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GeneralGeneral Introduction 

PREFACE E 

Developmentt of children involves a continuous and dynamic process resulting from 

ann interaction between biological, psychological and sociological factors.1 Biological 

factorss comprise genetic dispositions, hormonal processes and metabolism, functioning 

off  the central nervous system and physical growth. Psychological factors refer to 

cognitivee and social-emotional functioning, an individual's unique learning history of 

experiences,, and social interaction. Sociological factors reflect the socio-economic 

circumstancess and culture an individual and its family live in. Complex interrelationships 

existt between all these factors and research in this field usually focuses on the impact of 

aa limited number of specific factors on a child's development. 

Onee area of research involves the relation between thyroid hormone metabolism (a 

biologicall  factor) and neurodevelopment. Thyroid hormone is essential for normal brain 

development.22 3 Either shortage or too high levels of thyroid hormone during brain 

developmentt in the fetal or neonatal period can cause impairments in further development 

off  the child. Inadequate thyroid hormone concentrations in the fetus and neonate may 

resultt from maternal thyroid deficiencies due to a failing maternal thyroid system or 

maternall  hypothyroxinemia4*7, or from thyroid hormone deficiencies in the infant due to 

congenitall  hypothyroidism8 or preterm birth.9 n 

Thee core of this thesis concerns developmental outcome in relation to imbalances in 

thyroidd hormone concentrations in the perinatal period, when the brain develops rapidly 

andd even transient imbalances in thyroid hormone supply may be harmful for subsequent 

development. . 

Inn the following sections of the introduction, issues relevant to the central theme of 

thee thesis will be discussed. At first, development until school age wil l be addressed, 

moree specifically in relation to four domains of development (neurologic, motor, cognitive 

andd social-emotional domain). Next, thyroid hormone supply in the fetal and neonatal 

periodd wil l be described. Special attention wil l be paid to the thyroid hormone supply in 

infantss who are born premature. Maternal thyroid hormone metabolism wil l also be 

addressedd briefly since it plays an important role in the fetal and neonatal thyroid hormone 

supply.. In addition associations between low neonatal thyroid levels and clinical and 

earlyy neurodevelopmental outcome are described. Finally, two clinical interventions 

aimingg to optimize neonatal thyroid levels in the preterm born infant are described. 

13 3 



ChapterChapter 1 

II  CHILD DEVELOPMENT 

1.11 General issues in early child development 
AA basic issue in child psychology concerns the degree to which behavior and 

developmentall  change are considered to result either from biological or from experiential 

andd environmental factors (nature versus nurture debate).1 Today, the importance of both 

naturee and nurture factors as well as their interaction, is fully recognized as contributing 

too developmental change. Deviant biological factors, as well as difficult socioeconomic 

circumstances,, or psychological conditions like child abuse or other deviances in social 

interactionss are expected to result in most cases in developmental problems.1220 

Anotherr important issue in child psychology is whether developmental processes 

displayy continuity or discontinuity. Continuity emphasizes quantitative change; 

individuall  skills are added, combined and recombined in a continuous process through 

learningg and experience. 

Discontinuityy emphasizes qualitative changes in previous abilities and behaviors that 

aree mainly guided by biological factors; development is characterized by relatively stable 

periodss followed by abrupt changes.1 

AA third issue important for child psychology, refers to the researchers' focus of study. 

Onee focus involves normative development, which is concerned with the commonalities 

off  child development and the search for universals. Another focus of study involves 

ideographicc development, which is concerned with factors that produce individual 

differencess among children, such as cultural influences. Interest in developmental 

pathology,, or in the consequences of risk factors early in development for later 

development,, or studies of the effect of early interventions in order to ameliorate further 

development,, also fit this category. 

Thesee general issues are still a source of debate in scientific thinking on child 

developmentt and are also reflected in this thesis. The main subject of this thesis concerns 

thee impact of one biological factor (fetal and neonatal thyroid hormone concentrations) 

onn a child's developmental outcome independent from other contributing factors. The 

impactt of this factor on developmental outcome might change over time because 

developmentt progresses rapidly during the first years of life; therefore outcome will be 

measuredd at different ages (see chapter 2). The focus of study described in this thesis 

involvess ideographic development. 

Inn the next paragraphs, development until school age will be described in more detail. 

Thee focus is on neurologic, motor, cognitive and socio-emotional development, as these 

domainss are addressed in the studies for this thesis. Besides a brief description of each 

14 4 



GeneralGeneral Introduction 

developmentall  domain, different skills wil l be mentioned which have to be acquired in 

thee first years of life. 

Measurementss that are used to assess developmental outcome are described in chapter 2. 

1.22 Development of neurologic functioning, motor skills, cognitive abilities, 
andd social-emotional competencies until school age 

1,2.1.1,2.1. Neurologic development 

Neurologicc development concerns the (biological) maturation of the central nervous 

system.21222 The newborn infant is equipped with different reflexes, highly stereotyped 

behaviorss that occur as brief responses to specific stimuli. The presence or absence of 

suchh reflexes provides information about the functioning of the brain and nervous system. 

Somee reflexes last throughout life, other reflexes disappear in the first year which indicates 

thee development of more advanced brain functions. There are two important aspects that 

havee to mature. The first aspect concerns muscular tone; postural control involves an 

increasinglyy fine coordination of extensor muscles and flexor muscles. The second aspect 

concernss a fixed pattern in controlling different muscles; muscles closest to the brain 

comee under control first before muscles farther away. Postural development can be 

distinguishedd in gross and fine motor development. Gross motor movements involve 

musclee groups near the trunk, such as waving. Fine motor movements involve small 

gesturess of hands and fingers. 

Untill  the age of 2Vi years, changes in the motor repertoire seem to be related to the 

developmentt of balance control. From the age of 2Vi years motor functioning becomes 

moree differentiated, efficient and fluent. The child develops the ability to perform a 

motorr task in different manners adapted to environmental circumstances. 

AA neurologic examination evaluates the intactness and maturity of the central nervous 

system.. It endeavors to analyze sensori-motor function in terms of identifiable neural 

mechanisms.. The level of motor development is important but is not the aim of the 

assessment.. Examination of the neurologic development evaluates the quality of sensori-

motorr performances at a certain age rather than the quantity of these performances; not 

thee exact age of independent walking is of importance but the quality of the walking 

processs (taken into account the developmental changes of the performance). Motor 

developmentall  tests and neurologic examination techniques are considered not 

interchangeablee but complementary.23 24 
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ChapterChapter 1 

1.2.2.1.2.2. Motor development 

Motorr development can be considered as a representation of the nervous system and 

neuromuscularr maturation.24 The progression of motor skills follows two general 

principles.11 Body parts develop in a trunk-to-extremities direction and mature in a head-

to-foott progression (see above). Learning to move around also helps infants to organize 

theirr world, it contributes to their spatial understanding and the meaning of heights and 

distance.. The development of motor skills follows a reasonably predictable sequence, 

butt children differ in the timing and manner in which they acquire skills. As children 

maturee biologically and cognitively, they become motivated to accomplish more and 

discoverr the world around them: reach, grasp, move or shake things, to move themselves, 

etc.. This motivation stimulates the development of new motor behaviors from the 

availablee physical resources. This process involves exploration and selection. 

Inn the first two years, the infant learns to sit with support, to sit alone, walk holding on 

too furniture, walk alone, walk up and down stairs. Three sets of fundamental motor skills 

emergee beyond the first year. The first set consists of locomotor movements including 

walking,, running, jumping, hopping, skipping and climbing. The second set consists of 

manipulativee movements including throwing, catching, kicking, striking and dribbling. 

AA third set consists of stability movements involving body control like bending, turning, 

swinging,, rolling, head standing and beam walking. 

1.2.3.1.2.3. Cognitive development 

Cognitivee functioning refers to the mental processes used by individuals to understand 

andd adapt to the world surrounding them. Research focuses on the normative development 

off  general cognitive processes, like thinking, reasoning, learning, and problem solving. 

AA child's cognitive functioning can be assessed with standardized intelligence tests. 

Intelligencee research, however, focuses on individual differences in cognitive performances, 

onn methods to measure these differences and whether these differences show consistent 

andd interpretable patterns. The assessment of intelligence arose from the need to determine 

whichh children were suitable learners for the classroom and which children were mentally 

deficient.11 25 26 In this thesis cognitive outcome is assessed using a standardized 

developmentall  test or an intelligence test (see chapter 2). Both developmental tests and 

intelligencee tests provide norm scores for different ages obtained from the general 

populationn making it possible to compare the performance of high-risk children with that 

off  the reference population. 

Languagee and verbal comprehension are important items in measuring intelligence. 

Languagee acquisition plays a major role during infancy, preschool and early childhood 
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GeneralGeneral Introduction 

developmentt and can be considered a different developmental domain. In our research 

wee studied language as part of general cognitive functioning (see chapter 2). 

AA brief description of general cognitive development is now given as background 

informationn since in this thesis group differences in cognitive outcome are studied. 

AA number of theories concern cognitive development and one of the most important 

theoriess is by Jean Piaget (1896-1980).' The first period is called the sensorimotor period, 

whichh extends from birth until about age 2. The sensorimotor period is divided in 6 substages 

andd starts with various inborn reflexes. The reflexes evolve into sensorimotor schemes 

(skilledd and generalizable action patterns -such as sucking- with which infants act on and 

understandd the world), which become progressively more complex during infancy. An 

examplee of an important sensorimotor achievement is the concept of object permanence. 

Thee culmination of the sensorimotor period is the onset of mental representation which 

meanss that mental problem solving begins to replace overt trial and error. 

Thee second period, the preoperational period, extends from about age 2 to about age 

6.. The child's intellectual adaptations are now faster and more efficient. This period is 

alsoo a time of specific cognitive acquisitions like, for example, qualitative identity which 

referss to the knowledge that the qualitative nature of something is not changed by a 

changee in its appearance. For example, a wire remains the same wire even though it has 

bentt into a different shape. Thinking in this period is often 'egocentric1 because the 

childd has difficulty taking the perspective of others. Thinking is also often focused on 

onlyy one aspect of a problem at a time, therefore the child is misled by what is perceptually 

obvious.. Another cognitive ability that is acquired is called conservation which refers to 

thee knowledge that quantitative properties of objects are not changed by a change in 

appearance.. For example, in choosing which of two rows with an equal number of blocks 

hass more blocks, the child wil l base its answer on the most salient feature, length of the 

rows,, and wil l not yet take into account other information like density. Beyond school 

age,, and as such beyond the scope of this thesis, two more periods can be distinguished, 

thee concrete operational period (from about age 6 to about age 12) and the formal 

operationall  period (from about age 12 onwards). 

Thiss stage theory of Piaget is characterized by qualitative changes in cognitive 

development.. Four factors are identified that contribute to cognitive change. The first 

factorr is biological maturation since learning and development occur within constraints 

sett by the child's maturational level. The second and third factor refer to experience; 

physicall  experience which refers to the child's interactions with inanimate objects, and 

sociall  experience which refers to the child's interactions with people. In both experiences, 

Piagett stresses the importance of assimilation and accommodation. Whenever a child 
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interactss with the environment, the child assimilates the new experiences to his current 

cognitivee structures and at the same time the child accommodates his cognitive structures 

too fit the environment and the new experiences. The last factor, equilibration, accounts 

forr the organizational processes in cognitive development which means that inputs from 

maturationn and various kinds of experience are coordinated into cognitive structures. 

1.2.4.1.2.4. Social-emotional development 

Sociall  behavior in human beings is transactional, indicating that an individual's actions 

bothh affect and are affected by the actions of others. Early social development differs from 

laterr social interactions in that infants have few, but intense relationships. These initial 

relationshipss are very influential and have long term effects on the child's social, personality 

andd cognitive development. Infants develop strong emotional relationships (attachment 

relations)) especially with their mothers but also with the father or other regular caretakers. 

Thee developmental course of infant-caregiver attachment can be divided in four stages.27 

Thee first stage, which extends from birth until 2 months, is characterized by indiscriminate 

sociall  responsiveness; the infant responds socially to almost anyone. The second stage, 

fromm 2 until 7 months, is characterized by discriminate social responsiveness; the infant 

directss social responses principally to familiar people but does not protest when the caregiver 

leaves.. The third stage, from 8 to 24 months, is characterized by focused attachment. 

Infantss are wary of strangers, protest to separation, and use the caregiver as a source of 

comfortt and as a secure base. The fourth stage, which extends from 30 months onwards, 

iss characterized by goal-oriented partnership. The child no longer protests when the 

caregiverr leaves and is able to share united goals. 

Thee child's role in infant-caregiver interactions is greatly influenced by his emotional 

expressivenesss and responsiveness to environmental stimulation. These aspects of 

personalityy are called temperament. Temperament is meant to describe the baby's 

behaviorall  style, reflecting not so much what babies do as how they do it.28 

AA child's social-emotional well-being and temperament is reflected in its overt 

behaviors.. Social maladjustment or frustration can be expressed so strongly that it is 

conceptualizedd as a behavior problem by the observers or caretakers of the child. A 

seriouss amount of behavior problems is considered to reflect psychopathology.29 M) For 

assessmentt of a child's social-emotional development standardized questionnaires, like 

thee Child Behavior Checklist (CBCL), are frequently used describing the kind and amount 

off  potential behavior problems, which are to be completed by informants who know the 

childd well, like parents, schoolteachers, and in adolescence also by peers, or the child 

himself.. These behavior descriptions also reflect the personal view of the informants on 
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thee child's behavior. Information obtained from these questionnaires provides norm-

relatedd behavior descriptions, which makes them very useful in studies on high-risk 

children.. These questionnaires do not, however, reveal the nature or cause of the 

underlyingg behavior problems.3132 

1.33 Predictive value of early diagnosed developmental problems 
Ass mentioned earlier, developmental outcome is the result of a combination of 

biological,, psychological and sociological factors. Therefore, poor developmental 

outcomee also stems from a combination of different factors. In young children, 

developmentt may be delayed or impaired because of cerebral damage, an immature 

nervouss system, understimulation, poor health, mental and/or physical deficits. The 

underlyingg cause of developmental problems and the presence of compensating factors 

determinee the prognosis.163335 Biological factors are found to have a dominant influence 

onn early outcomes, while the importance of social environment becomes more evident in 

laterr development.34 36 

Neurologicc abnormalities and motor impairment become apparent at young age when 

muscularr tone and reflexes are abnormal and motor milestones like sitting without support 

andd walking are not achieved. Cognitive problems are more difficult to diagnose at young 

age.. Performance on infancy tests of cognitive functioning has shown littl e predictive 

valuee for scores on later intelligence tests. This can be explained by the differences in 

thee content of infancy tests and childhood tests; the first consist mainly of perceptual 

andd motor items, whereas the latter can measure verbal and abstract forms of thought 

moree extensively. It is argued that intelligence in infancy requires different skills than 

intelligencee in childhood, when for instance mental representations can and have to be 

usedd for age appropriate performances. This explanation is related to the continuity-

discontinuityy issue. However, increasing predictability of infancy scores over time has 

beenn found. By the age of 2, infancy tests include many items that measure language 

competencyy and mental representations through which the coherence with later cognitive 

measurementss increases.37 High correlations (.77) between intelligence scores have been 

foundd for assessments at preschool to adolescence age.33 

Thee stability of early behavior problems has also been subject of study. The information 

sourcee of behavioral problems in toddlers is usually the parents. Moderate to high 

correlationss have been found for parent-reported internalizing, externalizing and total 

problemm scores assessed at toddler age and at preschool age. Significantly higher stability 

wass found for externalizing and total problem scores than for internalizing problem 

scores.299 These stabilities indicated general rather than scale specific stability. For example, 
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strongg oppositional behaviors at 2-3 years of age tended to be predictive of both 

internalizingg (withdrawn and depressive behaviors) and externalizing behaviors (destructive 

andd aggressive behaviors) 2 years later. The predictive value of parent reports of behaviors 

att 2-3 years regarding teacher reports of problem behaviors at 4-5 years were, however, 

quitee low. Teachers1 ratings of problem behaviors were associated with the child's 

competencee regarding school tasks.38 Stabilities of parent and teacher ratings of behavior 

problemss decrease with increasing age but they remain significant over a period of 8 years.31 -3: 

Infancyy tests in the first year have limited predictive value for childhood outcome. 

Fromm the age of 2 years, tests performances wil l give a fairly reliable picture whether or 

nott a child experiences difficulties in one or more developmental domains. With aging 

intelligencee scores increase in predictive value. 

I II  THYROID HORMONE SUPPLY IN THE FETAL AND NEONATAL PERIOD 

II.. 1 Maternal thyroid hormone metabolism 
Duringg normal pregnancy, the rise of oestrogens results in an increase of thyroxine-

bindingg globulin (TBG) in the expectant mother. TBG is one of the transport proteins of 

thyroidd hormone. The higher amount of TBG subsequently results in a rise of serum total 

thyroxinee (T4) and triiodothyronine (T3) concentrations.5 The concentration of TBG 

reachess its maximum by 24 weeks' gestation and remains elevated up to approximately 

22 weeks postpartum. Serum free thyroxine (FT4) concentrations slightly decrease after 

thee first trimester in pregnancy while serum thryoxine-stimulating-hormone (TSH) 

slightlyy increases after an initial fall during early gestation. This initial fall is due to the 

highh concentrations of human chorionic gonadotropin (hCG) in early pregnancy. These 

changess remain within normal limits of serum concentrations for nonpregnant women.39 

Duringg pregnancy, plasma inorganic iodide concentrations decrease because of increased 

renall  clearance and fetal demands for iodide.39 Iodine is a prerequisite for thyroid hormone 

synthesis.. Renal clearance of iodide increases as well as the production of thyroxine by 

thee thyroid gland. Therefore, higher iodine intake is needed in pregnant women to prevent 

goiter.. In iodine deficient areas, goiter occurs in 20-75% of the pregnant women.6 In case 

off  iodine deficiency and/or thyroid hormone disease during pregnancy, treatment with 

iodinee and/or thyroxine is needed to prevent damage to he fetus and the neonate (see 

III .. 1.1 and III . 1.2). 

Thee fetus entirely depends on maternal transfer of thyroid hormone during maturation 

off  its own thyroid system until midgestation (see below). 
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II.22 Thyroid hormone production and metabolism during fetal life 
Beforee the onset of fetal thyroid function, thyroid hormone has been demonstrated in 

embryonicc cavities and tissues.40 Nuclear thyroid hormone receptors, to which T3 is 

bound,, have been found in human brain and lung tissue from the 9th week of fetal lif e on 

andd increase 500-fold in concentrations between 10 and 18 weeks.41 The presence of 

thyroidd hormone during early fetal life results from maternal-fetal transfer of T4. Probably 

materno-fetall  transfer continues until term.42 

Byy 10-12 weeks gestational age, the fetal thyroid gland acquires its capacity to 

concentratee iodide and synthesize thyroid hormone. By the same time, the pituitary can 

producee and secrete thyrotropin, while hypothalamic neurons are able to synthesize 

thyrotropin-releasingg hormone. TBG can also be demonstrated in fetal serum by 12 weeks. 

Significantt thyroid hormone production does not occur before the 16th-20th week of 

gestation.41 1 

II  1.2.1 T4 and T3 production during fetal life 

T44 is the primary secretory product of the thyroid gland.101 T4 must be considered as 

thee prohormone of the bio-active T3. Activation of T4 by conversion into T3 occurs by 

outerr ring deiodination. Deiodination of the inner ring results in inactivation of thyroid 

hormonee by production of reverse T3 (rT3). Both T3 and rT3 can be further deiodinated. 

Fetall  plasma concentrations of T4 increase with increasing gestational age, adult 

plasmaa values are reached by approximately 30 weeks.41 In contrast to T4, plasma T3 

concentrationn remains low and only increases during the last weeks of pregnancy. This 

iss mainly caused by high fetal Dil i activity, by which T3 and T4 are inactivated by inner 

ringg deiodination. 

11.2.2.11.2.2. Regulation of intracellular T3 availability during fetal life. 

Despitee the predominance of inactivating metabolic pathways, there is increasing 

evidencee that thyroid hormone is required from the early embryonic stages on for normal 

maturationn of e.g. the brain, inner ear, lungs, heart and digestive system. These data 

include: : 

1.. In iodine-deficient areas, maternal hypothyroxinemia is common and associated 

withh fetal hypothyroidism. In these cases, the embryo/fetus is already 

hypothyroxinemicc in the first half of pregnancy by insufficient maternal-fetal transfer 

off  T4. This fetal hypothyroidism throughout pregnancy results in severe neurological 

damage,, which can only be prevented by iodine supplementation initiated prior to 

conception.411 ^ 
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2.2. A case of fetal-maternal POUIFI (Pit-1 deficiency; a pituitary specific transcription 

factorr regulating somatotrope, lactotrope. and thyrotrope function) resulting in 

severe,, maternal and fetal hypothyroidism may cause severe and irreversible 

neurologicc deficits with severely impaired neurodevelopment, strabismus, deafness, 

cardiacc failure and respiratory failure.43 A similar clinical picture was described in a 

babyy born from a mother with strongly positive thyroid stimulating blocking 

antibody,, also resulting in fetal and maternal hypothyroidism.4'' 

3.. Maternal thyroid hormone levels during the first half of gestation are a more critical 

factorr for normal brain maturation than previously believed. Several recent reports 

describee an association between low maternal plasma free T4 levels and impaired 

neuropsychologicall  development of the child.4744 

Duringg fetal development, there seems to be a fine regulation of the amounts of T3, 

thatt are generated from T4, in order to tailor the availability of T3 to temporal and spatial 

needs.. This happens independent of circulating T3 and differs in various organs and 

brainn structures in particular. When thyroid hormone is needed locally, T4 is activated 

byy increased activity of DII and /or decreased activity of Dili. 5051 Also the expression of 

nuclearr thyroid hormone receptors, by which T3 exerts its action can be up- or 

downregulatedd in a specific window of time during thyroid hormone dependent processes 

off  maturation." Therefore, sufficient levels of plasma T4, and not plasma T3, are crucial 

forr provision of T3 to the cell, especially in the brain. Ontogenetic variations of the 

differentt deiodinases along with changes in receptor availability ensure appropriate 

thyroidd hormone supply during critical developmental periods. 

Inn the next paragraph thyroid hormone metabolism is described in infants with 

insufficientt hormone supply because they were born while their own thyroid hormone 

regulationn system is still immature. 

II.33 Thyroid hormone metabolism in the preterm infant 
Att term birth, there are large changes in plasma thyroid hormone and thyrotropin 

(TSH)) levels. TSH increases rapidly, peaking 30 minutes after birth and reaches peak 

levelss between 50 and 100 mU/1. The TSH surge is followed by a two-fold T4 and an 

eight-foldd T3 increase. Subsequently, there is gradual decline in T4 and T3 levels during 

thee first week of life. T4 levels 1.5 times that of cord blood and T3 levels 3 times that of 

cordd blood are found at the end of the first week. TSH usually decreases to values below 

10mU/l.5-,M M 

Thee TSH surge found in term neonates is not quantitatively similar for infants born 
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earlierr in gestation. After preterm birth, T4, FT4 and T3 levels also remain lower than in 

termm born infants during the first weeks of life. TSH may rise somewhat, but remains 

beloww the cut-off point for congenital hypothyroidism of 20 mU/1.55 This phenomenon is 

generallyy referred to as transient hypothyroxinemia of the preterm infant. T4 and T3 

levelss in preterm infants rise to levels found in term infants between three and eight 

weekss of age. These lower levels of T4 and T3 are due to lower thyroxine-binding protein 

andd free thyroid hormone levels. The severity and duration of transient hypothyroxinemia 

appearss to be inversely correlated with gestational age. In preterm infants of 30-37 weeks 

gestationall  age, thyroid hormone levels after birth follow a similar pattern to that of term 

infantss (a surge after birth, followed by slowly decreasing levels during subsequent weeks 

andd stable levels thereafter). In infants less than 30 weeks gestational age the postnatal 

patternn of thyroid hormone levels differs from the pattern described above. The TSH 

surgee is blunted and followed by a small rise in T4 levels and a minimal rise in T3 levels 

duringg the first 24 hours after birth. Subsequently, there is a fall in serum (free) T4 

concentrationn until a nadir at seven days of age that is lower than the (free) T4 cord 

bloodd level. This T4 nadir is more profound in the lowest gestation infants.10 n 56 TSH 

increasess in response to this T4 nadir, but remains below 20 mU/1. T3 levels rise slowly, 

reachingg term levels only by 8 weeks after birth. Reverse T3 is elevated in preterm infants, 

butt shows a faster decline during the first weeks after birth in infants of lower gestational 

agess as a result of scarcity of the substrate T4. 

Thee low thyroid hormone levels in preterm infants are the result of various factors. 

Thee postnatal time course of (free) T4 in infants <30 weeks gestation suggests that the 

immaturee thyroid gland cannot compensate for the preterm T4-surge, increased T4-

requirementss after birth and/or the loss of maternal T4. Also, inadequate iodine intake 

cann cause hypothyroxinemia in the preterm infant.102 Furthermore, non-thyroidal illness 

cann further decrease (free) T4 and T3. Non-thyroidal illness is caused by elevated cytokine 

concentrationss in plasma and tissues during cardiopulmonary and infectious disorders 

thatt affect many premature infants. These elevated levels of cytokines inhibit thyroid 

function,, metabolism and thyroid hormone action. The (free) T4 nadir at day 7, however, 

occurss to the same extent in sick and healthy very preterm infants, but recovery from 

thiss nadir is slower in the sick infants.1057 
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II.44 Low thyroid hormone levels in preterm infants and its association with 
clinicall and neurodevelopmental outcome. 

II.4.1.II.4.1. Clinical outcome 

Thyroidd hormone plays an important role in maturation of lung (surfactant synthesis)58, 

brain,, heart and vascular system.59 Many papers have shown a relation between low T4 

andd T3 levels at birth or in the neonatal period and clinical outcome: 

1.. Mortality. 

Loww (free) T4 levels in the first week of life are associated with a higher mortality rate, 

thee risk on death being 4 - 6 times higher in infants with T4 level< -2.3 nmol/1.6061 

2.. Respiratory disorders. 

Alreadyy in the early seventies different studies were published on the relation between 

T44 or T3 levels in cord blood and respiratory distress syndrome (RDS).62"64 Preterm 

infantss with RDS also more often have very low T4 and T3 levels in the first week of 

life.55655 This is caused by a combination of low levels of the transport proteins (TBG 

andd albumine) and low free thyroid hormone levels.6566 Infants with low T4 levels in 

thee first week of lif e need more days on supplemented oxygen, more days on the 

ventilatorr and longer hospitalization.67 

3.. Cerebral damage. 

Ann increased risk of intra-ventricular hemorrhage but not of periventricular leuko-

malaciaa was found in infants who had very low T4 levels.68 Other investigators did 

showw a twice-increased risk of cerebral white matter damage in the form of 

echolucencies699 in infants with low T4. 

Althoughh a causal relationship between low T4 or T3 levels and immaturity of the different 

organn systems is suggested by all of these studies, they do not provide evidence for this. 

11.4.211.4.2 Neurodevelopmental outcome 

Becausee thyroid hormone is required for normal brain maturation, the relation between 

transientt hypothyroxinemia and developmental outcome has been subject of study. 

Inn two population-based cohort studies of very low birth weight infants of less than 33 

weekss gestation an association was found between the severity of the transient 

hypothyroxinemiaa and neurodevelopment.687071 Data were available from the screening 

onn congenital hypothyroidism and measured T4 in the first week of life. At 2 years of age, 

Reusss et al.68 found a 4.4 fold increase of disabling cerebral palsy in infants with T4 levels 

beloww -2.6 SD and a mean difference of 6.8 points on the Bayley mental developmental 
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scoree compared to infants with a SD of higher than -1.3 SD. Meijer et al.71 found a 3.5 fold 

increasee of delayed psychomotor development in infants with T4 levels below - 3.1 SD at 

22 years, and in the same cohort an increased risk of handicap was demonstrated at 5 years 

off  age and of school failure at 9 years.70 In another study, an association was found between 

loww T3 levels in the neonatal period and a delay in mental development at 18 months72, 

whilee at 8 years a 6.6 point IQ difference was demonstrated.73 In all 3 cohort studies the 

associationss persisted after correction of risk factors for abnormal neurodevelopmental 

outcome.. Apart from neurodevelopmental studies also specific effects on myelination were 

studied.. De Vries et al. found a delayed motor nerve conduction velocity in preterm infants 

withh low T4 levels (< 60 nmol/1), the delay was about 1 to 3 weeks in maturation time.74 

I l ll  OPTIMIZATION OF THYROID HORMONE SUPPLY IN THE FETAL 

ANDD NEONATAL PERIOD 

IH.11 Thyroid hormone treatment in pregnant women 
IIIIII  A A Maternal hyperthyroidism 

Inn the majority of pregnant women with hyperthyroidism, Graves' disease is the 

underlyingg pathology. Thyreotoxicosis during pregnancy is characterized by low serum 

TSHH concentrations and/or elevated FT4 levels. The incidence of hyperthyroidism during 

pregnancyy varies from 0.05 to 0.2%.575 Neonatal hyperthyroidism occurs in 1% to 8% of 

infantss born from mother with Graves' disease76 and is commonly due to the 

transplacentall  passage of thyroid stimulating antibodies, which are responsible for the 

pathogenesiss of Graves' disease. Although neonatal hyperthyroidism is usually a transient 

disease,, it is associated with fetal death up to 20%77, congenital malformations, longterm 

morbidityy and developmental problems.4 Hyperthyroidism during pregnancy is usually 

treatedd with thyreostatics resulting in FT4 concentrations in the upper part of the normal 

referencee range and TSH levels in the lower part of the normal reference range to decrease 

thee risk of fetal and neonatal hypothyroidism.6 7 

IIIA.2IIIA.2 Maternal hypothyroidism and maternal hypothyroxinemia 

Maternall  hypothyroidism (low FT4 levels and high TSH levels, both outside the normal 

range)) is usually known before the onset of pregnancy and treated with thyroxine because 

fertilit yy is often impaired in untreated hypothyroid women.56 In normal pregnancy, 

maternall  thyroid need increases during the first trimester (see II . 1 and II.2) when the 

fetuss is entirely dependent on the mother for thyroxine. Therefore, levothyroxine 
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treatmentt has to be raised with 25% to 509c to reach low normal TSH levels.78 In case of 

optimall  thyroxine treatment, the fetus wil l be euthyroid throughout pregnancy and will 

developp normally. If maternal thyroid stimulating and/or thyroid inhibiting antibodies 

aree present, transient neonatal hyperthyroidism or hypothyroidism may occur.6 

Theree is an ongoing debate whether or not all pregnant women should be screened 

duringg pregnancy on hypothyroxinemici (FT4 levels within the low-normal range, <lOth 

percentile,, and TSH levels within the normal range) that occurs much more frequent in 

pregnantt women and has also been associated with developmental delay in their 

offspring41477 4X (see also II.2.2). 

HI.22 Antenatal TRH treatment to improve clinical outcome in preterm born 
infants s 

Thee major cause for neonatal death in preterm infants is respiratory distress syndrome 

(RDS)) due to surfactant deficiency. RDS is associated with very low T4 and T3 levels in 

thee first week of life (see paragraph 1.2.1.1.). Antenatal glucocorticoid therapy has been 

shownn efficacious in decreasing the incidence of RDS and to lower the mortality rate.79 

Thyroidd hormone can stimulate surfactant, as was demonstrated in animal studies. A supra-

additivee effect of thyroid hormone and corticosteroids has been found.80 The potential 

valuee of antenatal administration of T4 and T3 to the fetus via the mother to accelerate 

lungg maturation is limited because these hormones will be partly inactivated by the placenta. 

