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Objectives: To construct a normative data for serum thyroxine (T4), free T4 (Ff 4), 
triiodothyronine (T 3) and thyrotropin (TSH) in Thai neonates. 

Study design: A cross-sectional study of 275 healthy full-term neonates was conducted. 
Blood samples were obtained from umbilical cords of the neonates and from heel pads of infants 
aged 1-30 days. Hormone measurements included serum T 4, Ff 4, T 3 and TSH. 

Results: Mean serum T4 and Fr4 levels rapidly increased after delivery to the maximum 
level at 1-3 days of age. Thereafter, they declined to a steady state level within 2-4 weeks. Mean 
serum T 3 level was very low at birth. The concentration increased 3-5 times and reached a steady 
state levels within 1 week. In contrast, mean serum TSH declined from birth and the level at 1-3 
days of age was slightly less than that of the cord blood. It changed little after 3 days of age. 
Previous studies have shown a transient TSH surge in the first 24-48 hour of life. TSH surge 
was not apparent in our study because samples were not obtained from infants <24 hours old. 
Therefore, if TSH is measured for screening of congenital hypothyroidism, samples should be 
obtained from umbilical cord or infants aged >48 hours. 

Conclusions: This study provides the normative data for thyroid function tests in Thai 
full-term neonates. These data are useful for detection and verification of hypothyroidism in a 
screening program for congenital hypothyroidism. 
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Cord blood thyrotropin (TSH) screening 
for congenital hypothyroidism in Ramathibodi Hos­
pital began in 19930). In other TSH screening pro­
grams, blood specimens were obtained from infants 
aged 2-5 days. Infants with elevated TSH were 
recalled for thyroid function tests which were 
obtained between I and 3 weeks of age. Thyroid 
function tests in neonates of different age groups 
vary considerably(2-5). However there was no re­
ference ranges for thyroid function tests in healthy 
Thai neonates and we have been using reference 
ranges obtained from the US population(2-5). 

This study was conducted to obtain re­
ference ranges for thyroid function tests, including 
total thyroxine (T 4), free thyroxine (Ff 4), total 
triiodothyronine (T 3) and TSH in healthy Thai full­
term neonates. 

SUBJECTS 
Blood samples were obtained from 275 

full-term irifants with gestational age ranges of 37 
to 42 weeks as determined by history and physical 
examination. These infants had no clinical or labo­
ratory evidence of systemic infection, congenital 
malformations, birth asphyxia or neurologic insults. 
None of the subjects received any medications and 
none had a family history of thyroid disorders. Each 
infant had blood drawn only once. Iodine containing 
antiseptics were not used for perineal preparation 
before delivery. 

METHODS 
This project was a cross-sectional study. 

Blood samples were obtained from umbilical cords 
of the neonates and heel pads of term infants aged 
1-30 days. Hormone concentrations were deter­
mined by radioimmunoassay using commercial kits 
manufactured by DPC, USA for T4 and T3 and by 
Amerlite Diagnostic, England for Ff 4 and immu­
noradiometric assay for TSH by DPC, USA. 

For T 4• FT 4• T 3 and TSH determinations, 
the interassay coefficients of variation were 5.2 per 
cent, 5.8 per cent, 8.8 per cent and 5.5 per cent res­
pectively. The corresponding intra-assay coeffi­
cients of variation were 7.0 per cent, 2.8 per cent, 
7.2 per cent and 4.1 per cent. 

Statistical analysis 
Data were expressed as mean, range and 

standard deviation (SD). Kruskal-Wallis and Chi­
square tests were used for comparison among 
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groups. Multiple comparison between groups were 
calculated by using non-parametric Mann-Whitney 
U test. Significant difference was considered when 
p < 0.05. 

