate less competent social behavior and to tend to have more attention deficits. 

Table 5. Teacher report: proportions of children with SCD and healthy siblings with behavioral problem 
scores in the clinical range compared to the Dutch norm population

Questionnaire Children with SCD
(n=101)

Healthy siblings
(n=29)

n % 95% CI n % 95% CI

Teacher Report Form

Total Problems 14 14 7-21 4 14 3-32

Internalizing Problems 19     19** 11-26a 1 3 0-18

Externalizing Problems 18 18 10-25a 6 21 8-40

Total Adaptive Functioning 17 17 10-24a 3 10 2-27

Disruptive Behavior Disorder

Inattention 11 11 5-17 5 17 6-36a

Hyperactivity/impulsivity 14 14 7-21a 3 10 2-27

Oppositional Defiant Disorder 15 15 8-22a 4 14 4-32

Conduct Disorder 11 11 5-17 4 14 4-32

CI, confidence interval; ** Significant difference at p < 0.05 between children with SCD and healthy 
siblings. a 95% Confidence interval exceeds proportion in the Dutch norm population. In the Dutch norm 
population 9% of children have scores in the clinical range on TRF broad-band scales; 5% of children 
have scores in the clinical range on DBD scales.
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Caregivers reported more behavioral and emotional problems in children with more 

severe genotypes of SCD than in children with less severe genotypes. 

Internalizing problems in children with SCD were not exclusively attributable to higher 

ratings of somatic problems, in contrast to recent findings (19). In the present study, 

caregivers reported slightly more problems related to anxiety and depression as well, 

which is in concordance with other previous studies (18, 24). Although mean scores on the 

internalizing scale were in the normal range, the high prevalence of severe internalizing 

problems in children with SCD, as reported by both informants and compared to both 

healthy siblings and the norm sample, is of clinical relevance. Chronically diseased 

children are generally found to be at increased risk of developing internalizing problems 

(36). The present findings suggest that, in children with SCD, internalizing problems are 

also mainly related to disease factors, as opposed to socio-demographic factors. 

The fact that caregivers rated children with SCD to be significantly impaired in their 

social functioning, is congruent with results of other studies (24, 37-39). These problems 

could be related to disease factors like severe fatigue and pain, which possibly constrain 

children with SCD to form close friendships with their peers. Another explanation can be 

found in previous research on social information processing, in which children with SCD 

displayed neurocognitive impairment on tasks of facial and vocal emotional decoding, 

leading to difficulties comprehending subtle social situations (40).  

In contrast to our expectations, both caregivers and teachers did not report significant 

differences between children with SCD and healthy siblings on the externalizing 

problems scales of the CBCL and TRF. However, on the more detailed scales of the 

DBD, teachers did report slightly more attention deficits. Strikingly, in comparison to 

the norm population, teachers reported high rates of externalizing problems in the 

clinical range for both children with SCD and healthy siblings. This finding replicates 

recent findings in caregivers (19). However, in a previous study, teachers reported more 

externalizing problems in children with SCD than in healthy siblings (18), which may 

reside in the relatively high mean score that was found in children with SCD (T = 66), 

possibly indicating a selection bias.

Our finding of a similar extent of severe externalizing problems in children with SCD 

and healthy siblings can be interpreted in several ways. The most evident interpretation 

would be that severe externalizing problems in children with SCD are not disease specific, 

but mainly related to socio-demographic factors, influencing both patients and siblings. 

Alternatively, externalizing problems in children with SCD could indeed be disease-

related, whereas the externalizing problems in siblings would have a different cause. 

Disease-related externalizing problems might only occur in the most severely affected 

subgroup of patients, with neurocognitive deficits associated with cerebral infarction. 

This effect may be diluted in the current study, which included a rather heterogeneous 

sample with respect to severity. However, the results of our explorative within-group 

analyses do show that caregivers rate children with more severe genotypes to be 

more impaired, which could be interpreted as first evidence for a severity hypothesis. 
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Correlating biological and neuropsychological parameters to behavioral data will 

therefore be a future direction of our work.

Externalizing problems of healthy siblings could alternatively be caused by family 

dynamics; healthy siblings may experience feelings of frustration growing up in a family 

with a chronically diseased child (19). In a previous study, caregivers did rate children 

with SCD to have more externalizing problems compared to a SES-matched control 

group of children derived from the same classroom (24). This lends support to the idea 

that externalizing problems of healthy siblings are rather related to family dynamics 

than to socio-demographic factors. Healthy siblings may specifically act out in school, 

as opposed to at home (where most of the attention and energy of the caregivers 

necessarily goes to the ill child), which would explain the different views of caregivers 

and teachers. Yet, these differences may also be related to different perspectives of the 

informants; the classroom setting generally is much more structured than the home 

environment, possibly allowing for better observation of externalizing behavior (11). 

Another explanation for these differences could be that caregivers and teachers might 

be from culturally different backgrounds, leading to different views and interpretations 

of behaviour.  

Since caregivers and teachers are equally important in the assessment of behavioral 

and emotional problems, it is particularly relevant to note that half of all children with 

SCD received a clinical score on at least one problem scale, when caregiver and teacher 

forms were combined. According to previous results of a longitudinal study, the majority 

of children with SCD who initially had behavioral and emotional problems in the clinical 

range, continued to have these problems over an 8-year period (23). Following this, we 

can conclude that children with SCD are especially vulnerable and need specific care. 

The value of routine screening for behavioral and emotional problems has been pointed 

out before, as has the implementation of interventions in a family-centered context (19, 

24). We strongly support this, as our results demonstrate that not only children with 

SCD but also their healthy siblings may potentially benefit from this. Additionally, we 

suggest that screening and interventions should also incorporate the academic and 

social development of children with SCD, which could be translated into school-based 

interventions, including social skills’ training. 

While interpreting the results of this study, strengths and limitations should be taken 

into account. This is the first study that used multiple informants and multiple measures 

for the assessment of behavioral and emotional problems in a population of children 

with SCD living in a Western European country. A sensitive instrument for the evaluation 

of externalizing problems was included in the design. Moreover, we included a control 

group of healthy siblings with the same ethnicity and SES, using robust statistical methods 

to take within family correlations into account. Furthermore, we achieved high response 

rates in a patient population that is generally difficult to obtain for socio-demographic 

reasons. However, despite the relatively large sample size of children with SCD, the 

control group was quite small, limiting the power of the study. A second limitation is 

that participating caregivers had children with a more severe genotype of SCD than 
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non-participating caregivers. Although the ratio of severe versus milder genotypes in 

our study sample is similar to the ratio in our total patient population, this may have 

influenced the results. Third, data was obtained by proxy and not from children with SCD 

themselves, because a self report questionnaire (like the Youth Self Report, the child 

version of the CBCL and TRF) is not available for all ages. Finally, the CBCL and TRF are 

not specifically designed for use among ill populations, possibly leading to overestimation 

of  the Somatic Problems scale (16).

Notwithstanding these limitations, the results of this study suggest that children with 

SCD are at increased risk of developing severe internalizing problems, as a result of their 

disease. Subgroups of children with SCD also appear to be at increased risk of developing 

severe externalizing problems, which may either be related to socio-demographic factors, 

or to disease factors, such as neurocognitive deficits associated with cerebral infarction. 

Future investigations will have to provide more insight into the causes of the behavioral 

and emotional problems observed. 
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Abstract 
Aim: Low health-related quality of life (HRQoL) of children with sickle cell disease (SCD) 

may be associated with consequences of the disease, or with the low socio-economic 

status (SES) of this patient population. The aim of this study was to investigate the 

HRQoL of children with SCD, controlling for SES by comparing them to healthy siblings 

(matched for age and gender), and to a Dutch norm population.

Methods: The HRQoL of 40 children with homozygous SCD and 36 healthy siblings was 

evaluated by the KIDSCREEN-52. This self-report questionnaire assesses ten domains 

of HRQoL. Differences between children with SCD and healthy siblings were analyzed 

using linear mixed models. One-sample t-tests were used to analyze differences with the 

Dutch norm population. Furthermore, the proportion of children with SCD with impaired 

HRQoL was evaluated.

Results: In general, the HRQoL of children with SCD appeared comparable to the HRQoL 

of healthy siblings, while children with SCD had worse HRQoL than the Dutch norm 

population on five domains (Physical Well-being, Moods & Emotions, Autonomy, Parent 

Relation, and Financial Resources). Healthy siblings had worse HRQoL than the Dutch 

norm population on three domains (Moods & Emotions, Parent Relation, and Financial 

Resources). More than one in three children with SCD and healthy siblings had impaired 

HRQoL on several domains.

Conclusion: These findings imply that reduced HRQoL in children with SCD is mainly 

related to the low SES of this patient population, with the exception of disease specific 

effects on the physical and autonomy domain. We conclude that children with SCD are 

especially vulnerable compared to other patient populations, and have special health 

care needs. 
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Introduction 
Sickle cell disease (SCD) is a hereditary red blood cell disorder that occurs predominantly 

in people of African ancestry (1). SCD is becoming one of the most common genetic 

disorders in children in Western Europe, due to demographic changes (2). In the 

Netherlands, an estimated number of 1000 children, originating from Surinam and 

Central Africa, have SCD. The disease is characterized by chronic haemolytic anaemia 

and vascular occlusion, causing recurrent painful episodes, irreversible organ damage, 

and neurocognitive deficits. Besides the medical consequences, most families with a 

child with SCD have to cope with financial and social problems, as the majority belongs 

to immigrant communities with a low socio-economic status (SES) and is single parented 

(3). Nevertheless, the differential impact of low SES and the disease specific consequences 

of SCD on health related quality of life (HRQoL) in children is not well known. 

Quality of Life (QoL) is defined as an individual’s perception of one’s position in 

life in the context of culture and value systems, as well as in relation to one’s goals, 

expectations, standards and concerns. HRQoL is defined as QoL in which a dimension 

of personal judgement of one’s health and disease is added (4). In the case of children, 

HRQoL is also influenced by factors such as the ability to participate in peer groups 

and the ability to keep up with developmental activities. Difficulties in measuring 

HRQoL in children include a lack of consensus on suitable (cross-cultural), self-report 

instruments and the need for different instruments in different age groups. Recently, 

the KIDSCREEN-52 was developed in Europe as a generic, cross-national HRQoL 

questionnaire that evaluates HRQoL regardless of whether children are in good health or 

suffer from a chronic medical condition (5). This self-report questionnaire evaluates three 

components of children’s well-being, in line with the definition of HRQoL of the World 

Health Organization: the physical, psychological, and social component (4).

Previous research has evaluated psychological and social problems in children with 

SCD. Although findings were inconclusive, internalizing problems (such as anxiety and 

depression), social problems, and feelings of low self-esteem are commonly reported 

(6-10). However, the measurement of HRQoL, encompassing all three components 

of children’s well-being, is still in its infancy in children with SCD (11). For example, 

compared to over 400 studies on HRQoL in children with cancer, research on HRQoL of 

children with SCD is just scratching the surface (12). The relatively few studies that have 

been performed revealed that HRQoL of children with SCD is generally poor (13-18).  

However, these studies have several limitations. First, some investigators solely relied 

on parental ratings of HRQoL (14,15), while self report has been described as the ideal 

when measuring HRQoL (11). Second, almost all previous studies have been performed 

in the United States of America. As the healthcare system and the origins of the patient 

population in the USA differ from Western Europe, findings from these studies cannot 

be generalized to the European population of children with SCD. Although the first 

study on HRQoL of children with SCD was performed at our own institution and showed 

lower HRQoL on several domains, (13) this study did not yet consider the impact of low 
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socio-economic status (SES) on HRQoL. Subsequent studies that did specifically address 

the role of low SES yielded conflicting results, which can be ascribed to isolated concepts 

of SES that were used (e.g. parental work status, educational level, neighbourhood 

socioeconomic distress, or family income) (14-17). SES is defined as a total measure of a 

person’s work experience and of an individual’s or family’s economic and social position 

relative to others, based on income, education, and occupation. A more comprehensive 

approach to grasp all these economic and sociological aspects of SES could be to compare 

children with SCD to a control group of healthy siblings with the same background. So 

far, no studies on HRQoL of children with SCD have included healthy siblings as controls. 

Instead, most researchers compared children with SCD to (non-White) population norms 

or to a control group with a different ethnicity or income level. 

The aim of the current study was to examine whether reduced HRQoL in children 

with SCD is related to consequences of the disease or to the low SES of most patients. 

Therefore, we investigated self-reported HRQoL of children with SCD compared to 

(1) healthy siblings (who are comparable in age, gender, ethnicity and SES) and (2) a 

Dutch norm population. We hypothesized that children with SCD would have a lower 

HRQoL than healthy siblings with the same background, suggesting reduced HRQoL 

to be related to consequences of the disease. Alternatively, if children with SCD and 

healthy siblings would have comparable HRQoL, but children with SCD would have a 

lower HRQoL than the Dutch norm population, this would suggest that reduced HRQoL 

is related to low SES.

Methods
Participants
Forty children with SCD and 36 healthy siblings aged 6 to 18 years participated in the 

study. A total of 46 children were randomly selected from the children receiving treatment 

for a severe form of SCD (HbSS or HbS-β0-thalassemia) at the Comprehensive Sickle Cell 

Care Center of the Emma Children’s Hospital, Academic Medical Center in Amsterdam. 

From these 46 children, 40 (87%) participated (6 declined). Most of them had an HbSS 

genotype (n = 36, 90%), the other four (10%) had an HbS-β0-genotype. The clinical 

condition of all children with SCD was stable at the time the HRQoL evaluation took place.

After recruitment of participants with SCD, healthy siblings of the group of participants 

were recruited. Fifty-seven healthy (full or half) siblings were invited to participate. From 

these, 36 (63%) participated. Siblings were matched for age and gender one by one to 

participants. As no sibling match was available for all participating children with SCD, 

we recruited nineteen healthy siblings (50%) in families from non-participating children 

with SCD receiving care at our hospital. These healthy siblings had similar demographic 

characteristics and were matched for age and gender one by one to participants as well. 

Inclusion took place between October 2007 and October 2008.
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Questionnaire 
HRQoL was evaluated by the KIDSCREEN-52, a generic self-report questionnaire that 

uses questions derived from focus groups of children and adolescents across Europe. 

It is applicable for both healthy and chronically ill children and adolescents aged 

between 8 and 18 years. The KIDSCREEN-52 consists of 52 items assessing ten domains 

of HRQoL during the previous week: ‘Physical Well-being’, ‘Psychological Well-being’, 

‘Moods & Emotions’, ‘Self-Perception’, ‘Autonomy’, ‘Parent Relation & Home Life’, 

‘Financial Resources’, ‘Social Support & Peers’, ‘School Environment’ and ‘Bullying’. 

Items are scored on a five-point scale. Within each domain, item scores are summed 

and transformed to a T value. Children in the European norm population have a mean 

score of 50 with a standard deviation (SD) of 10, with higher values indicating better 

HRQoL. This instrument is validated in a Dutch population of 1960 children, with an age 

distribution of 8 to 11 years (n=641) and 12 to 18 years (n= 1270). Means of the Dutch 

norm population vary across domains, but are generally 2-3 points higher than in the 

European norm population. The instrument has satisfactory reliability and validity and 

good internal consistency (19). 

Procedure
The medical ethics committee of the Academic Medical Center of Amsterdam approved 

the study protocol. Written informed consent was obtained from parents and from 

children aged twelve years and older. Children were invited to visit our outpatient 

clinic where the KIDSCREEN-52 was administered. Questions were read aloud by an 

interviewer for children with lower reading capabilities. Young participants received 

cognitive debriefing to ascertain they understood the questions. All children were able 

to comprehend the instructions and reliably report their own HRQoL. Completion of the 

questionnaire required 20 minutes.

Statistical analysis 
The Statistical Package for the Social Sciences (SPSS version 16.0) was used to manage 

and analyze the data. First, missing values were handled according to the guidelines 

given in the manual of the KIDSCREEN-52. The percentage of missing data was <10%. 

Second, an independent t-test and Chi square tests were used to compare children with 

SCD to healthy siblings on demographic characteristics. As demographic characteristics 

of the Dutch norm population of the KIDSCREEN-52 were not available, data on marital 

status, educational level, and employment in the general Dutch population was obtained 

from the Central Dutch Bureau of Statistics CBS (www.cbs.nl). Third, linear mixed models 

were used to analyze differences in HRQoL between children with SCD and healthy 

siblings, and one-sample t-tests were used to analyze differences in HRQoL compared to 

the Dutch norm population of the KIDSCREEN-52. The linear mixed model allows for the 

investigation of group differences while controlling for the non-independency of data 

(i.e. more than one child participated per family, which resulted in related measurements 
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within groups and between groups). All domains were analyzed using group (patients or 

healthy siblings) as fixed factor and family as random effect to account for within family 

correlation. 

Besides analyzing the total study sample, we performed exploratory analyses separately 

for children aged 6-11 and adolescents aged 12-18 years, as the implications of SCD 

for children’s social, emotional and cognitive development may vary depending on the 

impact of the disease at each stage of development (20). Although the KIDSCREEN-52 

was originally designed for children 8-18 years, we included 4 children aged 6 and 8 

children aged 7 years. We explored differences in HRQoL between children aged 6-7 

(n=12) and 8-18 years (n = 28) using independent t-tests, and performed all mixed 

model analyses with and without children aged 6-7 years. As no significant differences 

between these age groups were found, children aged 6-7 years were included in the 

final analyses. 

Effect sizes (d) were calculated for differences between children with SCD and healthy 

siblings, by dividing the difference in mean score between children with SCD and healthy 

siblings by the pooled SD of both groups. According to Cohen (21), effect sizes between 

0.2 and 0.5 are considered small, effect sizes between 0.5 and 0.8 moderate, and effect 

sizes > 0.8 large. Furthermore, we calculated the point estimate of the mean difference 

and confidence intervals between scores of children with SCD and the Dutch norm 

population (22).

To add clinical meaning, we evaluated how many children had impaired HRQoL 

scores. We followed Varni et al who defined impaired HRQoL scores as ≥1 SD below the 

population mean (23). The proportion of children with SCD with scores ≥1 SD below the 

Dutch population mean was compared to the proportion of healthy siblings with scores 

≥1 SD below the Dutch population mean using Chi square test. Confidence intervals 

were calculated(22) for comparison of the proportion of children with SCD with impaired 

HRQoL to the proportion of children in the Dutch norm population. In the Dutch norm 

population, 16% of children have impaired HRQoL, based on the distribution of T values. 

A significance level of p < 0.05 was used for all tests. Considering the exploratory nature 

of our study, we did not correct for multiple comparisons. 

Results
Demographics
Table 1 provides the demographic characteristics of children with SCD, healthy siblings, 

and the general Dutch population. Children with SCD did not differ significantly from 

healthy siblings in the distribution of age, gender, country of origin, parental marital 

status, maternal educational level or parental paid employment. However, compared to 

the general Dutch population, more children with SCD and healthy siblings grow up in 

single-parent families with lower educational levels and fewer paid employment.
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HRQoL of total study sample 
Results are reported in Table 2. Compared to healthy siblings, children with SCD had 

significantly lower HRQoL on only 1 domain of the KIDSCREEN-52: Physical Well-being. 

The effect size for this domain was moderate. However, compared to the Dutch 

norm population, children with SCD scored significantly lower on 5 domains: Physical 

Well-being, Moods & Emotions, Autonomy, Parent Relation, and Financial Resources. 

Healthy siblings also scored significantly lower on Moods & Emotions, Parent Relation, 

and Financial Resources compared to the Dutch norm population.

HRQoL of children aged 6-11
Results are reported in Table 3. Although children with SCD aged 6-11 years had slightly 

lower mean scores than healthy siblings on 8 of the 10 domains of the KIDSCREEN-52, 

Table 1. Demographic characteristics of children with SCD, healthy siblings and the general Dutch 
population 

Children with SCD
(n=40)

Healthy siblings
(n=36)

General 
population c 

Age in years, M (SD) a 11.7 (3.1) 11.6 (3.4) - -

Boys, n (%) a 20 (50) 18 (50) - -

Country of origin a

Surinam, n (%) 18 (45) 23 (64) - -

West/Central Africa, n (%) 19 (48) 10 (28) - -

Turkey, n (%) 2 (5) 2 (5) - -

Netherlands Antilles, n (%) 1 (2) 1 (3) - -

Parental marital status a (n=16.485) d

Married/living together, n (%) 15 (38) 17 (47) 2.051 (81)

Single, n (%) 25 (62) 19 (53) 474 (19)

Highest level of education of mother a b (n=2.039) e

Lower, n (%) 22 (55) 19 (53) 431 (21)

Intermediate, n (%) 6 (15) 10 (28) 955 (47)

Higher, n (%) 2 (5) 1 (3) 641 (31)

Not specified, n (%) 10 (25) 6 (17) 13 (1)

Parental paid employment a (n=3.928) f

Yes, n (%) 22 (55) 23 (64) 3.787 (96)

No, n (%) 16 (40) 9 (25) 141 (4)

Not specified, n (%) 2 (5) 4 (10) - -
a Non-significant difference between children with SCD and healthy siblings. b Education: Lower: 
elementary education, general secondary education junior-level, lower vocational education; 
Intermediate: general secondary education-senior level, and vocational education-junior level; Higher: 
vocational education-senior level and university education. c Data obtained from the Central Dutch 
Bureau of Statistics CBS. All numbers × 103. d Total Dutch population. e Total number of Dutch females 
aged 25-45. f Total number of Dutch people aged 25-45 who are part of the labour force.
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no statistically significant differences were found. There was a moderate effect size for 

lower HRQoL of children with SCD on Physical Well-being, compared to healthy siblings. 

Effect sizes for the other domains were small. 

Compared to the Dutch norm population, children with SCD aged 6-11 years had 

significantly lower HRQoL on 7 of the 10 domains: Physical Well-being, Moods & 

Emotions, Self-Perception, Autonomy, Parent Relation, Financial Resources, and Bullying. 

Healthy siblings had significantly lower mean scores on 3 of these domains: Autonomy, 

Parent Relation, and Financial Resources.

HRQoL of children aged 12-18
Results are reported in Table 4. Adolescents with SCD had a significantly lower HRQoL on 

Autonomy compared to healthy siblings. The effect size for this domain was moderate. 

