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irth denotes a sharp transition from
constant placental nutrient delivery to
independent regulation of energy in-
take and expenditure. Adiponectin,
ghrelin, insulin and leptin are key
hormones regulating appetite and energy ho-
meostasis and could therefore be crucial compo-
nents of postnatal adaptation.
We studied the changes and relationships in
these hormones and their correlation to clinical
variables during adaptation to extrauterine life.
Materials and Methods: Plasma venous adipo-
nectin, ghrelin, insulin and leptin concentrations
were measured at birth and controlled during
early postnatal days (59.4+15.4 [SD] h, range 36-
93 h) for 38 healthy newborn infants [(20 male,
18 female), gestational age 40.2+0.9 wk
(mean+SD), range 37.9 to 42.1 wk] born from un-
complicated pregnancies.
Results: Median adiponectin concentration at
birth was at 25. 1 ug/mL (interquartile range 20.
0-29. 1 pg/mL) and during early postnatal days
17. 8 pg/mL (10.7-23.3; 95% CI of difference 26 to
46%). Median ghrelin concentration in cord
plasma was 651 pg/mL (539-830) which during
early postnatal days had decreased to 537 pg/mL
(476-723; 95% CI 6 to 23%). At birth, median in-
sulin concentration was 7.35 mU/L (6.53-9.43)
and, during early postnatal days age, this was
4.35 mU/L (3.43-6.03; 95% CI 33 to 53%). At birth,
median leptin concentration was 4.60 pg/L (3.51-
5.84) and during early postnatal days was 0. 83
pg/L, (0. 65-1. 06; 95% CI 78 to 85%). At birth no
correlation between hormone concentrations and
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gestational age or birth weight existed. During
early postnatal days, adiponectin was positively
(r=0. 49) correlated with ghrelin concentrations.
Conclusion: In healthy term infants, the change
from fetal to extrauterine life is accompanied by
a decrease in circulating adiponectin, ghrelin, in-
sulin and leptin suggesting distinct roles of
these hormones in postnatal adaptation.
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Introduction

Birth denotes a sharp transition from con-
stant placental nutrient delivery to independent
regulation of energy intake and expenditure.
Therefore adaptation to extrauterine life may
result in rapid changes in the concentrations of
adiponectin, ghrelin, insulin and leptin hor-
mones that are involved in energy metabolism
and the control of appetite.' However, the roles
of these hormones during the postnatal
transition period remain poorly known.

The regulation and function of adipocyto-
kines, such as adiponectin and leptin, may be
different during fetal development, postnatal
adaptation, childhood and adulthood; obser-
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vation of postnatal changes of these hor-
mones may provide valuable information
about their roles during different phases of
human growth and development. For exam-
ple, based on studies in adults, leptin and
adiponectin were initially thought to origi-
nate exclusively from adipocytes. However,
high fetal leptin concentrations decline sharp-
ly after birth, a phenomenon which was sub-
sequently thought to be due to removal of
leptin synthesized by the placenta.” Later
studies have shown that placenta contributes
minimally of its leptin release to the fetal cir-
culation suggesting that other mechanisms
could be responsible for the sudden decline
of leptin concentrations after birth.” Corres-
pondingly, a distinct origin of adiponectin in
the fetus was suggested by observations of
adiponectin concentrations increasing to-
wards term, to values 2 to 3-fold higher than
in adults. * Recently, adiponectin was found
to be synthesized by several fetal non-
adipose tissues, and also by the placenta.>®

Another key regulator of food intake and
energy homeostasis is ghrelin. ' It is a pep-
tide hormone produced mainly by the sto-
mach, but also by the placenta. ' Most studies
have shown increased cord plasma ghrelin
concentrations during late gestation,” sug-
gesting a specific role of ghrelin during this
period of fetal development and possibly dur-
ing postnatal adaptation. However, little is
known about the course and regulation of
circulating ghrelin during the early postnatal
period in term infants.

We, therefore, set out to study how
plasma ghrelin concentrations change be-
tween birth and the first postnatal days in
healthy term infants and whether they are
related to concurrent changes in adiponec-
tin, insulin and leptin concentrations, and
also to evaluate their relevance to clinical
variables.

Materials and Methods
Patients

We studied 38 healthy newborn infants
(20 males, 18 females; gestational age
40.2+0.9 wk [mean+SD], range 37.9 to 42.1
wk) born to healthy, non-smoking mothers
after uncomplicated pregnancies at Helsinki
City Maternity Hospital. Table 1 shows the
clinical data. Only term infants of normal rel-
ative birth weight (between -2.0 to +2.0 SD)
were recruited to minimize the confounding
effects of preterm birth and deviant fetal
growth.*”!! Gestational age was confirmed
by ultrasonography before 20 wk of gesta-
tion. The infants and their placentas were
measured immediately after birth, and the in-
fants were weighed again, in conjunction
with the early postnatal blood sample. All in-
fants were exclusively breast fed.

