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1. Introduction

More than 60 years ago, Radwin and colleagues (1949) introduced the term ‘congenital 
hypothyroidism’ (CH).1 They described children with hypothyroid-associated features of 
severe intellectual disability and growth retardation. Nowadays this definition of CH needs a 
revision since the diagnosis CH as a chronic disease is made before the onset of severe clinical 
symptoms, and is based on biochemical measurement of thyroid stimulating hormone (TSH) 
and thyroid hormone levels alone.2 CH is a chronic life-long disease, which may affect the 
patient’s daily life because of the hospital visits, the daily thyroxine (T4) administration, the 
need of regular dose adjustments and sometimes the need of adjuvant medical care such as 
speech training, remedial therapy and physiotherapy. In CH, thyroid hormone deficiency is 
present from the prenatal period onwards, until, after birth, adequate T4 supplementation is 
provided. As the first few months of life are critical for early human brain development, and to 
prevent brain damage associated with thyroid hormone deficiency, it is important that children 
with CH are treated as soon as possible after birth.3 

Therefore since 1974, neonatal CH screening programs have been implemented worldwide, 
enabling early postnatal detection of CH. To optimize the effect of early treatment on cognitive 
and motor outcome in CH patients, timing and treatment modality have been adapted several 
times over the years. For example, treatment modality gradually changed from a relatively low 
initial T4 dose in the early years of neonatal screening, to higher initial T4 dose in recent 
years.4,5 To evaluate if these changes of treatment achieve optimal effect on development of the 
children with CH, investigating cognitive and motor outcome over time is necessary. 

In this thesis, the results of our study entitled “Effect evaluation of the neonatal screening 
on CH in The Netherlands” are described. In this study cognitive and motor outcome of 
three nationwide cohorts of CH patients born in 1981-1982, 1992-1993 and 2002-2004 was 
investigated. In addition, we examined the social-emotional consequences of children growing 
up with CH, as little is known on these consequences up till now. We focused on Health Related 
Quality of Life (HRQoL), Course of Life (CoL), and self-esteem. Furthermore, all outcomes 
were analyzed in relation to type and severity of CH and to treatment variables, such as timing 
of initiation of T4 supplementation and initial T4 dose. 

This introductory section outlines what is known about the medical and psychological 
aspects of CH, and the design of the study.
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2. Medical aspects of congenital hypothyroidism
2.1 Thyroid gland and thyroid hormone
The human thyroid gland is an endocrine gland and is localized on the anterior side of the 
neck, in front of the trachea and just below the larynx 6 (Figure 1). During development, the 
thyroid is actually located in the back of the tongue and has to migrate to the front of the neck 
before birth. The thyroid gland regulates the metabolism throughout the body and has two 
lobes connected by the isthmus. The thyroid gland makes two thyroid hormones that it secretes 
into the blood stream: thyroxine; this hormone contains four atoms of iodine and is often called 
T4 and tri-iodothyronine, which contains three atoms of iodine and is called T3. Thyroid cells 
are the only cells in the body which can organify iodine.6 These cells combine iodine and the 
amino acid tyrosine to make T3 and T4. T3 and T4 are then released into the blood stream 
and are transported throughout the body where they control metabolism. The major form of 
thyroid hormone in the blood is T4, which has a longer half life than T3. The ratio of T4 to T3 
released into the blood is roughly 20 to 1. However T3 possesses about four times the hormone 
‘strength’ as T4. In contrast to T3, T4 is not physiologically active and has to be transformed 
into T3, before the cells can use it. T4 is converted to the active T3 within cells by deiodination 
(5’-iodinase).6 The activity of the thyroid gland is controlled by the hypothalamus and pituitary. 

2.2 The role of thyroid hormones in fetal brain development
In addition to its many functions in growth and metabolism, thyroid hormone is extremely 
important for normal development of the human central nervous system (CNS). 

Figure 1 – Front view of the neck with thyroid gland and thyroid system
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Untreated CH implies low levels of circulating thyroid hormone in infancy, when the brain is 
extremely vulnerable to thyroid deficiencies.7-10 The importance of thyroid hormone for brain 
development has been shown in clinical as well as experimental studies. With the exception of 
the construction of the neural tube, thyroid hormone is necessary for nearly all processes in the 
brain development, from the neuroblast formation in the tenth fetal week up to the completion 
years after the birth. The experimental data demonstrate that hypothyroidism may affect brain 
development at every level of organisation from the molecular to the gross structural.11 Because 
each brain region has its own unique development schedule, the effects of thyroid hormone 
deficiency differ for each brain region.

2.3 Prevalence and incidence of congenital hypothyroidism
CH is the most frequent endocrine congenital disorder with an incidence of approximately 1 
out of every 3000 children. In The Netherlands, approximately 80 children with permanent CH 
are detected each year. Prior to the onset of newborn screening programs, the incidence of CH, 
as diagnosed after clinical manifestations, was in the range of 1: 7.000 to 1: 10.000. 12,13 With the 
advent of screening of newborn populations, the incidence was initially reported to be in the 
range of 1: 3.000 to 1: 4.000.13,14 A recent report in the United States showed that the incidence 
of CH was somewhat lower in Whites (1:1.815) and Blacks (1:1902), somewhat higher in 
Hispanics (1:1.559), and highest in the Asian population (1:1016).15  Besides, this study found 
the incidence nearly double in twin births (1:876) as compared to singletons (1:1765), and 
even higher with multiple births (1: 575). Older mothers (> 39 years) had a higher incidence 
(1:1.328) compared to younger mothers (<20- 29 years, 1:1.608).13,16 Nearly all screening 
programs report a female preponderance, approaching 2:1 female to male ratio and there is an 
increased risk in infants with Down syndrome.13,17,18

2.4 Congenital hypothyroidism and neonatal screening
Until the early 1970s children with CH were diagnosed on the basis of overt clinical signs and 
symptoms e.g. long-term jaundice, dull look, puffy face, thick tongue, constipation, feeding 
difficulty, sleepiness etc. As these symptoms are non- specific and develop gradually, diagnosis 
was often delayed for several months, sometimes years. If CH remains untreated, children are at 
risk for growth retardation and a delay in motor development. In addition, intellectual disability 
is the most important and devastating clinical symptom of CH, as it is not reversible.2 Therefore 
from 1974 onwards, neonatal CH screening programs have been implemented worldwide, 
enabling early postnatal detection of CH. The ultimate aim of neonatal screening is to prevent 
brain damage due to shortage of thyroid hormone by early initiation of T4 supplementation. 
In North America, newborn screening for CH was first started on a trial basis during the early 
mid-1970s. These pilot programs were successful in identifying and treating CH very early in 
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life, which resulted in the implementation of screening for CH throughout many countries.2 
The current Dutch neonatal CH screening procedure during the study is presented in Figure 

2. It is primarily based on T4 measurement in filter paper blood spots. Sampling is performed 
between 4 and 7 days after birth. The concentration of T4, expressed as standard deviation 
(SD) score, is compared to the daily mean. If T4 is ≤-0.8 SD, TSH concentration (expressed in 
mU/l) is additionally measured. If T4 is≤-1.6 SD, TBG concentration (expressed in nmol/l) is 
also measured. A T4/ TBG ratio is calculated (T4 SD + 5.1)X[TBG ] -¹ X1000. If T4≤-3.0 SD 
or TSH ≥ 50 mU/l, children are immediately referred to a pediatrician. In case of a dubious 
result (-3<T4≤0.8SD in combination with a T4/TBG ratio ≤ 8.5 and/or 20≤TSH<50mU/l), 
a second heel puncture is performed T4, TSH and TBG are repeated. Children are referred 
to a pediatrician after a second heel puncture when a result is dubious again, or abnormal.17 
For children born with a gestational age (GA) ≤36.0 wk in combination with a birth weight 
≤ 2500g the referral criterion is based on TSH; if TSH ≥50mU/l, the child is referred, if 20 
≤TSH<50mU/l, the result is considered dubious and a second heel puncture is performed after 
which the child is referred if the result is dubious again or abnormal.17 

Figure 2 - Dutch neonatal CH screening procedure17

hoofdstuk 1.indd   13 23-04-13   08:37
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2.5 Diagnosis after neonatal screening
When neonatal screening results indicate referral, the child is seen by a pediatrician for further 
evaluation. In case CH is definite, a diagnostic workup can be done to establish a detailed 
etiology of CH. When CH is likely, repeated determination of FT4 or TSH, or additional 
tests might be needed to confirm or reject the diagnosis of CH. Even then it is not always 
possible to reject the diagnosis of CH within a few days to weeks. Because of the importance 
of thyroid hormone for brain development T4-supplementation is started as soon as possible 
to prevent cerebral damage as a consequence of suspected thyroid hormone deficiency. When 
the diagnosis of CH is not confirmed, it is recommended to search for an (alleged) explanation 
of the abnormal screening result as well. 19 Establishing a detailed etiology, preferably in the 
neonatal period, helps to initiate an adequate treatment strategy, to calculate the risk of other 
defects (endocrine or associated effects), and to inform the parents about the prognosis and the 
risk of recurrence.19 

Thyroidal CH (CH-T), the most common form of CH, is permanent and occurs as a result 
of developmental defects of the thyroid gland, known as thyroid agnesis or dysgenesis or due to 
disruptions in thyroid hormone biosynthesis, also known as thyroid dyshormonogenesis. Less 
commonly, the altered neonatal thyroid function is transient, attributable to the transplacental 
passage of maternal medication, maternal blocking antibodies, or iodine deficiency or excess. 
In some cases, CH may result from a pituitary or hypothalamic abnormality (central or 
secondary/ tertiary hypothyroidism).20  

The severity of CH is generally determined by measuring the FT4 concentration in the 
blood. 
 
2.6 Treatment of congenital hypothyroidism
The overall goal of treatment is ensure that patients with CH are able to have growth, mental 
and motor development that is as close as possible to their genetic potential. This is achieved 
by adequate T4 supplementation to restore FT4 and the TSH to the normal range as soon 
as possible and then maintaining clinical and biochemical euthyroidism.21,22 The treatment 
goals as outlined by European Society for Pediatric Endocrinology (ESPE)15,23 guidelines are 
as follows:
- Serum FT4 or total T4 should be kept in the upper range of normal during the first year of 

life.
- Target values during the first year are 130 to 206 nmol/l (10-16 µg/dl) for the serum T4 and 

18 to 30 pmol/l (1.4 to 2.3 ng/dl) for FT4.
- Serum TSH should be kept under 5 mU/l.

hoofdstuk 1.indd   14 23-04-13   08:37
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Clinical evaluation should be performed every few months during the first three years of life 
along with frequent measurements of serum T4 or FT4 and TSH. The American Academy of 
Pediatrics recommends the following monitoring schedule:15,23,24 
- At two and four weeks after the initiation of L-thyroxine (T4) treatment.
- Every 1-2 months during the first 6 months of life.
- Every 3-4 months between 6 months and three years of age.
- Every 6- 12 months thereafter. 
- Four weeks after any change in dose.

Monitoring should be more frequent if results are abnormal or non-compliance is suspected. 
The serum (F)T4 should normalize within one to two weeks and the serum TSH should become 
normal in most infants after one month of treatment.
Successful treatment is achieved by application of a single oral T4 dose in the morning. 2 Since 
the introduction of neonatal screening, there has been much discussion on the optimal starting 
point and dose. The current recommended starting dose is 10- 15 µg/kg per day. However, the 
evidence level supporting this recommendation is still low.2

To optimize the effect of early treatment on cognitive and motor outcome in patients with 
CH, timing and treatment modality have been adapted several times over the years. For example, 
treatment modality gradually changed from a relatively low initial T4 dose in the early years 
of neonatal screening, to higher initial T4 dose in recent years. In order to expand knowledge 
on optimal treatment, it is important to monitor physical and psychological functioning of the 
patients with CH.

3. Psychological consequences of congenital hypothyroidism
3.1 Cognitive functioning 
Before neonatal screening was introduced, children were diagnosed relatively late in infancy, 
because overt clinical manifestations of CH were often delayed. As a result, significant brain 
damage had already occurred, by the time treatment was initiated. Therefore, CH used to be a 
leading cause of children’s mental retardation.

One of the first studies on the degree of impairment associated with hypothyroidism 
appeared in 1936 by Gesell and colleagues. They found that in cretins early and adequate 
treatment resulted in less severe retardation.24,25 In 1957, Smith et al. were the first to emphasize 
the importance of early therapy in severely affected patients.26 Since then, many retrospective 
studies have emerged. These studies agreed on the fact that treatment had to be started within 
3 months after birth to prevent mental retardation.25-27 Klein and colleagues (1972) were the 
first to show that intelligence of a child with CH depends on the time of clinical diagnosis and 
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initiation of replacement therapy. They showed that mean Intelligence Quotient (IQ)* was 89 
in those patients treated before the age of 3 months, mean IQ was 70 in those patients treated 
between 3 and 7 months and IQ was 54 in those patients treated after the age of 7 months.28 
Similar results were obtained in other studies.29,30 

Neonatal screening programs leading to early postnatal start of T4 supplementation have 
resulted in the prevention of severe cerebral damage and a large decrease in morbidity in 
these patients.31 One of the first reports on outcome of CH patients detected by screening was 
published in The Lancet in 1981.32 This study showed that the mean mental developmental 
outcome at the age of 3-4 years in a ‘total’ group of patients with CH, treated from a mean 
age of 25 days, was comparable to that of controls. However, in this study, no distinction was 
made for severity of CH. Thereafter, several studies on the effect of the screening and early 
treatment have shown that most children with CH achieve scores for intelligence within the 
normal range, however those with severe CH often show, significant deficits in mean IQ 
scores despite early treatment.9,33 Thus, even in patients with CH who receive early treatment, 
intellectual, motor and neurocognitive deficits have been reported.9,33-37 In addition, next to 
negative effects on general cognitive functioning children with CH are also at risk for learning 
disabilities/difficulties particularly in math and learning to read,38-41 hearing impairment and 
visual problems 40 and subtle and specific neurocognitive impairments, such as memory and 
attention problems.37,42,43 

3.2 Motor functioning 
Besides general cognitive impairments, deficits in motor functioning are commonly seen in 
children with CH. 27,44 Rovet and colleagues (1999) have shown that the sensorimotor domain 
was the most strongly affected domain in school-aged children with CH.45 Kooistra and 
colleagues (1994; 1995) have shown that children with CH, especially those with severe CH 
experienced motor deficiencies. In general, these children appear to have problems with skills 
in which a sequence of movements must be made using one or more parts of the body. These 
problems were observed both in fine motor skills (drawing and stacking pins) and in gross 
motor skills (ball catching and throwing). Children with CH also have problems with static 
balance, another important aspect of movement control.27,44

3.3 Effect treatment and disease factors on cognitive and motor consequences
Despite the important results obtained in terms of standardization of screening procedures and 
improvements in time and dose at starting treatment, controversy exists in literature worldwide 
on the effect of these changes on the development of the child. Some claim early treatment 
* IQ classification: extremely low ≤ 69, borderline 70-79, low average 80-89, average 90-109, high 
average 110-119, superior 120-129, very superior ≥ 130 
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with high T4 dose will lead to normal development,46,47 others state that timing does not have 
a favorable effect on cognitive and motor development.9,35 Therefore, the optimal treatment 
modality for children with CH is still in debate. 

Many disease and treatment factors (e.g. etiology, severity CH, starting day of treatment, 
long-term treatment strategy, thyroid hormone status at time of assessments, treatment 
compliance, maternal thyroid function, initial dose of T4, adequacy of T4 supplementation, 
adjuvant care), might influence cognitive and motor outcome. In this thesis we focus on the 
following important disease and treatment factors:

Severity 
Children with severe CH are at greater risk for developmental delay. This has been illustrated 
in many studies done over the world.9,18,39,48-50 Commonly, severity of CH is determined by 
measuring the postnatal pretreatment (F)T4 concentration in the blood. Fuggle and colleagues 
found that IQ scores for the total group CH patients were not significantly different from the 
normative population. However, those children with the lowest initial T4 concentration (<20 
nmol/l) tended to have significantly lower IQ scores compared to children with higher initial 
T4 concentrations (>60 nmol/l).51 Many studies have found similar results and show that IQ 
scores of CH patients studied as a group are within the reference range but observe differences 
when distinctions are made according to severity.34,50,51 However, there is no clear definition 
for severity in the literature. In our study severity of CH was based on the pre-treatment 
FT4 concentration: ‘severe CH’: initial FT4≤0.4ng/dl (≤5 pmol/l), ‘moderate CH’:0.4<initial 
FT4≤0.8ng/dl (5.0<initial FT4≤10.0pmol/l) or ‘mild CH’: initial FT4>0.8ng/dl (>10.0 pmol/l).

Starting day of treatment 
Besides severity, the timing of initiation of treatment seems an import factor in predicting 
cognitive functioning. Although effects of thyroid hormones on the brain development starts 
from the intrauterine life and continues until 2–3 years of age, first 6 months in the postnatal 
period is known to be a very important time interval.52 Because thyroid hormone is essential for 
normal brain development with different brain regions requiring thyroid hormone at different 
specific times, pre- or postnatally, children with CH suffer varying degrees of brain impairment 
depending on when and how long they were without thyroid hormone. Generally, the longer 
children with CH are without thyroid hormone, the more extensive is their brain damage.37

However, studies evaluating timing of initiation of treatment have presented contrasting 
results. In a Dutch Study of Bongers and colleagues (2000), a sample of patients born between 
1993 and 1996 and tested between 11 and 30 months of age, no correlation was found between 
developmental scores and age at start of treatment. Though, subdivision in groups showed that 
a treatment delay of 6 days in children with severe CH receiving a mean initial dose of 10.8µg/
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kg per day resulted in a loss of 25 developmental index score points.53 However, retesting the 
same patients between 5.5 and 7 years of age showed no differences anymore in IQ among the 4 
initial treatment groups.46 Furthermore, many studies have not been able to demonstrate a clear 
effect of the age which treatment started on outcome.34,35,40,54 The discrepancy between studies 
which showed or failed to show an effect of age at start of treatment might be caused by relative 
small patient groups and a limited variation in age at start of treatment.

Initial dose of T4
Some researchers have questioned whether effects of severe CH can be compensated for 
very early onset of high-dose treatment, suggesting that more optimal treatment may be 
possible.24,46,53 Therefore, the importance of the initial T4-dose as a key factor for preservation of 
brain development has become a subject of major interest.2,5,23,55 Both American and European 
treatment guidelines have changed during the past 15 years, recommending higher initial T4 
dosage (10-15 µg/kg per day versus previous 5-8 µg/kg per day. A controversy regarding the 
appropriate T4 starting dose still exists. A striking example is that in one study the same initial 
starting dose gave a favorable outcome if it was defined as high,53 and a suboptimal outcome 
when defined as a low dose.24

However, a systematic review of Ng et al. (2009) determined the effects of high versus low 
dose of initial thyroid hormone replacement for CH. They concluded that at present, there 
is inadequate evidence to suggest that a high dose is more beneficial compared to a low dose 
initial thyroid hormone replacement in the treatment of CH.5 

Adequacy of T4 supplementation
Another important factor to consider when evaluating outcome of CH patients is the adequacy 
of T4 supplementation during the first years of life. Because the critical period of thyroid 
hormone dependent brain development endures the first years of life, it is likely that adequacy 
of treatment contributes to outcome.

The relationship between adequacy of treatment throughout childhood and cognitive 
functioning is not clear. A mainproblem is that adequacy of treatment is hard to determine 
or quantify.19 An international guideline to define adequate treatment is not available. Time 
take to achieve and maintain the target ranges for (F)T4 and TSH seems also an indicator 
for better outcome.46 In one study, T4 normalization beyond two weeks resulted in patients 
scoring lower on behavioral and cognitive testing than patients who normalized in less than 
two weeks.47 Recent literature provides recommendations regarding the treatment of children 
with CH.5,20,22,55,56 
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In conclusion, the possible effects of the starting day of treatment, initial dose of T4, CH-T 
severity and adequacy of T4 supplementation during the first year of life on developmental 
outcome of patients detected by neonatal CH screening have been studied extensively. However, 
the results are often difficult to compare, since screening method, guidelines for treatment 
(starting day of treatment and initial T4 dose, quality of treatment), sample size and criteria for 
CH-T severity differ among these studies. 

3.4 Psychosocial functioning 
In general literature, there is a growing attention for the psychological effects of chronic diseases 
in children.57-61 Chronic diseases of childhood may have implications for the psychosocial well-
being of children and their families. Many psychological studies conclude that children and 
young adults with different chronic diseases are at heightened risk for the development of 
psychosocial problems. They tend to suffer more than healthy children from behavior problems, 
especially internalizing problems such as depression, anxiety, and social withdrawal.57,61-64 

Over the years, much has been reported about the cognitive and motor development of 
children with CH while little is known about social- emotional functioning of patients growing 
up with CH.65 The possible cognitive and motor problems in patients with CH may result in 
worse academic abilities or learning difficulties. As a result, cognitive and motor deficits possibly 
will influence the psychosocial well-being of patients with CH. In addition suboptimal thyroid 
state may affect well being. Simons et al.66 show that children with CH had more internalized 
problems such as anxiety and depression, which tended to increase with the child’s age and was 
connected to the severity of the disease.66,67 Rovet et al. found that CH can lead to more difficult 
temperament in infancy and more behavior problems in middle childhood.68 

CH is a chronic life-long disease,69 which may effect the patient’s daily life because of the 
hospital visits, the daily T4 administration, the need of regular dose adjustments and sometimes 
the need of adjuvant medical care such as speech training and physiotherapy. In order to be able 
to adequately support the development of children with CH, insight in their social-emotional 
functioning is necessary.

Psychosocial functioning of young adults and children with CH, such as HRQoL, CoL and 
self-esteem has not been studied thoroughly. Nevertheless, detailed knowledge on these topics 
can be highly relevant for optimizing support of children with CH. In the next subparagraphs, 
we will explain these concepts in more detail. 

3.4.1 Health Related Quality of Life
HRQoL is becoming a key component in research about effects of chronic diseases and 
therefore commonly used as outcome measure in psychological research. The World Health 
Organization (WHO) defines QoL as: ‘individual’s perceptions of their position in live in 
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the context of the culture and value systems in which they live, and in relation to their goals, 
expectations, standards and concerns.” The concept of HRQoL emerged as a way of defining the 
multidimensional concept of Quality of life in the field of health.70 The evaluation of HRQoL 
implies evaluations of the impact of a disease and its treatment on all relevant dimensions of 
the patient’s life. HRQoL can be used as an indicator of adjustment, which comprises elements 
of physical, functional, social and psychological health, as well as the patient’s perceived health 
status and well-being.71 HRQoL in children with CH has not been studied thoroughly. Overall, 
children with a chronic disease are at a greater risk of HRQOL problems than their healthy 
peers, but not in all cases, and not on all domains.72-74

3.4.2 Course of Life
Concern has risen about the consequences of chronic pediatric diseases later in life. The 
fulfilling of age specific developmental tasks and achieving developmental milestones that 
are necessary in the development of a child, such as having friends, participating in sports, 
having tasks at home, first boy-/girlfriend during childhood, or acquisition of independence, 
referred to as the Course of Life (CoL), are of great importance to adjustment in adult life.75 The 
normal developmental tasks of childhood and adolescence involve the achievement of social 
and academic competence, the development of peer relationships and increasing independence 
from the parents.76,77 Growing up with CH might have impact on the psychosocial development 
into adulthood. However little is known about patients with CH in adulthood. Findings from 
other studies have shown that chronic diseases (e.g. fabry disease, childhood cancer, end stage 
renal disease, children with anorectal malformations, Hirschprung’s disease and galactosaemia) 
are likely to achieve fewer psychosocial milestones, or to achieve the milestones at an older age 
compared to their peers.64,78,79 In a study about the impact of the course of life of children with 
end-stage renal disease on their quality of life in adulthood it was found that patients who 
achieved fewer social milestones while growing up experiences more emotional problems and 
had a lesser overall mental quality of life.72

3.4.3 Self-esteem 
Self-concept represents important aspects of our perceived identity that are formed through 
experiences with the environment and the expectations and perceptions of significant others. 
80,81 Self-concept is seen as a main aspect of adolescent psychological health 80,82 embedded in 
the evaluation of personal characteristics such as social acceptance, behavior, physical ability 
and appearance, and academic capability.80,83 Self-esteem is the evaluative component of self-
concept. It is recognized as a sub-domain analogous to the notion of general self-worth in 
the hierarchical model of self-concept.80,84 Positive self-worth is a significant factor influencing 
overall good mental health and psychological well-being 85 and is regarded by major theorists as 
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a basic psychological need.86 Growing up with a chronic disease can limit children in achieving 
every day successes (. social, athletics and academic), which are necessary to develop a positive 
view of the self.87 Some studies demonstrated that children with chronic diseases compared 
with healthy peers often reveal no significant differences in overall self-worth.88,89 Though, 
there are also studies that indicate that self-worth is negatively associated with internalizing 
behavior problems in children with various chronic diseases.90,91 However, there are no studies 
that report on self-esteem in children with CH.

4. Aim, design and outline of the thesis

This thesis reports part of the results of the Dutch nationwide study “Effect evaluation of the 
screening on CH in The Netherlands”.

Part one of this thesis aimed to (1) assess cognitive and motor functioning in young adults and 
children with CH diagnosed by neonatal screening in comparison to the general population, 
(2) examine the effect of the changes in timing and treatment modality on cognitive and motor 
outcome over the years by including three different cohorts of patients, (3) investigate the 
impact of disease and treatment factors (severity, starting day at treatment, initial dose of T4 
and adequacy of T4 supplementation) on cognitive and motor outcome. 

Part two of this thesis aimed to (1) explore the psychosocial functioning of young adults and 
children with CH, HRQoL, CoL and self-esteem, (2) assess the impact of disease and treatment 
factors on HRQoL, CoL and self-esteem of young adults and children with CH diagnosed by 
neonatal screening. 

The main outcomes of part 1 and part 2 of the study are cognitive, motor and psychosocial 
functioning. In order to explore the association between disease related variables, socio-
demographic factors, cognitive, motor and psychosocial functioning we constructed a research 
model, based on the biopsychosocial model (figure 3). The biopsychosocial model combines 
biological, psychological, and social perspectives on a child’s health and well being.92 Within 
our research model we focused on disease related factors and socio-demographic factors, as 
these are considered to determine cognitive, motor and psychosocial functioning, whereas 
cognitive and motor functioning are subsequently regarded as determinants of psychosocial 
functioning. 
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4.1 Study design
In the Dutch nationwide study “Effect evaluation of the screening on CH in The Netherlands”, 
three cohorts of patients were investigated. The specific years of the cohorts were deliberately 
chosen; 1981-82 because these patients were born the first years after the introduction 
of national screening, moreover, this cohort was tested previously at the age of 7.5 and 9.5 
years and the patients had reached adult age; 1992-93 because initiation of treatment was 
significantly different from the 1981-82 cohort, and because their results at 10.5 years of age 
could be compared to the results of previous studies in the 1981-82 cohort; 2002-04 because 
both initiation of treatment was earlier and initial T4 dose higher as compared to the other 
cohorts. To avoid a bias by suboptimal treatment at the time of the assessments, all patients 
of whom data were analyzed had their assessments under euthyroid conditions. Furthermore, 
all cohorts were well characterized in terms of etiology and initial disease characteristics. In 
Cohort I (1981-82) cognitive and motor outcome of patients was tested at 21.5 years of age. 
Cohort II (1992-93) was tested at the age of 10.5 years. Cohort III (2002-2004) was tested at 
the age of 1 and 2 years. The variety of medical and treatment factors of the three different 
age groups representing specific time periods of the screening was used to evaluate cognitive, 
motor and psychosocial functioning. The factors and corresponding measures that were used 
in the Dutch nationwide study are presented in Table 1.

4.2 Outline of the thesis
The general introduction of this thesis is covered in chapter 1. 
In Part 1 of this thesis the results of the cognitive and motor outcome in three different cohorts 
of patients with CH are reported. All outcomes were analyzed in relation to treatment variables. 

Figure 3 - Research model
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In chapter 2 the results are presented of the cognitive and motor outcome of 70 young adults 
with CH, born in the first 2 years after the introduction of the Dutch neonatal screening 
program. 49 of them were previously tested at 9.5 years. Their median age at start of treatment 
was 28 days (range 4-293 days). Chapter 3 describes the cognitive and motor outcome of 
82, 10.5- year old children with CH born in 1992-1993, in which treatment was initiated at a 
median age of 20 days (range 2-73 days). In Chapter 4 we examined whether the advancement 
of treatment modality has resulted in improved cognitive and motor outcome. 95 Toddlers with 

Table 1 Factors and corresponding measures used in this thesis

Year of Birth ➞

Factors 

Cohort
1981-1982      

Cohort
1992-1993 

Cohort
2002-2004

Tested - 9.5 and 21.5 years of age        - 10.5 years of age                      - 13 and 25 months of age

Medical factors - Severity
- Starting day of treatment
- Mean initial T4 dose

- Severity
- Starting day of treatment
- Mean initial T4 dose

- Severity
- Starting day of treatment
- Mean initial T4 dose
- Treatment adequacy

Socio-demographic     
Factors     

- Age
- Gender
- Marital status 
- Educational level
- Living with parents
- Special education at 

primary school

- Age
- Gender
- Marital status parents
- Educational level parents

- Age
- Gender
- Marital status parents
- Educational level parents

Cognitive functioning  Intelligence: 
- Full-scale IQ
-       Verbal IQ
-       Performance IQ

   (WISC-R/ WAIS-III)

Intelligence:
- Full-scale IQ
-       Verbal IQ
-       Performance IQ
         (WISC-III)

- Mental Developmental 
Index (BSID-II-NL)

Motor functioning - Total motor impairment 
(TOMI/MABC)

- Manual Dexterity
- Ball Skills Score
- Balance Score (MABC)

- Total motor impairment 
(TOMI/MABC)

- Manual Dexterity
- Ball Skills Score
- Balance Score (MABC)

- Motor Developmental 
Index (BSID-II-NL)

Health-related Quality 
of Life

- TAAQoL (self-report) - TACQoL (self-and 
parent report)

- TAPQoL (parent-report)

Self-esteem - Self-Esteem Scale (self-
report)

- CBSK (self-report)

Course of Life - Development of 
autonomy

- Psychosexual 
development

- Social Development
(Course of Life 
Questionnaire)
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CH-T at 13 and 25 months of age and treated at a median age of 9 days were studied. 
In Part 2 of this thesis the psychosocial consequences of CH are reported. Outcomes were 
analyzed in relation to treatment variables.
Chapter 5 describes HRQoL, CoL, social demographical outcomes, and self-esteem in 69 of 
young adults from the 1981-1982 cohort. In chapter 6 the HRQoL and self-esteem in 82 10.5-
year old children with CH, reported by children and their parents is studied. The purpose of 
chapter 7 was to explore HRQoL in the third cohort of 88 investigated toddlers with CH at two 
years of age and compare the results to those of the norm population. 
This thesis ends in chapter 8 with a general discussion including main findings, key messages, 
and the limitations of the studies, clinical implications and suggestions for future research.
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Abstract

Context: Long-term follow-up data on cognitive and motor functioning in adult patients 
with congenital hypothyroidism, diagnosed by neonatal screening, are scarce. Hence, it is 
still unclear whether the frequently reported cognitive and motor deficits observed during 
childhood persist in adulthood. 
Objective: The objective of this study was to examine cognitive and motor functioning in 
young adults with congenital hypothyroidism, born in the first two years after the introduction 
of the Dutch neonatal screening program.
Design/setting/patients: Seventy patients were tested (mean age, 21.5 years); 49 of them were 
previously tested at 9.5 years. The median age at start of treatment was 28 days (range 4-293 
days). Congenital hypothyroidism was classified as severe, moderate or mild, according to pre-
treatment T4 concentrations. 
Main outcome measurement: The main outcome measurement was the influence of the 
severity of congenital hypothyroidism and age at which T4 supplementation was started on 
cognitive and motor outcome. 
Results: Patients, particularly those with severe congenital hypothyroidism, had significantly 
higher (i.e. worse) motor scores (Total score, 7.8; Ball skills, 2.0; Balance, 4.1) compared with 
controls (Total score, 3.2; Ball skills, 0.7; Balance, 1.1), and lower Full Scale (95.8), Verbal (96.4), 
and Performance (95.6) intelligence quotient (IQ) scores than the normal population. No 
significant change in IQ from childhood to adulthood was found, and for the majority of patients 
motor score classification remained the same. The severity of congenital hypothyroidism, but 
not the starting day of treatment, was correlated with IQ and motor scores. 
Conclusions: It is concluded that severity of congenital hypothyroidism, but not timing of 
treatment initiation, is an important factor determining long-term cognitive and motor 
outcome. Clearly, detrimental effects on developmental outcome in patients with congenital 
hypothyroidism persist over time.
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Introduction

Thyroid hormone plays an essential role in brain development during pre- and postnatal life.1 
Prenatally, the thyroid hormone state is dependent on maternal-fetal thyroid hormone transfer, 
and fetal thyroid hormone production starting from the second trimester onward. Congenital 
hypothyroidism (CH), which implies a total or partial inability to produce thyroid hormone, is 
notorious because of the serious life-long cognitive and motor deficits seen before the advent 
of mass CH-screening programs.2;3 The influence of the impaired thyroid hormone production 
during the fetal phase on brain function in later life is largely unknown. Although it is clear 
that shortening the postnatal phase of hypothyroidism is highly effective in eradicating serious 
impairments, there is ample evidence that CH patients diagnosed by neonatal screening are 
still vulnerable to persistent cognitive and motor sequela.4 The magnitude of the deficits is 
shown to be dependent on the severity of CH, the timing of T4 treatment initiation, and the 
adequacy of treatment.5-9 In an earlier study we showed that Dutch patients with CH born 
in 1981 and 1982 and tested at 7.5 and 9.5 years of age had motor problems and borderline 
intelligence scores, especially those with severe neonatal hypothyroidism.5

 Almost all outcome studies in CH only report data until late childhood. Consequently, 
it is not clear whether the cognitive and motor problems seen during childhood persist into 
adulthood. To date, only one study has reported on long-term outcome in (young) adult 
patients with CH.10

 The present study followed an approach in which long-term cognitive and motor outcome 
was assessed in young adult patients with early-treated CH born in 1981 and 1982. Outcome 
was analyzed in relation to severity of CH as well as treatment variables. Furthermore, outcome 
obtained at adult age was related to childhood results from the same individuals.5 

Methods 
Screening method and treatment strategy
The Dutch neonatal CH screening method is primarily based on the measurement of T4. T4, 
expressed as a standard deviation score, is compared with the day’s mean. In the early 1980’s 
sampling was performed between 7 and 14 days after birth. If T4 was ≤-0.8 SD, thyrotropin 
(TSH) was additionally measured. If T4 was ≤-3.0SD or TSH was ≥50 µU/ml, children were 
referred immediately to a pediatrician for diagnostic evaluation. Children with a borderline 
result (-3.0<T4≤-2.1 SD, or 25≤TSH<50 µU/ml) underwent a second heel puncture and were 
referred if the result was again borderline or abnormal. The diagnosis of CH and its etiological 
classification were based upon initial presentation, thyroid function determinants and thyroid 
imaging.
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 In the early 1980’s the national guideline for treatment was to start with one of two 
schemes. In scheme 1, patients started with T3-supplementation. After 1 week T4 was added 
(4ug/kg.day), with a gradual increase to 8-10 ug/kg.day after 2 weeks. With the start of T4-
supplementation the T3-dose was gradually diminished and was stopped after 3 weeks. In 
scheme 2, patients started with T4 (6 ug/kg.day), which was increased to 8-10 ug/kg.day 
after 1 week. Thereafter,T4-supplementation doses were adjusted based on thyroid hormone 
determinants, measured during regular outpatient visits, according to international guidelines. 

Patients at 21.5 years of age
The complete cohort of CH patients born in The Netherlands between 1981 and 1982 consisted 
of 136 patients (Table 1). Medical data of these patients were available in the Academic Medical 
Center (AMC) because of previous studies.5;11 From the original cohort, four patients had 
died and three had moved abroad; five had severe mental retardation related to chromosomal 
abnormalities (n=4) or unclassified syndrome with deafness (n=1; Table 1, non-participants, 
not suitable). In 2001, at the start of this study, the remaining 124 patients were contacted 
via their physicians and asked to participate. A total of 82 patients (66%) gave their written 
informed consent; their initial thyroid hormone concentrations and treatment modality were 
recorded. Of this group, 12 patients were excluded from the study because of central CH (n=1, 
whereas all other patients had thyroidal CH), exceptionally late (i.e. >4 years of age) start of 
treatment (n=5), discontinuation of treatment at young age (n=4), because treatment was never 
initiated (n=1), or the patient was unwilling to complete the assessments (n=1; Table 1, non-
participants, ‘not suitable’).
 The remaining 70 patients (Table 1, participants at 21.5 years), 51% of the original cohort, 
were classified into subgroups according to, arbitrarily chosen cut-off levels for severity of 
postnatal hypothyroidism: severe CH: initial T4 <2.3 µg/dl (<30 nmol/liter); moderate CH: 
2.3 ≤initial T4<4.7 µg/dl (30≤initial T4<60 nmol/liter); or mild CH: initial T4 ≥4.7 µg/dl 
(≥60 nmol/liter). The T4 reference range in children aged 2-6 weeks is 6.5-16.3 µg/dl (84-210 
nmol/liter).12 The subgroups severe CH and moderate CH were further classified according 
to starting day of T4 treatment: early (age, <27 days) or late (age, ≥27 days) and to initial 
treatment protocol. 
 The study protocol was approved by the institutional review board of the Academic Medical 
Center.

Assessments at 21.5 years of age
Cognitive and motor assessments were carried out in the 70 participating patients at the AMC 
in Amsterdam (except for 4 patients who were tested in their local hospitals) by the same 
psychologist, who was blinded for the patient’s medical details. Patients were tested at a mean 
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age of 21.5 years (range 21.0-22.3 years). To ascertain that patients were euthyroid (i.e. TSH 0.4-
4.0 µU/ml) at the time of testing, the most recent measurement of thyroid function before the 
psychological assessments was evaluated. In those patients with plasma TSH concentrations 
outside the reference range, the T4-dose was adjusted. This resulted in dose adjustments for 25 
patients; in one patient treatment compliance was optimized. 