Adolescents with SCD also had significantly lower scores on Autonomy compared to the 

Dutch norm population. No other significant differences compared to the Dutch norm 

population were found. Healthy siblings aged 12-18 years did no differ significantly from 

the Dutch norm population either, except for significantly lower scores on Moods & 

Emotions.

Table 2. HRQoL of total study sample of children with SCD compared to healthy siblings and Dutch 
norm population of the KIDSCREEN-52

  Children 
with SCD 

(n=40)

Healthy 
siblings
(n=36)

SCD versus 
healthy 
siblings

Norm 
population
(n=1960)

SCD versus
norm

population

Mean SD Mean SD Effect size Mean SD Point estimate of 
mean difference 

(95% CI)

Physical Well-being 49†* 8.7 54 11.4 0.5 53 10.0 -4 (-7; -1)

Psychological Well-being 53 9.3 55 9.6 0.2 53 8.8 0 (-3; +3)

Moods & Emotions 47* 8.9 47* 10.2 0 51 9.6 -4 (-7; -1)

Self-Perception 52 8.8 53 10.8 0.1 52 10.1 0 (-3; +3)

Autonomy 48* 8.1 52 9.4 0.5 55 9.1 -7 (-10; -4)

Parent Relation 50* 10.3 50* 10.4 0 53 9.1 -3 (-6; 0)

Financial Resources 47* 10.0 46* 11.8 0.1 52 9.7 -5 (-8; -2)

Social Support & Peers 50 11.3 51 12.4 0.1 52 9.3 -2 (-5; 0)

School Environment 54 8.6 54 10.0 0 53 10.0 1 (-2; +4)

Bullying 45 11.5 47 11.5 0.6 49 10.4 -4 (-7; -1)

Higher scores represent better HRQoL. † p < 0.05 children with SCD versus healthy siblings. *p < 0.05 
children with SCD and/or healthy siblings versus Dutch norm population of the KIDSCREEN-52.
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Table 3. HRQoL of children with SCD aged 6-11 compared to age matched healthy siblings and Dutch 
norm population of the KIDSCREEN-52

  Children 
with SCD 

(n=17)

Healthy 
siblings
(n=19)

SCD versus 
healthy 
siblings

Norm 
population

(n=641)

SCD versus
norm

population

Mean SD Mean SD Effect size Mean SD Point estimate of 
mean difference 

(95% CI)

Physical Well-being 51* 9.5 58 11.7 0.7 57 9.5 -6 (-11; +1)

Psychological Well-being 55 8.7 57 9.1 0.2 56 9.1 -1 (-5; +3)

Moods & Emotions 46* 11.0 48 12.3 0.2 53 9.5 -7 (-12; -2)

Self-Perception 50* 7.9 54 11.0 0.4 57 9.8 -7 (-12; -2)

Autonomy 49* 6.8 50* 9.4 0.1 57 8.6 -8 (-12; -4)

Parent Relation 48* 10.4 50* 10.1 0.2 56 8.4 -8 (-12; -4)

Financial Resources 44* 11.8 43* 14.2 0.1 51 10.6 -7 (-12; -2)

Social Support & Peers 53 11.7 49 13.9 0.3 53 9.1 0 (-4; +4)

School Environment 56 8.1 57 11.2 0.1 58 10.2 -2 (-7; +3)

Bullying 42* 10.9 46 12.6 0.3 48 11.0 -6 (-11; +1)

Higher scores represent better HRQoL. *p < 0.05 children with SCD and/or healthy siblings versus Dutch 
norm population of the KIDSCREEN-52.

Table 4. HRQoL of adolescents with SCD aged 12-18 compared to age matched healthy siblings and 
Dutch norm population of the KIDSCREEN-52

  Children 
with SCD 

(n=23)

Healthy 
siblings
(n=17)

SCD versus 
healthy 
siblings

Norm 
population
(n=1270)

SCD versus
norm

population

Mean SD Mean SD Effect size Mean SD Point estimate of 
mean difference 

(95% CI)

Physical Well-being 48 8.0 50 9.5 0.2 50 9.4 -2 (-6; +2)

Psychological Well-being 51 9.5 53 9.7 0.2 52 8.4 -1 (-5; +3)

Moods & Emotions 48 7.2 46* 7.4 0.3 51 9.6 -3 (-7; +1)

Self-Perception 54 9.2 52 10.9 0.2 50 9.3 4 (0; +8)

Autonomy 47†* 9.0 53 9.5 0.7 54 9.1 -7 (-11; -3)

Parent Relation 51 10.2 49 11.0 0.2 52 9.3 -1 (-5; +3)

Financial Resources 50 7.8 50 7.0 0 53 9.2 -3 (-7; +1)

Social Support & Peers 48 10.8 53 10.4 0.5 52 9.4 -4 (-8; 0)

School Environment 53 8.8 49 6.4 0.5 51 8.7 2 (-2; +6)

Bullying 48 11.6 49 10.5 0.1 49 10.1 -1 (-5; +3)

Higher scores represent better HRQoL. † p < 0.05 children with SCD versus healthy siblings. *p < 0.05 
children with SCD and/or healthy siblings versus Dutch norm population of the KIDSCREEN-52.
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Proportion of children with impaired HRQoL
Results are reported in Figure 1. The proportion of children with SCD with impaired 

HRQoL (≥1 SD below the mean) was similar to the proportion of healthy siblings with 

impaired HRQoL. However, the proportion of children with SCD with impaired HRQoL 

was significantly larger than the proportion in the Dutch norm population on Physical 

Well-being, Moods & Emotions, Autonomy, Parent Relation, Financial Resources, and 

Bullying. More than 1 in 3 children with SCD (between 30 - 38%) had impaired HRQoL 

on these domains, which is a twofold increase in comparison to the Dutch norm 

population (16%). The proportion of healthy siblings with impaired HRQoL was also 

significantly larger than the proportion in the Dutch norm population on Moods & 

Emotions, Autonomy, Parent Relation, and Financial Resources. 

Figure 1. Proportions of children with SCD and healthy siblings with impaired HRQoL (≥1 SD below 
the mean of the Dutch norm population of the KIDSCREEN-52). The dotted line represents the 16% of 
children in the Dutch norm population of the KIDSCREEN-52 with impaired HRQoL. * 95% Confidence 
interval of the proportion of children with SCD or healthy siblings with impaired HRQoL exceeds the 
proportion in the Dutch norm population.
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Discussion
This is the first study to assess multidimensional HRQoL in children with SCD using a 

self-report measure and a control group of healthy siblings. In general, the HRQoL of 

children with SCD appeared similar to the HRQoL of healthy siblings, with the exception 

of lower scores on the physical domain for children with SCD, and, specifically in 

adolescents, lower scores on the autonomy domain. However, the HRQoL of both children 

with SCD and healthy siblings was considerably lower than the Dutch norm population 
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on several domains, specifically in children aged 6-11. This implies that reduced HRQoL in 

children with SCD is primarily related to the low SES of this patient population, although 

there are disease specific effects on the physical and autonomy domain. 

A large study in urban elementary schoolchildren from poor socioeconomic areas 

formerly established the essential impact that SES can have on HRQoL. These children 

reported lower HRQoL than chronically diseased children (24). Nevertheless, prior 

studies in children with SCD suggested that the HRQoL of children with SCD is impaired, 

even after considering the potential detrimental effect of low SES (15-17). The contrast 

between these previous findings and the present results may be explained by the use 

of different instruments, different comparison groups and particularly the use of proxy- 

versus self-report. In our study, a self-report questionnaire was administered, while other 

researchers have mainly used parental proxy-report. Parents of chronically diseased 

children generally tend to report worse HRQoL for their children than children themselves 

(25,26), which was confirmed by previous studies in children with SCD (13,16,17). This 

may have led to an underestimation of the HRQoL of children with SCD. Parents could 

underestimate their children’s HRQoL as a result of parental distress (27). Alternatively, 

parents and children could have different perceptions: while children may be unaware of 

the potential consequences of the disease, parents may have greater concerns for their 

future (28). and take on a protective attitude.

Parental (over-)protection could also underlie our finding of lower scores of 

adolescents with SCD on the autonomy domain, compared to healthy siblings. This 

finding is congruent with results of a previous study in our hospital(13) as well as other 

studies on adjustment in adolescents with SCD (29,30), and seems to be associated with 

consequences of the disease. Therefore, we recommend that parental overprotection 

should be considered and targeted in intervention programs for adolescents with SCD. 

As higher levels of self-efficacy were previously found to be associated with fewer SCD 

symptoms (30), interventions to increase autonomy could possibly lead to a decrease in 

SCD symptomatology in this age group.  

Interestingly, adolescents did not differ significantly from healthy siblings or the Dutch 

norm population on any of the other domains except for autonomy, while children aged 

6-11 did have significantly lower scores than the norm population on 7 of the 10 domains. 

Although adolescents have been described to generally experience more problems in 

psychosocial adaptation than younger children (7), HRQoL scores of adolescents were 

within the normative range in a previous study as well (27). The resilience of adolescents 

could be a consequence of developmental growth and adjustment, possibly causing a 

better coping style with increasing age. This should be investigated further longitudinally.  

Surprisingly, children with SCD did not report any social problems. This is a remarkable 

contrast to the results of previous findings, (6-10). including results of our own work in 

which parents rated their children with SCD to show less competent social behavior than 

healthy siblings (31). Furthermore, it is striking that children with SCD did not report a 

lower HRQoL on the School environment domain, as studies on neurocognitive sequelae 

of SCD have shown a decrease in general intellectual ability as well as deficits in specific 
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neurocognitive domains in children with SCD (32). Children with SCD may have adjusted 

to their social and cognitive deficits and therefore do not subjectively experience HRQoL 

problems in these domains. In future research behavioural and neurocognitive data 

should be correlated to HRQoL, to gain more insight into the relation between objectively 

identified problems and the subjective HRQoL of children with SCD.

While interpreting the results of this study, strengths and limitations should be taken 

into account. Findings of this study are strengthened by the use of a well-standardized 

self-report measure and robust statistical methods to take within family correlations into 

account. Furthermore, by including a control group of healthy siblings with the same age, 

ethnicity and SES, the differential effect of low SES and disease specific consequences of 

SCD on HRQoL could be determined. 

However, not all participating children with SCD had an eligible sibling, causing 

us to recruit healthy siblings from the entire SCD patient population. This led to an 

overrepresentation of children from Surinam descent in the healthy sibling group. 

Nevertheless, demographic differences between the groups were not statistically 

significant and explorative within-group analyses revealed no significant differences 

between children from Surinam or African descent on any of the HRQoL domains. 

Another limitation was the small sample size, mitigating statistical power. The results 

of our exploratory analyses need to be interpreted within this limitation. Moreover, 

the current study design did not allow us to investigate if there is an interaction effect 

of SES and sickle cell disease on HRQoL. Further limitations concerned the instrument 

we used to assess HRQoL. The KIDSCREEN-52 is not yet validated in children aged 6 

and 7. However, young participants received cognitive debriefing to ascertain reliable 

self-report, and this issue was taken into account in statistical analyses. Children as 

young as 5 years of age have been found to be able to reliably report HRQoL (33-35). 

Furthermore, data were collected in a clinical setting, which may have affected the 

response of the participants. Finally, the KIDSCREEN-52 assesses HRQoL of the past 

week. As SCD has a very unpredictable course, it would be more appropriate to assess 

HRQoL over longer time periods, e.g. the past month. These issues should be taken into 

account in future research.

Conclusion
Based on the present findings, we conclude that children with SCD are primarily 

disadvantaged by their low SES, causing lower HRQoL on several domains compared to 

the Dutch norm population. Nevertheless, they are also affected by specific consequences 

of the disease, reflected by the lower HRQoL on the physical and autonomy domains 

compared to healthy siblings. Moreover, one in three children with SCD experience 

impaired HRQoL on several domains. As children with SCD are not only affected by their 

disease but also by their low SES, children with SCD seem to be especially vulnerable 

compared to other patient populations, and need specific care in the hospital. Therefore, 
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we argue for routine monitoring of HRQoL in children with SCD. Incorporating 

patient reported outcomes of HRQoL in daily clinical practice will contribute to better 

communication with health care professionals. This can provide these children with the 

additional care they need due to their double disadvantage: a chronic disease, on top of 

an unfavourable background. 
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Abstract
Aim: Although neurocognitive deficits in children with sickle cell disease (SCD) have been 

well documented, the etiology of these deficits has not been completely clarified. The 

aim of this study was to investigate the association of laboratory markers of disease 

severity and radiological parameters with neurocognitive functioning in children with 

SCD. 

Methods: Participants were 37 children with SCD (HbSS or HbS-β0-thalassemia) aged 

6 to 18 years. All participants underwent extensive neurocognitive assessment. Further 

data (TCD values, laboratory test results and MRI data) was obtained from medical 

charts. Associations were analyzed by hierarchical regression analysis.

Results: Hemoglobin was associated with a decrease in verbal short term memory. 

There was no association between TCD velocities and neurocognitive functioning, when 

controlled for age. Children with silent infarcts did not differ from children with normal 

MRI in neurocognitive functioning. Children with right-left asymmetries in cerebral blood 

flow as measured by Continuous Arterial Spin Labelling (CASL) MRI had better sustained 

attention than children without asymmetries. 

Conclusion: Neurocognitive deficits are associated with the severity of anemia, indicating 

reduced oxygen delivery to the brain as an etiological mechanism. This implies that 

children with SCD and normal MRIs may still suffer from neurocognitive impairments, 

possibly affecting their academic development and full participation in society. 
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Introduction
Sickle cell disease (SCD) is a hereditary red blood cell disorder that is characterized by 

chronic hemolytic anemia and vascular occlusion, causing pain and irreversible organ 

damage. The most devastating complication of SCD is cerebral vascular infarction, with 

11% of children experiencing an overt infarct accompanied by neurological symptoms 

and 11-35% of children suffering from silent infarcts (1-5). Overt infarcts are generally 

associated with stenoses of the large supplying arteries of the brain, i.e. the internal 

carotid arteries and the arteries in the circle of Willis. Silent infarcts may occur throughout 

the brain and are the result of critical reductions in the delivery of oxygen to the brain 

through several interrelated mechanisms (6). Children with SCD have reduced oxygen 

carrying capacity due to their low hemoglobin levels that may be further reduced in 

acute medical events such as acute chest syndrome or infection. Lung disease may also 

reduce the oxygen content of the blood. Red blood cells in children with SCD may be 

more adhesive than normal red cells, which may lead to obstruction in small vessels. 

Increased blood viscosity, associated with HbS, may further impair the flow of blood 

through narrowed vessels or in normal brain capillaries. 

Neurocognitive deficits in children with SCD have been well documented, and include 

deficits in general intellectual functioning, attention and executive function, memory, 

language, visuomotor, and academic achievement (7). While children with overt infarcts 

seem to be most impaired, it appears that children with silent infarcts, and even children 

with SCD without any evidence of stroke on MRI, may also have neurocognitive deficits 

(8-10). However, the etiology of these neurocognitive deficits is not well understood, as 

these could originate from several causes. 

Neurocognitive deficits could be associated with the burden of chronic disease or 

with yet undetectable pathological changes in the brain associated with the severity 

of the phenotype, reflected by lactate dehydrogenase, hemoglobin, reticulocytes, and 

leukocytes. Hypoxia, resulting from chronic anemia, may also contribute to neurocognitive 

deficits. Weiskopf et al. (11) has demonstrated in healthy adults that reductions in 

hemoglobin are associated with neurocognitive impairments, and Vichinsky et al. (12) 

recently demonstrated in adult SCD patients that hemoglobin is a strong predictor of 

neurocognitive functioning. Cerebral oxygenation may be further impaired by stenosis 

of the cerebral arteries, which can be detected by Transcranial Doppler Ultrasonography 

(TCD). Adams et al. (13) established reference values to predict stroke in children 

with SCD, based on blood flow velocity, which was classified as normal (<170 cm/s), 

conditional (170-200 cm/s) and abnormal (>200 cm/s). Finally, neurocognitive deficits 

could also be caused by hemodynamic changes that may be detected by Continuous 

Arterial Spin Labelling (CASL) MRI. This technique enables the measurement of the 

total amount of blood flowing into the brain, through all vessels, and therefore allows 

the detection of asymmetries in total cerebral blood flow between the right and left 

hemisphere (14). As this technique is relatively new, it is not yet clear what mechanism 

underlies this asymmetry: high cerebral blood flow in one hemisphere may be associated 

Hb predicts neurocognitive deficits in SCD
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with cerebral autoregulation and impending impaired vascular reserve, or low cerebral 

blood flow in the other hemisphere may be the result of vascular stenoses and low blood 

supply. 

Relatively few studies have investigated which medical factors, besides MRI status, 

are associated with neurocognitive functioning in children with SCD. Some researchers 

have focussed on TCD as a predictor for neurocognitive functioning, but findings were 

inconclusive. Bernaudin et al. (15) found no significant differences in IQ between children 

with abnormal TCD and normal TCD after excluding patients with overt strokes, while 

Kral et al. (16,17) described greater decrements in specific neurocognitive functions 

(attention, executive functions and verbal memory) in children with both conditional and 

abnormal TCD values in comparison to children with normal TCD values. Sanchez et al. 

(18) demonstrated an inverse relation between TCD velocities and language functioning, 

but did not find an association between TCD velocities and other cognitive domains. 

These conflicting findings may be explained by methodological issues. In the studies 

by Kral et al. (16,17), a large proportion of patients (ranging from 33 to 48%) with 

abnormal TCD velocities in the preceding 5 years of the study was included. These 

patients received scheduled blood transfusion therapy at the time the neurocognitive 

assessment took place. This may have altered the medical situation on which they were 

classified initially. Other studies excluded transfusion patients but used limited assessment 

of neurocognitive functions: Some studies focused only on general intelligence (15), 

whereas others targeted specific aspects of neurocognitive functioning (18).

The aim of the present study was to investigate which medical factors are associated 

with neurocognitive functioning in children with SCD. We investigated the effects of 

increased cerebral blood flow velocity as measured by TCD, as well as laboratory markers 

of disease severity, such as lactate dehydrogenase, hemoglobin, reticulocytes, and 

leukocytes.

Furthermore, we explored if silent infarcts and right-left asymmetries in cerebral 

blood flow as measured by CASL MRI are associated with decreased neurocognitive 

functioning. 

Methods
Participants
From all children aged 6 to 18 years without prior overt stroke or cerebral bleeding 

receiving treatment for a severe form of SCD (HbSS or HbS-β0-thalassemia) at the 

Comprehensive Sickle Cell Care Center of the Academic Medical Center, Emma 

Children’s Hospital in Amsterdam, 42 children were randomly selected for participation. 

From these, 37 patients (88%) participated in the study (5 declined). All participants 

underwent neurocognitive assessment. Three participants (7%) received scheduled 

blood transfusion for intracranial arterial stenoses. These 3 children were only included 
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in the analyses of MRI and neurocognitive data (n = 21), but excluded from the analyses 

of TCD data and laboratory test results (n = 34), as TCD velocities and laboratory 

parameters are influenced by blood transfusions. The clinical condition of all children 

with SCD was stable at the time the neurocognitive assessment took place. Inclusion 

took place between October 2007 and October 2008.

Procedure
The medical ethics committee of the Academic Medical Center in Amsterdam approved 

the study protocol. Written informed consent was obtained from parents and from 

children aged twelve years and older. Administration of the neurocognitive tests was 

performed in a fixed order by trained examiners using standardized instructions. 

Administration of the entire test battery (including breaks) required a maximum of three 

and an half hours. At the time of testing, examiners were unaware of disease-related 

measures (e.g. TCD values). Medical information (TCD values, laboratory test results and 

MRI data) was obtained after the cognitive assessment had been completed, through 

retrospective review of computerized databases and medical charts. 

Measures

Medical factors

TCD studies of blood flow velocity in the basal arteries were performed by a radiologist 

as part of the standard medical care provided in our hospital. Velocities were recorded in 

6 areas: the anterior cerebral arteries, the proximal middle cerebral arteries and the distal 

internal carotid arteries in both hemispheres. All TCD measurements were performed 

within the preceding 14 months of the neurocognitive testing, with a median length of 

5 months. 

Mean levels of lactate dehydrogenase, hemoglobin, reticulocytes, and leukocytes 

were calculated from assessments during 1-3 routine visits to the outpatient clinic within 

the preceding 12 months of the neurocognitive testing. The average of these values was 

used in the statistical analyses.

MRI data was available for 21 SCD patients that were neurologically normal. In 17 of 

them, regional cerebral blood flow was measured at 3-T continuous arterial spin labelling 

(CASL) MRI (see (14) for technical details). Right-left asymmetry in cerebral blood flow 

was defined as a difference in blood flow between both hemispheres > 11.7 ml/100g/

min (14). All MRIs preceded the neurocognitive testing with a maximum of 24 months, 

and a median length of 10 months. 

Neurocognitive measures

Intelligence
Full-scale IQ was estimated by four subtests of the Wechsler Intelligence Scale for 

Children-III (19) or the Wechsler Adult Intelligence Scale-III (20) (depending on the 
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child’s age): Vocabulary, Arithmetic, Block Design and Picture Arrangement. These 

subtests correlate in the low to mid .90’s with Full-scale IQ. Verbal IQ was estimated 

by Vocabulary and Arithmetic, and Performance IQ was estimated by Block Design and 

Picture Arrangement. 

Executive Functioning
Response inhibition and sustained attention

Response inhibition and sustained attention were measured using the Stop task (21, 22). 

This task requires the child to react as quickly and accurately to airplanes appearing on 

a computer screen and to occasionally inhibit a response upon presentation of a visual 

stop signal. Response inhibition was measured by stop signal reaction time (SSRT, an 

estimate of the speed of the inhibitory response). Sustained attention was measured by 

the number of errors, and by mean reaction time (MRT) of correct responses. 

