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Neonatal thyroid function: influence of perinatal
factors
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SUMMARY Indices of thyroid function were measured in 229 healthy term neonates at birth and
at 5, 10, and 15 days of age. Results were analysed to assess whether maternal diabetes mellitus,
toxaemia of pregnancy, intrapartum fetal distress, duration of labour, method of delivery,
asphyxia at birth, race, sex, birthweight, birth length, head circumference, or method of feeding
influenced any index. Thyroxine, the free thyroxine index, and free thyroxine concentrations at
birth correlated with birthweight. Method of delivery influenced mean thyroxine and free
thyroxine index values at birth and at age 5 days. Mean values of triiodothyronine, reverse
triiodothyronine, thyroxine binding globulin, and thyroid stimulating hormone were not affected
by any of the perinatal factors studied. Birthweight and perhaps method of delivery should be
taken into account when interpreting neonatal thyroxine parameters but determination of thyroid
stimulating hormone as a screen for congenital hypothyroidism in healthy term neonates
circumvents these considerations.

Thyroid function is in a state of flux during the
perinatal period.' 2 Previous studies3)'1 have
documented thyroid hormone, thyroxine binding
globulin and thyroid stimulating hormone concen-
trations in term and preterm infants at birth, over
the neonatal period, and during early infancy. There
are, however, very little data available which
attempt to evaluate the possible effect of perinatal
factors on neonatal thyroid function." 12 This study
aimed to determine whether maternal diabetes
mellitus, toxaemia during the third trimester, intra-
partum fetal distress, duration of labour, method of
delivery, asphyxia at birth; or race, sex, birthweight,
birth length, head circumference, and method of
feeding influence parameters of thyroid function in
healthy term neonates.

Subjects and methods

Two hundred and twenty nine singleton neonates
born between 38 and 42 weeks' gestation (deter-
mined by maternal menstrual history) were studied.
Informed maternal consent and approval of the
Research Ethical Committee, Wellington Clinical
School had been obtained. There were 117 Euro-
pean and 112 Polynesian infants; 126 were boys and
103 girls. Twelve infants were born to diabetic

mothers and 25 after a pregnancy complicated by
toxaemia during the third trimester. Twenty three
babies experienced intrapartum fetal distress.
Altogether 149 babies were unassisted vaginal de-
liveries, 30 were delivered by forceps, 29 by caesa-
rean section after the onset of labour, and 21 by
elective caesarean section. Seven had a 5 minute
Apgar score of less than 7. All babies seemed to be
gestationally mature; 166 were weight appropriate
for gestational age, 36 were small and 27 large for
gestational age.'3 A total of 186 babies were wholly
breast fed, while 43 were formula fed from birth.
There were no clinical or management problems
during the neonatal period.
Cord serum was collected at birth and capillary

serum samples at 5, 10, or 15 days of age; these were
held at -20°C until assay. Thyroxine, triiodothy-
ronine uptake, free thyroxine, triiodothyronine, re-
verse triiodothyronine, thyroxine binding globulin,
and thyroid stimulating hormone concentrations
were measured by radioimmunoassay. The methods
and modifications used have been described in
detail.14 The within assay and between assay coeffi-
cients of variation were: thyroxine 6% and 7%,
triiodothyronine uptake 3% and 4%, free thyroxine
6% and 9%, triiodothyronine 8% and 11%, reverse
triiodothyronine 6% and 11%, thyroxine binding
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globulin 2%io and 5%, and thyroid stimulating
hormone 6%0 and 13%. The free thyroxine index
was calculated as the product of thyroxine and
triiodothyronine uptake.

Possible differences in the mean hormone concen-
trations at each time interval due to diabetes
mellitus, toxaemia, intrapartum fetal distress,
asphyxia at birth, race, sex, or method of feeding
were examined by the two sample Student's t test
after logarithmic transformation of the hormone
values. This transformation was done because the
data were not normally distributed, and was consis-
tent with previous reports.7 12 A similar examination
for differences in the hormone means according to
method of delivery was performed by one way
analysis of variance. The linear relations between
hormone concentrations and labour duration, birth-
weight, birth length, and head circumference were
estimated by the method of ordinary least squares
using the non-transformed hormone values, with the
linear relations for birth length and head circumfer-
ence being re-examined with birthweight included in
the linear regression. Many tests were performed in
the course of these analyses and so only results for

which P was less than 0-01 were considered signifi-
cant.

Results

The summary data of thyroid function for healthy
term neonates at birth and at 5, 10, and 15 days of
age are presented in Table 1. Maternal diabetes
mellitus, toxaemia, labour duration, intrapartum
fetal distress, asphyxia at birth, race, sex, or method
of feeding had no significant influence upon any
index of thyroid function at birth, or subsequently.
Analysis of the hormone data according to method
of delivery showed significant differences for thyrox-
ine and free thyroxine index at birth (Table 2); the
thyroxine and free thyroxine index mean values on
day 5 of babies delivered by elective caesarean
section were also significantly lower than those of
babies delivered by other methods. The linear
relations between cord thyroxine and birthweight
[thyroxine (nmol/l)=0-0148 g+94-14, r=0.31], cord
free thyroxine index and birthweight [free thyroxine
index=0-0117 g+77-13, r=0-341, cord free thyrox-
ine and birthweight [free thyroxine (pmol/l)=0-0009g

Table 1 Serum concentrations of thyroid hormones, thyroxine binding globulin (TBG), and thyroid stimulating hormone
(TSH) and values Jor triiodothyroniine uiptake (T3U) and free thyroxine index (FTI) in healthy term neonates at birth, 5, 10,
and 15 dalys of age. Results are mean (SD)