Ann alternative approach to produce elevated thyroid hormone levels in the fetus is to 

administerr TRH to the mother. TRH is a tripeptide that readily crosses the placenta. 

TRHH treatment affects the fetal and neonatal thyroid state. It induces a rapid increase 

inn fetal plasma TSH levels with subsequent elevation of both T3 and T4 concentrations. 

Thee fetal response to antenatal TRH is much greater than the maternal response, which 

mayy be a consequence of reduced negative feedback on the pituitary because the fetal 

thyroidd hormone concentration is lower than that in postnatal life.81 Pituitary-thyroid 

functionn is subsequently transient suppressed after TRH administration and in infants 

whoo are born during the early phase of suppression postnatal surge of T3, T4 and TSH is 

lowerr than normal.8284 

III.2.1III.2.1 Intervention trials with antenatal TRH treatment in pregnant women in case of 

imminentimminent preterm delivery 

Fromm 1988, several clinical trials of antenatal TRH in addition to corticosteroids 

administeredd to women at risk of preterm birth have been conducted to reduce the risk of 

neonatall  mortality and neonatal lung disease. In a meta-analysis published by Crowther*5 no 
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Tablee 1: Randomized clinical trials of antenatal TRH supplementation on clinical outcome 

Author r 

Knightt 1994101 

ACTOBAT T 
19955 KM 

Ballardd 1998105 

Chilee 1998106 

Europee 1999107 

Population n 

nn = 405 
infants s 

nn = 1397 
infants s 

nn = 297 
infants s 

nn = 370 
infants s 

nn = 275 
infants s 

Combinedd antenatal treatment 

Corticosteroidss plus 100 (ig 
TRHH every 12 hours for 
44 doses or until delivery 
Corticosteroidss plus 200 (ig 
TRHH every 8 hours for 
44 doses or until delivery 
Corticosteroidss plus 400 ug 
TRHH every 8 hours for 
44 doses or until delivery 
Corticosteroidss plus 400 (ig 
TRHH every 8 hours for 
44 doses or until delivery 
Corticosteroidss plus 400 (ig 
TRHH every 8 hours for 
44 doses or until delivery 

Neonatall  outcome 

Death h 
RDS S 
Chronicc lung disease 
RDS S 
Needd for ventilation 
Deathh or 02 at day 28 
Deathh or chronic lung 
disease e 
RDS S 
RDS S 
Death h 
022 at day 28 
Deathh or 02 at day 28 
RDS S 

* **  RR 1.17 (1 .00-1 .36) ## RR 1.15(1.01 - 1.31) 
## RR 0.27 (0.09 - 0.75) * RR 0.63 (0.43 - 0.94) 

Results s 
Treatment t 

4/83 3 
24/83 3 
24/83 3 

242/684 4 
292/684 4 
170/684 4 
41/131 1 

91/131 1 
41/172 2 
28/172 2 
14/172 2 
34/136 6 
59/136 6 

Placebo o 

18/99# # 
45/99* * 
41/99 9 
208/6855 * * 
255/6855 ## 
157/685 5 
40/137 7 

105/137 7 
29/160 0 
24/160 0 
10/160 0 
43/139 9 
49/136 6 

overalll  effect of the combined treatment could be demonstrated. Eleven trials were identified 

thatt provided clinically meaningful data. Only five of them used adequate treatment allocation, 

weree placebo controlled and used an intention to treat analysis. Different TRH regimens 

weree used, which makes making comparisons difficult (see table 1). 

Whenn data of the five trials are combined, antenatal TRH in addition to corticosteroids 

hass no beneficial effects for any of the infant outcomes: death, death or need for oxygen 

att 28 days, chronic oxygen dependence, need for oxygen therapy, the risk of RDS or 

severee RDS. A relative risk of 1.16 (CI 1.03 - 1.29) for the use of mechanical ventilation 

cann be calculated, indicating that antenatal TRH increases the risk of infants needing 

ventilation. . 

III.2.2III.2.2 Effect of antenatal TRH treatment on developmental outcome 

Thee only study that examined the consequences of antenatal TRH treatment for 

neurodevelopmentall  outcome86 reported a delayed development in children of the TRH 

group.. TRH treated children showed an increased risk of motor delay (RR 1.31, 95% CI 

1.09-1.56),, motor impairment (RR 1.51, 95% CI 1.01-2.24), sensory impairment (RR 

1.97,, 95% CI 1.10-3.53) and social delay (RR 1.25, 95% CI 1.03-1.51). This follow-up 

studyy has been criticized because the questionnaire that was used lacked psychometric 

qualitiess such as validity, reliability and normative data.87 
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III.33 Neonatal thyroid treatment in preterm born infants to improve short 
termm and long term outcome 

1113.11113.1 Interventions trials with neonatal thyroid hormone treatment 

Fromm 1985, clinical trials of thyroid hormone replacement have been conducted to 

improvee neonatal mortality and morbidity and/or developmental outcome. In a meta-

analysiss published by Osborn88 no overall effect of thyroxine or T3 supplementation 

couldd be demonstrated in the investigated populations. Although the meta-analysis did 

detectt almost all clinical trials published and therefore should give a representative 

answer,, very different study designs were used, making comparison difficult. 

Tablee 2: Randomized clinical trials of thyroid hormone supplementation on clinical and 
neurodevelopmentall  outcomes 

Author r Populationn Other interventions Treatment Neonatall  outcome 

Chowdryy 1984s" 25 - 28 wks. Surfactant 
<< 1250 grams. Steroids t 
T4<< 4 mg/dl or TRH 
TSHH <20mU/l 

NN = 23 

Vanholee I997"2 25 - 30 wks 

NN =40 

vann Wassenaer < 30 weeks 
199741 1 

Surfactantt no 
Steroidss t yes 
TRHH yes 

Surfactantt yes 
Steroidss t yes 
TRHH no 

10|ig/kg/dayy T4 
dayy 14 - 66 

111 T4 treatment 
122 placebo 

200 ug/kg /day T4 
dayy 1 - 14 

200 T4 treatment 
200 placebo 

88 ug /kg/day T4 
dayy 1 - 42 

Mortality y 
BPDD or O, at day 28 
PDA A 

Mortality y 
BPDD or O, at day 28 
PDA A 

Mortality y 
BPDD or O, at day 28 
PDA A 

NN = 200 1000 T4 treatment 
1000 placebo 

Smithh 2(X)0* << 32 weeks and 
6000 - 1500 g 

NN - 4 7 

Surfactantt yes 
Steroidss t yes 
TRHH no 

100 ug /kg/day T4 
dayy 1 - 21 

299 T4 treatment 
188 placebo 

## assessed at uncorrected age, ## assessed at corrected age. 
**  only 2 babies in each group were followed until 2 yrs 
§§ number of infants assessed in treatment vs placebo group 
tt use of antenatal steroids to prevent RDS 

Mortality y 
BPDD or O, at day 2Ï 
PDA A 
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Only y fourr clinical trials were conducted as randomized placebo controlled trials8992 

(tablee 2). In these trials only thyroxine was supplemented, different dosage schemes of 8 

too 20 microgram/kg/day and with treatment periods of 2 to 6 weeks. 

III.3.2 III.3.2 EffectEffect of neonatal thyroid hormone treatment onon clinical outcome 

Whenn data of the four trials on mortality are combined an odds ratio of 0.60 (CI 0.32 

-- 1.11) cann be calculated. In all these trials the effect onn respiratory insufficiency was 

studiedd but no effect could be demonstrated. PDA showed a tendency to occur less 

frequentlyy in T4 treated infants, with a 

effectt on growth 

Results s 
Treatment t 

l / i i i 
6/11 1 
noo data 

3/20 0 
11/20 0 
noo data 

14/100 0 
37/100 0 
21/100 0 

2/29 9 
15/29 9 
12/29 9 

Placebo o 

2/12 2 
7/12 2 

3/20 0 
11/20 0 

21/100 0 
34/100 0 
29/100 0 

3/18 8 
10/18 8 
11/18 8 

combinedd odds ratio of 0.67 (CI 0.37 - 1.12). No 

hass been found after T4 supplementation.92 Also no effect on the 

Neurodevelopmental l 
outcomee § 

Bayleyy lyr # 
PDI I 
MDI I 

Bayleyy 2 yr * 

Bayleyy 7 m ## 
PDI I 
MDI I 

Bayleyy 6 m ## 
PDI I 
MDI I 

Bayleyy lyr 
PDI I 
MDI I 

Bayleyy 2 yr 
PDI I 
MDI I 

Noo assessments 

Results s 
Treatment t 

n=5 5 
68.44  13.5 
65.66  19.1 

noo data 

n=17 7 
977 3 
888 3 

n=77 7 
101.11  17.1 

99.11  16.9 
n=81 1 

98.33  22.8 
106.55  18.5 
n=81 1 
89.33  20.1 
93.22  22.5 

Placebo o 

n=3 3 
66.33  14.4 
77.00  16.5 

n=17 7 
1022  1 
933 2 

n=72 2 
99.22  15.7 
95.11  14.9 
nn =74 
92.88  22.7 
1044  19.9 
n=75 5 
86.22  20.8 
96.77  26.4 
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occurrencee of intracerebral hemorrhage or periventricular leukomalacia could be 

demonstratedd in infants treated with T4 supplementation90'", while motor nerve conduction 

velocityy did not improve.93 

Inn four other non randomized treatment trials441", mortality or neonatal illness were 

describedd to improve after thyroid hormone treatment but because of the non-randomized 

character9",, the number of exclusions after randomization94, or numbers not analyzed 

accordingg to the study group97 the results are difficult to interpret. 

111.3.3111.3.3 Effect of neonatal thyroid hormone treatment on neurodevelopmental outcome 

untiluntil 2 years 

Thee effect of thyroxine administration on neurodevelopmental outcome was evaluated 

inn three of the four randomized placebo-controlled trials including infants of less than 

300 weeks gestational age (see table 2). Chowdry and co-workersK9 examined mental and 

psychomotorr development in 8 children at 1 year of age, and in only 4 children at two 

years.. Vanhole and colleagues92 assessed mental and psychomotor outcome in 34 children 

att the corrected age of 7 months. In our own trial91, neurodevelopmental outcome was 

studiedd in 158 surviving children at the corrected ages of 6, 12, and 24 months (table 2). 

Thesee 3 trials did not show an improvement of neurodevelopmental outcome in the first 

twoo years after T4 supplementation. However, at 2 years of age we found less (ns) children 

withh an abnormal mental, psychomotor or neurological outcome. Combined with lower 

mortalityy this resulted in a trend to better overall outcome in T4 supplemented children.98 

Becausee the risk of developmental problems is increased in children of younger 

gestationall  ages and these children have had the lowest T4 levels, we have evaluated the 

gestationall  age dependent treatment effects in our own trial.99 Most positive effects of the 

treatmentt were found in infants born at 25/26 weeks. Before 2 years of age no gestational 

agee dependent treatment effects were found. At the age of two years, an improvement of 18 

pointss on the Mental Scale of the Bayley was found in T4 treated children of 25/26 weeks' 

gestation.. In this subgroup, no T4 treated children with an abnormal neurological outcome 

weree present and motor and behavioral outcome was also better. 

IVV SCOPE OF THIS THESIS 

Thiss thesis describes the neurodevelopmental outcome of children who experienced 

transientt low or high thyroid hormone levels during a period of rapid brain development. 

Maternall  thyroid disease, preterm birth and intervention of thyroid function (TRH) are 
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threee possible causes of inadequate thyroid hormone supply in the fetus and neonate 

thatt are addressed in this thesis. The major topic of this thesis concerns long-term outcome 

off  very preterm born children who participated in the neonatal T4 trial. 

Inn chapter 2, the methods are described that are used to assess neurodevelopmental 

outcomee at different ages. In chapter 3, developmental outcome in children is studied 

whoo experienced imbalances in fetal thyroid hormone levels caused by maternal thyroid 

failure.. In chapter 4, the effects of antenatal TRH supplementation on neurodevelop-

mentall  outcome are examined. 

Thee following chapters concern the developmental outcome of the children at different 

agess who participated in the neonatal T4 trial. Effects of the treatment on neurologic and 

psychomotorr outcome until 2 years of age have been published earlier.91" 10° Effects of 

thee treatment on behavior assessed at 2 years are studied in chapter 5, and, effects on 

neurodevelopmentall  outcome at early school age are described in chapter 6. Outcome of 

thyroxinee treated children and placebo children were combined to study risk factors for 

behaviorall  problems in very preterm born toddlers (chapter 7), and to study the proportion 

veryy premature born children with developmental problems in none, one or more 

developmentall  domains at early school age (chapter 8). Finally, in chapter 9, a summary 

andd conclusions of the main results of this thesis will be provided. 
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INTRODUCTION N 
Neurologicc outcome, motor skills, cognitive abilities and social-emotional well being 

weree examined at different ages. Neurologic outcome was assessed using qualitative 

methods.. Motor skills, cognitive abilities and behavior were assessed using standardized 

measurements.. Widely used methods, preferably with Dutch norms available, were chosen. 

Inn case of premature birth outcome was assessed at corrected ages. 

2.11 Neurologic assessment techniques 
Neurologicc outcome was assessed at 6 and 12 months according to the method of 

Touwen1,, at the age of two years according to Hempel2 and at five years to Touwen.3 

Untill  the age of 2 years abnormality was defined as severe abnormality of tone, posture 

andd movement leading to functional impairment and/or a delay in motor development. 

Suspectt neurologic outcome was defined as a moderate abnormality of tone, posture and 

movementt leading to only a minor functional impairment.4 

Att five years of age neurologic outcome was classified as: normal, minor neurological 

dysfunctionn (MND) or cerebral palsy (CP). MND was diagnosed when one or more 

abnormalitiess occurred in posture, muscle tone, muscle power, reflexes, coordination 

andd balance, or in the occurrence of involuntary movements. CP was diagnosed if the 

completee neurologic syndrome with abnormalities in posture, tone and reflexes was 

present.. CP was classified according to Hagberg.5 

2.22 Motor assessment methods 
Motorr development at 6, 12 and 24 months was assessed using the Dutch version of 

thee psychomotor scale, one of the subscales of the Bayley Scales of Infant Development 

forr ages 2 through 30 months.6 It measures gross and fine motor movements. Raw scores 

weree transformed into standardized scores, the Psychomotor Developmental Index (PDI), 

accordingg to Dutch norms ranging from 50 to 150. Mean score is 100 with a standard 

deviationn (sd) of 16. Motor development was considered normal when a child obtained 

aa PDI >84. Motor development was considered as mildly delayed when a child obtained 

aa PDI that lies more than one standard deviation below but less or equal than two standard 

deviationss below 100 (>68 and <84). A PDI in this range indicates a delay in motor 

developmentt of approximately two to three months at one year of age, and three to six 

monthss at the age of two years. Motor development was considered seriously delayed 

whenn a child received a PDI below two standard deviations of 100 (<68). This reflects a 

delayy in motor functioning of at least three months at the age of one year and a delay of 

sixx months at two years of age. 
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TABLEE 1: Methods used to assess neurodevelopmental outcome at different ages in the 3 study groups 

Agess of assessment. Study Group 1 
correctedd for prematurity 'Maternal thyroid disease' 

66 months 

Studyy Group 2 
'Antenatall  TRH administration' 

122 months 

244 months 

Neurologicc examination: Touwen' 
Mentall  and motor development: Bayley6 

Neurologicc examination: HempeP 
Mentall  and motor development: Bayley6 

Neurologicc examination: Touwen' 
Mentall  and motor development: Bayley6 

Neurologicc examination: HempeP 
Mentall  and motor development: Bayley6 

5Vi5Vi years 

Att the age of five years motor function was assessed using the Movement Assessment 

Batteryy for Children (Movement ABC).7 The Movement ABC consists of 4 age bands 

fromm 4 through 12 years. Performances on manual dexterity, ball skills, static and dynamic 

balancee were measured. Scores range from 0 to 5: a score of 0 was given when the child 

passedd the task and a score of 5 when it failed the task. A total motor impairment score 

(rangingg from 0 to 40) was computed by summing the scores on all motor tasks, with 

higherr scores indicating more motor problems. Severity of motor problems could be 

distinguishedd by cutoff scores for mild and severe motor problems which are represented 

byy the 15th (>10.5) and 5th (>17) percentile, respectively, of the (English) reference 

population. . 

2.33 Cognitive tests 
Cognitivee development at 6, 12 and 24 months was assessed using the Dutch version 

off  the mental scale, another subscale of the Bayley Scales of Infant Development.6 It 

measuress sensory-perceptual skills, understanding of object constancy, memory, problem 

solvingg ability and early language acquisition. Standardized scores are expressed by the 

Mentall  Developmental Index (MDI) and determined the same way as the PDI (see above). 

AA standard score < 84 and > 68 at one year of age indicates a mild delay of approximately 

onee to three months, and two to five months at the age of two years. A score < 68 at one 

yearr of age indicates a serious delay of at least three months and of at least five months 

att two years. 
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Studyy group 3 
'Neonatall  T4 administration' 

Neurologicc examination: Touwen' 
Mentall  and motor development: Bayley6 

Neurologicc examination: Touwen' 
Mentall  and motor development: Bayley6 

Neurologicc examination: Hempel2 

Mentall  and motor development: Bayley6 

Behaviorr questionnaire: CBCL 2/34 

Neurologicc examination: Touwen3 

Motorr test: Movement ABC7 

Intelligencee test: RAKIT8 

Behaviorr questionnaires: CBCL 4-18" 
andd TRF" 

CBCLL 2/3: Child Behavior Checklist for ages 2 to 3 years 
Movementt ABC: Movement Assessment Battery for Children 
RAKIT:: Revised Amsterdam Children's Intelligence Test 
CBCLL 4-18: Child Behavior Checklist for ages 4 to 18 years 
TRF:: Teacher Report Form 

Too assess cognitive function at the age of five years the Revised Amsterdam Children's 

Intelligencee Test (RAKIT, short version) for 4 to 11 years was used.8 Administration of 

thee short version of the RAKIT takes about 45 minutes to one hour. Performances on six 

subscaless were measured including abstract reasoning, passive vocabulary, visual-motor 

skills,, memory, and visual discrimination and word fluency. Raw scores are transformed 

too standardized scores. The norm score (IQ score) of the test is 100 with a standard 

deviationn (SD) of 15, IQ scores range from 56 to 145. Severity of cognitive problems can 

bee distinguished by cutoff scores representing mild problems (IQ score >70 and <85) 

andd severe problems (IQ score <70). 

2.44 Behavior questionnaires 
Att the age of 2 years, parents completed the Child Behavior Checklist for ages 2 to 3 

yearss (CBCL 2/3).9 At the age of five years, parents answered questions on the Child 

Behaviorr Checklist for ages 4 to 18 (CBCL 4-18)10" and teachers completed the Teacher 

Reportt Form (TRF).12 '3 The CBCL 2/3 comprised 100 behavior descriptions, both CBCL 

4-188 and TRF comprised 113 descriptions that are almost identical. The CBCL 4-18 also 

includess a competence scale that is standardized from 6 years and therefore not suitable 

forr the children in our studies. The informants were requested to score the child's behavior 

withinn the last 2 months (CBCL 2/3 and TRF) or within the last 6 months (CBCL 4-18) on 

aa 3-point scale: a 0 if the item is not true of the child, a / if the item is somewhat or 

sometimessometimes true, and a 2 if it is very true or often true. On the CBCL 2/3, scores on 6 
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scaless were computed; social withdrawal, depressed behavior, sleep problems, somatic 

problems,, aggressive behavior, and destructive behavior. On the CBCL4-18 and TRF, 

scoress on 8 scales were computed; social withdrawal, somatic complaints, depressed 

behavior,, social problems, think problems, attention problems, delinquent behavior, and 

aggressivee behavior. In addition, two broad-band dimensions of behaviors were obtained: 

internalizingg behaviors (comprising the items of the social withdrawal and depressed 

behaviorr scales (CBCL 2/3) and also items on the somatic complaints scale (CBCL 4-18 

andd TRF)), and externalizing behaviors (comprising the items on the aggressive and 

destructivee behavior scales (CBCL 2/3) or the items on the delinquent and aggressive 

behaviorr scales (CBCL 4-18 and TRF)). By summing all the items a total problem score 

(TPS)) for each questionnaire could be obtained. 

Severityy of behavior problems can be distinguished by the borderline and clinical 

cutofff  point, corresponding with standardized norm scores of 60 and 63, respectively. 
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ABSTRACT T 
AA prospective observational study was performed in pregnant women 

withh known thyroid disease. We studied the effect of maternal thyroid 

functionn in the first half of pregnancy on the neurologic development 

off  the infant in the first 2 years of life. 

Clinicall  and thyroid function data were collected from 20 pregnant 

womenn with known thyroid disease and their newborn children. Infants 

weree divided into three groups according to their maternal thyroid 

functionn within the first half of pregnancy: Group A (n=7): maternal 

subclinicall  hypothyroidism. Group B (n=6): maternal euthyroidism, and 

Groupp C (n-7): maternal hyperthyroidism or clinical hyperthyroidism. 

Neurophysiologic,, i.e. motor nerve conduction velocity and 

somatosensoryy evoked potentials and neurologic and developmental 

(Bayleyy Scales) assessments were done. One infant, born to a mother 

withh Graves' disease, developed transient hyperthyroidism. At the age 

off  6 and 12 months, the mean mental developmental index (MDI) score 

wass 16 points lower for infants in Group A than for those in Group B 

(/>=0.033 and 0.02, respectively). At the age of 24 months, the mean 

MDII  score was 6 points lower, which was not statistically significant. 

Neurophysiologicc and neurologic assessments and the mean 

Psychomotorr Developmental scores did not differ among the three 

groups. . 

Inn conclusion, maternal subclinical hypothyroidism in the first half of 

pregnancyy was associated with lower MDI score in their infants during 

thee first year of life. 

44 4 



NeurologicNeurologic development of the infant in relation to maternal thyroid function 

INTRODUCTION N 

Thyroidd hormone is essential for normal brain development.1 Thyroid hormone 

deficiencyy or excess during brain development, as in congenital hypothyroidism2 and 

thyrotoxicosis3,, respectively, can cause problems in motor and cognitive development.2 3 

Maternall  thyroid disease, too, can influence fetal thyroid state and may thus interfere 

withh normal brain development.4 5 In the case of maternal hypothyroidism, impaired 

maternall  thyroid hormone contribution to the fetus may be harmful, at least until mid-

gestationn when the fetal thyroid system starts functioning.6 In maternal autoimmune 

thyroidd disease, after onset of fetal thyroid function, placental passage of TSH-binding 

inhibitoryy immunoglobulins (TBII ) and antithyroid agents can cause fetal thyroid 

dysfunction.. Moreover, the presence of maternal thyroid peroxidase antibodies (anti-

TPO)) with normal thyroid function has been described in association with impaired 

developmentt during early childhood.7 

Att present, maternal and fetal thyroid function are better understood then in the past 

andd there has been good progress in the management of /ryperthyroidism and 

/ry/?othyroidismm during pregnancy.8 However, the effect of maternal thyroid disease on 

thee fetus may still be underestimated, especially until mid-gestation. During pregnancy, 

diagnosticc methods to assess fetal /ry/?erthyroidism and hypothyroidism are limited, i.e. 

measuringg fetal heart rate (tachycardia) and ultrasound imaging (goitrogenesis, growth 

retardation).. Only at birth can directly observable physical signs and symptoms, as well 

ass thyroid function tests in cord blood, be assessed. However, these only provide 

informationn about the very last state of pregnancy. 

Neurophysiologicc and neurologic developmental follow-up can be done to reveal the 

consequencess of transient changes in fetal thyroid hormone levels. Our aim was to 

investigatee whether maternal thyroid function within the first half of pregnancy affects 

neurologicc development of the infant during the first 2 years of life. 

PATIENTSS AND METHODS 
Patients Patients 

Beforee mid-gestation, pregnant women were consecutively included (after informed 

consent)) between January 1993 and March 1995. The study was approved by the Research 

andd Ethics Committee of the Academic Medical Center in Amsterdam. The inclusion 

criterionn was diagnosis of thyroid disease, not including gestational thyrotoxicosis. The 

exclusionn criteria were birth and a gestational age <32 weeks and non-thyroidal endocrine 

problems. . 
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Methods Methods 
Clinicall  data included diagnosis of thyroid disease and treatment, ethnic origin and 

educationall  level. Also, neonatal data, including gestational age, sex, birth weight, birth 

weightt percentile, Apgar scores and plasma bilirubin levels, were collected. Thyroid 

function,, <TSH, FT4, T3) in maternal plasma within the first, second and third trimesters 

off  pregnancy was assessed. Neonatal thyroid function was assessed in cord plasma. TSH 

andd FT4 were measured by time-resolved fluoroimmunoassay (Delphia hTSH Ultra and 

Delphiaa FT4, Wallac Oy, Turku, Finland). T3 was measured by in house RIA. Inter-assay 

variationss were 3-6%, 4-8%, and 5-8%, respectively. Reference values (minimum-

maximumm values) found in normal pregnant women were used according to Berghout et 

al.. (Table lb).4 For cord blood, reference values were used according to Klein and 

Mitchell.100 Euthyroidism was defined if TSH and T4 and T3 concentrations were within 

thee reference values. Hypothyroidism was defined if TSH was above the maximum 

referencee value and FT4 was below the minimum reference value. Subclinical 

/?v/7othyroidismm and subclinical /?y/wthyroidism were defined if TSH was above the 

maximumm and below the minimum reference value, respectively, and FT4 was within 

referencee values. Hyperthyroidism was defined if TSH was below the minimum reference 

valuee and FT4 was above the maximum reference value. 

Tablee lb: Reference values (min -max range) in thyroid function tests in pregnant women." 

11 st trimester 2nd trimester 3rd trimester 

TSH(mU/l)) 0.3-2.0 0.5-2.3 0.5-2.7 
FT4(pmol/l)) 7.4-24.2 5.1-14.3 6.1-14.3 
T3(nmol/l)) 2.0-3.6 2.2-3.8 2.4-4.1 

Infantss were divided into three groups according to maternal thyroid state within the 

firstt half of pregnancy: maternal hypothyroidism and subclinical hypothyroidism (Group 

A),, maternal euthryoidism (Group B) and maternal hyperthyroidism and subclinical 

hyperthyroidismm (Group C). In Group C, TBII were quantitatively assessed in maternal 

plasmaa after mid-gestation and in cord plasma by radio receptor assay (Trak-assay, Brahms, 

Berlin,, Germany). Inter-assay variation was 8-15%, TBII was assessed positive if >15 U/L. 

Neurophysiologicc measurements were taken 2 weeks after birth and at 3, 6 and 12 

monthss of corrected age. Corrected age is defined as age corrected for preterm birth, i.e. 

agee from the expected date of birth. A mobile measuring machine was used (Neuropack 

Fourr Mini , model MEB-5304K-Nihon Kohden, Tokyo, Japan). Motor nerve conduction 

velocityy (MNCV) was measured in the ulnar and posterior tibial nerve as described by 
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Moosaa & Dubowitz." The cortical N peak latency in the somatosensory evoked potentials 

(SEPs)) was measured after stimulation of the median nerve according to Desmedt et al.12 

Thesee neurophysiologic methods were used to assess maturation of the peripheral and 

centrall  nervous system in relation to maternal thyroid function. The infants were tested 

withoutt sedation, while awake. MNCV and SEP recordings took about an hour to complete, 

weree stored on disk and reassessed later as described earlier.1314 During follow-up, 

neurologicc development and performance on the Bayley Scales of Infant Development 

weree assessed by a developmental paediatrician and developmental psychologist at 6, 

122 and 24 months of corrected age. Neurologic development at 6 and 12 months was 

assessedd by Touwen's method15 and at 24 months by Hempel's method.16 The Mental 

Developmentall  Index and Psychomotor Developmental Index scores were determined 

accordingg to Dutch standard norms (mean  SD: 100  16).17 Investigators were blind to 

dataa of maternal and fetal thyroid state. 

StatisticalStatistical analysis 
Categoricall  data were analyzed using the c2 test for two-way and multi-way tables 

(BMDP-7.1®® 4F). Continuous data were analyzed using one-way ANOVA. Ulnar and 

posteriorr tibial nerve conduction velocity and cortical N peak latency in the median 

nervee SEP were compared among the three groups by linear regression analysis using 

twoo dummy variables (BMDP-7.1® 1R). The MDI and PDI scores in the three groups 

weree also tested by linear regression. Covariates in these models were maternal ethnic 

originn and educational level. A p value of <0.05 was considered statistically significant. 

RESULTS S 
PatientPatient population 

Wee enrolled 20 pregnant women with known thyroid disease between January 1993 

andd March 1995. Thirty-nine patients met the inclusion criterion. In eight cases the 

obstetriciann or midwife omitted to introduce them to the investigators. In six cases consent 

wass refused, in five cases one of the exclusion criteria applied (i.e. maternal non-thyroidal 

endocrinee problems (n=4), and birth at a gestational age <32 weeks (/?=!)). 

ClinicalClinical  data, thyroid function (TSH, FT4, T3) and TSH-binding inhibitory 
immunoglobulinsimmunoglobulins (TBII) 

Infantss were divided into three groups according to maternal thyroid state within the 

firstt half of pregnancy, i.e. Group A: maternal hypothyroidism (n=Q) or subclinical 

47 7 



ChapterChapter 3 

Tablee la: Thyroid function tests in pregnant women grouped according to thyroid state before mid-gestation 
(mediann [min-max range)). 