Planning

Planning ability was investigated using an adapted version of the Tower of London 

(ToL; (23)), with multiple difficulty levels. This task requires the child to rearrange three 

coloured balls on three vertical pegs of different lengths, in order to transform an initial 

configuration of the balls into a tower, in which the balls are arranged on a designated 

peg. The child has to plan the sequence of moves, as there are constraints on the amount 

of moves and trials allowed to solve the problem. The main outcome measure was the 

ToL Score, which is based on the number of trials required to solve a problem. A higher 

ToL score indicate better planning skills. Additional outcome variables were Planning 

time (the time between presentation of an item and initiation of the first move) and 

Execution time (the time between initiation of the first move and completion of the final 

move). It was expected that Planning and Execution time would increase with higher 

difficulty levels. Relatively short Planning time may be indicative of poor planning and 

may lead to poor performance on the ToL. Relatively long Execution time may reflect 

poor planning as well.

Working memory

Visuo-spatial working memory was measured with a spatial variant of the computerized 

N-back task (24-26). Children were presented with a picture of an apple with four holes 

in it, from which a caterpillar appeared. Children were instructed to press one of four 

response buttons corresponding to the hole in which they had seen the caterpillar one 

move back (1-back condition) up to four moves back (4-back condition). A maximum of 

four blocks (of 32 trials each) was administered, preceded by a practice block of 10 trials. 

Total number of correct responses was used as measure of visuo-spatial working memory.

Verbal short term memory was measured with the maximum span on Digit Span 

forwards, and verbal working memory was measured with Digit Span backwards of 

the WISC-III (19) or WAIS-III (20) (depending on the child’s age). The forward part was 

administered first and consisted of repeating sequences of numbers in the exact same 
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order. For the backward part, children had to repeat sequences of numbers in the 

reverse order. 

Visuo-motor functioning
Visuo-motor functioning was assessed using the Beery-Buktenica Developmental Test of 

Visual-Motor Integration (Beery VMI; (27)). In the Beery VMI children have to reproduce 

30 geometric shapes with graded difficulty as accurately as possible. Total score was 

used as outcome measure.

Data analysis
The Statistical Package for the Social Sciences (SPSS version 15.0) was used to manage 

and analyze the data. To reduce the number of criterion variables, factor analysis was 

executed, using an exploratory principle-components analysis (PCA) on the correlation 

matrix of all neurocognitive measures with oblique rotation using the direct oblimin 

procedure (28). One factor was constituted, which explained 44% of the variance of 

the neurocognitive measures. Further analyses were performed with this factor score. 

Exploratory analyses were performed with the individual neurocognitive measures as well. 

Table 1. Demographic and medical characteristics of participating children with SCD

Children with SCD (N=34)

Age, M (SD) 11.8 (2.9)

Boys, n (%) 18 53

Genotype, n (%)

   HbSS 30 88

   HbS-β0 4 12

Laboratory test results, M (SD)

   LDH, U/L 504 114

   Hb, g/dl 5 1

   Reti, % 9 4

   Leuko, 10E9/L 11 2

TCD, M (SD)

   MCA R, cm/s 120 20

   ACA R, cm/s 99 26

   ICA R, cm/s 112 26

   MCA L, cm/s 112 21

   ACA L, cm/s 98 26

   ICA L, cm/s 101 24

LDH = Lactate dehydrogenase (reference value = 0-323); Hb = hemoglobin (reference value = 6.5-10); 
Reti = reticulocytes (reference value = 0.2-2); Leuko = leukocytes (reference value = 4-14); TCD = 
Transcranial Doppler; MCA R = right middle cerebral artery; ACA R = right anterior cerebral artery; ICA R 
= right internal carotid artery; MCA L = left middle cerebral artery; ACA L = left anterior cerebral artery; 
ICA L = left internal carotid artery
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Preliminary bivariate correlation analyses were performed to determine which 

variables should be included in the subsequent regression analyses. Forced-entry 

hierarchical regression analyses were then conducted for the factor score and each 

neurocognitive measure that was associated with one or more of the medical factors. 

The entry significance level for medical factors in the regression analysis was set at 

0.10 in the correlation analyses. As age appeared to be positively correlated to most 

neurocognitive measures and negatively to several of the medical parameters (i.e., 

leukocytes and TCD velocities), age was included in all the regression models. Since the 

aim of the regression analysis was to determine how much variance in neurocognitive 

functioning was explained by medical factors, above and beyond that of age, age was 

entered in the first step, followed by medical factors in the second step. 

In addition to the regression analyses, neurocognitive functions of children with 

silent infarcts on MRI were compared to those of children with normal MRI using 

Mann-Whitney U-tests. Furthermore, exploratory analyses were performed to compare 

children with right-left asymmetries in cerebral blood flow with children that did not have 

asymmetries using Mann-Whitney U-tests. P values < 0.05 were considered significant. 

Effect sizes (d) were calculated by dividing the difference in mean neurocognitive scores 

between children with SCD and normal MRI and children with silent infarcts on MRI by 

Table 2. Standardized Regression Coefficients β from the Hierarchical Regression Analysis predicting 
neurocognitive outcome measures 

Neuro-cognitive 
factor score

Response 
inhibition

Sustained 
attention Planning Working 

memory
Short term 

memory
Visuo-motor 
functioning

Stop task SSRT Stop task MRT Stop task Errors ToL Score Planning time N-Back task
Digit  Span 
forwards Beery VMI

Step 1

   Age 0.605** -0.317 -0.371* -0.538** 0.573** 0.125 0.516** 0.408* 0.678**

   R2 0.36 0.10 0.14 0.29 0.33 0.01 0.27 0.17 0.46

   F 17.88** 3.13 4.47* 11.39** 15.17** 0.51 11.25** 6.40* 26.36**

Step 2

   LDH - - - 0.143 - - - - -

   Hb - - - - - - 0.108 -0.350* -

   Reti -0.133 - - - - -0.339 -0.179 - -

   Leuko -0.074 - - 0.112 -0.190 - -0.109 - -

   MCA R - 0.249 - -0.038 - - - - -

   ICA R -0.054 -  0.257 0.200 -0.074 - 0.020 - -0.029

   MCA L - - - - - - -0.010 - -

   ACA L - - - - - - 0.002 - -

   Δ R2 0.04 0.05 0.04 0.07 0.04 0.11 0.09 0.12* 0.00

   R2 0.40 0.15 0.18 0.36 0.37 0.12 0.36 0.29 0.46

   F    4.74** 2.41 3.01  2.68*    5.64** 2.17 2.04    6.26**    12.79**

LDH = Lactate dehydrogenase; Hb = Hemoglobine; Reti = Reticulocytes; Leuko = Leukocytes; MCA R = 
right middle cerebral artery; ICA R = right internal carotid artery; MCA L = left middle cerebral artery; 
ACA L = left anterior cerebral artery. *p<0.05; **p<0.01. 
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the pooled standard deviation of both groups. According to Cohen (29), effect sizes < 0.2 

are considered small, effect sizes > 0.5 and < 0.8 moderate, and effect sizes > 0.8 large. 

Results
TCD values and laboratory test results
Table 1 provides the demographic and medical characteristics of the participating 

children with SCD who did not receive scheduled blood transfusions. All participants had 

TCD velocities less then 170 cm/s (considered normal), except for two (6%) with TCD 

velocities of 170 to 199 cm/s, which were considered to be conditional. 

TCD velocities in the internal carotid arteries of the right hemisphere (ICAR) and 

leukocyte count were correlated with the neurocognitive factor score, with higher values 

associated with poorer performance. When correlations with single neurocognitive 

measures were evaluated, both higher TCD velocities in the ICAR and leukocyte count 

appeared to be correlated with lower levels of sustained attention (more Errors on Stop 

task), working memory (lower score on N-Back task), and planning (lower ToL score). 

Table 2. Standardized Regression Coefficients β from the Hierarchical Regression Analysis predicting 
neurocognitive outcome measures 

Neuro-cognitive 
factor score

Response 
inhibition

Sustained 
attention Planning Working 

memory
Short term 

memory
Visuo-motor 
functioning

Stop task SSRT Stop task MRT Stop task Errors ToL Score Planning time N-Back task
Digit  Span 
forwards Beery VMI

Step 1

   Age 0.605** -0.317 -0.371* -0.538** 0.573** 0.125 0.516** 0.408* 0.678**

   R2 0.36 0.10 0.14 0.29 0.33 0.01 0.27 0.17 0.46

   F 17.88** 3.13 4.47* 11.39** 15.17** 0.51 11.25** 6.40* 26.36**

Step 2

   LDH - - - 0.143 - - - - -

   Hb - - - - - - 0.108 -0.350* -

   Reti -0.133 - - - - -0.339 -0.179 - -

   Leuko -0.074 - - 0.112 -0.190 - -0.109 - -

   MCA R - 0.249 - -0.038 - - - - -

   ICA R -0.054 -  0.257 0.200 -0.074 - 0.020 - -0.029

   MCA L - - - - - - -0.010 - -

   ACA L - - - - - - 0.002 - -

   Δ R2 0.04 0.05 0.04 0.07 0.04 0.11 0.09 0.12* 0.00

   R2 0.40 0.15 0.18 0.36 0.37 0.12 0.36 0.29 0.46

   F    4.74** 2.41 3.01  2.68*    5.64** 2.17 2.04    6.26**    12.79**

LDH = Lactate dehydrogenase; Hb = Hemoglobine; Reti = Reticulocytes; Leuko = Leukocytes; MCA R = 
right middle cerebral artery; ICA R = right internal carotid artery; MCA L = left middle cerebral artery; 
ACA L = left anterior cerebral artery. *p<0.05; **p<0.01. 
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Higher TCD velocities in the ICAR were also correlated with a decrease in sustained 

attention (higher MRTs on Stop task) and impaired visuo-motor functioning (lower score 

on Beery VMI). Furthermore, higher TCD velocities in the middle cerebral arteries and 

higher lactate dehydrogenase values were related to a decrease in sustained attention 

(more Errors on Stop task). Higher values of reticulocytes were associated with poorer 

visuo-spatial working memory (lower score on N-Back task) and shorter Planning time 

on the ToL. As higher values of reticulocytes were not significantly associated with ToL 

score and Execution time, this was not indicative of poorer performance on the ToL. 

Results from the hierarchical regression analyses are summarized in Table 2. Age was 

significantly associated with the neurocognitive factor score, and with performance 

on tasks for sustained attention, planning, short term memory, and visuo-motor 

functioning. When age was entered first as a covariate, only hemoglobin appeared to 

Table 3. Performance on neurocognitive measures of children with SCD and normal MRI and children 
with SCD and silent infarcts

Neurocognitive measure Normal MRI
(n = 9)

Silent infarcts
(n = 12)

Effect 
size

Mean SD Mean SD d U

Intelligence

Full-Scale IQ 80 9.0 79 14.4 0.1 51.50

Verbal IQ 82 8.3 80 13.9 0.2 50.50

Performance IQ 77 12.4 80 16.3 0.2 54.00

Response inhibition

Stop Signal Reaction Time 228 84.1 195 32.8 0.6 40.00

Sustained attention

Errors on Stop task 3 1.6 4 7.5 0.2 36.50

MRT on Stop task (averaged
across experimental blocks)

498 97.9 580 154.5 0.6 29.00

Planning

ToL Score 49 8.2 48 7.2 0.1 51.50

Planning time on ToL
(averaged across difficulty level)

21 12.2 19 15.5 0.1 46.00

Execution time on ToL
(averaged across difficulty level)

49 18.6 53 24.8 0.2 50.00

Visuo-spatial working memory

N-Back task correct responses 42 15.0 35 17.8 0.4 41.00

Verbal working memory

Digit Span forwards 7 1.6 8 1.7 0.6 34.00

Digit Span backwards 5 1.8 4 1.6 0.6 51.00

Motor functioning

Beery VMI total score 23 2.2 24 3.2 0.4 41.50

MRT = Mean Reaction Time, ToL = Tower of London, VMI = Visual-Motor Integration.
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be an independent medical predictor of verbal short term memory, as measured by Digit 

Span forwards. Regression analyses failed to reveal associations of TCD velocities with 

any of the neurocognitive measures. 

MRI data
From the 21 patients with MRI data, 12 had silent infarcts and 9 had normal MRI. From 

the 17 patients in whom right-left asymmetry in cerebral blood flow was measured by 

CASL MRI, 11 patients demonstrated right-left asymmetries and six did not.

When neurocognitive performance of children with normal MRI was compared to 

children with silent infarcts on MRI, no significant differences were found (Table 3). 

However, exploratory analyses revealed that children with right-left asymmetries in 

Table 4. Performance on neurocognitive measures of children with SCD with right-left asymmetries in 
cerebral blood flow and children with SCD without asymmetries

Neurocognitive measure Children with 
asymmetry

(n = 11)

Children without 
asymmetry

 (n = 6)

Effect 
size

Mean SD Mean SD d U

Intelligence

   Full-Scale IQ 82 13.0 74 11.4 0.7 21.50

   Verbal IQ 84 11.4 77 9.9 0.7 22.50

   Performance IQ 80 16.9 75 13.5 0.3 28.00

Response inhibition

   Stop Signal Reaction Time 216 79.4 192 28.4 0.4 26.00

Sustained attention

   Errors on Stop task 2 2.0 2 2.3 0.0 26.00

   MRT on Stop task (averaged
   across experimental blocks)

482 98.5 565 83.8 0.9 10.00

Planning

   ToL Score 48 5.1 50 7.8 0.3 24.00

   Planning time on ToL   
   (averaged across difficulty level)

19 15.3 24 13.9 0.3 25.00

   Execution time on ToL
   (averaged across difficulty level)

50 15.5 62 34.0 0.5 31.00

Visuo-spatial working memory

   N-Back task correct responses 40 14.6 46 15.8 0.4 23.00

Verbal working memory

   Digit Span forwards 9 1.7 7 1.2 1.4 15.00

   Digit Span backwards 5 1.3 6 1.5 0.7 21.00

Motor functioning

   Beery VMI total score 25 2.9 23 1.9 0.8 24.50

MRT = Mean Reaction Time, ToL = Tower of London, VMI = Visual-Motor Integration. 
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cerebral blood flow had better scores on 8 of the 13 neurocognitive outcome measures 

compared to children without asymmetries. Only the difference in sustained attention 

reached statistical significance: children with right-left asymmetries had lower MRTs on 

the Stop task than children without asymmetries, indicating better sustained attention, 

U = 10, p = 0.03, d = 0.9 (Table 4).   

Discussion
This study demonstrates that hemoglobin is associated with neurocognitive performance 

in SCD. Hemoglobin appeared to be a unique predictor of verbal short term memory. 

TCD velocities were not associated with any of the neurocognitive measures, when 

controlled for age. No significant differences were found between children with silent 

infarcts compared to children with normal MRI. Children with right-left asymmetries in 

cerebral blood flow had better sustained attention than children without asymmetries. 

When previous studies excluded patients with stroke and corrected for hematocrit 

and age, TCD was only associated with language impairment (18) and verbal working 

memory (16, 17). Findings on verbal working memory were conflicting, showing either 

a negative (16) or a positive correlation with TCD (17). The present findings did not 

reveal an association between TCD and verbal working memory, which may be due to 

methodological differences. In both studies by Kral et al., and especially the latter one, 

children receiving scheduled blood transfusions were included, which may have partially 

reversed their neurocognitive dysfunction caused by anemia (30-32). Sanchez et al. (18) 

excluded patients receiving transfusions, and found no association between TCD velocity 

and verbal working memory. As this is confirmed by the present results, it seems likely 

that the association between TCD velocity and specific language functions that Sanchez 

et al did find pinpoints to a specific language impairment, rather than to a deficit in 

working memory.  

The present findings did reveal hemoglobin as a significant predictor of verbal short 

term memory. Previous studies have shown a moderate to strong correlation between 

anemia severity and neurocognitive functioning in children with SCD, either for measures 

of general intellectual functioning (9, 15, 33, 34), verbal ability (9, 33) and specific 

measures of attention and working memory (9, 33). A recent study in adults with SCD 

also revealed an association between hemoglobin level, age and neurocognitive deficits: 

anemia was associated with poorer neurocognitive function in older patients (12). 

Anemia appeared to be a stronger predictor of neurocognitive deficits than silent MRI 

findings, which is supported by the present study as well as by previous research (15). 

Vichinsky et al. (12) state that hemoglobin is likely to be a surrogate marker for reduced 

oxygen delivery to the brain. They argue that the previous findings of lower cerebral 

oxygen saturation in patients with SCD may be indicative of a state of chronic cerebral 

ischemia, resulting in neurocognitive dysfunction (12). Interestingly, deficits associated 
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with severe anemia and oxygen desaturation may be reversible by blood transfusion 

and/or hydroxyurea treatment. Future studies need to provide more insight in this.   

Right-left asymmetries in cerebral blood flow were associated with better 

neurocognitive functioning. Although it is not yet clear what mechanism underlies 

asymmetry in cerebral blood flow, we speculate that high cerebral blood flow in one 

hemisphere may reflect one-sided adequate autoregulation (the dilation of blood vessels 

when systemic blood pressure is lowered). This might have a protective effect on 

neurocognitive functioning, which does not seem to be specific for sustained attention, 

as children with asymmetries had better scores on 8 of the 13 neurocognitive outcome 

measures compared to children without asymmetries. This should be investigated further 

in larger sample sizes.

While interpreting the results of this study, limitations and strengths should be taken 

into account. The sample size was relatively small, specifically reducing power in the 

hierarchical regression models comprising more than three predictors. Moreover, while 

the exclusion of patients on scheduled blood transfusions was necessary to prevent a 

confounding effect of higher hemoglobin levels on neurocognitive outcome, this made 

our study sample less likely to reflect much variability in TCD velocities (i.e. all patients 

had TCD velocities < 200 cm/s), which further reduces power. Furthermore, other factors 

besides medical factors, such as family functioning, may contribute to neurocognitive 

functioning, and therefore need to be taken into account in future studies. Strengths of 

this study were that we used a representative sample of children with SCD, making sure 

that high TCD velocities were not oversampled, and assessed them on a broad range 

of neurocognitive functions, using well-defined and validated measures. Additionally, 

we controlled for the confounding effect of age in the hierarchical regression analyses, 

which is important in order to draw reliable conclusions about the relationship between 

TCD velocities and neurocognitive functioning.

Concluding, pronounced anemia may induce neurocognitive deficits due to cerebral 

hypoxia. As this is undetectable by current imaging techniques, children with SCD and 

normal MRIs may still suffer from neurocognitive impairments, possibly affecting their 

academic development and full participation in society. It is essential to monitor all 

children with SCD carefully and to routinely screen them on neurocognitive functions. 

Besides the need to evaluate the effects of transfusion therapy and/or hydroxyurea 

treatment in clinical trials, there is a need for cognitive rehabilitation programs, which 

could significantly improve the quality of life of children with SCD.
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Chapter 6

Abstract
Aim: To explore the impact of medical factors and neurocognitive functioning on 

behavioral and emotional problems in children with sickle cell disease (SCD). 

Methods: In 34 children with SCD aged 6–18 years, medical data (cerebral blood flow 

velocity, blood cell counts) were collected and neurocognitive functioning was assessed. 

Caregivers and teachers completed questionnaires on behavioral and emotional 

problems. 

Results: Exploratory hierarchical regression analyses, including both medical factors and 

neurocognitive functioning as determinants of behavioral and emotional problems, did 

not result in significant regression models. Medical factors did explain 11-29% of variance 

in behavioral and emotional problems. Adding neurocognitive functioning resulted in a 

significant increase in the amount of explained variance in teacher-reported externalizing 

problems.

Conclusion: These exploratory findings await replication, but imply that neurocognitive 

functioning is a stronger determinant of externalizing problems than medical factors.
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Introduction
Sickle cell disease (SCD) is a hereditary red blood cell disorder which occurs predominantly 

in people of African ancestry and is characterized by chronic haemolytic anaemia and 

vascular occlusion, causing pain and irreversible organ damage. In Western Europe, most 

children with SCD belong to immigrant communities with a lower socio-economic status 

(SES) (1). There is increasing evidence that children with SCD are at risk of behavioral and 

emotional problems. 

Studies on behavioral and emotional problems in children with SCD have demonstrated 

a higher prevalence of internalizing problems, such as anxiety and depression, than in 

healthy children (2-5). This was recently confirmed by a study in which caregivers and 

teachers perceived severe internalizing problems in almost one in four children with SCD 

(6). In contrast to previous studies (2), teachers in this study also reported externalizing 

problems, such as hyperactive or aggressive behavior, in a higher percentage of children 

with SCD compared to the norm population (11-18% versus 5%). Insight in determinants 

of both internalizing and externalizing problems in children with SCD will help us to 

understand the etiology of these problems, and may identify new targets for intervention.

Children with more severe disease seem to have a higher risk of behavioral and 

emotional problems, as we observed that children with more severe genotypes (HBSS or 

HbS-β0-thalassemia) had more behavioral and emotional problems compared to children 

with less severe genotypes of SCD (HbSC or HbS-β+-thalassemia) (6). On the other hand, 

previous studies measuring disease severity by variables such as pain frequency and 

number of days hospitalized demonstrated that these variables have a minimal effect on 

behavioral and emotional problems (3;7;8).

In order to further explore the association between disease severity and behavioral 

and emotional problems, we constructed a biopsychosocial model incorporating both 

medical and psychosocial factors, following Thompson and colleagues (9), and Wallander 

and colleagues (10-12). These previous models mainly focused on the influence of stress 

and coping to explain adaptation to SCD. In our model, we focused on medical factors 

that reflect cerebral damage, as these are considered to determine neurocognitive 

functioning, whereas neurocognitive functioning is subsequently regarded as a 

determinant of behavioral and emotional outcomes. 

Cerebral damage is one of the most devastating complications of SCD. Cerebral 

oxygenation may be impaired by stenosis of the cerebral arteries, which can be detected 

by measuring increased cerebral blood flow velocity through the narrowed vessels with 

transcranial doppler ultrasonography (TCD). Adams et al (13) established reference values 

to identify children with stenosis of cerebral arteries. A TCD velocity <170 cm/s was 

classified as normal, 170–200 cm/s as conditional and >200 cm/s as abnormal). Cerebral 

damage may also ensue from small vessel disease or other pathological changes in the 

brain. The rate and extent of such pathological changes is supposed to be associated 

with the severity of the SCD phenotype, which in its turn is reflected by various markers, 
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e.g. levels of hemoglobin, or lactate dehydrogenase. Previous studies documented the 

association between a reduction in hemoglobin and neurocognitive deficits (14-16). 

