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Abstract
The endocrine profile (umbilical venous
plasma) of three groups of infants was
compared. Samples were taken after eight
vaginal deliveries, 11 emergency cae-
sarean sections during labour, and 13
elective caesarean sections before labour.
Mean umbilical plasma concentrations of
thyroxine and trilodothyronine were
significantly higher and cortisol concen-
tration were lower after elective caesarean
section compared with the two labour
groups. Mean umbilical plasma thyroid
stimulating hormone (TSH) concentra-
tion was significantly lower after vaginal
delivery compared with elective caesarean
section.
These results suggest that labour

reduces plasma thyroid hormone concen-
trations at birth in association with a rise
in cortisol. These adaptations may be
the stimulus for the subsequent surge in
triiodothyronine previously reported to
occur over the first few hours after birth in
vaginally delivered infants.
(Arch Dis Child 1996; 74: F132-F134)

Keywords: caesarean section, labour, thyroid
hormones.

Infants delivered by caesarean section have
lower axillar, intrascapular, and skin temper-
atures than those delivered per vaginum,' a
response which has been linked to a
decreased ability to generate heat by brown
adipose tissue in lambs.2 Studies of infants
and lambs have indicated that caesarean sec-
tion delivery delays or inhibits the post-
partum surges in catecholamines and thyroid
hormones.2 3 Within 2 hours of birth, how-
ever, plasma catecholamine concentrations
are very similar in infants delivered vaginally
or by caesarean section,4 but recent studies
have indicated that plasma thyroid hormone
concentrations remain lower in caesarean
section infants over the first 24 hours of
life.5

Neonatal plasma concentrations of thyroid
hormones are known to peak within 2 hours
of birth,6 but the influence of labour on
both endocrine and metabolic profiles in
neonates immediately after birth remains
unclear. Our study was designed to examine
the influence of labour on the fetal concentra-
tion of these factors immediately after birth
by comparing umbilical concentrations in
groups of babies delivered after labour with a
group delivered by caesarean section before
labour.

Methods
CLINICAL METHODS
The babies from 32 uncomplicated preg-
nancies were studied. Eight labours ended with
vaginal delivery and 11 required emergency
caesarean section. A further 13 had an elective
caesarean section before labour. Umbilical
venous blood samples diluted with heparin
were obtained immediately after birth from a
double clamped segment of umbilical cord.
After centrifugation the plasma was collected
and stored at -20°C until analysis.

LABORATORY METHODS
Umbilical plasma concentrations of glucose
and non-esterified fatty acids (NEFA) were
measured enzymatically,7 and triiodothyronine
(T3) and thyroxine (T4) were measured using
radioimmunoassays as described by Clarke et
al,8 with the modification that T3 or T4 for cali-
bration curves were prepared in hormone free
plasma of human origin (Sigma Chemical Co,
Poole, Dorset). Parallelism was observed for
these assays using human hormone free
plasma.

Umbilical plasma cortisol concentrations
were measured using a magnetic solid phase
immunoenzymatic assay kit (Cortisol
Serozyme, Serono Diagnostics Ltd, Fleet,
Hants).

Umbilical plasma TSH concentrations were
measured using a two site immunoenzymo-
metric assay kit (NETRIA, St Bartholomew's
Hospital, London). Freeze dried hTSH stan-
dards were reconstituted in distilled water to
yield standard solutions of 38-00, 15.0, 3-80,
095, 0-38, 0 19 and 0-00 IU/ml. Aliquots (50
RIl) of each standard or sample were added to
96-well polystyrene microtitre plates which
were precoated with ovine polyclonal anti-
hTSH antibody. To each well 200 ,ul of phos-
phate buffered saline (containing 0-0125M
Na2HPO4, 0*0125M NaH2PO4, 0-25M NaCl,
pH 7 4) were then added, and then incubated
for 18 hours at 21°C, in the absence of light.
Each microtitre well was aspirated and then
washed with phosphate buffered saline-Triton
Xo00 solution (containing 0-0125M
Na2HPO4, 0-0125M NaH2PO4, 0-15M NaCl,
0.01% (w/v) Triton X100 (AnalaR grade), pH
7 4). This process was repeated a further three
times, before finally aspirating the wells again.
Horseradish peroxidase-conjugated murine
monoclonal anti-TSH solution (250 RI) (final
dilution 1 in 1040, in 1% (w/V) bovine serum
albumin, 50% (v/v) glycerol, 0-0125M
Na2HPO4, 0 0125M NaH2PO4, 0 15M NaCl,
pH 7 4) were added to each well and incu-
bated, whilst agitating for 2 hours at 21 C. The
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Table 1 Limits of detection, inter and intra-assay
coefficients of variation (CV)) for hormone assays

Upper Lower Inter CV Intra CV
Assay limit limit (%) (%/0)

T4 (nM) 256 15 2.2 3.5
T3 (nM) 4.33 0.36 8.1 10.0
TSH (IU/ml) 28.5 3.2 3.7 2.3
Cortisol (nM) 1655 10 5.1 1.0

wells were then aspirated. They were then
washed and aspirated a further four times, as
described above. The horseradish peroxidase-
conjugated anti-TSH band in each well was
detected by the use of the chromogenic sub-
strate 3,3',5,5'-tetramethylbenzidine (TMB).
TMB solution (200 ,ul) (containing 0 1% (w/v)
of TMB in 13mM H202, 0 IM C2H302Na,
0 1M C6H5Na307, pH 6-2) were added to each
well. The microplate was then incubated at
21°C for 20 minutes, whilst agitating. A blue
colour developed, the absorbance ofwhich was
proportional to the amount of horseradish per-
oxidase present, and hence to the amount of
hTSH which was originally incubated with
ovine anti-hTSH. The enzymatic reaction was
stopped by the addition of 50 ,ul/well of 2-5M
H2SO4 (AnalaR). A yellow colour then
appeared with a maximum absorbance at
450nM; the maximum absorbance of each well
was read and the concentrations of TSH in
samples were determined from the standard
curve.