1stt trimester 2nd trimester 3rd trimester 

Groupp A 

<n=7) ) 

Groupp B 

(n=6) ) 

Groupp C 

(n=7) ) 

TSH(mU/l) ) 

FT44 (pmol/1) 

T33 (nmol/1) 

TSHH (mU/I) 

FT44 (pmol/1) 

T33 (nmol/1) 

TSHH (mU/1) 

FT44 (pmol/1) 

T33 (nmol/1) 

5.30 0 

14.80 0 

1.85 5 

1.60 0 

17.70 0 

1.83 3 

<0.10 0 

53.7 7 

7.90 0 

(0.6--

(12.0 0 

(1.50 0 

(1.40 0 

(15.3 3 

(1.80 0 

«0.10 0 

(23.4 4 

(2.25 5 

20.7) ) 

-19.7) ) 

-2.60) ) 

-1.80) ) 

-20.0) ) 

-1.85) ) 

-<0.1) ) 

-84.0) ) 

-13.5) ) 

3.60 0 

12.60 0 

2.87 7 

1.70 0 

15.80 0 

2.60 0 

0.10 0 

18.40 0 

2.30 0 

(0.55 -6.2) 

(9.00 -19.6) 

(2.59(2.59 -3.8) 

(1.33 -2.1) 

(10.44 -23.0) 

(2.155 -3.40) 

(<0.10-0.5) ) 

(12.55 -42.0) 

(2.00 -7.80) 

0.90 0 

16.10 0 

3.53 3 

2.80 0 

12.10 0 

2.70 0 

0.10 0 

18.40 0 

2.65 5 

(0.1 1 

(10.2 2 

(3.30 0 

(0.6 6 

(11.6 6 

(2.30 0 

«0.1 1 

(12.2 2 

(2.40 0 

-5.3) ) 

-18.9) ) 

-4.05) ) 

-5.8) ) 

-13.0) ) 

-2.90) ) 

-0.6) ) 

-43.0) ) 

-6.40) ) 

hypothyroidismm (n=7), Group B: maternal euthyroidism (n=6), Group C: maternal 

hyperthyroidismm (n=4) or subclinical hyperthyroidism (n=3). In 16 infants, maternal 

TSHH values were collected from the first trimester onwards. In the other four infants the 

firstt maternal thyroid function test was assessed early on in the second trimester before 

mid-gestation.. One infant had maternal TSH values within reference values during the 

firstt trimester, which increased above the maximum reference value within the second 

trimesterr before mid-gestation and was therefore placed in Group A. Maternal thyroid 

functionn in pregnancy in the three groups is summarized in Table la. During pregnancy, 

manyy dose alterations were carried out by attending physicians in order to maintain 

euthyroidism.. In Group C, three cases of maternal or neonatal TBII were found. One of 

thesee developed a transient hyperthyroidism for which treatment with antithyroid agents 

wass needed. In all other 19 newborn infants, normal TSH and thyroid hormones were 

foundd in cord blood. Baseline clinical characteristics are summarized in Table 2. During 

pregnancyy and delivery no other problems were encountered. Apgar scores for all infants 

weree >7 at 5 minutes postpartum. None of the infants developed hyperbilirubinemia. 

MotorMotor nerve conduction velocity (MNCV) 
Ulnarr and posterior tibial MNCV values in relation to corrected age at time of 

measurementt indicate that reduction was 10% (n=2) 2 weeks after birth and 10%, 15%, 

40%% (n=2, 3, 8) at 3, 6 and 12 months of age, respectively. The reductions were mainly 

causedd by practical parental reasons and parental discomfort with the time-consuming 

aspectss of measuring MNCV in addition to the other assessments made at that time. MNCV 
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Tablee 2: Baseline clinical characteristics in infants bom to mothers with thyroid disease, grouped according to 
maternall  thyroid state before mid-gestation (number or mean  SD}.* 

Gestationall  age (d) 
Sexx (male) 
Birthh weight (g) 

Groupp A (n=7) 

8 8 
4 4 

35099 3 
SGA«P10)) 0 
Maternall  thyroid state 

Congenitall  hypothyroidism 1 
Auto-immunee hypothyroidism 4 
Graves'' disease 2a 

Thyroidd carcinoma 0 
Treatmentt during pregnancy 

Thyroxinee 7 
Antithyroidd agents 1 

Maternall  ethnic origin: Caucasian 6 
Maternall  educational level 

Low w 
Middle e 
High h 

2 2 
3 3 
2 2 

Groupp B(n=6) 

276  12 
3 3 

30399  264 
2 2 

1 1 
3 3 
2h h 

0 0 

5 5 
1 1 
4 4 

2 2 
0 0 
4 4 

Groupp C (n=7) 

8 8 
3 3 

31655 4 
0 0 

0 0 
0 0 
5 5 
2 2 

2 2 
5 5 
5 5 

2 2 
5 5 
0 0 

**  no statistically significant differences were found among the three groups 
aa one patient after treatment with l31I 
bb one patient after subtotal thyroidectomy 

increasedd with age. Ulnar and posterior tibial MNCV values found were comparable to 

thosee of healthy infants.18 Overall, no significant differences were found among the values 

off  the three groups. 

CorticalCortical Nj peak latency in the somatosensory evoked potentials (SEPs) 
Dataa reduction for measuring N} peak latency in relation to corrected age at time of 

measurementt was the same as for MNCV measurements. N peak latency decreased with 
age.. At week 2 after birth, N, peak latency in the SEPs in infants in Groups A and C 
seemedd to be prolonged (33.5  6.6 ms (n=7), 32.8  6.1 ms (n=7), respectively) compared 
too infants in Group B (30.7  4.9 ms, n-4). This difference, however, was not statistically 
significantt (p=0.76). 

NeurologicNeurologic assessment 
Inn all patients the neurologic outcome at 6, 12 and 24 months was normal. 

ScoresScores on the Bayley Scales of Infant Development 
Thee infants' mean MDI and PDI scores in the three groups at ages 6, 12 and 24 months 

aree summarized in Table 3. Data reduction was 15% (n=3), 10% (n=2) and 15% (n=3) at 
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Tablee 3:Bayley scores in infants born to mothers with thyroid disease, grouped according to maternal thyroid 
statee before mid-gestation (mean  SD) 

Groupp A (n=7) 

Groupp B (n=6) 

Groupp C (n=7) 

MDI I 
PDI I 
MDI I 
PDI I 
MDI I 
PDI I 

n n 

7 7 
7 7 
5 5 
5 5 
5 5 
5 5 

66 Months 
Bayy ley score 

95.77  14.7* 
104.44  9.0 
112.4  13.2 
106.44  31.8 
99.2++ 2.6 

106.22  12.6 

n n 

6 6 
6 6 
6 6 
6 6 
6 6 
6 6 

122 months 
Bayy ley score 

107.88  15.3* 
98.22  8.9 

123.55  17.8 
101.77 6 
113.77 0 

111.0  10.1 

n n 

5 5 
5 5 
5 5 
4 4 
7 7 
7 7 

244 months 
Bayleyy score 

104.22 0 
95.44  27.4 
110.66 6 
98.55  14.3 
108.11 + 14.5 
104.11  17.5 

**  p <().()5 Group A compared to Group B 

6,, 12 and 24 months, respectively. This was caused by parental refusal (n=4, 2 of whom 

refusedd twice) and lack of cooperation of the infant (n=2). One infant in Group B was 

uncooperativee during testing of the psychomotor scale at 24 months and one infant in 

Groupp A was uncooperative during testing of both mental and psychomotor scales at 12 

andd 24 months. The latter showed behavioral problems during testing. 

Att ages 6 and 12 months, the overall effect among the three groups for MDI was not 

significantt (p=0.09 and 0.19, respectively; after adjustment for covariates p=0.01 and 

0.07,, respectively). However, at these time-points the mean MDI score was 16 points 

lowerr for infants in Group A than for those in Group B, which reached statistical 

significancee (p=0.03 and 0.08, respectively; after adjustment for covariates p=0.03 and 

0.02,, respectively). At age 24 months, the mean MDI score was 6 points lower for the 

infantss in Group A than for those in Group B, which was not statistically significant. The 

differencee in the mean MDI score between the infants in Group C compared to Group B 

att 6, 12 and 24 months was 13, 10 and 2 points, respectively, which was not statistically 

significant.. The mean PDI score was not statistically different among the three groups at 

anyy time. In a subanalysis. comparing the TBII positive (n=3) and TBII negative (n=4) 

infantss in Group C at the age of 24 months, the mean MDI and PDI scores were 16 and 24 

pointss lower in the group of TBII positive infants. Because of the small sample size this 

wass not tested statistically. 

DISCUSSION N 

Thiss study demonstrated that in infants born to mothers with known thyroid disease, 

maternall  subclinical hypothyroidism in the first half of pregnancy was associated with a 

lowerr Mental Developmental score during the first year of life. 

Inn humans, in normal and pathological conditions, the contribution of maternal 
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thyroxinee to fetal pool is largely unknown. However, in severe congenital hypothyroidism, 

substantiall  maternal-fetal transfer of thyroxine has been demonstrated.19 In addition, 

dataa from animal experiments demonstrate significant placental transport of thyroid 

hormones.'200 The precise mechanism by means of which abnormal maternal thyroid 

functionn can lead to fetal neurologic developmental disorders is only partly understood.21 

Inn iodine deficiency during pregnancy, however, a consistent association between 

maternall  thyroid function and cognitive and motor development in the infant has been 

demonstrated.222 The association between hypothyroxinemic mothers and developmental 

disorderss was first demonstrated by Man et al.5 Liu et al., however, did not find any 

differencess in the IQs of eight children born to mothers with hypothyroidism during 

earlyy pregnancy as compared to the IQs of siblings who were not exposed to maternal 

hypothyroidism.233 The use of total IQ scores (Suzuki-Binet Intelligence test) at a later 

agee (4-15 years) may have contributed to their results. In our opinion, it is important to 

continuee follow-up of our study to the age of 5 years, or even longer. 

Ourr study is the first of its kind in which neurophysiologic methods were used to 

assesss maturation of the nervous system in newborns and young children in relation to 

maternall  thyroid function. In cretins, slow MNCV has been demonstrated to reflect a 

delayy in maturation of the peripheral nerves. 

Inn this study, the values of ulnar and posterior tibial nerve MNCV were comparable to 

thosee of healthy infants.18 Possibly, after onset of fetal thyroid function at about mid-

gestation,, maturation of the peripheral nervous system may have normalized. 

Inn patients with primary congenital hypothyroidism, prolonged N, peak latencies in 

mediann nerve SEPs are described during the first year of life.24 In our study, the difference 

inn mean N peak latencies in median nerve SEPs among the infants in the three groups 

wass not statistically significant. In general, however, the values of Nt peak latency in the 

presentt study were near the upper limit of those found in the literature.25 Maternal 

euthyroidismm throughout pregnancy is probably a prerequisite for optimal maturational 

processess in the central nervous system. 

Ourr study underlies the importance of optimal treatment of maternal thyroid disease 

byy attending physicians in order to maintain euthyroidism throughout pregnancy. The 

heterogeneityy of maternal thyroid disease, treatment and fluctuations in thyroid function 

duringg pregnancy may have blurred the contrast among the three groups. A larger study 

groupp would have decreased the width of confidence intervals, resulting in a more precise 

estimationn of any differences in developmental scores among the three groups. Future 

studiess on this topic are needed, preferably on a larger scale and including long-term 

follow-up. . 
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CONCLUSION N 

Inn infants born to mothers with known thyroid disease, maternal subclinical hypo-

thyroidismm within the first half of pregnancy was associated with a lower Mental 

Developmentall  score during the first year of life. 
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ABSTRACT T 
Objective: : 

Methods: : 

Results: : 

Conclusion: : 

Antenatall  TRH administered to pregnant women in imminent preterm 

delivery,, in order to reduce the incidence of RDS, crosses the placenta 

andd stimulates the fetal thyroid gland causing fetal hyperthyroidism 

andd subsequently (aggravated) transient hypothyroxinemia, which may 

havee possible consequences for neurodevelopmental outcome. We 

presentt the effects of antenatal TRH administration on neurodevelop-

mentall  outcome until two years of age. 

Neurodevelopmentall  outcome was studied in infants whose mothers 

weree admitted in the AMC and enrolled in the European Antenatal TRH 

trial.. Mothers were treated for imminent preterm delivery (before 30 

weeks)) with corticosteroids plus either placebo (placebo-group) or TRH 

(TRH-group).. TRH treatment consisted of 400 mg every 8 hours up to 

fourr doses. Assessments included neurological development at 12 

months,, and psychomotor development at 12 and 24 months using the 

Bayleyy developmental scales. 

Sixty-twoo infants were included of which 10 died. Of the surviving 

infants,, 24 received TRH and 28 placebo. Ten infants were lost to 

followw up. Each group consisted of 21 infants. Both groups were 

comparablee regarding gestation age, birth weight and time-interval 

betweenn trial medication and birth. However, in the TRH group more 

respiratoryy problems, ventilator days and chronic lung disease were 

found.. Neurological and motor outcome did not differ between the 

groups,, but lower mental developmental index scores were found in 

thee TRH group at both ages. 

Antenatall  TRH treatment is associated with delay in mental development. 

Thiss study demonstrates the importance of long-term follow-up of 

perinatall  intervention trials with possible consequences for 

neurodevelopmentall  outcome of the infant. 

56 6 



AntenatalAntenatal TRH treatment and neurodevelopmental outcome 

INTRODUCTION N 

Fromm 1989 to 1997 ten clinical trials were conducted to study if combined treatment 

off  antenatal thyrotropin-releasing-hormone (TRH) and glucocorticoids in imminent 

pretermm delivery would prevent respiratory disorders and decrease the risk of neonatal 

deathh in preterm babies.'10 Although short-term clinical effects were the principle outcome 

measure,, indirect positive effects of the combined treatment on neurodevelopmental 

outcomee might also occur since infants with respiratory distress syndrome (RDS) and 

bronchopulmonaryy disease (BPD) have a higher risk on developmental problems." '2 On 

thee other hand, TRH crosses the placenta readily and stimulates the fetal pituitary gland to 

producee thyroid hormones thereby causing intra-uterine hyperthyroidism and subsequently 

cann aggravate transient hypothyroxinemia in premature born babies.13'4 Thyroid hormones 

aree essential for normal development of the central nervous system.15 Imbalances in 

thyroidd hormone supply during rapid brain growth could have consequences for the 

developmentall  outcome of the infants; hyperthyroidism as well as hypothyroidism has 

beenn associated with developmental problems.1617 Thus, antenatal TRH treatment might 

affectt neurodevelopmental outcome in a positive as well as in a negative way. 

Meanwhile,, a systematic review has been published concluding that there is no evidence 

thatt neonatal death significantly decreased or that respiratory disorders are prevented by 

antenatall  TRH treatment.18 Until now, only one study (using a low dosage scheme of 4 

timess 200 mg in 1367 infants) reported on developmental outcome using a parental 

questionnairee at 12 months of age.19 They found an association between antenatal TRH 

andd a delay in major milestone achievements at one year of age. The credibility of this 

follow-upp study has been questioned because the authors did not use a validated 

questionnaire.200 We participated in the European TRH trial.9 Developmental outcome of 

infantss who were enrolled in our hospital was evaluated using standardized assessment 

methods. . 

PATIENTSS AND METHODS 
Participants Participants 

Thee European TRH trial consisted of two concurrent, multicentre, double blind, 

randomized,, placebo-controlled trials with a common core dataset (the Dutch Thyroneth 

trial,, coordinated in Amsterdam and the Antenatal TRH trial coordinated in Oxford). 

Becausee of imminent preterm delivery (<30 weeks) pregnant women received up to 4 

dosess of 400 mg TRH or placebo (2 mL of normal saline) every 8 hours over a 24-hour 

period.. All women received also at least one dose of antenatal corticosteroids. Details of 
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thiss trial have been published elsewhere.9 

Fifty-threee of the 62 infants, who were enrolled in the Academic Medical Center in 

Amsterdamm (one of the participating centers) between March 1996 and July 1997, were 

dischargedd home. In the placebo group 2 infants died antepartum, 1 infant intrapartum, 

andd 4 infants died in the neonatal period. In the TRH group 2 infants died in the neonatal 

periodd and 1 infant died after discharge home. At the age of 1 year, 52 infants were 

availablee for follow-up: 24 surviving infants were exposed to TRH, 28 to placebo. 

Thiss follow-up study was approved by the Committee of Medical Ethics of the Academic 

Medicall  Center in Amsterdam. 

NeurodevelopmentalNeurodevelopmental assessment 
Att the corrected age of 12 months a neurological examination was done according to 

thee method of Touwen21 by a pediatrician (LvS). Neurological outcome was classified as 

normal,, suspect or abnormal. Abnormality was defined as severe abnormality of tone, 

posturee and movement leading to functional impairment or delay in motor development. 

AA suspect outcome was defined as moderate functional impairment or developmental delay. 

Att 12 and 24 months (corrected ages), mental and motor outcome were assessed by a 

developmentall  psychologist (JMB) using the Dutch version of the Bayley Scales of Infant 

Development.""  Mental Developmental Indexes (MDI) and Psychomotor Developmental 

Indexess (PDI) were determined in relation to Dutch norms (mean score of 100, standard 

deviationn of 16). 

Bothh examiners were not involved in the original study and the mothers were not 

informedd about the nature of the trial medication (placebo or TRH). 

Statistics Statistics 
Univariatee analyses were carried out to study differences in baseline characteristics, 

clinicall  data and neurodevelopmental outcome between the two study groups. Categorical 

dataa were analyzed with the chi-square test for 2x2 tables. Continuous data were analyzed 

usingg Students' t-test. Multivariate analyses were done to study the effect of antenatal 

TRHH administration on neurodevelopmental outcome. Predefined confounding variables 

att randomization were included in the model: trial assignment, gestational age at entry 

inn trial, sex of the baby, educational level of the mother, ethnic background, number of 

dosess TRH (<2 versus >3), time interval between first dose and delivery. Posthoc analyses 

weree carried out to study whether clinical characteristics after TRH administration affected 

outcome.. Multivariate analyses included clinical characteristics (such as gestation age at 

delivery,, birth weight ratio, surfactant and postnatal steroids), background characteristics 
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(suchh as sex of the baby, ethnic background and educational level of the mother), variables 

att randomization (number of doses TRH [<2 versus >3] and time interval between first 

dosee and delivery) and trial assignment. 

Statisticss were done using SPSS (version 9.0), p-value <.05 was considered significant. 

TABLEE 1: number of children after discharge home and eligible for follow-up 

TRHH group n=25 Placebo group n=28 

Deathh after discharge home 
Trisomiee 21 
Nott traceable 
Noo consent obtained 
Availablee for follow-up 2 2 

0 0 
0 0 
3 3 
4 4 

21 1 

RESULTS S 

Fifty-twoo surviving infants were eligible for follow-up (see table 1). In the TRH group 3 

infantss (one of them was diagnosed with Down syndrome) and in the placebo group 7 

infantss were lost to follow-up. No differences were found between the children who 

participatedd in the follow-up study and the children who were lost to follow-up with respect 

too background variables, randomization variables or clinical characteristics (data not 

shown).. In each study group 21 infants (TRH: 21/24, 88%; Placebo 21/28, 75%) were 

examinedd at least once. At the age of 1 year, neurologic examination was done in 20 TRH-

treatedd infants and 19 placebo children. Mental and motor outcome were studied in 16 

TRH-treatedd infants at one and two years, in 3 infants only at the age of one year and in 2 

infantss only at the age of two years. In the placebo group, mental and motor outcome were 

examinedd in 19 infants at both ages and in two infants only at the age of two years. 

Tablee 2 presents background and clinical characteristics of the infants in the TRH and 

placeboo group. There were no differences between the 2 groups regarding gestation age, 

birthh weight or time-interval of trial medication to birth. Also no differences in ethnic 

background,, sex of the baby and maternal education were found. However, more 

ventilatorr days (p=.Q41) and more chronic lung disease (p=.002) were found in the TRH 

groupp than in the placebo group. 

Univariatee as well as multivariate analyses were carried out to study the effect of TRH 

administrationn on neurodevelopmental outcome (see table 3). Neurological outcome did 

nott differ between the two groups, although 3 infants in the TRH group versus 0 infants 

inn the placebo group were diagnosed as neurologically abnormal. At the corrected ageof 
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TABLEE 2: Characteristics of the children in foil 

Maternall  age at delivery (years) 
Educationall  level of mother: 

Low w 
Middle e 
High h 

Caucasiann background 
Sexx (male) 
Gestationall  age (days) 
Gestationall  age <28 weeks 
Gestationall  age >37 weeks 
Birthh weight (grams) 
Birthh weight <1500 gram 
Birthh weight ratio 
Noo of doses TRH or Placebo: 

0 0 
1 1 
2 2 
3 3 
4 4 

1stt dose to delivery time: 
< 2 4h h 
244 h-IOd 
>10d d 
Nott applicable* 

Modee of delivery: 
Spontaneouss vaginal 
Instrumental l 
Caesareann section 

Apgarr score at 5 minutes 
Surfactant t 
Dayss on ventilator 
Postnatall  corticosteroids 
Oxygenn at 28 days 
Oxygenn at 36 weeks pma t 
Majorr cerebral abnormalities 

oww up until the 

TRHH group N=21 

31 1 

5 5 
13 3 
3 3 

14 4 
10 0 

212 2 
8 8 
4 4 

1509 9 
16 6 
.99 9 

1 1 
4 4 
1 1 
0 0 

15 5 

5 5 
10 0 
5 5 
1 1 

15 5 
2 2 
4 4 

8.2 2 
8 8 

8.1 1 
7 7 
8 8 
7 7 
2 2 

8 8 

(24%) ) 
(62%) ) 
(14%) ) 
(67%) ) 
(48%) ) 

4 4 
(38%) ) 
(19%) ) 

0 0 
(76%) ) 

 .22 

(5%) ) 
(19%) ) 
(5%) ) 
(07c) ) 
(71%) ) 

(24%) ) 
(48%) ) 
(24%) ) 
(5%) ) 

(71%) ) 
(10%) ) 
(19%) ) 

0 0 
(38%) ) 

2 2 
(33%) ) 
(38%) ) 
(33%) ) 
(10%) ) 

agee of two 

Placebo o 

30 0 

8 8 
9 9 
4 4 

15 5 
9 9 

212 2 
7 7 
2 2 

1445 5 
14 4 

.95 5 

0 0 
0 0 
3 3 
0 0 

18 8 

3 3 
9 9 
9 9 
0 0 

10 0 
4 4 
7 7 

9.0 0 
3 3 

6.9 9 
4 4 
4 4 
0 0 
0 0 

years s 

groupp N=21 

7 7 

(38%) ) 
(43%) ) 
(19%) ) 
(71%) ) 
(43%) ) 

7 7 
(33%) ) 
(10%) ) 

2 2 
(66%) ) 

 .22 

(0%) ) 
(0%) ) 
(14%) ) 
(0%) ) 
(86%) ) 

(14%) ) 
(43%) ) 
(43%) ) 
(0%) ) 

(48%) ) 
(19%) ) 
(33%) ) 

 1.3 
(14%) ) 

44 + 
(19%) ) 
(19%) ) 
(0%)) § 
(0%) ) 

Dataa are presented as n (%) or as mean  standard deviation 
**  1 child was randomized in the TRH group but was not given TRH 
tt need of oxygen at 36 weeks' postmenstrual age. Analyses were done on children born at less than 36 weeks 

gestationn age 
tt p<.05, S p<.01 

122 months, the TRH group scored 14 points less on the Mental Scale of the Bayley than 

thee placebo group (adjusted p=.03). Four infants in the TRH group obtained a score 

beloww one standard deviation of the norm versus none in the placebo group (p=.03). 
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Afterr correction for confounding variables, this difference was no longer significant. 

Meann PDI was also lower in the TRH infants, but the 10-point difference was not 

statisticallyy significant (/?=.08). 

Alsoo at the corrected age of two years, mean MDI was again significantly lower in the 

TRHH group (adjustedp=.0l). The difference in mean PDI diminished to 5 points, but was 

stilll  against the TRH infants. 

TABLEE 3: Neurodevelopmental outcome at 1 and 2 years of age 

Assessmentt at 12 months 
Neurologicall  outcome 

Mil dd abnormal 
Abnormal l 

Bayleyy Scales 
MDIMDI  * (mean  sd) 
MDIMDI  <84 
MDIMDI  <68 
PDII  t (mean  sd) 
PDII  <84 
PDII  <68 
Assessmentt at 24 months 
MDII  (mean  sd) 
MDII  <84 
MDII  <68 
PDII  (mean  sd) 
PDII  <84 
PDII  <68 

TRHH group N=21 

N N 
2 2 
3 3 

105.6 6 
4 4 
1 1 

101.1 1 
3 3 
2 2 

90.8 8 
7 7 
4 4 

94.1 1 
3 3 
1 1 

N= = 

N= = 

== 20 
(10%) ) 
(15%) ) 

19 9 
2 2 

(21%) ) 
(5%) ) 

0 0 
(16%) ) 
(11%) ) 

18 8 
9 9 

(39%) ) 
(22%) ) 

3 3 
(17%) ) 
(6%) ) 

Placebo o 

N N 
1 1 
0 0 

119.8 8 
0 0 
0 0 

111.6 6 
1 1 
0 0 

106.5 5 
3 3 
1 1 

99.1 1 
3 3 
0 0 

groupp N=21 

=19 9 
(5%) ) 
(0%) ) 

N=19 9 
 12.4 t § 

(0%)) t 
(0%) ) 

 15.0 
(5%) ) 
(0%) ) 

N=21 1 
 20.3 t § 

(14%) ) 
(5%) ) 

 11.9 
(14%) ) 
(0%) ) 

Dataa are presented as n (%) or as mean  standard deviation 
**  MDI: Mental Developmental Index 
tt PDI: Psychomotor Developmental Index 
$$ univariate analyses p-value <.05; § multivariate analyses p-value <.05 

Effectt of clinical characteristics after TRH administration on neurodevelopmental 

outcome e 

Moree respiratory problems were found in the TRH group than in the placebo group. 

Thesee are known to be associated with developmental outcome. Therefore, posthoc analyses 

weree carried out to study whether clinical characteristics after TRH administration affected 

outcomee at two years of age. These analyses showed that male sex (adjusted p=.05), TRH 

administrationn (adjusted p=.04) and low maternal education (adjusted p=.007) were 

associatedd with lower MDI scores. 
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DISCUSSION N 

Thiss follow-up study shows that antenatal TRH administration in addition to corti-

costeroidss to pregnant women who were at risk for preterm delivery is associated with a 

delayy in mental development of their children at the (corrected) ages of 1 and 2 years. 

Al ll  infants in the follow-up study were enrolled in the Academic Medical Center in 

Amsterdam,, one of the participating centers of the European antenatal TRH trial. This 

triall  was stopped prematurely in 1997." At that time, 225 women were recruited and 275 

babiess were delivered. Selection bias could have occurred in studying the developmental 

outcomee of children in only one of the participating centers while recruitment was stopped 

beforee due date. The risk of finding results by chance is increased because of this. 

However,, block randomization in each participating center was applied to ensure 

comparabilityy between women allocated to the two treatment groups. Nevertheless, the 

findingg that respiratory problems were found more often in infants who received antenatal 

TRHH to prevent respiratory distress problems still might be caused by chance. Results 

fromm the original group did not show an increased risk of respiratory problems in TRH 

infants.1'' The present finding can also not readily be explained by a skewed distribution 

off  the proportions of infants born in each time window of the treatment. The optimal 

time-windoww is >24 hours to <1<) days after the first treatment dose. Forty-eight percent 

off  the TRH infants and 439c percent of the placebo infants were born in the optimal time-

window.. However, the finding of more ventilation days in the TRH group is in accordance 

withh results from the Cochrane meta-analyses'*  that showed the need of ventilation to be 

increasedd in infants who were exposed to antenatal TRH. In infants who were born more 

thann 10 days after trial entry, the need of oxygen therapy or death at 28 days and RDS 

weree even more common in infants exposed to antenatal TRH than in infants who received 

placebo.. In our follow-up group, only 24% of the infants in the TRH group versus 43r/r 

inn the placebo group were born more than 10 days after trial entry. 

Respiratoryy problems are known to be associated with poor developmental outcome" |: 

andd could thus also explain the difference found in MDI besides TRH treatment. In 

analyzingg the effect of TRH on outcome it is not allowed to correct for phenomena that 

occurredd after randomization because they could be the result of the intervention. 

Therefore,, we investigated the effect of clinical characteristics after TRH administration 

onn outcome. Our findings show that respiratory problems were not associated with a 

delayy in mental development at two years of age, but male sex, low maternal education 

andd TRH administration were. Male sex and low maternal education are known risk factors 

forr developmental problems.23 24 The adverse effect of TRH could be the result of a 
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temporaryy disturbance in the fetal and neonatal thyroid hormone levels during a crucial 

periodd of brain development. Unfortunately, neonatal thyroid hormone levels of the infants 

weree not collected in the European Antenatal TRH trial. TRH crosses the placenta readily 

andd evokes secretion of fetal thyrotropin (TSH), triiodothyronine (T3) and thyroxine 

(T4)) as was found in cord blood of infants born shortly after TRH administration.1314 

Highh levels are subsequently followed by suppressed levels as a result of the negative 

feedbackk system in infants who received more than one dose '\ and suppressed levels of 

T44 but not of T3 were found after a single dose14. Although T3 is the biologically active 

hormone,, brain cells are dependent on T4 for intracellular use. Transient hypothyroxinemia 

hass been described in prematurely born infants and is associated with developmental 

problems.16255 Adverse effects after TRH administration have also been found in the only 

otherr follow up study19 that even used a lower treatment dose. 

Itt is not likely that antenatal TRH treatment wil l be used anymore in clinical practice 

becausee from the meta-analysis18 it is concluded that antenatal TRH to women at risk of 

veryy preterm birth can not be recommended. However, in the past TRH was already used 

inn clinical practice.26 Results of the present study emphasize the importance not only of 

randomizedd controlled trials but also of long-term follow up of clinical intervention 

trialss in the perinatal period with a possible interference of neurodevelopment of the 

newbornn baby. 

ACKNOWLEDGEMENTS S 

Wee thank the children and their parents for their cooperation. 

REFERENCES S 
1.. Collaborative trial of prenatal thyrotropin-releasing hormone and corticosteroids 

forr prevention of respiratory distress syndrome. Collaborative Santiago Surfactant 
Group.. Am J Obstet Gynecol 1998;178:33-9. 

2.. Australian collaborative trial of antenatal thyrotropin-releasing hormone (ACTOBAT) for 
preventionn of neonatal respiratory disease. Lancet 1995;345:877-82. 

3.. Knight DB, Liggins GC, Wealthall SR. A randomized, controlled trial of antepartum 
thyrotropin-releasingg hormone and betamethasone in the prevention of respiratory disease in 
pretermm infants. Am J Obstet Gynecol 1994;171(1):11-6. 

4.. Morales WJ, O'Brien WF, Angel JL, Knuppel RA, Sawai S. Fetal lung maturation: the combined 
usee of corticosteroids and thyrotropin-releasing hormone. Obstetrics & Gynecology 1989;73 
( l ) : l l l -6 . . 

5.. Campos G, Herrman F, Dorner M, et al. In: Moya FR, Gross I. Combined hormonal therapy 
forr the prevention of respiratory distress syndrome and its consequences. Semin Perinatol 
1993;17:267-74. . 

6.. Ceriani J, Cernades C, Fustihara C, Althabe F, Althabe O. Controlled trial of prenatal beta-
methasonee (B) plus TRH for prevention of respiratory distress syndrome (RDS) in preterm 
infants.. Pediatr Res 1992;32:738. 

63 3 



ChapterChapter 4 

7.. Carlan SJ, Parsons, O'Brien WF, Krammer J. Pharmacologic pulmonary maturation in preterm 
prematuree rupture of membranes. Am J Obstet Gynecol 1991; 164:371. 

8.. Jikihara H, Sawada Y, Imai S, Morishige K, Taniguchi T, Nohara A, Lynn S, Miyanishi K, 
Shimizuu I, Sumida H, Fujimura M, Suehara N, Takeuchi T. Maternal administration of 
thyrotropin-releasingg hormone for prevention of neonatal respiratory distress syndrome. 
Proceedingss of 6th Congress of the Federation of the Asia-Oceania Perinatal Societies (87). 
Perth,, Western Australia, 1990. 

9.. Alfirevi c Z. Boer K, Borcklehurst P, Buimer M, Elbourne, Kok J, et al. Two trials of antenatal 
thyrotrophin-releasingg hormone for fetal maturation: stopping before the due date. Antenatal 
TRHH Trial and the Thyroneth Trial Groups. Br J Obstet Gynaecol 1999;106(9):898-906. 