The association between medical factors reflecting cerebral damage and behavioral 

and emotional problems has only scarcely been studied in children with SCD. Kral et al. 

(17;18) investigated the association between increased TCD velocities and behavioral 

and emotional problems. No differences were found between children with normal 

and increased TCD velocities on broad band measures of internalizing and externalizing 

behavior problems. However, children with abnormal TCD velocities did have more 

teacher-reported symptoms of inattention and executive dysfunction. 

The association between neurocognitive deficits and behavioral problems has also 

received little attention in children with SCD. Previous descriptive studies on neurocognitive 

deficits in children with SCD have demonstrated SCD to be associated with impairments 

in general cognitive functioning as well as deficits in specific areas of neurocognitive 

functioning, mainly executive functioning deficits (such as sustained attention, response 

inhibition, working memory, and planning) (19-25) and visuo-motor deficits (26;27). As 

the relationship between executive functioning deficits and externalizing problems has 

been firmly established in children with psychiatric disorders such as Attention Deficit 

Hyperactivity Disorder (28), it is important to explore this association in children with 

SCD. Previous studies did not address this before, but focused on the effect of general 

cognitive functioning on behavioral and emotional problems in children with SCD. 

Thompson and colleagues investigated the impact of both cognitive functioning (as 

measured by IQ) and family processes on behavioral and emotional problems in children 

with SCD (4;29). In their first study, family conflict, but not cognitive functioning, 

accounted for a significant proportion of the explained variance in mother-reported 

behavioral and emotional problems (29). In a longitudinal study, diminished cognitive 

functioning was associated with persistence of behavioral and emotional problems over 

time (4).

The studies by Kral et al. (17;18) and Thompson et al. (4;29) provide some support 

for the biopsychosocial model that we constructed to explain behavioral and emotional 

problems in children with SCD. In the present literature, there are no data available on the 

association between other medical factors, such as blood cell counts, or more specific 

outcome measures of neurocognitive functioning, such as executive and visuo-motor 

functioning, and behavioral and emotional problems in children with SCD.  

The aim of the current study was to explore the association of both medical factors 

and neurocognitive functioning on behavioral and emotional problems in children with 

SCD. We included both TCD velocities and blood cell counts as medical factors that are 

representative of disease severity, and used a comprehensive set of well-defined and 

validated measures of key neurocognitive functions. These measures appeared to be 

sensitive for the effect of SCD in a former study (30). We hypothesized that children with 

SCD with more severe disease and worse neurocognitive functioning would have more 

behavioral and emotional problems, and would specifically display more externalizing 

problems.
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Methods
Participants
From all children aged 6 to 18 years without prior overt stroke or cerebral bleeding 

receiving treatment for a severe form of SCD (HbSS or HbS-β0-thalassemia) at the 

Comprehensive Sickle Cell Care Center of the Academic Medical Center, Emma 

Children’s Hospital in Amsterdam, 42 children were randomly selected for participation. 

From these, 37 patients (88%) participated in the study (5 declined). All participants 

underwent neurocognitive assessment. Three participants (7%) were excluded from 

the analyses because they received scheduled blood transfusion for intracranial arterial 

stenoses, which changes TCD velocities and blood cell counts. Analyses included 34 

participants. Most of these had an HbSS genotype (n = 30, 88%), the other four had an 

HbS-β0-genotype. The clinical condition of all children with SCD was stable at the time 

the neurocognitive assessment took place. Inclusion took place between October 2007 

and October 2008.

Determinants

Medical factors
TCD studies of blood flow velocity in the basal arteries were performed by a radiologist 

as part of the standard medical care provided in our hospital. Velocities were recorded 

in 6 vascular anatomical areas: the anterior cerebral arteries (ACA), the proximal middle 

cerebral arteries (MCA) and the distal internal carotid arteries (ICA) in both hemispheres. 

All TCD measurements were performed within the year preceding neurocognitive 

testing, with a median length of 5 months between TCD and neurocognitive testing. 

Mean plasma levels of lactate dehydrogenase (LDH), hemoglobin (Hb), reticulocyte, 

and leukocyte count were derived from assessments at 1-3 routine visits to the outpatient 

clinic within the year preceding neurocognitive testing, to increase reliability of the 

assessments. The average of these values was used in the statistical analyses. 

Neurocognitive measures
Full-scale IQ was estimated by four subtests of the Wechsler Intelligence Scale for 

Children-III (31) or the Wechsler Adult Intelligence Scale-III (32) (depending on the child’s 

age): Vocabulary, Arithmetic, Block Design and Picture Arrangement. These subtests 

correlate in the low to mid .90’s with Full-scale IQ and therefore give a reliable estimate 

of Full-scale IQ. Verbal IQ was estimated by Vocabulary and Arithmetic, and Performance 

IQ was estimated by Block Design and Picture Arrangement. 

Response inhibition and sustained attention were measured using the Stop task (33;34). 

This task requires the child to react as quickly and accurately to airplanes appearing on 

a computer screen and to occasionally inhibit a response upon presentation of a visual 

stop signal. Response inhibition was measured by stop signal reaction time (SSRT), an 

estimate of the speed of the inhibitory response. Sustained attention was measured by 
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the number of errors, and by mean reaction time (MRT) of correct responses, which was 

calculated for the first, second, third, and fourth part of the task. Sustained attention 

difficulties would become apparent in increased error rates and MRTs with progression 

of the task.

Planning ability was investigated using an adapted version of the Tower of London 

(ToL; (35)), with multiple difficulty levels. This task requires the child to rearrange 

three coloured balls on three vertical pegs of different lengths, to transform an initial 

configuration of the balls into a ‘tower’. The child has to plan the sequence of moves, as 

there are constraints on the number of moves allowed to solve the problem. The main 

outcome measure was the ToL score, which is based on the number of trials required to 

solve a problem, with higher scores indicating better performance. Additional outcome 

variables were Planning time (the time between presentation of an item and initiation 

of the first move) and Execution time (the time between initiation of the first move and 

completion of the final move). It was expected that Planning and Execution time would 

increase with increasing difficulty levels. 

Visuo-spatial working memory was measured with a spatial variant of the 

computerized N-back task (36-38). Children were presented with a picture of an apple 

with four holes in it, from which a caterpillar appeared. Children were instructed to press 

one of four response buttons corresponding to the hole in which they had seen the 

caterpillar one move back (1-back condition) up to four moves back (4-back condition). 

For each difficulty level, 32 trials were administered. Total number of correct responses 

was used as measure of visuo-spatial working memory.

Verbal short term memory was measured with the maximum span on Digit Span 

forwards, and verbal working memory was measured with the maximum span on Digit 

Span backwards of the WISC-III (31) or WAIS-III (32) (depending on the child’s age). The 

forward part was administered first and consisted of repeating sequences of numbers 

increasing in length in the exact same order. For the backward part, children had to 

repeat sequences of numbers increasing in length in the reverse order. 

Visuo-motor functioning was assessed using the Beery-Buktenica Developmental 

Test of Visual-Motor Integration (Beery VMI; (39)). In the Beery VMI, children had to 

reproduce 30 geometric shapes graded in difficulty level as accurately as possible. Total 

score was used as outcome measure. 

Outcome measures

Behavioral questionnaires 
The Child Behavior Checklist (CBCL) (40;41) is a 113-item caregiver-reported inventory, 

providing scores on eight syndrome scales and two broad-band scales: Internalizing 

Problems (which combines the syndrome scales Anxious/Depressed, Withdrawn/

Depressed, and Somatic Complaints), and Externalizing Problems (which combines the 

syndrome scales Rule-Breaking and Aggressive Behavior). 
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Higher scores on the syndrome scales indicate greater severity of problems. Adequate 

psychometric properties for this rating scale have been established (40;41). 

The Teacher Report Form (TRF) (40;42) is the teacher version of the CBCL. The TRF 

also consists of 113 items and yields scores on the same scales as obtained with the 

CBCL. Adequate psychometric properties have been established (40;41).

The Disruptive Behavior Disorder rating scale (DBD) (43;44) is a 42-item inventory 

that assesses all symptoms of externalizing behavior disorders as described in the 

fourth edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV). 

The questionnaire can be completed by both caregivers and teachers and provides 

scores on 4 scales: Inattention, Hyperactivity/impulsivity, Oppositional Defiant Disorder 

and Conduct Disorder. Higher scores indicate greater severity of problems. Adequate 

psychometric properties have been established (44). 

Procedure
The medical ethics committee of the Academic Medical Center in Amsterdam approved 

the study protocol. Written informed consent was obtained from parents and from 

children aged twelve years and older. Medical information (TCD velocities and blood cell 

counts) was obtained through review of computerized databases and medical charts. 

Neurocognitive tests were administered at our outpatient clinic in a fixed order by trained 

examiners, using standardized instructions. Administration of the entire test battery 

required a maximum of three and a half hours (including breaks). Caregivers were asked 

to fill out behavioral questionnaires (CBCL and DBD parent version) and to sign informed 

consent forms, by which they gave permission to send behavioral questionnaires (TRF and 

DBD teacher version) to the teachers. Teachers received both questionnaires, together 

with a copy of the informed consent form. Filling out the questionnaires required about 

30 minutes. 

Data Analysis
The Statistical Package for the Social Sciences (SPSS version 16.0) was used to manage 

and analyze the data. To reduce the number of determinants and outcome measures, 

exploratory principle-components analyses (PCA) were conducted. One PCA was 

performed on the correlation matrix of the neurocognitive measures with oblique 

rotation using the direct oblimin procedure. One factor was extracted, explaining 44% 

of the variance of the neurocognitive measures. All the neurocognitive measures loaded 

relatively high on the factor (r between .51 – .84), the measures of visuo-spatial working 

memory and visuo-motor functioning had the highest loadings (> .80). Other PCA’s 

were performed on the correlation matrix of caregiver-reported externalizing problems 

(including the Externalizing Problems scale of the CBCL and the 4 DBD scales: Inattention, 

Hyperactivity/impulsivity, Oppositional Defiant Disorder and Conduct Disorder), and of 

teacher-reported externalizing problems (including the Externalizing Problems scale of 

the TRF and the 4 DBD teacher scales). In both PCA’s, one factor was extracted. For 
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caregiver-reported externalizing problems, this factor explained 56% of the variance 

(with all the scales loading between r .62 – .84). For teacher-reported externalizing 

problems, this factor explained 58% of the variance (with all the scales loading between 

r .60 – .87). The neurocognitive factor score and both the externalizing problems factor 

scores were used in subsequent regression analyses. 

In line with our biopsychosocial model, in which medical factors are considered 

determinants of neurocognitive deficits, and neurocognitive deficits are regarded as 

determinants of behavioral and emotional problems, we conducted exploratory forced-

entry hierarchical regression analyses. Medical factors were entered in the first step, 

followed by neurocognitive measures in the second step, to determine how much 

variance in behavioral and emotional problems was explained by neurocognitive 

functioning, above and beyond that of medical factors. For each regression model, 

the explained variance (R square) was determined, as well as the change in explained 

variance (R square change). Variables predicting one of the outcome measures with p 

< 0.05 were considered significant determinants. As age was only associated with the 

determinants (medical factors and neurocognitive measures) but not with the outcome 

measures (CBCL, TRF and DBD), age was not included in the regression models. All 

participants were classified as children with a low socio-economic status (SES), based 

on the criterion of having a single parent, and/or lower education of mother and/or 

no parental paid employment (see Table 1). Therefore, SES was not included in the 

regression models either. 

Results
Participants
Table 1 provides the demographic and medical characteristics of the participating 

children with SCD. All participants had TCD velocities less then 170 cm/s (considered 

normal), except for two children with TCD velocities of 170 to 199 cm/s, considered 

conditional. In previous work we provided detailed description of the mean scores of this 

patient group on the neurocognitive measures (30), and CBCL, TRF and DBD (6). 

Determinants of behavioral and emotional problems 
Results from the exploratory forced-entry hierarchical regression analyses are 

summarized in Table 2. TCD velocities and blood cell counts were entered first as medical 

determinants in the regression analyses (step 1). Although the regression models did 

not reach significance, the explained variance of these medical determinants varied 

between 11-29%. No medical factors appeared as significant determinants of behavioral 

and emotional problems. Adding the neurocognitive factor score in step 2 did not result 

in significant regression models, but the neurocognitive factor score did appear as a 

significant determinant of teacher-reported Externalizing problems. On this outcome 
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measure, adding the neurocognitive factor score to the model resulted in a significant 

increase in the amount of variance explained, from 11% to 31%. 

Table 1. Demographic and medical characteristics of children with SCD (n = 34)

Age in Years, M (SD) 11.8 (2.9)

Boys, n (%) 18 (53)

Country of origin 

    Surinam, n (%) 15 (44)

    West/Central Africa, n (%) 17 (50)

    Turkey, n (%) 2 (6)

Parental Marital Status 

    Married/Living Together, n (%)    14 (41)

    Single, n (%) 20 (59)

Highest level of education of mother a

    Lower, n (%)    17 (50)

    Intermediate, n (%) 6 (18)

    Higher, n (%) 2 (6)

    Not Specified, n (%) 9 (26)

Parental paid employment 

    Yes, n (%) 21 (62)

    No, n (%) 11 (32)

    Not Specified, n (%) 2 (6)

Blood cell counts b

    Lactate Dehydrogenase, U/L 504 (114)

    Hemoglobin, g/dl 5 (1)

    Reticulocytes, % 9 (4)

    Leukocytes, 10E9/L 11 (2)

Transcranial Doppler ultrasonography c

    MCA R, cm/s 120 (20)

    ACA R, cm/s 99 (26)

    ICA R, cm/s 112 (26)

    MCA L, cm/s 112 (21)

    ACA L, cm/s 98 (26)

    ICA L, cm/s 101 (24)
a Levels of education: Lower = elementary education, general secondary education junior-level, lower 
vocational education; Intermediate = general secondary education-senior level, and vocational education-
junior level; Higher = vocational education-senior level and university education. b Blood cell counts: 
Lactate dehydrogenase: reference value = 0-323; Hemoglobin: reference value = 6.5-10; Reticulocytes: 
reference value = 0.2-2; Leukocytes: reference value = 4-14. c Transcranial Doppler ultrasonography: 
MCA R = right middle cerebral artery; ACA R = right anterior cerebral artery; ICA R = right internal 
carotid artery; MCA L = left middle cerebral artery; ACA L = left anterior cerebral artery; ICA L = left 
internal carotid artery
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Discussion
This study is the first to explore a biopsychosocial model of behavioral and emotional 

problems in children with SCD, by addressing the impact of both medical factors and 

subsequently neurocognitive functioning on behavioral and emotional problems in 

children with SCD. We were not able to confirm the hypothesis that children with SCD 

with more severe disease and worse neurocognitive functioning would have more 

behavioral and emotional problems, specifically externalizing problems, due to limited 

statistical power. The direction of the results and the amount of explained variance do 

imply that neurocognitive functioning is a stronger determinant than medical factors 

regarding teacher-reported externalizing problems in these children. 

Previously, Thompson et al. concluded that IQ did not contribute to the development 

of behavioral and emotional problems, but that diminished cognitive functioning was 

associated with persistence of behavioral and emotional problems over time (4;29). Our 

results provide some new insight, by suggesting that a broader range of neurocognitive 

Table 2. Standardized Regression Coefficients β from the Hierarchical Regression Analysis predicting 
caregiver- and teacher-reported behavioral and emotional problems (n = 34)

Caregivers Teachers

Internalizing Externalizing Internalizing Externalizing

Step 1

Lactate Dehydrogenase -0.136 0.002 0.241 -0.151

Hemoglobin -0.335 -0.036 0.025 0.137

Reticulocytes -0.274 -0.531 -0.005 -0.028

Leukocytes 0.121 0.138 0.077 0.148

MCA R -0.191 -0.013 -0.458 -0.161

ACA R 0.019 0.446 0.093 0.181

ICA R -0.110 -0.216 -0.168 -0.081

MCA L 0.127 0.259 0.651 0.222

ACA L -0.361 -0.032 -0.074 -0.142

ICA L 0.318 -0.205 -0.210 -0.106

   R2 0.29 0.25 0.28 0.11

   F 0.90 0.73 0.81 0.28

Step 2

Neurocognitive factor score -0.018 -0.280 -0.177 -0.572*

   Δ R2 0.00 0.05 0.02 0.20*

   R2 0.29 0.30 0.30 0.31

   F 0.78 0.80 0.77 0.85

MCA R = right middle cerebral artery; ACA R = right anterior cerebral artery; ICA R = right internal 
carotid artery; MCA L = left middle cerebral artery; ACA L = left anterior cerebral artery; ICA L = left 
internal carotid artery. *p<0.05.
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measures (combined in the neurocognitive factor score) could indeed be associated with 

externalizing problems in children with SCD, especially when measured with a sensitive 

instrument such as the DBD. However, these exploratory findings await replication.

Disease severity generally had a minimal effect on behavioral and emotional problems 

in previous studies (3;7;8). The present study adds to the literature on this subject, as 

the association between direct physiological measures, reflecting cerebral damage, and 

behavioral and emotional problems in children with SCD have scarcely been investigated. 

Findings of one previous study demonstrated an association between TCD velocities and 

behavioral and emotional problems. These findings should be interpreted with caution, 

as this study included children receiving scheduled blood transfusions, thereby altering 

the medical situation on which they were classified initially (18). In the present study, 

children receiving scheduled blood transfusions were not included in the analyses, which 

might explain the conflicting findings. On the other hand, we were not able to reveal 

any medical factors as significant determinants due to limited power. Nevertheless, 

the impact of disease severity on behavioral and emotional problems might indeed be 

minimal. Studies in pediatric oncology patients imply that perceived illness severity is 

associated with psychosocial functioning, and therefore may be more indicative of the 

intensity of the child’s disease than objective measures (45). This should be investigated 

further in children with SCD. 

Some strengths of this study were that we assessed a broad range of neurocognitive 

functions, with well-defined and validated measures, and used multiple informants 

and multiple measures for the assessment of behavioral and emotional problems. By 

correlating medical and neurocognitive determinants to behavioral and emotional 

outcomes, we attempted to gain novel information on the complex process of these 

determinants. An evident limitation of this study was the small sample size, mitigating 

statistical power. Moreover, while the exclusion of patients on scheduled blood 

transfusions was necessary to prevent a confounding effect, this made our study sample 

less likely to reflect much variability in TCD velocities (i.e., all patients had TCD velocities 

<200 cm/s), which further reduces power. The sample size also precluded the use of a 

mediation model in the statistical analyses. 

Only studies with more sufficient power can give more insight in the determinants 

of behavioral and emotional problems in children with SCD. These studies should have 

multicenter designs to broaden the sample size. We also recommend for these future 

studies to include more psychosocial factors as determinants in the biopsychosocial 

model, such as coping styles and family functioning, besides medical and neurocognitive 

parameters. This would provide more understanding of the independent and combined 

contributions of psychosocial and biomedical processes to child neurocognitive 

functioning and subsequent behavioral and emotional problems. Consequently, more 

factors that could serve as relevant intervention targets could be identified (46).

Risk factors for behavioral and emotional problems in SCD
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1. Introduction

In this thesis, three different aspects of psychosocial functioning in children with sickle cell 

disease (SCD) were jointly investigated: neurocognitive deficits, behavioral and emotional 

problems, and health-related quality of life (HRQoL). We intended to answer several 

research questions that previously remained unanswered in the literature on this subject. 

In general, previous studies did not adequately control for the low socio-economic status 

(SES) of this patient population on outcome measures of neurocognitive functioning, 

behavioral and emotional problems, and HRQoL. Therefore, an important - and in a way 

classic - question to unravel was whether potential problems on these three areas are the 

result of nature versus nurture: sickle cell disease versus an unfavourable background. 

Furthermore, medical and psychological risk factors were not often integrated together 

into one biopsychosocial research model and used as determinants for these outcomes 

in children with SCD. Consequently, the etiology of potential problems on these areas 

was unclear. Figure 1 depicts the research model that formed the base of the research 

questions of this thesis.

  
Medical parameters  
 
 
  Socio-demographic 
factors    

 
 

Neurocognitive 
functioning  
 
 
  
 
 

 
 

 
Behavioral and 
emotional problems  
 
Health-Related Quality 
of Life  
  
 
 

Figure 1. Research model

In this concluding chapter, the main findings will be summarized and reflected upon, 

and key messages will be highlighted. Then, limitations of the study and future research 

challenges will be considered. Finally, implications of this study for clinical practice will 

be provided. 

2. Findings of the studies at a glance

Three case-control studies were performed, with the intention to answer research 

question 1: What are the differences between children with SCD and healthy siblings 

(matched for age, gender, ethnicity and socio-economic status) in neurocognitive 

functioning, behavioral and emotional problems, and HRQoL? Behavioral and emotional 

problems were investigated in 106 children with SCD (HbSS, HbS-β0-thalassemia, 

HbS-β+-thalassemia or HbSC). Neurocognitive functioning and HRQoL were evaluated 

in a sub-cohort of 41 randomly selected children with a severe form of SCD (HbSS or 

HbS-β0-thalassemia). To control for the low SES of this patient population, children with 
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SCD were compared to a control group of 38 healthy siblings with the same background 

on all outcome measures. Characteristics and main findings of the case-control studies 

are summarized in Table 1. In summary, findings of the case-control studies indicate 

that children with SCD are at increased risk of neurocognitive deficits, behavioral and 

emotional problems, and low HRQoL. Nevertheless, the majority of children with SCD 

are resilient, meaning they adjust rather well to the disease. 

Two studies were performed in the sub-cohort of children with a severe form of SCD 

to answer research question 2: Which are the medical determinants of neurocognitive 

functioning in children with SCD? and 3: What is the effect of medical determinants and 

neurocognitive functioning on behavioral and emotional problems in children with SCD? 

Characteristics and main findings of these studies are summarized in Table 2. Findings 

of these studies suggest that hemoglobin levels are a determinant of neurocognitive 

functioning, while neurocognitive functioning seems to be a determinant of behavioral 

and emotional problems, specifically teacher-reported externalizing problems. Below, 

the main findings and conclusions of the studies will be discussed per research area in 

more detail. 