Cognitive assessments
Intelligence was tested with the Dutch version of the Wechsler Adult Intelligence Scale (WAIS) 
III.13 With the subjects’ performance on 11 subtests, three intelligence quotients were derived: 
Full Scale Intelligence Quotient (Full Scale IQ); Verbal Intelligence Quotient (Verbal IQ); and 
Performance Intelligence Quotient (Performance IQ). In the normal population, each IQ score 
has a mean of 100 and a standard deviation of 15.

Motor assessments
Motor skills were assessed with the Movement Assessment Battery for Children (MABC).14;15 
The MABC is designed for identification of motor impairments in children. The manual 
provides normative data for children 4-12 years of age. The test results are expressed in terms 
of a Total Motor Impairment score MABC (ranging from 0 to 40), a Manual Dexterity score 
(range, 0-15), a ball skills score (range, 0-10) and a balance score (range, 0-15); higher scores 
indicate more motor problems. By convention, 85% of the normal population have no motor 
problems (Total Motor Impairment score MABC ≤9.5), 10% have borderline motor problems 
(score 10-13), and 5% have definite motor problems (score ≥13.5). 
 In the absence of normative data for young adults, the CH patients were compared with 

Table 1. Characteristics of the 1981-1982 cohort 

Etiology Total Non-participants Participants

not suitable not willing at 21.5 yr at 9.5 yr at 9.5 & 21.5 yr

� yroid agenesis 36 2 9 25 24 17

� yroid dysgenesis 59 7 15 37 30 26

� yroid dyshormonogenesis 17 3 6 8 9 6

Central CH 19 8 11 0 0 0

CH n.o.s. 5 4 1 0 0 0

Total 136 24 42 70 63 49

Six groups are presented; the total group, the group of patients who did not participate divided in patients not suitable 
or not willing to participate, the group of patients who did participate at 21.5 years, at 9.5 years of age, and at both 9.5 
years and 21.5 years of age. For each group the subdivision according to etiological classi� cation is given. CH n.o.s., 
CH not otherwise speci� ed.
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a group of 66 healthy controls (41 females), tested at a mean age of 21.3 years. Controls were 
recruited among students, hospital employees and hobby club members. Scores for patients 
and controls were interpreted using the normative data of 12 year old children. 

Patients and assessments at the age of 9.5 years
A total of 63 CH patients, 46% of the original cohort of patients born in 1981-82 (Table 1, 
participants at 9.5 years), and 35 controls were previously studied at 9.5 years. IQ was measured 
with the Wechsler Intelligence Scale for Children-Revised,16 and motor skills were assessed 
with the Test of Motor Impairment (TOMI).17 The TOMI later evolved into the MABC and 
contains similar items. The Total Motor Impairment score TOMI ranges from 0 to 20. By 
convention, 85% of the normal population have no motor problems (Total Motor Impairment 
score TOMI,<4), 10% have borderline motor problems (TOMI, 4-6) and 5% have definite 
motor problems (TOMI, >6). 

Statistical Analysis
One-sample t-tests were used to determine whether the IQ scores in CH patients differed from 
the norm of 100. Binomial tests were conducted to test whether the percentages of CH patients 
in the different severity groups with an IQ score less than 85 or a Total Motor Impairment score 
MABC greater than 9.5 differed from the percentage in the normal population. 
 Comparisons of IQ and motor scores were made between the following subgroups: severe 
versus moderate versus mild CH; early versus late treatment; initiation with T3-supplementation 
versus T4-supplementation; and patients who participated at 20 years of age but not at 9.5 years 
of age compared to those who participated at 9.5 years of age. 
 Analysis of variance (ANOVA) was used for group comparisons on continuous variables 
(posthoc group comparisons were done with Bonferroni posthoc analysis), while Chi-square 
tests were used for categorical variables. For variables where the distributions of scores differed 
significantly from the normal distribution, non-parametric tests such as the Mann-Whitney-
U-tests were used.
 When multiple analyses were performed with the Mann-Whitney-U, binomial or Chi-
square tests to compare scores, a correction for multiple testing was used by considering p<0.01 
significant. 
 It was not necessary to correct for parental educational level, a potential confounder, 
because parental educational level appeared to be distributed equally over the subgroups: 
parental educational level by severity, Chi-square=0.335, p=0.846; parental educational level 
by initiation with T3 or T4, Chi-square=0.239, p=0.625; parental educational level by early or 
late treatment, Chi-square=0.105, p=0.746.
 Linear regression models were fitted for IQ and motor scores with severity (initial T4-
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concentration) and starting day of T4-supplementation as independent variables. In addition, 
bivariate correlation analyses between either severity of CH or starting day of treatment and 
IQ and motor scores were performed. Similarly, bivariate correlations were calculated between 
Full Scale IQ and Total Motor Impairment score MABC. 
 For the longitudinal analysis of IQ scores obtained at 9.5 and 21.5 years of age the Paired 
Samples T-Test (two-tailed) was used. Correlation analyses (Spearman) were conducted for the 
Total Motor Impairment scores (TOMI and MABC) at the two ages.

Results
Patient characteristics
The baseline characteristics of the participating CH patients are given in Table 2. Of the 70 
patients (55 females, 79%), 35 had severe CH of whom the majority (21 patients) had thyroid 
agenesis. Moderate and mild CH was seen in 16 (23%) and 19 (27%) patients respectively, of 
whom the majority had thyroid dysgenesis (9 and 17 patients, respectively). 

The median age at start of T4 supplementation was 28 days for the total group. In patients 
with severe and moderate CH, the mean age at start of T4-supplementation was younger than 
in those with mild CH (Table 2). In 28 patients, treatment started with T3-supplementation, 
and in 39 patients treatment started with T4-supplementation; in 3 patients the initial treatment 
strategy could not be retrieved with certainty. 

Intellectual and motor outcome at adult age
Mean IQ scores of the total CH group were significantly lower than the population mean 
(Full Scale IQ p=0.017, t=-2.450, Verbal IQ p=0.042, t=-2.450, Performance IQ p=0.012, t=-
2.568, Table 3). Compared with the controls, the total CH group scored significantly worse on 
motor scores, except for Manual Dexterity (p<0.001, Table 4). Full Scale IQ and Total Motor 
Impairment score MABC were significantly correlated (r=-0.442, p<0.001).

Mean Full Scale and Performance IQ scores differed significantly between the severity 
groups (Full Scale IQ F(2,67)=3.754, p=0.028, Performance IQ F(2,67)=5.112, p=0.009), (Table 
3, Figure 1). Post-hoc analysis showed that the differences in mean Full Scale and Performance 
IQs were significant between severe CH and mild CH (p=0.043 and p=0.037 respectively). 
There was also a significant difference in mean Performance IQ between severe CH and 
moderate CH (p=0.031, Table 3). 
Among patients with severe CH, 37% had a Full Scale IQ score less than 85. This percentage 
was significantly higher than in the normal population (p=0.002). In the moderate and mild 
CH groups, the percentages of children with a Full Scale IQ score less than 85 (19% and 5%, 
respectively) were not significantly different from those in the normal population. 
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Patients with severe CH performed significantly worse on the Total Motor Impairment 
score MABC and Manual Dexterity than patients with moderate CH (p=0.004 and p=0.007, 
respectively, Table 4). In the control group, the percentage of subjects with a subnormal Total 
Motor Impairment score MABC (12%>9.5) was slightly but not significantly, lower than that 
in the normal population (15%>9.5). Among patients with severe CH, 49% had a subnormal 
Total Motor Impairment score MABC, which was significantly higher than in the normal 
population or controls (p<0.001). In the moderate and mild CH groups, the percentages of 
children with a Total Motor Impairment score MABC above 9.5 (14% and 21% respectively) 
were not significantly different from those in the normal population or controls. 

IQ and motor scores of those patients who started with T3-supplementation did not differ 
significantly from those who started with T4-supplementation, nor were the scores different for 
patients in whom treatment was initiated before or after the age of 27 days. 

In a bivariate correlation analysis, the initial T4-concentration appeared to be associated 
with Full Scale IQ (r=0.278, p=0.020), Performance IQ (r=0.330, p=0.005),Total Motor 
Impairment score MABC (r=-0.337, p=0.005), Ball Skills (r=-0.299, p=0.013) and Balance 

Table 2. Characteristics of the subgroups with di	 erent severity of CH

Severe CH Moderate CH Mild CH

Number of patients (male:female) 35 (7:28) 16 (3:13) 19 (5:14)

Initial T4 in µg/dl (95%CI)*  1.1 (0.9-1.4) 3.4 (3.1-3.7) 7.6 (6.2-8.9)

[in nmol/l (95%CI)] [14.5 (11.5-17.4)] [43.6 (39.5-47.6)] [97.2 (79.8-114.6)]

Initial TSH in µU/ml (95%CI)** 497 (298-696) 496 (336-656) 142 (50-234)

Total Defects

Agenesis 21   4    0

Dyshormonogenesis   3   1   0

Partial Defects

Dysgenesis 11   9 17

Dyshormonogenesis   0   2   2

Age at start of T4 supplementation in days (range) 27 (8-47) 27 (4-47)# 74 (18-293)

T4 and TSH concentrations are expressed as mean, with the 95% con� dence interval (CI) in brackets. For the etiology
 subgroups the number of patients is presented. 
� e age at start of treatment is presented as the mean with the range in parentheses. 
* Reference range for T4 in children aged 2-6 weeks: 6.5-16.3 ug/dL, 84-210 nmol/l. 12

** reference range for TSH in children aged 2-6 weeks: 1.7-9.1 µU/ml. 12

# One patient, in whom T4-supplementation was started at the age of 4 days, was already diagnosed before CH screening 
because of familial CH.
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Table 3. IQ scores of the CH patients at 21.5 years of age

Full Scale IQ Verbal IQ Performance IQ

Severe CH 
n=35

91.3 (86.3-96.3)a 92.9 (88.1-97.8) 90.4 (85.2-95.6)b

Moderate CH  
n=16

99.1 (91.1-107.1) 97.8 (89.2-106.3) 101.3 (94.8-107.7)

Mild CH  
n=19

101.3 (95.7-106.9) 101.8 (96.1-107.5) 100.4 (94.7-106.1)

Total CH  
n=70 95.8 (92.3-99.2)c 96.4 (93.0-99.9)d 95.6 (92.3-99.2)e

IQ scores (expressed as mean with con� dence interval in parentheses) are 
presented for the total CH group and the severity subgroups. 
a P= 0.043 vs. mild CH. 
b P= 0.031 vs. moderate CH; P= 0.037 vs. mild CH. 
c P= 0.017 (t= -2.450) vs. normal population.
d P= 0.042 (t=-2.077) vs. normal population. 
e P=0.012 (t=-2.568) vs. normal population.

Figure 1. Full Scale IQ, Verbal IQ and Performance IQ scores of the CH patients at 21.5 years of age

Full Scale IQ, Verbal IQ and Performance IQ scores of the CH patients at 21.5 years of age. 
The box plot shows the full-scale IQ, verbal IQ, and performance IQ scores of the CH severity 
subgroups. The box incorporates 50% of all observations, the dash represents the median IQ 
score and the whiskers represent the highest and lowest scores.  
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(r=-0.278, p=0.021). Correlation analyses showed no correlation between starting day and IQ 
or motor scores. 

In a multiple regression analysis with severity of CH and starting day of T4-supplementation 
as independent variables, the severity of CH appeared to be a significant predictor of Full Scale 
IQ (p=0.022), Performance IQ (p=0.002) and Total Motor Impairment score MABC (p=0.023); 
the starting day of treatment did not predict IQ or motor scores (Table 5). 

Intellectual and motor outcome: Longitudinal Assessment
The IQ scores of the 49 patients tested at 9.5 as well as 21.5 years are shown in Table 6. The 
paired samples T-test showed no significant differences in IQ scores at 9.5 and 21.5 years of age 
and a significant correlation among Full Scale, Verbal and Performance IQ scores at 9.5 and 
21.5 years (r=0.799, p<0.001;r=0.820, p<0.001;r=0.678, p<0.001, respectively). 
There was a significant correlation between motor scores at 9.5 and 21.5 years: Total Motor 
Impairment score MABC (r=0.339, p<0.017), Ball Skills (r=0.316, p=0.025), and Balance 
(r=0.431, p=0.002). For the majority of patients, the classification of the Total Motor Impairment 
scores at both ages were concordant normal (45%) or abnormal (18%). However, in 36% of 
patients,Total Motor Impairment scores at both ages were discordant (14% from subnormal at 
TOMI to normal at MABC, 22% from normal at TOMI to subnormal at MABC).  

Table 4. Motor scores of the CH patients at 21.5 years of age

Total Motor 
Impairment 
score MABC

Manual 
Dexterity 

score

Ball Skills 
score

Balance 
score

Severe CH  
n=35

9.8 (7.6-11.9)a 2.1 (1.4-2.8)b 2.6 (1.8-3.4) 5.1 (3.6-6.6)

Moderate CH  
n=16

4.3 (2.1-6.5) 0.5 (0.0-0.9) 1.5 (0.3-2.6) 2.4 (1.1-3.7)

Mild CH  
n=19

6.7 (3.5-9.9) 1.8 (0.3-3.4) 1.4 (0.6-2.2) 3.4 (1.6-5.3)

Total CH  
n=70

7.8 (6.3-9.3)3 1.7 (1.1-2.3) 2.0 (1.5-2.5)c 4.1 (3.1-5.0)c

Controls  
n=66

3.2 (2.3-4.2) 1.4 (0.9-1.8) 0.7 (0.4-1.1) 1.1 (0.6-1.7)

Motor scores (expressed as mean with con� dence interval in parentheses) are 
presented for the total CH group, the severity subgroups and the controls. 
a P =0.004 vs. moderate CH.
b P =0.007 vs. moderate CH.
c P< 0.001 vs. control group.
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IQ and motor scores at 21.5 years of those patients who did and those who did not participate 
at 9.5 years of age did not differ significantly. 

Discussion 

The aim of neonatal screening is to prevent cerebral damage due to lack of thyroid hormone 
by enabling early and adequate T4 supplementation. However, we found persistent cognitive 
and motor deficits in young adults with CH born in the first two years after the nationwide 
introduction of screening. Cognitive deficits were observed in both the verbal and performance 
domains, and motor deficits were found in balance, fine motor, as well as ball skills. Deficits 
were most pronounced in patients with severe CH and were comparable to those measured 
during childhood. 

Although several studies have shown subnormal cognitive and motor development during 
childhood,4;5;7;18 our study is just the second one reporting on the persistence of these deficits 
into adulthood.10 Both studies are comparable with regard to the number of participating 

Table 5. Multiple regression analysis, IQ scores

FSIQ VIQ PIQ Total
MABC

Manual
Dexterity

Ball
Skills Balance

B 0.121 0.074 0.163 -0.052 -0.012 -0.014 -0.026

Initial T4 concentration β 0.341 0.213 0.456 -0.337 -0.203 -0.272 -0.264

p 0.022 0.154 0.002 0.023 0.178 0.064 0.075

B -0.028 0.002 -0.065 -0.003 0.004 -0.004 -0.003

Starting day of treatment β -0.090 0.008 -0.205 -0.024 0.076 -0.081 -0.037

p 0.538 0.959 0.149 0.869 0.613 0.576 0.803

R2 adjusted 0.061 0.018 0.117 0.095 -0.001 0.077 0.053

F(2,64) F(2,64) F(2,64) F(2,62) F(2,64) F(2,63) F(2,63)

Model signi� cance =3.149 =1.594 =5.389 =4.366  =0.979 =3.720 =2.824

p=0.050 p=0.211 p=0.007 p=0.017 p=0.381 p=0.030 p=0.067

Results of multiple regression analysis are given with initial T4-concentration and starting day of treatment as
independent variables and IQ scores and motor scores as dependent variable. 
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patients and the timing of initiation of treatment, but there are two major differences in the 
design. In our study, comparisons were made between severity subgroups and between CH 
patients and the normal population, whereas in the study of Oerbeck et al.10, the total CH 
group was compared with siblings, and no differentiation in severity was made. Oerbeck et al. 

10 found that only motor outcome correlated with severity of CH. We found that also IQ scores 
correlated with the severity of CH.
 The other major difference in the design is that we considered euthyroidism at the time of 
testing an essential condition for each individual patient. Therefore, we verified in all patients 
that, before the cognitive and motor assessments, plasma TSH-concentrations were within 
the reference range. In Oerbeck’s study, however, the mean TSH-concentration at the time 
of testing was 12.2 µU/ml. The supposedly suboptimal treatment potentially influenced the 
patients cognitive functioning (i.e. attention, speed of processing, etc),19;20 which impedes 
judgments on the effect of severity of hypothyroidism on outcome. 
 Because important steps in brain development take place from early gestation until 
several years after birth, outcome determinants of CH patients should be correlated to both 
pre- and early postnatal thyroid hormone concentrations. According to term cord plasma T4 
concentrations, the prenatal thyroid hormone state in fetuses without (functioning) thyroid 
tissue is comparable to the postnatal thyroid hormone state in neonates with moderate CH.21 
This must be the effect of a substantial, but limited maternal-fetal transfer of T4. It is likely that 
this maternal contribution to the fetal thyroid hormone state is a major factor in protecting 
brain development, but it is not known whether it is always sufficient to completely preserve 
prenatal brain development. When, in particular in patients with severe CH, T4-concentrations 

Table 6. IQ scores of the CH patients tested at 9.5 and 21.5 years of age

Severe CH (n=22) Moderate CH (n=14) Mild CH (n=13)

9.5 years 21.5 years 9.5 years 21.5 years 9.5 years 21.5 years

Full Scale IQ 91.1 90.6 99.7 100.2 101.9 102.5

(85.2-97.0) (84.2-97.1) (91.9-107.5) (91.7-108.8) (91.8-112.1) (96.1-109.0)

Verbal IQ 91.3 92.8 96.4 98.9 98.5 102.1

(85.3-97.2) (86.2-99.4) (89.2-103.5) (89.4-108.5) (90.2-106.8) (95.8-108.3)

Performance IQ 92.6 89.0 103.9 102.3 105.3 102.7

(87.1-98.1) (82.3-95.7) (95.7-112.0) (96.1-108.5) (94.0-116.6) (96.3-109.1)

IQ scores (expressed as mean with con� dence interval in parentheses) are given for the 49 patients tested at 9.5 
and 21.5 years of age.
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rapidly decline after birth, this is undoubtedly a dangerous condition with respect to thyroid 
hormone dependent brain development. Neonatal screening is only capable of shortening the 
period of postnatal thyroid hormone deficiency; once T4 supplementation is started, plasma 
FT4-concentrations increase rapidly.22

Only in our patients diagnosed with severe CH (pre-treatment T4 concentrations less than 
2.3 µg/dl) were significant cognitive and motor deficits found. This underlines that severity of 
CH is an important factor determining cognitive and motor outcomes.4;6;8;18;23 The question is 
whether earlier initiated postnatal T4 supplementation had been able to prevent the observed 
damage. In our study, we could not find any relation between the day treatment was initiated 
and IQ or motor scores, nor did we find within the severe CH group a beneficial effect of early 
treatment initiation. This might be influenced by the fact that treatment initiation was strongly 
correlated with the severity of CH or by too little variation in the day of the start of treatment.
 An important consideration is that the patients in our study were among the first Dutch 
patients screened and were treated relatively late (mean 27 days for severe and moderate CH, 
74 days for mild CH), with lower T4-doses than have been advised in more recent years.24 It is 
possible that the time frame for early and adequate treatment to prevent cerebral damage was 
before the age at which treatment was initiated in these patients. Indeed, some studies indicate 
that even patients with severe CH, assessed in the first 3 years of life, had normal cognitive and 
motor outcomes if treatment started early and with high initial T4-doses. 25;26 However, others 
did not found a beneficial effect on developmental outcome of higher (≥6 ug/kg.day) compared 
with lower (<6 ug/kg.day) initial T4-doses, in patients treated before the age of 3 weeks 27, nor 
could we demonstrate in a previous study that variations in the initial T4 dose influenced the 
time needed to reach a plasma FT4 concentration within the reference range.22 Furthermore, 
it still needs to be established whether improvements in IQ due to optimized timing and/or 
dosing of treatment lead to an improved well-being, without detrimental effects on behaviour 
or social emotional development.28;29

 Several investigators have reported that adequacy of long-term T4-supplementation 
influences outcome.25;30;31 Yet, this variable was not studied explicitly in the Dutch cohort, 
because, in our opinion, treatment adequacy is hard to assess by integrating the numerous 
plasma TSH and FT4 concentrations from infancy to adulthood. As in healthy people, 
concentrations in well-treated patients may vary considerable 32 and mean values completely 
disregard intraindividual fluctuations and interindividual variations. The durations of phases 
of inadequate treatment (especially lack of compliance) cannot be established in retrospect. 
Besides, treatment of CH patients is remarkably uniform regardless of severity. All studied 
patients were treated according to criteria of good clinical practice by pediatricians who rely 
on (inter)national guidelines (preserving euthyroidism primarily by maintaining plasma 
TSH-concentrations within the reference range with regular T4 dose adjustments). Therefore, 
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we had no reason to assume group differences in long-term treatment adequacy, including 
compliance. Patients with moderate or mild CH had IQ scores indistinguishable from those of 
the normal population, indicating implicitly that even if these patients had experienced phases 
of insufficient treatment, these had no consequences for intellectual outcome at adult age. This 
makes it unlikely that IQ deficits as observed in patients with severe CH had anything to do 
with long-term treatment insufficiency. 

The use of the MABC in this study requires some comment. This test is developed to 
detect motor problems in children; consequently, normative data for adults are not available. 
Nevertheless, we applied this test to detect motor problems in adults with CH by using norms 
of 12 year old children. This might have resulted in an underestimation of motor problems in 
our patient group. Indeed, the percentage in the adult control group with a subnormal motor 
score (12%) was slightly, but not significantly, lower than in the general population (15% by 
convention). However, even with a potential underestimation, the CH group had substantially 
more motor problems than the control group. 

In conclusion, this study has shown that cognitive and motor deficits in CH patients, who 
started treatment at a median age of 28 days after birth, persist into adulthood. Mildly and 
moderately affected patients have a fair prognosis, whereas severely affected CH patients 
continue to experience IQ and motor problems in later life. Cognitive and motor outcome 
could not be related to the age at which T4 treatment was initiated. Apparently the postnatal 
treatment strategy used in the Netherlands in the early eighties was not capable of abolishing 
all negative effects of severe congenital hypothyroidism. 

Regarding the directions for future research, it is important to move beyond the mere task of 
establishing levels of cognitive and motor functioning and also investigate the long-term social 
emotional and behavioural consequences of early-treated CH.
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Abstract

Context: Patients with thyroidal congenital hypothyroidism (CH-T) born in The Netherlands 
in 1981-82, showed persistent intellectual and motor deficits during childhood and adulthood, 
despite initiation of T4-supplementation at a median age of 28 days after birth. 
Objective: The present study examined whether advancement of treatment initiation to 20 
days had resulted in improved cognitive and motor outcome.
Design/Setting/Patients: In 82 Dutch CH-T patients, born in 1992-93 and treated at a median 
age of 20 days (mean 23 days, range 2-73 days), cognitive and motor outcome was assessed 
(mean age 10.5 years, range 9.6-11.4 years). Severity of CH-T was classified according to pre-
treatment free T4 concentration. 
Main Outcome Measure: Cognitive and motor outcome of the 1992-93 cohort in comparison 
to the 1981-82 cohort was the main outcome measure.
Results: Patients with severe CH-T had lower full-scale (93.7), verbal (94.9), and performance 
(93.9) IQ-scores than the normative population (p<0.05), whereas IQ-scores of patients with 
moderate and mild CH-T were comparable to those of the normative population. In all three 
severity subgroups, significant motor problems were observed, most pronounced in the severe 
CH-T group. No correlations were found between starting day of treatment and IQ or motor 
outcome. 
Conclusions: Essentially, findings from the 1992-93 cohort were similar to those of the 1981-
82 cohort. Apparently, advancing initiation of T4-supplementation from 28 to 20 days after 
birth did not result in improved cognitive or motor outcome in CH-T patients. 

hoofdstuk 3.indd   56 18-04-13   13:20



57

Neonatal screening for congenital hypothyroidism in The Netherlands: Cognitive and motor outcome at 10 years of age 

3
chapter

Introduction

In congenital hypothyroidism (CH) thyroid hormone deficiency is present from the prenatal 
period onwards, until, after birth, adequate thyroxine (T4) supplementation is provided. 
Because the period of thyroid hormone deficiency coincides with a critical period of brain 
development children with CH, if left untreated, are at risk for impaired brain development 
and subsequent cognitive and motor deficits. The aim of neonatal CH screening programs is 
to prevent cerebral damage through early initiation of T4-supplementation which shortens 
the period of postnatal hypothyroidism. In a previous nation-wide study we followed patients 
with thyroidal CH (CH-T) born in 1981-82, the first years of the Dutch screening. We found 
persistent subtle cognitive and motor deficits up to adulthood in these patients, for whom 
T4-supplementation was initiated at a median age of 28 days after birth.1;2 In 1981-82 initial 
treatment strategy and starting day of treatment differed from current practice, which is 
characterized by treatment initiation at a younger age, with higher initial T4-doses. Several 
studies evaluating the more recent practice have shown improved cognitive and motor 
outcome.3-6 However, due to small sample sizes and relatively young age of the children, it is still 
unclear whether postnatal T4-supplementation is capable of establishing completely normal 
intellectual, motor and socioemotional development in patients with CH-T.7

The Dutch screening procedure has been adapted several times since its introduction in 
1981. One of the major changes is the advancement of the heel puncture sampling from 6-14 
days initially, to 6-8 days in the early 1990’s and to day 4 from 1999 onward. This change in 
timing of the heel puncture sampling enabled us to investigate whether earlier treatment 
initiation had resulted in improved cognitive and motor outcome. We investigated cognitive 
and motor outcome at 10.5 years of age in a nationwide cohort of CH patients born in 1992-93, 
in whom treatment was initiated at a median age of 20 days. Outcome was analyzed in relation 
to etiology and severity of CH, and in relation to treatment variables. Furthermore, the results 
of the present study were compared with those obtained from patients born and screened in 
1981-82, examined at the age of 9.9 years of age, in whom T4-supplementation was initiated 
significantly later.1 

Subjects and methods 
Screening method and treatment strategy
The Dutch neonatal CH screening method is primarily based on the measurement of T4 in 
filter paper blood spots. In 1992-1993, sampling was performed between 5 and 8 days after 
birth. T4, expressed as standard deviation score (SD), is compared with the day mean. If T4 
was -0.8 SD or less, thyrotropin (TSH) was additionally measured. When T4 was -3.0 SD or less 
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or TSH was ≥50 µU/ml or more, children were referred immediately. Children with a dubious 
result (-3.0<T4≤-2.1SD, or 28<TSH<50 µU/ml (in 1992) or 20<TSH<50 (in 1993)) underwent 
a second heelpuncture and were referred if the result was again dubious, or abnormal. The 
etiological classification of CH was based on thyroid function determinants and thyroid imaging.

In 1992-93 Dutch pediatricians were advised to start with 6-8 µg T4/kg.day. In accordance 
with international guidelines T4-dose adjustments were based on thyroid function determinants, 
obtained at regular outpatient follow-up visits. 

Patients of the 1992-93 cohort
The institutional review board of the Emma Children’s Hospital Academic Medical Center 
(AMC) and the privacy committee of the CH Screening Board approved the study protocol. 
The Netherlands Organization of Applied Scientific Research (TNO) documents the screening 
results and diagnostic findings of all children screened for CH in The Netherlands. 

For the majority of children referred because of an abnormal CH screening result, blood 
and/or urine samples are sent to the AMC; for each patient, a record is made. Combination 
of the records (TNO and AMC) revealed that the complete cohort of CH patients born in The 
Netherlands in 1992-1993 consisted of 141 patients (Table 1). Of them three had died, four 
had moved abroad and four had transient CH. The parents of the remaining 130 patients were 
approached by their pediatricians, whose responses led to the exclusion of patients with a known 
or suspected syndrome (n=12), exceptionally late start of treatment (n=3, initiation of treatment 
>300 days after birth), (treatment for) brain tumour (n=1), blindness (n=1), encephalopathy 
after hypoxia (n=2) or hypoglycaemia (n=1); and patients of whom the mother was treated 
with T4 during pregnancy (n=2) (Table 1, ‘not suitable’). The parents of 18 patients refused 
participation (Table 1, ‘not willing’). 

To ascertain that the participating patients were euthyroid (i.e. TSH 0.4-4.0 µU/ml) at the 
time of testing, the most recent measurement of thyroid function before the psychological tests, 
was evaluated and if necessary T4-dose was adjusted. This resulted in dose adjustments for 20 
patients. Because of misunderstandings, the recommended dose adjustments were not made in 
time in 3 patients who were excluded from the analysis (Table 1, ‘not suitable’).   

Of the 87 participating patients (62% of the original cohort) 82 had thyroidal CH (CH-T) 
and 5 had central CH (CH-C). The test results of patients with CH-C are presented separately, 
because of difference in etiology and treatment; all of them received besides T4 supplementation, 
cortisol and growth hormone. Patients with CH-T were classified to subgroups based on their 
pre-treatment free T4 (FT4) concentration: ‘severe CH’: initial FT4≤0.3 ng/dL (≤4 pmol/L), 
‘moderate CH’: 0.3<initial FT4≤0.6 ng/dL (4.0<initial FT4≤8.0 pmol/L) or ‘mild CH’: initial 
FT4>0.6 ng/dL (>8.0 pmol/L). FT4 reference range for children aged 2-6 weeks: 0.9-2.2 ng/dL 
(12-28 pmol/L).8
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Assessments 
Cognitive and motor assessments were carried out in the AMC (except for 7 patients who 
were tested in their local hospitals) by the same psychologist who was blinded for the patient’s 
medical details. Patients were tested at a mean age of 10.5 years (range 9.6-11.4 years). 

Cognitive assessments
Intelligence was assessed with the Dutch version of the Wechsler Intelligence Scale for Children, 
3rd Edition, (WISC-III) 9 except for the first 10 patients who were tested with the WISC-R10 
because the WISC-III was not yet available. With the subjects’ performance on 10 subtests, three 
intelligence quotients were derived: Full Scale Intelligence Quotient (FSIQ); Verbal Intelligence 
Quotient (VIQ); and Performance Intelligence Quotient (PIQ). In the normative population 
each IQ-score has a mean of 100 (SD 15). The scores of the WISC-R were recalculated into 
WISC-III scores in accordance with the guidelines provided in the WISC-III manual.9;11

Motor assessments
Motor skills were assessed with the Movement Assessment Battery for Children (MABC),12;13 
designed for identification of impairments of motor function in children aged 4-12 years. 
The test results are expressed in terms of a total motor impairment score (ranging from 0 to 
40, mean 5.0 in the normative population; in the text referred to as ‘Total MABC score’), a 

Table 1. Etiology of CH in the 1992-93 cohort 

Etiology Total 
Group Participants

                Non-participants

Not willing                               Not suitable

� yroid agenesis 24 17 1 6 (move abroad:1, syndrome:1, syndrome 
suspected:2, T4-dose not adequate:2) 

� yroid dysgenesis 51 48 1 2 (T4-dose not adequate:1, euthyroid without 
T4-suppl.:1)

� yroid   
dyshormonogenesis 24 17 4 3 (syndrome:1, mother treated with T4 

during pregnancy:2)

CH-T not otherwise 
speci� ed 26 - 11

15 (move abroad:3, patient died:3, euthyroid 
without
T4-suppl.:3, syndrome:5, tumour:1)

CH-C 16 5 1 10 (blindness:1, encephalopathy:3, syndrome 
suspected:3, late initiation of treatment:3)

Total 141 87 18 36

� ree groups are presented: the total group, the group of participating patients (with either CH-T or CH-C), and 
the group of nonparticipants, either because patients were considered not suitable (with the reason speci� ed in 
parentheses) or because parents were not willing. � e number of patients in each etiological classi� cation subgroup 
is given for each group. 
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manual dexterity score (0-15), a ball skills score (0-10) and a balance score (0-15); higher scores 
indicate more motor problems. In the normative population 85% has no motor problems (Total 
MABC score≤9.5), 10% have borderline motor problems (9.5<Total MABC score<13.5) and 
5% have definite motor problems (Total MABC score ≥13.5). 

Patients of the 1981-82 cohort
Data of 58 patients with CH-T born in 1981-82 (43% of a total cohort of 136 CH patients) 
who were studied at a mean age of 9.9 years (range 9.0-10.9)1 were available for retrospective 
analysis. IQ was measured with the WISC-R.10 Motor skills were tested with the Test of Motor 
Impairment (TOMI) 14. The TOMI later evolved into the MABC and both contain comparable 
items. The total motor impairment score (referred to in the text as total TOMI score) ranges 
from 0 to 20; higher scores indicate more motor problems. In the normative population 85% 
have no motor problems (Total TOMI score<4), 10% have borderline motor problems (4≤Total 
TOMI score<6) and 5% have definite motor problems (Total TOMI score≥6).  

Statistical Analysis
Comparisons of IQ and motor scores were made between the following subgroups: severe versus 
moderate versus mild CH-T and early versus late treated patients with severe, moderate or mild 
CH-T (i.e. before or after the mean starting day of treatment). FSIQ scores and the percentage 
of patients with motor problems of the 1992-93 and 1981-82 cohorts were compared. 

One-sample t-tests were used to determine whether the IQ scores in the total CH-T group 
and the severity subgroups differed from the norm of 100. Binomial tests were conducted to 
test whether the percentage of CH-T patients in the severity subgroups that had a motor score 
more than 9.5 differed from the percentage in the normative population. 

Analysis of variance (ANOVA) was used for group comparisons on continuous variables; 
post hoc group comparisons were done with Bonferroni post hoc analysis. Chi-square tests 
were used for categorical variables. For variables in which the distributions of scores differed 
significantly from the normal distribution, nonparametric tests such as the Mann-Whitney-
U-tests were used. Linear regression models were fitted for IQ and motor scores with severity 
(initial T4 concentration) and starting day of treatment as independent variables. In addition, 
bivariate correlation analyses between severity of CH-T, starting day of treatment, or initial 
T4-dose, and IQ or motor scores were performed and between FSIQ and Total MABC score. It 
was not necessary to correct for parental educational level, a potential confounder, because this 
appeared to be distributed equally over the subgroups: parental educational level by severity 
(Chi-square=1.260, p=0.868) and parental educational level by early or late treatment (Chi-
square=2.435, p=0.296).
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Results
Patients with CH-T
Characteristics of the participants are given in Table 2. Of the 82 patients with CH-T (53 
girls, 65%) 50% had severe CH-T of whom the majority had thyroid agenesis (39%) or 
dysgenesis (39%), and 50% had moderate or mild CH-T of whom the majority had thyroid 
dysgenesis (78%). In patients with severe and moderate CH-T the mean age at initiation of T4-
supplementation was younger than in patients with mild CH-T. The median age at initiation of 
T4-supplementation for the total CH-T group was 20 days (mean 22 days). 

Intellectual and motor outcome 
Mean FSIQ, VIQ and PIQ scores of the total CH-T group were not significantly different from 
the population means (Table 3). The mean total MABC score was subnormal for the total CH-T 
group, and significantly different from the mean of the normative population (p<0.001; Table 
4). 

Mean FSIQ, VIQ and PIQ scores in the severe CH-T group differed significantly from the 
population means (p=0.004, p=0.039, p=0.003, respectively; Table 3), whereas in the moderate 
and mild CH-T group mean IQ scores were not significantly different from the population 
means. In the severe CH-T group FSIQ and PIQ scores were significantly lower than in the 

Table 2. Characteristics of the participants 

Severe CH-T Moderate 
CH-T Mild CH-T CH-C

Number of patients (male:female) 41(13:28) 19 (6:13) 22 (10:12) 5 (4:1)

Initial FT4 in ng/dl (range) a

[pmol/l (range)]
0.1 (0.0-0.3)

[1.8 (0.0-4.0)]
0.4 (0.3-0.6)

[5.6 (4.2-7.1)]
1.0 (0.7-1.6)

[12.8 (9.0-20.2)]
0.6 (0.4-0.7)

[7.7 (5.4-9.6)]

Initial TSH in µU/ml (range)b 693 
(254-1500)

493 
(163-760)

120 
(28-502)

4 
(2-5)

Total
Defects‡

Agenesis
Dyshormonogenesis

16
7

1
-

-
-

-
-

Partial
Defects c

Dysgenesis
Dyshormonogenesis

16
2

17
1

15
7

-
-

Age at start of T4 supplementation
in days (range)

19 (10-43) 19 (9-41) 31 (2-73) 34 (14-58)

Initial T4 dose in µg/kg per day (range) 7.0 (3.2-12.9) 6.6 (4.0-10.3) 5.0 (2.8-9.0) 8.1 (4.2-11.1)

Initial plasma FT4 and TSH concentrations, the age at start of treatment, and the initial T4-dose are 
xpressed as mean (range). 
a  Reference range for FT4 in children aged 2 to 6 weeks, 0.9-2.2 ng/dl, 12-28 pmol/ liter.(8) 

b  Reference range for TSH in children aged 2 to 6 weeks, 1.7-9.1 µU/m.(8) 

c  Only for patients with CH-T.
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mild CH-T group (p=0.007, p=0.005, respectively; Table 3). 
The mean total MABC scores in the severe, moderate and mild CH-T subgroups were 

significantly different from the mean of the normative population (p<0.001;p=0.003;p=0.001, 
respectively; Table 4). Patients with severe CH-T had significantly worse scores on total MABC 
and manual dexterity than patients with moderate CH-T (p=0.023, p=0.004, respectively; 
Table 4). The percentages of patients in the severe, moderate and mild CH-T subgroups, with a 
subnormal total MABC score (70%, 37% and 59%, respectively) were significantly higher than 
in the normative population (p<0.001, p=0.016, p<0.001,respectively). The difference between 
severe and moderate CH-T in percentages of patients with a subnormal total MABC score was 
significant (p=0.023).  

