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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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