Limits of detection and intra and interassay
coefficients of variation for all hormone assays
are given in table 1.
Means were compared by analysis of vari-

ance. A P value of <0 05 was considered to
represent a significant difference between two
means.

Results
Mean gestational age was similar in the two
labour groups, but mean gestation of the elec-
tive caesarean section group was one week
shorter (table 2). The duration of labour was
similar between vaginally delivered and emer-
gency caesarean section groups. There were no
significant differences in birthweight between
groups or in the sex distribution of babies.
Local epidural blockage was administered to
seven mothers in the vaginally delivered group,
nine mothers in the emergency caesarean
section group, and 11 mothers in the elective
caesarean section group. Two mothers in each
caesarean section group also received
halothane general anaesthetic. All babies
established breathing rapidly after birth and
had normal Apgar scores of 8-10.
Mean umbilical plasma concentration of T3

in the two labour groups were significantly

Table 2 Mean (SEM) birthweight, gestational age, duration of labour and sex of infant

Gestational Duration Sex
Birthweight age of labour
(kg) (weeks) (hours) Male Female

Vaginal delivery (n=8) 3-10 (0-31) 38-6 (0 6) 9 4 (4 4) 5 3
Emergencycaesareansection(n=11) 3-32(0-31) 39-2(04) 109(19) 4 7
Elective caesarean section (n= 13) 3 03 (0-12) 38-1 (0 2) -4 9

lower (P<005) than that of the group deliv-
ered by elective caesarean section (table 3).
Mean umbilical plasma T4 concentrations
were higher in the elective caesarean section
group, although this difference was only
significant (P<0 05) when compared with the
emergency caesarean section delivered group.
Mean umbilical plasma TSH concentrations
were also greatest in the elective caesarean
section delivered group, but were only signifi-
cantly (P<001) higher than in the labour and
vaginal delivery group. In contrast, mean
umbilical plasma cortisol concentrations were
twice as high (P<0 05) in the labour group
compared with the group delivered by elective
caesarean section. No significant differences in
plasma glucose or NEFA concentrations were
observed.

Discussion
This study indicates the important influence
of the labour process on the hypothalamic-
pituitary-thyroid axis at birth. Plasma thyroid
hormone concentrations were clearly lower in
babies that had endured the labour process
than those in the emergency caesarean section
group which also had significantly higher mean
plasma TSH concentrations. These findings
suggest that the labour process may act to
initiate the post partum surges in TSH and
thyroid hormones observed 0 5 to 1 hour after
birth,2 6 by initially causing a decline in the
plasma concentrations of these hormones,
although this has yet to be fully established.
The exact mechanism by which labour can
influence hypothalamic-pituitary-thyroid func-
tion has not been determined, but could be
related to the physical stress imposed on the
fetus during labour: this would stimulate corti-
sol secretion. No differences in plasma concen-
tration of glucose and NEFA were observed
between groups immediately after birth, indi-
cating that these do not have a primary role in
altering thyroid hormone secretion after birth.
The observation of higher plasma T3 con-

centrations, but lower cortisol concentrations,
in infants delivered by elective caesarean sec-
tion, indicates that in contrast to the ovine
species,9 labour is an important signal in medi-
ating changes in thyroid hormone metabolism
in term infants. The higher plasma cortisol
concentrations in babies who had endured the
labour process compared with those in the
emergency caesarean section group can be
explained in part by differences in gestational
age, as cortisol concentrations are known to
increase rapidly over the final days of gesta-
tion.'0 In sheep, however, cortisol increases
plasma T3 concentrations,' which does not
seem to be the case in the present study.
Furthermore, the occurrence of high plasma
concentrations of cortisol with low TSH
concentrations agrees with the finding that
prenatal dexamethanone treatment signifi-
cantly reduces TSH secretion after birth,'2
although in this study no measurements of T4
and T3 were made. It is also known that
human placenta catalyses the inner ring
5-monodeiodination of T4 and T3 to their
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Table 3 Mean (SEM) plasma concentrations of T3, T4, TSH, cortisol, glucose and NEFA

T3 T4 TSH Cortisol Glucose NEFA
(nM) (nM) (IU/ml) (nM) (mM) (mM)

Vaginal delivery (n=8) 0-68 (0 05)c 92 (7) 4 9 (0-7)c 512 (105)b 3-7 (0 6) 0-72 (0 10)
Emergencycaesareansection(n=1) 079(004)b 85(4)b 6-5(1-4) 525(121)b 3-1 (03) 0-71 (006)
Elective caesarean section (n= 13) 1-11 (0.11)a 109 (8)a 7-8 (0 5)a 271 (21)2 2-5 (0-4) 0-61 (0 05)

abp<0.05; acp<0.01.

inactive metabolites.13 A potential explanation
for lower plasma thyroid hormone concentra-
tions in babies who had endured labour is that
placental monodeiodination was enhanced in
response to alterations in placental blood flow
during labour.

In conclusion, the present study indicates
that the labour process resulted in a reduction
in circulating plasma thyroid hormones at
birth. A study ofnewborn infants to see if these
differences have clinical consequences is there-
fore warranted.
We thank Dr R Edwards and his staff at St Bartholomew's
Hospital, for their kind assistance with the measurement of
TSH in our plasma samples.
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