In the severe CH-T group IQ and motor scores did not differ in patients treated less than 19 
days after birth versus patients treated 19 days or more after birth. IQ and motor scores were 
not different in the moderate and mild CH-T group when treatment was initiated before or 
after 19 and 31 days, respectively. 

In a multiple regression analysis with severity of CH-T (expressed as the initial plasma FT4 
concentration) and starting day of treatment as independent variables, only the severity of 
CH-T appeared to be a significant predictor of FSIQ (Table 5). 

In a bivariate correlation analysis, the initial FT4 concentration appeared to be associated 
with FSIQ (r=0.298; p=0.015), PIQ (r=0.314, p=0.010) and Manual Dexterity (r=-0.247; 
p=0.047). No correlation was found between starting day and IQ or motor scores; nor was there 
a correlation between initial T4-dose and IQ or motor scores. Also within the severe CH-T 

Table 3 IQ scores of the CH-T group

Full Scale
IQ

p 
(t)

Verbal
IQ

p 
(t)

Performance
IQ

p 
(t)

Severe CH-T
n=41

93.7 a, c

(89.5-97.9)
0.004
(-3.0)

94.9 b

(90.1-99.7)
0.039
(-2.1)

93.9 a, c

(90.0-97.8)
0.003
(-3.1)

Moderate CH-T
n=19

96.2
(88.9-103.5)

0.290
(-1.1)

95.4
(87.9-102.9)

0.210
(-1.3)

98.0
(91.1-104.9)

0.550
(-0.6)

Mild CH-T
n=22

105.0
(99.5-110.4)

0.073
(1.9)

103.6
(98.2-109.1)

0.182
(1.4)

105.3
(99.3-111.3)

0.082
(1.8)

Total
n=82
range

97.3
(94.2-100.4)

57-129

0.088
(-1.7)

97.4
(94.1-100.6)

65-138

0.113
(-1.6)

97.9
(94.8-100.9)

58-134

0.172
(-1.4)

IQ scores, expressed as mean (con� dence interval), are presented for the total CH-T group and the three 
severity subgroups. P values (with t-value in parentheses) refer to the comparison with the normative population.
a P<0.01 compared to the population mean.
b P<0.05 compared to the population mean.
c P<0.01 compared to mild CH-T.
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group, starting day of treatment or initial T4 dose did not correlate with IQ or motor scores.
FSIQ and Total MABC score were not significantly correlated (r=-0.204; p=0.073). 

Comparison of the 1992-93 and 1981-82 cohorts
Mean FSIQ and the percentage of patients with motor problems of patients born in 1992-1993 
and in 1981-1982 with severe, moderate and mild CH-T are presented in Table 6. In patients 
with severe and mild CH-T, the age at start of T4-supplementation was significantly different 

Table 4. Motor scores of the CH-T group

Total MABC 
score

Manual
Dexterity

Ball
Skills Balance

Severe CH-T
n=41

14.4 a, c

(11.8-16.8)
8.2 b 

(7.0-9.5)
2.4

(1.5-3.3)
4.1

(3.2-5.0)

Moderate 
CH-T
n=19

9.7 a

(6.8-12.5)
5.1

(3.5-6.6)
1.6 

(0.6-2.6)
3.0

(1.9-4.1)

Mild CH-T
n=22

11.6 a

(8.7-14.6)
6.0

(4.1-7.8)
1.6

(0.7-2.6)
4.0

(2.7-5.4)

Total
n=82

12.4 a 
(10.8-14.0)

6.8
(6.0-7.7)

2.0
(1.4-2.6)

3.8
(3.2-4.5)

Motor scores, expressed as mean (con dence interval), are presented for the total CH-T 
group, and the three severity subgroups.
a P<0.01 compared to the normative population.
b P<0.01 compared to moderate CH-T.
c P<0.05 compared to moderate CH-T.

Table 5. Multiple regression analysis for IQ and motor scores

Full 
Scale

IQ

Verbal
IQ

Performance
IQ

Total
MABC

Manual
Dexterity

Ball
Skills Balance

Initial plasma
FT4 concentration

B 0.816 0.760 0.753 -0.202 -0.121 -0.082 -0.023

β 0.296 0.277 0.262 -0.142 -0.156 -0.156 -0.039

p 0.034 0.051 0.057 0.324 0.276 0.268 0.786

Starting day of 
T4-
supplementation

B 0.005 -0.110 0.124 -0.062 -0.018 -0.017 -0.036

β 0.005 -0.101 0.110 -0.110 -0.060 -0.084 -0.156

p 0.973 0.470 0.420 0.443 0.674 0.549 0.276

R2 adjusted 0.060 0.030 0.080 0.015 0.006 0.014 0.000

Model signi� cance
F(2,63)=

3.077
p=0.053

F(2,63)=
2.014

p=0.142

F(2,63)=
3.817

p=0.027

F(2,60)=
1.471

p=0.238

F(2,62)=
1.179

p=0.314

F(2,63)=
1.457

p=0.241

F(2,62)=
1.008

p=0.371

Results of multiple regression analysis are given with initial plasma FT4 concentration and starting day of T4 supplementation as 
independent variables and IQ scores and motor scores as dependent variables.
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between the 1981-82 cohort and the 1992-93 cohort (p<0.001, p=0.003, respectively), but 
not in patients with moderate CH-T (p=0.087). The initial T4-dose of patients in the severity 
subgroups was not significantly different between the 1981-1982 and the 1992-1993 cohort 
(p=0.086, p=0.938, p=0.248 for severe, moderate and mild CH-T, respectively). FSIQ scores 
of the severity subgroups were not significantly different between the two cohorts. In patients 
with mild CH-T the percentage of patients with a subnormal total motor impairment score 
was higher in the 1992-1993 cohort than in the 1981-1982 cohort (p=0.013); for severe and 
moderate CH-T, differences were not significant. 

Table 6. Full Scale IQ scores and percentages of CH-T patients with motor problems born 
in 1992-93 and 1981-82

Full Scale IQ score Percentage of patients with 
motor problems       

CH-T group
1992-1993

CH-T group
1981-1982

CH-T group 
1992-1993

CH-T group
1981-1982

Age 10.5 years 9.9 years 10.5 years 9.9 years

Severe CH-T
n=41a and 27 b 

93.7
(89.5-97.9)

94.3
(87.9-100.8)

71% 52%

Age at start of T4-
supplementation (days)

19 29 19 29

Initial T4-dose
(µg/kg.day)

7.0 5.4 7.0 5.4

Moderate CH-T
n=19 a  and 17 b

96.2
(88.9-103.5)

98.9
(91.6-106.3)

37% 41%

Age at start of T4-
supplementation
(days)

19 27 19 27

Initial T4-dose
(µg/kg.day)

6.6 7.4 6.6 7.4

Mild CH-T
n=22 a and 14 b

105.0
(99.5-110.4)

98.7
(89.2-108.2)

59% 15%

Age at start of T4-
supplementation (days)

31 68 31 68

Initial T4-dose
(µg/kg.day)

5.0 5.2 5.0 5.2

Total Group
97.3

(94.2-100.4)
96.8

(92.7-100.9
60% 40%

FSIQ, expressed as mean (con� dence interval) and percentages of patients with a subnormal MABC
(i.e. >9.5, 15% in the normative population) or TOMI (i.e. >4, 15% in the normative population) score are 
presented, as well as the number of patients, the mean age at start of T4-supplementation and the mean initial T4-dose 
for each severity subgroup and the total group. 
* Number of patients for each severity subgroup in the 1992-1993 cohort.
** Number of patients for each severity subgroup in the 1981-1982 cohort. 
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Patients with CH-C
The five patients with CH-C (four boys) had a mean initial FT4 concentration in between that of 
patients with moderate and mild CH-T (Table 2); none of the CH-C patients had an initial FT4 
concentration less than 0.3ng/dL (<4pmol/ liter). T4-supplementation was initiated at a mean 
age of 34 days after birth. Patients with CH-C had a mean FSIQ of 99.0 (range 92.5-105.5); mean 
VIQ was 96.6 and mean PIQ was 102.2. The mean manual dexterity score was 8.4, ball skills 1.2, 
and balance 4.9. The mean Total MABC score (14.5) was substantially higher than the mean of 
the normative population (5.0), four of the five patients had a subnormal score (i.e.>9.5). 

Discussion 

The present study analyzed cognitive and motor outcome in a Dutch cohort of 10 year old 
children with early treated CH. IQ scores for the total CH-T group, in whom treatment 
was initiated at a median age of 20 days, were not significantly different from the normative 
population. Within the subgroup of severe CH-T patients, however, cognitive outcome was less 
favorable. With regard to motor skills, the total CH-T group had substantial motor problems, 
which were slightly more pronounced in severe CH-T patients. Severity of CH-T correlated 
significantly with FSIQ, PIQ and manual dexterity score. No correlation, however, was found 
between the starting day of treatment (median, 20 days; range, 2-73 days) or initial T4-dose 
(range, 2.8-12.9 µg/kg.day) and IQ or motor scores. 

The current findings are in line with our recent observations of persistent cognitive and 
motor deficits in adult Dutch CH-T patients, born in 1981-82, in whom treatment was initiated 
at a median age of 28 days (range 4-293 days). Also in the 1981-1982 cohort severity of CH-T 
was an important predictor of long-term outcome, but not timing of treatment initiation.2 Over 
the course of the first decade following introduction of the nationwide CH screening, treatment 
initiation for CH patients was substantially advanced; patients with severe CH-T born in 1981-
1982 were treated from a mean age of 29 days (median, 29 days), whereas those born in 1992-
93 were treated from a mean age of 19 days (median, 17 days). Apparently, this advancement 
did not result in an improvement in intellectual development. It is conceivable that also in the 
1992-93 cohort the time frame for a preventive effect of early treatment initiation had elapsed, 
as was previously supposed for the 1981-1982 cohort.2 Alternatively, (irreversible) brain damage 
in severe CH might have accrued in the prenatal period. The importance of the in utero thyroid 
hormone state has been illustrated by the fact that maternal hypothyroidism during pregnancy 
is known to result in cognitive and motor deficits in the offspring.15 One has to keep in mind 
that CH is already expressed in fetal life and that maternal T4, transferred via the placenta, is not 
sufficient to fill the gap in fetal T4 production. 
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The conviction prevailing in the pre-screening era that early treatment would prevent 
mental retardation has led to the introduction of neonatal screening once the appropriate 
techniques (Guthrie card and radio immuno assays) became available. However, a series 
of follow-up studies on the cohorts who were originally screened showed that children still 
had persistent subtle deficits, despite early treatment.1;2 Several studies have investigated the 
possible benefits of advancing the initiation of T4-supplementation on outcome in CH patients 
detected by neonatal screening. As in our study, Boileau et al.16 investigated the impact of 
changes in the screening procedure over a 15 yr period: IQ scores of CH patients in whom T4 
supplementation was initiated before 21 days after birth were similar to controls, whereas IQ 
scores of patients treated after this age were significantly lower. This study, however, did not 
investigate outcome of patients with severe CH as a subgroup. Dubuis et al. and Simoneau-Roy 
et al. have shown that intellectual outcome in patients with severe CH, in whom treatment 
was initiated at a median age of 14 days with a mean initial T4-dose of 12.1 µg/kg.day, was 
normal both at 18 months 3 and 5 years of age.17 Their patient groups, however, were rather 
small (n=8 and 9, respectively). In a sample of Dutch CH patients born between 1993 and 
1996, Bongers-Schokking et al. 4 have shown that in severe CH a treatment delay of 6 days, in 
patients receiving an initial T4 dose of 10.8 µg/kg.day, led to a loss of 25 points on the Mental 
Developmental Index of the Dutch version of the Bayley Scales of Infant Development, when 
measured between 11 and 30 months of age. Remarkably, retesting at 5.5-7 years of age gave 
contrasting results: a treatment delay of 7 days resulted in a small increase of 3.6 IQ points.5 No 
distinction was made according to severity of CH because of small group size.

To what extent the initial T4-dose is a key factor in preserving optimal brain development in 
CH patients is unclear 18; even recent reports about this issue gave contradictory results. Selva 
et al 6, considering a mean initial T4-dose of 10.9 µg/kg.day as relatively low, found that patients 
with CH, receiving this dose at a mean postnatal age of 10.9 days, had lower FSIQ scores than 
controls (89.7 vs. 100.2). However, Bongers-Schokking et al 5, considering a similar dose of 10.6 
µg/kg.day, as relatively high, found that patients with CH, receiving this dose at a mean postnatal 
age of 10.8 days, scored equal to controls (104.6 vs. 105.0 Rakit IQ score).5 Any effect of both 
initial and long-term T4-supplementation on cerebral development is ultimately mediated 
by the intracellular thyroid hormone receptor occupation, established via the plasma FT4 
concentration. Consequently, establishing adequate plasma FT4 concentrations as soon as possible 
after initiation of T4-supplementation and the maintenance of adequate FT4 concentrations 
thereafter are considered important factors determining outcome of CH patients. However, in 
a previous study we could not demonstrate a solid correlation between the height of the initial 
T4-dose and the time needed to reach a plasma FT4 concentration within the reference range.19  
This probably explains why we could not find a correlation between the height of the initial 
T4-dose and outcome. 
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A limitation of the current study is that motor performance in both CH cohorts had to be 
assessed with slightly different test methods, as they evolved over time. The MABC, used in the 
1992-93 cohort, contains test items comparable to the TOMI, used in the 1981-1982 cohort, 
but is considered more sensitive because items are scored on a six-point instead of a three-point 
scale and because a larger reference group is used.12;14 Therefore, although it may seem that 
motor outcome in the 1992-1993 cohort is worse in comparison to the 1981-1982 cohort, this 
effect may be the consequence of the higher sensitivity of the MABC. 

An advantage of the current study is that the design provided the opportunity to study 
the influence of substantially advanced treatment initiation by comparing data of two large 
nationwide recruited cohorts of CH patients. In fact, age at treatment initiation was the only 
variable which essentially distinguished the two cohorts.

Finally, this is the first report on developmental outcome of patients with central CH 
detected by neonatal screening. The challenge in this group is timely and adequate multiple 
hormonal supplementations to establish normal growth and brain development, and, 
especially to prevent hypoglycemia. The percentage of CH-C patients considered not suitable 
to participate was relatively high, inherent to their (syndromal) condition of multiple pituitary 
hormone deficiencies. However, the results of the participating patients are encouraging in that 
timely and adequate hormonal supplementation established IQ and motor scores not different 
from patients with moderate CH-T. 

In conclusion, this study has shown substantial cognitive and motor deficits in patients with 
severe CH-T, whose treatment with T4 was initiated at a mean age of 19 days after birth. Mildly 
and moderately affected CH-T patients had a fair prognosis for IQ, but they too experienced 
motor problems. Despite a substantially advanced treatment initiation, as spin off of a decade 
of experience with neonatal screening, improvement of cognitive or motor outcome failed 
to occur. Although it is possible that with further advancement of treatment initiation or 
adaptations in T4 dose, intellectual and motor deficits will disappear, the observed deficits 
might also be the consequence of the prenatal hypothyroid state. 
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Abstract

Objective: The Dutch neonatal congenital hypothyroidism (CH) screening procedure and 
treatment modality has been adapted several times since its national institution in 1981. The 
present study examined whether advancement of treatment modality has resulted in improved 
cognitive and motor outcomes. 
Methods: In 95 toddlers with thyroidal CH (CH-T), born in 2002 through 2004 and treated 
at a median age of 9 days, cognitive and motor outcomes were assessed with the Bayley Scales 
of Infant Development-II-NL) BSID-II-NL at 1 and 2 years of age. This outcome was also 
analyzed in relation to treatment variables. 
Results: The mean mental developmental index (MDI) scores of the severe (initial free 
thyroxine [FT4]≤0.4ng/dL (≤5 pmol/L), moderate (0.4<initial FT4≤0.8ng/dL (5.0<initial 
FT4≤10.0 pmol/L) and mild (initial FT4>0.8ng/dL(>10.0 pmol/L) CH-T grous at 1 year and 
the moderate and mild CH-T groups at 2 years were similar to the population mean. The mean 
MDI scores of the total CH-T group and severe CH-T group at 2 years were significantly lower 
than the population mean (p< 0.0001). In all 3 severity subgroups significant lower psychomotor 
developmental index (PDI) scores (p<0.0001) were observed. No correlations were found 
between starting day of treatment and developmental outcome. Initial FT4 concentration and 
initial T4 dose were weak predictors for developmental outcome.
Conclusion: Essentially, comparable with our earlier findings, children with CH, especially 
those with severe CH are still at risk for motor and cognitive problems, which are probably 
due to the consequence of the prenatal hypothyroid state or the thyroid hormone deficiency 
in early life.
Key words: cognitive development, motor development, congenital hypothyroidism, neonatal 
screening and toddlers.

hoofdstuk 4.indd   72 22-04-13   13:25



73

4
chapter

Evaluation of cognitive and motor development in toddlers with congenital hypothyroidism diagnosed by neonatal screening

Introduction

In children with congenital hypothyroidism (CH), thyroid hormone deficiency is present 
from the prenatal period onward until adequate thyroxine (T4) supplementation is provided 
after birth. Because thyroid hormone is essential for brain development, these children are 
at risk for brain damage and subsequent cognitive and motor deficits. 1-3 The early postnatal 
start of T4 supplementation, enabled by neonatal screening programs, aims to minimize this 
brain damage. Several studies on the effect of these screening programs showed that early T4 
supplementation resulted in intelligence quotients within the normal range. However, subtle 
cognitive and motor deficits like attention and balance problems remain present in the majority 
of patients.4-9

To optimize the effect of early treatment on cognitive and motor outcome in CH patients, 
timing and treatment modality have been adapted several times over the years. For example, 
treatment modality gradually changed from a relatively low initial T4 dose in the early years 
of neonatal screening, to higher initial T4 dose in recent years.10;11 Despite the progress made 
in terms of standardization of screening procedures and improvements in time and in dose at 
starting treatment,10;12;13 controversy still exists worldwide as to the effect of these procedural 
changes on development. 4;10;11;14-21 Some researchers claim that early treatment with high T4 
dose leads to normal brain development;14;22 others state that timing does not affect cognitive 
and motor development positively.4;16;19;23 Therefore, the optimal treatment modality for 
children with CH is still in debate worldwide.

In The Netherlands, our nationwide study analyzed the effect of the changes in timing and 
treatment modality over the years by including 3 different cohorts of patients. Phase I of this 
study investigated cognitive and motor outcome of CH patients born in 1981 through 1982 at 
20 years of age 20 and phase II investigated patients born in 1992-93 at 10 years of age.4 Patients 
with CH, tested at 20 and 10 years had significantly lower full-scale intelligence quotient 
(IQ) scores than the norm population and worse motor scores compared with controls. Both 
intellectual and motor outcomes were most severely affected in patients with severe CH. We 
concluded that severity of CH was an important factor determining long-term cognitive 
and motor outcomes. Surprisingly, we did not find evidence for influence of timing of early 
treatment on intellectual and motor functioning. However, median age at start of treatment 
was 28 days and 20 days after birth in the phase I 20 and phase II 4 cohorts respectively. So, it 
could not be ruled out whether earlier start of treatment would have had a beneficial effect.  
Therefore we investigated CH patients who were treated at a median age of 9 days after birth 
(Phase III). Furthermore, we were able to gather more information about treatment in phase III 
than in the phase I and phase II cohorts, like initial T4-dose and adequacy of treatment because 
the study started immediately after birth.
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Cognitive and motor development was investigated at 1 and 2 years of age in the present 
study and compared with normative data. Changes over time were analyzed and outcome was 
investigated in relation to treatment variables (starting day of T4 supplementation, initial T4 
dose and treatment adequacy) and severity of CH based on the pretreatment FT4 concentration: 
severe CH: initial FT4≤0.4ng/dL (≤5 pmol/L); moderate CH, 0.4<initial FT4≤0.8ng/dL 
(5.0<initial FT4≤10.0pmol/L); or mild CH: initial FT4>0.8ng/dL (>10.0 pmol/L).

Methods 
Screening method 
The Dutch neonatal CH screening method is primarily based on the measurement of T4 in 
filter paper blood spots. Sampling is performed between 4 and 7 days after birth. The midwife 
pays a home visit and performs the heel puncture (also for those children born in the hospital, 
heel puncture is performed between day 4 and day 7).The T4 concentration is compared to 
the day mean and expressed as standard deviation (SD) score. If T4 is ≤-0.8 SD, thyrotropin 
(TSH) concentration (in mIU/l) is additionally measured. If T4 is ≤-1.6 SD, thyroxine-binding 
globulin (TBG) concentration (in nanomoles/liter (nmol/l)) is also measured. A T4/TBG ratio 
is measured as follows: [T4 +5.1]•[TBG]-1•1000.

The referral criteria were as follows: if T4 was ≤-3.0 SD or TSH was ≥50mIU/L, children 
were immediately referred to a pediatrician by the Dutch Health Administrations (DHA). In 
children with a dubious result (-3.0<T4≤-0.8 SD in combination with a T4/TBG ratio ≤8.5 and/
or 20≤TSH<50 mIU/l), a second heel puncture was performed. Children were referred after a 
second heel puncture if the result was dubious again or abnormal. The diagnosis of CH and its 
etiological classification was based upon initial presentation, thyroid function determinants 
and a full set of thyroid imaging. 

Patient recruitment
The study was coordinated and executed by the department of pediatric endocrinology 
of the Emma Children’s Hospital AMC (AMC) in collaboration with the Dutch Health 
Administrations (DHA). The study protocol was approved by the institutional review board of 
the  AMC and the CH screening board. 

Of those children born in the Netherlands between April 1, 2002 and May 31, 2004 and 
with an indication for referral from the DHA, the AMC received, in addition to the normal 
procedure, faxes with data containing heel puncture results, gestational age, birth weight and 
the name of the family doctor of the child. After an abnormal screening result, the child is 
usually seen the same day, or at the latest the following day by a pediatrician.

This enabled the researchers of the AMC to immediately contact the pediatrician to 
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whom the child was to be referred. The pediatrician was invited to participate in the study. 
Subsequently, the pediatrician was provided with information by letter or fax. This included 
detailed written information for the parents, and their invitation to participate in the study. 

In some children, the diagnosis of CH was established incidentally by the AMC, for example, 
when their urine or blood was sent for diagnostic work-up. Parents of these patients were also 
invited for the study. They received with written study information via their pediatricians. 

Patients
The complete cohort of patients with permanent CH born in The Netherlands between April 
2002 and May 2004 consisted of 199 patients (Table 1). Patients were classified as CH-T (CH 
of thyroidal origin), CH of central origin (CH-C) or CH not yet specified. CH-T was further 
classified as CH-T due to thyroid dysgenesis, CH-T with normal located thyroid gland, CH-T 
not yet specified, and CH-T21 (i.e. CH-T characteristic for patients with trisomy 21).23;24 In 
this study, only children with CH-T were included. To ascertain that the participating patients 
were euthyroid (i.e. TSH 0.4-4.0 mIU/L) at the time of testing, the most recent measurement 
of thyroid function prior to the psychomotor tests was evaluated and if necessary T4 dose was 
adjusted. 

Table 1. Etiology of Congenital Hypothyroidism in the 2002-2004 cohort  

Total      Non-Participants Participants

% (n) % (n) % (n)

Gender*
male 34.6 (53) 44.8 (26) 28.4 (27)

female 65.4 (100) 55.2 (32) 71.6 (68)

Diagnosis **

CH-T due to thyroid dysgenesis 51.6 (79) 32.8 (19) 63.2 (60)

CH-T with normal located thyroid gland 24.8 (38) 22.4 (13) 26.3 (25)

CH-T not yet speci ed 23.5 (36) 44.8 (26) 10.5 (10)

Total eligible 100 (153) 100 (58) 100 (95)

Excluded diagnosis n n n

CH-T21 15 15 0

CH-C 21 21 0

CH not yet speci ed 10 10 0

Total Cohort 199 104 95

* p<0.05; χ2(1)=4.45: participants di� ered from non-participants with regard to gender.
** p<0.001; χ2(2)=40.5: participants di� ered from non-participants with regard to diagnosis. 
CH, congental hypothyroidism; 
CH-C, congénital hypothyroidism of central origin ; CH-T, CH of thyroidal origin.
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In the present study, parents of 16 children did not give their informed consent. In addition, 
76 patients were considered ‘not suitable’ for the following reasons: CH-C (n=21), CH not 
yet specified (n=10), CH-T21 (n=15), Johansson-Blizzard syndrome (n=1), Turner syndrome 
(n=1), Beckwith-Wiedeman syndrome (n=1), Pendred syndrome (n=1), an undefined 
syndrome (n=4, delayed initiation of treatment (>2months after birth; n=2)), a severe cardiac 
defect necessitating long-term hospitalization (n=1), parents who had severe difficulties with 
the Dutch language (n=6), prematurity (either born<32 weeks GA or birth weight <1.5kg;n=4); 
1 patient had died; 1 patient had moved abroad and 7 patients were not treated adequately. 
The remaining participants patients with CH-T (n=107), without a remarkable medical 
history besides their CH, were then classified to subgroups based on the pre-treatment FT4 
concentration: ‘severe CH’: initial FT4≤0.4ng/dL (≤5 pmol/L); ‘moderate CH’:0.4<initial 
FT4≤0.8ng/dL (5.0<initial FT4≤10.0pmol/L); ‘mild CH’, initial FT4>0.8ng/dL(>10.0 pmol/l); 
‘reference range FT4’, 10 to 23 pmol/L (0.78-1.79 ng/dL).

Treatment strategy
During the study period, Dutch pediatricians were advised on treatment modalities and to start 
with T4 supplementation in a dose of approximately ± 10µg/kg per day in all children, whereas 
in those children with an initial FT4 concentration <8pmol/L, it was advised to give a single 
additional dose of 10 µg/kg about 12 hours after the first dose. Some pediatricians followed the 
guideline introduced in 1997 (i.e. to start with 50µg as an initial dose, followed by 10µg/kg per 
day for the following days). Dose of T4 was subsequently adjusted according to further thyroid 
function determinants, which were measured during regular controls at the outpatient clinic, 
according to international guidelines. In general, children are initially seen twice a week, for 2 
to 3 weeks. From then on, the period in between controls is gradually extended to once a month 
in the first year. In the second year children are seen once every 2 to 4 months.

Treatment adequacy
All FT4 and TSH concentrations during the first 2 years of treatment were evaluated. From 
these data, we analyzed the day at which FT4 was >12 pmol/L for the first time, and the day 
TSH was<10 mU/L for the first time. Furthermore, we calculated the number of times in the 
first and second year that (1) FT4 was <12 pmol/L, regardless of TSH, (2) FT4 was <18 pmol/L 
in combination with TSH>4.0 mU/L, (3) FT4 was >23 pmol/L in combination with TSH <0.4 
mU/L, and (4) FT4 was >29 pmol/L in combination with TSH<0.4 mU/L. The percentage was 
calculated by dividing this number with the total number of venipunctures during the first 
or second year of life. If the percentage in the first or second year of life was ≥20, treatment 
was scored as (possibly) inadequate; being ‘undertreated’, ‘possibly undertreated’, ‘possibly 
overtreated’ or ‘overtreated’, for the first, second, third, and fourth combination, respectively. 
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Instruments
All development assessments were carried out in the AMC except for 10 patients who were 
tested in their local hospitals. The same psychologist (L.S.V.) who was blinded for the patients’ 
medical details, conducted all the assessments. 

The Bayley Scales of Infant Development version II (BSID-II-NL) 25 was used to assess 
cognitive and motor development at the age of 1 and 2 years. The developmental skills that are 
assessed with the BSID-II include the use of active and passive language, imitation, memory, 
eye-hand coordination, and fine and gross motor skills.  The mental developmental index 
(MDI) and the psychomotor developmental index (PDI) were scored based on the number 
of items successfully completed. Scores were converted into age-normalized values, as derived 
from Dutch norms. In the norm population, both MDI and PDI have a mean of 100 and a 
standard deviation of 15. 25  Most patients were tested at the age of 13 and 25 months, so that 4 
scores (MDI, PDI at 13 and 25 months) could be used as outcome measure in the present study.

Statistical analysis
Data were analysed using SPSS version 15.0 (SPSS Inc.,Chicago, IL). Chi-square-tests were 
conducted to test differences between participants and non-participants, regarding gender and 
diagnosis. 

One-sample t tests were performed to test whether the MDI and PDI scores in the different 
severity CH subgroups differed from the normative value of 100. Paired sample t-tests were 
used to test the differences over time; MDI and PDI scores at the age of 13 months were 
compared with those at the age of 25 months.

Analysis of variance (ANOVA) was used to test the differences between the 3 severity groups 
(severe, moderate and mild) on PDI and MDI mean scores. To adjust for multiple testing, 
Bonferroni analyses were used. Linear regression analyses were performed to investigate the 
impact of the following clinical determinants: severity (initial FT4 concentration), starting 
day of treatment, and initial T4 dose on MDI and PDI at the age of 1 and 2 years. It was not 
necessary to correct for parental educational level (a potential confounder) because parental 
educational level appeared to be distributed equally over the subgroups.  

The difference in MDI and PDI at the age of 2 years between the adequately and (dubiously) 
inadequately treated groups was calculated using Mann- Whitney U tests. 
 

Results
Patient characteristics 
Of the 107 included toddlers with thyroidal congenital hypothyroidism (CH-T), 19 were 
considered ‘not suitable’ because intercurrent illness at the time of psychological assessments 
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(n=1), less than 3 of the 4 BSID-II-NL scores were available (n=11). The remaining 95 were 
considered the participants at the age of 1 and 2 years. 

Participants were classified as CH-T due to thyroid dysgenesis (63.2%), CH-T with normal 
located thyroid gland (26.3%), or CH-T not yet specified (10.5%), which was different from 
the distribution of diagnosis in non-participants (see table 1). Other baseline characteristics of 
the participating CH-T patients are given in Table 2. Of the 95 patients (68 females, 72%), 28 
patients (30%) had severe CH-T. Moderate and mild CH-T were seen in 24 (25%) and 43 (45%) 
patients respectively.  

The mean age at start of  thyroxine (T4)-supplementation was 10.6 days (median, 9 days; 
range, 2-32 days). Children with severe and moderate CH-T started significantly earlier with 
T4 than children with mild CH-T (p=0.0001 and p=0.016 respectively). The mean initial T4 
dose was 11.4µg/kg per day (range 5.4-20.1 µg/kg per day). 

Developmental outcome in relation to severity
The mental developmental index (MDI) and the psychomotor developmental index (PDI) 
scores of the CH patients tested at 1 year (13 months) and 2 years (25 months) are shown in 
Table 3. The mean MDI scores of the total, severe, moderate and mild CH-T group at 1 year 
were similar to the population mean (total: t = 1.034 p = 0.304; severe: t = 0-.530, p = 0.6; 
moderate: t = 1.341, p = 0.193; mild: t = 0.933, p = 0.356). The mean PDI scores of the total, 
severe, moderate and mild CH-T group were significantly lower than the population mean at 1 

Table 2. Characteristics of the subgroups of participating CH-T patients with di� erent severity of CH

Severe CH-T Moderate CH-T Mild CH-T

Number of patients (male:female) 28 (5:23) 24 (6:18) 43 (16:27)

Mean initial FT4 in ng/dl (range)
[in pmol/l (range)]

0.2 (0.1-0.4)
[2.8 (1.0-5.0)]

0.6 (0.4-0.8)
[7.2 (5.0-10.0)]

1.1 (0.8-1.6)
[14.3 (10.2-21.0)]

Mean initial TSH in mIU/l (range) 378 (75-970) 337 (41-639) 85 (11-340)

CH-T thyroid dysgenesis 25 16 19

CH-T with normally located thyroid 3 4 18

CH-T not speci� ed 0 4 6

Mean age at start of T4 suppl.
in days (range)

8.5 

(6-14)

9.5

(2-32)

12.7 

(6-31)

Mean initial T4 dose in µg/kg per 
day (range)

12.3 
(9.0-20.1)

11.8 
(8.3-19.9)

10.3 
(5.4-14.3)

CH-T, thyroidal hypothyroidism ; FT4: free thyroxine;TSH: thyrotropin.
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Table 3. Mental developmental index (MDI) and Psychomotor developmental index (PDI) 
scores in the subgroups of participating CH-T patients 

n MDI 1 year n MDI 2 year

Severe CH-T 28 98.8
(93.9-103.6) 26 88.0 *** a 

(83.5-92.6)

Moderate CH-T 24 103.7 
(98.0-109.3) 24 97.9 a

(93.3-102.5)

Mild CH-T 43 101.7
(98.1-105.3) 42 100.1

(96.4-104.3)

Total CH-T 95
101.3 

(98.8-103.8)
92

96.1* a

(93.4-98.8)

PDI 1 year PDI 2 year

Severe CH-T 27 85.6 ***
(79.5- 91.7) 26 83.8***

(78.7-99.0)

Moderate CH-T 24 91.7 *
(84.7-98.7) 21 91.2**

(85.6-96.8)

Mild CH-T 43 88.3 ***
(83.4-93.1) 37 90.8***

(86.3-95.4)

Total CH-T 94 88.4***
(85.1-91.6) 84 88.9***

(85.9-91.6)

MDI and PDI expressed as mean with con� dence interval between parentheses
*p<0.05;**p<0.001; ***p<0.0001 di� erence between CH patients and normative population 
(based on one sample t-tests). 
a p<0.0005 signi� cant change over time; di� erence between CH patients at 1 year and 2 years of age 
(based on paired t-test). 
CH-T: � yroidal congenital hypothyroidism.

year (Total: t = -7.083, p<0.0001; severe: t = -4.842, p<0.0001; moderate: t = -2.464, p = 0.022; 
mild: t = -4.847, p<0.0001). The mean MDI score of the total CH-T group and severe CH-T 
group at 2 years were significantly lower than the population mean (total: t = -2.842 p = 0.006; 
severe: t = -5.417, p<0.0001), whereas the mean MDI scores of the moderate and mild CH-T 
group were similar to the population mean (moderate: t = -0.935, p = 0.360; mild: t = 0.058, p 
= 0.954). At 2 years, the mean PDI scores of the total, severe, moderate and mild CH-T group 
were significant lower than of the population mean (total: t = -7.747, p<0.0001; severe: t = 
-6.479, p<0.0001; moderate: t = -3.262, p = 0.004; mild: t = -4.100, p<0.0001).

Mean MDI scores did differ significantly (p<0.001) at 2 years between the CH-T severity 
subgroups (F(2.94) = 8.161, whereas PDI scores did not. At 2 years, the MDI scores of the 
severe CH-T group were significantly lower than those of the mild and moderate CH-T groups 
(p<0.001;p<0.05, respectively; Table3). 
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Change over time
The results of a paired t-test showed a significant decrease over time on the MDI for the total and 
severe CH groups (t=3.720, df=91, p<.0005, two tailed) (Table 3). The mean difference between 
the MDI scores over the years was 5.17 and the 95% confidence interval for the estimated 
population mean difference is between 2.41 and 7.93. There was no significant difference over 
time on the PDI, (t = 0.816, df = 82, p<.417, two tailed). The mean difference between the PDI 
scores over the 2 years was -1.41 and the 95% confidence interval for the estimated population 
mean difference is between -4.84 and 2.03. 

Developmental outcome at 1 and 2 years in relation to medical determinants
The multiple regression analyses for MDI and PDI with initial FT4 concentration, starting day 
of T4 supplementation and initial T4-dose, resulted in a significant model for MDI score at the 
age of 2 years: F (3.84) = 4.186, p=0.008 (table 4). The model explained 9.9% of the variance. 
Initial FT4 concentration contributed significantly to the model, whereas the other variables 
did not. Starting dose of T4 appeared to be a predictor of MDI  at the age of 1 year and of the 
PDI at the age of 1 and 2 years (table 4). 

Table 4. Multiple regression analysis, MDI and PDI scores 

MDI 1 year PDI 1 year MDI 2 year PDI 2 year

Initial T4 concentration

B -0.003 -0.0255 0.732 0.024

β 0.01 -0.084 0.313 0.323

p 0.990 0.470 0.007 0.942

Starting day of treatment

B -0.055 0.122 -0.232 0.362

β -0.023 0.038 -0.924 0.114

p 0.840 0.735 0.395 0.364

 T4 Starting dose B -1.290 -1.730 -0.703 -1.218

β -0.296 -0.301 -0.154 -0.252

p  0.007 0.007 0.150 0.029

R2 adjusted 0.054 0.053 0.099 0.086

Model signi cance F(3,87)=2.710 F(3,86)=2.672 F(3,84)=4.186* F(3,76)=2.394

*p<0.01. MDI, mental developmental index ; PDI, psychomotor developmental index ; T4: thyroxine.
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Treatment Adequacy 
For the total group, FT4 was above 12 pmol/L for the first time at a mean duration of 2.1 days 
after the treatment initiation (95% confidence interval [CI], 1.6-2.7; range 0-18). In severe, 
moderate, and mild CH-T patients, FT4 was above 12 pmol/L for the first time at a mean 
duration of 4.0, 2.7, and 0.5 days after treatment initiation, respectively. In the total CH-T 
group, TSH was <10 mU/L for the first time at a mean duration of 18.7 days after the start of 
treatment (95% CI 12.9-23.4, range 2-180). In severe, moderate, and mild CH-T patients, TSH 
was <10 mU/l for the first time at a mean duration of 28.0, 15.7, 14.4 days  after the start of 
treatment, respectively. Within the severe CH-T group, there was no correlation between the 
day at which FT4 was>12 pmol/L for the first time or TSH<10 mU/L for the first time and the 
MDI or PDI score at the age of 2 years. 