10.. Ballard RA, Ballard PL, Cnaan A, Pinto-Martin J, Davis DJ, Padbury JF. et al. Antenatal 
thyrotropin-releasingg hormone to prevent lung disease in preterm infants. North American 
Thyrotropin-Releasingg Hormone Study Group. N Engl J Med 1998;338(8):493-8. 

11 1. Singer L, Yamashita T, Lilien L, Collin M, Baley J. A longitudinal study of developmental 
outcomee of infants with bronchopulmonary dysplasia and very low birth weight. Pediatrics 
1997;100(6):987-93. . 

12.. Majnemer A, Riley P, Shevell M, Birnbaum R, Greenstone, Coates AL . Severe bronchopulmonary 
dysplasiaa increases risk for later neurological and motor sequelae in preterm survivors. Dev 
Medd Child Neurol 2000:42(1 ):53-60. 

13.. Ballard PL, Ballard RA, Creasy RK, Padbury J. Polk DH. Bracken M, et al. Plasma thyroid 
hormoness and prolactin in premature infants and their mothers after prenatal treatment with 
thyrotropin-releasingg hormone. Pediatr Res 1992;32(6):673-8. 

14.. Moya F, Mena P, Foradori A, Becerra M, Inzunza A, Germain A. Effect of maternal 
administrationn of thyrotropin releasing hormone on the preterm fetal pituitary-thyroid axis. J 
Pediatrr 1991:119(6):966-71. 

15.. Timiras PS, Nzekwe EU. Thyroid hormones and nervous system development. Biol Neonate 

1989;55(6):376-85. . 
16.. Den Ouden AL , Kok JH, Verkerk PH, Brand R, Verloove-Vanhorick SP. The relation between 

neonatall  thyroxine levels and neurodevelopmental outcome at age 5 and 9 years in a national 
cohortt of very preterm and/or very low birth weight infants. Pediatr Res 1996;39( 1): 142-5. 

17.. Kopelman AE. Delayed cerebral development in twins with congenital hyperthyroidism. Am 
JJ Dis Child 1983;137(9):842-5. 

18.. Crowther CA, Alfirevi c Z, Haslam RR. Prenatal thyrotropin-releasing hormone for preterm 
birth.. Cochrane Database Syst Rev I999;(2):CD000019. 

19.. Crowther CA, Hiller JE, Haslam RR. Robinson JS. Australian Collaborative Trial of Antenatal 
Thyrotropin-Releasingg Hormone: adverse effects at 12-month follow-up. ACTOBAT Study 
Group.. Pediatrics 1997;99(3):3 1 1-7. 

20.. McCormick MC. The credibility of the ACTOBAT follow-up study. Pediatrics 1997:99(3):476-8. 
21.. Touwen BCL. Neurological development in infancy. No. 58 of Clinics in Developmental 

Medicine.. London: Willia m Heinemann Medical books; 1976. 
22.. Van der Meulen BF, Smrkovsky M. De Bayley Ontwikkelings Schalen (BOS 2-30). Handleiding. 

Lisse:: Swets and Zeitlinger; 1983. 
23.. Hill e ET, den Ouden AL , Bauer L. van den Oudenrijn C, Brand R, Verloove-Vanhorick SP. 

Schooll  performance at nine years of age in very premature and very low birth weight infants: 
perinatall  risk factors and predictors at five years of age. Collaborative Project on Preterm and 
Smalll  for Gestational Age (POPS) Infants in The Netherlands. J Pediatr 1994;125(3):426-34. 

24.. Oberklaid F, Sanson A. Pedlow R, Prior M. Predicting preschool behavior problems from 
temperamentt and other variables in infancy. Pediatrics 1993;91 (1): 1 13-20. 

25.. Reuss ML , Paneth N, Pinto-Martin JA, Lorenz JM. Susser M. The relation of transient 
hypothyroxinemiaa in preterm infants to neurologic development at two years of age. N Engl 
JJ Med 1996;334(13):821-7. 

26.. De Zegher F, Vanhole C, Van den Berghe G, Christiaens B, Devlieger H, Spitz B. Thyroid 
functionn 6 years after prenatal treatment with thyrotropin- releasing hormone. Pediatrics 
1997;100(6):1042-3. . 

64 4 



C h a p t e r r 5 5 

Evaluationn of the effect of thyroxine 
supplementationn on behavioural outcome in 

veryy preterm infants 

Judyy M. Briët, Aleid G. van Wassenaer, Anneloes van Baar, Friedo W. Dekker, 
Jokee H. Kok 

DevelopmentalDevelopmental Medicine & Child Neurology J 999; 41:87-93 



Two-hundredd infants of <30 weeks gestational age were included in 

aa randomized double-blind controlled trial to study the effect of 

thyroxinee administration on neurodevelopmental outcome in very 

pretermm children. The infants were given either a fixed dose of 

thyroxinee (8 M-g/kg birth weight/day) or placebo for the first 6 weeks 

off  life. This paper evaluates the effect of thyroxine administration 

onn behavioural outcome at the age of 2 years. More externalizing, 

especiallyy destructive, behaviours were found in the group given 

thyroxinee than in the placebo group. This difference was more 

pronouncedd in boys and in children born after 27 weeks' gestation. 

Thee thyroxine-treated children with behavioural problems had lower 

plasma-freee thyroxine levels than the thyroxine-treated children 

withoutt behavioural problems. This finding suggests that the 

presencee of more behavioural problems in the group given thyroxine 

wass not an immediate consequence of the treatment. 
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INTRODUCTION N 

Transientt hypothyroxinemia is often found in children born before 30 weeks' gestation.' 
33 Despite the fact that thyroid hormones are essential for normal brain development4, it has 

beenn assumed that thyroid hormone administration is not required as hormone 

concentrationss spontaneously reach normal levels (comparable to the levels of healthy 

termm infants) within a few weeks.5 

Veryy preterm children (born at <30 weeks' gestation) are at risk of developmental 

problemss in several areas such as neurological function, cognitive development, and 

behaviour.613 3 

Neurologicall  problems, delay in mental and motor development, and poor cognitive 

outcomee have been related to low thyroid and triiodothyronine concentrations during 

thee neonatal period.1417 It is not yet known whether behavioural outcome of very preterm 

childrenn is also related to these concentrations. From animal studies it is known that 

adequatee thyroid-hormone levels are required for normal development of brain structures 

suchh as the hippocampus, cerebellum, caudate, corpus callosum, and visual and motor 

indices.. 4 ,8 In children with attention deficit hyperactivity disorder (ADHD)18 and in 

childrenn with congenital hypothyroidism (CH)4, subtle anomalies have been found in 

thesee brain regions. Preliminary evidence suggests that thyroid-hormone levels may 

correlatee with some symptoms of hyperactivity.1920 There are also strong indications that 

veryy preterm children are at increased risk for symptoms of ADHD.21 ~ Studies of children 

treatedd for congenital hypothyroidism (CH) have shown that behavioural problems are 

associatedd with thyroxine concentrations; low as well as high concentrations have a 

negativee impact on behavioural outcome. Low neonatal plasma-thyroxine concentrations 

havee been associated with difficulties in temperament in 6-month-old infants with CH23, 

andd with a higher incidence of deviant behaviour disorders24 and a sustained attention 

deficit255 in school-age children. A combination of high thyroxine and thyrotropin levels 

duee to high treatment doses was associated with poor attention but less hyperactive 

behaviour.266 A high starting dose of L-thyroxine (> 10.0 |ig/kg daily) was associated 

withh internalized behavioural problems, problems with misconduct, and hyperactivity.23 

Thesee results suggest that inadequate thyroxine levels during the period of transient 

hypothyroxinemiaa may be related to the behavioural outcome of very preterm children. 

Betweenn 1991 and 1993 a clinical trial was undertaken in our hospital to study the 

effectt on neurodevelopmental outcome of administering thyroxine to very preterm 

infants.277 Results of this study showed that thyroxine administration had no clear effect 

onn neurodevelopmental outcome in the first 2 years of life. However, a significant 

improvementt in mental outcome was found in thyroxine-treated infants bom at <27 weeks' 
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gestationn compared with the placebo infants of the same gestational age.28 

Thiss current paper evaluates the effect of thyroxine administration on behavioural 

outcome.. To ascertain whether thyroxine supplementation also has a beneficial effect 

onn the behavioural outcome of children of 25 and 26 weeks' gestation, separate analyses 

weree carried out for children born at <27 weeks' gestation and children born at >27 

weeks'' gestation. As behavioural problems are more prevalent in boys7912 and associated 

withh thyroxine levels, the effect of sex and plasma free thyroxine concentrations on 

behaviourall  outcome was analysed separately for the study and control groups. 

Thiss study was approved by the Committee of Medical Ethics of the Academic Medical 

Centree in Amsterdam. 

METHOD D 

Subjects Subjects 
Thee original cohort comprised 200 infants, born at <30 weeks' gestation between 

Januaryy 1991 and July 1993, who were admitted to the neonatal intensive-care unit within 

244 hours. Inclusion criteria were as follows: gestational age between 25 and 30 weeks, 

absencee of severe congenital abnormalities, no maternal endocrine disease, and no 

maternall  illici t drug use. 

ThyroxineThyroxine and Placebo administration 
Thee infants were randomly and blindly assigned to receive either thyroxine («=100) 

orr placebo («=100). Trial medication was started 12 to 24 hours after birth. The infants 

weree given a fixed dose of thyroxine (8 |-ig/kg birthweight/day) or placebo for 6 weeks. 

Triall  assignment remained blinded for all investigators, medical staff, and parents during 

thee 2-year follow-up study. 

Assays Assays 
AA lmL blood sample was taken from each infant before thyroxine or placebo 

administration,, and then on day 3, weekly during the trial medication, and 2 weeks after 

discontinuationn of the treatment. Each time the plasma free thyroxine level was measured. 

Plasma-freee thyroxine was assessed by a two-step radio-immunoassay (SPAC-ft4 fraktion, 

Byk-Sangtecc Diagnostica, Dietzenbach, Germany) (detection limit, 1.0 pmol/L; intra assay 

variation,, 2.8%; inter assay variation, 5.7%). 
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BehaviouralBehavioural assessment 
Thee Dutch version of the Child Behavior Checklist for ages 2 to 3 years (CBCL/2-3) 

wass used for behavioural assessment.2930 This behaviour checklist is a parent questionnaire 

comprisingg 99 descriptions of behavioural problems. The CBCL/2-3 was mailed to the 

child'ss home 1 month before their 2-year follow-up assessment. Most parents returned 

thee completed questionnaire when they attended the hospital for their child's assessment; 

occasionallyy the parents returned the completed questionnaire by mail. 

Eachh behaviour description on the questionnaire is scored: 0, when the description 

doess not fit the child's behaviour; 1, when it is occasionally correct; and 2, when it is 

frequentlyy correct. 

Scoress on six scales of the checklist (social withdrawal, depressed behaviour, sleep 

problems,, somatic problems, aggressive behaviour, and destructive behaviour) are 

computed.. In addition, two broad-band dimensions of behaviours are obtained: internalized 

behaviourss (comprising the items of the social withdrawal and depressed behaviour scales) 

andd externalized behaviours (comprising the items of the aggressive and destructive 

behaviourr scales). A total problem score is obtained by summing all the items. 

Childrenn with a score above the borderline cut-off point are judged to have serious 

behaviourall  problems. The borderline cut-off point for the scale scores is the 95th centile 

off  the reference population, whilst that for the broad-band dimensions and the total 

problemm score is the 85th centile.30 

StatisticalStatistical analysis 

Thee prevalence of serious behavioural problems is represented by the percentage of 

childrenn with a CBCL/2-3 score above the borderline cut-off point, i.e. 95th centile (scale 

scores)) and 85th centile (broad band dimensions and total problem score). Categorical 

dataa were analysed using the x2 test. 

Differencess in mean scores between the study and control groups on the total problem 

dimension,, the two broad-band dimensions, and the six scales of the CBCL/2-3 were 

analysedd with Student's t test. 

Thee effect of thyroxine supplementation on behavioural outcome (represented by the 

meann scores on the scales and dimensions) was tested with multivariate linear-regression 

analysis.. Some factors known to affect child development in general, or specific for 

veryy preterm children were used as covariates: sex, educational level of the mother, ethnic 

background,, gestational age, growth retardation, intubation at birth, and use of surfactant. 

Thee same covariates have been used in the reports on this study by Van Wassenaer et al.27 

Cerebrall  ultrasound findings are also a strong predictor of behavioural problems such 
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ass ADHD/1 Due to the fact that cerebral abnormalities developed while trial medication 

wass given, main analyses were performed without this covariate hut separate analyses 

weree done with inclusion of cerebral ultrasound findings in the model. Different results 

withh these ultrasound findings, if they occurred, are discussed later. 

Analysiss of variance for repeated measures was used to evaluate differences in plasma-

freee thyroxine levels, measured during the first 8 weeks after birth, between children with 

seriouss behavioural problems and children without behavioural problems (represented by 

aa total problem score above or beneath the 85th centile respectively). These analyses were 

Tablee 1: Characteristics, perinatal, and clinical details of the thyroxine-treated group and placebo group 

Ethnicc background (Non-White) 
Mothers'' educational level 

Primaryy school 
Secondaryy school ' 
Tertiaryy education * 
Unknown n 

PerinatalPerinatal period before start of trial 
Sexx (male) 
Gestationall  age (d) " 
Birthweightt (g)" 
Growthh retardation: < 1 Oth centile 
APGARR score at 5 min " 

Intubationn at birth 
Surfactantt rescue therapy 
Intrauterinee infection 
ClinicalClinical period during trial medication 
Patentt ductus arteriosus 
Necrotisingg enterocolitis 
G\\ 36wk pma 1 

Septicaemias s 
Cerebrall  haemorrhage 

Total l 
Gradee 3 or 4 

Cerebrall  ischaemia 
Total l 
Gradee 2 or 3 

Ventriculomegaly y 

Thyroxinegroup p 
N== 76 (<7r) 

13(17) ) 

3(4) ) 
599 (80) 
12(16) ) 
2(3) ) 

400 (53) 
1988 8 

10955  222 
111 (15) 
9  1 

233 (30) 
255 (33) 
5(7) ) 

155 (20) 
11 (1) 

13(17) ) 
188 (24) 

311 (41) 
5(7) ) 

111 (15) 
2(3) ) 
2(3) ) 

Placebogroup p 
N=68(%) ) 

8(12) ) 

2(3) ) 
511 (75) 
155 (22) 

--

300 (44) 
1977 9 

11122 0 
6(9) ) 
9  1 

233 (34) 
199 (28) 
3(4) ) 

200 (29) 
11 (2) 

14(21) ) 
166 (24) 

233 (30) 
4(6) ) 

10(15) ) 
0(0) ) 
3(4) ) 

Includess only the children of the respondent group 
Noo significant differences were found in characteristics, perinatal and clinical details between the thyroxine 
andd placebo group 
secondaryy school/high school, technical and vocational training for 16 to 18 year olds 
technicall  and vocational training for 18+, university 
meanss  SD 
oxygenn requirement at 36 weeks postmenstrual age 
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performedd separately for the group given thyroxine and the placebo group. 

Inn the analyses, hormone level was examined as a function of time, behavioural 

problems,, and an interaction term between time and behavioural problems. The same 

covariatess were used as in the multivariate regression model. 

RESULTS S 
Att 2 years of age, 157 children of the original 200 were available for the follow-up 

assessment:: 35 children had died, the parents of seven children withdrew their cooperation 

fromm the study, and one child moved abroad. 

Parentss of 144 children (92%) completed the behaviour questionnaire. Questionnaires 

off  13 children (thyroxine group n= 6, placebo group n= 7) were not returned. The parents 

whoo did respond differed from those who did not respond only with respect to ethnic 

background;; more of the parents who did not respond were of a non-white ethnic 

backgroundd (62% versus 15% of the group who did respond, p<0.01). Further details are 

onlyy given for the parents who did respond. The thyroxine group consisted of 76 children 

andd the placebo group of 68 children. In Table 1, descriptive characteristics as well as 

perinatall  and neonatal characteristics of both groups are presented. No differences in 

socio-economicc background nor in clinical outcome during the neonatal period were 

found. . 

BehaviouralBehavioural problems 
Tablee 2 shows the number of thyroxine-treated children and placebo children with 

seriouss behavioural problems. Thirty percent of the children in the thyroxine group and 

27%% of the children in the placebo group had scores above the borderline cut-off point 

onn one or more behaviour scales. More children in the thyroxine group than in the placebo 

groupp had serious behavioural problems, but the differences were not significant (all p 

valuess > 0.08). 

Subgroupp analyses showed no significant differences in the number of children with 

seriouss behavioural problems comparing thyroxine and placebo subgroups born at <27 

weeks'' gestation (all p values >0.41). More thyroxine-treated children born at >27 weeks' 

gestationn had serious behavioural problems, but the differences were not significant (all 

pp values >0.09). 

Whenn analysed separately for both sexes, more boys in the thyroxine group than in 

thee placebo group were found to show serious behavioural problems, but the differences 

weree not significant (all p values >0.11). 
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TABLEE 2 Number of children 

Behaviourr scales 

Totall  problems 
Internalizingg syndrome 
Externalizingg syndrome 

Sociall  withdrawal 
Depressed d 
Sleepp problems 

Somaticc problems 
Agressivee behaviours 
Destructivee behaviours 
Nrr of children with one or 
moree scores: 
>95thh centile (borderline) 
>98thh centile (clinical) 

Tablee 3: Scores on CBCL 2-3 

Behaviourr scales 

withh beh: 

Tot£ £ 

Thyr r 

wiourr | 

ilgroup p 

oxine e 

N=76(9H H 

18 8 

12 2 
25 5 

7 7 
4 4 
2 2 

8 8 
9 9 

11 1 

23 3 
9 9 

(24) ) 

(16) ) 

(33) ) 
(9) ) 

(5) ) 
(3) ) 

(11) ) 
(12) ) 

(15) ) 

(30) ) 

(12) ) 

scales s 

Totalgroup p 

jroblemss above the borderline cut-

(N== 144) 

Placebo o 

N=68(%) ) 

14 4 

10 0 
17 7 
9 9 

6 6 
3 3 

10 0 
5 5 
4 4 

18 8 

10 0 

(N= = 

(21) ) 

(15) ) 
(25) ) 

(13) ) 
(9) ) 
(4) ) 

(15) ) 
(7) ) 

(6) ) 

(27) ) 
(15) ) 

144) ) 

Girlss ( 

Thyroxine e 
N=36(%) ) 

66 (17) 

66 (17) 

77 (19) 
44 (11) 

33 (8) 
11 (3) 
33 (8) 

44 (11) 
33 (8) 

88 (22) 

33 (8) 

Girls s 

offf  point* 

N=74) ) 

Placebo o 

N=38(%) ) 

8 8 

6 6 
9 9 
7 7 

3 3 
3 3 
7 7 
4 4 
2 2 

12 2 

8 8 

(21) ) 

(16) ) 
(24) ) 

(18) ) 

(8) ) 
(8) ) 

(18) ) 

(11) ) 
(6) ) 

(32) ) 
(21) ) 

N=74) ) 

Boys s 

Thyroxine e 

N=40(%) ) 

12 2 

6 6 
18 8 
3 3 
1 1 

1 1 

5 5 
5 5 
8 8 

15 5 
6 6 

(30) ) 
(15) ) 
(45) ) 

(8) ) 
(3) ) 
(3) ) 

(13) ) 
(13) ) 
(20) ) 

(38) ) 
(15) ) 

Boys s 

(N== 70) 

Placebo o 

N=30(%) ) 

66 (20) 

44 (13) 
88 (27) 
22 (7) 

33 (10) 
00 (0) 
33 (10) 

11 (3) 
22 (7) 

66 (20) 

22 (7) 

(N== 70) 

Thyroxinee Placebo 
n=766 n=68 

Meann (SD) Mean (SD) 

Thyroxinee Placebo 
n=366 n=38 

Meann (SD) Mean (SD) 

Thyroxinee Placebo 
n=400 n=30 

Meann (SD) Mean (SD) 

Totall  problems 
Internalizingg syndrome 
Externalizingg syndrome 
Sociall  withdrawal 
Depressed d 
Sleepp problems 
Somaticc problems 

Agressive e 

Destructive e 

37.4(20.1) ) 
7.88 (5.6) 

15.44 (8.7) 
3.77 (3.2) 

4.22 (3.0) 
2.44 (2.4) 
3.22 (2.5) 

10.44 (5.6) 

5.00 (3.7) 

33.2(21.9) ) 
7.44 (6.7) 

12.11 (8.5)* 
3.44 (4.0) 

3.99 (3.2) 
2.55 (2.5) 
3.55 (3.1) 
8.44 (5.8)* 

3.66 (3.3)** 

34.3(23.1) ) 
7.33 (6.5) 

13.77 (8.8) 

3.55 (3.8) 
3.88 (3.4) 
2.66 (2.7) 
3.22 (2.6) 

9.11 (5.8) 
4.66 (3.5) 

34.8(22.5) ) 
7.99 (7.2) 

12.55 (8.9) 
3.88 (4.5) 

4.11 (3.3) 
2.77 (2.7) 
3.88 (3.4) 
8.66 (6.0) 

3.77 (3.4) 

40.2(16.7) ) 

8.33 (4.5) 
16.99 (8.4) 
3.88 (2.8) 
4.55 (2.6) 

2.33 (2.1) 
3.11 (2.5) 

11.55 (5.2) 

5.44 (3.9) 

31.11 (21.4) 
6.77 (6.1) 

11.66 (8.2) 1 

3.00 (3.5) 

3.77 (3.1) 
2.22 (2.2) 

3.22 (2.7) 
8.22 (5.5)+ 

3.55 (3.1)* 

Meann scores on the CBCL/2-3 broad-band dimensions and behaviour scales are presented 

inn Table 3. By univariate and multivariate analysis, significant higher mean scores were 

foundd for the thyroxine-treated children than for the children in the placebo group on the 

destructivee behaviour scale (R2=0.14, adjusted p=0.03). A trend of a negative effect of 

thyroxinee administration on externalized behaviours was found (R2=0.14, adjusted p=0.06). 

Exclusionn of children with severe cognitive and neurological impairment in separate 

analysess did not change these results. 
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<27weeks s 

Thyroxine e 
N=12(%) ) 

55 (42) 
22 (17) 
55 (42) 
11 (8) 
11 (8) 
00 (0) 
00 (0) 
11 (8) 
33 (25) 

44 (33) 
11 (8) 

<27weeks s 

'gestation n 

Placebo o 
N= = 

4 4 
3 3 
4 4 
2 2 
2 2 
1 1 
4 4 
1 1 
2 2 

6 6 
2 2 

15(%) ) 

(26) ) 
(20) ) 
(26) ) 
(13) ) 
(13) ) 
(7) ) 

(26) ) 
(7) ) 

(13) ) 

(40) ) 
(13) ) 

'gestation n 

>277 weeks 

Thyroxine e 
N=64(%) ) 

13 3 
10 0 
20 0 
6 6 
3 3 
2 2 
8 8 
8 8 
8 8 

19 9 
8 8 

(20) ) 
(16) ) 
(31) ) 
(9) ) 
(5) ) 
(3) ) 

(13) ) 
(13) ) 
(13) ) 

(30) ) 
(13) ) 

>277 weeks 

gestation n 

Placebo o 
N=53(%) ) 

100 (19) 
77 (13) 

133 (25) 
77 (13) 
44 (8) 
44 (8) 
66 (11) 
44 (8) 
44 (8) 

122 (23) 
88 (15) 

gestation n 

Thyroxinee Placebo 
n=122 n=15 

Meann (SD) Mean (SD) 

Thyroxinee Placebo 
n=644 n=53 

Meann (SD) Mean (SD) 

39.3(22.8)) 34.3(22.8) 
7.55 (5.3) 7.5 (5.9) 

15.6(10.4)) 12.5 (9.2) 
3.55 (2.7) 3.3 (3.0) 
4.00 (3.1) 4.1 (3.3) 
2.11 (2.4) 2.1 (2.7) 
3.33 (1.8) 3.9 (3.6) 

10.22 (6.4) 8.2 (6.1) 
5.44 (4.2) 4.3 (3.5) 

37.1(19.7) ) 
7.99 (5.6) 

15.33 (8.4) 
3.77 (3.4) 
4.22 (3.0) 
2.55 (2.4) 
3.11 (2.7) 

10.44 (5.5) 
4.99 (3.6) 

32.9(21.9) ) 
7.44 (7.0) 

12.00 (8.4)* 
3.55 (4.3) 
3.99 (3.2) 
2.66 (2.5) 
3.44 (3.0) 
8.44 (5.8) 
3.44 (3.2)** 

**  No significant differences were found between the 
thyroxinee group and placebo group in number of children 
withh serious behaviour problems 

**  p<0.05, f p<0.01 univariate analyses; *  adjusted p<0.05, 
adjustedd for sex, educational level of the mother, ethnic 
background,, gestational age, growth retardation, intubation 
att birth, use of surfactant 

Analysess within the gestational-age subgroups showed higher mean scores for the 

thyroxinee subgroup >27 weeks' gestation than the placebo group on the destructive 

behaviourr scale (R2 = 0.19, adjusted p= 0.04). No effect of thyroxine supplementation 

onn behavioural outcome was found in children with a gestational age of 25 to 26 weeks. 

Meann scores of the treated and placebo children in the youngest gestational-age group 

weree comparable to the mean scores of the thyroxine-treated and placebo children >27 

weeks'' gestation. 
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Whenn these analyses were carried out separately for both sexes, a negative effect of 

thyroxinee supplementation on behavioural outcome was found in the boys. Thyroxine 

treatedd boys had higher mean scores than placebo boys on the externalized dimension 

(R2=0.27,, adjusted p-0.01), as well as on the aggressive and destructive behaviour scales 

(R2=0.29,, adjusted p=0.01; R2=0.22, adjusted p=0.03, respectively). Also a trend of a 

higherr total problem score was found (R:=0.23, adjusted p=0.06 with inclusion of cerebral 

ultrasoundd findings, R2=0.24, adjusted p=0.09 after exclusion of ultrasound findings). 

Noo effect of thyroxine supplementation on behavioural outcome was found between the 

thyroxine-treatedd and the placebo girls. 

RelationRelation between behavioural problems and plasma-free thyroxine levels 
Too investigate the relation between behavioural problems and plasma-free thyroxine 

levels,, the plasma-free thyroxine time course of children with high total problem scores 

>85thh centile) and of children with normal total problem scores <85th centile) was 

comparedd within the thyroxine and placebo group (see fig. 1). 

Withinn the thyroxine group, the plasma-free thyroxine levels of children with high 

totall  problem scores were found to be significantly lower than those of children with 

normall  total problem scores (p=0.02). However, after adjustment for confounding 

variables,, the difference was not significant (p=0A9). 

o o 
E E 

## thyroxine group; children without behaviour problems 

DD thyroxine group; children with behaviour problems 

AA placebo group; children without behaviour problems 

OO placebo group; children with behaviour problems 

211 28 35 42 

thyroxinee / placebo administration 

56 6 
(postnatall days) 

Meann plasma-free thyroxine concentrations in children with and without behavioural problems (total problem 
scoree >85th centile) in the thyroxine group and placebo group (thyroxine group «=18, n=58 respectively; 
placeboo group n=14, /?=54 respectively). For the sake of clarity, SEM values were not drawn in the figure. 
Theyy range from 0.50 to 4.02 in the thyroxine group and from 0.44 to 1.20 in the placebo group. The highest 
SEMM value was found on day 1 in the thyroxine group. 
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Withinn the placebo group, the plasma-free thyroxine levels of children with high total 

problemm scores were comparable to those of the children with normal total problem scores 

(p=0.53;; adjusted p=0.56). 

DISCUSSION N 

Thyroxinee administration to very preterm infants is not associated with a beneficial 

effectt on the prevalence of behavioural problems. On the contrary, a possible adverse 

effectt of the 

treatmentt on behavioural problems was found in children born at >27 weeks' gestation 

andd in boys. This adverse effect, however, was not related to high plasma-free thyroxine 

levels. . 

Veryy preterm children are hypothyroxinemic (i.e. low plasma-thyroxine levels but 

normall  thyrotropin [TSH] levels) in the neonatal period and are also at risk of neurological 

andd developmental problems similar to those caused by true congenital hypothyroidism 

inn which TSH levels are above the reference range. Most studies have so far investigated 

neurologicall  and cognitive development and less attention has been paid to behavioural 

outcome.. In this study we focussed on behavioural outcome of very preterm children as 

behaviourall  problems can have a significant detrimental effect on family and peer 

relationships,, threaten the ability to succeed in school, and increase the risk of social 

isolation.. As previous studies have shown that behavioural problems are often found in 

pretermm children, it is important that the effect of thyroxine administration (or any other 

interventionn method) on behaviour is also evaluated. 

Fromm studies of children with CH it is known that behavioural problems frequently occur 

afterr high treatment doses of thyroxine2632, but can also occur when plasma-thyroxine 

levelss are low in the neonatal period and within normal limits after treatment.24 25 Also, 

preliminaryy evidence exists to show that thyroid hormones are associated with some aspects 

off  ADHD.1920 

Inn our study we administered a fixed dose of 8jig thyroxine/kg/birthweight/day or 

placeboo to a group of infants who were born at < 30 weeks' gestation. This dose is sufficient 

too prevent hypothyroxinemia, while plasma-free thyroxine levels remain below the normal 

upperr limit for term infants at all times.33 The behavioural outcome of children who 

receivedd either thyroxine treatment or placebo was studied. 

Noo beneficial treatment effect on the prevalence of behavioural problems was found. 

Instead,, we found significantly higher scores on behaviour problem scales in the thyroxine 
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treatedd group, especially in children >27 weeks' gestation and in boys. In the main study28, 

ann improvement of 18 points in mental score according to the Bayley Developmental 

Scales344 was found in thyroxine-treated children born at <27 weeks' gestation compared 

withh the mental score of the placebo group of the same gestational age, whereas in 

thyroxine-treatedd children born after 27 weeks' gestation the mean mental score was 

foundd to be 10 points lower than in the placebo group. In this study we did not find any 

treatmentt effect, either beneficial or harmful, on behavioural outcome in thyroxine-treated 

childrenn of 25 and 26 weeks gestational age. However, we did find more destructive 

behaviourss in children of >27 weeks' gestation who received thyroxine treatment. These 

resultss endorse the favourable outcome in treated children of 25 or 26 weeks*  gestation 

andd the less favourable outcome in treated children born >27 weeks' gestation. However, 

dividingg initial randomized groups into subgroups increases the risk of finding results 

byy chance, and so care must be taken with the interpretation of these results. 