Table 1. Main findings of the 3 case-control studies on neurocognitive functioning, behavioral and 
emotional problems, and HRQoL in children with SCD

Short title Patients Controls Outcome measures Main findings

Chapter 2 Neurocognitive deficits in 
children with SCD  

N=41 children with SCD 
 

N=38 healthy siblings Neurocognitive functioning:
-  Intelligence (WISC-III) 
-  Response inhibition/Sustained attention (Stop task)
-  Planning (Tower of London)
-  Visual-spatial working memory (N-Back task)
-  Verbal working memory (Digit Span)
-  Visuo-motor functioning (Beery-VMI)

-  Clear evidence for deficits in IQ and visuo-
motor functioning

-  >30% with FSIQ < 75
-  Some evidence for executive dysfunction: poor 

visuo-spatial working memory, subtle deficits 
in sustained attention and planning

-  No significant differences in response 
inhibition and verbal working memory

Chapter 3 Behavioral problems in 
children with SCD  

N=106 children with SCD  N=37 healthy siblings
Dutch norm population

Behavioral and emotional problems:
-  Child Behavior Checklist (caregivers)
-  Teacher Report Form (teachers)
-  Disruptive Behavior Disorder Rating Scale 

(caregivers & teachers)

-  Children with SCD have more internalizing 
problems than healthy siblings and Dutch 
norm population

-  24% with severe internalizing problems 
-  Subgroup of children with SCD and healthy 

siblings with more severe externalizing 
problems than the Dutch norm population

-  Children with SCD have more difficulties in 
school functioning, show less competent 
social behavior and somewhat more attention 
deficits in school

Chapter 4 Quality of life in children 
with SCD

N=40 children with SCD
 

N=36 healthy siblings
Dutch norm population

HRQoL:
-  KIDSCREEN-52 (self-report)

-  HRQoL of children with SCD is comparable 
to the HRQoL of healthy siblings, except on 
Physical and Autonomy domains 

-  Children with SCD have lower HRQoL than 
Dutch norm population on 5 domains 

-  Healthy siblings have lower HRQoL than Dutch 
norm population on 3 domains 

-  >30% with impaired HRQoL on several 
domains (scores ≥1 SD below Dutch norm 
population mean)
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2.1 Neurocognitive deficits
In Chapter 2, we compared children with SCD and healthy siblings on a broad range 

of key neurocognitive functions, and demonstrated that children with SCD mainly have 

deficits in IQ. While the mean Full-scale IQ of healthy siblings was just below the average 

range compared to population norms (FSIQ = 88), the mean Full-scale IQ of children with 

SCD was more than 1.5 SD below the population average (FSIQ = 80). The distribution 

of Full-scale IQ-scores was particularly striking (see Figure 2), as more than half of the 

children with SCD had an IQ below 80.

Besides these deficits in general cognitive functioning, children with SCD displayed 

deficits in visuo-motor functioning and executive functioning compared to healthy 

siblings. Deficits in executive functioning included poor visuo-spatial working memory, as 

well as subtle deficits in sustained attention and planning. These neurocognitive deficits 

may be a risk factor for behavioral and emotional problems, specifically externalizing 

problems. Furthermore, this neurocognitive profile poses a potential risk for the 

academic development and may even jeopardize optimal participation of children with 

SCD in society. As we effectively controlled for SES by including healthy siblings, we can 

Table 1. Main findings of the 3 case-control studies on neurocognitive functioning, behavioral and 
emotional problems, and HRQoL in children with SCD

Short title Patients Controls Outcome measures Main findings

Chapter 2 Neurocognitive deficits in 
children with SCD  

N=41 children with SCD 
 

N=38 healthy siblings Neurocognitive functioning:
-  Intelligence (WISC-III) 
-  Response inhibition/Sustained attention (Stop task)
-  Planning (Tower of London)
-  Visual-spatial working memory (N-Back task)
-  Verbal working memory (Digit Span)
-  Visuo-motor functioning (Beery-VMI)

-  Clear evidence for deficits in IQ and visuo-
motor functioning

-  >30% with FSIQ < 75
-  Some evidence for executive dysfunction: poor 

visuo-spatial working memory, subtle deficits 
in sustained attention and planning

-  No significant differences in response 
inhibition and verbal working memory

Chapter 3 Behavioral problems in 
children with SCD  

N=106 children with SCD  N=37 healthy siblings
Dutch norm population

Behavioral and emotional problems:
-  Child Behavior Checklist (caregivers)
-  Teacher Report Form (teachers)
-  Disruptive Behavior Disorder Rating Scale 

(caregivers & teachers)

-  Children with SCD have more internalizing 
problems than healthy siblings and Dutch 
norm population

-  24% with severe internalizing problems 
-  Subgroup of children with SCD and healthy 

siblings with more severe externalizing 
problems than the Dutch norm population

-  Children with SCD have more difficulties in 
school functioning, show less competent 
social behavior and somewhat more attention 
deficits in school

Chapter 4 Quality of life in children 
with SCD

N=40 children with SCD
 

N=36 healthy siblings
Dutch norm population

HRQoL:
-  KIDSCREEN-52 (self-report)

-  HRQoL of children with SCD is comparable 
to the HRQoL of healthy siblings, except on 
Physical and Autonomy domains 

-  Children with SCD have lower HRQoL than 
Dutch norm population on 5 domains 

-  Healthy siblings have lower HRQoL than Dutch 
norm population on 3 domains 

-  >30% with impaired HRQoL on several 
domains (scores ≥1 SD below Dutch norm 
population mean)
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conclude that neurocognitive deficits are a consequence of the disease rather than the 

result of low SES.

As a next step, we were interested to find out whether these neurocognitive deficits 

in children with SCD can be predicted by medical risk factors. Therefore, we conducted 

a subsequent study on the etiology of neurocognitive deficits. Results were described in 

Chapter 5. One clear medical risk factor was identified: Hemoglobin appeared to be a 

unique predictor of verbal short term memory. Cerebral blood flow velocities (measured by 

transcranial doppler ultrasonography, TCD) and silent infarcts on MRI were not associated 

with neurocognitive functioning. Children in whom asymmetries in cerebral blood flow 

Figure 2. Distribution of Full-scale IQ scores in children with SCD and SES-matched controls
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Table 2. Main findings of the 2 studies on risk factors for neurocognitive deficits and behavioral and 
emotional problems. 

Short title Patients Determimants Outcome measures Main findings

Chapter 5 Hb predicts neurocognitive 
deficits in SCD

N=37 children with SCD Medical factors:
-  Cerebral blood flow velocity 

(TCD)
-  Laboratory test results (LDH, 

Hb, reticulocytes, leukocytes)
-  Silent infarcts/cerebral 

asymmetries (MRI)

Neurocognitive functioning:
-  Intelligence (WISC-III) 
-  Response inhibition/Sustained attention (Stop task)
-  Planning (Tower of London)
-  Visual-spatial working memory (N-Back task)
-  Verbal working memory (Digit Span)
-  Visuo-motor functioning (Beery-VMI)

-  HB is associated with decrease in verbal 
working memory 

-  No association between TCD velocities and 
neurocognitive functioning, when controlled 
for age

-  No significant differences between children 
with silent infarcts and children with normal 
MRI 

-  Children with cerebral asymmetries have 
better sustained attention than children 
without cerebral asymmetries 

Chapter 6 Risk factors for behavioral 
and emotional problems 
in SCD

N=41 children with SCD Medical factors
-  Cerebral blood flow velocity 
   (TCD)
-  Laboratory test results (LDH, 

Hb, reticulocytes, leukocytes)
-  Neurocognitive functioning 

(all measures combined in 
one factor score)

Behavioral and emotional problems:
-  Child Behavior Checklist (caregivers)
-  Teacher Report Form (teachers)
-  Disruptive Behavior Disorder Rating Scale 

(caregivers & teachers)

-  Medical factors explain 14-35% of variance in 
behavioral and emotional problems

-  Neurocognitive functioning explains more 
variance, specifically in symptoms of disruptive 
behavior disorders (35-51%).

-  TCD velocities and neurocognitive factor score 
are significant determimants of  behavioral 
and emotional problems, specifically symptoms 
of disruptive behavior problems

-  No significant association between blood cell 
counts and behavioral and emotional problems

114

proefschrift Hijmans.indb   114 8-12-2011   13:10:54



between the right and left hemisphere were detected by continuous arterial spin labelling 

(CASL) MRI, had better sustained attention than children without these asymmetries. 

We speculated that high cerebral blood flow in one hemisphere could be related to 

one-sided adequate cerebral autoregulation, and that this might serve as a protective 

factor for neurocognitive deficits. We concluded that pronounced anemia may induce 

neurocognitive deficits, due to cerebral hypoxia. This could also explain why children with 

SCD without cerebral infarcts can still experience neurocognitive dysfunction. 

2.2 Behavioral and emotional problems 
In Chapter 3, we studied behavioral and emotional problems in children with SCD, and 

found evidence for a high prevalence of internalizing problems, such as anxiety and 

depression. Mean scores on the internalizing scale were in the normal range, implying 

children with SCD generally adjust well. However, both caregivers and teachers reported 

internalizing problems in the clinical range in almost one in four children with SCD (24%). 

Since this proportion was higher compared to both the Dutch norm population and 

healthy siblings (9%), we concluded that internalizing problems are related to disease 

factors rather than socio-demographic factors. 

We could not demonstrate a difference between children with SCD and healthy siblings 

in externalizing problems, again suggesting that children with SCD generally cope well 

with their disease. Nevertheless, a higher percentage of both children with SCD (11-18%, 

dependent of the subscale) and healthy siblings (10-21%) did display severe externalizing 

problems compared to the Dutch norm population (5-9%), as reported by teachers. As 

Table 2. Main findings of the 2 studies on risk factors for neurocognitive deficits and behavioral and 
emotional problems. 

Short title Patients Determimants Outcome measures Main findings

Chapter 5 Hb predicts neurocognitive 
deficits in SCD

N=37 children with SCD Medical factors:
-  Cerebral blood flow velocity 

(TCD)
-  Laboratory test results (LDH, 

Hb, reticulocytes, leukocytes)
-  Silent infarcts/cerebral 

asymmetries (MRI)

Neurocognitive functioning:
-  Intelligence (WISC-III) 
-  Response inhibition/Sustained attention (Stop task)
-  Planning (Tower of London)
-  Visual-spatial working memory (N-Back task)
-  Verbal working memory (Digit Span)
-  Visuo-motor functioning (Beery-VMI)

-  HB is associated with decrease in verbal 
working memory 

-  No association between TCD velocities and 
neurocognitive functioning, when controlled 
for age

-  No significant differences between children 
with silent infarcts and children with normal 
MRI 

-  Children with cerebral asymmetries have 
better sustained attention than children 
without cerebral asymmetries 

Chapter 6 Risk factors for behavioral 
and emotional problems 
in SCD

N=41 children with SCD Medical factors
-  Cerebral blood flow velocity 
   (TCD)
-  Laboratory test results (LDH, 

Hb, reticulocytes, leukocytes)
-  Neurocognitive functioning 

(all measures combined in 
one factor score)

Behavioral and emotional problems:
-  Child Behavior Checklist (caregivers)
-  Teacher Report Form (teachers)
-  Disruptive Behavior Disorder Rating Scale 

(caregivers & teachers)

-  Medical factors explain 14-35% of variance in 
behavioral and emotional problems

-  Neurocognitive functioning explains more 
variance, specifically in symptoms of disruptive 
behavior disorders (35-51%).

-  TCD velocities and neurocognitive factor score 
are significant determimants of  behavioral 
and emotional problems, specifically symptoms 
of disruptive behavior problems

-  No significant association between blood cell 
counts and behavioral and emotional problems
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both children with SCD and healthy siblings received these higher ratings, externalizing 

problems may be related to the low SES instead of the disease. Alternatively, we suggested 

that externalizing problems in healthy siblings could be explained by the dynamics in a family 

with a chronically diseased child, while the children with SCD with severe externalizing 

problems might represent those children with underlying cerebral damage. 

We expanded upon this issue in Chapter 6, describing our exploratory study on medical 

and neurocognitive risk factors for behavioral and emotional problems. The results of 

this study implied that neurocognitive functioning may be a stronger determinant of 

behavioral and emotional problems than medical factors. While medical factors explained 

11-29% of variance in behavioral and emotional problems, adding neurocognitive 

functioning resulted in a significant increase in the amount of explained variance of 

teacher-reported externalizing problems (from 11% to 31%). These exploratory findings 

await replication.

2.3 Health-Related Quality of Life
Chapter 4 illustrated that the HRQoL of children with SCD was lower on several domains 

compared to the Dutch norm population: Physical Well-being, Moods & Emotions, 

Autonomy, Parent Relation, and Financial Resources. The HRQoL of children with SCD 

appeared comparable to the HRQoL of healthy siblings, except for lower scores on 

the Physical and Autonomy domain. When we compared healthy siblings to the Dutch 

norm population, we discovered that healthy siblings also had reduced HRQoL on some 

of these domains: Moods & Emotions, Parent Relation, and Financial Resources. We 

concluded that low HRQoL of children with SCD on the Physical and Autonomy domains 

are direct consequences of their disease, while the low HRQoL on the other domains 

seems to be primarily associated with low SES. More than one in three children with 

SCD and healthy siblings had impaired HRQoL (scores ≥1 SD below the Dutch population 

mean). We concluded that children with SCD are especially vulnerable, due to their 

double disadvantage of disease and demographics. On the positive side, the majority of 

children with SCD did not have impaired HRQoL.

Key messages

•	 Children with SCD have a double disadvantage due to their disease and low SES

•	 Neurocognitive	deficits	are	a	consequence	of	SCD,	associated	with	anemia	severity	

•	 Children	with	SCD	are	at	risk	for	behavioral	and	emotional	problems	

•	 Low	HRQoL	is	primarily	related	to	low	SES	in	children	with	SCD

•	 The	majority	of	children	with	SCD	are	resilient
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3. Looking back: a critical review and limitations of the study 

Findings of this thesis should be interpreted in light of the limitations of this study. 

These include the relatively small sample size, the inclusion of healthy siblings from 

non-participating SCD patients, missing data (e.g., MRI data), the use of proxy and 

self-report questionnaires that were not specifically designed for use among SCD 

populations, the limited amount of psychosocial determinants in the research model, 

and the lack of pain measures.

A first limitation was the small sample size in the studies on neurocognitive functioning 

and HRQoL, which mitigates statistical power. This was a consequence of the feasibility 

of executing extensive neurocognitive assessments within a limited time frame. Although 

power calculations showed that power was sufficient to detect moderate differences for 

almost all analyses performed, this limitation should be taken into account specifically 

when interpreting the results of our exploratory analyses and hierarchical regression 

models comprising more than three determinants. For these analyses, the chance of 

Type II errors (the error of failing to observe a difference when in truth there is one) is 

increased. Findings from these analyses await replication.

Second, the recruitment of age- and gender matched healthy siblings from 

participating children with SCD appeared less feasible than we expected. This caused 

us to recruit healthy siblings in families from non-participating children with SCD, who 

were comparable in terms of SES as they were coming from the same neighborhood. 

Consequently, in our group of healthy siblings, children from Surinam descent seemed 

somewhat overrepresented compared to the SCD group. This difference was not 

significant. Moreover, within-group analyses in both patients and siblings revealed no 

significant differences between children from Surinam or those of African descent on 

the outcome measures.

Third, not all participants underwent MRI. This is currently not implemented in the 

standard medical care for all children with SCD in our hospital, as it is very costly. MRIs 

were performed at various time points in relationship to the time of our neurocognitive 

assessments. We did verify that children had no severe clinical complications during 

the interim period between MRI and neurocognitive assessment, through retrospective 

review of computerized databases and medical charts. Nevertheless, the occurrence of a 

new, symptomless silent infarction can never be completely excluded in the children who 

were now classified in the normal MRI group. This might have led to an underestimation 

of neurocognitive functioning of the normal MRI group as a whole.  

Fourth, data on behavioral and emotional problems and HRQoL was obtained 

using questionnaires, as opposed to standardized clinical interviews. Behavioral and 

emotional problems were reported by caregivers and teachers, but not by children with 

SCD themselves, because a self-report questionnaire is not available for all ages. In 

contrast, HRQoL was assessed using a self-report measure, but not by proxy. As different 

informers may have different perspectives, the comparability of our behavioral and 

HRQoL data should be considered. Moreover, the Child Behavior Checklist and Teacher 
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Report Form are not specifically designed for use among ill populations, possibly leading 

to overestimation of the Somatic Problems scale (1). Although the KIDSCREEN-52 

is specifically designed to determine the burden of a disease or disability, it assesses 

HRQoL of the past week, while in the case of a disease as unpredictable as SCD, it 

would be more appropriate to assess HRQoL over longer time periods, e.g. the past 

month. Ideally, a sickle cell disease-specific HRQoL questionnaire should be developed, 

as has been done for various other chronic diseases by Varni and colleagues, i.e. for 

children with astma (2;3) cancer (4), brain tumors (5), neuromuscular disorders (6;7), 

cerebral palsy (8), diabetes (9), renal disease (10) and rheumatology (11). Although 

generic HRQoL measures allow for the assessment of common dimensions among both 

healthy and chronically ill children, and allow for comparisons across populations (12-14), 

generic measures may be insensitive to important disease-specific issues (15;16). Varni 

et al. (17) have proposed to include both generic and illness-specific measures when 

assessing HRQoL. 

Fifth, although we adopted a biopsychosocial approach for this study (including 

both biomedical and psychosocial factors as determinants of neurocognitive and 

behavioral outcomes), we could only include a limited amount of determinants in our 

research model, at the cost of others. Previous studies demonstrated that psychosocial 

factors such as family conflict impact neurocognitive functioning and behavioral and 

emotional problems of children with sickle cell disease (18;19). Pain may also influence 

neurocognitive functioning, behavioral and emotional problems, and HRQoL. Pain is the 

most common symptom of SCD, but occurs far more frequent and is more severe, with 

more significant effects on all aspects of life, than was previously reported (20). A recent 

study on the impact of pain on the well-being of children with SCD has shown that 

acute painful events significantly impact children’s physical, social, emotional and school 

functioning (21). 

Notwithstanding these limitations, the studies in this thesis are based on a novel 

approach, combining neurocognitive deficits, behavioral and emotional problems and 

HRQoL. These domains were all investigated in children with SCD and compared to a 

control group of healthy siblings. We provided a comprehensive neurocognitive profile, 

used multiple informants and multiple measures of behavioral and emotional problems, 

and a self-report measure to assess HRQoL. The present findings provide several 

challenges for future research. 

4. Looking ahead: future perspectives 

4.1 Broaden study population and study design 
As the small sample size was an important limitation of our study, a first suggestion to 

strengthen future research designs would be to perform multicenter studies, to expand 

the participant pool. Ideally, national and international SCD centres should collaborate 
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and use one protocol for gathering data on neurocognitive functioning, behavioral 

and emotional problems, and HRQoL. This will increase statistical power enormously, 

enabling more reliable within-group comparisons, i.e. the comparison of children with 

different SCD genotypes, and the comparison of children with and without silent infarcts. 

It would also enable differentiation according to lesion location in future studies, to 

possibly establish specific neurocognitive and behavioral profiles dependent on the site 

of the lesion. 

Additionally, longitudinal designs would allow the consideration of developmental 

aspects of neurocognitive functioning in children with SCD. For instance, previous results 

showed lower IQ’s in older samples (11-13 years) than in younger samples (9-10 years and 

10-11 years), suggesting a decline in neurocognitive functioning with increasing age and 

developmental stage (22). Survivors of childhood cancer have similarly been described 

to grow into deficit (23). While most neurocognitive research so far included school-

age children, researchers have recently started to focus on this developmental aspect 

by investigating the neurocognitive impact of SCD in early childhood (24-29). However, 

studies with a long-term follow up are lacking. To fully understand the impact of SCD 

on neurocognitive development, future studies should routinely screen participants from 

infancy to adolescence, and ideally even after transition into adulthood. Neurocognitive 

functioning of adults with SCD has been particularly understudied (30). Recent findings 

demonstrate lower IQ, as well as lower performance on tests of memory, language, 

learning, attention, and executive functioning in neurologically intact adults compared 

to controls (31). Neurocognitive deficits in adult SCD patients could pose challenges in 

skills of daily life such as employment, financial management, medication adherence 

and social functioning (31). This highlights the need to further evaluate and understand 

disease progression during the lifespan. One way to do this could be to use the 

national new born screening program as a starting point for the routine evaluation of 

neurocognitive functioning, behavioral and emotional problems, and HRQoL. 

4.2 Finding indicators of neurological damage 
In the current study, we attempted to find medical risk factors for neurocognitive deficits 

and behavioral and emotional problems, but there were limited MRI data available. Our 

results could only be explained by speculating about the underlying pathophysiological 

mechanism. For instance, we found hemoglobin to be a significant predictor of 

neurocognitive functioning, but did not find differences between children with and 

without silent cerebral infarcts, while other studies have confirmed low hemoglobin as a 

risk factor for silent cerebral infarcts. To increase understanding of the pathofysiological 

mechanism, there is a need to find risk factors for neurological damage in children with 

SCD. In order to do this, large, multicenter MRI studies have to be performed in which 

genetic and laboratory risk factors for neurological damage will be evaluated, as well as 

neurocognitive, behavioral and emotional, and HRQoL outcomes. 
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4.3 Protective medical mechanisms
Other questions that remain unanswered refer to medical mechanisms that could have 

a protective effect on neurocognitive functioning, and potential treatments to reverse 

neurocognitive deficits. For instance, we found right-left asymmetries in cerebral blood 

flow as detected by CASL-MRI to be associated with better neurocognitive functioning. 

It is not yet clear what mechanism underlies asymmetry in cerebral blood flow. We 

speculated that high cerebral blood flow in one hemisphere may reflect adequate 

one-sided autoregulation (the dilation of blood vessels when systemic blood pressure is 

lowered). This might have a protective effect on neurocognitive functioning, but needs 

to be studied further.