T4 T7U FTI f(4 T3 rT3 TBG TSH
(nmtzoll1) (ptnol) (natolll) (nmolll) (mgil) (mUll)

Cord 144 (29) (081 ((008) 116 (21) 13-6 (2-5) 1-0 (0-3) 3-5 (0.8) 325 (5-8) 9-2 (4-8)
Day 2234 (40) 0(86 (0.09) 20(1 (37) 2298 (5.9) 2-3 (0-6) 2-5 (0-7) 30-5 (3-8) 4-2 (3-1)
Day 10 217 (35) 0-88 (0-08) 189 (26) 22-8 (4-9) 3-2 (0-7) 1-7 (0.4) 31-5 (4-2) 4.0 (2.3)
Day 15 196 (33) 08-7 (0-08) 170 (25) 20(4 (4-8) 3-2 (0-7) 1-3 ((1-3) 29-8 (4-6) 3-9 (2.7)

T4=thyroxine. tT4=free thvroxinc; 1 3=triiodothyroninc. rT3=revcrse triiodothyronine.
(onversionn-. to traditiotal units: thyroxine 1 nmol/l()-O08 ylg/l)( ml, trtiodothvronine 1 nmol/l-65-1 ng/100 ml.

Table 2 Sertum thyroxine, free thyroxine index and thlyroid stimulating hormone values at birth, 5, 10, and 15 days of age
according to method of delivery. Results are mean (SD)

Unassisted Forceps Emergencv caesarean Electire caesarean
(n = 149) (n =30) (n=29) (n=21)

'rFlvroxine (ntnoll1
COrd 148 (28) 127 (28) 147 (33) 130 (19)'
Day 5 238 (35) 226 (39) 246 (43) 181 (32)'
Dav 1( 216 (36) 2(07 (36) 231 (43) 212 (29)
Dav 15 196 (35) 2(13 (23) 184 (22) 184 (8)

Free thvroxine inder
C'ord 119 (21) 103 (15)' 120 (24) 1(09 (12)'
Day i 2(15 (34) 188 (3(0) 208 (38) 156 (28)'
DaV 111 186 (29) 179 (22) 197 (26) 191 (17)
Das 15 17(1 (28) 165 (19) 17(1 (15) 175 (8)

ThYroid stitnulating hormone (mnUIl)
Cord 9e5 (4 6) 1(15 (5.4) 7.5 (5.7) 7-8 (2.3)
Day 5 38 (28) 3-1 (1.8) 5.6 (3.9) 5.7 (4.7)
Day 10 3-6 (1-6) 4-2 (2-6) 4.3 (3.0) 4-8 (2.9)
Dav 15 3*7 (2-8) 3-2 (1-3) 6 6 (3.7) 5.1 (1-5)

*P<0-01.
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+10-59, r=0.21], were significant, whereas the
regression coefficients for birthweight and these
hormone concentrations on days 5, 10, and 15 were
not significant. The linear relations between cord
thyroxine, free thyroxine index, and free thyroxine
concentrations, birth length, and head circumfer-
ence were not significant when the analyses were
corrected for birthweight.

Discussion

These studies have shown that of the perinatal
factors considered in healthy term neonates, only
birthweight and method of delivery had significant
effects upon indices of thyroid function. The posi-
tive correlation between birthweight and cord thy-
roxine confirmed results in previous studies,'5
although comparisons between birthweight and
thyroxine, free thyroxine index, and free thyroxine
values on days 5, 10, and 15 showed that these
correlations were transient. The significantly lower
mean values for cord thyroxine and free thyroxine
index observed in babies delivered by forceps or
elective caesarean section were authentic as a
second analysis of these data after adjustment for
birthweight confirmed the observations. Previous
studies" which have considered cord thyroxine
values in relation to method of delivery have not
shown significantly different values for babies de-
livered by caesarean section; however there was no
differentiation between babies delivered by elective
caesarean section and those delivered by caesarean
section after the onset of labour. Infants delivered
by forceps have not previously been categorised
separately. The mechanism(s) by which the method
of delivery may influence cord thyroxine and free
thyroxine index values is not known, although
studies in fetal sheep indicate that events during
parturition may be relevant. The serum concentra-
tion of thyroxine rises in the lamb during the final
hours of labour'6 while delayed cutting of the
umbilical cord is associated with a delay in the
thyroxine surge observed immediately after birth.'7
Further, the lower mean thyroxine and free thyrox-
ine index values on day 5 of babies delivered by
elective caesarean section, and the apparently
attenuated thyroxine and free thyroxine index pro-
files observed in these babies compared with those
seen in babies exposed to labour also suggest that
parturition may have an influence upon the fetal
thyroid axis.
These studies pertain to the assessment of thyroid

function, particularly routine screening, in the neo-
nate. It is appropriate, therefore, to consider the
thyroxine and thyroid stimulating hormone results
specifically. Neither parameter was influenced by

maternal diabetes mellitus, toxaemia, labour dura-
tion, perinatal asphyxia, race, sex, or method of
feeding. The recommendation that birthweight
should be taken into account when interpreting cord
thyroxine values'5 is supported, although this con-
sideration is probably not necessary in healthy term
infants if thyroxine is measured on day 5 (present
studies) or later (present study,).'8 The observa-
tion that babies delivered by elective caesarean
section had lower mean concentrations of thyroxine
at birth and age 5 days requires further study to
determine whether these infants often require re-
peat thyroxine or supplementary thyroid stimulating
hormone measurements. In contrast, perinatal fac-
tors had no apparent effect on mean values of
thyroid stimulating hormone. This observation
together with those pertaining to thyroxine add to
the argument favouring primary thyroid stimulating
hormone measurement in the screening for con-
genital hypothyroidism.
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