Onee possible explanation of a negative treatment effect on behavioural outcome is 

thatt the dose may have been too high for some children as all children received the same 

treatmentt dose, regardless of the severity of hypothyroxinemia. Thyroxine treatment 

wass started shortly after birth before thyroxine levels were stabilized and without 

consideringg which of the treated infants were relatively hypothyroxinemic and which 

hadd average or high thyroxine levels for their gestational age. If indeed plasma 

free-thyroxinee levels were to explain differences in behavioural outcome between both 

groups,, behavioural problems in the placebo group would be associated with low 

plasma-freee thyroxine levels whereas behavioural problems in the thyroxine group would 

bee associated with high plasma-free thyroxine levels. Contrary to our expectations, we 

foundd that plasma-free thyroxine levels in thyroxine-treated children with serious 

behaviourall  problems were lower than those in children without behavioural problems 

(butt still higher than plasma free thyroxine levels in placebo children). After adjustment 

forr confounding variables this difference disappeared, indicating that behavioural 

problemss in the thyroxine-treated group were more related to neonatal condition. In this 

respectt it may be of importance that the survival rate was slightly higher in the thyroxine 

groupp than in the placebo group (86% versus 79%). It is well known that illness is related 

too lower plasma-free thyroxine levels in the neonatal period.1335 Several studies have 

reportedd that neonatal illness may contribute to later behavioural problems.7 '3 In addition, 

aa higher incidence of behavioural problems among boys as well as a greater vulnerability 

off  boys to perinatal stress and illness have been suggested.22 Thus, lower plasma-free 

thyroxinee levels found in thyroxine treated children (especially boys) with serious 

behaviourall  problems indicate that these children had a more critical neonatal condition. 
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Anotherr possible explanation for a negative treatment effect might be that thyroxine 

treatmentt in the most vulnerable children has increased their susceptibility to behavioural 

problems.. However, nothing further is known about this possible correlation. 

Resultss of a questionnaire, such as the CBCL/2-3, represent the parent's perceptions of 

thee child's behaviours and could therefore, be biased. As parents in both groups were 

unawaree of their child's study-group assignment this does not explain why parents of 

thyroxine-treatedd children reported more behavioural problems than parents of the children 

inn the placebo group. 

Parent'ss perceptions and behaviours affect the behaviours of their child or are altered in 

responsee to their child's behaviours. Factors related to the severity of the child's medical 

complicationss and illness (for example length of hospital stay) may influence the parent's 

perceptionss and behaviour towards their child and sensitize them to problems which may 

occur.21366 37 Problems in caring for very preterm infants are believed to be due, in part, to 

thee infants' decreased response to social stimulation, at least during their first year of life. 

Thee very preterm infant's lack of responsiveness will affect their mother's holding, looking, 

andd smiling at their child, and engagement in face-to-face contact. Such circumstances 

mightt themselves cause behavioural problems in or selective perception of behavioural 

problems.. This factor might explain the fairly large number of children reported with 

behaviourall  problems. In our study 28.5% of the very preterm children were reported with 

behaviourall  problems above the 95th centile on one or more of the CBCL/2-3 behaviour 

scaless versus 21.4% of the 2- and 3-year-olds in a sample of the Dutch population.30 The 

CBCL/2-33 is the only validated instrument in the Netherlands to assess problem behaviours 

inn 2- and 3-year olds. Parental reports of the behaviour of children who were referred to 

mental-healthh services were related to the ICD-1O38 diagnoses made of these children.30 

Thiss finding indicates that parents' reports of behavioural problems are related to 

informationn on problems from independent sources. Parents' reports about the child's 

behaviourall  problems usually are the first reason for further assessment and must be taken 

seriously.366 In clinical practice more sources of information besides the perception of the 

parentss are needed to decide whether a child needs further referral to mental-health services. 

Thee effect of thyroxine treatment on all developmental domains will be assessed further 

whenn the children are nearly 6 years old. 
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CONCLUSION N 

Moree behavioural problems were found in preterm children, especially in boys and in 

childrenn born with a gestational age of >27 weeks, at the age of 2 years who were given 

aa daily dose of thyroxine during the first 6 weeks of life. Behavioural problems in the 

thyroxinee group were not associated with high plasma-free thyroxine levels and seem 

nott to be directly related to the treatment but could be due to a higher survival rate in this 

group. . 
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ABSTRACT T 

Objective: : 

Methods: : 

Results: : 

Conclusions: : 

Transientt hypothyroxinemia in very premature infants is associated with 

developmentall  problems. A randomized, placebo-controlled trial of 

thyroxinee (T4) 26 weeks' gestation only. The effect of T4 supplemen-

tationn beyond 2 years of age is unknown. We present the effects of 

neonatall  T4 supplementation on outcome at early school age. 

Standardizedd measurements were used to assess cognitive, behavioral and 

motorr outcome as well as a qualitative assessment of neurologic 

functioning.. Survivors of the T4 trial were assessed at the age of 5.7 years. 

Ninety-ninee percent of the 157 survivors participated. Outcome on all 

domainss was comparable between the T4 group and Placebo group. 

Gestationn groups: In children <27 weeks' gestation, a 10 IQ point 

differencee was found in favor of the T4 group, while in children of 29 

weeks'' gestation, a difference of 15 IQ points was found in favor of the 

Placeboo group. Teachers' reports showed less behavioral problems in 

thee T4-treated children of 25/26 weeks' gestation, but more behavioral 

problemss in the T4-treated children of 27 weeks' gestation. Differences 

inn motor outcome and neurological outcome were in favor of the T4-

treatedd children <29 weeks' gestation, but not of the T4-treated children 

off  29 weeks' gestation. 

Wee found benefits of T4 supplementation for children <29 weeks' 

gestation,, and especially in children of 25/26 weeks' gestation. However, 

inn children of 29 weeks' gestation T4 supplementation is associated with 

moree developmental problems. 
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INTRODUCTION N 

Thyroxinee (T4) supplementation is necessary to ensure normal brain development in 

conditionss where thyroid hormone supply is insufficient, such as in congenital hypothyroidism. 

Itt has recently been suggested that thyroxine should be administered to women with low normal 

plasmaa thyroid hormone levels during the first trimester of pregnancy, as an association with a 

delayy in child development was found.1 Another situation of concern is the case of the very 

pretermm infant attributable to the immaturity of the infants' thyroid hormone regulation system. 

AA period of at least 6 to 8 weeks of hypothyroxinemia occurs in these preterm infants, which is 

moree severe with shorter gestational age.2"4 Associations between low thyroid hormone levels 

andd developmental problems have been reported5 7, especially cognitive problems at school 

age.55 6 T4 supplementation prevents neonatal hypothyroxinemia8 and might therefore prevent 

thee associated developmental problems. Follow-up of T4 supplementation in very preterm 

childrenn has only been described until the age of 2 years. Apart from our own study9, which 

includedd 200 infants <30 weeks' gestation, only 2 other studies10" with smaller groups of 

childrenn have been conducted. In accordance with these studies we found no improvement in 

developmentall  outcome for the total group of children. However, we did find a positive effect 

inn mental outcome at 2 years of age for infants <27 weeks' gestation.9 

Afterr the age of 2 years a tremendous differentiation in skills and development continues 

too take place. More importantly, performance at early school age provides a more reliable 

picturee of school-age functioning and has better predictive value for later functioning than 

outcomee at 2 years of age. n 13 

Therefore,, we studied the effects of neonatal T4 supplementation in very preterm-born 

childrenn on outcome at early school age. We focussed on effects in gestational age subgroups 

becausee of the gestational age-related results found at 2 years of age. 

METHODS S 
Participants s 

Children,, enrolled in our randomized, placebo controlled, clinical trial of T4 administration 

(88 mg/kg per day for 6 weeks)9, weree invited at the corrected age of 5 years and 8 months to 

participatee in a follow-up study. Inclusion criteria of the original study were gestational age 

<300 weeks, absence of severe congenital abnormalities, no maternal endocrine disease, and 

noo maternal drug use. Plasma free T4 (FT4) levels, determined weekly for 8 weeks, were 

availableavailable for all children.9 After the neonatal period, 158 children remained in the trial: 35 

childrenn died (14 in the T4 group and 21 in the placebo group) and 7 children were withdrawn 

fromm the study.9 In the first year, 1 child moved abroad and was lost for follow-up. 
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Informedd consent was obtained from the parents for different parts of the follow-up 

study. . 

Al ll  investigators as well as all parents of the children remained blind for trial 

assignmentt until the last developmental assessment was completed. 

Thiss study was approved by the Committee of Medical Ethics of the Academic Medical 

Centerr in Amsterdam. 

Developmentall measurements at the corrected age of 5 years and 8 months 
Al ll  children were examined by the same psychologist (JMB) and pediatrician <AGvW). 

CognitiveCognitive functioning 

Thee short version of the Revised Amsterdam Children's Intelligence Test for 4 to 11 

yearss was used for assessment of cognitive functioning.14 Subtests of the Revised Amsterdam 

Children'ss Intelligence Test refer to logical reasoning, word knowledge, word fluency, visual-

motorr integration, memory, and visual synthesis. The norm score (IQ score) of the test is 

1000  15. 

BehavioralBehavioral assessment 

Too assess behavioral outcome, the Child Behavior Checklist for ages 4 to 18 (CBCL)IS 

andd the Teacher Report Form <TRF)lh were used. The behavior questionnaires were mailed 

too the parents and the teachers 1 month before the follow-up assessment would take place. 

Thee completed questionnaires were returned by mail or received when the family attended 

thee hospital. 

Bothh behavior questionnaires comprise 113 descriptions of behavioral problems. Each 

behaviorr description on the questionnaire is scored: 0, when the description does not fit  the 

child'ss behavior; 1, when it is occasionally correct; and 2, when it is frequently correct. 

AA total problem score is obtained by summing all items, with higher scores indicating 

moree behavioral problems. Raw scores are used for the analyses as well as standardized 

borderlinee and clinical cutoff points that correspond with the norm scores of respectively 60 

and63.15,(1 1 

MotorMotor outcome 

Thee Movement Assessment Battery for Children17 was used to assess motor skills such as 

manuall  dexterity, ball skills and balance. Scores ranged from 0 to 5: a score of 0 is given 

whenn the child passes the task and a score of 5 when it fails the task. A total motor impairment 

scoree (ranging from 0 - 40) is computed by summing the scores on all motor tasks, with 
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higherr scores indicating more motor problems. Cutoff scores for mild and severe motor 

problemss are represented by the 15th and 5th percentile of the reference population, 

respectively,, corresponding with a total impairment score >10.5 and >17. 

NeurologicalNeurological outcome 

Neurologicc development was qualitatively assessed according to the method of 

Touwen.188 A 3-point classification was made: normal, minor neurologic dysfunction 

(MND)) and cerebral palsy (CP). MND was diagnosed when 1 or more abnormalities 

occurredd in posture and muscle tone, muscle power, reflexes, coordination, balance and 

involuntaryy movements. CP was classified according to Hagberg.19 

Statistics Statistics 

Univariatee as well as multivariate analyses were carried out for the total group of children. 

Thee Student's Mest was used to compare continuous variables and the A^-test for analyzing 

categoricall  data. The effect of T4 supplementation on outcome was tested with multivariate 

linearr or logistic regression analysis. Predefined factors occurring before trial randomization 

thatt independently might affect developmental outcome were used as covariates: sex, 

educationall  level of the mother, ethnic background, gestation age, growth retardation at 

birth,, intubation at birth, and use of surfactant. Treatment with antenatal steroids was not 

usedused as a covariate because results from a randomized double blind trial showed no evidence 

forr long-term side effects of antenatal steroids in infants born between 28 and 33 weeks.2021 

Fourr subgroups were formed according to weeks of gestation: 25/26 weeks, 27 weeks, 28 

weekss and 29 weeks. An interaction term between T4 supplementation and gestational age 

subgroupss was added to the model to study whether the treatment effect was equal for all 

gestationall  age subgroups. Explorative analyses were done within all subgroups, forT4 and 

Placeboo group separately, to study if a linear effect existed between plasma FT4 levels and 

developmentall  outcome. All statistical tests (SPSS version 9.0, SPSS, Inc, Chicago, IL) 

weree 2-sided, with p <.05 for statistical significance. 

RESULTS S 

Thee parents of 156 children (99%) consented to participate in the follow-up study, although 

forr 5 children permission to approach their teachers was refused. The children in the T4 

groupp did not differ from those in the Placebo group with respect to prenatal and clinical 

characteristicss or background variables (Table 1). Ninety-four percent of the children were 
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Tablee 1: Characteristics of the two follow up groups before and during T4 administration* 

Thyroxinee Placebo 
Groupp (n=81) Group (n=75) 

Beforee T4 administration 
Male e 
Ethnicc origin: white 

Educationall  level of mother:* 
low w 
middle e 
high h 

missing g 
Gestationall  age (d) 

Birthh weight (g) 
VSGA^ ^ 
Intubationn at birth 

Surfactant t 
Antenatall  steroids 
ringg T4 administration 

Bronchoo pulmonary dysplasia 
G\\ at 36 weeks s 

Cerebrall  hemorrhage: gr. 3 + gr. 4" 

Cerebrall  ischaemia: gr. 2 + gr. 31 

Ventricularr dilatation gr. 2" 
Severelyy abnormal ultrasound" 

400 (49%) 
677 (83%) 

299 (36%) 
399 (48%) 

122 (15%) 
1(1%) ) 

1988 ) 
10855 ) 

3(4%) ) 

222 (27%) 
26(322 %) 
433 (53%) 

311 (38%) 
13(16%) ) 
66 (7%) 

22 (3%) 

22 (3%) 
9(11%) ) 

333 (44%) 
655 (87%) 

255 (33%) 
344 (46%) 

155 (20%) 

11 (1%) 
1977 ) 

11066 ) 

11 (1%) 
255 (33%) 
222 (29%) 
422 (56%) 

322 (43%) 
16(21%) ) 
44 (5%) 

11 (1%) 
33 (4%) 

6(8%) ) 

Continuouss variables are summarized as mean (SD). Categorical variables are summarized as number in group (7c). 
VSGAA indicates very small for gestational age 
**  No statistically significant differences were found between both groups 

Low:: lower vocational education/lower general secondary education; middle: intermediate vocational 
education// higher general secondary education/ pre-university education; high: high vocational education/ 
university y 
VSGAA <P 2.3 

**  Oxygen requirement at 36 weeks" postmenstrual age 
""  Grade 3 + grade 4: cerebral hemorrhage was classified by Volpe :4 

11 Grade 2 + grade 3: cerebral ischemia lesions were classified according to De Vries et al.;? 

***  Grade 2: ventricular dilatation was performed according to Levene :" 
Severelyy abnormal ultrasound: a grade 3 or 4 hemorrhage and/or a grade 2 or 3 ischemia and/or a grade 2 
ventricularr dilatation 

testedd in the age range 5.6 yrs. to 5.8 yrs., mean age of the children at assessment was 5.7 

yrss in both groups (age range in the T4 group was 5.4 yrs.- 6.8 yrs. and in the Placebo 

groupp 5.5 yrs.- 6.5 yrs.). Four children had been tested with the same assessment tool for 

cognitivee functioning within a period of three months before our examination. These 

testt results were obtained and used for data analysis. Six children were tested at the age 

off  6 years because they were hard to trace (n=2) and because the assessment was delayed 

duee to circumstances in the home situation at the intended time («=4, two pairs of twins). 

Behaviorr questionnaires were scored by parents and teachers of, respectively, 144 
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(92%)) and 147 children (94%). The CBCL was not completed for 12 children (n=6 in the 

T44 group and n=6 in the Placebo group) because of language problems (H=6), 

inapplicabilityy for severe physically and mentally handicapped children (n=3), and for 

noo apparent reason (n=3). The TRF was not completed for 9 children (5 in the T4 group 

Tablee 2: Total study group: neurodevelopmental outcome at early school age* 

Cognitivee Outcome (RAKIT) 
IQQ score + 

>700 - < 85 
<70 0 

Childd Behavior Checklist (CBCL) 
Totall  problem score * 
Borderlinee range 
Clinicall  range 

Teacherr Report Form (TRF) 
Totall  problem score * 
Borderlinee range 
Clinicall  range 

Motorr outcome (Movement ABC) 
Motorr impairment score * 
>5th%% - <15th% 
<< 5th% 

Neurologicall  Outcome (Touwen) 
Normal l 
MND® ® 
Cerebrall  palsy 

Thyroxinee Group 

nn = 81 
93.66 (  16.2) 

188 (22%) 
55 (6%) 
nn = 75 

28.55 (  22.0) 
44 (5%) 

144 (19%) 
nn = 76 

31.55 ) 
77 (9%) 

155 (20%) 
nn = 81 

7.22 (  8.4) 
9(11%) ) 
9(11%) ) 
nn = 81 

466 (57%) 
288 (35%) 
77 (8%) 

Placeboo Group 

nn = 75 
95.77 (  20.4) 

155 (20%) 
77 (9%) 
nn = 69 

26.00 ) 
44 (6%) 

111 (16%) 
nn = 71 

26.88 (  25.6) 
33 (4%) 

133 (18%) 
nn = 75 

9.99 (  11.0) 
77 (9%) 

155 (20%) 
nn = 75 

400 (53%) 
266 (35%) 
9(12%) ) 

Continuouss variables are summarized as mean (SD). Categorical variables are summarized as number in group (%). 
RAKITT indicates Revised Amsterdam Children's Intelligence Test, Movement ABC, Movement Assessment 
Batteryy for Children 

Noo significant differences were found between both study groups 
**  High scores mean better outcome 
**  High scores mean worse outcome 
88 MND: minor neurologic dysfunction 

andd 4 in the Placebo group); in 1 case there was no apparent reason. Compared with the 

respondentt groups, nonrespondents on CBCL and TRF consisted of more children of 

nonwhitee background and of more children who had suffered from chronic lung disease 

orr ischemic brain lesions. 

OutcomeOutcome in the total study group 

InIn Table 2, the different outcome measures of both study groups of children are 

presented. . 
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Univariatee analyses as well as multivariate analyses (adjusted for sex, educational level 

off  the mother, ethnic background, gestational age, growth retardation, intubation at birth, 

andd use of surfactant) showed no differences between both study groups in IQ scores, in 

behaviorall  questionnaires completed by parents and teachers, in motor outcome or 

neurologicc outcome, nor in percentages of children receiving deviant scores on any of the 

developmentall  assessments. No effects of T4 supplementation were found on length, weight 

andd head circumference. 

p=.01 p=.01 

 thyroxine group 
DD placebo group 

n=133 n=18 n=16 n=13 n=23 n=21 n=29 n=23 
25/266 27 28 29 

gestationall age weeks 

FIGUREE 1: Cognitive outcome per gestational age week* 
**  high scores represent better outcome 

Significantt interactions between T4 supplementation and gestational age were found 

onn cognitive (/?=.006) and motor outcome (p=.023), indicating that the effect of T4 

supplementationn differed for gestational age subgroups. 

Effectt of T4 administration on outcome by gestational age subgroups 
Distributionn of clinical characteristics, such as bronchopulmonary dysplasia and 

intraventricularr hemorrhage, has also been studied in the gestation subgroups. No differences 

inn clinical outcome were found. We refer to an earlier report on the description of clinical 

characteristicss in the different subgroups.22 

CognitiveCognitive outcome 

Meann IQ scores increased with gestational age within the placebo subgroups, which is 

nott seen within the T4 subgroups (fig 1). In the subgroup of 25/26 weeks, the mean IQ 

scoree of the T4-treated children (94.2  10.7) was higher than that of the placebo children 

(84.77  18.6), but the 9.5 point difference was not statistically significant. Mean IQ scores 

off  T4 children and placebo children were comparable in the subgroups of 27 and 28 weeks. 
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 thyroxine group 
DD placebo group 

n=133 n=15 n=14 n=12 n=20 n=20 n=28 n=22 
25/266 27 28 29 

gestationall age weeks 

FIGUREE 2: Behavioral outcome based on parental questionnaires (CBCL), per gestational age week* 
**  High scores represent worse outcome; no gestational age related differences were found between 
thee study groups 

 thyroxine group 
DD placebo group 

n=211 n=20 n=27 n=22 
288 29 

gestationall age weeks 

FIGUREE 3: Behavioral outcome based on teachers' questionnaires (TRF), per gestational age week* 
**  High scores represent worse outcome 

Withinn the gestation subgroup of 29 weeks, children in the placebo group obtained a 

significantlyy higher mean IQ score of 14.6 points compared to the children in the T4 group: 

90.66  19.6 vs. 105.2  19. In all 4 subgroups, mean scores on subtest level showed that 

theree were no cognitive functions specifically affected by T4 supplementation (data not 

shown). . 
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 thyroxine group 
DD placebo group 

n=133 n=18 n=16 n=13 n=23 n=21 n=29 n=23 

25/266 27 28 29 
gestationall age weeks 

FIGUREE 4: Motor outcome per gestational age week 

**  High scores represent worse outcome, no gestational age related differences were found between 
thee study groups 

BehavioralBehavioral outcome 

Basedd on questionnaires answered by parents (CBCL), behavioral outcome in T4 and 

placeboo subgroups was comparable (fig 2). According to the questionnaires completed by 

teacherss (TRF) (figure 3) T4-treated children in the subgroup of 25/26 weeks' gestation 

seemedd to have less behavioral problems in the classroom than the placebo children of the 

T44 placebo T4 placebo T4 placebo T4 placebo 
n=133 n=18 n=16 n=13 n=23 n=21 n=29 n=23 

25/26 6 27 7 288 29 

gestationall age weeks 

FIGUREE 5: Neurological outcome per gestational age week* 
ff No gestational age related differences were found between the study groups 
*CP:: cerebral palsy 
#MND:: minor neurological dysfunction 
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samee gestational age: 22.3  14.5 vs. 41.2  29.2. In the subgroup of 27 weeks' gestation, 

T44 children were described as more problematic than the placebo children 46.9  29.1 vs. 

16.77  16.8. In the subgroups of 28 weeks' gestation and 29 weeks' gestation no differences 

weree found. 

MotorMotor outcome 

Figuree 4 shows data on motor outcome. Lower motor impairment scores were found 

inn T4-treated children of 25/26 weeks', 27 weeks' and 28 weeks' gestation, but higher 

motorr impairment scores were found in T4-treated children of 29 weeks' gestation 

comparedd with the comparable placebo children. These differences were not statistically 

significant.. Also on subtest level, no motor functions were found in the 4 subgroups that 

couldd have been specifically affected by T4 supplementation (data not shown). 

NeurologicNeurologic outcome 

Inn the gestational age subgroups of 25/26 weeks, 27 weeks and 28 weeks CP was 

diagnosedd in fewer T4-treated children, whereas in the subgroup of 29 weeks CP was 

diagnosedd in more T4-treated children (figure 5). None of these differences was 

significant. . 

RelationRelation between plasma FT4 levels and developmental outcome 

Noo systematic pattern or relationship was found between plasma FT4 levels in the 

gestationall  age subgroups of the T4 group and the Placebo group separately for IQ scores, 

totall  behavior problem scores, motor impairment scores and neurological outcome (data 

nott shown). 

DISCUSSION N 

Thiss study shows that T4 supplementation in the neonatal period does not improve 

developmentall  outcome at early school age in all children born at less than 30 weeks' gestation. 

However,, we did find that effects of T4 supplementation on outcome differ between children 

off  different gestational ages. In children of the youngest gestational age the effects seem 

positivee whereas in children of the oldest gestational age these seem negative. 

Thiss is the first study on effects of neonatal T4 supplementation at early school age and 

thereforee comparisons with similar studies cannot be made. In our study, sample sizes in the 

differentt subgroups are too small to draw definite conclusions, while dividing our study 

groupp into 4 gestational age subgroups increased the risk of finding results by chance. Bias 
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couldd also have occurred, for example, mortality was lower (although not significantly) 

inn the T4-treated subgroup of 27 weeks' gestation (10% versus 18% in the placebo 

subgroup)) and of 29 weeks' gestation (6% versus 14% in the placebo subgroup). The 

findingss of our study are, nevertheless, clear enough to develop strategies for additional 

researchh in this field. The gestational age-related effects of T4 supplementation suggest 

aa decreasing need for T4 supplementation between 25 and 30 weeks' gestation. The 

positivee effects of T4 supplementation in infants of 25/26 weeks' gestation, although 

nott all statistically significant, support the initiation of new trials specifically in this 

gestationall  age subgroup. Indeed, untreated infants of this gestational age have the lowest 

FT44 levels, as well as the highest risk of impaired developmental outcome. On the other 

hand,, the negative effect of T4 supplementation in infants of 29 weeks' gestational age 

doess not support supplementation of these infants with thyroid hormone. The fixed 

treatmentt dose and period could have been inappropriate for children of 29 weeks' 

gestationn who only had low FT4 levels for a short period of time. Although neonatal 

plasmaa FT4 levels in the treated children of this subgroup were higher than those in 

treatedd children of 25/26 weeks' gestation, they were comparable to those in treated 

childrenn of 27 and 28 weeks' gestation.22 In addition, no significant relationships were 

foundd between plasma FT4 levels and developmental outcome in T4-treated children of 

299 weeks*  gestation. Thus, no direct evidence was found that higher neonatal plasma 

FT44 levels were harmful. Developmental outcome in placebo children of 29 weeks' 

gestationn was superior to all (T4 and placebo) subgroups and, in view of the normal 

cognitivee outcome, it might be unnecessary to supplement infants of 29 weeks' gestational 

agee with T4. 

Developmentall  changes in type II deiodinase expression might have played a role in 

thee various effects we have observed in the gestational age subgroups. This enzyme 

convertss plasma T4 to triiodothyronine for intracellular use.21 However, littl e is known 

aboutt the developmental pattern of type II deiodinase expression in the human brain. 

Ourr results may indicate different levels of expression of this enzyme between 25 and 

300 weeks' gestation. And, if they are not attributable to chance, our findings would seem 

too suggest lower type II deiodinase concentrations before 29 weeks' gestation and higher 

levelss thereafter. Only postmortem studies can support this hypothesis. 

Ourr protocol was designed to prevent the FT4 nadir, which generally occurs 7 days after 

birth,, and T4 supplementation was therefore started shortly after birth. Treatment protocols 

withh a more individualized dose, for example based on a cutoff value for plasma FT4, might 

bee more effective. However, data on cutoff values are presently not available. A problem for 

suchh a strategy is that after birth FT4 levels change from a postnatal surge above cord blood 
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levell  on day 1 to a FT4 nadir below cord blood level on day 79, and, therefore, separate 

cutofff  values must be identified for different postnatal days. Before any treatment 

recommendationss for clinical practice can be made, additional evidence from randomized 

trialss is needed whether or not T4 supplementation can improve developmental outcome. 

Thiss study shows the importance of extending follow-up until early school age as an 

outcomee parameter of a neonatal intervention. At 1 year old, a gestational age dependent 

effectt of T4 was not seen, whereas it was visible at the age of 2 years. It is still present at 

thee age of 5 years, although better differentiation in relation to the developmental domain 

cann be made. As outcome at early school age predicts school performance more reliably 

thann assessment outcomes at earlier ages,12 '3 it also evaluates the value of early treatment 

forr later life. 

CONCLUSION N 

T44 supplementation during the first 6 weeks of lif e in infants <30 weeks' gestation results 

inn a differentiated outcome pattern at early school age in relation to weeks of gestational 

age.. New trials are required to establish whether or not thyroid supplementation improves 

developmentall  outcome, especially in children <27 weeks' gestational age. 
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ABSTRACT T 
Wee studied risk factors at birth and in the neonatal period contributing 

too behavioural problems at two years of age in very preterm born 

children. . 

Al ll  children were born before 30 weeks gestational age and enrolled 

inn a randomised, placebo controlled trial of thyroxine supplementation. 

Basedd on parental reports, using the Child Behavior Checklist for ages 

2-33 years (CBCL 2/3), children were classified into two groups: with 

orr without behavioural problems. Univariate analyses and stepwise 

forwardd logistic regression analyses were carried out to dentify risk 

factorss of behavioural problems. 

Parentss of 144 children (92%) completed the CBCL 2/3. Fifty-six 

childrenn (39%) showed behavioural problems. We found the most 

importantt risk factors for behavioural problems at the age of two years 

too be: low maternal education, birth at less than 28 weeks gestational 

age,, male sex, and oxygen requirement at 36 weeks postmenstrual 

age.. These risk factors are also known to contribute to problems in 

health,, motor and cognitive development. 

Conclusion:: already at birth, children can be identified with an 

increasedd risk of behavioural problems. Intervention programs can 

thereforee be started early. 
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INTRODUCTION N 

Advancess in medical technology in the two last decades have improved survival 

chancess of very preterm born children, but also resulted in an increasing number of 

childrenn suffering from severe neonatal complications.13 These complications may 

contributee to later neuromotor, cognitive, and behavioural problems that often occur in 

pretermm born children.4 8 

Feww studies investigated the predictive value of neonatal complications for later 

behaviourall  problems. Goldberg et al. (1990) found that severity of neonatal illness was 

nott an important contributor to behavioural problems at 4 years of age. However, cerebral 

ultrasoundd and routine documentation of brain injuries were not available, their risk 

scoress might not be adequate representatives of neonatal morbidity. Weisglas-Kuperus 

ett al. (1993) examined the impact of neonatal cerebral damage, expressed in a risk score 

composedd of cerebral ultrasound classifications and neurological examination scores 

assessedd weekly until discharge, cognitive development and social factors on behavioural 

outcomee at 3Vi years of age but only an indirect influence of cerebral damage was found. 

Bothh studies lack information about relative contributions of single neonatal complications 

too behavioural problems. Other studies focussing on factors that contribute to poor 

behaviourall  outcome have found that extremely low birth weight9, health problems during 

childhoodd and maternal mental health9", low socio-economic status (SES)911"13, and male 

sex9.n.122 ^g a s s o ci ated with behavioural problems. 

Moree knowledge of the consequences of different neonatal factors for behavioural 

developmentt and identification of subgroups of preterm born children who have an 

increasedd risk of behavioural problems is necessary for parent counselling as well as for 

developmentt of early intervention methods. 

Thee objective of this study was to study which risk factors present at birth or occurring 

inn the neonatal period contribute to behavioural problems at the age of two years in 

childrenn born before 30 weeks' gestational age. 

PATIENTSS AND METHODS 
Patients s 

Thee sample studied consisted of 157 children who were included in a double blind, 

placebo-controlledd trial of thyroxine administration '4. In the original trial 200 children 

weree enrolled: 35 children died, 7 children were withdrawn, and 1 child was lost to follow 

upp because the family moved abroad. All children were born at less than 30 weeks 

gestationn and were admitted to the Neonatal Intensive Care Unit of our hospital within 
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244 hours after birth between January 1991 and July 1993. Inclusion criteria were: (1) 

gestationall  age between 25 and 30 weeks, (2) absence of severe congenital abnormalities, 

(3)) no maternal endocrine disease and (4) no maternal drug use. 

Thiss study was approved by the Committee of Medical Ethics of our hospital. 

Methods s 
Baselinee and clinical characteristics were studied in children with and without 

behaviourall  problems at the age of two years. All data concerning baseline characteristics, 

clinicall  characteristics, and behavioural outcome, were collected prospectively. 

Wee selected the following baseline characteristics that are described to be related 

withh behavioural problems: gender, gestational age, birth before or after the 28th week 

off  gestation, birth weight, birth weight class, educational level of the mother, ethnic 

background,, antenatal steroids, and T4 administration. Gestational age was determined 

byy either a reliable menstrual history, early ultrasound, or the Dubowitz score if prenatal 

informationn was inconclusive. Birth weight was classified as AGA: appropriate for 

gestationall  age (>10th percentile), SGA: small for gestational age (>2.3th percentile and 

<10thh percentile), VSGA: very small for gestational age (<2.3th percentile), using 

Kloostermann growth charts.1'*  Educational level of the mother was classified as follows: 

Low:: primary school and/or lower general secondary education and/or lower vocational 

education.. Middle: higher general secondary education and/or pre-university education 

and/orr intermediate vocational education, High: school of higher vocational education 

and/orr university. Although no overall effect of thyroxine administration in the neonatal 

periodd on behavioural outcome was found16, this variable was nevertheless entered as a 

possiblee risk factor. 

