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ABSTRACT

Context: In 2-year-old children with Down’s syndrome (DS), early T4 treatment was 
found to result in slightly better motor development and growth. 

Objectives: This study sought to determine long-term effects of early T4 treatment on 
development and growth in children with DS with either an elevated or normal neonatal 
TSH concentration.

Design: Patients received a single follow-up visit 8.7 years after a randomized placebo-
controlled trial (RCT) comparing T4 and placebo treatment during the first 2 years of life.

Setting: Dutch Academic Hospital.

Participants: All children who completed the RCT (N = 181, of 196 randomly assigned 
children) were invited for the follow-up study. A total of 123 participants enrolled, at a 
mean age of 10.7 years.

Interventions: T4 or placebo treatment from the neonatal period until 2 years.

Main Outcome Measures: Primary: mental and motor development. Secondary: 
communication skills, fine-motor coordination, height, weight, and head circumference 
(HC). Outcomes were compared between T4- and placebo-treated children, and 
between treatment groups with either a normal (< 5 mIU/L), or elevated (≥ 5 mIU/L) 
TSH concentration at original trial entry.

Results: Mental or motor development, communication skills, or fine-motor 
coordination did not differ between T4- (N = 64) and placebo-treated children (N = 59). 
T4-treated children had a larger HC (50.4 vs 49.8 cm, p = 0.04) and tended to be taller 
(133.2 vs 131.1 cm, p = 0.06). These differences were somewhat greater in children 
with TSH ≥ 5 mIU/L (HC: T4, 50.5 vs placebo, 49.7 cm; p = 0.01; height: T4, 133.8 vs 
placebo, 130.8 cm; p = 0.02), but were not found in children with TSH < 5 mIU/L (HC: 
T4, 50.1 vs placebo, 50.0 cm; p = 0.75; height: T4, 132.1 vs placebo, 131.6 cm; p = 
0.22).

Conclusions: Early T4 treatment of children with DS does not seem to benefit mental 
or motor development later in life. However, the positive effect on growth is still 
measurable, especially in children with an elevated plasma TSH concentration in the 
neonatal period.
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Thyroid problems such as overt and subclinical hypothyroidism (SH) are much more 
prevalent in children and adults with Down’s syndrome (DS) than in the general population 
[1-4]. Overt hypothyroidism is a clear indication for treatment with T4 to ensure optimal 
brain development (infants), growth (children), and metabolism (all ages) [5]. In contrast, 
treatment recommendations for SH, defined as a plasma TSH concentration above 
the reference interval in combination with a free T4 concentration within the reference 
interval, lack solid evidence and are still debated [4, 6-8].

In an observational study we found that newborns with DS had a lower total T4 
concentration in combination with a higher TSH concentration compared with non-
DS newborns [9]. We hypothesized that most, if not all, DS newborns have a DS-specific 
thyroid (regulation) disorder that might negatively influence their brain development and 
growth. To test this hypothesis, we compared the effects ofT4 and placebo treatment from 
the neonatal period until the age of 2 years in 196 children with DS, taking mental and 
motor development as primary outcome measures. In this randomized, placebo-controlled 
trial (RCT), T4 treatment resulted in better motor development and growth compared with 
placebo treatment [10].

Although the treatment effects were statistically significant, they were only modest 
with confidence intervals close to zero. It was therefore uncertain whether these results 
were clinically relevant and lasting, and whetherT4 treatment of all newborns with DS 
during their first 2 years of life is justified. To determine whether T4 treatment of children 
with DS during the first 2 years of life has a lasting positive effect on development and 
growth, we conducted a follow-up study among the original RCT participants with DS, now 
aged 10.7 years, comparing the effects of T4 and placebo treatment. Primary outcomes 
for the follow-up study were mental and motor development. Secondary outcomes were 
communication skills, fine motor coordination, and growth. Communication skills and fine 
motor coordination were not part of the original RCT, but were currently assessed because 
these domains are likely to be affected by postnatal thyroid hormone deficiency [11].

Based on the critique on our original RCT that T4 treatment might only be relevant in 
children with DS with an abnormal thyroid hormone state, ie, SH [12], we also compared the 
effect of T4 and placebo treatment separately in children with a plasma TSH concentration 
≥ 5 mIU/L and in children with a plasma TSH concentration < 5 mIU/L at the start of the 
original RCT.

MATERIALS AND METHODS

Study design
In this follow-up study in children with DS, 8.7 years after the end of a single-center RCT, 
the late effects of T4 vs placebo administration between the neonatal period and the age 
of 2 years were compared. All children who completed the original RCT (181 of 196) were 
eligible for inclusion. Children and their parents were sent an invitation letter and return 
form to their last known address. After a positive reply a single study visit was planned 



32

Chapter 2

around the age of 10.7 years (time window, between 2 weeks before and after that age). 
The study was conducted between January 2010 and April 2012 in the Academic Medical 
Center, University of Amsterdam, after approval by its ethics committee (MEC 09/268). 
Written informed consent was obtained from all parents. 