A FT4 concentration<12 pmol/L occurred only once in 1 child in the first year, and once in 1 
child in the second year. For the patients who were possibly undertreated, possibly overtreated 
or overtreated, MDI and PDI scores at the age of 2 years did not differ from those patients 
who were treated well. At the age of 2 years, MDI and PDI scores did not correlate with the 
percentage of venipunctures with FT4<18 and TSH>4 or ‘FT4>23 and TSH<0.4 or  with 
FT4>29 and TSH<0.4.

Discussion

Our study shows that toddlers with thyroidal congenital hypothyroidism (CH-T), who were 
screened and treated according to national recommendations and current practice, had subtle 
deficiencies in cognitive development at 2 years of age. This was most prominent in toddlers 
with severe CH-T. In addition, toddlers with CH-T had significantly lower psychomotor 
developmental index (PDI) scores than the population mean at 1 and 2 years of age, irrespective 
of severity of hypothyroidism. 

The most striking result in our study was that no correlation was found between the starting 
day of treatment (range 2-32 days) and cognitive and motor development. The possible effects of 
the starting day of treatment, initial dose of thyroxine (T4) and CH-T severity on developmental 
outcome of patients detected by neonatal CH screening have been object of many studies.4;11;13;14-21 
However, the results are often difficult to compare with each other because screening method, 
guidelines for treatment (starting day of treatment and initial T4 dose, quality of treatment), 
sample size, and criteria for CH-T severity differ among these studies. A striking example is 
that in one study, the same initial starting dose gave a favorable outcome if it was defined as 
high,14 and a suboptimal outcome when defined as a low dose.22 To overcome these limitations, 
we tested a large cohort of CH-T patients and we used the same psychological tests carried out 

hoofdstuk 4.indd   81 22-04-13   13:25



Chapter 4  |

82

Evaluation of cognitive and motor development in toddlers with congenital hypothyroidism diagnosed by neonatal screening

by one psychologist. In addition, all patients were treated by pediatricians who followed the 
national guidelines for treatment, and at the time of psychological assessments, all patients 
had plasma TSH concentrations within the reference range. Furthermore, the cohort was 
carefully characterized in terms of etiology and initial disease characteristics. Since the national 
institution of the Dutch neonatal screening procedure, treatment initiation for CH patients has 
been advanced considerably. Over the years, the start of treatment has changed from a mean 
age of 29 days (in 1981- 1982),19 a mean age of 19 days (1992-1993) 4 to 10 days (born in 2002-
2004). All cohorts showed subtle deficits in cognitive and motor outcomes, which indicate that 
timing of treatment initiation is not a predictor of long-term motor and cognitive outcomes. 
Apparently, brain development is thyroid hormone dependent not only in the neonatal period 
but also prior to birth. Apparently, maternal T4, transferred via the placenta, is not sufficient to 
prevent any brain damage. Possibly the subtle deficits found, might not solely be the result of 
prenatal thyroid hormone deficiency, and that, for example, inadequate treatment may play a 
role as well. We made our own definition because an international guideline to define “adequate 
treatment” is not available. Analysis showed that only a minority of patients during the first or 
second year of life had >20% of the vena punctures with values deviating from the norm. So, 
we can conclude that the majority of our patients were adequately treated during their first 
2 years of life. Moreover, no differences were found in developmental outcomes between the 
patients with>20% of blood values deviating from the norm from those with<20% of blood 
values deviating from the norm.  

A limitation of the study is that no definite conclusions can be drawn on the cognitive and 
motor capabilities of CH patients at older age. The BSID-II-NL is a different test than the IQ 
tests we used for the 10 year olds. Therefore it is advisable to retest the children at 10 years of 
age. Another shortcoming of the study is that a control group of age-matched norms was not 
available. Although including a control group could optimize comparison on motor and mental 
development next to the normative data, the BSID is a reliable standardized international 
developmental test, whereby the use of normative data is well accepted. A surprising result in 
the present study was that the mean mental developmental index (MDI) score of the severe 
CH patients at the age of 1 year was similar to the population mean, whereas the mean MDI 
score of the severe patients at the age of 2 years was significant lower than the population 
mean. Explanations for these findings could be that cognitive problems only become evident at 
older age. Another explanation could be that the psychological tests used in older children are 
more sensitive to detect differences or are more reliable than the instruments used in younger 
children. This explanation is confirmed by the study of Westra et al. 27 They found that the 
Dutch normative values of the BSID are maybe not sufficiently reliable for use at the ages of 6 
and 12 months. It should also be taken into account that the 2002-2004 cohort was very young 
at the time of this first evaluation. Testing of a young child is difficult, and the predictive value 
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of the test outcomes for future cognitive and motor functioning increases with age. Therefore, 
it is difficult to draw conclusions based on the outcome at 1 year of age. The norms are more 
reliable at the age of 2 years. 27 

Even if we take the limitations into account, our data are convincing in that children with 
CH-T, even when treated within a few days after birth, still suffer from subtle cognitive and 
motor delays. To get more insight into the depth of these delays, it is important to study cognitive 
and motor functioning of CH-T patients in more detail, for example to examine additional 
neuropsychological domains like attention and memory and specific motor functioning. 
Unfortunately, with the BSID-II, 25 it was not possible to split motor function in specific 
motor areas. With the new version of the BSID, version III, it is possible to examine motor 
development more in depth. However this version was not yet available during our inclusion 
period. Future studies should take in consideration the use of instruments that are able to 
differentiate between domains of functioning. Reevaluation of these subjects at an older age 
when domains such as attention and memory can be more accurately assessed will be helpful.8  

Our consistent findings over time warrant for sensitive monitoring of motor functioning. 
Pediatricians should be aware of these motor problems to make early identification and 
intervention possible. Tailored support with respect to movement and sports should be 
considered as an early intervention. In addition, we recommend referring all children with 
severe CH-T to a physiotherapist as part of standard health care. Furthermore, our results 
underscore the importance of monitoring general and language development of toddlers with a 
severe form of CH-T. Referral for developmental assessment and, if needed, for speech therapy 
are possible interventions.

Our data strongly indicate that the prenatal hypothyroid state is responsible for the postnatal 
outcome, and hence, it may be concluded that the current neonatal screening program on 
CH is optimal, as it is. Future research should focus on improvements of the prenatal thyroid 
hormone state.  

Finally, international guidelines for optimal treatment are desirable and needed. Consensus 
with respect to treatment (starting day of treatment, initial T4-dose, quality of treatment) 
and criteria for CH-T severity are of utmost importance to provide direction for helping 
children with CH and personalizing their medicine. Therefore, recent literature provides 
recommendations regarding the treatment of children with CH. 10;11;26;28 Furthermore, promising 
new guidelines from the European Society for Pediatric Endocrinology (ESPE) are underway, 
so it is important to take these in consideration in clinical practice and future research, when 
published. However, pursuing research in this area seems important.

In conclusion, this study has shown subtle cognitive and motor deficits in patients with 
severe CH, whose treatment with T4 was initiated at a mean age of 10.6 days after birth. 
Mildly and moderately affected CH patients had a fair prognosis for mental developmental 
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index, but they do also experience motor problems. Furthermore, we conclude that although 
the development of children with CH is considerably improved by neonatal screening and 
improvement of treatment, they are still at risk for motor and cognitive delays. These delays are 
due to the consequence of the prenatal hypothyroid state or the thyroid hormone deficiency 
in early life. Most of all, our findings add to the evidence for motor and cognitive problems in 
relation to CH. Health care physicians should be observant of these problems and refer the 
patients for more detailed psychological assessment if necessary.

hoofdstuk 4.indd   84 22-04-13   13:25



85

4
chapter

Evaluation of cognitive and motor development in toddlers with congenital hypothyroidism diagnosed by neonatal screening

Reference List

1.  Bernal J, Guadano-Ferraz A, Morte B. Perspectives in the study of thyroid hormone action 
on brain development and function. Thyroid 2003; 13(11):1005-1012.

2.  Klein AH, Meltzer S, Kenny FM. Improved prognosis in congenital hypothyroidism 
treated before age three months. J Pediatr 1972; 81(5):912-915.

3.  Raiti S, Newns GH. Cretinism: early diagnosis and its relation to mental prognosis. Arch 
Dis Child 1971; 46(249):692-694.

4.  Kempers MJ, van der Sluijs Veer, L, Nijhuis-van der Sanden RW et al. Neonatal screening 
for congenital hypothyroidism in the Netherlands: cognitive and motor outcome at 10 
years of age. J Clin Endocrinol Metab 2007; 92(3):919-924.

5.  Derksen-Lubsen G, Verkerk PH. Neuropsychologic development in early treated 
congenital hypothyroidism: analysis of literature data. Pediatr Res 1996; 39(3):561-566.

6.  Heyerdahl S. Longterm outcome in children with congenital hypothyroidism. Acta 
Paediatrica 2001; 90(11):1220-1222.

7.  Kooistra L, Laane C, Vulsma T, Schellekens JM, van der Meere JJ, Kalverboer AF. Motor 
and cognitive development in children with congenital hypothyroidism: a long-term 
evaluation of the effects of neonatal treatment. J Pediatr 1994; 124:903-909.

8.  Rovet JF. Long-term neuropsychological sequelae of early-treated congenital 
hypothyroidism: effects in adolescence. Acta Paediatr Suppl 1999; 432(432):88-95.

9.  Rovet JF, Hepworth S. Attention problems in adolescents with congenital hypothyroidism: 
a multicomponential analysis. J Int Neuropsychol Soc 2001; 7(6):734-744.

10.  LaFranchi SH, Austin J. How should we be treating children with congenital 
hypothyroidism? J Pediatr Endocrinol Metab 2007; 20(5):559-578.

11.  Ng SM, Anand D, Weindling AM. High versus low dose of initial thyroid 
hormone replacement for congenital hypothyroidism. Cochrane Database Syst Rev 
2009;(1):CD006972.

hoofdstuk 4.indd   85 22-04-13   13:25



8786

Chapter 4  | Evaluation of cognitive and motor development in toddlers with congenital hypothyroidism diagnosed by neonatal screening

12.  Bakker B, Kempers MJE, De Vijlder JJM et al. Dynamics of the plasma concentrations of 
TSH, FT4 and T3 following thyroxine supplementation in congenital hypothyroidism.  
Clin Endocrinol 2002; 57(4):529-537.

13.  Rose SR, Brown RS. Update of newborn screening and therapy for congenital 
hypothyroidism. Pediatrics 2006; 117:2290-2303.

14.  Bongers-Schokking JJ, Koot HM, Wiersma D, Verkerk PH, Keizer-Schrama SMPF. 
Influence of timing and dose of thyroid hormone replacement on development in infants 
with congenital hypothyroidism. J Pediatr 2000; 136(3):292-297.

15.  Bongers-Schokking JJ, Keizer-Schrama SMPF. Influence of timing and dose of thyroid 
hormone replacement on mental, psychomotor, and behavioral development in children 
with congenital hypothyroidism. J Pediatr 2005; 147(6):768-774.

16.  Heyerdahl S, Oerbeck B. Congenital hypothyroidism: developmental outcome in relation 
to levothyroxine treatment variables. Thyroid 2003; 13(11):1029-1038.

17.  Jones JH, Gellen B, Paterson WF, Beaton S, Donaldson MD. Effect of high versus low 
initial doses of L-thyroxine for congenital hypothyroidism on thyroid function and 
somatic growth. Arch Dis Child 2008; 93(11):940-944.

18.  Joseph R. Neuro-developmental deficits in early-treated congenital hypothyroidism. Ann 
Acad Med Singapore 2008; 37(12 Suppl):42-43.

19.  Kempers MJ, van der Sluijs Veer L, Nijhuis-van der Sanden MW et al. Intellectual and 
motor development of young adults with congenital hypothyroidism diagnosed by 
neonatal screening. J Clin Endocrinol Metab 2006; 91(2):418-424.

20.  Marti S, Alvarez M, Simoneau-Roy J, Leroux S, Van VG, Robaey P. Effects of early high-
dose levothyroxine treatment on auditory brain event-related potentials at school entry in 
children with congenital hypothyroidism. Horm Res 2006; 66(5):240-248.

21.  Raymond J, LaFranchi SH. Fetal and neonatal thyroid function: review and summary of 
significant new findings. Curr Opin Endocrinol Diabetes Obes 2010; 17(1):1-7.

hoofdstuk 4.indd   86 22-04-13   13:25



4
chapter

8786

Evaluation of cognitive and motor development in toddlers with congenital hypothyroidism diagnosed by neonatal screening

22.  Selva KA, Harper A, Downs A, Blasco PA, LaFranchi SH. Neurodevelopmental outcomes 
in congenital hypothyroidism: Comparison of initial T4 dose and time to reach target T4 
and TSH. J Pediatr 2005; 147(6):775-780.

23.  Murphy GH, Hulse JA, Smith I, Grant DB. Congenital hypothyroidism: physiological and 
psychological factors in early development. J Child Psychol Psychiatry 1990; 31(5):711-725.

24.  van Trotsenburg AS, Vulsma T, van Rozenburg-Marres SL et al. The effect of thyroxine 
treatment started in the neonatal period on development and growth of two-year-old 
Down syndrome children: a randomized clinical trial. J Clin Endocrinol Metab 2005; 
90(6):3304-3311.

25.  Van der Meulen BF, Ruiter SAJ SHSM. Bayley Scales of Infant Development-II. 
Nederlandse versie. [Dutch version of the BSID-II; specific Dutch norms included]. 2002.  
Lisse, Swets Test Publishers. 

26.  IAEA. Screening of newborns for congenital hypothyroidism. Guidance for developing 
programmes. Vienna: international Atomic Energy Agency. 2005. 

27.  Westera JJ, Houtzager BA, Overdiek B, van Wassenaer AG. Applying Dutch and US 
versions of the BSID-II in Dutch children born preterm leads to different outcomes.  
Dev Med Child Neurol 2008; 50(6):445-449.

28.  LaFranchi SH. Aproach to the diagnosis and treatment of neonatal hypothyroidism.  
J Clin Endocrinol Metab 2011; 96(10):2959-67.

hoofdstuk 4.indd   87 22-04-13   13:25





Quality of life, developmental 
milestones and self-esteem of young 
adults with congenital hypothyroidism 
diagnosed by neonatal screening 
L. van der Sluijs Veer,1 M.J.E. Kempers,2 B.F. Last,1,3 T. Vulsma,2  
M.A. Grootenhuis1

-  Emma Children’s Hospital AMC, University of Amsterdam, Department of Pediatric 
Psychology,1 Amsterdam, Department of Pediatric Endocrinology,2 The Netherlands

-  Vrije Universiteit, Amsterdam, Department of Developmental Psychology,3 
The Netherlands

The Journal of Clinical Endocrinology & Metabolism, 2008, 93(7):2654–2661

hoofdstuk 5.indd   89 23-04-13   13:03



Chapter 5  | Quality of life, developmental milestones and self-esteem of young adults with congenital hypothyroidism diagnosed by neonatal screening 

90

Abstract

Context: With advances in the treatment of congenital hypothyroidism (CH), the 
neuropsychological functioning of CH patients is considerably improved. Although much is 
written about cognitive and motor development, little is known about emotional and social 
consequences for patients growing up with CH, diagnosed by neonatal screening. 
Objective: The objectives of the study were to: (1) compare health related quality of life (HRQoL), 
developmental milestones also called course of life (CoL), socio-demographic outcomes and 
self-esteem of CH patients with the general population; and (2) to explore whether severity of 
CH was related to these outcomes.
Design/Setting/Patients: A total of 69 young adults with CH, born in The Netherlands in 
1981-1982, completed the TAAQoL questionnaire (TNO-AZL Questionnaire for Adult’s Health 
related Quality of Life’), the CoL survey (developmental milestones and socio-demographic 
outcomes) and a self-esteem questionnaire. 
Main Outcome Measures: HRQoL, CoL, social demographical outcomes, and self-esteem in 
young adults with CH were determined.
Results: CH patients are more often at risk for HRQoL impairment and reported lower HRQoL 
on several domains (cognitive functioning, p<0.0001; sleeping, p<0.004; pain, p<0.0001; daily 
activities, p<0.004; vitality, p<0.0001; aggressiveness, p<0.0001 depressive moods, p<0.0001) 
compared with healthy adults. Patients reported a lower self-esteem, (p<0.005) and had a 
delayed CoL on the domain of social development (p<0.016). There were no significant within-
group differences between the severity groups for HRQoL, CoL and self-esteem.  
Conclusions: Negative consequences in terms of HRQoL, development and self-esteem are 
prevalent in young adults with CH. Health care physicians should to be attentive to these 
consequences and provide additional support (emotional and educational guidance) if necessary. 
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Introduction

Congenital hypothyroidism (CH) is characterized by the insufficient production of thyroid 
hormone usually due to thyroid dysgenesis or thyroid dyshormonogenesis. Therefore, lifelong 
treatment with thyroxine (T4) is of utmost importance because thyroid hormone not only plays 
an important role in metabolism but also plays a major role in the development of the central 
nervous system during prenatal life and the first years after birth.1 The aim of neonatal CH 
screening programs is to prevent cerebral damage through early initiation of T4 supplementation.

Early treatment has resulted in remarkable improvement in the neuropsychological 
functioning of CH patients.2-4  Nevertheless, there is ample evidence that CH patients diagnosed 
by neonatal screening, especially those with severe CH, are still vulnerable to persistent cognitive 
and motor deficits.5-10  

Although much is written about cognitive and motor development of children with CH, 
little is known about the daily functioning and quality of life of patients growing up with CH.11 
CH may affect the patient’s daily life because of the hospital visits, daily T4 administration, 
need of regular dose adjustments, and sometimes the need of adjuvant medical care such as 
speech training and physiotherapy. In addition to this, the cognitive and motor problems of CH 
patients might affect their social life, self-esteem and emotional functioning. 

In general literature, there is growing attention for possible late psychological effects in 
children and young adults with chronic diseases.12 However, the adjustment of young adults 
with CH, such as health-related quality of life (HRQoL), developmental tasks, and self-esteem 
has not been studied thoroughly. HRQoL can be used as an indicator of adjustment, which 
comprises elements of physical, functional, social and psychological health, as well as the 
patient’s perceived health status and well-being.13 The fulfilling of age specific developmental 
tasks and achieving developmental milestones in youth, such as searching for contacts outside 
the family, or acquisition of independence, referred to as the “course of life” (CoL), are of great 
importance to adjustment in adult life.14 A positive self-esteem is a significant factor influencing 
overall good mental health and psychological well-being,15;16 and is regarded by major theorists 
as a basic psychological need.17 

From 2001 until now, we conducted a national study to evaluate whether the changes in 
the screening procedure and treatment strategy over two decades (e.g., earlier detection, higher 
initial T4 dose) have led to the improved development of patients with CH. We investigated 
intellectual and motor outcome and social-emotional functioning in terms of HRQoL of CH 
patients born in 1981-1982, 1992-1993 and 2002-2004. The purpose of the present study was to 
explore the HRQoL, CoL, social demographical outcomes, and self-esteem in young adults with 
CH born in 1981 and 1982, and compare the results to those of the general (healthy) population. 
Furthermore, the study examined the influence of severity of CH on these outcomes.
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Patients and methods
Patients 
The complete cohort of CH patients born in The Netherlands in 1981 and 1982 consisted of 136 
patients (table 1). Medical data of these patients were available in the Academic Medical Center 
(AMC) because of previous studies.8;18 From the original cohort four patients had died, three had 
moved abroad; and five had severe mental retardation related to chromosomal abnormalities, 
or unclassified syndrome with deafness. Patients were tested at a mean age of 21.5 years (range, 
21.0-22.3 year). 

In 2001, the remaining 124 patients were contacted via their physicians and were asked to 
participate. A total of 82 patients (66%) gave their written informed consent. To ascertain that 
patients were euthyroid (i.e. TSH, 0.4-4.0µU/ml) at testing, the most recent measurement of 
thyroid function before the psychological assessments was evaluated; the T4 supplementation 
dose was adjusted when TSH was outside its reference range. 

Procedure
All patients were asked to complete the questionnaires, at the AMC (except for four, who were 
tested in their local hospitals), under the supervision of the same psychologist, who was blinded 
for the patient’s medical details. The assistance of the psychologist was restricted to explaining 
the meaning of difficult words. The description of the non-participants is provided in a previous 
study.7 The study protocol was approved by the institutional review board of the AMC.

Measures 
TNO-AZL Questionnaire for Adult’s Health-Related Quality of Life (TAAQoL)
The ‘TNO-AZL (Netherlands Organization for Applied Scientific Research) Questionnaire 
for Adult’s Health- Related Quality of Life’ (TAAQoL) is a validated, generic HRQoL 
questionnaire for subjects 16 years and older.19 The questionnaire focuses on health problems 
in the past month, and, if present, the well-being in relation to this health problem is assessed. 
The TAAQoL comprises of 12 scales: gross motor functioning (e.g. difficulty walking, 
bending), fine motor functioning (e.g. difficulty cutting papers or opening a can), cognitive 
functioning (e.g. difficulty remembering or concentrating), sleeping (e.g. sleeping restlessly, 
lay awake a lot), pain (e.g. back-ache, pain in neck-shoulders), social functioning (e.g. talk 
to others; visit friends), limitations of daily activities (e.g. difficulties with work; done less 
work), sexual functioning (e.g. had less sex), vitality (e.g. feel energetic; tired), happiness (e.g. 
feel joyful; cheerful), aggressiveness (e.g. feel angry; aggressive) and depressive moods (e.g. 
feel sad or worried). The scale scores are obtained by adding item scores within scales and 
transforming crude scale scores to a 0-100 scale; higher scores indicate a better HRQoL. The 
Cronbach’s alphas in the study population were moderate to good for all scales except the fine 
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motor function scale, which was excluded from analysis. From the available database from the 
original TAAQoL study, young adults aged 18-25 years were selected. Adults with a chronic 
disease in this population were deleted from this database. This resulted in a norm population 
of 201 healthy young adults.

The Course of Life Questionnaire
The Course of Life  (CoL) Questionnaire, developed by the Psychosocial Department of the 
Emma Children’s Hospital, AMC, assesses the achievement of developmental milestones 
of young adults, aged 18-30, who have grown up with a chronic or life threatening disease.20 
The items concern behaviors that are characteristic of certain age stages, developmental tasks, 
and the limitations patients might encounter when they grow up with a chronic disease. Most 
questions ask retrospectively whether (yes, no) and at what age the respondent had achieved 
certain developmental milestones. For this study three scales were used i.e. development of 
autonomy, psychosexual development, and social development. A higher score indicates a 
more favorable CoL. The questionnaire also measures socio-demographical outcomes in young 
adulthood, such as living situation, education, and employment. The questionnaire covers a 
total of 74 items. A comparison group of 274 respondents aged 19-24 was available (see Ref. 21 
for details).

The validity and the test-retest reliability of the CoL scales are good.20 The internal 
consistencies (Cronbach’s alphas) in the population under study were small to good: (1) 
development of autonomy: CH 0.40, comparison group 0.48; (2) psychosexual development: 
CH 0.83, comparison group 0.67; (3) social development: CH 0.76, comparison group 0.71. 

Self-Esteem Scale 
Self-esteem was assessed with the Rosenberg Self-Esteem Scale (RSE), a self administered, 
10-item, 4-point scale with response options ranging from 1 (strongly agree) to 4 (strongly 
disagree).22 The scale measures the self-acceptance aspect of self-esteem or the overall sense 
of being capable, worthwhile, and competent. Possible scores range from 10 to 40. The scoring 
direction on five negatively phrased items was reversed, so a higher score now is indicative of 
higher self-esteem. For the study sample, a sufficient Cronbach’s alpha coefficient of 0.89 was 
obtained. A comparison group of 515 young adults aged 18-25 years was available (see Ref. 23 
for details). 

Statistical analysis
Data were analysed using SPSS version 12.0 (SPSS Inc., Chicago, IL). Before conducting the final 
analyses several preparation analyses were conducted. Firstly scale scores were computed and 
missing data imputed on the basis of the guidelines of the questionnaires. The missing data on 
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the TAAQoL and RSE were imputed at scale level. In calculation of the scale scores, one missing 
item score was allowed for. The missing score is replaced by the mean value of the nonmissing 
item scores. The missing data on the CoL questionnaire were not imputed. Second, the internal 
consistencies (Cronbachs alpha) of the scales were calculated, and the distributions of the scale 
scores were considered.

After the preparatory analyses, univarate analysis of variance (ANOVAs) were conducted 
to test differences between the CH group and healthy controls on the TAAQoL scales, CoL 
scales, and RSE, corrected for gender. All CH patients were compared with the norm data, 
and thereafter the severe and moderate/mild subgroups as well. Comparisons between the 
severe and moderate/ mild CH subgroups, with respect to their scores on the HRQoL scales, 
CoL scales and RSE, were also made. To adjust for multiple testing, we used a Bonferroni 
correction and adjusted the alpha to 0.004 (0.05/11) for the TAAQoL, 0.016 (0.05/3) for the 
CoL, and 0.05 (0.05/1) for RSE. For all variables, effect sizes (d) were calculated by dividing 
the difference in mean score between all CH patients and comparison group by the standard 
deviation of the scores in the comparison group. We considered effect sizes up to 0.2, 0.5, and 
0.8 to be small, moderate, and large respectively.24 

To create a clinically meaningful distinction between young adults that can be considered 
‘at risk’ or ‘not at risk’ for problems, two groups were formed, based on percentile norms in the 
healthy population. If this is done for groups classified by age and gender, differences between 
the CH group and the norm group are accounted for, and groups can be compared.25 The 
definition of young adults with problems was based on the value of the 25th percentile for all 
domains of the TAAQoL, CoL and the RSE in the norm population. A young adult who scores 
below the 25 th percentile is placed in the quarter of the most impaired population. To determine 
whether the CH sample was different from the healthy population, percentages at risk were 
compared using Chi-square tests (χ2-tests).

To gain detailed insight into the CoL of CH patients, differences on item level (milestones) 
were also calculated on the social development scale of the CoL questionnaire because there 
was a significant difference on this scale between the CH and comparison group. χ2-tests were 
conducted at the frequency distributions of the individual items of this scale. 

Finally, χ2-tests were conducted to investigate differences in educational level (low, middle, 
and high),a special education at primary school, living situation and marital status. We used a 
significance level of P<0.01 in order to compensate for multiple testing.
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Results
patient characteristics
A total of 82 CH patients (66% of the original cohort) gave their written informed consent, 
and their initial thyroid hormone levels and treatment modality were recorded. Of this group, 
13 patients were excluded from the study because of central CH (n=1), because treatment 
was never initiated (n=1), an exceptionally late (i.e. >4 years of age) start of treatment (n=5), 
a discontinuation of treatment at young age (n=4), or because the patients did not return the 
questionnaires (n=2). The remaining 69 patients, 51% of the original cohort (total CH group), 
were classified into two subgroups according to an arbitrarily chosen cutoff level for severity of 
postnatal hypothyroidism: ‘severe CH’ with initial T4 <2.3µg/dl (<30 nmol/liter) and ‘moderate 
and mild CH’ with initial T4 ≥2.3 µg/dl (≥30 nmol/liter). 

The baseline characteristics of the participating CH patients are given in Table 2. Of the 69 
patients (55 females, 79%), 34 had severe CH, and 35 had moderate/ mild CH. The median age of 
start of T4 supplementation was 28 days for the total group. The intelligence quotient (IQ) scores of 
the participating CH patients are given in table 2. For all details, we refer to a previous publication.7 
Four groups are presented; the total group, the group of patients who did not participate divided 
in patients not suitable or not willing to participate and the group of patients who did participate. 
For each group, the subdivision according to etiological classification is given. CH n.o.s., CH not 
otherwise specified.

Table 1. Characteristics of the 1981-1982 cohort
 

Etiology Total Non-participants Participants

not suitable                     not willing         

� yroid agenesis 36 2 9 24

� yroid dysgenesis 59 7 15 37

� yroid dyshormonogenesis 17 3 6 8

Central CH 19 8 11 0

CH n.o.s. 5 4 1 0

Total 136 24 42 69

Four groups are presented; the total group, the group of patients who did not participate divided in 
patients not suitable or not willing to participate and the group of patients who did participate. 
For each group, the subdivision according to etiological classi� cation is given.  n.o.s., 
Not otherwise speci� ed.
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Comparison with the healthy population
HRQoL
HRQoL of the total CH group appeared to be significantly worse (p< 0.004) than the healthy Dutch 
population on seven of the 11 scales of the TAAQoL: cognitive functioning: (F (1,266 = 61.528, 
p< 0.0001); sleeping: (F (1,266)= 8.511, p<0.004); pain: (F (1,266)= 15.527, p<0.0001); daily 
activities: (F (1,265)= 10.039, p<0.0002); vitality (F (1,253)= 9.273, p<0.0001); aggressiveness 
(F (1,253)= 10.803, p<0.001); and depressive moods: (F (1,254)= 13.745) p<0.0001). These 
differences were moderate to large [effect sizes (d) ranged from 0.6 to 1.3, Table 2)]. 

HRQoL of the severe CH group appeared to be significantly worse (p< 0.004) than the 
healthy Dutch population on six of the 11 scales of the TAAQoL: cognitive functioning: (F 
(1.233) = 36.079, p< 0.0001); pain: (F (1.266)= 15.527, p<0.0001); vitality (F (1,224)= 7.816, 
p<0.004); social functioning: (F (1.230)= 8.750, p<0.004); aggressiveness (F (1.224)= 11.353, 
p<0.004); depressive moods: (F (1.225)= 12.505, p<0.0001). 
HRQoL of the moderate/mild CH group appeared to be significantly worse (p< 0.004) than 
the healthy Dutch population, on four out of the eleven scales of the TAAQoL (cognitive 
functioning: (F (1.233) = 36.097, p< 0.0001); sleeping: (F (1.233)= 6.953, p<0.0001); pain: (F 
(1.233)= 10.275, p<0.004; vitality (F (1.225)= 8.719, p<0.004). 

No significant differences were found between the CH patients and the healthy Dutch 
population on three out of the 11 scales on the TAAQoL (gross motor functioning; sexual 
functioning; happiness).

Table 2. Characteristics of the subgroups with di	 erent severity of CH

Severe CH Moderate / Mild CH

Number of patients (male/female) 34 (7/27) 35 (8/27)

Initial T4 (in µg/dl (95%CI)a

                 [in nmol/l (95%CI)]

1.2 (0.9-1.4)

[15.0 (11.9-18.2)]

5.6 (4.6-6.7)

[72.7 (59.6-85.8)]

Median age at start of T4 (in days (range))
 

26 (8-47) 39 (4-293)

Mean IQ scores of the CH patients at 21.5 
yr  of age recently published in (7)
Full scale IQ
Verbal IQ
Performance IQ

           
  

Severe  91.3 (86.3-96.3)
  92.9 (88.1-97.8)
  90.4 (85.2-95.6)         
 

Moderate                 Mild
99.1 (91.1-107.1) 101.3 (95.7-106.9
97.8 (89.2-106.3) 101.8 (96.1-107.5
101.3 (94.8-107.7) 100.4 (94.7-106.1)

CI, Con� dence interval    a  Reference range for T4 in children aged 2-6 wk, 6.5-16.3 µg/dl (84-210 nmol/liter). 
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CoL 
The total CH group and the severe CH group scored significantly lower on one scale of the CoL 
than the comparison group: social development, total CH group: F (1.334)= 6.191, p< 0.013; 
severe CH group, F (1.302)= 6.557 (table 3). These differences were small: effect size (d)= 0.4. 
No differences were found for the autonomy scale and psychosexual development scale.

With respect to the milestones of social development, we found significant differences 
between the CH patients and the reference group on two out of the twelve milestones (table 
4). A lower percentage of CH patients than of the comparison group had been a member of a 
sports club for at least 1 year during primary school and secondary school. 

No statistically significant differences between CH and the comparison group were found 
in the numbers of patients still living with their parents or in marital status. In addition, no 
significant difference was found with respect to current educational level and in patients 
receiving special education at primary school as compared to the comparison group (table 5). 

Self-esteem 
CH patients in the total and severe CH group appeared to have a significantly lower self-esteem 
than the comparison group: total CH group, F (1.572)= 5.224, p< 0.005); and severe CH group: 
F (1.542)= 8.513, p< 0.004) (table 3). These difference had moderate effect sizes (d= 0.5). 

Within-group differences according to severity 
There were no significant differences found between the severity groups for HRQoL, CoL and 
self-esteem (Table 3).

Prevalence of young adults with CH at risk
Table 6 shows the percentages of young adults at risk for all impaired HRQoL, CoL and self-
esteem domains. χ2-tests comparing the CH patients with healthy controls on HRQoL, CoL 
and self-esteem showed significant differences for six scales of the TAAQoL. The total group 
of CH patients showed significantly higher percentages of patients at risk for HRQoL than the 
comparison group on five scales of the TAAQoL (cognitive functioning; social functioning; 
daily activities; vitality and depressive moods), ranging from 41%  to 68%. In the severe group, 
CH patients were considered at risk for problems on six scales of the TAAQoL (gross motor 
functioning, cognitive functioning; social functioning; agressiveness; vitality; depressive 
moods) , ranging from 42% to 70%. In addition, CH patients in the moderate /mild CH group 
were only considered at risk on two scales of the TAAQoL (sleeping, cognitive functioning), 
ranging from 54% to 66%.
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Table 3. Mean scores, sd values, and di� erences  between CH patients and comparison group on HRQoL, CoL 
and self esteem, as a function of group, corrected by gender

 Total CH                   Severe CH Moderate/Mild 
CH

Comparison 
group

E� ect 
size

mean (SD) mean (SD) mean (SD) mean (SD) Total

TAAQoL

n= 69 n= 34 n=35 n=201

Gross Motor 
functioning 92.4 (14.0) 90.7 (13.7) 93.9 (14.3)          96.8 (9.1) 0.5

Cognitive Functioning 65.8 (27.4)  *** 64.0 (27.6) *** 67.5 (27.4)  )***        89.0 (17.2) 1.3

Sleeping 71.5 (25.3) a ** 76.4 (24.6) 67.0 (25.4) a ***       81.6 (19.1) 0.5

Pain 74.4 (19.8) a *** 74.2 (21.1) a ** 74.5 (18.9) ** 84.7 (16.0) 0.6

Social Functioning 86.6 (18.2) 82.2 (20.3) ** 90.7 (15.0)          91.0 (15.8) 0.3

Daily activities 77.3 (25.8) ** 78.4 (25.9) 76.3 (26.1) 86.1 (19.1) 0.5

Sexual functioning 84.6 (24.8) 87.9 (23.9) 81.3 (25.6)       91.7 (17.9) 0.4

Vitality 56.5 (21.8) a  *** 56.6 (22.1) a * 56.3 (22.0)  a**       70.1 (19.5) 0.7

Happiness 70.2 (20.0) 67.3 (21.4) 73.2 (18.3)          73.2 (18.9) 0.2

Aggressiveness 78.9 (22.8) a  ** 76.2 (20.7) ** 81.6 (24.7)          88.2 (15.5) 0.6

Depressive moods 70.8 (23.4) a *** 68.5 (23.4) *** 73.0 (23.6) 81.9 (15.5) 0.7

CoL

n= 69 n= 34 n= 35 n= 274

Autonomy 
development 9.0  (1.4) 8.8  (1.2) 9.2 (1.6) 9.4 (1.5) 0.3

Psycho- sexual 
development 7.2 (1.3) 6.8 (1.6) 7.5 (0.9) 7.2 (1.2) 0.0

Social development 20.25 (2.9)* 20.0 (2.9) * 20.6 (2.9) 21.2 (2.5) 0.4

n= 63 n= 31 n=32 n= 515

Self-esteem 29.9  (4.7) a ** 29.0 (4.8) ) a ** 30.8 (4.4) a 32.1 (4.7) 0.5

a Univariate e� ects were found on gender (p< 0.01).
*p<0.01 di� erence between CH patients and comparison group (based on unvariate F-tests according to ANOVA, 
TAAQoL-scales by group and gender).
**p<0.005 di� erence between CH patients and comparison group (based on unvariate F-tests according to ANOVA,
 TAAQoL scales by group and gender).
***p<0.0001 di� erence between CH patients and comparison group (based on unvariate F-tests according to ANOVA, 
TAAQoL-scales by group and gender).
d, E� ect size. Higher score represents a better HRQoL, CoL and self-esteem.
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Table 4. Milestones of social development (CoL questionnaire) CH patients  comparison group

CH  
n = 69

Comparison
n = 297

Social development

At least one year of membership in a sports club, prim.school
yes
no

73.9**
26.1

86.8
13.2

Number of friends in � rst-third grade, prim. school
less than 4
4 or more

40.6 
59.4

27.9
72.10

Number of friends in fourth-sixth grade, prim. school
less than 4
4 or more

36.2
63.8

25.3
74.7

Best friend, prim. school
yes
no

77.9
22.1

74.1
25.9

Most of the time playing with….., prim. school
friends
brothers and/or sisters, parents, on your own

85.3
14.7

89.3
10.7

At least one year of membership in a sports club, sec. school
yes
no
yes

55.9 **
44.1

77.4
22.6

Number of friends, sec. school
less than 4
4 or more

36.2
63.8

25.3
74.7

Best friend, sec. school
yes
no

72.5
27.5

71.3
28.7

Belonging to a group of friends, sec. school
yes
no

70.6 
29.4

82.7
17.3

Leisure time, mainly with ….., sec. school
friends
brothers and/or sisters, parents, on your own

76.1 
23.9

85.8
14.2

Going out to a bar or disco, sec. school
sometimes  / o� en
never

75.4 
24.6

86.2
13.8

At least one year of membership in a sports club, a� er sec. 
school
yes
no

42.0
58.0

49.1
50.9

* p<0.01 based on χ2-test.
** p<0.001 based on χ2-test.