Wee selected clinical data, collected in the neonatal period (i.e. until discharge home), 

whichh might have an impact on brain development, severity of illness and the child's 

wellbeing,, and therefore were possibly associated with behavioural outcome. 

Cerebrall  ultrasound findings were entered twice. First, findings were entered as 

differentt entities: haemorrhage, ischaemia and ventricular dilatation. Second, ultrasound 

findingss were classified according to severity of brain damage. These classifications 

were:: Normal: no ischaemia, no haemorrhage, no ventricular dilatation, Mildl y Abnormal: 

aa grade 1 or 2 haemorrhage and/or grade 1 ischaemia and/or grade 1 ventricular dilatation, 

Abnormal:: a grade 3 or 4 haemorrhage and/or grade 2 or 3 ischaemia and/or grade 2 

ventricularr dilatation. Classification of haemorrhage was done as described by Volpe.17 

Haemorrhagicc venous infarctions followed by cysts were classified as parenchymal 
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haemorrhages.. Ischaemic lesions were classified according to De Vries et al.18 Classification 

off  ventriculomegaly was performed according to Levene '9. Other data concern respiratory 

problemss like intubation at birth, surfactant use, respiratory distress syndrome, broncho-

pulmonaryy dysplasia, oxygen requirement at 36 weeks postmenstrual age, and oxygen 

requirementt at the corrected term age. Bronchopulmonary dysplasia was defined as 

oxygenn requirement on day 28 after a period of mechanical ventilation, and a chest X-

rayy consistent with the diagnosis. In addition, acidosis (pH<7.2, present at least one 

time),, septicaemia (bacterial: proven by positive blood culture), postmenstrual age at 

dischargee home, and length of hospitalisation were included. 

AssessmentAssessment of behavioural problems 
Att the age of two years all children were invited for an extensive follow up assessment. 

Too study behavioural outcome the Dutch version of the Child Behavior Checklist for ages 

twoo to three (CBCL 2/3) was used."20This behaviour checklist is a parent questionnaire 

containingg 99 descriptions of problem behaviours. 

Onee month before follow up assessment at the corrected age of two years would take 

placee the CBCL 2/3 questionnaire was sent to the child's home. Most parents returned 

thee questionnaire when they came to the hospital for this assessment. Occasionally the 

parentss returned the completed questionnaire by mail. 

Eachh behaviour description on the questionnaire receives score 0 when it does not fit 

thee child's behaviour, score 1 when it is sometimes true, and score 2 when it is often true. 

Scoress on six scales (social withdrawal, depressed behaviour, sleep problems, somatic 

problems,, aggressive behaviour, and destructive behaviour) are computed. In addition, 

twoo broad band dimensions can be obtained: internalising behaviours (comprising social 

withdrawall  and depressed behaviour scales) and externalising behaviours (comprising 

aggressivee and destructive behaviour scales). A total problem score can be obtained by 

summingg all the items. 

Childrenn are considered to have serious behaviour problems when they receive a score 

abovee the borderline cut-off point. With regard to the scale scores the borderline cut-off 

pointt is the 95th percentile of the reference population, whereas with regard to the broad 

bandd dimensions and the total problem score the borderline cut-off point is the 85th 

percentile." " 

Thee children were classified into two groups. One group consisted of children with 

behaviourall  problems; they received at least one score above the borderline cut-off point 

onn one of the behaviour scales or broad band dimensions. The other group consisted of 

childrenn who had no behavioural problems; all their scores were below these cut-off points. 
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StatisticalStatistical analysis 
Univariatee analyses were carried out to find differences in baseline characteristics 

andd neonatal complications between both groups of children. Categorical data were 

analysedd with the chi-square test for 2x2 tables. Continuous data were analysed using 

thee Student's t-test. All results are presented in odds ratios (OR) and their 95% confidence 

intervall  (95% CI). A result is considered significant when 1.0 is not included in the 

confidencee interval. 

Stepwisee forward logistic regression was used to determine baseline and clinical 

characteristicss that are predictive of behavioural problems at two years of age. All results 

aree presented in adjusted odds ratios (Adj. OR) and their 95% confidence interval (95% 

CI).CI). A result is considered significant when 1.0 is not included in the confidence interval. 

Inn the first step, baseline characteristics were entered: gender, gestational age, birth before 

orr after the 28th week of gestation, birth weight, birth class, educational level of the 

mother,, ethnic background, and trial assignment. Only variables contributing significantly 

too the model (p<.05) were kept in the analysis. In the second step clinical characteristics 

assessedd in the neonatal period were added to the model: cerebral ischaemia, cerebral 

haemorrhage,, ventricular dilatation, classifications of these ultrasound findings, 

intubationn at birth, surfactant use, respiratory distress syndrome, bronchopulmonary 

dysplasia,, oxygen requirement at 36 weeks postmenstrual age, and oxygen requirement 

att term age, acidosis, septicaemia, postmenstrual age at discharge home, and length of 

hospitalisation.. Only variables that were significant contributors to behavioural problems 

att two years of age were kept in the prediction model. 

AA Receiver Operating Characteristic (ROC) curve was constructed to assess the 

discriminativee value of this prediction model. Sensitivity and specificity were calculated 

att different cut-off values in predicted probability of behavioural problems at two years 

off  age. The area under the ROC curve (AUC) gives an estimate of the discriminative 

valuee of the prediction model. An area of 0.50 implies that the model has no discriminative 

value:: i.e. the true-positive rate equals the false-positive rate for different combinations 

off  risk factors; an area of 1.0 implies perfect discrimination. 

RESULTS S 

Att two years of age the CBCL questionnaire was sent to the parents of 157 surviving 

children.. Parents of 144 children (92%) completed the behaviour questionnaire. The 

majorityy of parents who did not return the questionnaire were of non-white ethnic 

backgroundd some of whom had difficulties understanding Dutch (p< .01). None of the 
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motherss in the non-respondent group followed education at high level (versus 27 mothers 

inn the respondent group) (p=.0S5). 

Thee children were divided into two groups depending on whether or not they had 

behaviourall  problems (see methods). According to the descriptions of parents who did 

returnn the behaviour questionnaire 56 children (39%) showed serious behavioural 

problemss at two years of age. 

UnivariateUnivariate analysis 
Inn table 1 baseline characteristics are presented of children with and without behavioural 

problems.. Children whose mothers were less educated had a higher risk of behavioural 

problemss (OR 4.5) than children whose mothers were highly educated. Also, children who 

weree born before the 28th week of gestation had a higher risk of behavioural problems 

(OR(OR 2.1) than children who were born after a longer gestation. No effect was found of 

thyroxinee administration on behavioural outcome. 

Off  all selected neonatal complications only intubation at birth (OR 2.3), broncho-

pulmonaryy dysplasia (OR 2.7), and oxygen requirement at 36 weeks postmenstrual age 

Tablee 1: Baseline characteristics of children with and without behaviour problems 

BaselineBaseline characteristics 
Sex:: male 
Ethnicc background: Caucasian 
Educationall  level mother*: 

Low w 
Middle e 
High h 

Gestationall  age (days)+ 

Gestationall  age < 28 weeks 
Birthh weight (grams)t 

Birthh weight class*: 
AGA A 
SGA A 
VSGA A 

Antenatall  steroids " 
T44 administration 

Behaviour r 
problemss (n = 56) 

31 1 
46 6 

28 8 
22 2 
6 6 

196 6 
27 7 
1083 3 

51 1 
4 4 
1 1 

27 7 
32 2 

(55%) ) 
(82%) ) 

(50%) ) 
(39%) ) 
(11%) ) 

 9 
(48%) ) 

 219 

(91%) ) 
(7%) ) 
(2%) ) 

(48%) ) 
(57%) ) 

Noo Behaviour 
problemss (n = 88) 

39 9 
77 7 

22 2 
45 5 
21 1 
198 8 
27 7 
1115 5 

76 6 
9 9 
3 3 

49 9 
44 4 

(44%) ) 
(87%) ) 

(25%) ) 
(51%) ) 
(24%) ) 

 8.0 
(31%) ) 

 237 

(86%) ) 
(10%) ) 
(3%) ) 

(56%) ) 
(50%) ) 

OR R 

1.56 6 
.66 6 

4.5 5 
1.7 7 

.79 9 
2.1 1 
.94 4 

.66 6 

.50 0 

.74 4 
1.33 3 

95%% CI 

.79-3.1 1 
. 2 6-- 1.7 

1.5-- 13 
.600 - 4.8 

. 6 0-- 1.04 
1.11 - 4 .2 

.811 - 1.09 

.19 -2 .3 3 

.055 - 4.9 

. 3 8-- 1.5 

.688 - 2.6 

Educationall  level of mother: see methods 
ORR per week 
ORR per 100 grams 
Birthh weight class: AGA = according gestational age, SGA - small for gestational age, 
VSGAA = very small for gestational age: see methods 
2 x 122 mg betamethasone was given intravenously at a 24 hour interval 
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(OR(OR 2.8) resulted in a significant increased risk of behavioural problems. Furthermore, 

childrenn with behavioural problems spent more days in hospital than children who had 

noo behavioural problems (OR 1.1) (see table 2). 

Tablee 2: Clinical characteristics of children with and without behaviour problems 

Behaviour r 
problemss (n = 56) 

Noo Behaviour 
problemss (n = 88) ORR 95% CI 

ClinicalClinical characteristics 
Cerebrall  hemorrhage: 

None e 
Gradee 1 or 2 
Gradee 3 or 4 

Cerebrall  ischaemia: 
Gradee 2 or 3 

Ventricularr dilatation: 
Gradee 2 

Ultrasoundd findings: 
normal l 
mildlyy abnormal 
abnormal l 

Intubationn at birth 
Surfactant t 
RDS.:: Grade 3 or 4* 
Broncho-pulmonaryy dysplasia. 
0\\ requirement at 36 weeks pmaf 

O,, requirement at 40 weeks pma* 
Acidosis s 
Septicemia a 
Pmatt at discharge home (days)
Lengthh of hospital stay (days)J 

Respiratoryy Distress Syndrome grade 3 or 4 
Pma:: Postmenstrual age 
ORR per week 

31 1 
21 1 

4 4 

2 2 

3 3 

22 2 
29 9 

5 5 
24 4 
21 1 
18 8 
31 1 
16 6 
6 6 

39 9 
13 3 

(55%) ) 
(38%) ) 

(7%) ) 

(4%) ) 

(5%) ) 

(39%) ) 
(52%) ) 

(9%) ) 
(43%) ) 
(38%) ) 
(32%) ) 
(55%) ) 
(29%) ) 
(11%) ) 
(70%) ) 
(23%) ) 

Ï755  74 
899  53 

59 9 
24 4 

5 5 

1 1 

2 2 

49 9 
36 6 

3 3 
22 2 
21 1 
19 9 
28 8 
11 1 
6 6 

52 2 
20 0 

2 2 

(67%) ) 
(27%) ) 
(6%) ) 

(1%) ) 

(2%) ) 

(56%) ) 
(41%) ) 

(3%) ) 
(25%) ) 
(26%) ) 
(22%) ) 
(32%) ) 
(13%) ) 
(7%) ) 

(59%) ) 
(23%) ) 

666 5 
744 1 

1.7 7 
1.5 5 

3.2 2 

2.4 4 

1.8 8 
3.7 7 
2.3 3 
1.7 7 
1.7 7 
2.7 7 
2.8 8 
1.6 6 
1.6 6 
1.0 0 
1.0 0 
1.1 1 

.80--

.38--

.29 9 

.40 0 

.89--

.811 -
1.11 -
.82--
.811 -
1.33 -
1.2--
.55 -

.78--

.46--

.98--
1.011 -

3.5 5 
6.1 1 

- 36 6 

-- 15 

-3.6 6 
-- 17 
-4.6 6 
-- 3.5 
-3.7 7 
-- 5.3 
-6.6 6 
-5.4 4 
-3.2 2 
-- 2.3 
-- 1.1 
-- 1.2 

MultivariateMultivariate analysis 
Inn order to study the relative contribution of these variables multivariate analysis was 

carriedd out. Stepwise forward logistic regression analysis was done to determine at first 

whichh baseline variables contribute to behavioural problems at two years of age, and 

subsequently,, which variables of the neonatal period further contribute to this outcome 

(seee table 3). 
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Tablee 3:Multivariate logistic regression model: Adjusted odds ratios (Adj. OR) and their 95 
%% confidence interval (95% CI). 

Stepp 1* 
Educationall  level of mother1: 

Low w 
Middle e 
High h 

Gestationall  age < 28 weeks 
Gestationall  age > 28 weeks 
Sex:: Male 

Female e 
Stepp 2* 
022 at 36 weeks pma § 

AUC" " 

Stepp 1 
Adj.. OR 95 % CI 

7.14 4 
2.22 2 

2.64 4 

2.24 4 

.71 1 

2.18-23.4 4 
0.744 - 6.7 

1.244 - 5.63 

1.055 - 4.79 

.622 - 79 

Stepp 2 
Adj.. OR 95 % CI 

7.67 7 
2.24 4 

2.78 8 

2.20 0 

2.57 7 

.73 3 

2.255 - 26.1 
0.722 - 7.02 

1.055 - 4.95 

0.988 - 4.59 

1.011 - 6.53 

.644 - .82 

**  Step 1: baseline characteristics 
++ Educational level of mother: see methods 
**  Step 2: baseline characteristics and neonatal complications 
§§ Oxygen requirement at 36 weeks postmenstrual age 
111 Area under ROC Curve 

Inn step 1, baseline variables present at birth were entered. The risk of behavioural 

problemss at two years of age was significantly increased by low educational level of the 

motherr (Adj. OR 7.7), by gestational age < 28 weeks (Adj. OR 2.6) and by male sex (Adj. 

OROR 2.2). These variables were kept in the analysis of the second step, and then variables 

assessedd in the neonatal period were entered. The most important clinical characteristic 

thatt further increased the risk of behavioural problems was oxygen requirement at 36 

weekss postmenstrual age (Adj. OR 2.6). 

Sincee several independent contributors of behavioural problems at two years of age 

weree identified, a ROC curve of different combinations of risk factors was constructed. 

Thee area under de ROC curve for all children in this study was .73 (standard error .04). 

DISCUSSION N 

Wee found that the risk of behavioural problems at two years of age is increased in 

veryy preterm children who are characterised by: low maternal educational level, birth 

beforee the 28th week of gestation, male sex, or requirement of oxygen at 36 weeks pma. 

Threee of the four risk factors are already present at birth. 
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Wee studied baseline and clinical characteristics of very preterm children with and 

withoutt behavioural problems at the age of two years conditional on surviving the 

neonatall  period. Only children whose parents completed the behaviour questionnaire 

weree included in the analyses. The non-respondent group (n=13) included more children 

fromm non-white families with some parents having difficulties understanding Dutch and 

moree children of less educated mothers. As relatively less low educated mothers completed 

thee questionnaire the already high percentage (39%) of very premature children with 

behaviourall  problems might be an underestimation.911 

Thee questionnaire used had to be answered by the parents, reflecting parental perception, 

too assess behavioural problems in their children at two years of age. Preterm birth of the 

child,, it's critical neonatal condition, and it's health problems afterwards can have biased 

thesee perceptions either by blinding parents for their child's problems or sensitising them. 

However,, as parents' perceptions will also affect their childrearing attitudes and influence 

theirr relationship with the child these reports must be taken seriously.21 

Loww maternal education and male sex are risk factors of behavioural problems that 

holdd for the general population and not only for very preterm children." 12 In a normal 

Dutchh population, more behavioural problems have been found in 2-3 year olds from a 

lowerr SES (Adj. OR 2.8, 95% CI 1.5-5.2). Dutch boys showed especially more aggressive 

behaviourss than Dutch girls (p= .0001)." Our results indicate that the risk of behavioural 

problemss is much higher in children from low SES who are born very premature (Adj. OR 

7.67).. Parents who suffer from economic hardship may experience more difficulties in 

supportive,, consistent and involved parenting22, and very preterm born children make a 

greaterr appeal to these parenting capacities. 

AA risk factor that is specific for very preterm children, is birth before the 28th week of 

gestation.. As gestational age and severity of illness are closely related, these children 

belongg to the smallest and most vulnerable preterm born children, which may also cause 

moree parental stress. Both may contribute to later behaviour problems.911 

Whilee several studies reported behavioural problems in SGA children23 24, we did not 

findd that intra-uterine growth retardation was an important contributing factor to 

behaviourall  outcome. However, the number of SGA children in our study (n=17, 12%) 

mayy have been too small to find differences in behavioural outcome between both groups. 

Off  all neonatal complications, oxygen requirement at 36 weeks' pma (chronic lung 

disease)) was the most important risk factor that contributed to behavioural problems. 

Otherr studies have shown that chronic lung disease is also associated with health problems, 

poorr cognitive development and poor neuromotor outcome4 8, which indicates that these 

childrenn are at risk of multiple developmental problems. 
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Long-termm oxygen support and birth before the 28th week gestation often result in 

prolongedd hospitalisation. Apart from hypoxic moments, these children have to endure 

excessivee stimuli during their stay on the Neonatal Intensive Care Unit which might 

affectt their development: noisy machines, alarm bells, bright light and a lot of activity 

almostt 24 hours per day. Being exposed to this amount of stimuli for a long period during 

rapidd brain development may alter brain maturation and differentiation leading to 

problemss with coping of stress and behavioural disturbances.25 

Brainn lesions were found to be only weakly associated with behavioural problems. A 

firstt explanation may be that discrete brain abnormalities may not have been visualised. 

Second,, since several risk factors in the regression model overlap it is possible we did 

nott find a statistically significant contribution of brain lesions. Third, behavioural 

problemss in children with motor or cognitive disabilities become more obvious in later 

yearss when they need to learn to cope with their limited physical possibilities or when 

theyy have difficulties understanding school material. 

Termm born children with high problem scores at toddler age were found to have an 

increasedd risk of behavioural problems at preschool age when they came from a lower 

socio-economicc background, had a difficult temperament, poor health and when they 

experiencedd more stressful lif e events." These characteristics are often found in very 

pretermm born children, thus increasing the risk of ongoing behavioural problems with age. 

Thee identified risk factors of behavioural problems are also found to be associated 

withh prolonged health problems, poor neuromotor outcome and a delay in cognitive 

development.4912J?? Children who meet these risk factors may benefit from early 

multidisciplinaryy intervention programmes as these are directed at reducing cognitive, 

behavioural,, motor and health problems.25 28 Special programmes should be provided to 

motherss who are less educated as low maternal education, one of the most important risk 

factors,, is associated with organisation of the home environment, maternal child-rearing 

practicess and beliefs, and maternal interactions. High quality child-care, parenting 

programmes,, emotional and social support might improve these mothers' capacities for 

supportive,, consistent and involved parenting.21 
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ABSTRACT T 

Objective: : 

Methods: : 

Results: : 

Conclusion: : 

Followw up studies in very preterm born children usually present outcome 

inn separate developmental domains. Disabilities are found in 10% to 

20%% of the children, suggesting that most of them develop without 

seriouss difficulties. However, a greater percentage experiences school 

problems.. Presence of disabilities in more than one developmental 

domainn may explain these problems. For this reason, we studied overall 

outcomee in a group of very preterm born children. 

Att 5'/2 years corrected age, outcome on the neurologic, motor, cognitive 

andd behavior domain was studied in 157 children born <30 weeks' 

gestation.. Based on their performance in these domains, children were 

dividedd into a normal group, a single disability group or a multiple 

disabilityy group. Differences in background, clinical characteristics and 

neurodevelopmentall  outcome at two years between the three groups 

weree evaluated and school outcome was studied. 

Thirty-ninee percent of the children had a normal developmental 

outcome,, 17% had a single disability and 44% had multiple disabilities. 

Multiplee disabilities were associated with lower birth weight, BPD, and 

worsee outcome at two years. Only 22% of the children in the multiple 

disabilityy group were in a grade appropriate for their age, versus 56% 

inn the single disability group and 64% in the normal group. In the 

multiplee disability group, 28% were in special education versus 11% in 

thee single disability group and 2% in the normal group. 

Combinedd assessments show a less favorable outcome of very preterm 

bornn children and might explain why many of them experience school 

problems. . 

110 0 



VeryVery preterm born children show multiple disabilities 

INTRODUCTION N 

Researchh studies on developmental outcome of preterm born infants can roughly be divided 

intoo cohort studies and follow-up studies on specific perinatal interventions. Different outcome 

measuress are used in these studies. Outcome can be classified according to WHO criteria in 

impairments,, disabilities, or handicaps.1 Many studies have focussed on the occurrence 

off  severe handicaps defined as cerebral palsy (CP), mental retardation, blindness or 

deafnesss or a combination.2"5 6 Most follow-up studies report on separate outcomes in 

onee or more neurodevelopmental domains: neurologic, motor, cognitive or behavior 

domain. . 

AA more general as well as socially important long-term outcome measure concerns school 

functioning.. School problems frequently occur in very preterm born children and are associated 

withh neuromotor problems, developmental delay, speech/language delay or with behavioral 

problemss at early school age.78 9 School problems often occur in children without severe 

handicapss as well, and occur in a higher rate than in full term born peers. The reason for this 

hass not been clarified. It might be due to the fact that information on combined outcome on 

differentt domains is scarce. Establishing developmental profiles is common practice in 

rehabilitationn and health care institutions, but rare in follow up studies on preterm born 

children.. Such profiles would provide a more complete picture regarding the outcome of 

thesee children than only one outcome measurement and may predict school functioning 

better.. Therefore, we investigated the proportion of children with no, a single, or multiple 

disabilitiess in a cohort of very preterm born children at 5!/2 years of age in relation to their 

backgroundd and perinatal characteristics as well as their early school performance. 

PATIENTSS AND METHODS 
Patients Patients 

Thee original study cohort consisted of 200 very preterm born children (35 children died in 

thee neonatal period, 7 children were withdrawn, the parents of one child moved abroad). I0 

Att the corrected age of 5Vi years, developmental outcome was studied in 157 children. All 

childrenn were born between 25 and 30 weeks gestational age between January 1991 and July 

1993.. They were enrolled in a randomized, double-blind, placebo-controlled trial of thyroxine 

supplementationn in the neonatal period.10 Developmental assessments were also done at 

thee corrected age of 6, 12, and 24 months. No effects of thyroxine supplementation were 

foundd at 2 and 5 years of age in the total study groups.i0 " ,2 

Thiss follow-up study was approved by the Committee of Medical Ethics of the Academic 

Medicall  Centre of Amsterdam. 
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NeurodevelopmentalNeurodevelopmental outcome at the corrected age of '$lh years 
Neurologicc development was assessed according to the method of Touwen. " Children 

weree classified as: normal, minor neurological dysfunction (MND) or cerebral palsy (CP). 

MNDD was diagnosed when one or more abnormalities occurred in posture, muscle tone, 

musclee power, reflexes, coordination and balance, or in the occurrence of involuntary 

movements.. CP was diagnosed if the complete neurologic syndrome with abnormalities in 

posture,, tone and reflexes was present. CP was classified according to Hagberg.14 

Motorr function was assessed using the Movement Assessment Battery for Children. 

(Movementt ABC)1S Scores range from 0 to 5: a score of 0 is given when the child passes 

thee task and a score of 5 when it fails the task. A total motor impairment score (ranging 

fromm 0 to 40) is computed by summing the scores on all motor tasks, with higher scores 

indicatingg more motor problems. Severity of motor problems can be distinguished by 

cut-offf  scores for mild and severe motor problems which are represented by the 15th 

(>10.5)) and 5th (>17) percentile, respectively, of the reference population. 

Too assess cognitive function the Revised Amsterdam Children's Intelligence Test (RAKIT, 

shortt version) for 4 to 11 years was used.16 The norm score (IQ score) of the test is 100 with 

aa standard deviation (SD) of 15. Severity of cognitive problems can be distinguished by 

cut-offf  scores representing a mild delay (IQ score >70 and <85) and a severe delay (IQ 

scoree <70). 

Too assess behavioral outcome, the Child Behavior Checklist for ages 4 to 18 (CBCL 

4-18)177 n and the Teacher Report Form (TRF)19 :o were used. Both behavior questionnaires 

comprisee 113 descriptions of behavioral problems. Each behavior description receives score 

00 when it does not fit the child's behavior, score 1 when it is sometimes true, and a score 2 

whenn it is often true. By summing all the items a total problem score (TPS) can be obtained. 

Severityy of behavior problems can be distinguished by the borderline and clinical cut-off 

point,, corresponding with standardized norm scores of 60 and 63, respectively. 

Informationn on early school outcome, i.e. in a grade according to age level, moderate 

schooll  problems (grade retention and/or the need for special assistance), or in special 

education,, was obtained from the TRF questionnaire and by interviewing parents. 

ClassificationClassification of the three outcome groups 
Wee divided children into three groups based on their functioning in all four developmental 

domainss (cognitive, behavior, motor, neurological) at early school age. For assessment of a 

disabilityy in a developmental domain, cut-off scores referring to mild developmental delay 

weree used. Only available data were used to classify whether or not the child had a disability. 

Missingg data were treated as having no disability in that specific domain. Three groups 
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weree made. The normal group consisted of children with scores in the normal range on 

alll  four developmental domains. The single disability group consisted of children who 

showedd mild or severe delay in one developmental domain. Children diagnosed with 

MNDD but with normal scores on all other domains were classified as 'normal', since reduced 

neurologicall  quality does not necessarily interfere with a child's functioning. However, 

MNDD accompanied by a delay in another domain might add to further problems and was 

thenn considered a disability. Children with only high scores on the CBCL or the TRF or 

bothh were considered to have a disability in a single domain. The multiple disabilities 

groupp consisted of children who received a score reflecting a disability on at least two 

developmentall  domains. Perinatal characteristics, developmental outcome at two years 

andd early school outcome were compared between the three groups. 

NeurodevelopmentalNeurodevelopmental outcome measured at two years of age 
Neurodevelopmentall  outcome at the age of two years included a neurologic examination, 

mentall  and psychomotor development and behavior outcome. Neurologic examination was 

donee according to the method of Hempel21 and classified as normal, mildly abnormal or 

abnormal.100 Outcome on the mental and motor domain was represented by the Bayley 

Mentall  (MDI) and Psychomotor (PDI) Developmental Index scores.22 Behavior outcome 

wass assessed using the CBCL 2/3 questionnaires.23 24 Scoring procedure was similar to 

thee CBCL for 4 to 18 years. (For details see earlier reports.11) 

StatisticalStatistical Analysis 
Univariatee analyses were carried out to study differences in baseline characteristics, clinical 

dataa and two years' neurodevelopmental outcome between the three groups. Categorical 

dataa were analyzed with the chi-square test for 3x2 tables. Continuous data were analysed 

usingg one-way ANOVA. Only when the overall comparison of the three groups was significant, 

post-hocc analyses were carried out to study differences between the individual groups. 

RESULTS S 

Att the corrected age of 5Vi years, cognitive, motor and neurological outcome was assessed 

inn 156 children (99%). The parents of one child refused cooperation. Parent' and teacher' 

behaviorr questionnaires were completed for 144 (92%) and 147 (94%) children respectively. 

Comparedd to the respondent groups, non-respondents on CBCL and TRF consisted of more 

childrenn of non-Caucasian background and of more children who had suffered from chronic 

lungg disease or ischaemic brain lesions. 
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Tablee 1: Prevalence of disabilities at the age of 5Vi years 

IQ* * 
>85 5 
>700 and<85 
<70 0 

CBCLtt n=144 
<60 0 
>600 and <63 
>63 3 

TRFtt n=147 
<60 0 
>600 and <63 
>63 3 

Movementt ABC 
<10.5 5 
>10.55 and <17 
>I7 7 

Neurologicc examination 
Normal l 
MND § § 
CPU U 

Presencee of disabilities 
Noo disabilities 
Inn a single domain 
Inn multiple domains 

Total l 

95 5 
HI I 
33 3 
12 2 
27 7 

111 1 
9 9 

24 4 
29 9 

109 9 
11 1 
27 7 
8.5 5 
116 6 
16 6 
24 4 

86 6 
54 4 
16 6 

61 1 
27 7 
68 8 

studyy group 
n=156 6 

 18 
(71%) ) 
(21%) ) 
(8%) ) 

2 2 
(77%) ) 

(6%) ) 
(17%) ) 

5 5 
(74%) ) 

(8%) ) 
(18%) ) 

0 0 
(74%) ) 
(10%) ) 
(16%) ) 

(55%) ) 
(35%) ) 
(10%) ) 

(39%) ) 
(17%) ) 
(44%) ) 

Dataa are presented as mean  standard deviation or as 
nn (9c). 
**  IQ: Intelligence Quotient 
++ CBCL: Child Behavior Check List 
XX TRF: Teacher Report Form 
§§ MND: Minor Neurological Dysfunction 
III  CP: Cerebral Palsy 

Tablee 1 shows the proportion of children with disabilities in the different developmental 

domains,, and the proportion of children included in each of the three outcome groups. 

Iff  outcome was examined per domain separately, disabilities were found for 

approximatelyy 25% of the children on each domain, except for the neurologic domain. A 

relativelyy greater proportion of children (45%) were diagnosed with MND or cerebral 

palsy.. In our follow-up group, 6 children (4%) needed a wheelchair for continuous or 

intermittentt use and one child (1%) needed hearing aids. 

Iff  outcome on all four developmental domains were combined, less than half of the group 

off  children (61/156: 39%) obtained normal scores on all domains and were included in the 

normall  group. One child was included in this group of whom both parent' and teacher' behavior 

questionnairess were missing. Thirteen children in this group were diagnosed with only MND. 

Twenty-sevenn children were included in the single disability group (27/156: 17%). 

Informationn on behavioral outcome was missing for four children (CBCL+TRF n=2, CBCL 

n=l,, TRF n=l). This outcome group consisted of 2 children (2/27: 7%) with a disability 
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(CP)) in the neurologic domain; 12 children (12/27:44%) with a mild disability in the cognitive 

domainn (all IQ scores were >70 and <85); and 13 children (13/27: 48%) with a disability 

inn the behavior domain (CBCL (n=5), TRF (n=5), both (n=3)). None of the 156 children 

inn our follow-up group had a single disability in the motor domain. 

Sixty-eightt children were included in the multiple disability group (68/156: 44%). 

Informationn on behavioral outcome was missing in 10 children (CBCL+TRF n=3, CBCL 

n=5,, TRF n=2). Disabilities in two or three developmental domains were found in most 

children.. Only four children (4/68: 6%) showed disabilities in all four domains. Twenty-five 

childrenn (25/68: 37%) had a disability in one developmental domain accompanied by MND. 

Al ll  children with motor disabilities (40/68: 59%) also showed disabilities in at least one 

otherr domain. In 10 children it was accompanied by MND only. 

CharacteristicsCharacteristics of the three groups 
Univariatee analyses, using ANOVA or chi-square test with 3x2 tables, were carried out to 

studyy differences in baseline characteristics, neonatal complications, and two years' outcome 

betweenn the three groups (table 2). Differences were found in mean birth weight which was 

lowerr in children in the multiple disability group than in children in the normal group (p=.04). 