RESULTS 
Data on T4, Ff4, T3 and TSH are shown 

in Table 1, Fig. 1 and Fig. 2. Mean cord blood T4 
and Ff4 levels were 8.23 !Jgldl and 1.13 ng/dl; and 
mean T3 and TSH levels were 35.7 ng/dl and 8.5 
mUlL respectively. Mean serum T4 and Ff4 peaked 
at age 1-3 days which were significantly higher 
than those in cord blood and of infants 4-30 days 
of age (p < 0.001). Transient elevation ofT4 and Ff4 
occurred between 1 day and 2 weeks of age and 
thereafter the levels declined to a steady state. Tran­
sient elevation of serum T 4 and FT 4 levels during 
the first 2 weeks of life may reach as high as > 20 
!Jgldl and > 4 ng/dl, respectively. Serum T 3 levels 
were very low at birth and rapidly increased sig­
nificantly (p < 0.001), about 3-5 times within 1-3 
days. The levels from 4 days to 30 days of age were 
not significantly changed (p > 0.05). In contrast, 
TSH levels declined from 8.5 mUlL at birth to 5.6 
mUlL at 1-3 days of age (p = 0.01) and gradually 
declined to 4.1 mUlL at 22-30 days of age. 

DISCUSSION 
Our data confirm the previously described 

thyroid function tests in neonates(2-5). Fisher 
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Fig. 1. Mean T4 + SD and mean FT4- SD concen­
trations in full-term neonates aged 0-30 
days. 
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showed that serum TSH increased dramatically to 
peak levels of 90 to 100 mUlL at 30 minutes fol­
lowing parturition(6). The TSH surge persists for 
48 to 72 hours(6). In response to the TSH surge, the 
present results demonstrated that T 4 and FT 4 in­
creased approximately 100 per cent within 24 to 72 
hours whereas T 3 markedly increased about 300 
per cent because cord blood T 3 concentrations are 
very low, less than half of maternal levels. Since 
the main source of serum T 3 is peripheral conver­
sion of serum T 4• this finding is consistent with the 
previous study that not only T 4 production but also 
the capacity for conversion of T 4 to T 3 increased 
in the neonatal period0) . 

In contrast, our study shows that TSH 
levels gradually declined from birth to steady state 
levels after 3 days. Based on previous study(6), 
there was a transient TSH surge after birth, reaching 
the highest level within the first 24 hour of life. In 
our study on newborns 1-3 days of age, blood sam­
ples were usually drawn after 24 hour of life. There­
fore, serum TSH levels at 1-3 days of age had no 
TSH surge and were slightly lower than those in 
cord blood (p = 0.01). Hence, in neonatal thyroid 
screening, the cut-off point of TSH using cord 
blood should be greater than that for serum at 1-7 
days of age. Our data are comparable to the pre­
vious studiesC2-5). The normative data are appli­
cable for full-term neonates only because previous 
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Fig. 2. Mean T3 + SD and mean TSH - SD con­
centrations in full-term neonates aged 0-30 
days. 
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studies have shown that the levels of T 4 in pretenn 

neonates might be significantly lower( 4,8). In addi­

tion, pretenn neonates may have an immature hypo­
thalamic-pituitary-thyroid axis. Therefore, prema­
ture neonates with congenital primary hypothy­
roidism may have a delayed TSH elevation, causing 
false negative results in TSH screening(9). More­

over, premature infants have relatively low thyro­
xine binding globulin (TBG) and low T4(10), screen­

ing program using T 4 would cause false positive 
results. 

At 4 weeks of age, although serum T 4• T 3 
and TSH are in steady state levels, the concentra­
tions are higher than those in children and adults 

whereas serum Ff4 are relatively constant after 2 
weeks of age(2). Compared with adults the eleva-

tion of serum T4 but unchanged serum FT4 in 

infants is dued to relatively higher serum TBG. 

In conclusion, these normative data of 
thyroid function tests in Thai neonates allow pro­
per interpretation of thyroid screening for congenital 
hypothyroidism in Thailand. Newborns with ele­

vated TSH and/or low T 4 levels are recalled for 
thyroid function tests at ages of 1-4 weeks. Our 

nonnative data are also useful for interpretation of 
thyroid function test during follow-up. 
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