Assessments
To examine group characteristics in the T4- and placebo-treated children, 
sociodemographics (child’s sex, maternal educational level), perinatal data (karyotype, 
gestational age at birth, birth weight, Apgar score at 1 and 5 minutes, thyroid function 
at trial entry) and laboratory parameters were used, all available from the original 
RCT. We further assessed parameters that might influence development (comorbidity, 
developmental stimulation, current thyroid hormone state) or growth (parental heights, 
signs of puberty). Comorbidity and participation in developmental stimulation programs 
after the age of 26 months (end of data collection original RCT) were assessed using a 
web-based questionnaire. Prior to the study visit, parents received a unique link to this 
questionnaire by mail and were requested to complete the questionnaire before visiting 
our center. The current thyroid hormone state was assessed by measurement of the TSH 
plasma concentration in venous blood collected at the end of the study visit. TSH was 
measured with an electrochemiluminiscence immunometric assay performed on the 
Cobas 8000 analyzer (Roche Diagnostics), detection limit, 0.01 mIU/L; total assay variation 
2–4%; reference interval, 0.5–5.0 mIU/L. If venous blood collection was not possible, the 
most recent laboratory data were requested from the local pediatrician. Parental heights 
were available from the original RCT. The corresponding target height was calculated 
according to Dutch standards valid at the time of measurement. Signs of puberty were 
assessed by a pediatric endocrinologist, and classified according to Tanner [13]. Signs of 
puberty were defined as breast stage 2 or greater in girls, and testicular volume at least 4 
ml in boys.

Primary outcomes of this follow-up study were general mental and motor development. 
General mental development was assessed using the Snijders-Oomen Nonverbal Intelligence 
test 2.5–7 (SON-R). The SON-R is a Dutch nonverbal intelligence test, originally developed 
for children age 2.5–7 years [14]. The developmental age equivalent of the SON-R was 
used as mental developmental outcome. If the SON-R proved too demanding for a child, 
the mental scale of the Bayley Scales of Infant Development-II (BSID-II) was administered 
instead. The BSID-II was originally developed for children age 1–42 months and also 
yields an age equivalent [15]. The age equivalents of either the SON-R or the BSID-II were 
combined into one variable representing the mental developmental age equivalent. General 
motor development was assessed using the Movement Assessment Battery for Children 2 
(M-ABC2), age band 5–6 years [16]. The M-ABC2 assesses motor development across several 
domains (manual dexterity, aiming and catching, balance). Because the M-ABC2 does not 
provide age equivalents, and the age band 5–6 years was used, the motor development 
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outcome was expressed as total standard score relative to 5-year-old children. Children 
who were unable to perform the M-ABC2 were assigned the lowest standard score of the 
M-ABC2 (i.e., 1). 

Secondary outcomes were communication skills, fine motor coordination, and physical 
growth in terms of height, weight, and head circumference (HC). Communication skills 
were assessed using the parent-reported communication subscale of the Vineland Adaptive 
Behavior Scale (VABS) [17], expressed as an age equivalent [18]. Fine motor coordination 
was assessed by the motor coordination task of the Beery-Buktenica Developmental 
test of Visual- Motor Integration fifth edition (Beery VMI),resulting in an age equivalent 
[19]. Children unable to perform the Beery VMI were assigned the lowest age equivalent 
provided by the norms (i.e., 26 months). Developmental tests were carried out by one 
developmental psychologist who was blinded to previous treatment with T4 or placebo. 
Height was measured with a Harpenden stadiometer, weight was measured with a calibrated 
balance, and HC with a flexible tape measure. Height, weight, and HC SD scores relative to 
the general population were calculated following current Dutch standards [20, 21]. Medical 
students, who were also blinded to previous treatment and were trained and supervised by 
a pediatric endocrinologist, measured height, weight, and HC.

Statistical analysis
Sociodemographic characteristics (child sex, maternal educational level) and karyotype 
of the T4- and placebo-treated children were compared by Χ2 tests. Other perinatal 
characteristics (gestational age at birth, birth weight, Apgar score at 1 and 5 minutes, 
thyroid function at trial entry) were compared by unpaired t tests. Comorbidity 
(total number of medical diagnoses, hospital admissions, or surgical procedures) 
and developmental support (participation—yes vs no—in developmental stimulation 
programs, physical therapy, or speech therapy) were compared by Χ2 tests. In children not 
currently treated for a thyroid disorder, current plasma TSH concentrations in the T4- and 
placebo-treated children were compared by unpaired t tests. In children currently treated 
for hypothyroidism or hyperthyroidism, plasma TSH concentrations were compared by 
Mann-Whitney U tests. Parental height and target height were compared by unpaired t 
tests. Signs of puberty were compared by Χ2 tests. To explore possible selection bias, 
participants in the follow-up study were compared with the total group of children that 
completed the original RCT by one-sample t tests (T4 follow-up vs T4 total group, and 
placebo follow-up vs placebo total group). These groups were compared concerning the 
primary and secondary outcomes in the original RCT (BSID-II mental and motor scales, 
length, weight, HC). Differences between T4- and placebo-treated children on the primary 
outcomes were analyzed with unpaired t tests (mental development) or Mann- Whitney 
U test (combined motor standard score). The secondary outcomes (VABS communication, 
Beery VMI, height, weight, HC, and their SD scores) were analyzed with unpaired t tests. 
In the additional subgroup analysis, the primary and secondary outcomes at follow-up of 
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T4- and placebo-treated children were analyzed separately in children with TSH at least 5 
mIU/L and in children with TSH less than 5 mIU/L at the start of the original RCT, using the 
same statistical methods as in the main analysis. All reported p-values are two sided. p < 
0.05 was considered statistically significant. All data were analyzed using SPSS for Windows 
20.