Inn addition, more cases of BPD were found in the multiple disability group than in the single 

disabilityy group (%2:  7.9, df:l , p=. 005) and to a lesser extent when compared to the 

normall  group (x2: 3.7, df: 1, p=.Q6). No other differences were found between the three 

groupss in background factors, birth characteristics or with respect to clinical outcome. 

Outcomee at the age of two years already differed between the multiple disability group 

andd the two other outcome groups, but not between the single disability group and normal 

group.. More children in the multiple disability group already had a disability in one of 

thee four developmental domains at the age of two years compared to the children in the 

normall  group and (except for the behavioral domain) in the single disability group. The 

occurrencee of problems in two or more developmental domains at the age of two years 

wass much higher in the multiple disability group than in the two other outcome groups 

(normall  group: 9/61,15%; one disability group: 4/27, 15%; multiple disability group: 

38/68,, 56%). In addition, none of the children in the normal group, and only one child in 

thee single disability group, was diagnosed as neurologically abnormal at the age of two 

years. . 

SchoolSchool outcome 
Tablee 3 presents the children's performance at school. Within the normal group, about 

onee third of the children had moderate school problems (repeated a grade and/or needed 
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speciall  assistance). One child was in a special education program for speech and language 

problems.. A comparable proportion of children in the single disability group had moderate 

schooll  problems, while the percentage of children in special education was somewhat 

Tablee 2: Characteristics of the Normal Group, the Single Disability Group, and the Multiple Disability Group * 

Normall  Group Single Disability Multiple Disability p-va!ue 
Groupp Group 

n=611 (39%) n=27 (17%) n=68 (44%) 

ATT BIRTH 
Sex:: male 
Ethnicc backgr.: non-caucasian 
Educationall  level of mother: 

Low w 
Middle e 
High h 
missing g 

Gestationall  age (weeks  days) 
Weekss of gestation: 

25/266 w. 
277 w. 
288 w. 
299 w. 

Birthh weight (grams) 
Antenatall  steroids 
Intra-uterienn infection 
Promm + 

Apgarr score 5 min. 

THEE NEONATAL PERIOD 
T44 supplementation 
Resp.. distr. syndr. grade 3+4 t 

Bronchopulmonaryy dysplasia 
O,, at 36 weeks pma s 

Ultrasoundd findings: " 
Normal l 

\\ Mildl y abnormal 
Abnormal l 

ATT TWO YEARS OF AGE 
MDII  i < 84 
P DPP < 84 

Neurologicall  outcome: 
Mildl yy abnormal 
Abnormal l 

Behaviorr problems above 
borderlinee range 

Developmentall  problems on >2 

domainss at 2 yearst + 

26 6 
7 7 

19 9 
30 0 
12 2 

43% % 
11% % 

31% % 
49% % 
20% % 

288 2/7  8 

12 2 
8 8 

21 1 
20 0 

1151 1 
33 3 
30 0 
20 0 
8.4 4 

29 9 
18 8 
24 4 
8 8 

32 2 
25 5 
4 4 

7 7 
15 5 

7 7 
0 0 

7 7 

9 9 

20% % 
13% % 
34% % 
33% % 

8 8 
54% % 
49% % 
33% % 

 1.6 

48% % 
30% % 
39% % 
13% % 

52% % 
41% % 

7% % 

11% % 
25% % 

11% % 
0% % 

11% % 

15% % 

14 4 
7 7 

10 0 
12 2 
2 2 
2 2 

52% % 
26% % 

37% % 
44% % 
11% % 
8% % 

288 4/7  7 

1 1 
8 8 
7 7 

11 1 
1081 1 

15 5 
9 9 

12 2 
8.7 7 

15 5 
5 5 
5 5 
3 3 

16 6 
10 0 
1 1 

5 5 
6 6 

0 0 
1 1 

6 6 

4 4 

4% % 
30% % 
26% % 
40% % 

1 1 
56% % 
33% % 
44% % 

 1.3 

56% % 
19% % 
19% % 
11% % 

59% % 
37% % 

4% % 

19% % 
22% % 

0% % 
4% % 

22% % 

15% % 

33 3 
10 0 

25 5 
31 1 
12 2 

49% % 
15% % 

37% % 
46% % 
17% % 

288 0/7  7 

18 8 
13 3 
16 6 
21 1 

1048 8 
37 7 
23 3 
24 4 
8.5 5 

37 7 
18 8 
34 4 
18 8 

31 1 
27 7 
10 0 

33 3 
39 9 

18 8 
13 3 

18 8 

38 8 

26% % 
19% % 
24% % 
31% % 

0 0 
54% % 
34% % 
35% % 

 1.6 

54% % 
26% % 
50% % 
26% % 

45% % 
40% % 
15% % 

49% % 
57% % 

26% % 
19% % 

26% % 

56% % 

.04 4 

.018 8 

.000 0 

.001 1 

.000 0 

.002 2 

.000 0 
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Tablee 3: School outcome compared 

Schooll Performance 
Att age level, no assistance 
Moderatee school problems* 
Inn special education 

betweenn the three 

Normal l 
Groupp n=61 

399 64% 
211 34% 

11 2% 

groups s 

Singlee Disability Multiple Disability 
Groupp n= 27 Group n= 68 

155 56% 
99 33% 
33 11% 

155 22% 
344 50% 
199 28% 

p-value e 

.000 0 

**  Moderatee school problems: in a grade at appropriate age level with special assistance or in a grade below age level 

higherr in this group (1 child for speech and language problems and 2 children for 

behaviorall  problems). Within the multiple disability group, half the group had moderate 

schooll  problems while the proportion of children in special education was much higher. 

DISCUSSION N 
Almostt half of the group of children in our study, who were born at less than 30 weeks 

gestationall  age, showed disabilities in more than one developmental domain at 5lA years of 

age.. Already at this early age, many children were in special education, repeated a grade or 

neededd special assistance at school. Lower birth weight, BPD and poor developmental 

outcomee at the age of two years was associated with disabilities in multiple domains. 

Thee proportion of premature born children in this study diagnosed with cerebral palsy 

(10%),, performing poorly on cognitive (8%) or motor tests (16%), or showing more problem 

behaviorss according to their parents (17%) and teachers (18%) is similar to the proportions 

foundd in other outcome studies.2 5 The fact that 80% to 90% of the children received 

scoress in the normal range for each domain separately could easily lead to the conclusion 

thatt the majority of these high risk children are functioning at the same level as their full 

termm born peers. However, our results show that only 39% of the children obtained scores 

Legendd table 2: 
**  Data are presented as n (%) or as mean  standard deviation. Differences in mean scores and proportions 

betweenn the 3 groups are analyzed using ANOVA or Chi-square test 
tt Premature Rupture Of Membranes 
$$ Respiratory Distress Syndrome 
§§ Oxygen requirement at 36 weeks postmenstruai age 
III  Ultrasound findings were classified according to severity of brain damage (for details see earlier reports.Ifl ) 
11 Mental Developmental Index 
***  Psychomotor Developmental Index 
f tt Developmental problems at 2 years were identified as neurologic problems such as moderate or severely 

abnormalityy of tone, or posture and movement leading to (minor) functional impairment and/or to a minor 
delaydelay in motor development; and/or a MDI Score <84; and/or a PDI Score <84; and/or a total behavior problem 
scoree >60. 
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inn the normal range on all four developmental domains. Moreover, almost half of the 

groupp (449c) obtained scores below the age norm in two or more developmental domains 

whichh shows a less favorable outcome. These multiple disabilities already affect daily 

functioning,, which is reflected in the high proportion of SVi-year-old children with school 

problemss (569c). 

Ourr follow-up percentage was very high (999c). All children were divided in one of 

thee three groups based on the available outcome measurements. Three outcome measures 

(intelligencee test, motor performance test and neurological assessment) were obtained 

forr all 156 children (1009c). Behavior questionnaires by parents or teachers were 

completedd for at least 90% of the children. The missing data were treated as 'no disability' 

inn the behavioral domain to prevent overestimation. This influenced the classification 

off  the children only slightly since behavior questionnaires were more often not completed 

forr children who were included in the multiple disability group (10/15: 67%). In the 

normall  group, only one child (1/15:19c) was included of whom information on behavioral 

outcomee was missing. 

AA high proportion (45%) of the children in the multiple disability group had normal cerebral 

ultrasoundd findings, while 48% of the children in the normal group had mildly abnormal or 

abnormall  ultrasound findings. This finding demonstrates that there is no simple relation 

betweenn early visualized brain damage and later outcome. Major brain damage (like 

periventricularr leucomalacia, subcortical leucomalacia, grade III hemorrhage) is predictive 

forr later outcome, whereas minor neurological signs have been found in many children with 

normall  ultrasound scans.25 

Inn our study group, disabilities were found more often in the neurologic domain (45%) 

thann in the other three domains (23-29%). Disabilities in the neurologic domain were not 

accompaniedd by motor problems in all cases and vice versa. This indicates that both methods 

measuree different aspects of functioning and both examinations are needed to obtain a full 

picturee of a child's neuromotor (dis)abilities.2s The finding that motor disabilities always 

occurredd together with disabilities in other domains illustrates the presence of comorbidities 

mostt clearly and emphasizes the need for multidisciplinary assessments.26 Twenty-five 

percentt of our study group showed motor disabilities, and for this group evaluation of 

otherr domains seems to be obligatory. 

Wee have studied outcome in four developmental domains, which included most aspects 

off  the functioning of children. However, the fact that 34% of the children in the normal 

groupp had moderate school problems (special assistance or in a grade below age level) 

mightt indicate that our instruments were not comprehensive or sensitive enough. Language 

development,, for example, was not measured sufficiently as is demonstrated by the child 
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includedd in the normal group that still needed special education for speech and language 

problems.. Another explanation for this finding might be the use of corrected scores for 

prematurity,, which influenced the IQ scores especially. Children were also included in the 

normall  group when their IQ scores were just above the lower limit of the normal range. 

Agee correction in the Netherlands is usually not applied when school starts at four 

yearss of biological age. Grade retention should then not be considered a sign of school 

failuree in all children, as it is often recommended in children who are considered too 

playfull  and not yet ready for learning (pre-) academic skills. It is possible that parents 

andd teachers of preterm born children recommend grade retention easier than parents 

andd teachers of full term born children. However, our finding that already 15% of the 

childrenn were in special education at 5Vi years of age, which is much higher than the 1.3 

%% of the Five-year-olds in the normal population27, indicates that school problems are 

indeedd often present. Most of these children were referred to schools for moderate learning 

disabilitiess such as mild mental retardation or behavioral problems. The finding that 

manyy children experienced disabilities in multiple domains suggests that referral to 

speciall  education wil l further increase when basic education is continued and children 

learnn academic skills, such as writing, reading, and arithmetic. In a nation-wide cohort 

off  very premature and very low birth weight children born in 1983 in the Netherlands9, the 

proportionn of children in special education increased from 12% at the age of five years to 

19%% at the age of nine years (versus 7% of nine-year-olds in the normal population27) and 

too 30% at the age of 14 years (versus 5% 14-year-olds in the normal population27).28 In this 

cohortt children were included with older gestational ages (<32 weeks and/or <1500 gm 

birthweight)) than in our cohort (gestational age between 25 and 30 weeks). 

Ourr findings indicate that follow up studies aiming to evaluate outcome should examine 

children'ss performances in multiple developmental domains and present an overall outcome 

picture.. Outcome results based on separate developmental domains are an underestimation 

off  the children's problems. Disabilities in two or more domains are associated with early 

schooll  age failure. 

Thesee findings emphasize the need for multidisciplinary follow up to identify children 

withh disabilities in several developmental domains. 
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SUMMARYY AND CONCLUSIONS 
9.19.1 Summary 

Chapterr 1. The impact of transient imbalances in fetal and/or neonatal thyroid hormone 

supplyy (a biological factor) for neurodevelopmental outcome forms the core of this thesis. 

Thyroidd hormone is essential for normal brain development and shortage or surplus during 

thee fetal and neonatal period often has harmful consequences for all developmental 

domains.. Developmental outcome in this thesis is focussed on the neurologic, motor, 

cognitivee and socio-emotional domain and measured at different ages. In the first years 

off  lif e development proceeds in a rapid pace and changes from general capacities towards 

moree differentiated and coordinated skills. Abnormal neurologic development and gross 

motorr difficulties become apparent at a young age, whereas cognitive problems become 

apparentt as development progresses. Learning problems are often not identified before 

schooll  age. Research literature has shown that from the age of 2 years test performances 

presentt a fairly reliable picture of a child's functioning. Problems in acquiring new skills 

may,, however, become manifest after this age since development differentiates further. 

Threee different study groups are studied in which inadequate fetal and/or neonatal thyroid 

hormonee levels could interfere with neurodevelopmental outcome. The first study group 

consistedd of children with possible inadequate fetal thyroid hormone levels due to maternal 

thyroidd disease (/j^ypothyroidism or /ry/^rthyroidism). The second group consisted of 

childrenn who received TRH or placebo (via maternal-fetal transfer) that was administered 

too their mothers because of imminent preterm delivery between 25-30 weeks of gestation. 

Thee third study group consisted of children who participated in a neonatal T4 trial and 

receivedd T4 or placebo because of transient hypothyroxinemia due to very preterm birth 

(<300 weeks' gestational age). Most chapters in this thesis result from this intervention study. 

Inn chapter 2, methods are described to assess neurologic, motor, cognitive and behavior 

outcomee at various ages. In case of preterm birth, children were seen at corrected ages. 

Timee points at which follow up took place varied between the different studies, as 

welll  as the developmental domains that were examined. 

Inn chapter 3, the effect of maternal thyroid function in the first half of pregnancy on 

neurodevelopmentall  outcome in the first 2 years of life was investigated. Twenty pregnant 

womenn with known thyroid disease and their newborn children were enrolled in the study. 

Infantss were divided into 3 groups according to their maternal thyroid function within the 

firstt half of pregnancy: maternal hypothyroidism or subclinical hypothyroidism, maternal 

euthyroidism,, or maternal hyperthyroidism or subclinical hyperthyroidism. 
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Findingss of this study show that in children born to mothers diagnosed with subclinical 

hypothyroidismm mental development is delayed during the first year of life. This may be 

thee result of a period of fetal (subclinical) hypothyroidism due to too littl e transplacental 

transferr of T4 because of maternal subclinical hypothyroidism. 

Inn chapter 4, effects were studied of antenatal TRH treatment for neurodevelopmental 

outcomee until 2 years of age. Antenatal TRH was given in addition to corticosteroids to 

pregnantt women in imminent preterm delivery in order to stimulate fetal lung maturation 

andd thereby decrease the risk of death and respiratory morbidity. TRH crosses the placenta 

andd stimulates the fetal thyroid state. Sixty-two infants were included of which 10 infants 

diedd and 10 infants were lost to follow-up. Neurodevelopmental outcome was studied in 

422 (81%) children (TRH group: n=21, placebo group: n=21). Both study groups were 

comparablee regarding gestation age, birth weight and time-interval between trial medication 

andd birth. In the TRH group more respiratory problems (ventilator days and chronic lung 

disease)) were found than in the placebo group. The results from the follow-up examinations 

showw that antenatal TRH treatment is associated with a delay in mental development at 12 

andd 24 months. It is possible that this negative effect of TRH is due to a period of fetal 

hyperthyroidismm and subsequently (aggravated) transient hypothyroxi-nemia. 

Inn chapter 5, effects of neonatal T4 supplementation in infants born at less than 30 

weeks'' gestational age on behavioral outcome at 2 years were studied. 

Two-hundredd children (born <30 weeks' gestational age) were included in a randomized 

double-blindd controlled trial to study the effect of T4 administration on neurodevelopmental 

outcomee in very preterm children. The infants were given either a fixed dose of thyroxine 

orr placebo for the first 6 weeks of life. After 2 years, 157 children were available for follow-

upp (35 children died, 7 children were withdrawn, I child moved abroad). The parents of 

1444 children (92%) completed the CBCL 2/3. Results from these behavior questionnaires 

demonstratedd that T4-treated children showed more destructive behaviors compared to 

thee placebo children (adj p=.03). These problem behaviors were more pronounced in the 

treatedd subgroup >27 weeks' gestation (adj p=.04). T4 treated boys had higher mean scores 

onn the externalized dimension than boys in the placebo group (adj p=.0\); they showed 

moree aggressive behaviors (adj p=.0\) as well as more destructive behaviors (adj p=.03). 

However,, T4-treated children with behavioral problems had lower plasma-free thyroxine 

levelss than the T4-treated children without behavioral problems. This suggests that the 

presencee of more behavioral problems in the T4 group was not an immediate consequence 

off  the treatment. 
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Inn chapter 6 effects of neonatal T4 supplementation in infants born at less than 30 

weeks'' gestation age on neurodevelopmental outcome at early school age were studied. 

One-hundred-and-fifty-sixx children of the 157 survivors of the randomized double-blind 

controlledd neonatal T4 trial participated in this follow-up study. Although neurologic, motor, 

cognitivee and behavioural outcome were comparable between the total T4 and Placebo group, 

significantt interactions were found between T4 supplementation and gestational age. 

Positivee effects of neonatal T4 supplementation were found in children <29 weeks' 

gestation,, especially in children of 25/26 weeks' gestation, but T4 supplementation was 

associatedd with worse outcome in children of 29 weeks' gestation. These results indicate 

thatt T4 supplementation is not required in all very preterm born children, but may be 

beneficiall  in a selected patient group. 

Inn chapter 7, risk factors at birth and in the neonatal period contributing to behavioural 

problemss at two years of age in very preterm born children were studied. 

Thee children participated in the trial of T4 supplementation. They were classified into 

twoo groups, with or without behavioural problems, based on parental reports, using the 

Childd Behavior Checklist for ages 2-3 years (CBCL 2/3). Thirthy-nine percent of the 

childrenn showed behavioural problems according to our definition (at least one score 

abovee the borderline cut-off point on one of the behaviour scales or broad band 

dimensions).. The most important risk factors for behavioural problems at the age of two 

yearss were found to be: low maternal education, birth at less than 28 weeks gestational 

age,, male sex, and oxygen requirement at 36 weeks postmenstrual age. These risk factors 

aree also known to contribute to problems in health, motor and cognitive development. 

Thiss study shows that already at birth, children can be identified with an increased 

riskrisk of behavioural problems. 

Inn chapter 8 we investigated how many very preterm born children have developmental 

problemss in one or more developmental domains at the age of 5Vi years. Presence of 

disabilitiess in more than one developmental domain may explain why many preterm 

bornn children experience school problems. All children participated in the T4 trial. 

Basedd on their performance in the neurologic, motor, cognitive and behavior domain, 

childrenn were divided into a normal group, a single disability group or a multiple disability 

group. . 

Resultss from this study show that combined assessments present a worrisome outcome 

off  very preterm born children: only 39 % of the children had a normal developmental 

outcome,, 17% had a single disability and 44% had multiple disabilities. Multiple 
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disabilitiess were associated with lower birth weight, BPD, and worse outcome at two 

years.. Far less children in the multiple disability group were in a grade appropriate for 

theirr age (22%) and more children were in special education (28%) compared to the 

singlee disability group (56% and 11%, respectively) and the normal group (64% and 

2%,2%, respectively). 

Thiss study underlines the importance of multidisciplinary follow up until early school 

age. . 

9.29.2 Conclusions 

Thee core of this thesis is the relation between imbalances in fetal and neonatal thyroid 

hormonee concentrations and long term developmental outcome. Remarkable similarities 

weree found in the three study groups. Firstly, early maternal subclinical hypothyroidism, 

whichh may cause transient fetal (subclinical) hypothyroidism, is found to be associated 

withh a lower mental developmental index until 1 year of age (chapter 3). Secondly, 

maternall  administration of TRH, which stimulates the fetal thyroid gland as it crosses 

thee placenta'3 and subsequently causes a short period of suppressed thyroid state by 

depletionn of thyroid hormone stores in the thyroid gland2, is associated with a lower 

mentall  developmental index until the age of 2 years (chapter 4). Finally, transient 

hypothyroxinemiaa possibly is not the harmless condition it was thought to be. Although 

wee clearly found that T4 administration is not required in all infants born <30 weeks' of 

gestation,, subgroup analyses have shown positive effects of the treatment in children 

bornn <29 weeks*  of gestation. On the other hand, negative effects were found in children 

bornn at 29 weeks' gestation (chapter 6). 

Takenn together, these 3 studies show us that T4 and (T3) levels during the fetal period 

andd during very preterm life must remain between strict limits to warrant normal brain 

development.. From the results described in chapter 3, it seems that particularly the lower 

limi tt of fetal FT4 levels is critical for developmental outcome. No associations were 

foundd between maternal (subclincial) Zry/?erthyroidism and neurodevelopmental outcome. 

Fromm the results described in chapter 6, it seems that the age of 29 weeks is of importance. 

Beloww this age, hypothyroxinemia can not be compensated by protective mechanisms 

andd beyond this age, hypothyroxinemia is not severe enough and protective mechanisms 

cann cope with the somewhat lower (free) T4 levels. Alternatively, important T4-dependent 

maturationall  processes in brain development may take place before 29th gestation week 

andd less thereafter. These assumptions are based on findings in small study groups with 

tooo littl e power to prove theories. All results in this thesis can be due to chance. However, 

otherr studies4,5 confirm the important role of maternal thyroid function for developmental 
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outcome;; maternal hypothyroxinemia during the first trimester of pregnancy (with 

continuedd low levels of maternal thyroxine during the second and third trimester) is 

associatedd with lower mental developmental index scores at 1 and 2 years of age4, and 

withh a lower IQ at school age5. The finding in our TRH study that outcome may adversely 

bee affected by the treatment is confirmed by the only other follow-up study6 that found 

ann increased risk of motor delay, social delay, sensory impairment and severe impairment 

inn TRH-treated children at 12 months of age. Our T4 trial is the first study that investigated 

effectss of neonatal T4 administration on 2 years' behavioral outcome and on 

neurodevelopmentall  outcome at early school age and therefore no comparisons can be 

madee with findings from other studies. Retrospective studies, however, have shown 

associationss between low T3 and T4 levels and developmental problems at 2 to 9 years 

off  age710. The negative effects of T4 administration in the subgroup of children born at 

299 weeks were not related to too high FT4 levels. On the contrary, the higher neonatal 

FT44 levels were in the treated children the better five years' outcome was11. 

Att this point, it is still unknown whether the relationship between neonatal thyroid 

hormonee levels in very preterm born children and developmental outcome is a causal 

relation.. Transient hypothyroxinemia and developmental problems are often present in 

veryy preterm born children. Both conditions may be independent consequences of 

pretermm birth and, or, low thyroid levels may partly cause developmental problems.12 

Furtherr study is necessary and the findings from our intervention study support new 

clinicall  trials with T4 in children born <29 weeks' gestation. 

Informationn on fetal thyroid hormone levels is missing in all three study groups. Before 

thee time of inclusion, thyroid hormone levels of the children in these three groups may 

alreadyy have deviated. A number of infants with transient hypothyroxinemia may also 

havee had low fetal thyroid levels due to maternal hypothyroxinemia, both conditions are 

associatedd with developmental problems and the developmental problems found in those 

pretermm born children can not be accounted for by low neonatal thyroid hormone levels 

alone.. It is, however, only by cordoscentesis possible to collect fetal thyroid hormone 

levelss during pregnancy, which is a very risky procedure. Therefore, no direct information 

onn the degree of fetal hyperthyroxinemia and fetal hypothyroxinemia is available. In the 

studyy group born to mothers with known thyroid disease, neonatal thyroid levels were 

assessedd in cord blood but these only provide information about the very last stage of 

pregnancy.. In children who participated in the antenatal TRH trial, neonatal thyroid 

functionn was not assessed for financial and practical reasons because many children were 

bornn at home or in another hospital as a result of which we were not able to collect their 
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cordd blood samples. However, information on thyroid hormone concentrations in cord 

bloodd after antenatal TRH treatment is available in other studies1 \ Initially, elevated levels 

off  TSH, T3, T4 and prolactin were found in cord blood of infants born within 6 hours after 

TRHH treatment' \ whereas suppressed TSH and thyroid levels were found in infants born 

att 13-36 hours.1 However, at 3-28 days of age, no differences in T3 and TSH levels were 

foundd between control and TRH-treated children.2 These last results demonstrate that the 

impactt of the antenatal TRH treatment on the fetal thyroid system is transient. Antenatal 

TRHH administration to pregnant women not only stimulates the maternal and fetal thyroid 

state,, it also disturbs the maternal and fetal physiological state as TRH serves as a 

neurotransmitterr causing a higher heart rate, higher blood pressure, flushing and/or 

vomiting.. These effects of the treatment disappeared within a half hour in the mothers, but 

thee fetus may not have recovered this quickly like the treatment had a greater impact on 

thee fetal thyroid state than on that of its mother. So, the neurotransmitter effect of TRH may 

alsoo have played a role in fetal and neonatal development. 

Resultss from the TRH trial underline the importance of including long term follow up 

inn intervention trials aiming to improve clinical outcome. Antenatal TRH treatment was 

viewedd as a promising new strategy to decrease the incidence and severity of RDS. It 

wass already widely used before evidence of effectiveness was demonstrated. Clinical 

trialss have now shown that antenatal TRH treatment in addition to corticosteroids is 

ineffectivee in decreasing RDS13, while the follow-up study showed that TRH-treated 

childrenn had lower mental index scores until 2 years' of age than the placebo children. 

Thee follow-up study on neonatal T4 treatment demonstrated possible positive effects on 

neurodevelopmentall  outcome at 5Vi years in children <29 weeks' gestation, whereas in 

childrenn of 29 weeks' gestation treatment may have harmful effects. 

Ourr neonatal T4 trial is one of the few clinical trials, which defined developmental 

outcomee (i.e. mental outcome at 2 years of age) as its primary outcome measure. 

Neurodevelopmentall  outcome in these children was studied at different time-points until 

schooll  age. It showed the importance of investigating effects of the treatment on different 

stagess in development. Gestational age related effects of the treatment in the different 

developmentall  domains became apparent after the age of 1 year. These effects became 

moree differentiated over time and possible beneficial effects of the treatment for 

neurologicc and motor development gradually became clear. 

Thee findings from this T4 study also demonstrate that it is important to examine 

outcomee in different developmental domains; overall performance at 5Vi years presents 

aa fairly reliable picture of a child's school functioning even before it starts learning to 
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readd and write (see chapter 8). Significant and interesting information would have been 

missedd when only mental outcome until 2 years was studied. The information on 

gestationall  age related effects and possible beneficial effects on neurologic and motor 

outcomee are also essential in planning new intervention trials. The neurologic and motor 

domainss are worthwhile to examine with more precise diagnostic tools in future studies. 

Visuall  development may also be an outcome measure to be investigated as a recent report 

demonstratedd that infants with different causes of early hypothyroxinemia have different 

visuall  deficits that may subsequently affect visual attention.14 

Informationn on outcome in the socio-emotional domain is missing in the two other study 

groupss on maternal thyroid disorder and antenatal TRH treatment. Although it is recognized 

thatt behavior problems can have an enormous impact on school functioning as well as on 

aa child's relations with peers and family, studying outcome in this domain still receives 

lesss attention compared to the other domains. One of the reasons for this is the fact that 

theree are fewer psychometrically sound instruments to examine socio-emotional 

developmentt especially in younger children, while other methods (like observations of 

parent-infantt interactions and the strange situation procedure15) are very time consuming. 

Pretermm birth is an event with an enormous impact on different biological, psychological 

andd sociological factors that play a role in development.1618 We applied generally used 

assessmentt methods to examine neurodevelopmental outcome. It is known19 that many 

pretermm born children experience school problems even though they have average 

intellectuall  abilities. The intelligence test used was not designed to detect specific 

learningg problems. In addition to an intelligence test that assesses general cognitive 

abilitiess (IQ), neuropsychological tests such as reaction time tasks, visuomotor skills, 

attention,, memory and tactile finger discrimination tasks may provide useful information. 

Thee exact nature of perinatal brain damage, which occurs often after preterm birth, can 

bee further investigated in this way. For example, an association between smaller 

hippocampuss volumes and deficits in everyday memory has been demonstrated in these 

children.200 With increasing specificity of assessment procedures, also effects of T4 

treatmentt could be examined in relation to specific brain regions known to be thyroid 

hormonee dependent.1421 Studies of the neurological effects of thyroid hormone injections 

inn neonatal rats demonstrate long-lasting changes to the hippocampus, particularly to 

pyramidall  cells and medial septum/basal forebrain neurons.22 

Increasingg medical technology has made it possible that younger and more vulnerable 

newbornss survive. The higher survival rate is, however, accompanied by a great number 

off  children with developmental problems. The quality of life of these children therefore 
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setss limits to the attempts of trying to increase the survival rates only. In a Dutch nation-

widee study, outcome of a cohort children born <32 weeks' gestation and/or birth weight 

<15000 grams born in 1983 was investigated from birth until adolescence. Although 90% 

off  the children were found to be without severe disabilities until 14 years of age, many 

off  them experienced serious difficulties in everyday lif e and the burden of mild 

developmentall  abnormalities behavioral and learning disorders increased with age. The 

authorss suggested that as many as 40% of the survivors would not be able to become 

fullyy independent adults.23 

Too prevent the need to apply for medical and social services by these high risk children 

andd their parents, more efforts should be made to improve the developmental outcome of 

thesee children from a multidisciplinary approach. New intervention trials with thyroid 

hormonee could be set up to study whether developmental outcome in the youngest 

gestationall  age groups indeed can be improved. In contrast to these hormonal interventions 

studiess which are based on one of the biological factors that play a role in development, 

theree are interventions studies that are focused on improvement of the environmental and 

psychologicall  factors such as the Newborn Individualized Developmental Care and 

Assessmentt Program (NIDCAP)2425 and the Mother-Infant Transaction Program26 in order 

too improve the physiological state of the infant and its clinical and developmental outcome. 

Thee study on indomethacin prophylaxis27 and the study on early diet28 demonstrate 

thatt improvement of clinical outcome (reduced incidence of patent ductus arteriosus, of 

severee periventricular and intraventricular hemorrhage, or positive effects on growth 

andd head circumference, respectively) is not automatically followed by improvement in 

developmentall  outcome. 

Higherr priority must be given to set up (clinical) intervention trials in order to improve 

developmentall  outcome, to improvement of current neonatal care and nursing, to 

optimizationn of early infant stimulation and to careful multidisciplinary and long-term 

follow-upp examinations in order to increase the quality of life of preterm born children 

andd their families. 
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SAMENVATTING G 

Hoofdstukk 1. De invloed van tijdelijke verstoringen in de foetale en/of neonatale 

schildklierhormoonn huishouding (een biologische factor) voor de ontwikkeling van het 

kindd vormt de kern van dit proefschrift. 

Schildklierhormoonn is essentieel voor een normale hersenontwikkeling en een tekort 

off  overschot ervan tijdens de foetale en/of neonatale periode heeft vaak schadelijke 

gevolgenn voor alle ontwikkelingsdomeinen. In dit proefschrift is de ontwikkelingsuitkomst 

inn het neurologische, motorische, cognitieve en/of sociaal-emotionele domein op 

verschillendee leeftijdsmomenten onderzocht. In de eerste levensjaren verloopt de 

ontwikkelingg in een snel tempo en verandert van algemene vaardigheden naar meer 

gedifferentieerdee en gecoördineerde vaardigheden. Abnormale neurologische ontwikkeling 

enn problemen van de grove motoriek worden op jonge leeftijd duidelijk, terwijl cognitieve 

problemenn duidelijk worden naarmate de ontwikkeling voortschrijdt. Leerproblemen 

wordenn meestal niet voor de schoolleeftijd geïdentificeerd. Onderzoeksliteratuur heeft 

aangetoondd dat vanaf de leeftijd van 2 jaar testprestaties een redelijk betrouwbaar beeld 

schetsenn van het functioneren van een kind. Echter, ook na deze leeftijd kunnen problemen 

ontstaann in het verwerven van nieuwe vaardigheden aangezien de ontwikkeling verder 

differentieert. . 