Birth weight relative to gestational age,
expressed in SD units, was determined sepa-
rately for both sexes with reference to current
Finnish standards. '* Ponderal index at birth
was calculated as weight Kg/m’.

Umbilical cord venous blood samples
were drawn at birth, and peripheral venous
control blood sample was obtained during
early postnatal days (59.4+15.4 [SD] h,
range 36-93 h). Blood was drawn into apro-
tinin-EDTA-containing tubes, with plasma
separated and frozen without delay, and
stored at -70°C. Prior to the puncture of the
peripheral vein, local anaesthetic cream
(EMLA ®, Astrazeneca, Sweden) was ap-
plied to the skin.

The study was conducted in accordance
with the Declaration of Helsinki. Written
informed parental consent was obtained
before participation in the study. The
study was approved by the Ethics Com-
mittee of the Department of Obstetrics and
Gynaecology of Helsinki University Cen-
tral Hospital.
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Table 1. Patients' data
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Variables Mean (SD) Range
Gestational age (weeks)* 40.2(0.9) 37.9-42. 1
Birth weight (g) 3555 (384) 3015-4380
Relative birth weight (SDS) -0. 14 (0. 93) -1.8-+2.0
Length at birth (cm) 50.5(1.5) 47.5-54.0
Head circumference at birth (cm) 35.4(1.4) 33.0-39.0
Ponderal index at birth (kg/m3) 27.6 (2. 1) 23.2-33.5
Placental weight (g) 614 (113) 400-920
Weight at 2days (g) 3360 (382) 2760-4085
Weight reduction; birth-2 days (g) 200 (86) 20-375
Upper arm circumference (at 2 days) (cm) 12.3 (0. 8) 10. 5-14.0
Maternal height (cm) 166.5 (6. 3) 155-181
Maternal pre-pregnancy BMI (kg/m2) 23.3(3.2) 19.0-31. 6

* Male/female and vaginal cesarean section ratios were 20/18 and 33/5 respectively.

Biochemical assays

Total ghrelin concentrations were meas-
ured by means of a commercial RIA (Phoe-
nix Pharmaceuticals, Belmont, CA, USA).
Fifty percent binding was at 190 pg/mL. The
sensitivity in undiluted samples was 15
pg/mL. Inter-and intra-assay confidence in-
tervals, as given by the manufacturer, were
7.5% and 4.0%, respectively.

Total adiponectin concentrations were de-
termined by ELISA (R&D Systems, Inc.,
Minneapolis, MN, USA). Intra-and inter-
assay coefficients of variation of the assay
were between 2.5% and 4.7% and between
5.8% and 6.9%, respectively.

Leptin concentrations were measured by
RIA (Linco Research, St. Charles, MO,
USA). Intra-and inter-assay coefficients of
variation at low concentration (2.8+0.2 pg/L)
were 4.7% and 2.6%, and at medium concen-
tration (15.6 pg/L) 6.7% and 2.2%, respec-
tively.

Insulin concentrations were determined
by immunoradiometric assay (Biosource, Ni-
velles, Belgium). Intra-assay coefficients of
variation at low concentration (6.6+0.2

mU/L) and at high concentration (53.0 +1.1
mU/L) were 4.5% and 21% respectively.
Statistical analysis

Hormone concentrations were logtrans-
formed to normality and are presented as me-
dian (interquartile range). Other raw data are
presented as mean, SD, and range. Paired sam-
ples t-test was used to compare hormone con-
centrations in cord vein plasma with those dur-
ing early postnatal days, and linear correlation
coefficients were calculated to assess associa-
tions between variables; p<0.05 were consi-
dered statistically significant.

Results

Table 2 shows the hormonal data at birth
and at the time of early postnatal blood sam-
pling. Median plasma concentrations of ghre-
lin, adiponectin, leptin and insulin were low-
er during early postnatal days than in cord
plasma (Fig 1). The reductions in mean con-
centrations were: ghrelin, 15% (95% CI 6 to
23%; p=0. 002), adiponectin, 36% (95% CI
26 to 46%; p<0. 0001), leptin, 82% (95% CI
78 to 85%; p<0. 0001), and insulin, 44%
(95% CI 33 to 53%; p<0. 0001).
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Table 2. Hormone concentrations at birth

Hormone concentration

Median (25-75 percentile)

At birth At two days of age

Adiponectin (pg/mL) 25.1(20.0-29. 1) 17.8(10.7-23. 3)
Ghrelin (pg/L) 651 (539-830) 537 (476-723)
Insulin (mU/L) 7.35 (6. 53-9. 43) 4.35 (3. 43-6. 03)
Leptin (ng/L) 4.60 (3.51-5. 84) 0. 83 (0. 65-1. 06)
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Fig. 1. Ghrelin and adiponectin concentrations at birth and at 2 days of age. Each line connects

the concentrations of an individual infant

Ghrelin concentrations in cord plasma
correlated with those during early postnatal
days, (r=0.45; p=0.005), the same being true
for adiponectin (r=0.47; p=0.003), but not for
leptin (r=0.22; p=0.2) or insulin (r=0.02;
p=0.9).