RESULTS

Participants
One hundred twenty-three of the 181 children with DS (68%) who had completed the 
original RCT participated in the follow-up study. Of these children, 64 were treated with T4 
and 59 with placebo. Not all planned assessments and measurements were completed in 
all children, mainly due to inability or unwillingness to cooperate (Figure 1).

Pre-analysis
The two treatment groups, T4 and placebo, were similar regarding sociodemographics, 
perinatal characteristics, comorbidity, developmental support, thyroid hormone state, 
parental heights, and signs of puberty (Table 1). For instance, the number of children 
diagnosed with and subsequently treated for hypothyroidism between the ages of 
26 months and 10.7 years was approximately similar in both groups (7 of 64 vs 10 of 
59). In nine of the 17 children the probable cause of the acquired hypothyroidism was 
autoimmune thyroid disease (four in the T4 group and five in the placebo group). Within 
the subgroups of children with TSH at least 5 mIU/L and less than 5 mIU/L at the start 
of the original RCT, the T4 and placebo groups were also similar with regard to the 
abovementioned characteristics (Supplemental Table 1). Analyses to trace possible 
selection bias revealed that the T4-treated children participating in the follow-up study 
showed a smaller delay in mental development at 24 months than the total T4 group that 
completed the original RCT (difference, -0.6 months; 95% confidence interval [CI], -1.2 – 
0.0; p = 0.04) (data not shown). Within the subgroups of children with TSH at least 5 mIU/L 
and less than 5 mIU/L we found no statistically significant indication for selection bias.

Primary outcomes
At 10.7 years, the T4-treated children had a slightly higher combined mental age 
equivalent (51.6 ± 10.7 vs 50.9 ± 13.6; difference, 0.8 months) and a slightly higher 
combined motor standard score (4.4 ± 2.6 vs 4.2 ± 2.5; difference, 0.3 points) compared 
with placebo-treated children (Table 2). However, both differences were small (for 
instance, a mental age difference of 0.8 months at the calendar age of 10.7 years 
represents a difference of 0.6%) and not statistically significant (p = 0.73 and p = 0.62, 
respectively).
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Figure 1. Flow diagram covering the original trial, the follow-up study at the age of 10.7 years, and 
the main and additional analyses within the follow-up study.

Abbreviations: Beery VMI, Beery-Buktenica developmental test of visual-motor integration; BSID-II, Bayley scales 
of infant development second edition; M-ABC2, movement assessment battery for children second edition; RCT, 
randomized controlled trial; SON-R, Snijders-Oomen nonverbal intelligence test 2.5 to 7 years; VABS, Vineland 
adaptive behavior scale.
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Table 1. Characteristics of the T4- and placebo-treated participants in the follow-up study.

T4 (n = 64) Placebo (n = 59)
Socio-demographic features
  Age at follow-up, y 10.7 (0.0) 10.7 (0.1)
  Male sex 33 (51.6) 31 (52.5)
  Maternal educational level a

    Low 7 (10.9) 8 (13.6)
    Medium 27 (42.2) 25 (42.4)
    High 30 (46.9) 26 (44.1)
Perinatal data
  Karyotype
    Trisomy 21 61 (95.3) 57 (96.6)
    Translocation 3 (4.7) 0 (0.0)
    Mosaic 0 (0.0) 2 (3.4)
  Birth weight, g 3058 (535) 3073 (531)
  Gestational age at birth, wk 38.3 (1.4) 38.6 (1.3)
  APGAR score 1 minute 8.3 (1.2) 8.0 (1.5)
  APGAR score 5 minutes 9.3 (0.8) 9.2 (0.9)
  TSH at trial entry (mIU/L) b 6.8 (3.3) 6.0 (2.7)
  FT4 at trial entry (pmol/L) b 18.6 (3.4) 18.5 (2.8)
Comorbidity c

  Medical diagnoses d 65 71
    Hypothyroidism e 7 (11.1) 10 (17.2)
    Hyperthyroidism f 0 (0.0) 1 (1.7)
    ENT disorder 41 (65.1) 40 (69.0)
    Gastrointestinal disorder 6 (9.5) 6 (10.3)
    Pulmonary disorder 5 (7.9) 3 (5.2)
    Cardiac disorder 1 (1.6) 3 (5.2)
    Orthopedic disorder 2 (3.2) 1 (1.7)
    Leukemia 2 (3.2) 1 (1.7)
    Epilepsy 0 (0.0) 2 (3.4)
    Other g 1 (1.6) 4 (6.9)
  Hospital admissions (nonsurgical reasons) h 25 21
    Pulmonary 14 (22.2) 12 (20.7)
    Infection (nonpulmonary) 5 (7.9) 3 (5.2)
    Dehydration 1 (1.6) 3 (5.2)
    Leukemia 2 (3.2) 1 (1.7)
    Other i 3 (4.8) 2 (3.4)
  Surgery j 56 56
    ENT 40 (63.5) 38 (65.5)
    Urological 5 (7.9) 3 (5.2)
    Ocular 2 (3.2) 4 (6.9)
    Dental 2 (3.2) 4 (6.9)
    Cardiac 2 (3.2) 3 (5.2)
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T4 (n = 64) Placebo (n = 59)