Table 3. Mean scores, sd values, and di� erences  between CH patients and comparison group on HRQoL, CoL 
and self esteem, as a function of group, corrected by gender

 Total CH                   Severe CH Moderate/Mild 
CH

Comparison 
group

E� ect 
size

mean (SD) mean (SD) mean (SD) mean (SD) Total

TAAQoL

n= 69 n= 34 n=35 n=201

Gross Motor 
functioning 92.4 (14.0) 90.7 (13.7) 93.9 (14.3)          96.8 (9.1) 0.5

Cognitive Functioning 65.8 (27.4)  *** 64.0 (27.6) *** 67.5 (27.4)  )***        89.0 (17.2) 1.3

Sleeping 71.5 (25.3) a ** 76.4 (24.6) 67.0 (25.4) a ***       81.6 (19.1) 0.5

Pain 74.4 (19.8) a *** 74.2 (21.1) a ** 74.5 (18.9) ** 84.7 (16.0) 0.6

Social Functioning 86.6 (18.2) 82.2 (20.3) ** 90.7 (15.0)          91.0 (15.8) 0.3

Daily activities 77.3 (25.8) ** 78.4 (25.9) 76.3 (26.1) 86.1 (19.1) 0.5

Sexual functioning 84.6 (24.8) 87.9 (23.9) 81.3 (25.6)       91.7 (17.9) 0.4

Vitality 56.5 (21.8) a  *** 56.6 (22.1) a * 56.3 (22.0)  a**       70.1 (19.5) 0.7

Happiness 70.2 (20.0) 67.3 (21.4) 73.2 (18.3)          73.2 (18.9) 0.2

Aggressiveness 78.9 (22.8) a  ** 76.2 (20.7) ** 81.6 (24.7)          88.2 (15.5) 0.6

Depressive moods 70.8 (23.4) a *** 68.5 (23.4) *** 73.0 (23.6) 81.9 (15.5) 0.7

CoL

n= 69 n= 34 n= 35 n= 274

Autonomy 
development 9.0  (1.4) 8.8  (1.2) 9.2 (1.6) 9.4 (1.5) 0.3

Psycho- sexual 
development 7.2 (1.3) 6.8 (1.6) 7.5 (0.9) 7.2 (1.2) 0.0

Social development 20.25 (2.9)* 20.0 (2.9) * 20.6 (2.9) 21.2 (2.5) 0.4

n= 63 n= 31 n=32 n= 515

Self-esteem 29.9  (4.7) a ** 29.0 (4.8) ) a ** 30.8 (4.4) a 32.1 (4.7) 0.5

a Univariate e� ects were found on gender (p< 0.01).
*p<0.01 di� erence between CH patients and comparison group (based on unvariate F-tests according to ANOVA, 
TAAQoL-scales by group and gender).
**p<0.005 di� erence between CH patients and comparison group (based on unvariate F-tests according to ANOVA,
 TAAQoL scales by group and gender).
***p<0.0001 di� erence between CH patients and comparison group (based on unvariate F-tests according to ANOVA, 
TAAQoL-scales by group and gender).
d, E� ect size. Higher score represents a better HRQoL, CoL and self-esteem.
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Table 6. Percentage of patients with CH at risk for HRQoL impairment

 Total CH                   Severe CH Moderate/
Mild CH

Comparison 
group

TAAQoL

n= 68 n= 33 n=35 n=201

Gross Motor functioning 32% 42% * 23% 25 %

Cognitive Functioning 68%  ** 70 % ** 66%**        25%

Sleeping 43% 31% 54% *      25%

Pain 46% 48% 20% 25%

Social Functioning 46% * 58%** 34%          25%

Daily activities 41% 39% 43%      25%

Sexual functioning 34% 25% 40%      25%

Vitality 44%* 50% * 38%      25%

Happiness 29% 36% 15%          25%

Aggressiveness 47%* 57 % * 38 % 25%

Depressive moods 46% ** 50% ** 41% 25%

Course of Life

n= 69 n= 34 n= 35 n= 274

Autonomy development 39%
41% 37% 25%

Psycho- sexual 
development

26% 35% 17% 25%

Social development 30% 36% 25% 25%

Self-esteem

n=68 n=33 n=35 n=515

27% 36% 19% 25%

¹ Twenty-� � h percentiles of healthy young adults are not exact 25 %, due to distribution 
of scale scores. Percentiles approach 25 th , ranging from 18th – 31st percentile.
*p<0.004 **p<0.0001 Chi-square test in comparison with healthy children.
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Table 5. Percentages and di� erences between CH group and comparison 
group with respect to living situation, and employment status

CH  
n = 69

Comparison group
n = 297

% %

Living with their parents
yes 43.5 41.2

Marital status 
married/living together 
single

24.2
75.8

18.8
81.2

Special education at primary school
yes 13.0 5.4

Educational level1

low
middle
high

28.9
63.7
7.4

30.4
61.8
7.8

Educational level2

low
middle
high

14.5
46.4
39.1

17.2
38.0
44.8

* p<0.01 based on χ2-test.
1Highest level completed 2 Highest level completed/or on going study 
Low:   Primary Education, Technical and Vocational Training, Lower 

  and Middle General Secondary Education
Middle:      Middle Vocational Education, Higher General Secondary Education, 

    Pre-university    
                   Education
High:  Higher Vocational Education, University

Discussion

To our knowledge, this is the first study describing the developmental and HRQOL consequences 
in early treated young adult patients with CH using validated and reliable instruments. We have 
shown that having CH does negatively influence the HRQoL, social development and self-
esteem. However, the sociodemographical outcomes and their final educational level until now 
did not differ from that of the normal population.

This study shows that patients with CH born in 1981-1982 do not experience more problems 
with autonomy development and sexual functioning, and they have similar feelings of happiness 
as the healthy Dutch population controls. Despite these positive findings, CH has a negative 
impact on daily life of the patients. They experienced more problems concerning cognitive and 
social functioning, pain, daily activities, aggressiveness, self-esteem and they appeared to be less 
vital and more depressed compared with the healthy Dutch population. To add clinical meaning 
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to these differences, we divided the young adults in two groups, one at risk for an impaired 
HRQoL, CoL and self-esteem and one not at risk. This division shows that young adults with 
CH, especially in patients with severe CH, are more often at risk for HRQoL impairment. The 
definition of young adults as being at risk was based on the value of the 25 th percentile of all 
scales in the norm population. There is no gold standard for good or bad HRQoL, CoL and 
self-esteem, however, this definition is considered to be a suitable way to differentiate between 
individuals with higher scale scores from individuals with lower scale scores.25

The most salient result is that CH patients reported a considerable lower HRQol on the 
cognitive functioning scale of the TAAQoL, also presented in a high percentage of patients 
considered at risk. Cognitive functioning was assessed as the occurrence of problems with 
attention and memory and if such a problem was indicated, the degree to which the patient is 
actually bothered by that problem was assessed subsequently. The lower scores on the Cognitive 
Function scale of the TAAQoL are in line with the results of neuropsychological studies, which 
showed that children and young adults with CH scored significantly poorer on overall attention 
and had more problems with memory than controls.26-29 Our results indicate that problems in 
cognitive functioning trouble most CH patients and hamper their daily life. 

As expected severe CH patients are more at risk for problems with gross motor functioning 
than patients with moderate/ mild CH. This is consistent with our recent findings that the total 
CH group born in 1981/1982 had substantial motor problems.7 This is also in line with the 
findings on the items of the social development scale of the CoL questionnaire, which showed 
that CH patients reported a lower level of participation in sport clubs.

Although more significant differences between the severity group and the comparison group 
than the moderate/mild CH group compared to the healthy population were found, we did not 
find significant within-group differences on severity for CoL, HRQoL or self-esteem. It may be 
considered, that the existence of a chronic disease as such, regardless of its severity, influences 
functioning in daily life. 

The negative consequences of CH on the HRQoL, social development, and self-esteem might 
also be explained by the fact of living with a chronic disease. CH affect the patient’s daily life 
because of the daily T4 administration, the need of regular T4-dose adjustments, frequent T4 
and TSH measurements, consciousness of having a chronic disease, and sometimes the need of 
adjuvant medical care such as speech training and physiotherapy. It is also possible that parents 
of a child with CH were more protective which resulted in less stimulation of social development. 
In addition, the cognitive and motor problems of CH patients may have affected their social life, 
self esteem and emotional functioning. From this study and our previous study,7 it is apparent 
that CH patients seem to be vulnerable in this area. Besides, one has to keep in mind that a 
suboptimal thyroid hormone state may affect well-being. Whereas the goal of long-term T4 
treatment is to maintain euthyroidism, this remains challenging because of the continuous need 
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to adapt T4 dose in a growing child and the need of treatment compliance. Recently, it has been 
shown that differences in FT4 and TSH concentration, even within the reference range, may be 
a determinant of psychological well-being in treated hypothyroid patients.30 

The strength of our study is that all patients were treated by pediatricians who followed 
the national guidelines and that at psychological assessments, all patients had plasma TSH 
concentrations within the reference range. 

There are some limitations in the present study that need to be mentioned. First, ‘course of life’ 
encompasses more than the achievement of developmental milestones and encompasses more 
accomplishment during childhood than we have been able to assess with the questionnaire. It 
is the only (Dutch) questionnaire concerning this issue and test-retest reliability has proved to 
be satisfactory.20 However, the internal consistency of the Autonomy scale is small, probably 
because the items concern diverging aspects of autonomy. The disadvantage of using scales 
with low internal consistency is that detecting differences between groups is more difficult. 
Considering our findings, this did not apply. Second, CH patients described in this study differ 
from more recently diagnosed patients because the screening and treatment strategy has been 
changed over the past two decades (e.g., earlier detection, higher initial T4 dose). Therefore, we 
need to be cautious in generalizing our results towards more recently diagnosed CH patients. 
In addition, it is important to investigate the HRQoL, CoL, social demographic outcomes 
and self-esteem in more recent cohorts. Another limitation is the loss of subjects from the 
original cohort, which restricts the representativity of the current sample. Besides, we have no 
information about the socio-economic status, we clarified the etiology of both the excluded 
patients and the patients not willing to participate (table 1). At last we should take notice of 
the use of different questionnaires of which norm data were acquired in different studies. This 
should be taken into account when comparing the data.

The findings of the study have implications for future research. It is important to study 
cognitive functioning in more detail, e.g. to determine attention and memory of CH patients. 
Intervention programs that improve memory and attention functioning might thereafter be 
offered to particular individuals. 

A remarkable result in the present study was that CH patients were not different in educational 
level as compared to controls. Most patients were 21 years of age at time of testing. Therefore, 
most patients have not yet completed their education at the moment of testing. For that reason, 
it is unclear whether CH patients will be able to function on the same level in society (after 
completion of their education) as their healthy peers. For future research this is an important 
aspect to consider when testing adult patients, who already fulfil a certain role in society.  

Because CH patients appeared to be less vital and more depressed compared to the healthy 
Dutch population, it seems interesting to study the relation between CH, and anxiety and 
depression in more detail. From a developmental, psychological point of view, the fulfilling of 
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age-specific developmental tasks in childhood is of great importance for adjustment in adult 
life.14;31 For this reason it is important to direct future research on the predictors of a hampered 
social development, in order to be able to detect the children and adolescents who are at risk at 
an early stage. 

Communication about problems in clinical practice should be studied in more detail in 
order to get insight whether problems are adequately assessed. Computer-scored individually 
measurement of HRQoL, to inform the physician about the patient’s HRQoL,32;33 should be 
considered for clinical practise. The computer output – usually a graphical summary of HRQoL 
outcomes – assists the physician to focus at the HRQoL domains that correspond with the 
patient’s needs. Using HRQoL measurement can facilitate patient-physician communication 
and can identify patients with the greatest needs, so that a focused action e.g. referring to other 
health care providers can be performed. 

In summary, we conclude that young adults with CH reported a lower HRQoL and had a lower 
self-esteem compared with healthy peers. CH patients also had a delayed social development. 
Therefore, it is important for parents and clinicians to encourage children with CH to continue 
peer-related activities as much as possible to stimulate their social performance and, with that, 
their self-esteem. An awareness about patients’ HRQoL and possible gaps in the CoL can be 
useful in clinical practice because it enables health care providers to select and adjust coaching 
programs to aim at a most favorable CoL in these patients, throughout their development. Most 
of all, our findings add to the evidence for cognitive problems in relation to CH. Health care 
physicians should be observant for cognitive problems and refer for more detailed psychosocial 
assessment if necessary.
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Abstract

Background: Much is written about cognitive and motor development; less is known about 
social and emotional consequences of growing up with congenital hypothyroidism (CH). 
The objectives of the study were: (1) to compare health related quality of life (HRQoL) and self-
worth of 10 year old patients with CH with the general population; (2) to explore associations 
of disease factors, IQ and motor skills with the outcomes.
Methods: Children with CH and their parents completed several questionnaires. Patients 
were classified to ‘severe CH, n=41’ or ‘moderate/mild CH, n=41’ based on pre-treatment FT4 
concentration. 
Differences between CH and the general population were tested by analysis of covariance and 
one sample t-tests (mean scale scores HRQoL and self-worth), chi-square tests and binomial 
tests (% at risk of impaired HRQoL and self-worth). Linear regression analyses corrected for 
gender were conducted to explore associations of the outcomes with disease factors, IQ and 
motor skills.
Results: Patients with CH reported lower mean HRQoL on motor, cognitive and social 
functioning, and on autonomy and positive emotions (p<0.0001). Patients were also more often 
at risk for impaired HRQoL and self-worth. No differences were found between the severity 
groups. Lower IQ was only significant associated with worse cognitive HRQoL. Initial FT4 
plasma, age at onset of therapy, initial T4 dose and motor skills were not significantly associated 
with HRQoL and self-worth.
Conclusions: Negative consequences in terms of HRQoL and self-worth are prevalent in 
children with CH, independent of disease factors, IQ and motor skills. Physicians should to be 
attentive to these consequences and provide attention and supportive care. 
Keywords: Congenital hypothyroidism, Quality of life, Self-worth, Children.
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Background

Severe intellectual disability associated with congenital hypothyroidism (CH) is prevented 
by newborn screening and early treatment. However, children with CH still undergo a brief 
period of thyroid hormone deficiency reflecting etiology of thyroid disease, severity and 
treatment factors. Thyroid hormone is essential for almost all life processes, but most important 
for normal development of the central nervous system of the fetus and the infant. Neonatal 
screening programmes for CH have been effective in preventing serious cognitive and motor 
deficits through early initiation of T4 supplementation.1,2 However, several studies showed 
that children and adults with CH, especially those with severe CH, still experience a range of 
cognitive and motor deficits.3-6 

Clearly, much is written about cognitive and motor development of children with CH. 
There is a growing body of literature directed at social and emotional consequences of children 
growing up with CH. Many psychological studies conclude that children with different chronic 
diseases are at higher risk for emotional and behavior problems.7,8 Some studies found behavior 
disorders and psychiatric disturbances in children with CH. 8-11 Other studies were directed at 
assessing health related quality of life (HRQoL in young adults with CH.12- 14  However, HRQoL 
and self-worth in children have not been studied thoroughly. HRQoL can be used as an 
indicator of adjustment, which covers the patient’s perceptions of his or her physical, emotional, 
social and cognitive functions, as well as the patient’s perceived health status and well-being.15 
In addition, positive self-worth is a significant factor influencing overall mental health and 
psychological well-being,16,17 and is regarded by major theorists as a basic psychological need.18

CH is a chronic life-long disease,19 which may affect the patient’s daily life because of the 
hospital visits, the daily T4 administration, the need of regular dose adjustments and sometimes 
the need of adjuvant medical care such as speech training and physiotherapy. Besides, CH 
could have a negative impact on motor skills and in some (severely affected) patients also 
on the cognitive development,3 which in turn might affect their social life, self-esteem and 
emotional functioning.

In order to be able to adequately support the psychomotor development of children with 
CH, insight in their social-emotional functioning is necessary. Therefore the purpose of the 
present study was (1) to assess HRQoL and self-worth in children with CH at ten years of age 
born in 1992-1993 and compare the results to those of the general (healthy) population, and 
(2) to explore the influence of disease factors, IQ and motor skills on HRQoL and self-worth. 
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Methods 
Screening method and treatment strategy
The Dutch neonatal CH screening method is primarily based on the measurement of T4 in 
filter paper blood spots. In 1992 and 1993 sampling was performed between 5 and 8 days after 
birth. T4, expressed as standard deviation score, is compared to the day mean. If T4 was ≤-0.8 
SD, thyrotropin (TSH) was additionally measured. When T4 was ≤-3.0 SD or TSH was ≥50 µU/
ml children were referred immediately. Children with a dubious result (-3.0<T4≤-2.1 SD, or 
25≤TSH<50 µU/ml) underwent a second heelpuncture and were referred if the result was again 
dubious, or abnormal. The etiological classification of CH was based upon initial presentation, 
thyroid function determinants and thyroid imaging.
In 1992-93 Dutch pediatricians were advised to start with T4-supplementation in a dose of 6 to 
8 µg/kg.day. In accordance with international guidelines T4-dose adjustments were based on 
thyroid function determinants, obtained at regular outpatient follow-up visits. 

Sample
The complete cohort of patients with CH born in The Netherlands in 1992 and 1993 consisted 
of 141 patients (table 1). Patients were classified as CH-T (CH of thyroidal origin), CH of 
central origin (CH-C) or CH not yet specified. CH-T was further classified as CH-T due to 
thyroid agenesis, thyroid dysgenesis, or thyroid dyshormogenesis. In this study, only children 
with CH-T were included. 

From the original cohort 3 patients had died, 4 had moved abroad and 4 had transient 
CH. The parents of the remaining 130 patients were contacted via their pediatricians, whose 
responses led to the exclusion of patients with CH-C (n=15), with a known or suspected 
syndrome (n= 9), with a brain tumour (n=1), and patients of whom the mother was treated 
with T4 during pregnancy (n=2). Three patients were excluded because the recommended 
dose adjustments were not made in time due to misunderstandings (Table 1, ‘not suitable’ 
to participate). Furthermore, the parents of 18 patients declined participation (Table 1, ‘not 
willing’ to participate). Parents of a total of 82 patients gave their written informed consent. To 
ascertain that the participating patients were well-treated (i.e. TSH 0.4-4.0 µU/ml) at the time 
of testing, the most recent measurement of thyroid function prior to the psychological tests 
was evaluated and if necessary T4-dose was adjusted. This resulted in dose adjustments for 20 
patients. Patients were classified to subgroups based on their pre-treatment FT4 concentration: 
‘severe CH’: FT4≤0.3 ng/dL (≤4 pmol/L), ‘moderate/mild CH’: FT4>0.3 ng/dL (FT4>4.0 
pmol/L). The reference range for FT4 is 0.9-2.2 ng/dL (12-28 pmol/L) for children aged 2-6 
weeks. 
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Procedure
All children and their parents were asked to complete the questionnaires in the Academic 
Medical Center (AMC) (except for 7 patients who were tested in their local hospitals) under 
the supervision of the same psychologist (LvdSV), who was blinded for the patients’ medical 
details. The assistance of the psychologist was restricted to explaining the meaning of difficult 
words. The study protocol was approved by the institutional review board of the Emma 
Children’s Hospital/ Academic Medical Center and the privacy committee of the Dutch CH 
Screening Board.

Measures
HRQoL
Health-related quality of life (HRQoL) of the children with CH was assessed with the TNO-AZL 
Children’s Quality of Life questionnaire; Parent Form for children aged 6 to 11 years (TACQoL-
PF) 20 and Child Form for children aged 8 to 15 years (TACQoL-CF). 21,22 These questionnaires 
are originally Dutch instruments that measure generic HRQoL on group. 20-23 The questionnaires 
measure health status problems weighted by the impact of the health status problems on well-
being. It offers the respondent the possibility of differentiating between their functioning and 
the way they feel about it. The items are clustered into multi-item scales with higher scores 
indicating better quality of life. The TACQoL (CF and PF) contains seven scales of eight items 
each: physical functioning, autonomy, motor functioning, cognitive functioning and school 

Table 1. Characteristics of the 1992-1993 cohort of patients with congenital hypothyroidism (CH)

Etiology Total Non-participants Participants

   not suitable           not willing         

CH-T due to thyroid 
agenesis 24 6 1 17

CH-T due to thyroid 
dysgenesis 51 2 1 48

CH-T due to thyroid 
dyshormonogenesis 24 3 4 17

CH-C 16 15 1 0

CH n.o.s. 26 15 11 0

Total CH 141 41 18 82

Four groups are presented; the total group, the group of patients who did not participate divided
 in patients not suitable or not willing to participate and the group of patients who did participate. 
For each group, the subdivision according to etiological classi� cation is given. CH n.o.s., 
CH not otherwise speci� ed.
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performances, social functioning, positive emotions and negative emotions. The Cronbach’s 
alphas in our study population were moderate to good (0.67-0.87) with the exception of the 
Autonomy scale of the TACQoL-CF (Cronbach’s alpha <0.4).Age-matched norm data from the 
Dutch general population were available. Children with a chronic medical condition in this 
norm population were excluded. This resulted in a norm population of 449 healthy children. 
The psychometric properties, validity and reliability, of the TACQoL are satisfactory.20-23                                                                                                                               
                                                                                                                                                                                                        
Self-worth
The translated version of the The Self-Perception Profile for Children (CBSK) 24 was used to 
assess patients’ self-worth. The CBSK, meant for children aged 8-12 years, consisted of 36 
items. Each answer was scored between 1 (most competent) and 4 (least competent). Several 
aspects of self-perception were measured in six subscales, each consisting of six items: school 
competence, social acceptance, athletic competence, physical appearance, behavioral conduct 
and global self-worth. The Cronbach’s alphas of the CBSK scales in our study population were 
moderate to good (0.67-0.78). Dutch norms are based on a representative sample of 361 Dutch 
children. The psychometric properties and reliability of the CBSK are satisfactory.24  
Intelligence (IQ) and motor skills
Intelligence was measured with the Dutch version of the Wechsler Intelligence Scale for 
Children, 3rd Edition, (WISC-III). 25 Three intelligence quotients were derived: Full Scale 
Intelligence Quotient (FSIQ); Verbal Intelligence Quotient (VIQ); and Performance Intelligence 
Quotient (PIQ). In the normative population, each IQ-score has a mean of 100 (SD 15).

Motor skills were assessed with the Movement Assessment Battery for Children (MABC), 

26,27 designed for identification of impairments of motor function in children aged 4-12 years. 
The test results are expressed in terms of a total motor impairment score (‘Total MABC score’); 
higher scores indicate more motor problems. 
For a comprehensive description of these measures we refer to our study on IQ and motor 
outcome of ten year old patients with CH.3

Statistical analysis
Data were analysed using SPSS version 12.0 (SPSS Inc., Chicago, IL). Before conducting the 
final analyses several preparation analyses were conducted. Firstly, scale scores were computed 
and missing data imputed on the basis of the guidelines of the TACQoL.17 In calculation of 
the scale scores, one missing combined-item score was allowed for. The missing score was 
replaced by the mean value of the non-missing item scores. Second, the internal consistencies 
(Cronbach’s alphas) of the scales were calculated, and the distributions of the scale scores were 
considered. 

HRQoL and self-worth of the group with CH were compared with that of the norm 
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population in two ways: (1) using mean scale scores, (2) using the percentage of children at 
risk of impaired HRQoL and self-worth. Patients with CH (total group) were compared to the 
norm population, and thereafter the severe and moderate/mild subgroups as well. Differences 
between the severe and moderate/mild subgroups with CH were also tested.Analyses of 
covariance (ANCOVA) were conducted to test for differences on the TACQoL mean scale-
scores between the group with CH and norm population and between the severity groups, 
corrected for gender. Because the database of the CBSK norm data was not available, we used 
the mean scores that were presented in the manual of the CBSK. Therefore one sample t-tests 
were performed to test whether the several CBSK-scales scores (means) of the children with 
CH differed from the means in the norm population.24 Patients with CH (total group) were 
compared to the norm population, and thereafter the severe and moderate/mild subgroups 
as well. Differences between the severity groups regarding the CBSK-scale scores were tested 
with ANCOVA. To adjust for multiple testing, we used a Bonferroni correction and adjusted 
the alpha to 0.007 (0.05/7) for the TACQoL and 0.008 (0.05/6) for the CBSK. Effect sizes (d) 
were calculated by dividing the difference in mean score between the patients with CH (total 
group) and norm population by the standard deviation of the scores in the norm population. 
We considered effect sizes up to 0.2, 0.5, and 0.8 to be small, moderate and large respectively.28 

To create a clinically meaningful distinction, children with CH are categorized into being 
‘at risk’ or ‘not at risk’ for problems (i.e. impaired HRQoL, impaired self-worth), based on 
percentile norms by age and gender in the norm population. The value of the 25 th percentile 
in the norm population was used for the scales of the TACQoL. Although there is no gold 
standard for good or bad HRQoL yet, this definition is considered to be a suitable way to 
differentiate between individuals with higher scale scores from individuals with lower scale 
scores.29 The percentage at risk in the group with CH was compared with the percentage in 
the norm population using Chi-square tests (χ2-tests, p<0.007;0.05/7).The definition of being 
at risk for impaired self-worth was based on the value of the 15 th percentile (CBSK scales) in 
the norm population as recommended in the manual of the CBSK.24 We tested whether the 
percentage of children with CH with scores below the value of the 15th percentile in the norm 
population was different from 15% using binomial tests (p<0.008; 0.05/6).

Linear regression analyses were conducted to explore the influence of disease factors (initial 
FT4 plasma, age at onset therapy, initial T4 dose) on HRQoL and self-worth. Regression 
models were also fitted for HRQoL and self-worth predicted by full scale IQ, and predicted by 
motor skills (total score). All regression models were corrected for gender. A significance level 
of 0.007 (0.05/7) was used for the HRQoL scales and 0.008 (0.05/6) for the scales of self-worth. 
Because of the explorative nature of the regression analyses, regression coefficients at p<0.05 
and p<0.01 were also reported, to be considered as a trend.
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Results
Sample characteristics
The characteristics of the participating patients with CH and their parents are given in Table 2. 
Of the 82 patients with CH (53 girls, 65%), 41 had severe CH and 41 had moderate/mild CH. The 
median age at start of T4 supplementation was 20 days for the total group. The IQ scores of the 
participating patients with CH are given in Table 2. For all details, we refer to a previous publication.3 

Health related quality of life (HRQoL): mean scores
Child-report
The total group with CH reported significantly worse HRQoL than the norm population on 
four out of the seven scales of the TACQoL: motor functioning F(1,524)=18.04; cognitive 

Table 2. Characteristics of participating CH patients and their parents

PATIENTS Severe CH Moderate/Mild CH

Number of patients (male/female) 41 (13/28) 41 (16/25)

Initial FT4 
in ng/dl (95%CI)*
[in pmol/l (95%CI)]

0.1 (0.0-0.3)
[1.8 (0.0-4.0)]

0.7 (0.3-1.1)
[9.4 (4.2-20.2]

Age at start of T4 supplementation 
in mean days (range) 19 (10-43) 25 (2-73)

Mean IQ scores  at 10.5 yr ** 
Full scale IQ
Verbal IQ
Performance IQ
Mean motor  scores  at 10.5 yr ** 
Total MABC score***

Severe
93.7 (89.5-97.9)
94.9 (90.1-99.7)
93.9 (90.0-97.8)

14.3 (11.8-16.8)         

Moderate              
96.2  (88.9-103.5)
95.4  (87.9-102.9)
98.0  (91.1-104.9)

9.7 (6.8-12.5)

Mild
105.0 (99.5-110.4)
103.6 (98.2-109.1)
105.3 (99.3-111.3)

11.6 (8.7-14.6)

PARENTS

Number of the participating parents 
(mothers/fathers)

35 (26/9) 38 (33/5)

Parental marital status
Married/ living together, n (%)
Single, n (%)

32 (91)
  3 (9)

37 (97)
  1   (3)

Educational level father
  Low, n (%)
  Middle, n (%)
  High, n (%)

11 (31)
11 (31)
13 (38)

18 (47)
11 (29)
  9 (24)

Educational level mother
  Low, n (%)
  Middle, n (%)
  High, n (%)

16 (47)
12 (34)
  7 (19)

18 (47)
12 (30)
  8 (23)

* Reference range for FT4 in children aged 2-6 wk is 0.9-2.2 ng/dlL (12-28 pmol/ l) 34 
** published in Kempers et al.3

*** No motor problems: (Total MABC score≤9.5), borderline motor problems : (9.5<Total MABC score<13.5, 
de� nite motor problems: (Total MABC score ≥ 13.5).
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functioning F(1,523)= 20.52; social functioning,  F(1,521)=13.47; positive emotions F(1,522)= 
16.10. The differences were small to moderate; effect sizes (d) ranged from 0.3 to 0.6 (Table 3). 
HRQoL of the severe group with CH appeared to be significantly worse than that of the norm 
population on four scales: motor functioning F(1,483)=14.74; autonomy F(1,483)=11.774; 
cognitive functioning F(1,483)=28.07; social functioning F(1,482)=16.40, while the moderate/
mild group with CH scored worse than the norm on motor functioning and positive emotions; 
F(1,487)=6.62 and F(1,486)=15.589 respectively.

Parent-report
Parents of patients with CH (total group) reported significantly worse HRQoL in their 
children than parents of the norm population on four out of the seven scales of the TACQoL: 
motor functioning F(1,543)=23.76; cognitive functioning F(1,543)=38.18; social functioning 
F(1,543)=8.21; negative emotions F(1,543)=6.77. The differences were small to large; effect 
sizes (d) ranged from 0.4 to 0.8 (Table 3). 
HRQoL of the severe group with CH appeared to be significantly worse (p< 0.007) than that of 
the norm population on motor and cognitive functioning; F(1,502)=26.61 and F(1,502)=36.36 
respectively. The moderate/mild group with CH scored only significantly worse than the norm 
on cognitive functioning F(1,503)=11.61. 

Self-worth: mean scores
With respect to the self-worth only one significant difference was found (Table 4). The girls 
with CH reported lower social acceptance than the girls in the norm population; T=(1,50)=-
2.75, effect sizes (d)= 0.4.

Differences according to CH severity (severe versus mild/moderate): mean scores HRQoL 
and Self-worth
There were no significant differences found between the severity groups for HRQoL and self-
worth (Table 3 and 4).

Impaired HRQoL: percentage at risk
Child-report
The total group of patients with CH showed significantly higher percentages of children at risk 
for impaired HRQoL (38% to 48%) than the norm population on four scales of the TACQoL: 
motor functioning, autonomy, cognitive functioning and positive emotions (Table 5). 
In the severe group, significantly more patients with CH than children in the norm population 
were considered at risk for problems with physical, motor and cognitive functioning, and 
with autonomy; ranging from 46% to 57%. Patients in the moderate/mild group with CH were 
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considered more at risk for problems with motor functioning (46%) and positive emotions 
(47%).

Table 3. Health-related quality of life (TACQoL)a: patients with congenital hypothyroidism (CH) versus the 
norm population; Mean scores, Standard deviations (SD’s) and e� ect sizesb 

Total CH Severe CH Moderate/
Mild CH

Norm 
population

E� ect size

mean (SD) mean (SD) mean (SD) mean (SD) Total

Child-report

n= 82 n= 41 n=41 n=449

Physical Functioning 23.7 (4.8) 23.3 (4.9) 24.0 (4.6) 25.2 (5.0) 0.3

Motor Functioning 28.3 (3.5)  *** 27.9 (3.8) *** 28.7 (3.3) * 29.8 (3.1) 0.5

Autonomy 30.9 (1.5) 30.5 (1.7) ** 31.3 (1.1) 31.5 (1.5) 0.4

Cognitive functioning 26.5 (4.9) *** 25.3 (5.1) *** 27.7 (4.4) 28.7 (3.7) 0.6

Social Functioning 28.6 (4.0) *** 28.0 (4.2) *** 29.1 (3.9) 29.9 (2.5) 0.5

Positive emotions 12.6 (2.6) *** 13.0 (2.4) 12.2 (2.8) *** 13.7 (2.4) 0.5

Negative emotions 12.0 (2.5) 11.4 (2.6) 12.5 (2.3) 11.9 (2.6) 0.0

Parent-report

n= 82 n= 41 n=41 n=465

Physical Functioning 26.9 (4.4) 26.5 (4.3) 27.3 (4.3) 27.3 (3.8) 0.1

Motor Functioning 29.3 (2.8)  *** 28.7 (3.2) *** 30.0 (2.3)  30.8 (2.3) 0.7

Autonomy 31.2 (1.9) 31.1 (1.9) 31.2 (2.0) 31.6 (1.2) 0.3

Cognitive functioning 26.0 (5.2) *** 25.1 (5.7) *** 26.9 (4.5) ** 29.0 (3.7) 0.8

Social Functioning 29.0 (3.1) ** 28.9 (3.0) 29.1 (3.3) 29.9 (2.5) 0.4

Positive emotions 14.5 (2.1) 14.4 (2.3) 14.7 (2.0) 14.7 (2.0) 0.1

Negative emotions 11.0 (2.4) ** 10.9 (1.8) 11.2 (2.8) 11.8 (2.4) 0.3

aHigher scores represent better HRQoL: range 0 – 32 for physical, motor, autonomy, cognitive, 
social; range 0 – 16 for positive and negative moods. 
be� ect size (d): total CH versus norm population.
*p<0.007: di� erence between CH patients and norm population according to ANOVA by group and gender.
**p<0.001: di� erence between CH patients and norm population according to ANOVA by group and gender.
***p<0.0001: di� erence between CH patients and norm population according to ANOVA by group and gender.
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Parent-report
According to the parents, patients with CH (total, severe and moderate/mild) had a significantly 
greater risk for impaired HRQoL than children in the norm population on two scales of the 
TACQoL: motor and cognitive functioning: 49% and 61% respectively (Table 5). 

Impaired Self-worth: percentage at risk
Patients with CH (total, severe, moderate/mild) showed higher percentages at risk for 

Table 4. Self-worth (CBSK)a: patients with congenital hypothyroidism (CH) versus the 
norm population; Mean scores, Standard deviations (SD’s) and e� ect sizesb

 Total CH                   Severe CH Moderate/
Mild CH

Norm group E� ect size

mean (SD) mean (SD) mean (SD) mean (SD) Total

Boys

n=27 n= 11 n=16 n= 180

School competence 17.2 (3.2) 16.4 (3.7) 17.7 (2.8)          17.4 (3.5) 0.1

Social acceptance 18.6 (3.8)  17.8 (4.7) 19.2 (3.0)         17.8 (3.8) 0.2

Athletic competence 17.6 (3.8) 16.6 (4.4) 18.3 (3.2) 18.7 (3.3) 0.3

Physical appearance 20.0 (2.9) 19.4 (3.0) 20.4 (2.9) 20.1 (3.6) 0.0

Behavioral conduct 17.6 (3.1) 17.6 (3.3) 17.6 (2.6)          17.0 (2.8) 0.2

General self-worth 20.0 (2.7) 19.9 (3.1) 20.0 (2.5) 20.0 (3.0) 0.0

Girls

n= 51 n= 26 n=25 n=181

School competence 15.4 (3.6) 15.8 (3.4) 14.9 (3.8)          16.3 (3.4) 0.3

Social acceptance 15.9 (4.0) * 16.2 (4.0) 15.7 (3.3)       17.5 (3.7) 0.4

Athletic competence 16.1 (3.9) 17.0 (4.1) 16.5 (3.7) 17.6 (3.8) 0.4

Physical appearance 18.5 (4.2) 18.6 (4.5) 18.4 (4.0) 18.9 (4.0) 0.1

Behavioral conduct 17.0 (3.5) 17.5 (3.3) 16.5 (3.3)          18.0 (3.4) 0.3

General self-worth 19.1 (2.6) 19.5 (3.7) 18.6 (3.0) 19.4 (3.5) 0.1

aHigher scores represent better self-worth: range 6 – 24 for all scales.
be� ect size (d): total CH versus norm population.
* p<0.007: di� erence between CH patients and norm population according to one-sample t-test. 
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Table 5. Percentage at risk for impaired health related quality of life (TACQoL): 
patients with CH versus the norm population

 Total CH                   Severe CH Moderate/
Mild CH

Norm 
population

Child-report

n= 82 n= 41 n= 41 n=449

Physical Functioning 40% 46 % * 34% 25%

Motor Functioning 48% ** 50% * 46% * 25%

Autonomy 38% ** 46% ** 29% 25%

Cognitive 
functioning 

40% * 57% ** 25% 25%

Social Functioning 34% 41% 28% 25%

Positive emotions 45% * 42% 47% * 25%

Negative emotions 30% 36% 25% 25%

Parent-report

n= 82 n= 41 n=41 n=465

Physical Functioning 34% 37% 32% 25 %

Motor Functioning 55%  ** 61 % ** 49%*        25%

Autonomy 27% 32% 22%       25%

Cognitive 
functioning 

56% ** 61% ** 51%* 25%

Social Functioning 29% 34% 24%          25%

Positive emotions 34% 37% 25%      25%

Negative emotions 38% 39% 37%      25%

 25 th Percentiles of norm population are not exact 25% due to distribution of scale 
scores; percentiles  approach 25th, ranging from 17th – 31st percentile.
*p<0.007: di� erence between CH patients and norm population according to Chi-square test. 
**p<0.0001: di� erence between CH patients and norm population according to Chi-square test. 

impaired self-worth than the norm population with regard to school competence and athletic 
competence; ranging from 27 to 34% versus 15 % in the norm group (Table 6).

Asssociations of disease factors, IQ and motor skills with HRQoL and self-worth
The regression analyses demonstrated only one significant result: higher full scale IQ was found 
to be correlated with better (parent reported) cognitive functioning (β=0.38; p=0.001).
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Table 6. Percentage at risk for impaired Self-worth (CBSK): patients with 
CH versus the norm population

 Total CH                   Severe CH Moderate/Mild CH Norm 
group

n= 82 n= 41 n=41 n=361

School competence 30% * 32% * 27%* 15 %

Social acceptance 24%  24 % 24%    15%

Athletic competence 33% * 32% * 34% *      15%

Physical appearance 15% 14% 17% 15%

Behavioral conduct 26% 22% 29%          15%

General self-worth 19% 22% 17%      15%

*p<0.008: di� erence between CH patients and norm population according to binominal test.

