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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. 

74 4 



EvaluationEvaluation of the effect of thyroxine supplementation on behavioural outcome in very preterm infants 

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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