    Plastic reconstructive 4 (6.3) 1 (1.7)
    Other k 1 (1.6) 3 (5.2)
  Sensory aids 43 47
    Visual 40 (63.5) 39 (67.2)
    Auditory 3 (4.8) 8 (13.8)
Developmental support c

  Developmental stimulation program 13 (20.6) 14 (24.1)
  Physical therapy 45 (71.4) 40 (69.0)
  Speech therapy 63 (100.0) 56 (96.6)
Thyroid hormone state: TSH (mIU/L)
    Currently not treated l 3.76 (2.62) 4.20 (2.33)
    Treated for hypothyroidism 4.28 (2.72) 4.20 (2.78)
    Treated for hyperthyroidism  6.50 (-)
Parental height
  Height mother, cm 168.7 (5.2) 168.8 (6.0)
  Height father, cm 183.2 (6.4) 183.0 (6.8)
  Calculated target height, cm m 180.6 (8.5) 180.6 (8.5)
Signs of puberty n

  Male 15 (53.6) 15 (50.0)
  Female 9 (30.0) 8 (28.6)

Abbreviation: ENT, Ear, nose or throat.
T4 and placebo did not differ significantly (p < 0.05) on any of the characteristics.
Data are presented as n (%) or mean (SD).
a At trial entry. Low=primary school, lower vocational education; medium=lower general secondary 
education, intermediate vocational education; high=higher general secondary education, pre-
university education, higher vocational education and/or university.
b Measured in plasma at the mean age of 24 d (range 10-28 d).
c Questionnaire concerned the period from the age of 26 months to 10.7 years. Questionnaire was not 
completed by all parents (completed questionnaires: T4, n = 63, Placebo, n = 58)
d Total number of medical diagnoses
e Treated with thyroxine; T4 group: in four of the seven children diagnosed with hypothyroidism 
between the ages of 26 months and 10.7 years the (probable) cause was autoimmune thyroid disease 
(AITD); placebo group: in 5 of the 10 children the (probable) cause was AITD
f Treated with thiamazol and T4; the cause of the hyperthyroidism was Graves’ disease
g Alopecia areata, 1; dyspraxia, 1; obesity, 1; vitiligo & idiopathic thrombocytopenic purpura, 1; 
amblyopia, 1
h Total number of hospital admissions, for any reason other than surgical procedures
i Epileptiform complaints, 1; fracture, 1; edema, 1; luxation of hip, 1; rheumatic complaints, 1 
j Total number of surgical procedures 
k Gastrointestinal complaints, 1; orthopedic procedures, 2; neurochirurgical procedures, 1 
l Blood sampling did not succeed in all children who are currently not treated with any thyroid 
medication (blood sampling succeeded: T4, n = 52; placebo, n = 43)
m Calculated for boys as: (heightfather + heightmother +13)/2 + 4.5; for girls as (heightfather + 
heightmother-13)/2 + 4.5
n Signs of puberty was defined as breast stage 2 or greater in girls, or testicular volume of 4 ml or 
greater in boys. Assessment of pubertal development was not possible in all patients due to lack of 
cooperation (completed assessments: T4, n = 58: 28 male, 30 female; Placebo, n = 58: 30 male, 28 
female).
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Secondary outcomes
The VABS communication age equivalent was somewhat lower in theT4-treated children 
(57.1 ± 20.3 vs 58.6 ± 23.7; difference, -1.5 months). The T4-treated children showed 
slightly better fine motor coordination skills, assessed by the Beery VMI (54.0 ± 12.9 vs 
51.0 ± 14.5; difference, 3.0 months). However, both differences were not statistically 
significant (p = 0.70 and p = 0.24, respectively) (Table 2). T4-treated children had a greater 
height (133.2 ± 5.4 vs 131.1 ± 6.6; difference, 2.1 cm), weight (35.4 ± 7.3 vs 34.3 ± 8.5; 
difference, 1.1 kg), and HC (50.4 ± 1.4 vs 49.8 ± 1.6; difference, 0.6 cm) than placebo-
treated children. However, only the difference in HC was statistically significant (p = 0.04). 

Table 2. Primary and secondary outcomes of the follow-up study at the age of 10.7 years in T4- and 
placebo-treated children.