Likewise, there is a need to evaluate the effects of hydroxyurea treatment and/or 

transfusion therapy on neurocognitive functioning in clinical trials. It has been suggested 

that neurocognitive deficits associated with severe anemia and oxygen desaturation may 

be reversible by hydroxyurea treatment and/or blood transfusion (32-34). One study, 

comparing children receiving hydroxyurea therapy to children without medication, 

demonstrated that hydroxyurea therapy was related to higher scores on neurocognitive 

tests of verbal comprehension, global cognitive ability and fluid reasoning (34). However, 

this study had a very limited sample size, particularly in the hydroxyurea group (n = 

15), and did not examine baseline neurocognitive functioning. The Baby HUG study, 

a longitudinal randomized controlled trial, recently investigated whether hydroxyurea 

can prevent organ damage and other health complications in infants (34-41). Currently, 

a follow up study of the Baby HUG trial is ongoing, mainly examining the longitudinal 

effect of hydroxyurea on organ damage in the spleen and kidneys. Although global 

developmental measures were included in the Baby HUG trial, neurocognitive functioning 

was not one of the outcome measures. 

The Silent Cerebral Infarct Transfusion (SIT) Trial is another ongoing clinical trial, 

investigating whether blood transfusion therapy can reduce neurological morbidity in 

children with SCD, and if so, to what extent (42). Neurocognitive functioning is included 

as second outcome measure, measured by general intelligence (using the Wechsler 

Abbreviated Scale of Intelligence) and parental ratings of executive functioning, using 

the Behavior Rating Inventory of Executive Function (BRIEF). So far, results are not yet 

published, but since the neurocognitive assessment battery is restricted, this will limit 

the conclusions about the effect of blood transfusion on neurocognitive functioning. 

As the assessment of more specific neurocognitive functions provides a better view of 

SCD-related deficits (22), future trials should include more comprehensive measures 

of neurocognitive functions. Understanding the impact of blood transfusion and 

hydroxyurea treatment on neurocognitive functioning can then lead to more informed 

treatment decisions for children with SCD (34).  
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4.4 Measures and instruments
As described above, pain is one of the core symptoms of SCD, impacting children’s 

physical, social, emotional and school functioning (21). Studies have not been able to 

carefully examine children’s daily experiences of pain, as well as fatigue, associated with 

SCD, although these factors are likely related to motivation and energy for neurocognitive 

tasks during school or research assessments (34). Therefore, it is important to include 

pain and fatigue measures in future research evaluating neurocognitive functioning, 

besides behavioral and emotional problems and HRQoL. Using a pain diary is one option. 

Previous studies using a pain diary demonstrated that children and adolescents with 

SCD report pain on 7-30% of diary days, with an average duration of 2.5 days and an 

average pain rating of 5 on a 10-point scale (43;44). Another suggestion would be to 

use specific modules of the Pediatric Quality of Life Inventory (PedsQL), i.e. the Pediatric 

Pain Questionnaire, Pediatric Pain Coping Inventory, or the Multidimensional Fatigue 

Scale, which also includes a Cognitive Functioning Scale. 

Furthermore, the literature is divided regarding the best measure for illness severity in 

children with SCD. As it is important to reach consensus and internationally adopt one 

measure for illness severity, a pediatric severity assessment instrument was developed and 

validated in our hospital (45). This severity index adequately differentiated between patient 

groups classified by severity by experts. After further validation in a large prospective 

cohort, this index could be used as determinant of neurocognitive functioning, behavioral 

and emotional problems and HRQoL in future studies in children with SCD (45).

Nevertheless, previous studies have generally not found a relationship between 

disease severity and psychological adjustment in SCD (46). Studies in pediatric oncology 

patients imply that perceived illness severity is associated with psychological functioning, 

and therefore may be more indicative of the intensity of the child’s disease than objective 

measures (47). In children with SCD, the risk of psychological dysfunction also appears 

more dependent on symptom interference with daily functioning than on disease severity 

itself (48). The importance of parent and child perceptions of disease severity and illness-

related stress as mediators of functioning may also be relevant (49;50). It would be 

interesting to further investigate the role of disease severity (using the validated severity 

index) as well as a measure of perceived illness severity, on neurocognitive, behavioral 

and HRQoL outcomes.

4.5 Risk and resistance
Future studies should include psychosocial risk factors in the biopsychosocial framework. 

This would allow more understanding of independent and combined contributions 

of psychosocial and biomedical processes to child neurocognitive functioning and 

subsequent behavioral and emotional problems. Consequently, new targets for 

psychosocial intervention could be identified (51). 

As the majority of children with SCD adapt reasonably well to their disease, it is 

particularly relevant to investigate resilience and protective factors, besides risk factors. 
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This ‘positive psychology’ is emerging gradually in the pediatric psychology literature. 

According to the positive psychology framework, an essential aim of psychology 

is to understand adaptation, positive emotion, adaptive coping, and hope, besides 

psychopathology and negative reactions to trauma (52;53). Based on the current findings 

within our small sample, we could not yet determine what distinguishes children with 

good adaptation from the children who cope less well. We speculated that the resilience 

of adolescents in our study on HRQoL could be a consequence of developmental growth 

and adjustment, possibly causing a better coping style with increasing age. Other studies 

have found an association between positive outcomes and self-esteem (54). Children 

with SCD had comparable self-perceptions to healthy children (55). Adolescents even 

reported higher self-esteem than the norm population, which was inversely correlated 

to internalizing problems (56). Adolescents with higher self-esteem reported less anxiety 

and depression in another study as well (57). Other protective factors that emerged 

from cross-sectional studies are optimism, active coping, social support, and adaptive 

family functioning (54). These protective factors should be included in future longitudinal 

research designs, to increase understanding of positive outcomes over time. Moreover, 

intervention research will be important for considering how to maintain or further 

improve functioning of the majority of children who already adapt well, but specifically 

to improve outcomes for those children at risk (54).

4.6 Evidence based neurocognitive rehabilitation programs
There is a strong need for evidence based neurocognitive rehabilitation programs 

for children with SCD and cerebral damage (58). Until now, few neurocognitive 

interventions have been developed, and even less have been adequately evaluated (see 

(58), for a review). One program proven to be effective was set up for children with 

brain tumors (59). Remarkably, this program did not improve neurocognitive outcomes, 

but did improve academic functioning. It would be worthwhile to explore the possibility 

to adjust this program for children with SCD, as neurocognitive rehabilitation programs 

specifically designed for children with SCD are currently lacking. As this program is very 

costly, another option could be to adjust the ATAG-K program (Amsterdamse Training 

voor Aandacht en Geheugen bij Kinderen, training for attention and memory in children), 

previously developed in our own hospital. This program aims to improve attention and 

memory skills in children. If it could be adjusted into a school-based program, this 

could save costs and prevent the training from becoming an extra burden for already 

overloaded caregivers. Neurocognitive rehabilitation could help children with SCD to 

compensate for their limitations, and develop new strengths.
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5. Clinical implications

5.1 Implementation of routine screening
Our findings of neurocognitive deficits in children with and without silent infarcts on MRI 

emphasize the importance of implementing routine neurocognitive assessments for all 

children with SCD in daily clinical practice. Currently, children with SCD are mostly referred 

to a neuropsychologist by paediatricians after detection of silent infarcts on MRI. Our 

results, as well as results from other studies (22;60;61), demonstrate that children without 

silent infarcts can experience neurocognitive deficits as well. Neurocognitive evaluation 

has been recently recommended to be implemented in the standard comprehensive 

care for children and adolescents with SCD (62;63). Interestingly, embedding these 

neurocognitive assessments has been shown to facilitate successful health care transitions 

for adolescents with SCD (63). Ideally, short, neurocognitive assessments following a 

standard protocol should be incorporated during the developmental trajectory. 

Although the majority of children with SCD did not demonstrate behavioral and 

emotional problems, these problems do occur far more often in this patient population 

than in the general population. Knowing that the majority of children with behavioral 

and emotional problems continued to have these problems over an 8-year period in 

a follow-up study (19), the value of routine screening for behavioral and emotional 

problems becomes obvious. Routine screening could detect those children with severe 

problems. Subsequent professional help could reduce the persistence of these problems. 

Ideally, this screening and treatment should be implemented in a family-centered context 

(64;65), as our findings of externalizing problems in both children with SCD and healthy 

siblings demonstrate that all children growing up in a families affected by SCD may 

potentially benefit from this. Furthermore, including teachers’ perceptions in routine 

screening is certainly of additional value. Teacher and caregiver perceptions may differ, 

but are regarded as equally important and complementary to each other.

Besides screening for neurocognitive deficits and behavioral and emotional problems, 

we argue for routine monitoring of HRQoL in children with SCD. Although our findings 

demonstrate that reduced HRQoL is primarily related to the low SES, rather than 

a direct effect of the disease, this does not change the fact that children with SCD 

are a very vulnerable group of patients in the hospital. This is particularly illustrated 

by our finding of impaired HRQoL in one third of children with SCD. Incorporating 

patient reported outcomes (PROs) of HRQoL in daily clinical practice can contribute 

to better communication with health care professionals. In our hospital, we have built 

up experience with PROs in several pediatric patient populations, such as childhood 

oncology and juvenile arthritis (66;67). Results of a recent study in our hospital suggest 

that the use of PROs significantly increases the discussion of emotional and psychosocial 

functioning during the outpatient consultation, and enhances the identification of 

emotional and cognitive problems (68).  

Although it is somewhat beyond the scope of this thesis, we feel the need to stress 

that the QoL of caregivers should be monitored as well, besides the HRQoL of children. 
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A previous study in our hospital among mothers of children with SCD demonstrated that 

mothers have reduced QoL on several domains compared to a control group of mothers 

with the same SES, and lower QoL on all domains compared to the Dutch norm population 

(69). It is relevant to address the caregivers’ well-being and to identify needs for additional 

support, for both the health and well-being of the caregiver and the child (70;71).   

5.2 Development of interventions  
After implementation of routine screening in children with SCD, an evident next step is 

to consider suitable interventions. As described above, there is a need for evidence based 

neurocognitive rehabilitation programs to improve cognitive functioning. Children with 

SCD with social and adjustment problems could be referred to hospital-based group 

interventions, such as the On Track (Dutch: Op Koers) program in our hospital (72). The 

extra value of this program is that it is adapted for both young children and adolescents, 

which is important since the results of our study of HRQoL demonstrate that the adaptation 

process to SCD varies according to age. While young children experienced low HRQoL on all 

domains compared to the Dutch norm population, adolescents were more resilient, except 

on the Autonomy domain. Their HRQoL on this domain was far lower than both healthy 

siblings and the Dutch norm population in this age group, suggesting this is a consequence 

of growing up with SCD. As this might be related to parental (over-)protection, we 

recommend that parental overprotection should be considered and targeted in psychosocial 

intervention programs for adolescents with SCD. As higher levels of self-efficacy were 

previously found to be associated with fewer SCD symptoms (73), interventions to increase 

autonomy could possibly lead to a decrease in SCD symptomatology in this age group. This 

would undoubtedly be a double advantage of the intervention. 

5.3 Implementation in our outpatient clinic
Following the clinical implications regarding the implementation of routine screening 

methods described above, we decided to extend our experience with PRO’s in other 

pediatric patient populations to our outpatient clinic for children with SCD. We are 

currently developing a screening tool incorporating neurocognitive functioning, 

behavioral and emotional functioning, and HRQoL for SCD patients, caregivers and 

siblings. All children with SCD attending the outpatient clinic will be regularly screened 

on these three domains, by short protocol assessments of neurocognitive functions, and 

by filling in behavioral and HRQoL questionnaires on the internet before their regular 

appointments with the paediatrician. We will use both self- and proxy-report, and besides 

caregivers reporting about the functioning of their children with SCD, healthy siblings 

and themselves, we will include teachers as informants. A multidisciplinary hospital team, 

consisting of pediatricians, nurses, social workers, (neuro)psychologists, and members of 

the educational service, will work together to monitor all children with SCD and to refer 

or intervene when necessary. Implementation of this new screening tool creates new 

challenges and opportunities to improve the health care for children with SCD. 

124

proefschrift Hijmans.indb   124 8-12-2011   13:10:55



References

 (1)  Barakat L, Lash LA, Lutz MJ, Nicolaou 
DC. Psychosocial Adaptation of 
Children and Adolescents with Sickle 
Cell Disease. In: Brown RT, editor. 
Comprehensive Handbook of Childhood 
Cancer and Sickle Cell Disease. Oxford 
University Press; 2006. p. 471-95.

 (2)  Varni JW, Burwinkle TM, Rapoff MA, 
Kamps JL, Olson N. The PedsQL in 
pediatric asthma: reliability and validity 
of the Pediatric Quality of Life Inventory 
generic core scales and asthma module. 
J Behav Med 2004 Jun;27(3):297-318.

 (3)  Chan KS, Mangione-Smith R, Burwinkle 
TM, Rosen M, Varni JW. The PedsQL: 
reliability and validity of the short-form 
generic core scales and Asthma Module. 
Med Care 2005 Mar;43(3):256-65.

 (4)  Varni JW, Burwinkle TM, Katz ER, 
Meeske K, Dickinson P. The PedsQL in 
pediatric cancer: reliability and validity 
of the Pediatric Quality of Life Inventory 
Generic Core Scales, Multidimensional 
Fatigue Scale, and Cancer Module. 
Cancer 2002 Apr 1;94(7):2090-106.

 (5)  Palmer SN, Meeske KA, Katz ER, 
Burwinkle TM, Varni JW. The PedsQL 
Brain Tumor Module: initial reliability 
and validity. Pediatr Blood Cancer 2007 
Sep;49(3):287-93.

 (6)  Davis SE, Hynan LS, Limbers CA, 
Andersen CM, Greene MC, Varni JW, 
et al. The PedsQL in pediatric patients 
with Duchenne muscular dystrophy: 
feasibility, reliability, and validity of 
the Pediatric Quality of Life Inventory 
Neuromuscular Module and Generic 
Core Scales. J Clin Neuromuscul Dis 
2010 Mar;11(3):97-109.

 (7)  Iannaccone ST, Hynan LS, Morton A, 
Buchanan R, Limbers CA, Varni JW. The 
PedsQL in pediatric patients with Spinal 
Muscular Atrophy: feasibility, reliability, 
and validity of the Pediatric Quality of 
Life Inventory Generic Core Scales and 
Neuromuscular Module. Neuromuscul 
Disord 2009 Dec;19(12):805-12.

 (8)  Varni JW, Burwinkle TM, Berrin SJ, 
Sherman SA, Artavia K, Malcarne VL, 
et al. The PedsQL in pediatric cerebral 
palsy: reliability, validity, and sensitivity 
of the Generic Core Scales and Cerebral 
Palsy Module. Dev Med Child Neurol 
2006 Jun;48(6):442-9.

 (9)  Varni JW, Burwinkle TM, Jacobs JR, 
Gottschalk M, Kaufman F, Jones KL. The 
PedsQL in type 1 and type 2 diabetes: 
reliability and validity of the Pediatric 
Quality of Life Inventory Generic Core 
Scales and type 1 Diabetes Module. 
Diabetes Care 2003 Mar;26(3):631-7.

 (10)  Goldstein SL, Graham N, Warady BA, 
Seikaly M, McDonald R, Burwinkle 
TM, et al. Measuring health-related 
quality of life in children with ESRD: 
performance of the generic and ESRD-
specific instrument of the Pediatric 
Quality of Life Inventory (PedsQL). Am J 
Kidney Dis 2008 Feb;51(2):285-97.

 (11)  Varni JW, Seid M, Smith KT, Burwinkle 
T, Brown J, Szer IS. The PedsQL in 
pediatric rheumatology: reliability, 
validity, and responsiveness of the 
Pediatric Quality of Life Inventory 
Generic Core Scales and Rheumatology 
Module. Arthritis Rheum 2002 
Mar;46(3):714-25.

 (12)  Drotar D. Relating parent and family 
functioning to the psychological 
adjustment of children with chronic 
health conditions: what have we 
learned? What do we need to know? J 
Pediatr Psychol 1997 Apr;22(2):149-65.

 (13)  Palermo TM, Long AC, Lewandowski 
AS, Drotar D, Quittner AL, Walker LS. 
Evidence-based assessment of health-
related quality of life and functional 
impairment in pediatric psychology. J 
Pediatr Psychol 2008 Oct;33(9):983-96.

General discussion

125

7
Chapter

proefschrift Hijmans.indb   125 8-12-2011   13:10:55



Chapter 7

 (14)  Schmidt S, Petersen C, Bullinger M. 
Coping with chronic disease from the 
perspective of children and adolescents-
-a conceptual framework and its 
implications for participation. Child Care 
Health Dev 2003 Jan;29(1):63-75.

 (15)  Cella DF. Quality of life outcomes: 
measurement and validation. Oncology 
(Williston Park) 1996 Nov;10(11 
Suppl):233-46.

 (16)  Quittner AL, Sweeny S, Watrous M, 
Munzenberger P, Bearss K, Gibson 
NA, et al. Translation and linguistic 
validation of a disease-specific quality of 
life measure for cystic fibrosis. J Pediatr 
Psychol 2000 Sep;25(6):403-14.

 (17)  Varni JW, Seid M, Kurtin PS. PedsQL 
4.0: reliability and validity of the 
Pediatric Quality of Life Inventory 
version 4.0 generic core scales in 
healthy and patient populations. Med 
Care 2001 Aug;39(8):800-12.

 (18)  Thompson RJ, Jr., Armstrong FD, 
Kronenberger WG, Scott D, McCabe 
MA, Smith B, et al. Family functioning, 
neurocognitive functioning, and 
behavior problems in children with 
sickle cell disease. J Pediatr Psychol 
1999 Dec;24(6):491-8.

 (19)  Thompson RJ, Jr., Armstrong FD, Link 
CL, Pegelow CH, Moser F, Wang WC. 
A prospective study of the relationship 
over time of behavior problems, 
intellectual functioning, and family 
functioning in children with sickle cell 
disease: a report from the Cooperative 
Study of Sickle Cell Disease. J Pediatr 
Psychol 2003 Jan;28(1):59-65.

 (20)  Smith WR, Scherer M. Sickle-cell pain: 
advances in epidemiology and etiology. 
Hematology Am Soc Hematol Educ 
Program 2010;2010:409-15.

 (21)  Brandow AM, Brousseau DC, Pajewski 
NM, Panepinto JA. Vaso-occlusive 
painful events in sickle cell disease: 
impact on child well-being. Pediatr 
Blood Cancer 2010 Jan;54(1):92-7.

 (22)  Schatz J, Finke RL, Kellett JM, Kramer 
JH. Cognitive functioning in children 
with sickle cell disease: a meta-analysis. J 
Pediatr Psychol 2002 Dec;27(8):739-48.

 (23)  Moore BD3. Neurocognitive outcomes 
in survivors of childhood cancer. J 
Pediatr Psychol 2005 Jan;30(1):51-63.

 (24)  Aygun B, Parker J, Freeman MB, 
Stephens AL, Smeltzer MP, Wu S, 
et al. Neurocognitive screening with 
the Brigance preschool screen-II in 
3-year-old children with sickle cell 
disease. Pediatr Blood Cancer 2011 
Apr;56(4):620-4.

 (25)  Puffer ES, Schatz JC, Roberts CW. 
Relationships between somatic growth 
and cognitive functioning in young 
children with sickle cell disease. J Pediatr 
Psychol 2010 Sep;35(8):892-904.

 (26)  Schatz J, Roberts CW. Neurobehavioral 
impact of sickle cell disease in early 
childhood. J Int Neuropsychol Soc 2007 
Nov;13(6):933-43.

 (27)  Schatz J, McClellan CB, Puffer 
ES, Johnson K, Roberts CW. 
Neurodevelopmental screening in 
toddlers and early preschoolers with 
sickle cell disease. J Child Neurol 2008 
Jan;23(1):44-50.

 (28)  Schatz J, Puffer ES, Sanchez C, Stancil 
M, Roberts CW. Language processing 
deficits in sickle cell disease in young 
school-age children. Dev Neuropsychol 
2009;34(1):122-36.

 (29)  Tarazi RA, Grant ML, Ely E, Barakat 
LP. Neuropsychological functioning in 
preschool-age children with sickle cell 
disease: the role of illness-related and 
psychosocial factors. Child Neuropsychol 
2007 Mar;13(2):155-72.

 (30)  Edwards CL, Raynor RD, Feliu M, 
McDougald C, Johnson S, Schmechel D, 
et al. Neuropsychological assessment, 
neuroimaging, and neuropsychiatric 
evaluation in pediatric and adult 
patients with sickle cell disease (SCD). 
Neuropsychiatric Disease and Treatment 
2007;3:705-9.

126

proefschrift Hijmans.indb   126 8-12-2011   13:10:56



 (31)  Vichinsky EP, Neumayr LD, Gold JI, 
Weiner MW, Rule RR, Truran D, et 
al. Neuropsychological dysfunction 
and neuroimaging abnormalities 
in neurologically intact adults with 
sickle cell anemia. JAMA 2010 May 
12;303(18):1823-31.

 (32)  Helton KJ, Paydar A, Glass J, Weirich 
EM, Hankins J, Li CS, et al. Arterial 
spin-labeled perfusion combined with 
segmentation techniques to evaluate 
cerebral blood flow in white and gray 
matter of children with sickle cell 
anemia. Pediatr Blood Cancer 2009 
Jan;52(1):85-91.

 (33)  Kral MC, Brown RT, Connelly M, 
Cure JK, Besenski N, Jackson SM, 
et al. Radiographic predictors of 
neurocognitive functioning in pediatric 
Sickle Cell disease. J Child Neurol 2006 
Jan;21(1):37-44.

 (34)  Puffer E, Schatz J, Roberts CW. The 
association of oral hydroxyurea therapy 
with improved cognitive functioning in 
sickle cell disease. Child Neuropsychol 
2007 Mar;13(2):142-54.

 (35)  Miller ST, Wang WC, Iyer R, Rana 
S, Lane P, Ware RE, et al. Urine 
concentrating ability in infants with 
sickle cell disease: baseline data from 
the phase III trial of hydroxyurea (BABY 
HUG). Pediatr Blood Cancer 2010 
Feb;54(2):265-8.

 (36)  Thompson BW, Miller ST, Rogers ZR, 
Rees RC, Ware RE, Waclawiw MA, et 
al. The pediatric hydroxyurea phase III 
clinical trial (BABY HUG): challenges 
of study design. Pediatr Blood Cancer 
2010 Feb;54(2):250-5.