Several trends could be reported, based on significance levels of 0.01 and 0.05. Regarding 
the disease factors, higher initial T4 dose was associated with better (parent-reported) physical 
HRQoL (β=0.37; p<0.05). Furthermore, higher full scale IQ was found to be correlated with 
better HRQoL regarding (child reported) negative emotions (β=0.28; p<0.05) and (parent 
reported) positive emotions (β=0.23; p<0.05). Finally, better motor skills were associated with 
higher (parent reported) HRQoL scores on motor functioning (β=0.24; p<0.05) and autonomy 
(β=0.30; p<0.01), and with better self-worth; social acceptance (β=0.24; p<0.05) and athletic 
competence (β=0.29; p<0.05). 

Discussion

This is one of the first studies that assessed self-worth and health related quality of life (HRQoL) 
using a self- and proxy report in early treated children with CH. The results of the study showed 
that CH could have a negative impact on several aspects of HRQoL and self-worth. Ten year 
old children with CH born in 1992- 1993 experienced worse HRQoL than the norm population 
with respect to cognitive -, motor- and social functioning, positive emotions, negative emotions 
and autonomy. In addition, a greater percentage of children with CH, especially patients with 
severe CH, appeared to be at risk for impaired HRQoL as well as for impaired self-worth with 
respect to school performance and athletic performance. 

These results are in line with our previous results among young adults with CH, who 
reported also lower HRQoL and lower self-worth than healthy peers. 12 Two other studies 
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evaluated the HRQoL in young adults with CH. 13,14 Sato et al showed that the HRQoL of young 
adults did not differ from healthy controls.13 In a recent study of Leger et al.,14 young adults with 
CH had a lower HRQoL than their healthy peers, as in our study. These authors underlined the 
need of early and consequent monitoring patients with CH.14 Several other studies showed that 
children and adolescents with CH were at risk of social-emotional problems, such as behavioral 
disorders and psychiatric disturbances.  Tinelli et al. 30 found that adolescents (> 12 years) 
scored significantly higher than controls on withdrawal, anxiety/depression, thought problems, 
attention problems and aggressive behavior. Bisacchi et al.14 found more internalizing and 
externalizing problems in 6-10 years patients with CH. However, they found no differences 
between patients and controls in other age groups. The results of our study can be considered 
in line with a growing body of literature about the psychological and social consequences of 
medical treatment in children with chronic diseases. Many of these studies concluded that 
children with a chronic disease show more maladjustment than healthy children. 7,8,38

The most persuasive result is that patients with CH reported considerably worse parent- and 
child-reported HRQoL in the domains “motor functioning” and “cognitive functioning”, also 
presented in a high percentage of patients considered at risk for impaired HRQoL in these 
domains. In addition, children with CH appeared to be more at risk for low self-worth in school 
competence and athletic competence. We also found that lower IQ was associated with lower 
scores on cognitive functioning and that worse motor skills tended to be associated with worse 
self-worth regarding athletic competence. These findings are important and require further 
elaboration. The lower scores on cognitive and motor functioning we found in our study are in 
line with the outcomes of diverse neuropsychological studies, in which was found that children 
and young adults with CH scored significantly lower than the norm population on motor 
functioning 3,5,6,28-30 and had more problems with attention and memory. 31,33-36 So, the patient’s 
perception of motor and cognitive functioning, as measured with the TACQoL, equates with 
objective findings. However, worse IQ and motor skills did not explain the presence of impaired 
functioning in most other domains of HRQoL and self-worth, as the results of the regression 
analyses demonstrated. So, we can conclude that patients with CH are at risk for impaired 
HRQoL and self-worth, independent of their IQ and motor skills. Furthermore, no significant 
association of severity, initial T4 dose and age at onset of therapy with HRQoL and self-worth 
was found.

Therefore, it could assume that living with a chronic disease as such and/or the negative 
consequences of CH despite of its severity, influence functioning in daily life. CH affects the 
child’s daily life because of the need of regular T4-dose adjustments, the daily T4 administration, 
frequent T4 and TSH measurements, consciousness of having a chronic disease, and sometimes 
the need of adjuvant medical care such as speech training and physiotherapy. In addition, 
the cognitive and motor problems of patients with CH may affect their social life, self-worth 
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and emotional functioning. From this study and our previous studies 3,9,32, it is apparent that 
patients with CH seem to be vulnerable in these areas. Besides, one has to keep in mind that 
a suboptimal thyroid hormone state may affect well-being. Whereas the goal of long-term T4 
treatment is to maintain euthyroidism, this remains challenging because of the continuous 
need to adapt T4 dose in a growing child and the need of treatment compliance. It has been 
shown that differences in serum FT4 and TSH concentrations, even within the reference range, 
may be determinants of psychological well-being in treated hypothyroid patients. 37 

The strength of our study is that we tested a nationwide cohort of patients with CH, all 
treated by pediatricians who followed national guidelines, and that at psychological assessment, 
all patients had plasma TSH concentrations within the reference range. Besides, HRQoL was 
assessed by self-report as well as by the parents of the children with CH. Moreover, we tried to 
strengthen the clinical meaning of the results, by using percentages at risk of impaired HRQoL 
and self-worth as outcomes, in addition to mean scale scores. This is considered a suitable way 
because a golden standard for bad HRQoL and self-worth is lacking.

The limitations of the current study should also be taken into account. First, the loss of 
subjects from the original cohort restricts the representativeness of the current sample. 
However, we clarified the etiology of both the excluded patients and the patients not willing 
to participate (Table 1). Second, we could not use a control group and no information about 
the socio- economic status of the norm population was available. In general however, Dutch 
normative data of standardized measures such as the CBSK and TACQoL are sufficient to make 
adequate comparisons. 
Third, caution is called for generalizing our results to children who are nowadays growing up 
with CH because treatment protocols changed since the 1992-1993. The question is, whether 
the impaired HRQoL of patients with CH in our study could be assigned to suboptimal 
treatment years ago, as lower initial T4 dose and older age at onset of therapy compared to 
the current treatment protocols. In the present we did not found any significant association 
of initial T4 dose and age at onset of therapy with HRQoL and self-worth, which might be 
an indication that the contribution of treatment factors to psychosocial outcomes in patients 
with CH is limited. So, it could be assumed that also children with CH being treated nowadays 
should be considered at risk of impaired HRQoL and self-worth.
Another shortcoming of the study is that we did not examine other potential risk- and protective 
factors of HRQoL and self-worth, as socio-economic and psychosocial factors (e.g parenting, 
family functioning, coping). Future research should be directed at these factors, in order to be 
able to detect and support the children and adolescents who are at risk for impaired psychosocial 
functioning at an early stage. Finally, because of the cognitive and motor problems in patients 
with CH, it seems important to examine the effect of adjuvant care like physiotherapy, speech 
training and intervention programs directed at the improvement of cognitive functions. 
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Conclusion and clinical implications
This study has shown that children with CH, diagnosed by neonatal screening, are at increased 
risk for impaired quality of life and self worth. In particular, our findings add to the evidence 
for motor and cognitive problems in relation to CH. Following this, we can conclude that 
children with CH are vulnerable and that there is need for specific care. We believe that 
these results deserve proper attention and awareness of physicians treating these children. 
Furthermore, patients with CH and their parents should become more aware of the possible 
negative consequences of growing up with CH. Follow-up of patients with CH should not only 
be a medical/biochemical evaluation but, also to attain the best achievable quality of life. The 
focus during the follow-up should shift to attention to school performances, social-emotional 
functioning and supporting the patients. Therefore routine monitoring HRQoL and social-
emotional functioning in children with CH is recommended. Incorporating patient reported 
outcomes of HRQoL in daily clinical practice will contribute to better communication with 
health care professionals and makes it easier for them to refer to the needed care if necessary. 
39,40 In addition, the use of valid and reliable screening instruments to detect patients with 
CH at risk for social, emotional and behavior problems are recommended, for example the 
Strength and Difficulties Questionnaire (SDQ). 41 When motor problems are present, patients 
should be motivated to engage in sport activities or should be referred to the physiotherapist 
if needed. When cognitive problems are present, psychological examination would be useful 
and if necessary, intervention programs that improve cognitive functions such as memory and 
attention functioning or speech training might thereafter be offered to particular individuals.  
Finally, it seems important to stimulate children’s social performance and to support children 
with their social skills.                              
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Introduction

Congenital hypothyroidism (CH) is a neonatal disorder with an incidence of approximately 1 
out of every 3000 children. It is caused by a total or partial absence of thyroid hormone, as a 
result of a congenital anatomical or biochemical defect of the thyroid gland. Because thyroid 
hormone is essential for brain development, these children are at risk for brain damage and 
subsequent cognitive and motor deficits. 

Neonatal screening programs leading to early postnatal start of T4 supplementation has 
improved the prognosis for children with CH 1. However, while follow up studies have shown 
that most children with CH achieved scores for intelligence within the normal range, those with 
severe CH showed significant deficits in IQ and neuropsychological domains.2-6 Beside that, 
motor deficits remained present in the majority of patients.3,4,6,7 

Over the years, much has been reported about the cognitive and motor development of 
children with CH and optimal treatment.5,8-10 Lately, increased attention is paid to emotional and 
social consequences of patients growing up with CH but to date studies on these consequences 
in young children are scarce.11-13 Health related quality of life (HRQoL) is becoming a key 
component in research about effects of chronic diseases. The evaluation of HRQoL implies 
evaluations of the impact of a disease and its treatment on all relevant dimensions of the 
patient’s life. HRQoL measurements usually comprise aspects of physical, functional, social and 
psychological health as well as the patient’s perception of his health status and well-being.14 
The importance of involving HRQoL aspects in the evaluation of CH patients is recognized in 
our previous studies among CH patients aged 10 years and CH patients aged 21 years.12,13,15 These 
studies showed that young adults and children with CH, diagnosed by neonatal screening, are at 
increased risk for impaired HRQoL and self-worth. These results indicated that the follow-up of 
children with CH should not be limited to the motor and cognitive domain, as also emphasized 
in other studies.11,12,16 Furthermore, since treatment of children with CH has changed over the 
last decades, knowledge of the impact of treatment modality on the HRQoL early in life of the 
patients is important.

Based on the impaired HRQoL we found in our previous results among older children and 
young adults with CH, the purpose of the present study was to investigate whether HRQoL of 
two years old toddlers is lowered as well. In addition, associations of disease factors (initial FT4 
concentration (severity), age at start of T4 supplementation, mean initial T4 dose), cognitive 
and motor development with HRQoL were explored. 
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Methods 
Screening method 
The Dutch neonatal CH screening method is primarily based on the measurement of T4 in 
filter paper blood spots. Sampling is performed between 4 and 7 days after birth. The midwife 
pays a home visit and performs the heel puncture (also in those children born in the hospital, 
heel puncture is performed at day 4-7). The T4 concentration is compared to the day mean and 
expressed as standard deviation score (SD). If T4 is ≤-0.8 SD, thyrotropin (TSH) concentration 
(in mIU/l) is additionally measured. If T4 is ≤-1.6 SD, thyroxine-binding globulin (TBG) 
concentration (in nmol/l) is also measured. A T4/TBG ratio is measured as follows: [T4 
+5.1]•[TBG]-1•1000.

The referral criteria were as follows: if T4 was ≤-3.0 SD or TSH was ≥50mIU/l children 
were immediately referred to a pediatrician by the Dutch Health Administrations (DHA). In 
children with a dubious result (-3.0<T4≤-0.8 SD in combination with a T4/TBG ratio ≤8.5 and/
or 20≤TSH<50 mIU/l) a second heel puncture was performed. Children were referred after a 
second heel puncture if the result was dubious again, or abnormal. The diagnosis of CH and its 
etiological classification was based upon initial presentation, thyroid function determinants and 
a full set of thyroid imaging. 

Patient recruitment and procedure
The study was coordinated and executed by the department of pediatric endocrinology of the 
Emma Children’s Hospital Academic Medical Center (AMC) in collaboration with the DHA. 
The study protocol was approved by the institutional review board of the AMC and the privacy 
committee of the CH screening board. 

Of those children born in the Netherlands between April 1, 2002 and May 31, 2004 and with 
an indication for referral from the DHA because of an abnormal CH screening result, the AMC 
received, in addition to the normal procedure, faxes with data containing heel puncture results, 
gestational age, birth weight and the name of the family doctor of the child. After an abnormal 
CH screening result the child is usually seen by a pediatrician the same day or at the latest 
the following day. This procedure enabled the researchers of the AMC to contact immediately 
the pediatrician to whom the child was referred. The pediatrician was invited to participate in 
the study. Subsequently, the pediatrician was provided with information by letter or fax. This 
included the invitation for parents to participate in the study and detailed written information 
about the study.

In some children the diagnosis of CH was established incidentally by the AMC, for example 
when their urine or blood was sent for diagnostic work-up. Parents of these patients were also 
invited for the study. They received written study information via their pediatricians. 

All parents of the participating children with CH were asked to complete questionnaires in 
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the AMC, in their local hospital or at home. The assistance of the psychologist was restricted to 
explaining the meaning of difficult words. 

During the study period, Dutch pediatricians were advised by the department of pediatric 
endocrinology of the AMC on treatment modalities. They were advised to start with T4 
supplementation in a dose of approximately ± 10µg/kg per day in all children, whereas in those 
children with an initial FT4 concentration <8pmol/l it was advised to give a single additional 
dose of 10µg/kg about 12 hours after the first dose. Some pediatricians followed the guideline 
introduced in 1997, i.e. to start with 50µg as an initial dose, followed by 10µg/kg per day for 
the following days. T4 dose was subsequently adjusted according to further thyroid function 
determinants, which were measured during regular controls at the outpatient clinic, according 
to international guidelines. In general, children are initially seen twice a week, for two to three 
weeks. From then on, the period between control visits is gradually extended to once a month in 
the first year. In the second year children are seen once every 2-4 months.

Patients
The complete cohort of patients with permanent CH born in The Netherlands between April 
2002 and May 2004 consisted of 199 patients (Table 1). Patients were classified as CH-T (CH 
of thyroidal origin), CH of central origin (CH-C) or CH not yet specified. CH-T was further 
classified as CH-T due to thyroid dysgenesis, CH-T with normal located thyroid gland, CH-T 
not yet specified, and CH-T21 (i.e. CH-T characteristic for patients with trisomy 21). In this 
study, only children with CH-T were included. To ascertain that the participating patients were 
euthyroid (i.e. TSH 0.4-4.0 mIU/L) at the time of testing, the most recent measurement of 
thyroid function prior to the psychological assessment was evaluated and if necessary T4 dose 
was adjusted and the tests postponed.

In the present study, parents of 16 children did not give their informed consent. In addition, 
76 patients were considered ‘not suitable’ for the following reasons: CH-C (n=21); CH not yet 
specified (n=10); CH-T21 (n=15); Johansson-Blizzard syndrome (n=1); Turner syndrome (n=1); 
Beckwith-Wiedeman syndrome (n=1); Pendred syndrome (n=1); undefined syndrome (n=4); 
delayed initiation of treatment (>2months after birth; n=2); severe cardiac defect necessitating 
long-term hospitalization (n=1); parents had severe difficulties with the Dutch language (n=6); 
prematurity (either born<32 weeks gestational age or birth weight <1.5kg; n=4); patient had 
died (n=1); patient had moved abroad (n=1); patients were not treated adequately (n=7). 
Furthermore, 19 patients could not be included in the present study because their parents 
did not complete the HRQoL questionnaire. These 19 patients had significantly lower mental 
developmental scores (MDI, see Measures) than the patients included in the present study, but 
they did not differ with respect to motor developmental scores (PDI, see Measures).

In the end, 88 patients with CH-T (from now on CH) and without a remarkable medical 
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history besides their CH were included in the present study. They were classified to subgroups 
based on the pre-treatment FT4 concentration: (1) ‘severe CH’: initial FT4≤0.4ng/dl (≤5 pmol/l); 
(2) ‘moderate CH’: 0.4<initial FT4≤0.8ng/dl (5.0<initial FT4≤10.0pmol/l); (3)‘mild CH’: initial 
FT4>0.8ng/dl(>10.0 pmol/l). FT4 range of 10-23 pmol/l (0.78-1.79 ng/dl) was considered as 
reference range. 

Instruments
TAPQoL
Health-related quality of life (HRQOL) of the children with CH was measured with the TNO-
AZL Preschool Children’s Quality of Life questionnaire (TAPQoL) 17. The TAPQoL is a 43-item 
generic, multi-dimensional HRQOL instrument for 1 to 5 years old children, to be completed by 
parents. It measures health status problems weighted by the impact of the health status problems 
on well-being. Parents are requested to report the existence of a problem in their child and the 
child’s reaction/emotion to such a problem or limitation. 

Table 1. Etiology of Congenital Hypothyroidism in two years old CH patients

Total Non-Participants Participants

Gender % (n) % (n) % (n)

male 34.6 (53) 44.8 (27) 29.5 (26)

female   65.4 (100) 55.2 (38) 70.5 (62)

Diagnosis 

CH-T due to thyroid dysgenesis 51.6 (79) 35.4 (23) 63.6 (56)

CH-T with normal located thyroid gland 24.8 (38) 23.1 (15) 26.2 (23)

CH-T not yet speci  ed 23.6 (36) 41.5 (27) 10.2 (9)

Total eligible 100 (153) 100 (65) 100 (88)

Excluded diagnosis n n n

CH-T21 15 15 0

CH-C 21 21 0

CH not yet speci  ed 10 10 0

Total Cohort 199 111 88

CH-T : CH of thyroidal origin.
CH-T21: CH-T characteristic for patients with trisomy 21.
CH-C : CH of central origin.
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The 43 items are clustered into 12 multi-item scales (scores 0-100), where a higher score indicates 
better HRQoL. The psychometric properties of the TAPQoL were good. 18 The Cronbach’s alphas 
in our study population were moderate to good (0.63-0.85). Norm data from the general Dutch 
population were available. Children aged 1½ to 2½ were selected from the database with norm 
data. This resulted in a norm population of 117 children. 

Cognitive and motor development
The Bayley Scales of Infant Development version II (BSID-II-NL) 19 was used to assess cognitive 
and motor development at the age of 2 years. The developmental skills that are assessed with 
the BSID-II include the use of active and passive language, imitation, memory, eye-hand 
coordination, and fine and gross motor skills.  The mental developmental index (MDI) and the 
psychomotor developmental index (PDI) are scored based on the number of items successfully 
completed. Scores were converted into age-normalized values, as derived from Dutch norms. In 
the norm population both MDI and PDI have a mean of 100 and a standard deviation of 15.19 
For a comprehensive description of these measures we refer to our study on cognitive and motor 
development of one and two year old patients with CH 20.

Sociodemographic factors
A self-designed questionnaire was used to collect sociodemographic information about the 
parents: educational level (low; middle; high) and marital status (married/ living together; 
single). 

Statistical analysis
Data were analysed using SPSS version 19.0 (SPSS Inc., Chicago, IL). Before conducting the final 
analyses several preparation analyses were conducted. Firstly, scale scores were computed and 
missing data imputed on the basis of the guidelines of the questionnaires. Second, the internal 
consistencies (Cronbach’s alpha) of the scales were calculated, and the distributions of the scale 
scores were considered.

After the preparatory analyses, analyses of covariance (ANCOVA) were conducted to test 
differences between the CH group and the general population (norm group) on the TAPQoL-
scores, corrected for gender. CH patients were as total group compared with the norm data, and 
thereafter the severe, moderate and mild subgroups were compared with norm data as well.

For all variables, effect sizes (d) were calculated by dividing the difference in mean score 
between the CH patients and comparison group by the standard deviation of the scores in the 
comparison group. We considered effect sizes up to 0.2, 0.5, and 0.8 to be small, medium and 
large respectively 21. To adjust for multiple testing, we used a Bonferroni correction and adjusted 
the alpha to 0.004 (0.05/12) for the TAPQoL scales.
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Table 2. Characteristics of the participating CH patients by severity 

Patients
Severe 
(range/ 95% 
CI)

Moderate 
(range/ 95% 
CI)

Mild 
(range/ 95% CI)

Number of patients (male:female) 23 (5:18) 25 (7:18) 40 (14:26)

Mean initial FT4 in ng/dl 
[in pmol/l]*

0.2 (0.1-0.4)
[2.6 (1.0-5.0)]

0.6 (0.4-0.8)
[7.3 (5.0-10.0)]

1.1 (0.8-1.6)
[14.3 (10.2-21.0)]

Mean initial TSH in mIU/l 319 (75-970) 311 (41-639) 86 (11-340)

Age at start of T4 supplementation 
in mean days 8.2 (6-12) 9.5 (2-32) 13.0 (6-31)

Mean initial T4 dose in µg/kg per day 12.1 (9.0-20.1) 11.5 (8.3-18.8) 10.5 (5.4-16.5)

Mental developmental index at 25 months20 88.6 (83.2-
94.1)

99.2 (93.9-
104.4)

101.5 (96.6-
106.4)

Psychomotor developmental index at 25 
months20

83.4 (76.6-
90.1)

90.6 (84.9-
96.3) 91.0 (86.0-95.9)

Parents

Fathers % 10 26 18

Mothers % 70 52 64

Both % 20 22 18

Parental marital status

Married/ living together (%) 100 100 97

Single (%)  0 0 3

Educational level father ª

Low (%)  21  9  16

Middle (%) 26 52 41

High (%) 53 39 43

Educational level mother ª

Low (%) 5 26 24

Middle (%) 63 30 37

High (%) 32 44 39

* Reference range for FT4 in children aged 2-6 wk is 0.9-2.2 ng/dlL (12-28 pmol/ l).
ª Highest level completed: Low:Pimary Education, Technical and Vocational Trainer, Lower and Middle General Secondary 
Education. Middle: Middle Vocational Education, Higher General Secondary Education, Pre-university Education. High: 
Higher Vocational Education, University.
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Linear regression analyses were conducted to explore the influence of disease factors on 
HRQoL. The TAPQoL scales on which CH patients scored worse than the norm group were 
predicted by initial FT4 concentration (severity), age at onset therapy and initial T4 dose, in 
three separate regression models for each TAPQoL scale. The same procedure was applied 
to investigate associations of HRQoL with the mental developmental index and the motor 
developmental index. All regression models were corrected for gender. 

Results
Patient characteristics 
The characteristics of the participating CH patients and their parents are given in Table 2. Of 
the 88 patients (62 females, 70%), 23 patients (26%) had severe CH-T. Moderate and mild CH-T 
were seen in 25 (28%) and 40 (45%) patients respectively.  
The mean age at start of T4-supplementation was 10.2 days [median 9 days (range 2-32]. 
Children with severe and moderate CH-T started significantly earlier with T4 than children 
with mild CH-T (p=0.0001 and p=0.016 respectively). The mean initial T4 dose was 11.4µg/
kg per day (range 5.4-20.1). The mental developmental index (MDI) and the psychomotor 
developmental index (PDI) scores of the participating children with CH are given in table 2. For 
more details, we refer to a previous publication. 20 

HRQoL 
HRQoL scores of the total group of CH patients did not differ from the scores in the norm 
population (Table 3). HRQoL of the children with mild or moderate CHT also did not differ 
from the norm population. However, HRQoL of children with severe CH appeared to be 
significantly worse than the norm population regarding motor functioning ((F (1.138) = 15.596, 
p< 0.0001) and communication ((F (1.129) = 21.090, p< 0.0001). The differences were large, 
with effect sizes 1.2 and 1.0 for motor functioning and communication, respectively. Compared 
to the children with mild or moderate CH, the children with severe CH scored significantly 
worse on communication ((F (2.87) = 10.528, p< 0.0001). 

Associations of HRQoL with disease factors, mental and motor development
The regression analyses demonstrated four significant results. Higher scores on the mental 
developmental index (MDI) were associated with better HRQoL regarding communication (b 
=0.52, p< 0.0001). Higher scores on motor development were associated with better HRQoL 
regarding communication (b= 0.34, p=0.002) and motor functioning (b=0.40, p=.0001). 
Regarding the disease factors, only severity (initial FT4 concentration) was associated with 
HRQoL: communication (b= 0.34, p=0.002).
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Table 3. HRQOL of CH patients versus the norm: mean scores (M), SD’s 

Total 
(n=88)

Severe 
(n=23)

Moderate 
(n=25)

Mild 
(n=40)

Norm 
group

(n=117)

TAPQoL scales mean (SD) d mean (SD) d mean (SD) d Mean (SD) d mean (SD)

Stomach 
problems 93.7 (14.8)     0.0 97.5  (6.9)                 0.1 91.0 (16.6)     0.2   93.2 (16.7) 0.1 94.1 (13.2)

Skin problems 91.9 (9.7)       0.0 94.2 (8.1)          0.2 89.7 (11.6)     0.3  91.9 (8.9)   0.1 92.4 (8.7)

Lung problems 95.1 (13.4)     0.0 92.0 (19.4)        0.2  97.3 (7.9)      0.2 95.5 (11.9) 0.1 94.7 (13.8)

Sleeping 
problems 79.7 (18.3)     0.1 80.4 (17.2)        0.1 81.8 (17.8)     0.0 78.0 (19.5) 0.2 81.3 (17.0)

Appetite 86.2 (13.8)     0.1 86.2 (14.1)        0.1 85.3 (10.0)     0.0  86.7 (15.8) 0.1 85.4 (12.8)

Problem behavior 70.1 (16.3)     0.1 68.6 (18.5)        0.0 73.1 (17.1)     0.3 69.1 (14.6) 0.0 68.7 (14.1)

Positive moods 99.8 (1.8)       0.1 99.3 (3.5)          0.1 100 (0.0)       0.2 100 (0.0)    0.1 99.6 (2.6)

Anxiety 80.1 (18.8)     0.1 81.2 (20.2)        0.0 77.8 (16.1)    0.2 80.8 (19.8) 0.0 81.4 (17.5)

Liveliness 98.1 (7.4)       0.1 98.6  (4.8)         0.0 98.6 (4.7)      0.0 97.5 (9.7)   0.2 98.6 (6.0)

Social 
Functioning 92.7 (15.5)     0.0 92.6 (14.9)        0.0 94.4 (12.7)    0.2 91.7 (17.6) 0.0 92.0 (15.0)

Motor 
Functioning 95.3 (8.3)           0.4 91.2 (10.7)* a 1.2 97.0 (4.8)       0.1 96.6 (7.7)  0.2 97.5 (5.3)

Communication 88.1 (11.4)      0.3 80.4 (10.7)* abc 1.0 89.8 (10.2)     0.1 91.5 (10.7) 0.1 90.6 (9.9)

*p<0.0001, according to ANCOVA by group and gender.
a  CH patients versus normgroup. 
b severe CH versus moderate CH.
c severe CH versus mild CH.
d = e� ect size: CH versus norm. Higher score represents a better HRQoL.

Discussion

The present study is the first study on HRQoL in early treated toddlers with CH. The results 
demonstrate that the ones with severe CH have lowered HRQoL regarding motor functioning 
and communication. In contrast, HRQoL of children with a moderate or mild form of CH 
seemed not to be worse than HRQoL in the Dutch norm population. Furthermore, no significant 
associations between HRQoL and disease factors were found other than severity as expressed 
by initial FT4 concentration.
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Generally, parents evaluate HRQoL of their two-year-old children with CH as satisfying 
except for motor functioning and communication (linguistic development) in severe CH 
patients. Motor functioning in the TAPQoL was assessed as the parent-reported occurrence 
of problems in their child with standing, walking, running, climbing the stairs and balance. 
Communication was assessed as the parent-reported occurrence of problems in their child with 
speaking, expressing, understanding what others said and in expressing in what he/she meant to 
say. The lowered HRQoL in the domains of communication and motor functioning are in line 
with the outcomes of diverse neuropsychological studies, in which was found that children and 
young adults with (severe) CH scored significantly lower on motor functioning and had more 
problems with attention and memory. 22-25  

As expected, toddlers with severe CH are at greater risk for impaired HRQoL regarding 
linguistic and motor development compared to patients with moderate and mild CH. This is 
consistent with our findings of cognitive and motor development in the same cohort measured 
with the BSID-II-NL.20 The toddlers with severe CH scored below the norm on mental and 
motor development (PDI and MDI).20 Furthermore, the regression analyses in the present study 
demonstrated that worse scores on the MDI and PDI were related to lower HRQoL regarding 
communication, and worse scores on the PDI were related to lower HRQoL regarding motor 
functioning. Thus, the parent’s perception of motor and cognitive functioning, as measured with 
the TAPQoL, equates with objective findings.

Our findings are in line with the results from our previous HRQoL-studies among CH 
patients, showing that young adults 13 and 10 years old children 15 grown up with CH also 
had lowered HRQoL on cognitive and motor functioning. However, the CH children scored 
not only worse in the motor and cognitive domain, but also in the domains of autonomy, 
social functioning and positive moods, and the young adults scored also worse on vitality, 
aggressiveness and depressive moods. In the two-year old children, we did not find worse scores 
in the psychosocial domains, indicating that they function well emotionally, in contrast to the 
older CH patients. An explanation might be that toddlers with CH really did not have lowered 
psychosocial HRQoL because they were too young to experience negative consequence of the 
diseases yet. However, we should take into account that the parents rated the HRQoL of the 
toddlers whereas the other studies were reported by the patients themselves, which hampers the 
comparison of HRQoL in the different age groups.

The strengths of this study are that we tested a large cohort of CH patients who were treated 
by pediatricians who followed the (inter)national guidelines for treatment, and that the cohort 
was carefully characterized in terms of etiology and initial disease characteristics. Moreover, at 
the time of psychological assessment, all patients had plasma TSH concentrations within the 
reference range. Furthermore, the cohort was carefully characterized in terms of etiology and 
initial disease characteristics.
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The following limitation should be considered. Though the response rate was quite 
satisfactory, representativity of the study sample was not optimal which could hamper the 
generalizability of the results. The mental developmental index (MDI) in the patients whose 
parents did not complete the TAPQoL appeared to be worse than in our study sample.  As lower 
MDI scores were found to be associated with worse HRQoL, the differences between patients 
and the normgroup might be more pronounced. In other words, HRQoL of CH patients might 
be worse than we reported in the present study.

Our findings highlight that it is important that pediatricians pay attention to the diverse 
developmental domains of children with CH and should refer them to additional care if 
necessary and as soon as possible. Follow-up care for patients with CH should not only be a 
medical/biochemical evaluation. Monitoring language development and motor functioning of 
young children with CH, and especially those with a severe form of CH, appears to be extremely 
important. Referral to a psychologist for developmental assessment and referral to speech 
therapy are possible useful interventions for young patients with CH. Based on the fact that 
lowered motor functioning was found consistently in all the cohorts of CH patients we studied, 
we recommend physiotherapy as part of standard care for children with severe CH. Future 
research should be directed at the effect of physiotherapy and speech therapy. 

Finally, routine monitoring HRQoL in children with CH is recommended. Incorporating 
standardized patient reported outcomes (PROs) of HRQoL in daily clinical practice will 
facilitate communication about HRQoL and psychosocial functioning of patients and will make 
it easier for the physician to decide whether it is necessary to refer patients to additional care.26
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1. Introduction

This thesis presents the results of the Dutch nationwide study “Effect evaluation of the screening 
on Congenital Hypothyroidism (CH), in The Netherlands,” with focus on (1) cognitive and 
motor consequences of CH and the effect of the changes in timing and treatment modality 
on cognitive and motor outcome over the years, and (2) psychosocial functioning of children 
and young adults with CH, including health related quality of life (HRQoL), developmental 
tasks, and self-esteem. Three cohorts of patients were included (1981-82; tested at 21.5 years 
of age; 1992-93, tested at the age of 10.5 years and 2002-04, tested at the age of 1 and 2 years). 
In this final chapter, results of the previous chapters will be summarized and are followed by 
a reflection on these findings. Furthermore the limitations of the studies, clinical implications 
and suggestions for future research will be discussed.

2. Main findings

in this paragraph the main findings of each study in this thesis are outlined. 
Part 1 describes cognitive and motor consequences of early treated CH in children and young 
adults. Three cohort studies were performed to (1) assess cognitive and motor functioning in 
young adults and children with CH diagnosed by neonatal screening in comparison to the 
general population, (2) examine the effect of the adaptations of the screening procedure and 
changes in timing and treatment modality on cognitive and motor outcome over the years 
(from 1981 to 2004) by including three different cohorts of patients, and (3) investigate the 
impact of disease and treatment factors on cognitive and motor outcome. An overview of the 
studies presented in this thesis is provided in Table 1 (main findings on cognitive and motor 
outcome), Table 2 (overview of full scale IQ and mental developmental index in the three 
cohorts) and Table 3 (main findings on psychosocial outcome). All patients were classified as 
having ‘mild’, ‘moderate’ or ‘severe’ CH, based on T4 and FT4 concentrations (see Chapter 1).

In all three cohort studies subtle, but relevant cognitive and motor deficits were found in 
children and adults with thyroidal CH (from now called CH) (Table 2). The patients with severe 
thyroidal CH born in 1981-82 tested at 9.5 and 21.5 years of age, and born in 1992-93 tested 
at the age of 10.5 years had lower mean intelligence quotient (IQ) scores compared to the 
norm population. In the patients with moderate and mild CH no significant differences in 
IQ scores as compared to the norm population were observed. Similarly, in the third cohort 
(born in 2002-04), the mean mental developmental index (MDI) scores of the severe CH group 
at 2 years of age were lower than the norm population, whereas the mean MDI scores of the 
moderate and mild CH groups were similar compared to the norm population. However, it 
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should be noted that the tests used to assess intelligence and cognitive development in the 
three cohorts were different (intelligence versus developmental index*). A contrasting result 
in the third cohort compared to the other cohort studies was that the mean MDI score of the 
severe patients with CH at the age of 1 year was similar to the population mean. With regard to 
motor functioning, our findings indicated that regardless of disease severity in all three cohorts 
motor functioning was worse than in the norm population, with the exception of the mild and 
moderate CH groups of the 1981-82 cohort.

As reflected in similar cognitive and motor outcomes in all three cohorts, it appears that 
advancing initiation of T4-supplementation from 27 to 19 to 10 days after birth did not result 
in improved cognitive and motor outcome in CH patients. Taken these findings through the 
cohorts into account, our data strongly suggest that the prenatal hypothyroid state is responsible 
for the postnatal outcome. 

In all three cohort studies we investigated the impact of disease and treatment factors 
(severity; initial T4/FT4 concentration, starting day of T4 supplementation, initial T4 dose) on 
cognitive and motor outcome. In the 1981-82 and 1992-93 cohort studies we found that only 
severity appeared to be a significant predictor for total IQ. No correlation was found between 
starting day of T4 supplementation and IQ, neither was there a correlation between initial 
T4-dose and IQ. In the 2002-2004 cohort study, severity (initial FT4 concentration) appeared 
to be a significant predictor for MDI score at the age of 2 years as well. Starting dose of T4 
appeared to be a predictor of MDI at the age of 1 year. With respect to motor outcome, severity 
was only a significant predictor for total motor impairment in the 1981-82 study. In the other 
cohort studies no significant relation was found between severity and motor functioning and 
psychomotor developmental index (PDI). Starting dose of T4 appeared to be a predictor of the 
PDI at the age of 1 and 2 years. In all three cohort studies we could not find any correlation 
between the starting day of T4 supplementation and cognitive and motor functioning (IQ, 
MDI, motor scores and PDI).

In conclusion, part 1 of this study has shown cognitive and motor deficits in patients with 
severe CH. Mildly and moderately affected CH patients had a fair prognosis for cognitive 
functioning. However, they do also experience motor problems. Furthermore, we conclude that 
although the development of children with CH is considerably improved by neonatal screening 
and improvement of treatment, they are still at risk for motor and cognitive problems. This is 
probably due to the prenatal hypothyroid state or the thyroid hormone deficiency in early life.

* Intelligence (WISC-R, WAIS-III) and Mental Developmental Index (BSID-II-NL)
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Part 2 of this thesis describes the results of the study on psychosocial functioning of young 
adults, children and toddlers with CH (table 3). Three cohort studies were performed to (1) 
explore the psychosocial functioning of young adults and children with CH, including health 
related quality of life (HRQoL), course of life (CoL), and self-esteem, (2) assess the impact of 
disease and treatment factors on HRQoL, CoL and self-esteem of young adults and children 
with CH diagnosed by neonatal screening. 

The results of the three cohort studies showed that CH has a negative impact on several 
aspects of HRQoL. The study on young adults (1981-1982) showed that CH patients compared 
to healthy adults are more often at risk for HRQoL impairment and reported lower HRQoL on 
several domains: cognitive functioning; sleeping; pain; daily activities; vitality; aggressiveness; 
depressive moods. The second cohort study in 10-year old children with CH revealed significant 
differences in mean scores in seven domains of the TACQoL (by child and/ or parent-report): 
motor functioning; autonomy; cognitive functioning; social functioning; positive emotions; 
negative emotions. Only for physical functioning no differences were found. In addition, a 
greater percentage of children with CH, especially patients with severe CH, appeared to be at 
risk for impaired HRQoL. In the third cohort of investigated children with CH at two years 
of age most domains of HRQoL appeared similar to the Dutch norm population. This study 
demonstrated that only the children with severe CH have a lower HRQOL on two of the twelve 
scales of the TAPQoL: motor functioning and communication.

Another aspect of psychosocial functioning studied in this thesis is Course of life in 
young adults (developmental milestones that are necessary in the development of a child). 
Patients reported a delayed course of life on the domain of social development compared to 
the norm population. With respect to the milestones of social development, a significantly 
lower percentage of CH patients than of the comparison group had been a member of a 
sports club for at least one year during primary school and secondary school. However, the 
sociodemographical outcomes (living with their parents; marital status; special education at 
primary school and final educational level) of the assessed young adults in our study did not 
differ from that of the normal population.

Finally, the results of the 1981-82 and 1991-92 cohort studies showed that having CH had 
a negative impact on self-esteem. Young adults with CH appeared to have a significantly lower 
self-esteem than the normgroup. In addition, a greater percentage of the 10 year old patients 
with CH, especially those with severe CH, appeared to be at risk for impaired self-worth with 
respect to school performance and athletic performance. 