T4 (n = 64) Placebo (n = 59)
n Mean (SD) n Mean (SD) Difference (95% CI)

Primary outcomes
  Combined mental AE, mo 64 51.6 (10.7) 59 50.9 (13.6) 0.8 (-3.6-5.1)
  Combined motor SS a, b 60 4.4 (2.6) 59 4.2 (2.5) 0.3 (-0.6-1.2)
Secondary outcomes
  VABS communication AE, mo 64 57.1 (20.3) 59 58.6 (23.7) -1.5 (-9.4-6.4)
  Beery VMI AE, mo c 58 54.0 (12.9) 58 51.0 (14.5) 3.0 (-2.0-8.1)
  Height, cm 63 133.2 (5.4) 59 131.1 (6.6) 2.1 (-0.1-4.2)
    SD score 63 -2.1 (0.8) 59 -2.4 (1.0) 0.3 (0.0-0.6)
 Weight, kg 63 35.4 (7.3) 59 34.3 (8.5) 1.1 (-1.7-4.0)
    SD score 63 -0.1 (1.3) 59 -0.4 (1.5) 0.3 (-0.2-0.8)
  Head circumference, cm 63 50.4 (1.4) 59 49.8 (1.6) 0.6 (0.0-1.1) d

    SD score 63 -1.7 (0.8) 59 -2.1 (0.9) 0.4 (0.0-0.7) d

Abbreviations: AE, age equivalent; Beery VMI, Beery-Buktenica developmental test of visual-motor 
integration; SS, standard score (relative-5-year-olds); VABS, Vineland adaptive behavior scale.
All tests are unpaired t tests except where otherwise specified. 
a Mann-Whitney U test
b Children who could not perform the M-ABC2 were assigned the minimum standard score of 1 (T4 n 
= 2, placebo n = 5), scores for children unwilling-cooperate were marked missing (T4 n = 4, placebo n 
= 0).
c Children who were not able-perform the VMI Beery were assigned the minimum age equivalent of 
26 months (T4 n = 2, placebo n = 5), scores for children unwilling-cooperate were marked missing (T4 
n = 6, placebo n = 1).
d Significant at p < 0.05

Additional subgroup analysis by neonatal plasma TSH concentration
In children with a plasma TSH concentration less than 5 mIU/L at the start of the original 
RCT (n = 45, 36.6%) none of the outcome measures differed between theT4 and placebo 
group (Table 3). However, in children with initial TSH at least 5 mIU/L (n = 78, 63.4%) T4 
treatment not only resulted in a significantly greater HC at 10.7 years (50.5 ± 1.3 vs 49.7 
± 1.6; difference 0.8 cm; p = 0.01), but also in a significantly greater height (133.8 ± 4.6 vs 
130.8 ± 6.1; difference 3.0 cm; p = 0.02). In children with TSH at least 5 mIU/L, differences 
between the T4 and placebo group concerning mental and motor development, 
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communication, and motor coordination skills were somewhat greater than in the main 
analysis, but not statistically significant. 

Table 3. Primary and secondary outcomes of the follow-up study at the age of 10.7 years in T4- and 
placebo-treated children with plasma TSH concentrations of < 5 mIU/L or ≥ 5 mIU/L at the start of 
the original RCT.

T4 Placebo
n Mean (SD) n Mean (SD) Difference (95% CI)

TSH ≥ 5 mIU/L 41 37
  Primary outcomes
    Combined Mental AE, mo 41 51.9 (11.3) 37 50.6 (14.4) 1.3 (-4.5 to 7.2)
    Combined Motor SS a, b 39 4.6 (2.8) 37 4.4 (2.6) 0.3 (-0.9 to 1.5)
  Secondary outcomes
    VABS Communication AE, mo 41 56.9 (18.8) 37 61.3 (26.3) -4.4 (-14.7 to 5.8)
    VMI Beery AE, mo c 38 55.2 (13.1) 37 50.4 (14.7) 4.9 (-1.6 to 11.3)
    Height, cm 40 133.8 (4.6) 37 130.8 (6.1) 3.0 (0.6 to 5.4) f

      SD score 40 -2.0 (0.7) 37 -2.5 (0.9) 0.5 (0.1 to 0.8) f

    Weight, kg 40 36.6 (7.9) 37 33.7 (6.2) 2.9 (-0.4 to 6.1)
      SD score 40 0.1 (1.3) 37 -0.4 (1.3) 0.5 (-0.1 to 1.1)
    Head circumference, cm 40 50.5 (1.3) 37 49.7 (1.6) 0.8 (0.2 to 1.5) f

      SD score 40 -1.7 (0.7) 37 -2.2 (0.9) 0.5 (0.1 to 0.9) f

TSH < 5 mIU/L 23 22
  Primary outcomes
    Combined Mental AE, mo 23 51.0 (9.6) 22 51.3 (12.4) -0.3 (-6.9 to 6.4)
    Combined Motor SS a, d 21 4.0 (2.1) 22 3.8 (2.3) 0.2 (-1.1 to 1.6)
  Secondary outcomes
    VABS Communication AE, mo 23 57.5 (23.2) 22 54.1 (18.3) 3.4 (-9.2 to 16.0)
    VMI Beery AE, mo e 20 51.7 (12.4) 21 52.1 (14.4) -0.4 (-8.9 to 8.1)
    Height, cm 23 132.1 (6.7) 22 131.6 (7.6) 0.5 (-3.8 to 4.7)
      SD score 23 -2.3 (1.0) 22 -2.4 (1.1) 0.0 (-0.6 to 0.7)
    Weight, kg 23 33.4 (5.6) 22 35.2 (11.6) -1.8 (-7.3 to 3.6)
      SD score 23 -0.5 (1.3) 22 -0.4 (1.8) -0.1 (-1.0 to 0.9)
    Head circumference, cm 23 50.1 (1.6) 22 50.0 (1.7) 0.1 (-0.9 to 1.2)
      SD score 23 -1.9 (0.9) 22 -2.0 (1.0) 0.1 (-0.5 to 0.7)