 (37)  Pavlakis SG, Rees RC, Huang X, 
Brown RC, Casella JF, Iyer RV, et al. 
Transcranial doppler ultrasonography 
(TCD) in infants with sickle cell anemia: 
baseline data from the BABY HUG 
trial. Pediatr Blood Cancer 2010 
Feb;54(2):256-9.

 (38)  Thornburg CD, Rogers ZR, Jeng MR, 
Rana SR, Iyer RV, Faughnan L, et 
al. Adherence to study medication 
and visits: data from the BABY HUG 
trial. Pediatr Blood Cancer 2010 
Feb;54(2):260-4.

 (39)  Ware RE, Rees RC, Sarnaik SA, Iyer 
RV, Alvarez OA, Casella JF, et al. Renal 
function in infants with sickle cell 
anemia: baseline data from the BABY 
HUG trial. J Pediatr 2010 Jan;156(1):66-
70.

 (40)  Wynn L, Miller S, Faughnan L, Luo Z, 
Debenham E, Adix L, et al. Recruitment 
of infants with sickle cell anemia to 
a Phase III trial: data from the BABY 
HUG study. Contemp Clin Trials 2010 
Nov;31(6):558-63.

 (41)  Rogers ZR, Wang WC, Luo Z, Iyer RV, 
Shalaby-Rana E, Dertinger SD, et al. 
Biomarkers of splenic function in infants 
with sickle cell anemia: baseline data 
from the BABY HUG Trial. Blood 2011 
Mar 3;117(9):2614-7.

 (42)  Casella JF, King AA, Barton B, White 
DA, Noetzel MJ, Ichord RN, et al. 
Design of the silent cerebral infarct 
transfusion (SIT) trial. Pediatr Hematol 
Oncol 2010 Mar;27(2):69-89.

 (43)  Dampier C, Ely B, Brodecki D, O’Neal 
P. Characteristics of pain managed at 
home in children and adolescents with 
sickle cell disease by using diary self-
reports. J Pain 2002 Dec;3(6):461-70.

 (44)  Gil KM, Porter L, Ready J, Workman 
E, Sedway J, Anthony KK. Pain in 
children and adolescents with sickle cell 
disease: An analysis of daily pain diaries. 
Children’s Health Care 2000;29:225-41.

 (45)  van den Tweel XW, van der Lee JH, 
Heijboer H, Peters M, Fijnvandraat 
K. Development and validation of 
a pediatric severity index for sickle 
cell patients. Am J Hematol 2010 
Oct;85(10):746-51.

General discussion

127

7
Chapter

proefschrift Hijmans.indb   127 8-12-2011   13:10:56



Chapter 7

 (46)  Casey R, Brown RT, Bakeman R. 
Predicting adjustment in children and 
adolescents with sickle cell disease: A 
test of the risk-resistance - Adaptation 
model. Rehabilitation Psychology 
2000;45:155-78.

 (47)  Barakat LP, Kazak AE, Meadows 
AT, Casey R, Meeske K, Stuber ML. 
Families surviving childhood cancer: 
a comparison of posttraumatic stress 
symptoms with families of healthy 
children. J Pediatr Psychol 1997 
Dec;22(6):843-59.

 (48)  Barbarin OA, Whitten C, Bond S, 
Connor-Warren R. The social and 
cultural context of coping with sickle 
cell disease: III. Stress, coping tasks, 
and family functioning, and children’s 
adjustment. Journal of Black Psychology 
1999;25:356-77.

 (49)  Logan DE, Radcliffe J, Smith-Whitley 
K. Parent factors and adolescent sickle 
cell disease: associations with patterns 
of health service use. J Pediatr Psychol 
2002 Jul;27(5):475-84.

 (50)  Lutz MJ, Barakat LP, Smith-Whitley 
K, Ohene-Frempong K. Psychological 
adjustment of children with sickle cell 
disease: Family functioning and coping. 
Rehabilitation Psychology 2004;49:224-
32.

 (51)  Gustafson KE, Bonner MJ, Hardy 
KK, Thompson RJ. Biopsychosocial 
and Developmental Isses in Sickle 
Cell Disease. In: Brown RT, editor. 
Comprehensive Handbook of Childhood 
Cancer and Sickle Cell Disease.New 
York: Oxford University Press; 2006. p. 
431-48.

 (52)  Gable SL, Haidt J. What (and why) is 
positive psychology? Review of General 
Psychology 2005;9:103-10.

 (53)  Linley PA, Joseph S, Harrington S, Wood 
AM. Positive psychology: past, present 
and (possible) future. Journal of Positive 
Psychology 2006;1:3-16.

 (54)  Barakat LP, Pulgaron ER, Daniel 
LC. Positive Psychology in Pediatric 
Psychology. In: Roberts MC, Steele RG, 
editors. Pediatric Psychology.New York: 
The Guilford Press; 2009. p. 763-73.

 (55)  Lemanek KL, Horwitz W, Ohene-
Frempong K. A multiperspective 
investigation of social competence in 
children with sickle cell disease. J Pediatr 
Psychol 1994 Aug;19(4):443-56.

 (56)  Simon K, Barakat LP, Patterson CA, 
Dampier C. Symptoms of depression 
and anxiety in adolescents with sickle 
cell disease: the role of intrapersonal 
characteristics and stress processing 
variables. Child Psychiatry Hum Dev 
2009 Jun;40(2):317-30.

 (57)  Burlew K, Telfair J, Colangelo L, Wright 
EC. Factors that influence adolescent 
adaptation to sickle cell disease. J 
Pediatr Psychol 2000 Jul;25(5):287-99.

 (58)  King AA, DeBaun MR, White DA. 
Need for cognitive rehabilitation for 
children with sickle cell disease and 
strokes. Expert Rev Neurother 2008 
Feb;8(2):291-6.

 (59)  Butler RW, Copeland DR, Fairclough 
DL, Mulhern RK, Katz ER, Kazak AE, et 
al. A multicenter, randomized clinical 
trial of a cognitive remediation program 
for childhood survivors of a pediatric 
malignancy. J Consult Clin Psychol 2008 
Jun;76(3):367-78.

 (60)  Steen RG, Miles MA, Helton KJ, Strawn 
S, Wang W, Xiong X, et al. Cognitive 
impairment in children with hemoglobin 
SS sickle cell disease: relationship to MR 
imaging findings and hematocrit. AJNR 
Am J Neuroradiol 2003 Mar;24(3):382-9.

 (61)  Steen RG, Fineberg-Buchner C, Hankins 
G, Weiss L, Prifitera A, Mulhern RK. 
Cognitive deficits in children with 
sickle cell disease. J Child Neurol 2005 
Feb;20(2):102-7.

 (62)  Daly B, Kral MC, Tarazi RA. The Role 
of Neuropsychological Evaluation 
in Pediatric Sickle Cell Disease. Clin 
Neuropsychol 2011 Jan 1;1-23.

128

proefschrift Hijmans.indb   128 8-12-2011   13:10:56



 (63)  Wills KE, Nelson SC, Hennessy J, 
Nwaneri MO, Miskowiec J, McDonough 
E, et al. Transition planning for youth 
with sickle cell disease: embedding 
neuropsychological assessment into 
comprehensive care. Pediatrics 2010 
Dec;126 Suppl 3:S151-S159.

 (64)  Gold JI, Mahrer NE, Treadwell M, 
Weissman L, Vichinsky E. Psychosocial 
and behavioral outcomes in children 
with sickle cell disease and their 
healthy siblings. J Behav Med 2008 Sep 
11;31:506-16.

 (65)  Trzepacz AM, Vannatta K, Gerhardt CA, 
Ramey C, Noll RB. Emotional, social, 
and behavioral functioning of children 
with sickle cell disease and comparison 
peers. J Pediatr Hematol Oncol 2004 
Oct;26(10):642-8.

 (66)  Engelen V, Haverman L, Koopman 
H, Schouten-van MN, Meijer-van den 
Bergh E, Vrijmoet-Wiersma J, et al. 
Development and implementation of a 
patient reported outcome intervention 
(QLIC-ON PROfile) in clinical paediatric 
oncology practice. Patient Educ Couns 
2010 Nov;81(2):235-44.

 (67)  Haverman L, Engelen V, van Rossum 
MA, Heymans HS, Grootenhuis MA. 
Monitoring health-related quality of life 
in paediatric practice: development of 
an innovative web-based application. 
BMC Pediatr 2011;11:3.

 (68)  Engelen V, Detmar S, Koopman 
H, Maurice-Stam H, Caron H, 
Hoogerbrugge P, et al. Reporting 
health-related quality of life scores to 
physicians during routine follow-up 
visits of pediatric oncology patients: Is 
it effective? Pediatr Blood Cancer 2011 
May 16.

 (69)  van den Tweel X, Hatzmann J, Ensink E, 
van der Lee JH, Peters M, Fijnvandraat 
K, et al. Quality of life of female 
caregivers of children with sickle cell 
disease: a survey. Haematologica 2008 
Apr;93(4):588-93.

 (70)  Midence K, McManus C, Fuggle P, 
Davies S. Psychological adjustment 
and family functioning in a group of 
British children with sickle cell disease: 
preliminary empirical findings and a 
meta-analysis. Br J Clin Psychol 1996 
Sep;35 ( Pt 3):439-50.

 (71)  Thompson RJ, Jr., Gil KM, Burbach DJ, 
Keith BR, Kinney TR. Role of child and 
maternal processes in the psychological 
adjustment of children with sickle cell 
disease. J Consult Clin Psychol 1993 
Jun;61(3):468-74.

 (72)  Maurice-Stam H, Silberbusch LM, Last 
BF, Grootenhuis MA. Evaluation of a 
psycho-educational group intervention 
for children treated for cancer: a 
descriptive pilot study. Psychooncology 
2009 Jul;18(7):762-6.

 (73)  Clay OJ, Telfair J. Evaluation of a 
disease-specific self-efficacy instrument 
in adolescents with sickle cell disease 
and its relationship to adjustment. Child 
Neuropsychol 2007 Mar;13(2):188-203.

General discussion

129

7
Chapter

proefschrift Hijmans.indb   129 8-12-2011   13:10:56



proefschrift Hijmans.indb   130 8-12-2011   13:10:56



Summary

proefschrift Hijmans.indb   131 8-12-2011   13:10:56



proefschrift Hijmans.indb   132 8-12-2011   13:10:56



Sickle cell disease (SCD) is a hereditary red blood cell disorder that occurs predominantly 

in the black population. In the Netherlands, an estimated number of 1000 children have 

SCD, with 40 newly diagnosed children each year. Most of these children come from 

families coping with social and financial problems, as the majority belongs to immigrant 

communities from Surinam and Central Africa, with a lower socio-economic status 

(SES). SCD is characterized by chronic hemolytic anemia and vascular occlusion, causing 

acute, extremely painful episodes and irreversible organ damage throughout the body. 

The most devastating complication of SCD is cerebral infarction: in one third of SCD 

patients, cerebral infarcts are detected on MRI scans at the age of 18 years. Although 

most infarcts are not accompanied by overt neurological symptoms – so-called silent 

infarcts – they can cause much harm. Consequences of the disease, in combination with 

consequences of the low SES, may result in diminished psychological functioning.  

In this thesis, three different aspects of psychological functioning in children with SCD 

are described: neurocognitive deficits, behavioral and emotional problems, and health-

related quality of life (HRQoL). The primary aim was to investigate whether potential 

problems on these three areas are the result of the disease or the low SES of the patient 

population. This resulted in the following research question: 

1.  What are the differences between children with SCD and healthy siblings (matched 

for age, gender, ethnicity and socio-economic status) in neurocognitive functioning, 

behavioral and emotional problems, and HRQoL? 

A secondary aim was to determine risk factors for neurocognitive functioning and 

behavioral and emotional problems, leading to the following research questions:

2.  Which are the medical determinants of neurocognitive functioning in children with 

SCD?

3.  What is the effect of medical determinants and neurocognitive functioning on 

behavioral and emotional problems in children with SCD? 

Chapter 1 is the general introduction to this thesis, describing medical and psychological 

aspects of SCD. Characteristics and main findings of previous studies on neurocognitive 

deficits, behavioral and emotional problems, and HRQoL in children with SCD are 

summarized. SCD is known to be associated with impairments in general cognitive 

functioning as well as with deficits in specific areas of neurocognitive functioning, but a 

comprehensive neurocognitive profile of children with SCD is currently unavailable. Medical 

determinants for neurocognitive functioning are also unknown. Behavioral and emotional 

problems and HRQoL have not been studied as much as neurocognitive functioning 

in children with SCD and have scarcely been correlated to medical or neurocognitive 

determinants. Therefore, the AANPAK project (AAndacht voor NeuroPsychologische 

Aspecten bij Kinderen met sikkelcelziekte, attention for neurocognitive deficits in children 

with SCD) was initiated at the Comprehensive Sickle Cell Disease Care Centre of the 

Emma Children’s Hospital, Academic Medical Centre, in Amsterdam, The Netherlands.

The first part of this thesis contains the results of three case-control studies on 

neurocognitive functioning, behavioral and emotional problems, and HRQoL in children 
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with SCD. In Chapter 2, neurocognitive functioning was extensively evaluated in 41 

children with SCD and a control group of 38 healthy siblings. Results demonstrated that 

SCD was clearly associated with lower IQ scores. More than one in three children with 

SCD had a Full-scale IQ below 75, versus one in ten healthy siblings. Children with SCD 

also showed deficits in visuo-motor functioning. Some evidence was found for executive 

dysfunction. No significant differences were found between children with SCD and 

healthy siblings in terms of response inhibition and verbal working memory.

Chapter 3 describes behavioral and emotional problems in children with SCD, 

compared to healthy siblings and a Dutch norm population. The Child Behavior Checklist 

(CBCL), Teacher Report Form (TRF) and Disruptive Behavior Disorders rating scale (DBD) 

were filled out by caregivers and/or teachers of 106 children with SCD and 37 healthy 

siblings. Children with SCD had more severe internalizing problems than healthy siblings 

and the norm population. According to teachers, subgroups of both children with SCD 

and healthy siblings had more severe externalizing problems than the norm population. 

Children with SCD also functioned worse in school, showed less competent social 

behavior and tended to have more attention deficits than healthy siblings. 

In Chapter 4, HRQoL of 40 children with SCD was evaluated using the KIDSCREEN-52, 

and compared to 36 healthy siblings and a Dutch norm population. In general, the 

HRQoL of children with SCD appeared comparable to the HRQoL of healthy siblings, 

while children with SCD had worse HRQoL than the Dutch norm population on five 

domains (Physical Well-being, Moods & Emotions, Autonomy, Parent Relation, and 

Financial Resources). Healthy siblings had worse HRQoL than the Dutch norm population 

on three domains (Moods & Emotions, Parent Relation, and Financial Resources). More 

than one in three children with SCD and healthy siblings had impaired HRQoL (≥1 SD) on 

several domains. These findings imply that reduced HRQoL in children with SCD is mainly 

related to the low SES of this patient population, with the exception of disease specific 

effects on the physical and autonomy domain. 

In summary, findings of the case-control studies in the first part of this thesis indicate 

that children with SCD are at increased risk of neurocognitive deficits, behavioral and 

emotional problems, and low HRQoL. Although the majority of children with SCD are 

resilient, meaning they adjust rather well to the disease, it is relevant to search for risk 

factors for those children who do experience problems on these three psychological 

areas. 

In the second part of the thesis, risk factors were investigated. In Chapter 5, we 

studied the association of laboratory markers of disease severity and radiological 

parameters with neurocognitive functioning in 37 children with SCD. All participants 

underwent extensive neurocognitive assessment. Further data (TCD values, laboratory 

test results and MRI data) was obtained from medical charts. Results demonstrated 

hemoglobin to be associated with a decrease in verbal short term memory. There was 

no association between TCD velocities and neurocognitive functioning, when controlled 

for age. Children with silent infarcts did not differ from children with normal MRI in 
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neurocognitive functioning. Children with right-left asymmetries in cerebral blood flow 

as measured by Continuous Arterial Spin Labelling (CASL) MRI had better sustained 

attention than children without asymmetries. We concluded that neurocognitive deficits 

are associated with the severity of anemia, indicating reduced oxygen delivery to the 

brain as an etiological mechanism. This implies that children with SCD and normal MRIs 

may still suffer from neurocognitive impairments, possibly affecting their academic 

development and full participation in society. 

Finally, we explored the impact of medical factors and neurocognitive functioning 

on behavioral and emotional problems in Chapter 6. In 34 children with SCD, medical 

data (cerebral blood flow velocity, blood cell counts) were collected and neurocognitive 

functioning was assessed. Caregivers and teachers completed questionnaires on 

behavioral and emotional problems. Exploratory hierarchical regression analyses, 

including both medical factors and neurocognitive functioning as determinants of 

behavioral and emotional problems, did not result in significant regression models. 

Medical factors did explain 11-29% of variance in behavioral and emotional problems. 

Adding neurocognitive functioning resulted in a significant increase in the amount of 

explained variance in teacher-reported externalizing problems. These exploratory findings 

await replication, but imply that neurocognitive functioning is a stronger determinant of 

externalizing problems than medical factors.

In the final Chapter 7, a summary and discussion of the results of the preceding 

chapters is provided. Five key messages were formulated:

 

-  Children with SCD have a double disadvantage due to their disease and low SES

-  Neurocognitive deficits are a consequence of SCD, associated with anemia severity

-  Children with SCD are at risk for behavioral and emotional problems

-  Low HRQoL is primarily related to low SES in children with SCD

-  The majority of children with SCD are resilient

Next, limitations of the study are considered. These include the relatively small sample 

size, the inclusion of healthy siblings from non-participating SCD patients, missing data 

(e.g., MRI data), the use of proxy and self-report questionnaires that were not specifically 

designed for use among SCD populations, the limited amount of psychosocial determinants 

in the research model, and the lack of pain measures. Based on these limitations, several 

recommendations for future research are suggested. Large, multicenter MRI studies 

should be performed to increase the participant pool and improve statistical power, and 

to find risk factors for neurological damage to increase understanding of the underlying 

pathofysiological mechanism of neurocognitive deficits. Longitudinal designs would 

allow evaluation of psychological functioning of SCD patients throughout the lifespan. 

Other recommendations for future research are to focus on protective mechanisms 

(both medical and psychosocial), to include pain and fatigue measures, and to set up 

and evaluate neurocognitive rehabilitation programs for children with SCD who suffer 

from severe cerebral damage. This thesis closes with implications of this study for clinical 
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practice. Routine neurocognitive assessments, screening for behavioral and emotional 

problems, and monitoring of HRQoL should be implemented in daily clinical practice to 

detect those children in need of professional help, and to eventually improve the health 

care for these vulnerable children.

In closing, this thesis demonstrates that children with sickle cell disease do not only 

suffer from the physical consequences of their disease, but can experience various 

psychological consequences as well. Mind matters in pediatric sickle cell disease!
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Sikkelcelziekte (SCZ) is een erfelijke aandoening van de rode bloedcel, die vooral 

voorkomt bij de negroïde populatie. In Nederland zijn er naar schatting 1000 kinderen 

met SCZ, en per jaar wordt bij 40 kinderen de diagnose gesteld. Kinderen met SCZ 

groeien veelal op in gezinnen die te maken hebben met sociale en financiële problemen, 

aangezien de meerderheid van deze gezinnen immigranten zijn afkomstig uit Suriname 

en Centraal Afrika met een lagere sociaal-economische status (SES). Bij SCZ is sprake 

van chronische bloedarmoede en vaatvernauwingen. Dit veroorzaakt acute en extreem 

pijnlijke episodes en onomkeerbare orgaanschade in het hele lichaam. Een zeer ernstige 

complicatie van SCZ is het optreden van herseninfarcten: bij één derde van de SCZ 

patiënten worden op 18-jarige leeftijd herseninfarcten gedetecteerd op MRI scans. 

Hoewel de meeste infarcten niet gepaard gaan met neurologische symptomen, kunnen 

deze zogenaamde ‘stille’ infarcten veel problemen veroorzaken. De gevolgen van de 

ziekte, in combinatie met de gevolgen van de lage SES van deze patiëntengroep, kan 

resulteren in verminderd psychologisch functioneren. 

In dit proefschrift worden drie verschillende aspecten van psychologisch functioneren 

beschreven: neurocognitieve problemen, gedrags- en emotionele problemen, en 

gezondheidsgerelateerde kwaliteit van leven (GGKvL). Het primaire doel was om te 

onderzoeken of potentiële problemen op deze drie gebieden het gevolg zijn van de ziekte 

of van de lage SES van de patiëntengroep. Dit leverde de volgende onderzoeksvraag op: 

1.  Wat zijn de verschillen tussen kinderen met SCZ en gezonde broertjes en zusjes 

(gematcht op leeftijd, geslacht, etniciteit en SES) op het gebied van het neurocognitief 

functioneren, gedrags- en emotionele problemen, en GGKvL?

Een secundair doel was om risicofactoren vast te stellen voor neurocognitief functioneren 

en gedrags- en emotionele problemen. Dit leidde tot de volgende onderzoeksvragen:

2.  Wat zijn de medische determinanten van neurocognitief functioneren van kinderen 

met SCZ? 

3.  Wat is het effect van medische determinanten en neurocognitief functioneren op 

gedrags- en emotionele problemen van kinderen met SCZ?

Hoofdstuk 1 is de algemene inleiding van dit proefschrift. Hierin worden medische en 

psychologische aspecten van SCZ beschreven. De kenmerken en belangrijkste bevindingen 

van eerdere studies naar neurocognitieve problemen, gedrags- en emotionele problemen, 

en GGKvL bij kinderen met SCZ worden samengevat. SCZ is geassocieerd met beperkingen 

in het algemeen cognitief functioneren en met problemen op specifieke neurocognitieve 

gebieden, maar tot op heden ontbreekt een uitgebreid neurocognitief profiel van kinderen 

met SCZ. Medische determinanten van neurocognitief functioneren zijn nog grotendeels 

onbekend. De meeste studies naar kinderen met SCZ waren gericht op neurocognitief 

functioneren. Er is veel minder onderzoek gedaan naar gedrags- en emotionele problemen 

en GGKvL van deze patiënten. Ook is er nauwelijks onderzoek gedaan naar medische en 

neurocognitieve determinanten van deze problemen. Dit vormde de aanleiding om van 

start te gaan met het AANPAK project (AAndacht voor NeuroPsychologische Aspecten 
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bij Kinderen met sikkelcelziekte) in het Sikkelcel Expertise Centrum van het Emma 

Kinderziekenhuis, Academisch Medisch Centrum, in Amsterdam.