In the 1981-82 and 1991-92 cohort studies, no significant associations of disease and 
treatment factors on HRQoL, CoL and self-esteem were found. Regarding the impact of 
the disease factors in the third cohort study, only severity was associated with the domain 
communication of HRQoL.  
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Key messages
In sum, the main findings of part 1 and part 2 lead to four key messages: 
1. For children and adults with severe CH, cognitive deficits are a consequence. 
2. Deficits in motor functioning are prominent in most children and adults with CH.
3. Impact of treatment factors on cognitive and motor outcome after the implementation of 

the Dutch neonatal screening program is only limited. 
4. Children and adults with CH are at risk for psychosocial problems. 

3. Reflections on the key messages
3.1 For children and adults with severe CH, cognitive deficits are a consequence
Neonatal CH screening and early treatment (T4 supplementation) has improved the patient’s 
intellectual potential and developmental prognosis considerably.2 However this thesis 
demonstrates that CH in all three cohorts of young adults, children and toddlers of 9.5 and 
21, 10 and 2 years of age, is associated with cognitive problems, which persist into adulthood. 

The tests used to assess cognitive functioning in the three cohorts were different. 
 Furthermore the 2002-04 cohort was very young at the time of the two effect evaluations. The 
BSID-II-NL3 used in this cohort, assesses mental and psychomotor development and not the 
whole construct ’intelligence’ as measured by the Wechsler Intelligence Scale for Children, 3rd 
Edition (WISC-III) 4 and the Wechsler Adult Intelligence Scale III (WAIS-III) 5 in the other 
cohorts. Therefore, one should be cautious to generalize our results of the 2002-2004 cohort to 
older children who nowadays grow up with CH. 

Nevertheless, this thesis shows that mildly and moderately affected CH patients had a fair 
prognosis for IQ and mental developmental index. The significant reduction in timing of 
treatment in patients with severe CH from 29 days (in 1981-82) via 19 days (in 1992-93) to 
8.5 days (in 2002-2004) did not result in improved cognitive development. Thus, regardless 
optimizing care for CH, early identification and treatment, children with severe CH do have 
persisting cognitive deficits. 

These results are in line with several previous and recent (outcome) studies on patients who 
were diagnosed by neonatal screening. These also showed that children still had persistent 
subtle deficits, despite early treatment.5-11

These objective findings equates with the patient’s perception of cognitive functioning, 
as measured with the HRQoL questionnaires. In all three studies patients reported lower 
HRQoLon the cognitive functioning scale, also confirmed by  (for the young adults and children 
with CH) a high percentage of patients considered at risk. In addition, a greater percentage of 
children with CH, especially patients with severe CH, appeared to be at risk for impaired self-
worth with respect to school. Cognitive functioning was assessed by asking if patients had 

hoofdstuk 8.indd   156 23-04-13   13:09



157

8
chapter

General discussion and future perspectives

problems with learning, attention and memory. When answered yes, patients were asked to 
report the degree to which they were actually bothered by that problem. We also found that 
lower IQ and mental developmental index scores were associated with lower scores on HRQoL 
on cognitive functioning. 

The results of this thesis strongly suggest that brain damage in (severe) CH dates from the 
prenatal period. It is known that maternal hypothyroidism during pregnancy can result in 
cognitive and motor deficits in offspring.12 CH is already expressed in fetal life, and apparently 
maternal T4 transferred via the placenta, is too little to fill the gap in fetal T4 production. 

3.2 Deficits in motor functioning are prominent in children and adults with CH
The results of this thesis show that substantial motor problems were observed in all three 
cohorts, even in the 2002- 2004 cohort, with the earliest treatment and highest initial T4 dose. 
Furthermore, in the 2002- 2004 and 1992-93 cohort, differences were found in all severity 
groups between the children with CH and the norm population. In the 1981-82 cohort, motor 
functioning was most affected in those with severe CH. However, given de results of all cohorts, 
motor functioning appears to be impaired in most children with CH, regardless of disease 
severity. Thus, despite optimization of care for CH, early identified and treated children do have 
persisting motor deficits.

Motor skills in the 1981-82 and 1991-1992 cohort were assessed with the Movement ABC 
designed for identification of impairments of motor function in children. In both cohorts 
overall motor performance and fine motor functioning were affected most. These findings are 
in line with recent studies reporting motor problems in patients with CH.13,14 The study of 
Arenz et al. (2008), investigated 5-year old children with CH with an early (range 4-15 d) high-
dose treatment (range 7.2-17 µg/kg/d). They showed that reactivity and speed of movement 
was significantly reduced in children with CH, especially in those with pretreatment SH-values 
of > 200 mU/L. Hauri-Hahl and colleagues (2011) reported significant lower pure and adaptive 
fine motor functioning, tested with the Zurich Neuromotor Assessment (ZNA) in 63 children 
(median starting dose 14.7 µg/kg/d), tested at a median age of 13.8 years (range 7.0-14.2 y). 

Unfortunately, with the BSID-II,15 it was not possible to split motor function in specific 
motor areas. With the new version of the BSID, version III (not yet available during our 
inclusion period), it has become possible to examine motor development more in depth. In 
a recent study of Komur and colleagues (2012) 9, motor development of young children (6-42 
months of age) was evaluated with the BSID-III test. Fine motor and gross motor sub scores in 
children with CH were significantly lower than those in the control group.9 These findings are 
in line with the results of our third cohort study. We hypothesize that similar to our hypothesis 
regarding cognitive development, poorer motor functioning cannot be completely explained by 
postnatal treatment and is probably due to prenatal brain injury. Thus poorer motor function 
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probably results from hormonal influences on neurodevelopment in intrauterine period. 
The objective results on motor functioning are consistent with our findings on psychosocial 

functioning of young adults, children and toddlers with CH. As expected, (severe) patients 
with CH are at greater risk for impaired HRQoL regarding motor functioning. Children and 
toddlers of 10 and 2 years of age reported lower HRQoL on motor functioning compared to 
the Dutch norm population. Furthermore, children showed higher percentages at risk for 
impaired self-worth with regard to athletic competence, young adults reported a lower level of 
participation in sport clubs. 

Our consistent findings over time warrant for sensitive monitoring of motor functioning. 
It has been shown that motor problems in childhood can be associated with visuomotor and 
visuoperceptual impairments.14,16 Children with fine motor problems could have problems in 
writing, performing crafts and drawing. Gross motor problems may impair social participation 
in class and during leisure time. This possibly will lead to secondary behavioral problems and 
impaired quality of life.14 

3.3 Impact of treatment factors on cognitive and motor outcome after the 
Implementation of the Dutch neonatal screening program is only limited
Despite optimization of care for CH, early identified and treated children do have persisting 
cognitive and motor deficits. Many disease and treatment factors might influence cognitive and 
motor outcome. In this thesis we focus on the following medical factors:

3.3.1. Severity
As we might expect, based on previous and recent literature,1,13,14,17-22 the results of this thesis 
demonstrate that children and adults with severe CH are more at risk for cognitive deficits. 
With regard to motor functioning, all children and young adults were at risk for substantial 
motor problems, which were slightly more pronounced in severe CH-T patients, although 
this effect was not as strong as for cognitive deficits. This could, as previously mentioned, be 
the consequence of the limited (yet substantial) maternal-fetal transfer of T4. It is likely that 
this maternal contribution to the fetal thyroid hormone is a major factor in protecting brain 
development, but is not known whether it is always sufficient to completely protect prenatal 
brain development. 

3.3.2. Starting day of treatment
In contrast with the expectations in all studies of this thesis, there was no correlation found 
between the starting day of treatment and cognitive, motor and psychosocial functioning. 
Since the start of the national institution of the Dutch neonatal screening program, treatment 
initiation has changed from a mean age of 29 days (in 1981- 1982) via a mean age of 19 days 
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(1992-1993) to 10 days (born in 2002-2004). However, all cohorts had subtle deficits in 
cognitive and motor outcome. Apparently this advancement did not result in an improvement 
of cognitive and motor functioning. This shows timing of treatment initiation is not a predictor 
of long-term motor and cognitive outcome. Again it appears that brain development is not 
only thyroid hormone dependent in the neonatal period, but as well prior to birth. Apparently, 
maternal T4, transferred via the placenta, is not sufficient to prevent brain damage. The 
thyroid gland develops very early in gestation and T4 synthesis of the fetus begins at about 
mid-gestation.14 Our findings on cognitive and motor functioning, severity and starting day of 
treatment raise the question whether irreversible brain damage occurs prenatally in children 
with CH. In the first trimester maternal thyroid hormones are effective on development of 
fetal brain, while continuing development of the brain in the second and third trimesters relies 
increasingly on thyroid hormones produced by both the fetus and mother.9,23 Although effects 
of thyroid hormone on brain development starts during intrauterine life and continues until 
2–3 years of age, the first 6 months in the postnatal period is known to be a very important time 
interval.9,23 Because thyroid hormone is essential for normal brain development with different 
brain regions requiring thyroid hormone at different specific times pre- or postnatally, children 
with CH suffer varying degrees of brain impairment depending on when and how long they 
were without thyroid hormone. Generally, the longer children with CH are without thyroid 
hormone, the more extensive is their brain damage.24 

It has become clear that early diagnosis and treatment of CH does not eliminate all deficits. 
The rationale of the neonatal CH screening programs is to enable early start of treatment in 
order to prevent brain damage. Only few studies of screening samples have found associations 
between age at start of treatment and outcome measures.9,10,13 The lack of associations between 
age at start of treatment and outcome in other studies could be the result of methologic issues 
(i.e., either the limited variation in age at start of treatment is confounded with CH severity). 
Age at start of treatment is most likely associated with CH severity in a number of studies, 
because some newborns with severe CH have obvious clinical symptoms and are diagnosed 
prior to the result of the neonatal screening.18

3.3.3. Initial dose of T4
Only in the third cohort we found an effect of T4 dose on outcome. Our results indicate that 
(higher) T4 starting dose appears to be a predictor of MDI at the age of 1 year and of the PDI at 
the age of 1 and 2 years. Despite many studies on the effect of the initial dose of T4 it remains 
unclear whether high dose thyroid hormone replacement is more effective than low dose in the 
treatment of CH.25 Even recent reports about this issue give contradictory results.25-28 Based on 
currently available outcome data, which do not reach high level of evidence, most guidelines 
recommend a high dose of T4 of 10-15 µg/kg body weights started within the first 2 weeks of 
life.26
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3.3.4. Adequacy of T4 supplementation (during the first year of life)
Thyroid function determinants (TSH and FT4 concentrations) during follow-up and at the time 
of cognitive and motor assessments are important factors for evaluating treatment adequacy. 
Possible, the deficits found may not only be the result of prenatal thyroid hormone deficiency, 
but inadequate long term treatment may play a role as well. In our studies, all CH patients, 
independent of severity, were treated with T4 according to criteria of good clinical practice, 
by pediatricians who followed the Dutch national guidelines, published in three editions 
(1980,1986,1997). In addition, at the time of psychological assessments, all patients had plasma 
TSH concentrations within the reference range. However, for several reasons it is difficult to 
assess treatment solely based on intermittently measured FT4 and TSH concentrations.29 In the 
last cohort study toddlers were treated according to current screening practice. Furthermore, 
in this study we evaluate “adequate treatment” as a control variable in our analysis. Analysis 
showed that the majority of our patients were adequately treated during the first 2 years of life. 
Moreover, no differences were found in developmental outcomes between the patients with 
>20% of blood values deviating from the norm and those with <20% of blood values deviating 
from the norm. This makes it unlikely that deficits in cognitive functioning as observed in 
patients with severe CH were related with long-term treatment insufficiency.29 

Some other studies measured the effect of adequacy of treatment on outcome.14,20 
Hauri Hohl and colleagues (2011) found that static balance may be an indicator for poorer 
substitution and/or compliance. A consistent negative relationship was found between TSH 
levels for children older than 1 year and static balance: higher TSH levels were associated with 
poorer static balance performance. Results of the study of Leger et al. (2011) showed that the 
risk of not graduating from high school was significantly related to the adequacy of long-term 
hypothyroidism control during childhood.20 

3.4. Children and adults with CH are at risk for psychosocial problems
In order to be able to adequately support the development of children with CH, insight in 
their social-emotional functioning is necessary. Psychosocial functioning of young adults and 
children with CH, such as HRQoL, CoL, and self-esteem has not been studied thoroughly. 
Nevertheless, detailed knowledge on these topics can be highly relevant for optimizing support 
of children with CH.

The results in this thesis show that CH has impact on the daily life of the patients and 
does negatively influence the HRQoL, social development en self-esteem. Patients experienced 
more problems concerning cognitive, motor and social functioning, pain, daily activities, 
aggressiveness, self-esteem, and they appeared to be less vital and more depressed compared 
with the (healthy) Dutch population. This is a source of concern that deserves attention. 

An important finding between the studies is that the patient’s perception of cognitive 

hoofdstuk 8.indd   160 23-04-13   13:09



161

8
chapter

General discussion and future perspectives

functioning, as measured with the TAAQoL, TACQoL and TAPQoL, equates with objective 
findings measured with the WAISIII, WISC-III and BSID-II. Clearly, children and young 
adults with CH have to cope with cognitive problems. As a consequence they experience 
problems in learning, functioning at school and at work. We also found that lower IQ and 
mental developmental index scores were associated with lower scores on HRQoL on cognitive 
functioning. However, worse IQ and motor skills did not explain the presence of impaired 
functioning in most other domains of HRQoL and self-worth, as the results of the regression 
analyses demonstrated. So, we can conclude that patients with CH are at risk for impaired 
HRQoL and self-worth, independent of their IQ and motor skills.

 Furthermore, except for the HRQoL study in toddlers, we did not find a significant 
association of severity of CH and HRQoL. HRQoL and CoL have become important outcome 
measures in research about effects of chronic diseases.30-38 Our findings are in line with several 
studies that have demonstrated that chronic illness could lead to poor HRQoL in different 
domains compared to healthy peers. Furthermore many psychological studies conclude 
that children with different chronic diseases are at higher risk for emotional and behavior 
problems.39-43 Some studies found behavior disorders and psychiatric disturbances in children 
with CH.44-47 Few studies were directed at assessing HRQoL in patients with CH. Sato et al. 
showed that the HRQoL of young adults with CH did not differ from healthy controls.48 

However in a recent study of Leger et al.,20 young adults with CH had a lower HRQoL (vitality, 
social functioning, role-emotional and mental health) than their healthy peers, as in our study. 
Furthermore a larger proportion of the CH group than of the general population declared 
they had other moderate or severe chronic pathological diseases, hearing impairment or visual 
problems and BMI was significantly higher in CH patients, than in the general population. 
Moreover, patients with CH were less likely to attain the highest level of education or the 
highest-intermediate socioeconomic category, were more often unemployed than the general 
population, or still in education. In addition, a significant higher percentage of CH patients 
were still living with their parents or did not live with a partner.20 These authors underlined the 
need of early and consequent monitoring patients with CH. Several other studies showed that 
children and adolescents with CH were at risk of social-emotional problems, such as behavioral 
disorders and psychiatric disturbances. Tinelli et al. found that adolescents (> 12 years) scored 
significantly higher than controls on withdrawal, anxiety/depression, thought problems, 
attention problems and aggressive behavior.49 Bisacchi et al. found more internalizing and 
externalizing problems in 6-10 years patients with CH. However, they found no differences 
between patients and controls in other age groups. The results of our study can be considered 
in line with a growing body of literature that suggests that overall, children with chronic illness 
are at heightened risk for adjustment problems.50

Except for the HRQoL study in toddlers, we did not find a significant association of 
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severity of CH and HRQoL and self-esteem. No significant association of the other disease 
factors (intial T4 dose and age at onset of therapy) and psychosocial functioning in all three 
studies were found. So, we can conclude that patients with CH are at risk for impaired HRQoL 
and self-worth, independent on treatment factors. Therefore, it could be assumed that living 
with a chronic disease as such, influences functioning in daily life. CH affects the child’s daily 
life because of the need for regular T4-dose adjustments, the daily T4 administration that 
creates a state of dependence, frequent T4 and TSH measurements, consciousness of having 
a chronic disease, and sometimes the need for adjuvant medical care such as speech training 
and physiotherapy. In addition, the cognitive and motor problems of patients with CH may 
affect their social life, self-worth and emotional functioning. From this study and our previous 
studies it is apparent that patients with CH are vulnerable in these areas. Besides, one has to 
keep in mind that a suboptimal thyroid hormone state may affect well-being. Whereas the goal 
of long-term T4 treatment is to maintain euthyroidism, this remains challenging because of the 
continuous need to adapt T4 dose in a growing child and the need for treatment compliance. 
It has been shown that differences in serum FT4 and TSH concentrations, even within the 
reference range, may be determinants of psychological well-being in treated hypothyroid 
patients.51

4. Strengths and limitations 

The strength of this thesis is the assessment of large national cohort samples of screened 
patients with CH. We measured the same constructs in three cohorts of CH patients. One 
psychologist, who was blinded for the patient’s medical details, carried out all psychological 
tests and questionnaires. To avoid an inclusion bias, all patients born within three selected 
time periods (1981-82, 1992-93, 2002-04) were recruited nationwide. Furthermore, to avoid 
a bias by suboptimal treatment at the time of the assessments, all patients of whom data were 
analyzed had their assessments under euthyroid conditions (plasma TSH concentrations within 
the reference range). This is an important point, known that even a slightly abnormal thyroid 
function can influence mood and may therefore have an effect on the answers the patient gives 
when completing a questionnaire. In addition, all cohorts were carefully characterized in terms 
of etiology and initial disease characteristics and were treated by pediatricians who followed 
the national guidelines for treatment. 

Findings of the present thesis should be considered in light of a number of limitations. 
First, the 2002-04 cohort was very young at the first evaluation. Testing of a young child is 
difficult and the predictive value of outcomes for future cognitive and motor functioning 
increases with age. The BSID-II-NL assesses mental and psychomotor development and not 
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the whole construct ’intelligence’ as measured by the Wechsler Intelligence Scale for Children, 
3rd Edition (WISC-III) and the Wechsler Adult Intelligence Scale III (WAIS-III) in the other 
cohorts. Therefore definite conclusions about children’s cognitive and motor capabilities can be 
more accurately assessed at an older age. Furthermore, a surprising result in the present study 
was that the mean MDI score of the severe CH patients at the age of 1 year was similar to the 
population mean whereas their mean MDI score at the age of 2 years was significantly lower 
than the population mean. An explanation for these findings could be that cognitive problems 
only become evident at older age and the psychological tests used in older children are more 
sensitive to detect differences. This explanation is confirmed by the study of Westra et al. They 
found that the Dutch normative values of the BSID are not sufficiently reliable for use at the 
ages of 6 and 12 months.52 Therefore it is considered untrustworthy to draw conclusions based 
on the outcome at 1 year of age. The norms are more reliable at the age of 2 years. With this 
in mind the developmental quotients should not be considered the exact equivalent of the 
intellectual and motor quotients obtained in the other cohorts. Therefore caution is needed in 
generalizing our results to children who are nowadays growing up with CH. 

Second, caution is also needed for generalizing our psychosocial results to children who are 
nowadays growing up with CH. The question is, whether the impaired HRQoL of the young 
adults and the 10-year old CH patients in our study could be assigned to suboptimal treatment 
years ago, as lower initial T4 dose and older age at onset of therapy compared to the current 
treatment protocols. In the studies on HRQoL and self-worth however, we did not find any 
significant association of initial T4 dose and age at onset of therapy with HRQoL and self-
worth, which might be an indication that the contribution of treatment factors to psychosocial 
outcomes in CH patients is limited. So, it could be assumed that also CH children being treated 
nowadays should be considered at risk of impaired HRQoL and self-worth.

Third limitation is the loss of subjects from the original cohorts, which restricts the 
representativeness of the current samples. We clarified the etiology of both the excluded 
patients and the patients not willing to participate in all three cohorts (Chapters 2, 3 and 4). 
However, no information about outcome and the socio- demographic status was available for 
the non-participants. 

Fourth, adequacy of long-term T4 supplementation was not studied explicitly in the first 
two cohorts. However all studied patients were treated according to criteria of good clinical 
practice by pediatricians who rely on (inter)national guidelines (preserving euthyroidism 
primarily by maintaining plasma TSH concentrations within the reference range with regular 
T4 dose adjustments). In the last cohort we analyzed whether the patients were treated well, to 
define “adequate treatment”. Analysis showed that only a minority of patients during the first 
or second year of life had >20% of the vena punctures with values deviating from the norm. So, 
we can conclude that the vast majority of our patients of the last cohort were treated adequately 
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during their first two years of life. 
Fifth, the interpretation of HRQoL is difficult. As a standardized definition for bad HRQoL 

and self-worth is lacking, we tried to add clinical meaning to the differences between CH and 
healthy children on HRQoL and self-worth. We divided the children in two groups, one at risk 
for an impaired HRQoL and self-worth and one not at risk. Although there is no gold standard 
for good or bad HRQoL yet, this definition is considered to be a suitable way to differentiate 
between individuals with higher scale scores from individuals with lower scale scores.53 

5. Clinical implications 

Our findings show that several children and young adults with CH are prone to substantial 
motor, cognitive and psychosocial problems. Therefore, we can conclude that children with CH 
are vulnerable and that there is need for systematic evaluation and specific care. In this regard, 
several recommendations are made.

5.1 Be aware of possible consequences of CH and provide relevant information
The results of this thesis deserve proper attention and awareness of health care professionals 
treating children with CH. Pediatricians should be informed about the increased risk of the 
cognitive, motor and psychosocial problems in CH patients of all ages. 
They should in addition to medical evaluation be aware of the psychological consequences of CH 
and provide adequate information and thereby psycho-education to the parents. Furthermore, 
information about the possible psychological, cognitive, motor and psychosocial consequences 
of CH for patients and their parents needs also be available in leaflets and on websites. This 
will make parents more aware of the possible consequences of their child growing up with CH. 

5.2 Monitor and screen patients with CH  
In addition to awareness of the consequences of CH, it seems also important to monitor these 
patients. Our consistent findings over time highlight the need for careful monitoring long-
term treatment adequacy, cognitive, motor and psychosocial functioning of patients with CH 
throughout childhood and adulthood. Pediatricians should allow early identification, more 
detailed psychosocial/developmental assessment and therapeutic intervention by paying more 
attention on school performances, motor and psychosocial functioning. 

The use of patient reported outcomes (PROs) in daily clinical practice will be helpful to 
routinely monitor psychosocial functioning (HRQoL) and refer them to the needed care if 
necessary. In the past ten years there has been a growing interest in these PROs as a tool for 
pediatricians to discuss psychosocial issues during medical consultation.54 For example, a 
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recent study investigating the effectiveness of the use of Health Related Quality of life (HRQoL) 
assessments for children in clinical practice, showed that the use of PROs leads to significantly 
more discussion of emotional and social functioning during outpatient consultation 
and improves the identification of emotional and cognitive problems.55  When pediatric 
psychologists and pediatricians work together, PROs can be used to closely monitor children 
with chronic illnesses in a multidisciplinary context and referral to psychosocial support can 
be facilitated more easily.56,57 In addition, the use of valid and reliable screening instruments to 
detect patients with CH with social, emotional and behavior problems are recommended, for 
example the Strength and Difficulties Questionnaire (SDQ). 

Furthermore, our results underscore the importance of routine (neuro)cognitive assessments 
for all children with a severe form of CH and routine motor assessments for all children with 
CH. Routine screening could distinguish those children with severe problems and will enable 
timely referral to targeted care. Additional remedial therapy or psycho-education of teachers at 
the children’s school might be a result of routine screening. 

5.3 Refer to targeted care if necessary
First, patients could be motivated to engage in sport activities. When motor problems are 
present, tailored support with respect to movement and sports should be considered as an 
early intervention. In addition, we recommend referring all children with deficits in motor 
functioning to a physiotherapist or child physical therapist as part of standard health care. 
Furthermore with respect to cognitive functioning, intervention programs that improve 
cognitive functions such as memory and attention or speech training might be offered to 
children if needed. Finally, it seems important to stimulate children’s social performance 
and to support children with their social skills to continue peer-related activities as much 
as possible, to stimulate their social performance and with that their self-esteem. Awareness 
about patients HRQoL and possible gaps in the course of life can be useful in clinical practice 
because it enables health care providers to select and adjust coaching programs in order to 
aim at a most favorable course of life in these patients, throughout their development. During 
the last decades, studies have suggested that adjustment in children with chronic diseases may 
be promoted using cognitive behavioral therapeutic techniques.58-61 Children with CH with 
social- emotional and adjustment problems could be referred to a cognitive behavioral group 
intervention for a heterogeneous population of children with various chronic diseases (called 
‘Op Koers’). A recent  study investigating  this intervention showed positive effects on  child 
adjustment.62 
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6. Future research

Part 1:
6.1 Neuropsychological consequences of CH 
The findings of our study have implications for future research. In this thesis we only examined 
‘overall’ cognitive functioning. It seems important to study cognitive functioning of patients 
with CH in more detail, for example to examine additional neuropsychological domains like 
attention and memory. Although neurocognitive functioning in CH is described in the current 
literature,11,24,63,64 further work is needed to advance the understanding of the functional impact 
of different neurocognitive long-term sequelae, especially processing speed, visual motor 
skills, attention and executive functioning (working, memory, shifting). Furthermore the 
use of magnetic resonance imaging (MRI) could be used to determine whether children and 
adolescents with CH have brain damage. Rovet and colleagues showed with the use of MRI that 
patients with CH had smaller hippocampal volumes than controls. In addition, unlike controls, 
who showed a positive relationship between age and hippocampal volumes, age was unrelated 
to hippocampal size in the CH group.65,66 

6.2 Effect of interventions 
Because of the deficits in cognitive and motor functioning in patients with CH and therefore 
advised possible interventions like physiotherapy, remedial therapy and speech therapy, it seems 
important to examine the effect of these interventions. With respect to motor functioning, in 
our study it was not possible to split motor function with the BSID-II in specific motor areas. 
With the new version of the BSID, version III, it is possible to examine motor development 
more in depth. Furthermore, with the new version of the BSID, it is also possible to assess 
social development or behavioral problems. However this version was not yet available during 
our inclusion period. Future studies should take in consideration the use of tests that are able 
to study motor functioning more specifically.

6.3 Neonatal screening and treatment of CH
Children with CH, even when treated within a few days after birth, still suffer from subtle 
but significant cognitive and motor deficits. Because our data strongly point to the prenatal 
hypothyroid state being responsible for the postnatal outcome it may be concluded that the 
current neonatal screening program on CH is optimal as it is. Future research should include 
neonatal brain imaging and focus on improvements of the prenatal thyroid hormone state. 
Despite the important results obtained in terms of standardization of screening procedures 
and improvements in time and dose at starting treatment,28,68,78 controversy exists in literature 
worldwide on the effect of these changes on development.18,25,67-76 Hence, international guidelines 
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for optimal treatment (starting day of treatment, initial T4-dose, treatment adequacy) are 
desirable and needed. Only with (international) consensus with respect to treatment and 
criteria for CH-T severity, best practice will be available for all children. Therefore, recent 
literature provides recommendations regarding the treatment of children with CH.28,68 
However, pursuing research in this area seems still important.
Furthermore, promising new ESPE guidelines are underway, so it is important to take these in 
consideration in clinical practice and future research, when published. 

Part 2:
6.4 Risk and protective factors
An important goal of this study was to evaluate psychosocial functioning of children with CH 
and compare functioning to healthy peers. We only explored the influence of disease factors, IQ 
and developmental scores on HRQoL and self-esteem. Evidence on psychosocial functioning 
in children with other chronic illnesses suggests that not medical, but mainly psychosocial 
factors (e.g. parenting, family functioning, coping) contribute to variance in psychosocial 
functioning.43,77 Therefore, it seems important for future research to identify more risk- and 
protective factors such as socio-economic status and psychosocial factors (e.g parenting, family 
functioning, coping) that influence HRQoL, self-worth and cognitive-, motor- and social 
functioning, in order to be able to detect and support the children and adolescents who are at 
risk and to prevent maladjustment and help those patients who encounter problems.

6.5 Parents of children with CH 
Future studies should also include parents of children with CH. In this study we did not study 
the consequences for parents of children with CH as well as the interplay of parent and child 
variables. Hatzmann et al. described lower HRQoL scores of parents of chronically ill children 
compared to parents of healthy children.79 A recent study showed that 13% of the parents of 
children with CH had parenting stress above the clinical cut-off. Furthermore, the emotional-
behavioral problems of the children were significantly associated with overall parental stress.44 
When parents establish a supportive, caring and positive environment, this will have a positive 
effect on developmental outcomes for children, also in a population of children growing up with 
a chronic disease.80 Parental psychological adjustment can be essential factor of chronically ill 
child’s psychological adjustment.45 Parental psychological adjustment can influence children’s 
psychological adjustment indirectly through efficacy of the treatment that is affecting as an 
organic factor, as the parents of very young chronically ill children are mostly responsible for 
the treatment compliance. The results of the study of Jusiene et al. confirmed that parental 
psychological maladjustment predicts the psychological maladjustment of children with CH 
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and phenylketonuria. Parents who tend to use more emotion-oriented coping in everyday stress 
situations and who indulge their sick children also rate them as having more psychological 
problems.45 

6.6 Other psychosocial outcomes in patients with CH
Psychopathology of children and young adults with CH was not measured in the present 
study. Since CH patients appeared to be less vital and have more negative emotions compared 
to the healthy Dutch population, it seems interesting to study the relation between CH and 
psychopathology like anxiety and depression in more detail. Depression and anxiety are more 
often signalled in adults with hypothyroidism as well as in children with other chronic diseases. 
Future research should also address these topics.
A remarkable result in the present study was that CH patients did not differ in educational 
level compared to controls. Most patients were 21 years of age at time of testing. Therefore 
most patients have not yet completed their education at the moment of testing. For that reason, 
it is unclear whether CH patients will be able to function on the same level in society (after 
completion of their education) as their healthy peers. For future research this is an important 
aspect to take in consideration when testing adult patients, who already fulfil a certain role in 
society. 

7. Conclusion

In conclusion, results of this thesis show that although the development of children with CH 
is considerably improved by early treatment as a result of by neonatal screening, they are still 
at risk for motor and cognitive problems. This applies especially for children with severe CH. 
Finetuning of treatment and timing does not seem to further improve the positive effect of 
the screening program. This is probably due to the prenatal hypothyroid state or the thyroid 
hormone deficiency in early life.

Results of this thesis also show that CH has a negative impact on several aspects of HRQoL, 
developmental milestones (CoL) and self-esteem. Patients reported more problems with 
cognitive, motor and psychosocial functioning. This is a source of concern that deserves 
attention. Therefore awareness of psychological consequences among health care physicians, 
screening, monitoring and referring of patients to targeted care is of utmost importance. 
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Summary in English

In the Netherlands approximately 70 children are diagnosed with (permanent) congenital 
hypothyroidism (CH) each year. About 90% of them has permanent CH of thyroidal origin 
(CH-T), caused by a total or partial absence of thyroid hormone, as a result of a congenital 
anatomical or biochemical defect of the thyroid gland. Because thyroid hormone is essential 
for development of the central nervous system, especially during prenatal life and the first years 
after birth, these children are at risk for brain damage and subsequent cognitive and motor 
deficits. Moreover, thyroid hormone plays an important role in metabolism. Therefore, lifelong 
treatment with thyroxine (T4), starting as early as possible, is of utmost importance. The aim of 
neonatal CH screening programs is to prevent cerebral damage through early initiation of T4 
supplementation. To optimize the effect of early treatment on cognitive and motor outcome in 
CH patients, heelpuncture timing and treatment modalities have been adapted several times 
since the introduction of the nationwide screening in The Netherlands in 1981.

In this thesis, the results of our study entitled “Effect evaluation of the neonatal screening 
in The Netherlands” are described with focus on (1) cognitive and motor consequences of 
CH and the effect of the changes in timing and treatment modalities on cognitive and motor 
outcome over the years, and (2) psychosocial functioning of children and young adults with 
CH, including health related quality of life (HRQoL), developmental tasks, and self-esteem. 
Furthermore, all outcomes were analyzed in relation to severity and to treatment variables, such 
as timing of initiation of T4 supplementation and initial T4 dose. Three nationwide cohorts of 
patients with CH have been included (1981-82; tested at 21.5 years of age; 1992-93, tested at the 
age of 10.5 years and 2002-04, tested at ages of 1 and 2 years).

In Chapter 1, the general introduction, the medical and psychological aspects of CH are 
illustrated. A short introduction is given on the thyroid gland, thyroid hormones, the role 
of thyroid hormone in fetal brain development, CH and neonatal screening. Furthermore, 
psychological consequences of CH are described. Main findings of previous studies on cognitive 
and motor deficits in children with CH are summarized. Several studies on the effect of the 
screening and early treatment have shown that most children with CH achieve scores for 
intelligence within the normal range, however those with severe CH often show, significant 
deficits in mean IQ scores despite early treatment. Thus, even in patients with CH who receive 
early treatment, intellectual, motor and neurocognitive deficits have been reported. In addition, 
next to negative effects on general cognitive functioning children with CH are also at risk for 
learning disabilities particularly in math and learning to read, hearing impairment and visual 
problems and subtle and specific neurocognitive impairments, such as memory and attention 
problems. Besides general cognitive impairments, deficits in motor functioning are commonly 
seen in children with CH. These deficits were observed in fine motor skills, gross motor skills 
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and static balance. Despite the important results obtained in terms of standardization of 
screening procedures and improvements in time and dose at starting treatment, controversy 
exists in literature worldwide on the effect of these changes on the development of the child. 

Over the years, much has been reported about the cognitive and motor development of 
children with CH while little is known about social- emotional functioning of patients growing 
up with CH. Psychosocial functioning of young adults and children with CH, such as Health 
Related Quality of Life (HRQoL), developmental tasks (Course of Life [CoL])and self-esteem 
has not been studied thoroughly. Nevertheless, detailed knowledge on these topics can be highly 
relevant for optimizing support of children with CH.
The first part of this thesis presents the results of the cognitive and motor outcome in three 
different cohorts of patients. All outcomes were analyzed in relation to treatment variables.

In chapter 2 the results are presented of the intellectual and motor outcome of young adults 
from the 1981-1982 cohort with congenital hypothyroidism diagnosed by neonatal screening. 
In this cohort 70 patients with thyroidal CH were tested at a mean age of 21.5 years; 49 of 
them were previously tested at 9.5 years. Their median age of start of treatment was 28 days 
(range 4-293). Young adults with CH scored significant lower on the Full Scale IQ score (95.8) 
than the norm population (100), as measured with the Wechsler Adult Intelligence Scales 
(WAIS-III). Furthermore, CH patients had significant worse total motor scores (7.8) than the 
norm population (3.2), as measured with the Movement ABC. Both intellectual and motor 
outcome were most impaired in patients with severe CH: mean full scale 91.3, mean total 
motor impairment score 9.8. In the group that was tested previously at the age of 9.5 years, no 
significant change in IQ scores from childhood to adulthood was found and for the majority of 
patients motor score classification remained the same. Initial T4 concentration (a measure of 
the severity of CH) was correlated with IQs and motor scores. There was no correlation found 
between starting day of treatment and IQs and motor scores. 

Chapter 3 describes the intellectual and motor outcome of 10 year old children with CH 
born in 1992-1993, in who treatment was initiated at a median age of 20 days (range 2-73 days). 
For the total CH-T group the mean Full Scale IQ score (97.3), measured with the Wechsler 
Intelligence Scale for children (WISC), was not significantly different from the population mean 
(100). However, in patients with severe CH the mean Full Scale IQ score (93.7) was significant 
lower compared to the norm population. In all three severity subgroups significant motor 
problems were observed, as measured with the Movement ABC, but most pronounced in the 
severe CH group. These results were compared with those obtained from patients born and 
screened in 1981-82, examined at the age of 9.9 years of age, in whom T4-supplementation 
was initiated significantly later. Essentially, findings from 10-year old children born in 1992-
1993 were similar to those10-year old children of the 1981-1982 cohort. Apparently, advancing 
initiation of T4-supplementation from 28 to 20 days after birth did not result in improved 
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cognitive or motor outcome in CH-T patients.
In Chapter 4 we studied cognitive and motor outcome from 95 children with CH-T 

born in 2002-2004 at 1 and 2 years of age. These children, who were screened and treated 
according to national recommendations and current practice, had subtle deficiencies in mental 
developmental index scores (MDI) as measured with the Bayley scales of Infant Development 
(BSID-II-NL), at two years of age. This was most prominent in children with severe CH-T. The 
mean mental developmental index scores (MDI), of the severe, moderate and mild CH-T group 
at 1 year of age and the moderate and mild CH-T groups at 2 years of age were similar to the 
population mean. Furthermore, children with CH-T had motor problems at 1 and 2 years of 
age, irrespective of severity of hypothyroidism. In all three severity subgroups significant lower 
psychomotor developmental index scores (PDI) scores as measured with the BSID-II-NL were 
observed. No correlations were found between starting day of treatment and developmental 
outcome. An effect of initial disease severity was observed only on MDI, whereas all disease-
severity groups were equally affected on PDI. Initial T4 concentration and initial T4 dose were 
weak predictors for developmental outcome.

In the second part of the thesis, the psychosocial consequences of CH are reported.
The aim of chapter 5 was to describe the HRQoL, Course of life (CoL) and self-esteem- mean 
scores and percentages at risk in 69 young adults with CH, born in 1981-1982. CH patients 
are more often at risk for HRQoL impairment and reported lower HRQoL on several domains 
(cognitive functioning; sleeping; pain; daily activities; vitality; aggressiveness; depressive 
moods) compared to healthy adults. Patients reported a lower self-esteem and had a delayed 
course of life on the domain of social development compared to the norm population. With 
respect to the milestones of social development, a significant lower percentage of CH patients 
compared to the comparison group had been a member of a sports club for at least one year 
during primary school and secondary school. The sociodemographic outcomes and their final 
educational level until now did not differ from that of the normal population. There were no 
significant differences between the severity groups for HRQoL, CoL and self-esteem. 