Abbreviations: AE, age equivalent; SS, standard score (relative to 5-year-olds)
All tests were unpaired t tests except where otherwise specified.
a Mann-Whitney U test.
b Children who could not perform the M-ABC2 were assigned the minimum standard score of 1 (T4 n 
= 2, placebo n = 5), scores for children unwilling to cooperate were marked missing (T4 n = 3, Placebo 
n = 0).
c Children who were not able to perform the VMI Beery were assigned the minimum age equivalent of 
26 months (T4 n = 1, placebo n = 4), scores for children unwilling to cooperate were marked missing 
(T4 n = 3, placebo n = 0).
d Scores for children who were unwilling to cooperate were marked missing (T4 n = 2, placebo n = 0).
e Children who were not able to perform the VMI Beery were assigned the minimum age equivalent of 
26 months (T4 n = 1, placebo n = 1), scores for children unwilling to cooperate were marked missing 
(T4 n = 3, placebo n = 1).
f Significant at p < 0.05
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DISCUSSION

In this follow-up study of an RCT in children with DS comparing T4 treatment with placebo 
between the neonatal period and the age of 2 years, we did not find a clinically relevant 
or statistically significant positive effect of T4 treatment on the primary outcomes mental 
and motor development at the age of 10.7 years. Although the T4-treated children in our 
studyhad a slightly higher mental age equivalent and motor standard score, the differences 
with the placebo-treated children were very small and not statistically significant. There 
seemed to be a selection bias with respect to the T4-treated participants in our follow-
up study, who showed less mental developmental delay at the end of the original trial 
than the total group of T4-treated children at that time. It is therefore likely that the 
“true” difference in mental development between the T4- and placebo-treated children 
at the age of 10.7 years is even smaller than observed. An intriguing finding is that, just 
as was observed at the age of 2 years, the T4-treated children were somewhat taller and 
had a statistically significant greater HC at the age of 10.7 years. The height difference 
could not be attributed to differences in parental heights and target height, or pubertal 
development. Although the additional analysis in children with the highest neonatal 
plasma TSH concentrations again revealed no significant difference in development at 
10.7 years, the differences in height were somewhat greater than in the main analysis, 
and now also statistically significant. Within the subgroup of children without elevated 
neonatal TSH, no significant difference between T4 and placebo was found on any of 
the primary or secondary outcomes. In summary, our results suggest that T4 treatment 
of children with DS up to the age of 2 years does not result in improved developmental 
outcomes later in life, but does result in an improved growth outcome, especially in those 
children with the highest plasma TSH concentrations in the neonatal period. Given that 
the primary objective of our original trial was to study the effect of T4 treatment on brain 
development, treatment was stopped at the age of 2 years. If, however, promoting growth 
had been the objective, a longer period of T4 treatment would have been reasonable. In 
that case an even larger effect on growth might have been observed. 

Until now, the consequences of longstanding untreated SH in children with DS, and the 
effects of T4 treatment for this condition were unclear. With the exception of our RCT, well-
designed trials in children with DS, with development or growth as outcome(s) have not 
been conducted. The two thyroid hormone trials that were conducted had methodological 
flaws (eg, studying the effect of T3 instead of T4, a too-small sample size, and inclusion of 
mainly adult patients) [22, 23]. The few other publications on T4 treatment in children with 
DS and SH were uncontrolled (case-series), concerned only small groups, and had conflicting 
results (a small positive effect on growth vs no effect) [24-26]. Similar conflicting results with 
respect to development and growth were found in observational studies comparing children 
with DS with and without SH [27-30]. The same lack of evidence of harm (of untreated SH) 
and benefit (of T4 treatment) applies to children with SH who do not have DS [6]. So, the 
results of our follow-up study provide the first high-quality evidence of lack of benefit of T4 



41

Effects of early thyroxine treatment on development and growth at age 10.7 years

2
treatment for development, but do suggest a beneficial long-term effect on growth of early 
T4 treatment in young children with DS and SH. These results may also be valid for children 
with SH who do not have DS. 