Driee verschillende groepen kinderen zijn onderzocht bij wie inadequate foetale en/of 

neonatalee schildklierhormoon spiegels zouden kunnen interfereren met hun ontwikkeling. 

Dee eerste studiegroep bestond uit kinderen met mogelijk inadequate foetale schild-

klierhormoonspiegelss als gevolg van een maternale schildklierziekte (/rypothyreoïdie of 

/ïv/7éTthyreoïdie).. De tweede groep bestond uit kinderen die TRH of placebo hebben 

gekregenn dat was toegediend via hun moeders bij een dreigende vroeggeboorte bij 25-30 

wekenn zwangerschapsduur. De derde studiegroep bestond uit kinderen die hebben 

deelgenomenn aan een neonatale T4 trial en T4 of placebo hebben gekregen vanwege 

voorbijgaandee hypothyroxinemie als gevolg van een ernstige vroegge-boorte (<30 weken 

zwangerschapsduur).. De meeste hoofdstukken in dit proefschrift zijn gebaseerd op deze 

interventiestudie. . 

Inn hoofdstuk 2 zijn de methoden beschreven die zijn gebruikt om de neurologische, 

motorische,, cognitieve en gedragsuitkomst te meten op verschillende leeftijden. Prematuur 

geborenn kinderen zijn onderzocht op hun gecorrigeerde leeftijden. De tijdstippen waarop 

dee follow-up plaats vond varieerde tussen de verschillende studies, evenals de 

ontwikkelingsdomeinenn die onderzocht zijn. 

137 7 



Inn hoofdstuk 3 is het effect onderzocht van de maternale schildklierfunctie tijdens de 

eerstee helft van de zwangerschap op de ontwikkelingsneurologische uitkomst in de eerste 

22 jaar. Twintig zwangere vrouwen met een schildklierziekte en hun baby's werden in het 

onderzoekk geïncludeerd. De kinderen werden in 3 groepen verdeeld in overeenstemming 

mett de maternale schildklierfunctie in de eerste helft van de zwangerschap: maternale 

hypothyreoïdiee of subklinische hypothyreoïdie, maternale euthyreoïdie, maternale 

hyperthyreoïdiee of subklinische hyperthyreoïdie. Resultaten van deze studie tonen aan 

datt kinderen van moeders met subklinische hypothyreoïdie een vertraagde mentale 

ontwikkelingg hebben gedurende het eerste levensjaar. Dit kan het resultaat zijn van een 

periodee van foetale (subklinische) hypothyreoïdie als gevolg van ontoereikende overdracht 

vann T4 over de placenta vanwege maternale subklinische hypothyreoïdie. 

Inn hoofdstuk 4 zijn de effecten onderzocht van antenatale TRH behandeling op de 

ontwikkelingsneurologischee uitkomst in de eerste 2 levensjaren. TRH of placebo werd 

antenataall  naast corticosteroïden toegediend aan zwangere vrouwen met een dreigende 

vroeggeboortee om de foetale longrijping te bevorderen en zodoende het risico op sterfte 

enn respiratoire ziekte te verminderen. TRH passeert de placenta en stimuleert de foetale 

schildklierfunctie.. Tweeënzestig kinderen werden geïncludeerd waarvan 10 kinderen zijn 

overledenn en 10 kinderen gemist zijn voor follow-up onderzoek. De ontwikkelings-uitkomst 

iss onderzocht in 42 kinderen (81%) (TRH groep: n=21, placebo groep n=21). Beide studie 

groepenn waren vergelijkbaar met betrekking tot zwangerschapsduur, geboortegewicht, en 

hett tijdsinterval tussen trial medicatie en geboorte. In de TRH groep werden meer respiratoire 

problemenn (aantal dagen aan de beademing en chronische long ziekte) gevonden dan in 

dee placebo groep. De resultaten van de follow-up onderzoeken laten zien dat antenatale 

TRHH suppletie is geassocieerd met een vertraagde mentale ontwikkeling op 12 en 24 

maanden.. Het is mogelijk dat dit negatieve effect van TRH het gevolg is van een periode 

vann foetale hyperthyreoïdie met een daaropvolgend (verergering van de) voorbijgaande 

hypothyroxinemie. . 

Inn hoofdstuk 5 zijn de effecten bestudeerd van neonatale T4 suppletie in kinderen 

geborenn na een zwangerschapsduur onder de 30 weken op het gedrag op de leeftijd van 

22 jaar. Tweehonderd kinderen waren geïncludeerd in een gerandomiseerde, dubbelblinde 

gecontroleerdee studie waarin het effect werd onderzocht van T4 suppletie op de 

ontwikkelingsneurologischee uitkomst van veel te vroeg geboren kinderen (geboren <30 

wekenn zwangerschapsduur). De kinderen kregen een vaste dosis thyroxine of placebo 

toegediendd tijdens de eerste 6 weken na de geboorte. Op de leeftijd van 2 jaar namen 
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1577 kinderen deel aan het follow-up onderzoek (35 kinderen overleden, 7 kinderen 

werdenn uit het onderzoek teruggetrokken, en 1 kind verhuisde naar het buitenland). De 

ouderss van 144 kinderen (92%) vulden de CBCL 2/3 in. Resultaten van deze 

gedragsvragenlijstenn toonden aan dat kinderen in de T4-groep meer destructieve 

gedragingenn lieten zien dan de placebo kinderen (adj /?=.03). Deze probleemgedragingen 

warenn sterker aanwezig in de T4- subgroep 327 weken zwangerschapsduur (adj p=.04). De 

jongenss in de T4-groep behaalden een hogere gemiddelde score op de externaliserende 

dimensiee dan de jongens in de placebo groep (adj p=.01); zij lieten zowel meer agressieve 

gedragingenn (adj p=.0\) als destructieve gedragingen (adj p=.03) zien. Echter, kinderen 

mett gedragsproblemen in de T4-groep bleken lagere plasma FT4 spiegels te hebben dan 

kinderenn zonder gedragsproblemen. Dit resultaat suggereert dat de aanwezigheid van meer 

gedragsproblemenn in de T4 groep niet een onmiddellijk gevolg is van de behandeling. 

Inn hoofdstuk 6 zijn de effecten onderzocht van T4 suppletie in kinderen geboren na 

eenn zwangerschapsduur van minder dan 30 weken op de ontwikkelingsuitkomst op 5Vi 

jaar.. Honderdzesenvijftig van de 157 overlevende kinderen in de gerandomiseerde, 

dubbelblindee gecontroleerde neonatale T4 studie namen deel aan deze follow-up studie. 

Alhoewell  de neurologische, motorische, cognitieve en gedragsuitkomst vergelijkbaar 

wass tussen de totale T4 en placebo groep, werden significante interacties gevonden tussen 

T44 suppletie en zwangerschapsduur. Positieve effecten van neonatale T4 suppletie 

werdenn gevonden in kinderen <29 weken, met name in kinderen geboren na 25/26 weken. 

T44 suppletie was echter geassocieerd met een slechtere uitkomst in kinderen geboren na 

299 weken zwangerschap. Deze resultaten geven aan dat T4 suppletie niet nodig is in alle 

veell  te vroeg geboren kinderen, en mogelijk de ontwikkeling bevordert in een selecte 

patiëntenn groep. 

Inn hoofdstuk 7 is bestudeerd welke risicofactoren bij de geboorte en in de neonatale 

periodee bijdragen tot gedragsproblemen op de leeftijd van 2 jaar bij prematuur geboren 

kinderen.. De kinderen namen deel aan de studie met T4 suppletie. Ze werden ingedeeld 

inn 2 groepen, gedragsproblemen of geen gedragsproblemen, op basis van de uitkomsten 

vann de gedragsvragenlijsten (CBCL 2/3) die de ouders hebben ingevuld. Negenendertig 

procentt van de kinderen liet gedragsproblemen zien volgens de gehanteerde definitie 

(tenn minste één score boven het grensgebied op één van de gedragsschalen of brede 

bandd dimensies). De meest belangrijke risicofactoren voor gedragsproblemen op de 

leeftijdd van 2 jaar waren: lage schoolopleiding van de moeder, geboorte na een 

zwangerschapsduurr onder de 28 weken, mannelijk geslacht, en zuurstofbehoefte op de 
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postmenstruelee leeftijd van 36 weken. Het is van deze risicofactoren reeds bekend dat 

zee bijdragen tot gezondheidsproblemen, motorische en cognitieve problemen. Dit 

onderzoekk toont aan dat reeds bij de geboorte kan worden onderscheiden welke kinderen 

eenn verhoogd risico hebben op gedragsproblemen. 

Inn hoofdstuk 8 is onderzocht hoeveel van de prematuur geboren kinderen op de leeftijd 

vann 5Vi jaar ontwikkelingsproblemen hebben in één of meer van de onderzochte 

ontwikkelingsdomeinen.. De aanwezigheid van een 'disability'/ beperking in meer dan 

éénn ontwikkelingsdomein kan mogelijk verklaren waarom zoveel prematuur geboren 

kinderenn schoolproblemen hebben. Alle kinderen namen deel aan de T4 studie. Gebaseerd 

opp hun prestaties in het neurologische, motorische, cognitieve en gedragsdomein werden 

kinderenn ingedeeld in de normale groep, in de groep met een enkele 'disability'/ beperking, 

off  in de groep met meerdere 'disabilities'/ beperkingen. Resultaten van deze studie tonen 

aann dat gecombineerde onderzoeksuitkomsten een zorgelijker uitkomst presenteren van 

dee prematuur geboren kinderen: slechts 39% van de kinderen valt in de 'normale' groep, 

17%% heeft een enkele 'disability'/ beperking en 44% heeft meerdere 'disabilities'/ 

beperkingen.. Het voorkomen van meerdere 'disabilities'/ beperkingen bleek geassocieerd 

mett een lager geboortegewicht, BPD, en een slechtere uitkomst op tweejarige leeftijd. 

Kinderenn in de groep met meerdere 'disabilities'/ beperkingen zaten op school minder vaak 

inn de groep passend bij hun leeftijd (22%) en meer kinderen volgden speciaal onderwijs 

(28%)) vergeleken met de groep kinderen met een enkele 'disability'/ beperking (56% en 

11%,, respectievelijk) en de normale groep (64% en 2%, respectievelijk). Dit onderzoek 

onderschrijftt het belang van multidisciplinaire follow-up tot de schoolleeftijd. 

CONCLUSIES S 

Centraall  in dit proefschrift is de relatie tussen de foetale en neonatale schildklier-

hormoonn huishouding die tijdelijk verstoord is en de ontwikkelingsuitkomst op de lange 

termijn.. Opmerkelijke overeenkomsten werden gevonden in de drie studie groepen. Ten 

eerste,, maternale subklinische /ïv/wthyreoïdie vroeg in de zwangerschap, welke 

voorbijgaandee foetale (subklinische) /?v/?othyreoïdie kan veroorzaken, is geassocieerd 

mett een lagere mentale ontwikkelingsindex tot de leeftijd van 1 jaar (hoofdstuk 3). Ten 

tweede,, TRH, toegediend aan zwangere vrouwen stimuleert de foetale schildklierfunctie 

doordatt het de placenta'3 passeert waarna een korte periode volgt waarin de foetale 

schildklierfunctiee onderdrukt is door depletie van de schildklierhormoon voorraad in 

dee schildklier, is geassocieerd met een lagere mentale ontwikkelingsindex tot de leeftijd 
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vann 2 jaar (hoofdstuk 4). Ten slotte, voorbijgaande hypothyroxinemie is mogelijk niet 

dee ongevaarlijke conditie zoals wordt aangenomen. Alhoewel de resultaten aantonen 

datdat T4 suppletie niet vereist is in alle kinderen die zijn geboren <30 weken zwangerschaps-

duur,, hebben subgroep analyses positieve effecten van de behandeling aangetoond in 

kinderenn die zijn geboren <29 weken. Aan de andere kant zijn negatieve effecten 

gevondenn in kinderen die zijn geboren na een zwangerschapsduur van 29 weken 

(hoofdstukk 6). 

Dezee 3 studies laten ons zien dat T4 (en T3) spiegels gedurende de foetale periode en 

naa een ernstige vroeggeboorte binnen strikte grenzen moeten blijven om een normale 

hersenontwikkelingg te kunnen garanderen. Uitgaande van de resultaten beschreven in 

hoofdstukk 3, lijk t met name de ondergrens van foetale FT4 spiegels essentieel te zijn 

voorr de ontwikkelingsuitkomst. Er werden geen associaties gevonden tussen maternale 

(subklinische)) Zzy/^rthyreoïdie en de ontwikkelingsneurologische uitkomst. Uitgaande 

vann de resultaten beschreven in hoofdstuk 6 lijk t de leeftijdsgrens van 29 weken van 

belang.. Beneden deze leeftijd kan hypothyroxinemie niet gecompenseerd worden door 

beschermingsmechanismenn en boven deze leeftijd is de hypothyroxinemie niet ernstig 

genoegg en zijn de beschermingsmechanismen berekend op de wat lagere (vrij ) T4 

spiegels.. Een alternatieve verklaring is dat belangrijke T4-afhankelijke rijpingsprocessen 

voorall  plaatsvinden <29 weken zwangerschap. Deze veronderstellingen zijn gebaseerd 

opp resultaten in kleine onderzoeksgroepen met te weinig 'power' om theorieën te bewijzen. 

All ee resultaten in dit proefschrift kunnen het gevolg zijn van toeval. Andere studies4-5 

bevestigenn de belangrijke rol van de maternale schildklierfunctie voor de ontwikkelings-

uitkomst;; maternale hypothyroxinemie tijdens het eerste trimester van de zwangerschap 

(mett voortdurende lage maternale T4 spiegels in het tweede en derde trimester) is 

geassocieerdd met lagere mentale ontwikkelingsindex scores op 1 en op 2 jarige leeftijd4, 

enn met een lagere IQ-score op de schoolleeftijd.5Het resultaat in onze TRH studie, dat de 

ontwikkelingsuitkomstt nadelig beïnvloed is door de suppletie, wordt bevestigd door de 

enigee andere follow-up studie6 waarin een verhoogd risico werd gevonden bij kinderen 

inn de TRH groep op een vertraging in de motorische en sociale ontwikkeling, op een 

zintuiglijkee 'impairment' en een ernstige 'impairment' op de leeftijd van 12 maanden. 

Onzee T4 trial is de eerste studie waarin effecten zijn onderzocht van neonatale T4 

suppletiee op de gedragsuitkomst op 2 jarige leeftijd en op de ontwikkelingsneurologische 

uitkomstt op de kleuterleeftijd waardoor geen vergelijkingen kunnen worden gemaakt 

mett resultaten uit andere studies. Retrospectieve studies hebben echter associaties 

aangetoondd tussen lage neonatale T3 en T4 spiegels en ontwikkelingsproblemen op de 

leeftijdd van 2 tot 9 jaar.710 De negatieve effecten van T4 suppletie in de subgroep >29 
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wekenn zwangerschapsduur waren niet gerelateerd aan te hoge FT4 spiegels. Integendeel, 

naarmatee de neonatale FT4 spiegels van de T4-behandelde kinderen hoger waren, des te 

wass de uitkomst op 5-jarige leeftijd beter." 

Opp dit moment is het nog steeds onbekend of de relatie tussen neonatale schildklier-

hormoonn spiegels van premature kinderen en de ontwikkelingsuitkomst een causale 

relatiee is. Voorbijgaande hypothyroxinemie en ontwikkelingsproblemen zijn vaak 

aanwezigg in prematuur geboren kinderen. Beide condities kunnen onafhankelijke 

gevolgenn zijn van de premature geboorte en/of lage schildklierhormoon spiegels kunnen 

bijdragenn tot ontwikkelingsproblemen.12 Verder onderzoek is nodig, de resultaten van 

onzee interventie studie ondersteunen het opzetten van nieuwe klinische studies met T4 

suppletiee in kinderen geboren <29 weken. 

Informatiee over foetale schildklierhormoon spiegels ontbreekt in de drie studie 

groepen.. Reeds voor de inclusieperiode kunnen de schildklierhormoon spiegels van de 

kinderenn afwijkend zijn. Een aantal kinderen met voorbijgaande hypothyroxinemie 

kunnenn ook lage foetale schildklierhormoon spiegels hebben ten gevolge van maternale 

hypothyroxinemie.. Beide condities zijn geassocieerd met ontwikkelingsproblemen en 

dee problemen van prematuur geboren kinderen zullen dan niet alleen verklaard kunnen 

wordenn door lage neonatale schildklierhormoon spiegels. Het is echter alleen via 

navelstrengpunctiee mogelijk om de foetale schildklierhormoon spiegel te meten tijdens 

dee zwangerschap hetgeen een risicovolle procedure is. Daarom is er geen directe 

informatiee beschikbaar over de ernst van de foetale /nywthyroxinemie en foetale 

/n/wthyroxinemie.. In de groep kinderen wier moeders een schildklierziekte hebben, 

zijnn neonatale schildklierhormoon spiegels gemeten in navelstrengbloed bij de geboorte 

maarr deze geven alleen informatie over het laatste stadium van de zwangerschap. In 

kinderenn die deelnamen aan de antenatale TRH studie is de neonatale schildklierfunctie 

niett gemeten om financiële en praktische redenen. Veel kinderen zijn thuis of in een 

anderr ziekenhuis geboren waardoor het niet mogelijk was om hun navelstrengbloed te 

verzamelen.. Informatie omtrent schildklierhormoon concentraties in navelstrengbloed na 

antenatelee TRH suppletie is wel verzameld in andere studies.'3 Verhoogde concentraties 

TSH,, T3, T4 en prolactine werden gevonden in navelstrengbloed van kinderen die werden 

geborenn binnen 6 uur na de TRH suppletie' \ terwijl onderdrukte TSH en schildklierhormoon 

spiegelss werden gevonden in kinderen die 13-36 uur na de TRH suppletie zijn geboren.' 

Tussenn de placebo groep en TRH groep werden echter geen verschillen in T3 en TSH 

spiegelss gevonden 3 tot 28 dagen na de geboorte.2 Deze laatste resultaten demonstreren 

datt de invloed van antenatale TRH suppletie op het foetale schildklier systeem van korte 
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duurr is. Antenatale TRH suppletie aan zwangere vrouwen stimuleert niet alleen de 

maternalee en foetale schildklierhuishouding, het verstoort tevens de maternale en foetale 

fysiologiee aangezien TRH ook als neurotransmitter functioneert en gepaard gaat met een 

snelleree hartslag, hogere bloeddruk, blozen en/of overgeven. Deze effecten verdwijnen 

binnenn een half uur bij de moeders, maar de foetus zou zich wel eens niet zo snel kunnen 

herstellenn aangezien de suppletie een grotere invloed heeft of de foetale schildklierfunctie 

dann op die van de moeders. Het neurotransmitter effect van TRH zou dus ook een rol 

kunnenn spelen in de foetale en neonatale ontwikkeling. 

Resultatenn uit de TRH studie onderschrijven het belang om lange termijn follow-up 

onderzoekk op te nemen in interventie studies die tot doel hebben de klinische uitkomst 

tee verbeteren. Antenatale TRH suppletie werd gezien als een veel belovende nieuwe 

strategiee om het vóórkomen en de ernst van RDS te verminderen. Het werd reeds in 

wijdee kring toegepast voordat de effectiviteit van de behandeling bewezen was. Klinische 

studiess hebben nu aangetoond dat antenatale TRH suppletie naast corticosteroïden 

ineffectieff  is in het verminderen van RDS13, terwijl de follow-up studie heeft aangetoond 

datt kinderen in de TRH groep een lagere mentale ontwikkelingsindex tot de leeftijd van 2 

jaarr hebben vergeleken met de placebo kinderen. De follow-up studie met neonatale T4 

suppletiee heeft mogelijke positieve effecten aangetoond op de ontwikkelingsneurologische 

uitkomstt op 5'/2 jaar in kinderen geboren na een zwangerschapsduur <29 weken, terwijl de 

behandelingg mogelijk schadelijke gevolgen heeft voor kinderen geboren na 29 weken 

zwangerschapsduur. . 

Onzee neonatale T4 trial is één van de weinige klinische trials die ontwikkelingsuitkomst 

(i.e.. mentale uitkomst op de leeftijd van 2 jaar) als de belangrijkste uitkomstmaat heeft 

gedefinieerd.. De ontwikkelingsneurologische uitkomst is op verschillende tijdstippen tot 

dee schoolleeftijd onderzocht. Het belang om effecten van de behandeling in diverse stadia 

vann de ontwikkeling te onderzoeken werd hierdoor aangetoond. Zwangerschapsduur 

gerelateerdee effecten van de behandeling op de verschillende ontwikkelingsdomeinen 

werdenn pas na het eerste levensjaar zichtbaar. Naarmate de tijd verstreek onderscheidden 

dezee effecten zich meer en werden mogelijk gunstige effecten voor de neurologische en 

motorischee ontwikkeling geleidelijk aan zichtbaar. 

Dee resultaten van de T4 studie tonen ook aan dat het belangrijk is om de uitkomst in 

verschillendee ontwikkelingsdomeinen te bestuderen; het algeheel functioneren van kinderen 

opp de leeftijd van 5Vi jaar geeft een redelijk betrouwbaar beeld van hun school functioneren, 

reedss voordat ze leren lezen en schrijven (zie hoofdstuk 8). Belangrijke en interessante 

informatiee zou gemist zijn wanneer alleen de mentale uitkomst op de leeftijd van 2 jaar 
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bestudeerdd zou zijn. De informatie over zwangerschapsduur gerelateerde effecten en 

mogelijkk positieve effecten voor de neurologische en motorische uitkomst zijn ook 

essentieell  voor het opzetten van nieuwe interventie studies. Visuele ontwikkeling zou 

ookk een uitkomstmaat kunnen zijn om te onderzoeken aangezien een recent gerapporteerd 

onderzoekk aantoonde dat kinderen met verschillende oorzaken van vroege 

hypothyroxinemiee andere visuele gebreken hebben die de visuele aandacht zouden 

kunnenn beïnvloeden.14 

Informatiee over de uitkomst in het sociaal-emotionele domein ontbreekt in de twee 

anderee studie groepen (maternale schildklierziekte en antenatale TRH suppletie). 

Alhoewell  het bekend is dat gedragsproblemen bepalend kunnen zijn voor het school 

functionerenn en voor de relaties met leeftijdsgenoten en gezinsleden, krijgt de uitkomst 

inn dit domein nog altijd minder aandacht vergeleken met de andere domeinen. Eén van 

dee redenen hiervoor is het feit dat er minder psychometrische instrumenten zijn om de 

sociaal-emotionelee ontwikkeling te onderzoeken vooral in jonge kinderen, terwijl andere 

methodenn (zoals observaties van ouder-kind interacties en de 'strange situation' 

procedure15)) erg arbeidsintensief zijn. 

Eenn premature geboorte is een gebeurtenis die een enorme invloed heeft op de 

biologische,, psychologische en sociologische factoren die een rol spelen in de 

ontwikkeling.16188 We hebben algemene methoden gebruikt om de ontwikkelings-

neurologischee uitkomst te onderzoeken. Het is bekend19 dat veel prematuur geboren 

kinderenn schoolproblemen hebben ook al beschikken ze over gemiddelde intellectuele 

vaardigheden.. De intelligentie test die werd gebruikt is niet ontwikkeld om specifieke 

leerproblemenn op te sporen. Naast een intelligentietest die de algemene cognitieve 

vaardighedenn (IQ) meet, kunnen neuropsychologische testen zoals reactietijd taken, 

visueel-motorischee taken, aandacht, geheugen en tactiele vinger discriminatie taken, 

bruikbaree informatie opleveren. De exacte aard van perinatale hersenschade, die vaak 

voorkomtt na een premature geboorte, kan op deze manier nader onderzocht worden. Zo 

iss bijvoorbeeld bij deze groep kinderen een associatie aangetoond tussen kleinere 

hippocampuss volumes en gebreken in het alledaags geheugen.20 Met een toenemende 

specificiteitt van onderzoeksmethoden zouden ook effecten van T4 suppletie bestudeerd 

kunnenn worden in relatie tot specifieke hersengebieden waarvan bekend is dat ze 

afhankelijkk zijn van schildklierhormoon.14 2I Studies naar de neurologische effecten van 

schildklierhormoonn injecties in neonatale ratten toonden langdurige veranderingen aan 

inn de hippocampus, met name in de pyramidale cellen en in neuronen van de basale 

kernen.222 De voortschrijdende medische technologie heeft het mogelijk gemaakt dat 
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jongeree en meer kwetsbare kinderen overleven. Het hogere overlevingscijfer gaat echter 

samenn met een groot aantal kinderen met ontwikkelingsproblemen. De kwaliteit van 

levenn van deze kinderen legt grenzen aan het streven naar hogere overlevingscijfers. In 

eenn landelijke Nederlandse studie is de uitkomst van een cohort kinderen in 1983 geboren 

naa een zwangerschapsduur <32 weken en/of een geboortegewicht <1500 gram bestudeerd 

vanaff  de geboorte tot aan de adolescentie. Alhoewel 90% van de kinderen geen ernstige 

'disabilities'// beperkingen had tot de leeftijd van 14 jaar, ervaren velen van hen ernstige 

problemenn in het alledaagse leven en de last van milde ontwikkelingsafwijkingen, 

gedrags-- en leerstoornissen neemt toe met de leeftijd. De auteurs suggereren dat 40% 

vann de overlevende kinderen niet in staat zal zijn om geheel zelfstandige volwassenen 

tee worden.23 

Omm te voorkomen dat deze kwetsbare kinderen en hun ouders een beroep zullen moeten 

doenn op de medische en sociale voorzieningen, zou meer moeite gedaan moeten worden 

omm de ontwikkelingsuitkomst van de kinderen te verbeteren vanuit een multidisciplinaire 

benadering.. Nieuwe interventie studies met T4 suppletie zouden kunnen worden opgezet 

omm te onderzoeken of de ontwikkelingsuitkomst in de jongste zwangerschapsduur groep 

inderdaadd verbeterd kan worden. In tegenstelling tot deze hormonale interventie studies 

diee uitgaan van één van de biologische factoren die een rol spelen in de ontwikkeling, 

zijnn de interventie studies die zich richten op de verbetering van omgevings- en 

psychologischee factoren zoals de 'Newborn Individualized Developmental Care and 

Assessmentt Program' (NIDCAP)24 25 en de 'Mother-Infant Transaction Program'26 met 

alss doel het verbeteren van de fysiologische toestand van het kind, zijn klinische uitkomst 

enn zijn ontwikkelingsuitkomst. 

Dee studie naar indomethacine prophylaxe27 en de studie naar een vroeg dieet28 tonen 

aann dat een verbetering van de klinische uitkomst (verminderde incidentie van open 

ductuss arteriosis, van ernstige periventriculaire en intraventriculaire bloedingen, 

respectievelijk,, van positieve effecten op de groei en hoofdomtrek) niet automatisch 

gevolgdd wordt door een verbetering in de ontwikkelingsuitkomst. 

Eenn hogere prioriteit moet worden gegeven aan het op zetten van (klinische) interventie 

studiess met als doel het verbeteren van de ontwikkelingsuitkomst, het verbeteren van de 

neonatalee zorg en verzorging, het optimaliseren van de vroegkinderlijke stimulatie en 

zorgvuldigee multidisciplinaire en lange termijn follow-up onderzoeken zodat de kwaliteit 

vann leven van prematuur geboren kinderen en hun families toeneemt. 
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Graagg wil ik iedereen bedanken die direct of indirect heeft bijgedragen tot dit 

proefschrift. . 

Eenn aantal wil ik met name noemen: 

Allereerstt wil ik alle kinderen en hun ouders bedanken die aan de verschillende studies 

hebbenn meegewerkt, zonder julli e was dit proefschrift er niet geweest. 

Prof.. Dr. J.H. Kok, beste Joke. Ik vond het nogal wat om als ontwikkelingspsycholoog 

tee promoveren op een onderzoek waarin ook het vakgebied van de Neonatologie en 

Endocrinologiee een prominente plaats innamen. Jij hebt het aangedurfd om, samen met 

dee copromotores, dit avontuur met mij aan te gaan. Het was een heel bijzonder avontuur 

enn ik dank je voor alle ondersteuning die je mij de afgelopen jaren gegeven hebt om dit 

avontuurr tot een goed einde te brengen. 

Dr.. A.G van Wassenaer, beste Aleid. Na je eigen promotie afgerond te hebben, ging je 

mett evenveel enthousiasme verder met het vervolg van het Thyroxine-onderzoek'. Met 

grotee vanzelfsprekendheid gaf je het stokje aan mij over en stond je altijd klaar om mij 

bijj  te staan waar nodig. Jouw kennis op het gebied van de Neonatologie, Endocrinologie 

enn Ontwikkelingsneurologie waren onontbeerlijk voor dit proefschrift. Daarnaast heb je 

veell  oog gehad voor de persoon achter de promovendus. Aleid, ik dank je voor je kritische 

begeleiding,, je steun in moeilijke tijden, en je geloof in de goede afloop. 

Dr.. A.L. van Baar, beste Anneloes. Jij bent degene die mij heeft binnengebracht in de 

Thyroxine-/voedingsonderzoekk werkgroep'. Jouw ervaring, kennis over en inzet voor 

onss vakgebied hebben veel indruk op mij gemaakt. Als mijn supervisor heb je me met 

veell  enthousiasme de fijne kneepjes van het vak geleerd. Ik denk met veel genoegen 

terugg aan de vele uren die we hebben doorgebracht discussiërend over ons boeiende vak 

enn over alles wat ons op dat moment bezig hield. Als copromotor was je steeds zeer snel 

inn het becommentariëren van de geschreven teksten en wist je je kritiek op een 

opbouwendee wijze te brengen. Daarnaast praatte je me steeds weer moed in als ik het 

evenn niet zag zitten. Heel veel dank, Anneloes, voor alles wat je me hebt geleerd, de 

mogelijkhedenn die je me hebt geboden om me verder te ontwikkelen en dat je er was 

wanneerr ik je nodig had. 

Friedoo Dekker, beste Friedo. Als ji j niet jarenlang regelmatig gevraagd had 'waarom 

gaa je niet promoveren?', had ik deze kans om te promoveren waarschijnlijk aan me voorbij 

latenn gaan. Ik heb jouw begeleiding van de statistische analyses als heel leerzaam maar 

ookk als zeer plezierig ervaren. Ik kwam altijd zeer gemotiveerd uit besprekingen met jou 

vandaan,, met een gevoel alsof ik bergen kon verzetten. Ik waardeer het zeer dat ik nog 

steedss met vragen bij je terecht kon nadat jouw aanstelling bij onze onderzoeksgroep 
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wass beëindigd en zelfs nadat je een nieuwe werkkring had gevonden. Friedo, heel veel 
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