Het eerste deel van dit proefschrift bevat de resultaten van drie beschrijvende studies 

naar neurocognitief functioneren, gedrags- en emotionele problemen en GGKvL van 

kinderen met SCZ. In Hoofdstuk 2 wordt het neurocognitief functioneren van 41 

kinderen met SCZ en een controlegroep van 38 gezonde broertjes en zusjes uitgebreid 

geëvalueerd. Uit de resultaten blijkt dat SCZ duidelijk geassocieerd is met lagere IQ 

scores. Meer dan één op de drie kinderen met SCZ heeft een IQ onder de 75, tegenover 

één op de tien gezonde broertjes en zusjes. Kinderen met SCZ hebben ook problemen 

op het gebied van de visuo-motoriek. Daarnaast worden  problemen geconstateerd 

op het gebied van het executief functioneren. Er worden geen significante verschillen 

gevonden tussen kinderen met SCZ en gezonde broertjes en zusjes op het gebied van 

inhibitie en verbaal werkgeheugen.

In Hoofdstuk 3 worden gedrags- en emotionele problemen van kinderen met SCZ 

vergeleken met gezonde broertjes en zusjes en een Nederlandse normgroep. De Child 

Behavior Checklist (CBCL), Teacher Report Form (TRF) en Vragenlijst voor Gedragsproblemen 

bij Kinderen (VvGK) werden ingevuld door ouders en/of leerkrachten van 106 kinderen met 

SCZ en 37 gezonde broertjes en zusjes. Kinderen met SCZ blijken meer  internaliserende 

problemen te hebben dan gezonde broertjes en zusjes en de Nederlandse normgroep. 

Volgens leerkrachten hebben subgroepen van zowel kinderen met SCZ als gezonde 

broertjes en zusjes tevens meer externaliserende problemen dan de normgroep. Kinderen 

met SCZ functioneren slechter op school, gedragen zich sociaal minder competent en lijken 

meer aandachtsproblemen te hebben dan gezonde broertjes en zusjes.

In Hoofdstuk 4 wordt de GGKvL van 40 kinderen met SCZ door middel van de 

KIDSCREEN-52 vergeleken met 36 gezonde broertjes en zusjes en een Nederlandse 

normgroep. Over het algemeen blijkt de GGKvL van kinderen met SCZ vergelijkbaar met 

de GGKvL van gezonde broertjes en zusjes, maar lager dan de Nederlandse normgroep 

op vijf domeinen (Fysiek Welbevinden, Stemming & Emoties, Autonomie, Relatie met 

Ouders, en Financiële Middelen). Gezonde broertjes en zusjes hebben een lagere GGKvL 

dan de Nederlandse normgroep op drie domeinen (Stemming & Emoties, Relatie met 

Ouders, en Financiële Middelen). Meer dan een derde van de kinderen met SCZ en hun 

gezonde broertjes en zusjes heeft een lage GGKvL (≥1 SD) op meerdere domeinen. 

Deze bevindingen impliceren dat lage GGKvL in kinderen met SCZ vooral samenhangt 

met de lage SES van deze patiëntengroep, met uitzondering van enkele ziektespecifieke 

effecten binnen het fysieke en autonomie domein. 

Samenvattend laten de resultaten van de beschrijvende studies in het eerste deel van 

dit proefschrift zien dat kinderen met SCZ een verhoogd risico hebben op neurocognitieve 

problemen, gedrags- en emotionele problemen, en lage GGKvL. Hoewel de meerderheid 

van de kinderen met SCZ veerkrachtig is, en zich dus goed aan de ziekte aan lijkt te 

passen, is het belangrijk om risicofactoren te identificeren voor kinderen die op deze drie 

psychologische gebieden problemen hebben.
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In het tweede deel van het proefschrift worden risicofactoren onderzocht. In 

Hoofdstuk 5 wordt de associatie tussen de ernst van de ziekte en neurocognitief 

functioneren onderzocht. Als maat voor de ziekte ernst is gebruik gemaakt van 

laboratoriumuitslagen en radiologische parameters. Alle 37 deelnemende kinderen 

met SCZ ondergingen uitgebreid neurocognitief onderzoek. Overige data (cerebrale 

bloedstroomsnelheden gemeten door middel van transcraniele echo Doppler (TCD), 

laboratorium uitslagen en MRI data) werd uit medische statussen verkregen. De 

resultaten wijzen uit dat hemoglobine geassocieerd is met een zwakker verbaal korte 

termijn geheugen. Er wordt geen associatie gevonden tussen TCD bloedstroomsnelheden 

en neurocognitief functioneren wanneer gecorrigeerd wordt voor leeftijd. Kinderen 

met stille infarcten verschillen niet van kinderen met normale MRI’s in neurocognitief 

functioneren. Kinderen met asymmetrieën in de cerebrale bloedstroomsnelheid, 

gemeten door middel van Continuous Arterial Spin Labelling (CASL) MRI, kunnen 

beter de aandacht volhouden dan kinderen zonder deze asymmetrieën. Geconcludeerd 

wordt dat neurocognitieve problemen geassocieerd zijn met de ernst van de anemie. 

Dit zou kunnen betekenen dat een verminderde zuurstofoverdracht in de hersenen 

hieraan ten grondslag ligt. Dit impliceert dat kinderen met SCZ ondanks een normale 

MRI toch neurocognitieve beperkingen kunnen hebben, die mogelijk hun academische 

ontwikkeling en participatie in de samenleving in de weg staan.    

Tenslotte wordt de invloed van medische factoren en neurocognitief functioneren 

op gedrags- en emotionele problemen geëxploreerd in Hoofdstuk 6, door middel van 

hiërarchische regressieanalyse. Dit levert echter geen significant regressiemodel op. 

Medische factoren verklaren wel 11-29 % van de variantie van gedrags- en emotionele 

problemen. De toevoeging van neurocognitief functioneren aan het regressiemodel 

levert een significante toename op van de verklaarde variantie van externaliserende 

problemen gerapporteerd door leerkrachten. Deze exploratieve resultaten dienen 

gerepliceerd te worden, maar suggereren dat neurocognitief functioneren een sterkere 

determinant is van externaliserende problemen dan medische factoren.

In het laatste Hoofdstuk 7 worden de resultaten van de voorgaande hoofdstukken 

samengevat en bediscussieerd. Vijf belangrijke boodschappen worden geformuleerd:

-  Kinderen met SCZ zijn dubbel benadeeld door hun ziekte en lage SES 

-  Neurocognitieve problemen zijn een gevolg van SCZ, en geassocieerd met ernst van 

anemie 

-  Kinderen met SCZ hebben een risico op gedrags- en emotionele problemen

-  Lage GGKvL van kinderen met SCZ is voornamelijk gerelateerd aan lage SES 

-  De meerderheid van de kinderen met SCZ is veerkrachtig

Vervolgens worden beperkingen van het onderzoek besproken. Dat zijn de relatief kleine 

onderzoeksgroep, de inclusie van gezonde broertjes en zusjes van niet-deelnemende 

kinderen met SCZ, ontbrekende gegevens (zoals MRI data), het gebruik van proxy en 

zelfrapportage vragenlijsten die niet speciaal ontwikkeld zijn voor gebruik bij patiënten 

Samenvatting
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met SCZ, het beperkt aantal psychosociale determinanten in het onderzoeksmodel, en 

het ontbreken van meetinstrumenten voor pijn. Op basis van deze beperkingen worden 

verschillende aanbevelingen gedaan voor toekomstig onderzoek. Grote, multicenter MRI 

studies zouden moeten worden opgezet om het aantal deelnemers  te vergroten, de 

statische power te verhogen, en risicofactoren te vinden voor neurologische schade. 

Daarmee kan meer kennis over het onderliggende pathofysiologische mechanisme van 

neurocognitieve problemen worden verkregen. Een longitudinale onderzoeksopzet 

is nodig om het psychologisch functioneren van SCZ patiënten gedurende de 

levensloop te evalueren. Andere aanbevelingen voor toekomstig onderzoek zijn om 

te focussen op beschermende mechanismen (zowel medische als psychologische), om 

meetinstrumenten voor pijn en vermoeidheid mee te nemen in het onderzoeksmodel, 

en om neurocognitieve rehabilitatieprogramma’s voor kinderen met SCZ op te zetten en 

te evalueren. Dit proefschrift sluit af met implicaties van het onderzoek voor de klinische 

praktijk. Er wordt gepleit voor de implementatie van routinematig neurocognitief 

onderzoek, screening op gedrags- en emotionele problemen en monitoring van GGKvL. 

Daarmee kunnen die kinderen met SCZ die professionele hulp nodig hebben vroegtijdig 

worden opgespoord, en kan de hulpverlening voor deze kwetsbare patiëntengroep 

verbeterd worden.    

Tot slot toont dit proefschrift aan dat kinderen met SCZ niet alleen fysieke consequenties 

van hun ziekte ervaren, maar ook last kunnen hebben van verschillende psychologische 

gevolgen. Mind matters in pediatrische sikkelcelziekte!
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En toen was het boekje klaar. Bijna! Want dit boekje was er niet gekomen zonder hulp 

van velen.

Ten eerste wil ik alle kinderen met sikkelcelziekte, hun ouders, broertjes en zusjes, 

en leerkrachten die aan dit onderzoek hebben meegewerkt hartelijk bedanken. De 

neurocognitieve tests waren intensief, maar ook het invullen van de Nederlandstalige 

vragenlijsten was soms een behoorlijke opgave. Ik hoop dat jullie zullen profiteren van de 

kennis die dit proefschrift heeft opgeleverd en beloof dat ik mij daarvoor in zal zetten.

Dank jullie wel! - Thank you very much! - Merci beaucoup! - Muito obrigado! - Meda wo 

ase! 

In dit proefschrift worden pediatrische psychologie, kinderhematologie, en neuropsycho-

logie met elkaar verenigd. Drie verschillende disciplines, drie verschillende invalshoeken. 

En drie mensen om heel hartelijk te bedanken.

Dr. M.A. Grootenhuis, lieve Martha, dank je wel voor het vergroten van mijn kwaliteit 

van leven tijdens dit promotietraject. Naast jouw waardevolle inhoudelijke bijdrage als 

pediatrisch psycholoog aan dit proefschrift, ben ik heel erg blij met de manier waarop 

jij mij de afgelopen jaren hebt begeleid. Je was betrokken en flexibel, gaf ruimte, 

vertrouwen, en steun. Ik hoop dat ik jouw laatste promovendus mag zijn voor jouw 

professorschap. De pediatrische psychologie is er in ieder geval klaar voor! En die toga 

staat je vast fantastisch (helemaal jouw kleur toch?). 

Dr. K. Fijnvandraat, lieve Karin, als bevlogen kinderhematoloog met een passie voor 

psychologie was jij de initiator en daarmee het ‘brein’ achter het AANPAK project. Mede 

dankzij jouw daadkrachtige aanpak is dit boekje er gekomen. Je leerde me how to get 

things done met behulp van SMART, SCARF en het vullen van de vaas met kleine kiezels. 

Ik wil je heel erg bedanken voor jouw investering in mij als onderzoeker en bewonder je 

om jouw energie, toewijding en ambitie. Nu met z’n drieën op naar de gerichte aanpak! 

Prof. dr. J. Oosterlaan, beste Jaap, hartelijk dank voor je nauwe betrokkenheid bij dit 

onderzoek van begin tot eind. Jouw neuropsychologische expertise was essentieel bij 

het samenstellen van de testbatterij en de interpretatie van de data. Jouw heldere en 

kritische feedback op mijn artikelen was vaak indrukwekkend, resulteerde soms in een 

record aantal versies, maar leverde altijd een beter stuk op. Dank!

Eveneens veel dank aan Prof. dr. T.W.Kuijpers, beste Taco, voor het optreden als 

promotor en het bieden van de ruimte aan psychosociaal onderzoek binnen de Afdeling 

Kinderhematologie.

Graag bedank ik alle leden van de promotiecommissie voor de bereidheid dit proefschrift 

op zijn wetenschappelijke waarde te beoordelen. I would especially like to thank Dr. L. 
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Barakat for coming over from Philadelphia to participate in the reviewing committee. 

Prof. Dr. H.S.A. Heymans, beste Hugo, u bent de meest inspirerende naamgenoot die 

ik ken. Ik zal de vele telefoontjes die voor u bedoeld waren maar naar mij doorgescha-

keld werden missen. Prof. Dr. B. F. Last, beste Bob, als grondlegger van de pediatrische 

psychologie in het Emma Kinderziekenhuis ben je onmisbaar in deze commissie. Ik wil 

je tevens bedanken voor de leerzame supervisie tijdens mijn dataverzameling. Dr. M. 

Cnossen, beste Marjon, ik verheug me op onze samenwerking! Prof. dr. K. Stronks en 

Prof. dr. H. Swaab-Barneveld, hartelijk dank voor de bereidheid om, ondanks overvolle 

agenda’s, toch zitting te nemen in de promotiecommissie. 

Mijn oprechte dank gaat verder uit naar de kinderhematologen en mede-auteurs 

Marjolein Peters en Harriët Heijboer. Beste Marjolein en Harriët, ik ben jullie zeer erkente-

lijk voor de waardevolle input die jullie hebben geleverd aan álle versies van álle artikelen 

in dit proefschrift, naast jullie toch al zulke drukke patiëntenzorgwerkzaamheden. Jullie 

vulden elkaar daarin mooi aan: waar de één van mening was dat een artikel nog even 

helemaal op zijn kop gezet moest worden, vond de ander het prachtig. Dank voor jullie 

kritiek, dank voor jullie complimenten, en vooral dank voor jullie tijd!    

Marit van Oirschot, voormalig sikkelcelverpleegkundige, en Carla Hendriks, hoofd 

Educatieve Voorziening, jullie waren zeer behulpzaam bij het stalken van ouders en 

leerkrachten, soms zelfs ten koste van de eigen populariteit. Wat een werk hebben jullie 

verzet, wat een toewijding. Dank jullie wel. 

Dank ook aan de overige vaste leden van het sikkelcelteam: Heleen van Ommen, 

Greetje Zaal, Joke en Jantine, voor jullie tijd en aandacht tijdens het bespreken van de 

onderzoeksresultaten in de MDO’s. Ik heb veel respect voor de manier waarop alle leden 

van het team zich met hart en ziel inzetten voor de sikkelcelpatiënten en ben erg blij om 

deel van jullie uit te maken. 

Nan van Geloven wil ik heel hartelijk danken voor haar statistische kunsten en vooral 

haar tomeloze geduld bij het bijna-begrijpelijk maken daarvan voor een eenvoudige 

psycholoog zonder wiskundeknobbel.

Collega onderzoekers Xandra van den Tweel en Veronica van der Land, fijn dat we het 

sikkelcelonderzoek-stokje aan elkaar door kunnen geven. 

Ook dank aan mijn studenten Kiki en Nancy voor de hulp met de (neuro-)psychologische 

dataverzameling, en Nina en Marrit voor het verzamelen van alle (!) medische gegevens.

Veel dank aan de dames van de polikliniek kindergeneeskunde, en Sabine in het bijzonder, 

voor de organisatorische hulp op de soms een heel klein beetje chaotische sikkelcelpoli.     
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Lieve dames van de Psychosociale Afdeling, alle PM-ers, MW-ers, en psychologen: 

alweer een promotie, alweer een feestje, komen jullie weer dansen? Het is altijd gezellig 

met jullie! Speciale dank aan Vivian Colland, afdelingshoofd in roerige tijden, voor de 

supervisie. Lieve Marga, waar zou de PSA zijn zonder jou als secretaresse? Ook al heb ik 

mijn dochter uiteindelijk niet naar je vernoemd, ik blijf je eeuwig dankbaar voor je hulp 

bij het inbinden van mijn manuscript toen mijn buik wat in de weg zat.

Lieve (ex-)basement babes en boy: Heleen, Janneke, Madelon, Vivian, Anne, Lotte, Eefje, 

Marieke, JP-tje, Hedy en Perrine. Zoals Loesje ooit zei: Jongens, wat leven we toch in een 

kantoortuin. Dankzij jullie was de kelder de afgelopen vier jaar meer tuin dan kantoor, 

wat een feest. Ik heb ervan genoten! Lieve lotgenoten, waarom zijn we hier ook alweer 

aan begonnen…? Nu weet ik het.     

Basement-buren, vroeger boys & inmiddels allemaal girls, super leuk dat jullie hier ook 

weggestopt zitten. Kunnen we lekker multidisciplinair borrelen.

Lieve paranimfen, zou 20 januari 2012 een goede dag zijn voor science?

Lieve Lotte, ons amc-avontuur begon bijna gelijktijdig en is gelukkig nog volop aan de 

gang. Jouw energie en enthousiasme zijn aanstekelijk, je tempo jaloersmakend. Maar 

bovenal ben je super lief! Dank je wel voor alles. Ik wens je alle geluk van de wereld en 

ben heel erg blij dat jij op deze dag, net zoals alle andere dagen, naast me zit (maar wel 

stilzitten hè J). 

Lieve Madelon, lieve Boris, hier staat het dan hoor: de afgelopen jaren was jij mijn 

lichtend voorbeeld. Nu is het dan zover: allebei Dr. en allebei mamma! Bij gebrek aan 

een liftflirt ben jij het leukste wat me in het amc is overkomen. Ook al heb je het amc 

allang achter je gelaten, ik hoop dat je nog heel lang in mijn buurt blijft, samen met 

Snuitje en Djuna-meloena. Zo fijn dat jij er bent!

Lieve vriendinnetjes, dank dat jullie er zijn. Piek & Mijk, al 20 jaar ‘boezem’vriendin-

nen, wanneer gingen we dat ook alweer vieren? En is het nou toeval dat we alle drie 

in de wetenschap zijn beland, of waren we altijd al zulke nerds? Dar & Frouk, waar 

die pre-psychologie-wiskunde-for-dummies-cursus al niet goed voor is geweest! Nu dit 

boekje af is heb ik weer tijd voor koffie. Annie en Rosie, jullie zijn de liefste panini-meisjes 

ter wereld. Zo fijn Annemarijn, dat jij foto’s wilt maken op de dag van de waarheid. 

En een extra woord van dank aan Rosa Vitalie, die wederom een prachtige illustratie 

maakte: dankjeweldankjewel! 

Lieve familie - Saar & Samuel (best brusjes ever!), Joël, Emilie, pappa, mamma - en lieve 

schoonfamilie - Lars, Janneke, Anna & Bram, Coccie & Bart - met z’n allen vormen jullie 

een bijzondere en belangrijke basis voor mij. Lieve pappa, achter de schermen was je 

medeauteur van hoofdstuk 2. Dank voor je hulp en stimulans. Lieve mamma, als ik 

je nodig heb dan ben je er. Dank voor je onvoorwaardelijke steun. Lieve pappa, lieve 
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mamma, jullie hebben mij altijd vrij gelaten om te worden wie ik wilde zijn. Dank jullie 

wel!

Lieve Sven, ik wist het al en nu weer: met z’n tweeën kunnen wij de hele wereld aan. 

Inclusief een proefschrift! Dank voor je eeuwige geduld, humor, steun en liefde. Lieve 

kleine Lea Anaïs, de wereld is nog zoveel mooier door jouw bestaan. Dank je wel dat je 

er bent! Lieve Sven & Lea, samen zijn jullie alles voor mij. Nu wil ik alleen maar genieten. 

Met jullie: de liefdes van mijn leven.
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Channa Tamar Hijmans werd op 12 maart 1979 geboren in Den Haag. Zij groeide 

op in Amstelveen, waar zij naar de 2e Amstelveense Montessorischool ging. Het 

Montessorionderwijs paste goed bij haar en gaf haar meteen een goed excuus om 

Amstelveen al snel te verruilen voor Amsterdam. In 1998 behaalde zij haar VWO diploma 

dan ook aan het Amsterdamse Montessori Lyceum. Na haar eindexamen vertrok zij naar 

Israël, waar zij een poging deed Hebreeuws te leren maar na een jaar met vloeiend Frans 

terugkeerde. 

In 1999 begon zij aan de studie Psychologie aan de Universiteit van Amsterdam. 

Zij koos de afstudeerrichting Klinische Neuropsychologie en volgde daarnaast extra 

keuzevakken bij de studies Taalwetenschappen en Filosofie via de master Cognitive 

Science. Vanwege haar interesse in kinderen met autisme verrichtte Channa haar 

afstudeeronderzoek bij het Centrum Autisme in Oegstgeest. Haar neuropsychologische 

diagnostiekstage voltooide zij bij Sint Marie, Centrum voor auditief en communicatief 

beperkte kinderen in Eindhoven. In 2005 behaalde zij haar doctoraal diploma.

Channa begon haar loopbaan als onderzoeksassistent bij het internationale project 

‘Erfelijkheid en Autisme’ op de afdeling Kinder- en Jeugdpsychiatrie van het Universitair 

Medisch Centrum in Utrecht. Daar werkte zij tevens als psychologisch medewerker bij 

de zorglijn Autisme en Psychose. Deze combinatie van wetenschap en kliniek beviel haar 

goed.   

In 2007 verruilde zij de psychiatrie in het UMC voor de pediatrische psychologie in het 

AMC. Zij startte bij de Psychosociale Afdeling van het Emma Kinderziekenhuis met haar 

promotieonderzoek: Aandacht voor NeuroPsychologische Aspecten bij Kinderen met 

Sikkelcelziekte (AANPAK project), wat geresulteerd heeft in dit proefschrift. 

Momenteel werkt Channa als postdoc onderzoeker en neuropsycholoog bij 

de Psychosociale Afdeling, waarbij zij een vertaalslag hoopt te maken van haar 

onderzoeksresultaten naar de klinische praktijk.

Channa woont samen met Sven van der Steen in de Diamantbuurt in Amsterdam. Op 

17 juli 2011 kregen zij een prachtige dochter, Lea Anaïs.
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