Our study had some limitations. First, the sample size, and thus the discriminative 
power of our follow-up study, was considerably lower than the power of the original RCT. 
According to the power analysis for the original RCT, 84 children were required in each 
treatment group to detect a clinically relevant difference in mental and motor development 
at the age of 24 months (7.5 index points or 0.5 SD) [10]. Therefore, we cannot rule out 
the possibility that the observed differences in development would have been statistically 
significant if we had been able to include more children. However, regardless of significance, 
the observed differences could not be considered clinically relevant because the differences 
were smaller than 0.5 SD. Secondly, because we tested general development we cannot rule 
out small but clinically relevant positive effects of T4 treatment on specific neurocognitive 
domains either. Zoeller and Rovet [11] argued that children with congenital hypothyroidism 
are at risk for subtle and specific neurocognitive impairments in visuospatial processing, 
sensorimotor skills, memory, and attention. In our follow-up study the two latter domains 
were not assessed. However, if we had found subtle differences in these domains it would 
have raised the question of clinical relevance, especially with our finding of the absence of 
positive effects on general development. A third limitation concerns the great variability 
in development of children with DS [31]. Children who were unable to perform the SON-R 
were offered an alternative mental development test (BSID-II). This, however, was not 
possible for the tests of motor development (M-ABC2, Beery VMI). Children who could 
not perform these two tests were assigned the lowest age equivalent or standard score. 
Future studies examining the effect of early T4 treatment in children with DS should ideally 
include tests with a sufficiently low baseline, and assess both general development and 
specific neurocognitive domains [32]. In the fourth place, there seemed to be a selection 
bias concerning mental development. However, this possible bias did not compromise our 
conclusions, but added to the suggestion that early T4 treatment has no positive long-term 
effect on mental or motor development. Finally, in the additional analysis we chose to divide 
the T4- and placebo-treated children in groups with plasma TSH concentration at least 5 
and < 5 mIU/L, the latter being the upper limit of the reference range for the TSH assay 
currently used by our laboratory. Although a somewhat higher value might have been more 
appropriate, using the 5 mIU/L cutoff enabled us to compare sufficient numbers of children 
[33]. 

In conclusion, our results suggest that T4 treatment of children with DS during their 
first 2 years of life does not result in improved general mental or motor development later 
in life. Consequently, administration of T4 to young children with DS to stimulate general 
mental or motor development later in life cannot be recommended. However, T4 treatment 
does seem to result in an improved growth outcome, especially in children with elevated 
neonatal plasma TSH concentrations.
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Supplemental table 1. Characteristics of the T4- and placebo-treated participants in the follow-up 
study, grouped by neonatal TSH ≥ 5 mIU/L or < 5 mIU/L.

TSH ≥ 5 mIU/L (n = 78) TSH < 5 mIU/L (n = 45)
T4 
(n = 41)

Placebo 
(n = 37)

T4 
(n = 23)

Placebo 
(n = 22)

Socio-demographic features
  Age at follow-up, y 10.7 (0.0) 10.7 (0.1) 10.7 (0.0) 10.7 (0.1)
  Male sex 22 (53.7) 17 (45.9) 11 (47.8) 14 (63.6)
  Maternal educational level a

    Low 4 (9.8) 3 (8.1) 3 (13.0) 5 (22.7)
    Medium 17 (41.5) 15 (40.5) 10 (43.5) 10 (45.5)
    High 20 (48.8) 19 (51.4) 10 (43.5) 7 (31.8)
Perinatal data
  Karyotype
    Trisomy 21 39 (95.1) 36 (97.3) 22 (95.7) 21 (95.5)
    Translocation 2 (4.9) 0 (0.0) 1 (4.3) 0 (0.0)
    Mosaic 0 (0.0) 1 (2.7) 0 (0.0) 1 (4.3)
  Birth weight, g 3019 (459) 2970 (509) 3128 (656) 3246 (536)
  Gestational age at birth, wk 38.4 (1.5) 38.6 (1.4) 38.2 (1.3) 38.7 (1.0)
  APGAR score 1 minute 8.2 (1.4) 8.1 (1.5) 8.4 (0.9) 7.8 (1.5)
  APGAR score 5 minutes 9.3 (0.9) 9.3 (0.8) 9.4 (0.7) 9.0 (0.9)
  TSH at trial entry (mIU/L) b 8.3 (3.2) 7.5 (2.3) 4.1 (0.9) 3.5 (1.0)
  FT4 at trial entry (pmol/L) b 18.4 (3.3) 18.3 (2.7) 18.8 (3.6) 19.0 (3.1)
Comorbidity c

  Medical diagnoses d 36 45 29 26
    Hypothyroidism e 5 (12.8) 7 (19.4) 2 (8.7) 3 (13.6)
    Hyperthyroidism f 0 (0.0) 1 (2.8) 0 (0.0) 0 (0.0)
    ENT disorder 24 (60.0) 23 (63.9) 17 (73.9) 17 (77.3)
    Gastrointestinal disorder 2 (5.0) 4 (11.1) 4 (17.4) 2 (9.1)
    Pulmonary disorder 2 (5.0) 3 (8.3) 3 (13.0) 0 (0.0)
    Cardiac disorder 1 (2.5) 1 (2.8) 0 (0.0) 2 (9.1)
    Orthopedic disorder 1 (2.5) 1 (2.8) 1 (4.3) 0 (0.0)
    Leukemia 1 (2.5) 1 (2.8) 1 (4.3) 0 (0.0)
    Epilepsy 0 (0.0) 1 (2.8) 0 (0.0) 1 (4.5)
    Other g 0 (0.0) 3 (8.3) 1 (4.3) 1 (4.5)
  Hospital admissions (nonsurgical reasons) h 14 13 11 8
    Pulmonary 8 (20.0) 7 (19.4) 6 (26.1) 5 (22.7)
    Infection (nonpulmonary) 3 (7.5) 3 (8.3) 2 (8.7) 0 (0.0)
    Dehydration 0 (0.0) 1 (2.8) 1 (4.3) 2 (9.1)
    Leukemia 1 (2.5) 1 (2.8) 1 (4.3) 0 (0.0)
    Other i 2 (5.0) 1 (2.8) 1 (4.3) 1 (4.5)
  Surgery j 34 34 22 22
    ENT 23 (57.5) 23 (63.9) 17 (73.9) 15 (68.2)
    Urological 5 (12.5) 2 (5.6) 0 (0.0) 1 (4.5)
    Ocular 1 (2.5) 1 (2.8) 1 (4.3) 3 (13.6)
    Dental 1 (2.5) 4 (11.1) 1 (4.3) 0 (0.0)
    Cardiac 1 (2.5) 1 (2.8) 1 (4.3) 2 (9.1)
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TSH ≥ 5 mIU/L (n = 78) TSH < 5 mIU/L (n = 45)