In chapter 6 the HRQoL and self-worth in 10-year old children with CH diagnosed by 
neonatal screening have been studied. The results show that having CH has a negative impact 
on several aspects of HRQoL and self-worth. Significant differences in mean scores were shown 
in all domains of the TACQoL except for physical functioning. 10-year-old children with CH 
born in 1992- 1993 experienced worse HRQoL than the norm population with respect to 
cognitive, motor and social functioning, negative moods and autonomy. In addition, a greater 
percentage of children with CH, especially patients with severe CH, appeared to be at risk for 
impaired HRQoL as well as for impaired self-worth with respect to school performance and 
athletic performance. Lower IQ was only significantly associated with worse cognitive HRQoL. 
Severity, age at onset therapy, initial T4 dose and motor skills were not significantly associated 
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with HRQoL and self-worth.
The purpose of chapter 7 was to explore HRQoL in the third cohort of investigated children 

with CH at two years of age and to compare the results to those of the general (healthy) 
population. Furthermore, the study examined the influence of severity of CH on HRQoL. 
Although HRQoL in most domains appeared similar to the Dutch norm population, this study 
demonstrated that children with severe CH have a lower HRQoL on two of the twelve scales of 
the TAPQoL: motor functioning and communication. Furthermore, the regression analyses in 
the present study demonstrated that worse scores on the MDI and PDI were related to lower 
HRQoL regarding communication, and worse scores on the PDI were related to lower HRQoL 
regarding motor functioning. Thus, the parent’s perception of motor and cognitive functioning, 
as measured with the TAPQoL, equates with objective findings. 

In the final chapter 8, main findings of the results of the preceding chapters are discussed and 
reflections of the main findings are given. Four key messages were formulated: 

1. For children and adults with severe CH, cognitive deficits are a consequence. 
2. Deficits in motor functioning are prominent in most children and adults with CH.
3.  Impact of treatment factors on cognitive and motor outcome after the implementation of 

the Dutch neonatal screening program is only limited. 
4. Children and adults with CH are at risk for psychosocial problems. 

Next, limitations of the studies were considered and recommendations for follow-up research 
were provided as well as implications of this study for clinical practice. Three important 
recommendations for clinical practice were formulated:
- Be aware of possible consequences of CH and provide relevant information.
- Monitor and screen patients with CH.
- Refer to targeted care if necessary.

In conclusion, this thesis shows that although the development of children with CH is 
considerably improved by early treatment as a result of neonatal screening, they are still at 
risk for motor and cognitive problems. This applies especially for children with severe CH. 
Fine-tuning of treatment and timing does not seem to further improve the positive effect of 
the screening program. This is probably due to the prenatal hypothyroid state or the thyroid 
hormone deficiency in early life.

Results of this thesis also show that CH has a negative impact on several aspects of 
HRQoL, developmental milestones (CoL) and self-esteem. Patients reported more problems 
with cognitive, motor and psychosocial functioning. This is a source of concern that deserves 
attention. Therefore awareness of psychological consequences among health care physicians, 
screening, monitoring and referring of patients to targeted care is of utmost importance. 
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Nederlandse samenvatting 

In Nederland worden per jaar ongeveer 70 kinderen geboren met een chronische vorm van 
congenitale hypothyreoïdie (CH). 90% van hen heeft  een permanente vorm van thyroidale 
CH, als gevolg van een aangeboren anatomisch of biochemisch defect van de schildklier. 
Van CH is sprake wanneer er een aangeboren tekort aan schildklierhormoon bestaat omdat 
de schildklier hiervan niet genoeg kan aanmaken. Schildklierhormoon is essentieel voor de 
hersenontwikkeling en speelt een rol bij de stofwisseling in diverse weefsels en organen. Bij jonge 
kinderen zijn de hersenen nog sterk in ontwikkeling. Voor hen is een goed werkende schildklier 
extra belangrijk. Bij een tekort aan schildklierhormoon ontstaat in de eerste maanden na de 
geboorte schade aan het centraal zenuwstelsel, hetgeen kan leiden tot een ernstige cognitieve 
en motorische achterstand in de ontwikkeling, waarbij de ernst afhankelijk is van de mate en de 
duur van het hormoontekort. Het doel van de neonatale screeningsprocedure is om kinderen 
met CH vroeg op te sporen en daardoor snel te kunnen behandelen met schildklierhormoon 
(T4). Op deze manier kan ernstige hersenschade worden voorkomen.   

In dit proefschrift worden de resultaten van het onderzoek “Effectevaluatie van de screening 
op CH” beschreven, met aandacht voor (1) cognitieve en motorische gevolgen van CH en het 
effect van veranderingen in de screeningsprocedure en de behandeling op het cognitief en 
motorisch functioneren door de jaren heen en (2) het psychosociaal functioneren van kinderen 
en jong volwassenen met CH waarbij de gezondheidgerelateerde kwaliteit van leven, het 
vervullen van ontwikkelingstaken (levensloop) en het gevoel van eigenwaarde is onderzocht. 
Daarnaast zijn de effecten van verschillende ziekte- en behandelingsgerelateerde variabelen, 
zoals de ernst van de ziekte, het tijdstip van de start van de behandeling en startdosis T4, op 
het motorisch en cognitief functioneren onderzocht. In de studie zijn drie cohorten patiënten 
geïncludeerd (1981-1982 op 10- en 21-jarige leeftijd), (1992-1993 op 10-jarige leeftijd) en 2002-
2004  (op 1- en 2-jarige leeftijd). 

In de algemene inleiding van dit proefschrift worden de medische en psychologische 
aspecten van CH beschreven. Allereerst wordt informatie gegeven over de schildklier, 
schildklierhormonen, de rol van schildklierhormoon op de hersenontwikkeling, CH en de 
neonatale screeningsprocedure. Vervolgens worden de psychologische gevolgen van CH 
beschreven. De kenmerken en de belangrijkste bevindingen van eerdere studies naar cognitieve 
en motorische problemen bij kinderen met CH worden samengevat. Verschillende studies naar 
het effect van de screening en vroege behandeling hebben aangetoond dat de totale groep kinderen 
met CH vergeleken met de controlegroep vaak scores behaalt die vallen in het gemiddelde 
gebied. Echter, bij kinderen waarbij CH vroegtijdig is opgespoord en  met name de kinderen 
met een ernstige vorm van CH kan er sprake zijn van significant lagere IQ-scores in vergelijking 
met de norm. Dus ondanks dat patiënten door de screening vroeg worden behandeld, worden 
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er toch belangrijke beperkingen aangetroffen in het algemeen neurocognitief en motorisch 
functioneren. Bovendien hebben kinderen met CH een verhoogde kans op leermoeilijkheden 
en specifieke neurocognitieve stoornissen, zoals geheugen- en aandachtsproblemen. Naast 
neurocognitieve problemen, blijken kinderen met CH ook problemen te kunnen ervaren in 
taken die een beroep doen op de fijne motoriek, de grove motoriek en het evenwicht.  

Er is inmiddels veel onderzoek gedaan naar het effect van veranderingen in de standaardisatie 
van de screeningprocedures en behandeling zoals bijvoorbeeld het vervroegen van de startdag 
en het effect van een hogere startdosis medicatie (thyroxine: T4). De resultaten zijn tot nu toe 
tegenstrijdig en er is dan ook geen eenduidigheid over het precieze effect van deze veranderingen 
in de behandeling op de ontwikkeling van het kind. Er bestaat dan ook enige controverse in de 
internationale literatuur over de betekenis van de onderzoeksresultaten voor de behandeling en 
de effecten op de ontwikkeling van het kind. 

De afgelopen jaren is er in veel studies gerapporteerd over de cognitieve en motorische 
ontwikkeling van kinderen met CH. Er is daarentegen nog relatief weinig bekend over de 
sociaal-emotionele gevolgen voor patiënten die opgroeien met CH. Juist meer informatie over 
het psychosociaal functioneren, zoals de gezondheidgerelateerde kwaliteit van leven (GGKvL), 
het vervullen van ontwikkelingstaken (levensloop) en het gevoel van eigenwaarde van patiënten 
die opgroeien met CH zou relevant kunnen zijn voor het optimaliseren van de zorg voor deze 
groep patiënten. 

Het eerste deel van dit proefschrift bevat de resultaten van drie studies naar het cognitief en 
motorisch functioneren van 3 verschillende cohorten patiënten met CH waarbij de resultaten 
ook werden geanalyseerd in relatie tot de medische variabelen (waaronder de ernst van de 
aandoening, de startdag en de startdosis Thyroxine). In hoofdstuk 2 worden de resultaten 
gepresenteerd van jongvolwassenen met CH gediagnosticeerd door middel van de screening op 
CH. In dit cohort zijn 70 patiënten met CH-T onderzocht met een gemiddelde leeftijd van 21.5 
jaar, geboren in 1981-1982. 49 patiënten binnen deze groep zijn eerder onderzocht op de leeftijd 
van 9.5 jaar. De gemiddelde startdag waarop de behandeling begon was 28 dagen (variërend 
van 4 tot 93). Jongvolwassenen met CH behaalden een significant lager totaal IQ (TIQ) score 
(95.8) in vergelijking met de normpopulatie (100), gemeten met de Wechsler Intelligentie Schaal 
voor volwassenen (WAIS-III). Ook functioneerden de patiënten met CH ( MABC score:7.8) 
significant slechter op de totale motoriekschaal in vergelijking met de normpopulatie (MABC 
score: 3.2). De patiënten met ernstige CH haalden over het algemeen op zowel de motoriektest 
als de intelligentietests de laagste scores in vergelijking met de norm. Wanneer we de groep 
bekijken die eerder op de leeftijd van 9.5 jaar is onderzocht vinden we geen significante 
verandering tussen de IQ-scores die behaald zijn op 9.5-jarige leeftijd en de scores behaald op 
de leeftijd van 21.5 jaar. De ernst van de ziekte (gemeten door T4 concentratie in het bloed bij de 
geboorte) bleek geassocieerd met een lagere score op het cognitief en motorisch functioneren. 
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Er werd echter geen correlatie gevonden tussen de startdag van de behandeling en het cognitief 
en motorisch functioneren. 
In Hoofdstuk 3 worden de intellectuele en motorische uitkomsten van kinderen met CH op 
de leeftijd van 10.5 jaar, geboren in 1992-1993 onderzocht. De mediane leeftijd bij de start 
van de behandeling was 20 dagen (range 2-73). De totale groep kinderen met CH scoorde 
gemiddeld (97.3) op de schaal ‘Totaal IQ’ van de Wechsler Intelligentie Schaal voor kinderen 
en week niet significant af van het populatiegemiddelde (100). De groep kinderen met ernstige 
CH scoorde echter significant lager (93.7) dan de normpopulatie. Wat betreft de motoriek, 
gemeten met de Movement ABC, behaalden de kinderen in alle drie de subgroepen (ernstige 
CH; matig ernstige CH; milde CH) lagere scores in vergelijking met de normpopulatie. Verder 
kwam naar voren dat de ernst van de CH (initiële FT4 concentratie), maar niet de startdag 
van behandeling of de initiële T4 dosis, correleerde met IQ- en motoriekscores. Tot slot bleek 
dat bij deze patiënten, getest op 10.5 jarige leeftijd, geen verbetering werd waargenomen in 
het cognitief en motorisch functioneren ten opzichte van het 1981-1982 cohort, ondanks het 
feit dat in het 1992-1993 cohort de behandeling significant eerder was gestart. In Hoofdstuk 
4 worden de resultaten van patiënten met CH geboren in 2002-04 beschreven. De 95 peuters 
werden op 1- en 2-jarige leeftijd onderzocht met de tweede versie van de ontwikkelingstest 
Bayley Scales of Infant Development (BSID-II-NL). De mediane leeftijd bij starten van de 
behandeling was 9 dagen (range 2-34). Uit de resultaten van deze studie bleek dat ondanks dat 
de kinderen zijn behandeld volgens de huidige richtlijnen, zij op 2-jarige leeftijd significant 
lagere scores behaalden in vergelijking met leeftijdsgenoten uit de normpopulatie. Ook in dit 
cohort behaalden de peuters met een ernstige vorm van CH lagere scores in vergelijking met de 
andere twee ernstgroepen en in vergelijking met de norm. Op 1-jarige leeftijd echter weken de 
gemiddelde mentale ontwikkelingsscores van de peuters met ernstige CH, matig ernstige CH 
en de milde CH evenals de scores van de peuters met matig ernstige en milde CH op 2-jarige 
leeftijd niet af van het populatiegemiddelde. Verder komt naar voren dat de peuters in alle drie 
de ernstgroepen op zowel 1- als 2- jarige leeftijd significant lager scoorden in vergelijking met 
de normgroep op de psychomotore ontwikkelingsscore. Er werden geen correlaties gevonden 
tussen de startdag en beide ontwikkelingsscores. Ernst en de initiële T4 dosis bleken zwak te 
correleren met de ontwikkelingsscores. 

In het tweede deel van dit proefschrift worden de psychosociale gevolgen van CH onderzocht. 
In hoofdstuk 5 worden de ‘gezondheid gerelateerde kwaliteit van leven’ (GGKvL), de levensloop 
(het bereiken van belangrijke ontwikkelingsmijlpalen) en het gevoel van eigenwaarde van 
jongvolwassenen die zijn opgegroeid met CH vergeleken met gezonde leeftijdsgenoten. Uit de 
resultaten bleken patiënten met CH een lagere kwaliteit van leven te rapporteren in vergelijking 
met gezonde leeftijdsgenoten. Patiënten met CH hebben meer kans op en rapporteren een 
lagere kwaliteit van leven op verschillende domeinen van de vragenlijst: cognitief functioneren, 
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slaap, pijn, dagelijkse activiteiten, vitaliteit, agressiviteit en meer negatieve emoties. Verder 
kwam uit het onderzoek naar voren dat de patiënten een lagere zelfwaardering rapporteerden 
en lager scoorden op het domein sociale ontwikkeling van de levensloopvragenlijst. Op de 
schaal ‘Sociale ontwikkeling’ gaf een lager percentage patiënten met CH aan een sport beoefend 
te hebben in clubverband tijdens de lagere- en middelbare schoolperiode in vergelijking met 
de norm. De patiënten met CH verschilden niet op de socio-demografische uitkomsten. 
In Hoofdstuk 6 worden de GezKvl  en de zelfwaardering van 10.5- jarige kinderen met CH 
bestudeerd. De resultaten van deze studie tonen aan dat CH een negatief effect heeft op 
verschillende aspecten van GezKvl en eigenwaarde. Kinderen en ouders rapporteren een lagere 
kwaliteit van leven op bijna alle domeinen van de vragenlijst: cognitief functioneren, motorisch 
functioneren, sociaal functioneren, autonomie. Daarnaast was het percentage kinderen met CH 
die lager scoorden dan 25 procent van de normgroep hoger op diverse schalen van de GezKvl 
vragenlijst. De kinderen bleken daarbij ook meer risico te lopen op een lagere zelfwaardering op 
de domeinen schoolvaardigheden en sportieve vaardigheden. Een lager IQ bleek gecorreleerd 
met een slechtere GezKvl op de cognitieve schaal. We vonden geen verband tussen de medische 
variabelen en de GezKvl en de zelfwaardering.

In hoofdstuk 7 wordt de GezKvl in het laatste cohort kinderen op 2-jarige leeftijd vergeleken 
met een Nederlandse normgroep. Ook is de associatie tussen de ernst van de ziekte, startdag van 
behandeling en startdosis T4, de cognitieve en motorische ontwikkeling en GezKvl onderzocht. 
Deze studie toont aan dat de GezKvl over het algemeen genomen gemiddeld is in vergelijking 
met de normgroep, maar dat de kinderen met een ernstige vorm van CH lager scoren op de 
schaal ‘communicatie’ en ‘motorisch functioneren’. De resultaten wijzen uit dat een hogere 
mentale en motorische ontwikkelingsscore is geassocieerd met een betere kwaliteit van leven op 
de schaal ‘communicatie’ en dat een hogere motorische ontwikkelingsscore is geassocieerd met 
een betere kwaliteit van leven op de schaal ‘motorisch functioneren’.

In het laatste Hoofdstuk 8 worden de resultaten van de voorgaande hoofdstukken samengevat 
en bediscussieerd. Vier belangrijke boodschappen worden geformuleerd:

1.  Cognitieve problemen zijn zowel voor de kinderen en volwassenen die zijn onderzocht in 
de verschillende studies een gevolg van ernstige CH.

2.  De meeste kinderen en volwassenen met CH functioneren motorisch slechter in 
vergelijking met de normpopulatie. 

3.  De invloed van factoren met betrekking tot de behandeling (de startdag van behandeling 
en de startdosis T4) op het cognitief en motorisch functioneren zijn na de invoering van 
de neonatale screening op CH beperkt. 

4.  Kinderen en volwassenen met CH hebben een verhoogd risico op psychosociale problemen. 
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Vervolgens worden in dit hoofdstuk beperkingen van het onderzoek besproken en worden 
implicaties van het onderzoek voor de klinische praktijk beschreven. Drie belangrijke 
aanbevelingen voor de klinische praktijk zijn:
- Artsen moeten bewust zijn van de mogelijke psychologische gevolgen van CH en de patiënt 

met CH daarover informeren.
- De zorg voor CH-patiënten moet zich naast de medische zorg ook richten op het monitoren 

en screenen van cognitieve, motorische en psychosociale gevolgen van CH.
- Verwijs patiënten gericht door naar hulpverleners indien nodig. 
Dit proefschrift sluit af met verschillende aanbevelingen voor toekomstig onderzoek. 

Samenvattend toont dit proefschrift aan dat ondanks de verbeteringen van de behandeling van 
patiënten met CH als gevolg van de neonatale screening, patiënten desondanks cognitieve, 
motorische en psychosociale problemen kunnen ervaren. Dit geldt extra voor patiënten met 
een ernstige CH. Het vervroegen van de startdag lijkt niet tot een verbetering van het cognitief 
en motorisch functioneren te leiden. Het lijkt daarom aannemelijk dat de achterstand in het 
cognitieve en motorische functioneren in belangrijke mate prenataal bepaald is. 

Ook toont dit proefschrift aan dat CH gevolgen heeft voor het psychosociale functioneren en 
de levensloop van kinderen en volwassenen die opgroeien met CH. De kinderen en volwassen 
patiënten ervaren onder meer een slechtere kwaliteit van leven op verschillende domeinen. 
Daarnaast kan er bij patiënten met CH ook sprake zijn van een lage zelfwaardering. Dit alles is 
een bron van zorg die aandacht verdient. Bij de behandeling van CH is het daarom belangrijk 
om ook aandacht te besteden aan de cognitieve, motorische en psychosociale gevolgen van een 
kind dat opgroeit met CH. Om dit te bereiken moeten artsen, hulpverleners en ouders goed op 
de hoogte en zich bewust zijn van de mogelijke gevolgen van CH. Kinderen met CH moeten in 
de klinische praktijk regelmatig psychologisch worden gemonitord en indien nodig moet het 
psychologisch functioneren uitgebreid worden gescreend, om op deze wijze problemen in de 
ontwikkeling goed en tijdig te kunnen identificeren en adequaat te kunnen doorverwijzen naar 
de juiste zorg. 
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AMC Graduate School for Medical Sciences PhD Porfolio Summary  
of PhD training
  
Name: Liesbeth van der Sluijs Veer  
PhD period: januari 2005 – June 2013    
Promotors: Prof. dr. M.A. Grootenhuis, Prof. dr. B.F. Last  
Co-promotor: dr. T. Vulsma  
Department: Psychosocial department, Emma Children's Hospital, AMC  

PhD training Year Workload
  (ECTS)
General courses 
Practical Biostatistics 2008 1.1
Expert Management of Medical Literature 2008 0.2

Seminars, workshops and master classes  
Masterclass Jan Wallander, Emma Children’s Hospital, Amsterdam 2012 0.2

Oral Presentations 
-  Psychologische gevolgen van congenitale Hypothyreoidie,  2006 0.5 

Bijeenkomst voor patienten, AMC Amsterdam  
-  Psychological consequences of Congenital Hypothyroidism 2008 0.5 

 8ste wetenschapssymposium Emma Kinderziekenhuis AMC  
-  Psychological consequences of Congenital Hypothyroidism 2009 0.5 

PPNL symposium, Amsterdam  

Poster Presentations
-  Quality of life, developmental milestones and self-esteem of young  2005 0.2 

adults with congenital hypothyroidism diagnosed by neonatal screening, 
 EKZ symposium, Amsterdam  

-  Health related quality of life and self-worth in 10-year old children 2007 0.2 
with congenital hypothyroidism diagnosed by neonatal screening,  
EKZ symposium, Amsterdam   

-  Evaluation of cognitive and motor development in toddlers with 2009 0.2 
congenital hypothyroidism diagnosed by neonatal screening,  
Pediatric Psychology congress, Amsterdam  
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-  Health related quality of life and self-worth in 10-year old children  2009  0.2 
with congenital hypothyroidism diagnosed by neonatal screening,  
Pediatric Psychology congress, Amsterdam   

-  Health related quality of life and self-worth in 10-year old children  2012 0.2 
with Ccongenital hypothyroidism,  
Annual Conference of ISOQOL, Budapest, Hungary  

(Inter)national conferences 
Amsterdam Pediatric Symposium, Amsterdam 2008 - 2012 2.5
Dutch Pediatric Psychology Network conference, Amsterdam, Nijmegen  2009-2011 2
Samen nog beter 1, Zeist, the Netherlands 2008 1
Digibeet of digipeut. Psychotherapie en de digitale wereld, 
Congres VKJP. Driebergen 2009 1
Samen nog beter 2, Zeist, the Netherlands 2010 1
Samen nog beter 3, Zeist, the Netherlands 2012 1
Tube feeding conference, Glasgow, Ireland 2012 1

Other  
Work visit under supervision of prof. dr. J. Rovet 2004 2.5
The Hospital for Sick Children, Toronto Canada
Opleiding tot gezondheidszorgpsycholoog, Rino Amsterdam  2007-2009
Basisopleiding EMDR kinderen en jeugd  2012

PhD training Year Workload
  (ECTS)
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Curriculum Vitae

Liesbeth van der Sluijs Veer is op 11 mei 1976 geboren in Amsterdam. Op tweejarige leeftijd 
verhuisde ze naar Delden, waar ze opgroeide met haar ouders, zus Geertje en zusje Maaike. 
In 1994 behaalde ze haar havo-diploma aan De Bataafse Kamp in Hengelo. Liesbeth heeft 
vervolgens HBO-verpleegkunde gestudeerd in Utrecht, maar verruilde deze studie na een aantal 
jaar voor de studie psychologie aan de Universiteit van Amsterdam met als afstudeerrichting 
klinische ontwikkelingspsychologie.

Tijdens haar studie bleef Liesbeth enthousiast voor de medische kant van de psychologie 
en koos daarom voor een afstudeerstage in het Emma Kinderziekenhuis AMC te Amsterdam. 
Vervolgens kon ze haar afstudeeronderzoek combineren met een baan als diagnostisch 
medewerkster op het promotieonderzoek van Marlies Kempers.

Na haar afstuderen in 2004 groeide dit uit tot een eigen promotieonderzoek naar de 
psychologische gevolgen van Congenitale Hypothyreoïdie wat geresulteerd heeft in dit 
proefschrift. Liesbeth combineerde onderzoek met patiëntenzorg bij de Psychosociale 
Afdeling van het Emma Kinderziekenhuis en volgde van 2007 tot 2009 de opleiding tot 
gezondheidszorgpsycholoog kind en jeugd. 

Momenteel is Liesbeth werkzaam als psycholoog bij de Psychosociale Afdeling. Zij 
zet zich met veel plezier breed in voor de patiëntenzorg en is onder meer betrokken bij het 
multidisciplinaire eetteam en de tienerafdeling van het Emma Kinderziekenhuis AMC. 
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Dankwoord

Is het na al die jaren dan eindelijk echt af?! Ik kan het bijna niet geloven. 
De combinatie van onderzoek doen, patiëntenzorg en GZ-opleiding is een mooie kans die ik 
absoluut wilde aangrijpen, maar ook één die ik een beetje huiverig tegemoet zag. Het bleek lastig 
om daadwerkelijk met dezelfde energie, tijd en aandacht met meer dingen tegelijk bezig te zijn. 
Actief zijn in de patiëntenzorg vond en vind ik erg leuk en het was vaak het perfecte excuus om 
de artikelen even te laten liggen. Daarom gingen de patiënten vaak voor. In het afgelopen jaar was 
dat anders, want nu moest het maar eens echt af. En dat is gelukt! Lange tijd mee bezig geweest, 
dus veel mensen om te bedanken.

Allereerst veel dank aan alle kinderen, hun ouders en de volwassen patiënten die meededen aan 
het onderzoek. Met dit project is de basis gelegd voor zowel mijn eerste onderzoek als ervaring 
in de patiëntenzorg. Talrijke testafnames, waarmee ik zoveel ervaring heb kunnen opdoen. Ik 
heb erg genoten van het contact met alle patiënten die met zoveel enthousiasme deelnamen aan 
het onderzoek.

Graag dank ik prof. dr. A.L. van Baar, prof. dr. J.B. van Goudoever, prof. dr. H.S.A. Heymans, 
prof. dr. M.J. Jongmans, dr K.J. Oostrom en dr A.S.P. van Trotsenburg voor de bereidheid om 
zitting te nemen in de promotiecommissie.

Dan een woord van dank aan mijn begeleiders:
Prof. dr. B.F. Last, lieve Bob, toen ik in de stagemap van de UVA de stage in het Emma 
Kinderziekenhuis zag staan, maakte mijn hart een sprongetje, dit was de plek die ik zocht. Met 
Anneke en jou als stagebegeleiders kon ik mijn eerste ervaring in de patiëntenzorg opdoen. Ik 
heb enorm veel van jullie beiden geleerd. Jij bood me aan om te blijven, wel op voorwaarde dat 
ik me ook met onderzoek zou gaan bezighouden. Zo is het allemaal begonnen. Jij gaf me de 
mogelijkheid om me op diverse terreinen te ontwikkelen en daar wil ik je erg voor bedanken. 
Ook veel dank voor je steun, je luisterend oor, je begeleiding en vertrouwen in de afgelopen jaren.

Prof. dr. M.A. Grootenhuis, lieve Martha, ik heb bewondering voor je bevlogenheid en je 
enthousiasme voor het onderzoek binnen de pediatrische psychologie. Ik denk dat het voor jou 
niet altijd makkelijk was dat ik verschillende taken had en de patiënten vaak voorrang gaf. Maar 
je liet me altijd erg vrij en gaf me vertrouwen dat het echt wel goed zou komen. Daar ben ik je 
dankbaar voor. “Liesbeth, promoveren is echt leuk”. Ik denk dat ik het nu aan het einde van het 
traject steeds meer met je eens ben. Ook veel dank voor je geduld bij het schrijven van artikelen 
en het afronden van dit proefschrift. 
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Dr. T Vulsma, beste Tom, jouw enthousiasme en kennis over de endocrinologie en CH in 
het bijzonder is enorm. Het lezen van je commentaren van de artikelen was interessant en 
leerzaam. Ik heb je overdenkingen allemaal bewaard, erg nuttig, ook voor het voorbereiden 
van de verdediging. Heel veel dank ook voor je hulp, het meelezen en het beoordelen van mijn 
manuscript. 

Dan zijn er nog vele anderen die ik graag wil bedanken.

Lieve Marlies, ik ben begonnen op jouw project. Het is inmiddels alweer een tijd geleden dat 
wij in het AMC, maar ook vaak op verschillende plekken in het land, de patiënten zagen die 
deelnamen aan het onderzoek. Ik heb goede herinneringen aan onze samenwerking en aan 
onder andere de ritjes in de auto, waarbij mijn taak het lezen van de kaart was. Zo hebben we 
heel wat afslagen gemist... Jammer dat je het AMC hebt verlaten en we elkaar niet meer veel zien. 
Heel veel dank ook dat je toch, ondanks je drukte, tijd wist vrij te maken om me te helpen met 
de laatste artikelen.

Beste Brenda, jij leverde een grote en waardevolle bijdrage tijdens de dataverzameling en 
testafnames van alle patiënten. De coördinatie lag voor een groot deel in jouw handen en 
daardoor was alles altijd goed geregeld. Daarnaast was je erg geïnteresseerd en super behulpzaam, 
heel erg bedankt! 

Lieve pedagogisch medewerkers, maatschappelijk werkers, oud-medewerkers van de 
psychosociale afdeling en het team van de educatieve voorziening, ik wil jullie allemaal heel erg 
bedanken voor de leuke samenwerking, de interesse en steun in de afgelopen jaren.
Lieve Elly, zo jammer dat je de PSA hebt verlaten. Als hoofd van ‘ons blok’ was je altijd erg 
zorgzaam en betrokken. Leuk dat we contact hebben gehouden. 
Lieve Wynie, heel erg jammer dat we geen collega’s meer zijn en elkaar nu weinig spreken. Ik 
vond je altijd een hele fijne collega.

Lieve onderzoekers (oud en nieuw) van de psychosociale afdeling, wat hebben wij een leuke 
onderzoeksgroep. Ook ik begon in de ‘Basement’, een superplek om als onderzoeker te zitten, 
met veel gezelligheid en ‘lotgenotencontact’. Het was jammer om de kelder te verlaten. Maar ik 
ervaar nog steeds de energie, de lol, de enorme gedrevenheid, interesse en behulpzaamheid van 
de onderzoekers onderling. Hoop dat we nog lang zullen “Tob” ben met elkaar.

Lieve Michal, veel dank voor je hulp bij het goed managen van alle patiëntenzorg-afspraken. 
Lieve Marga, heel erg bedankt voor je hulp en betrokkenheid door de jaren heen en bij het 
inbinden van het manuscript! 
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Lieve patiëntenzorg-psychologen, wat boffen wij met ons vak! Werkzaam zijn binnen het gebied 
van de pediatrische psychologie ervaar ik als erg veelzijdig, leuk en bijzonder. Ik wil jullie 
allemaal erg bedanken. 
Lieve Marieke, wij zijn er ongeveer tegelijkertijd ingeluisd en waren de eerste psychologen die 
een promotietraject mochten combineren met patiëntenzorg. Maar als kamergenoten, nog op 
G8, hadden we veel steun aan elkaar. Ook nu dank voor je interesse en begrip. 
Lieve Nienke, een tijd lang ben je mijn vaste back-up geweest van de tienerafdeling en was altijd 
bereid om in te springen waar nodig. Dank ook voor je interesse en betrokkenheid.
Lieve Renske, mijn buuf op het blok, ook jij was lange tijd mijn back-up op de tienerafdeling en 
de eetpoli. Heel fijn dat je altijd bereid was en bent om me te helpen en te vervangen waar nodig. 
Dank voor je steun! 
Lieve Charlotte, mijn ‘overbuuf ’ van het blok, dank voor je luisterend oor. Jammer dat het samen 
kletsen er de laatste tijd een beetje bij inschiet. Snel weer een koffietje doen?
Lieve Margreet, wij zijn al heel lang collega’s en daar ben ik blij mee. Dank voor je steun en 
aanmoediging bij de echte laatste loodjes. 
En ook al mijn andere lieve patiëntenzorg-collega’s (Vivian, Alice, Anja, Channa, Juliette, Lien, 
Lianne, Linde, Lisanne en Lotte) wil ik erg bedanken voor de gezelligheid, interesse en de steun 
en het begrip als ik me door het onderzoek even minder kon inzetten voor de patiëntenzorg. 

Ook wil ik graag de artsen en het team van de kinderendocrinologie en alle andere 
multidisciplinaire teams waarin ik zit, ondermeer de tienerafdeling, het DSD- team en het 
eetteam bedanken voor de leuke samenwerking.

En dan wil ik natuurlijk mijn onderzoeksbuddy’s bedanken. Onderzoek doen schept een band, 
dat is mij wel duidelijk geworden. Ik ben blij met alle leuke contacten en vriendschap die het 
me heeft opgeleverd.
Lieve Heleen, toen ik begon, werden wij kamergenoten. Dat was een fijne tijd met gezelligheid 
en goede gesprekken. Ik wil jou enorm bedanken voor al je hulp, deskundigheid, steun en 
aanmoedigende woorden in de afgelopen jaren. Bij jou kan ik altijd terecht en dat is heel prettig. 
Daarnaast heb jij mij erg geholpen met het doen van analyses en het (her)schrijven van artikelen, 
waarvoor heel veel dank. 
Lieve Vief, ook wij hebben samen in de kelder gezeten. Wij reisden als ‘buufs’ destijds veel 
samen met de metro en dat was altijd supergezellig. Ik vind het jammer dat we geen collega’s 
meer zijn. Ook jij veel dank voor je steun en interesse.
Lieve Janneke, met z’n tweeën in het kleine kamertje van de kelder was het erg knus. We 
begrepen elkaar goed en dat was fijn. En dan onze ‘knalweekenden’ aan zee. Soms afzien, maar 
vooral ook heel leuk met z’n drietjes. Muziekje aan, effe dansen en dan aan de bak! Ik hoop dat 
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we onze stranduitjes samen met Madelon erin houden. Ook nu bij het afronden heb je me erg 
geholpen en bijgestaan, heel erg bedankt. 
Lieve Madelon, vanaf de tijd dat wij collega’s zijn heb jij mij altijd enorm gesteund en geholpen 
en was het bovenal heel leuk met je. Ook toen je niet meer bij het AMC werkte, bleef je me 
activeren, motiveren en helpen. Dat is zo lief en fijn! En dan onze bakkies en happies, heerlijk en 
gezellig. Gaan we dan binnenkort (als we er allebei klaar voor zijn), eindelijk een vuurtje stoken 
en aan die douche trekken? 

En dan mijn paranimfen, lieve Eline, Linde en Leonieke, ik ben zo blij dat jullie op 7 juni naast 
mij zullen staan. 
Lieve Lien, ook al ben je nu niet meer m’n directe collega, ik ben heel blij dat we elkaar nog veel 
zien en elkaar blijven steunen. We hadden tijdens onze AMC-tijd veel gemeen met elkaar: de 
passie voor de patiëntenzorg, de combinatie met GZ, en natuurlijk het onderzoek. Wij snappen 
elkaar goed en ook hoe het zo allemaal is gekomen. De schrijfdagen waren soms zwaar, maar 
altijd gezellig en goed verzorgd met de perfecte koffietjes. Veel dank voor alles en fijn dat je 
straks naast me staat. Hopelijk gaan we daarna dan eindelijk lekker relaxen in de Bogortuin met 
een wijntje erbij.
Lieve Linde, mijn ‘ buddy’ door dik en dun. Het is zo fijn om parallel en samen met jou de 
‘laatste loodjes’ te doorstaan. Jouw steun en hulp zijn enorm en dat waardeer ik heel erg. Onze 
werkdagen in Bunnik, Delden, Dwarsgracht en op Texel waren hard werken maar ook zo 
gezellig. En Texel houden we erin, toch?! Heel erg bedankt voor alles, ik vind je een topcollega. 
Het is fijn dat je straks naast me staat. En dan op naar 14 juni, jouw dag!
Lieve Leonieke, ik ben heel erg blij met jou als vriendin. We hebben elkaar leren kennen in 
Utrecht en ook daarna zoveel leuke dingen met elkaar meegemaakt. Aan onze reis in Peru en 
Bolivia heb ik hele goede herinneringen, evenals aan alle sateetjes, biertjes in de kroeg en de vele 
gezellige avonden. Ik ben blij dat jullie weer in Amsterdam wonen en ik hoop dat er binnenkort 
wat meer tijd is om elkaar te zien. Ook jij hebt promotieonderzoek gedaan en snapte de dalen, 
de stress en het tijdgebrek maar al te goed. Ik vind het heel bijzonder dat ook jij naast mij staat 
op deze belangrijke dag. 

Tot slot, zijn er veel mensen die niet direct hebben bijgedragen aan mijn proefschrift, maar die 
ik wel graag wil bedanken omdat ze zo enorm meeleefden en me hebben gesteund.

Lieve meiden en Philip van de GZ-groep 2007, ik vond het heel leuk en leerzaam om samen met 
jullie de opleiding tot GZ-psycholoog te volgen. Dank voor jullie betrokkenheid en interesse en 
ik vind het heel gezellig dat we elkaar nog zoveel zien. Hopelijk houden we dat erin. 
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Mijn lieve buren van Java-eiland, dank voor jullie zorg en betrokkenheid van de afgelopen 
maanden. Ik heb in stressvolle tijden bijna nooit zelf hoeven koken en dat was heel relaxed, ik 
bof met jullie in de buurt. Speciale dank aan Corwin, voor het vormgeven van dit boek. Het is 
erg mooi geworden.

Lieve vriendinnen: Anniek, Esther, Rian, Marjon, Elske, Marloes, Annemieke, Lisanne, Monique 
en Willemijn, ik ben blij met de vriendschap en de gezelligheid van afgelopen jaren. Ik heb zin 
om nog lang veel leuke dingen met jullie te doen. 
En ook alle andere lieve vrienden en vriendinnen o.a. van de tennis, uit Delden, Utrecht, 
Amsterdam en mijn familie, dank voor alle interesse, steun en afleiding de afgelopen jaren. 

Lieve Fien, de jaarlijkse vakantie met kerst en daarbij alle tradities in Zwitserland zijn zo heerlijk. 
Dank je wel voor je steun en belangstelling.
Lieve Geertje en Maaike, ik ben zo blij dat jullie mijn zusjes zijn! Geer, dank voor je lieve 
betrokkenheid altijd. En Maai, het is zo fijn dat je zo dichtbij woont en er altijd voor me bent. 
Lieve pap en mam, dank voor de stabiele en fijne basis die jullie mij hebben gegeven. Het is 
heel fijn om te merken dat jullie me altijd willen helpen en achter me staan. En pap dit is ‘onze’ 
promotie, toch? Het was heerlijk om af en toe een weekend of weekje thuis te werken en dan 
door jullie verwend te worden, dat kunnen jullie zo goed! Heel erg bedankt voor jullie lieve 
steun en betrokkenheid alle jaren. 

5.dankwoord.indd   208 23-04-13   13:35




