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CONTEXT

Young Down syndrome children appear to have a mild form of congenital 

hypothyroidism that is rarely detected by neonatal screening and usually left un-

treated. 

OBJECTIVE

To investigate the effects of thyroxine treatment on development and growth of 

young Down syndrome children. 

DESIGN, SETTING, AND PARTICIPANTS

Single-center, randomized, double-blind, 24-months trial (enrollment June 1999 - 

August 2001) with nationwide recruitment, comparing thyroxine administration with 

placebo in 196 Down syndrome neonates. 

INTERVENTION

Neonates were randomly assigned to treatment for two years with either thyroxine 

(N=99; initial dose 8 microgram per kg) or placebo (N=97). Daily thyroxine doses 

were adjusted at regular intervals to maintain plasma TSH in its normal and FT4 

concentrations in its high-normal range. Placebo dose adjustments mirrored those of 

thyroxine.  

MAIN OUTCOME MEASURES

The primary outcome was mental and motor development at age 24 months, 

assessed with the Bayley Scales of Infant Development II. 

RESULTS

At age 24 months, the developmental testing results of 90 thyroxine-, and 91 

placebo-treated children were available for analysis. The thyroxine treated children 

had a 0.7 month smaller delay in motor developmental age (95% CI -1.4 to 0), 

corresponding to a difference of 7 motor developmental index points. The mental 
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developmental age delay was also 0.7 month smaller in the thyroxine group (95% CI 

-1.5 to -0.1), but lacked statistical significance. Thyroxine treated children had greater 

gains in length (1.1 cm, 95% CI 0.2 to 2.0) and weight (378 grams, 95% CI 55 to 

701). 

CONCLUSIONS

The data of our study provide evidence to support the hypothesis that thyroxine 

treatment may improve development and growth of young Down syndrome children. 

Thyroxine treatment should be considered in Down syndrome neonates, to maximize 

their early development and growth. 
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Thirty years after the worldwide introduction of neonatal screening for congenital 

hypothyroidism, it is beyond doubt that early diagnosis and thyroxine treatment 

prevents brain damage. Although benefits of early treatment have never been proven 

in randomized placebo-controlled trials, the changes in the natural course of 

congenital hypothyroidism are considered sufficient evidence for its efficacy, at least 

in severe forms(1;2). A still unsolved question is whether neonates with mild 

hypothyroidism benefit from treatment too(3-5). In the context of neonatal screening 

the term “mild” is often used for the combination of a normal plasma thyroxine 

concentration and plasma TSH elevation on recall testing. Nevertheless, the current 

advice is to treat these children, to avoid any risk of brain damage due to 

hypothyroidism. 

In one particular group of children, those with Down syndrome, mild plasma TSH 

elevation is extremely prevalent: 80 to 90% in early infancy, and 30 to 50% 

thereafter(6-10). Most of these neonates escape detection by neonatal screening 

because their thyroxine levels are just above, or their TSH levels are just below the 

screening cutoffs. In other words, according to the current neonatal screening cut 

offs, most Down syndrome neonates are not at risk for brain damage due to 

hypothyroidism. 

Recently, we found that Down syndrome neonates as a group have a lower thyroxine 

concentration than non-Down syndrome neonates caused by a shift to lower values 

of their individual thyroxine concentrations(11). We hypothesized that this might point 

to a Down syndrome specific thyroid (regulation) disorder affecting all children and 

that the lower thyroxine tissue availability might be disadvantageous for these 

children’s already severely compromised brain development and somatic growth(12).

We suggested that Down syndrome infants might benefit from thyroxine treatment. 
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To test our hypothesis we carried out a randomized clinical trial in which either 

thyroxine or placebo was administered to Down syndrome children during their first 2 

years of life, with mental and motor development as primary outcome measures. 

PATIENTS AND METHODS

PATIENTS

All Dutch Down syndrome neonates born between June 1999 and August 2001 were 

potential candidates for the study. Exclusion criteria were: abnormal congenital 

hypothyroidism screening, postnatal age > 28 days, gestational age < 252 days, 5’ 

Apgar score < 7, or insufficient parental command of the Dutch language. Neonates 

were referred by paediatricians and the Down’s syndrome Foundation. The study 

was conducted in the Academic Medical Center (AMC), University of Amsterdam, 

after approval by its ethics committee. Written informed consent was obtained from 

all parents. 

STUDY DESIGN

Down syndrome neonates were randomized to receive either thyroxine (8 

microgram/kg per day) or placebo, started within 24 hours after randomization and 

continued until age 24 months. Thyroxine tablets contained 25 microgram L-

thyroxine, and were divisible in quarters. Placebo tablets were identical in 

appearance. Starting doses were rounded off to the nearest 6.25 microgram. 

Thyroxine doses were adjusted to reach and maintain normal plasma TSH (0.4 - 4.0 

mIU/l) and high-normal plasma FT4 concentrations (1.40 - 1.86 ng/dl [18 – 24 

pmol/l]). Dose adjustments were made by a paediatric endocrinologist who did not 

have any contact with participants during the study. To ensure blinding, 1) only this 

endocrinologist had access to laboratory data, 2) placebo dose adjustments were 

matched to the thyroxine dose adjustments of the preceding week, 3) all dosing 
















