T4 
(n = 41)

Placebo 
(n = 37)

T4 
(n = 23)

Placebo 
(n = 22)

    Plastic reconstructive 2 (5.0) 0 (0.0) 2 (8.7) 1 (4.5)
    Other k 1 (2.5) 3 (8.3) 0 (0.0) 0 (0.0)
  Sensory aids 29 24 14 23
    Visual 27 (67.5) 21 (58.3) 13 (56.5) 18 (81.8)
    Auditory 2 (5.0) 3 (8.3) 1 (4.3) 5 (22.7)
Developmental support c

  Developmental stimulation program 7 (17.5) 11 (30.6) 6 (26.1) 3 (13.6)
  Physical therapy 28 (70.0) 22 (61.1) 17 (73.9) 18 (81.8)
  Speech therapy 40 (100.0) 34 (94.4) 23 (100.0) 22 (100.0)
Thyroid hormone state: TSH (mIU/L)
    Currently not treated l 4.16 (2.72) 4.53 (2.41) 3.18 (2.43) 3.69 (2.18)
    Treated for hypothyroidism 4.76 (3.15) 4.06 (2.27) 3.10 (1.0) 4.39 (2.53)
    Treated for hyperthyroidism - 6.50 (-) - -
Parental height
  Height mother, cm 168.7 (5.0) 170.3 (5.9) 168.8 (5.6) 166.2 (5.3)
  Height father, cm 183.2 (6.2) 182.8 (6.0) 183.3 (7.0) 183.4 (8.0)
  Calculated target height, cm m 180.9 (8.1) 180.1 (8.3) 180.0 (9.4) 181.5 (9.0)
Signs of puberty n

  Male 11 (61.1) 8 (50.0) 4 (40.0) 7 (50.0)
  Female 6 (31.6) 8 (40.0) 3 (27.3) 0 (0.0)

Abbreviation: ENT, Ear, nose or throat.
T4 and placebo in both subgroups (TSH ≥ 5 mIU/L and TSH < 5 mIU/L) did not differ significantly (p < 
0.05) on any of the characteristics.
Data are numbers (%) or means (SD).
a At trial entry. Low = primary school, lower vocational education; medium = lower general secondary 
education, intermediate vocational education; high = higher general secondary education, pre-
university education, higher vocational education and/or university.
b Measured in plasma at the mean age of 24 d (range 10-28 d).
c Questionnaire concerned the period from the age of 26 months to 10.7 years. Questionnaire was not 
completed by all parents (completed questionnaires TSH ≥ 5 mIU/L: T4, n = 40, placebo, n = 36; TSH < 
5 mIU/L, n = 23,placebo, n = 22).
d Total number of medical diagnoses.
e Treated with thyroxine; TSH ≥ 5 mIU/L: in 3 of 5 children in the T4 group, the (probable) cause was 
autoimmune thyroid disease (AITD), in 2 of the 7 children in the placebo group the (probable) cause 
was AITD; TSH < 5 mIU/L: in 1 of the 2 children in the T4 group the (probable) cause was AITD, in all 3 
children in the placebo group the (probable) cause was AITD.
f Treated with thiamazol and thyroxine; the cause of the hyperthyroidism was Graves’ disease.
g Alopecia areata, 1; dyspraxia, 1; obesity, 1; vitiligo & idiopathic thrombocytopenic purpura, 1; 
amblyopia, 1.
h Total number of hospital admissions, for any reason other than surgical procedures.
i Epileptiform complaints, 1; fracture, 1; edema, 1; luxation of hip, 1; rheumatic complaints, 1.
j Total number of surgical procedures.
k Gastrointestinal complaints, 1; orthopedic procedures, 2; neurochirurgical procedures, 1.
l Blood sampling did not succeed in all children who are currently not treated with any thyroid 
medication (blood sampling succeeded TSH ≥ 5 mIU/L: T4, n = 37, placebo, n = 35; TSH < 5 mIU/L: T4, 
n = 23, placebo, n = 20).
m Calculated for boys as: (heightfather + heightmother +13)/2 + 4.5; for girls as (heightfather + heightmother 
-13)/2 + 4.5.
n Signs of puberty was defined as breast stage 2 or greater in girls, or testicular volume of 4 ml or 
greater in boys. Assessment of pubertal development was not possible in all patients due to lack of 
cooperation (completed assessments TSH ≥ 5 mIU/L: T4, 18 male, 19 female; placebo, 16 male, 20 
female. TSH < 5 mIU/L: T4, 10 male, 11 female; placebo, 14 male, 8 female).