At birth no correlations were found be-
tween ghrelin, adiponectin, leptin or insulin
concentrations. In the early postnatal days

sample there was a positive correlation be-
tween ghrelin and adiponectin concentrations
(r=0. 49; p=0. 002) and an inverse correlation
between leptin and adiponectin concentra-
tions (r= -0.39; p=0.01, Fig. 2). However, the
two lowest adiponectin concentrations, 3.4
and 6.1 pg/mL, were seen with two excep-
tionally high leptin concentrations, 2.48 and
4.31 pg/L. If these two outliers were ex-
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cluded from the analysis the correlation be-
tween postnatal leptin and adiponectin was
no longer statistically significant (r=0. 03;
p=0. 8, fig 2). No association of insulin with
ghrelin, adiponectin or leptin concentration
reached statistical significance.

Neither ghrelin nor adiponectin concen-
trations in cord plasma or in the early post-
natal days sample were correlated to infant
sex, mode of delivery or any of the mea-
surements shown in tables 1 and 2.

The time interval between the previous
feed and venous sample collection (55+45
min, range 10-180 min), and the relative (%)
or absolute (g) change in weight from birth to
time of control blood sample collection did
not correlate with the concentrations of ghre-
lin or other hormones at that age.

As for leptin, gestational age at birth was
related to its concentrations in cord plasma
(r=0. 33; p=0. 04) but not to that at 2-4 d of
age (r=0. 16; p=0. 3) whereas the correlation
of birth weight with cord leptin was weak
(r=0. 29; p=0. 09). Furthermore, there was a
correlation between cord plasma insulin and
relative birth weight (p=0. 04).

Discussion

We found a significant decline in ghrelin,
adiponectin, leptin and insulin concentrations
during early postnatal days. Characteristic
phenomena of postnatal adaptation include
weight loss mainly due to loss of edema, and
low energy intake until the breast milk
supply becomes established, and the infant is
dependent on hepatic glycogen stores in or-
der to maintain euglycemia. "

The cord plasma ghrelin concentrations
we found are in keeping with other reports,"
being about 2-fold higher than adult pre-
prandial values." Ghrelin expressions in hu-
man placenta is probably confined to the first
trimester.”” Thus, other sources of fetal ghre-
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lin may contribute to the elevated umbilical
cord ghrelin concentrations. For example,
from week 10 of gestation, human fetal pan-
creas and lung have been demonstrated to
produce ghrelin, in contrast to respective tis-
sues in adults.'® Our assay measured total ghre-
lin concentration which has been shown to
have an excellent correlation (r=0. 81 in cord
plasma) with active ghrelin concentration.'’

In spite of the decline in ghrelin concen-
trations during the early postnatal days the
hormone concentrations still remain at adult
pre-prandial levels. '* Relatively high ghrelin
levels may help to sustain the infant’s efforts
to promote breast milk production by suck-
ing. Interestingly, in newborns and children,
in contrast to adults, food intake does not
seem to produce a decline in ghrelin concen-
trations."™'” In addition, ghrelin induces
hyperglycemia and decreases plasma insulin
concentrations. *°

In contrast to ours, a previous study of
healthy, appropriately grown term infants
showed significantly higher postnatal
plasma ghrelin concentrations compared
with those in cord plasma. '' However, in
that study, cord vein ghrelin concentrations
were lower than in the present study, and
the infants were 3-7 days older, at which
age most infants are already gaining weight
after the usual nadir at about two to three
days after birth. An increased ghrelin con-
centration after this period could contribute
to weight gain because of the positive ef-
fects of the hormone on energy balance. ' It
is interesting to note that different studies
have reported varying concentrations of
ghrelin,” including a study which obtained
samples within 2 hours after birth and re-
ported ghrelin concentrations 6-fold higher
than ours.”’*> Whether or not ghrelin con-
centrations fluctuate similarly to thyroid
hormones for example during the first days
of life, requires further study.
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Fig. 2. Relationship of adiponectin concentration with leptin and ghrelin concentrations at 2
days of age. After exclusion of the two outliers, the correlation between leptin and adiponectin
concentrations becomes non-significant (r=0. 03; p=0. 8)

We tried to eliminate the effect of possi-
ble circadian pattern of circulating ghrelin
concentrations, which is observed at least in
adults,"* by timing our sampling to noon, al-
though it is not yet known at what age the
circadian pattern emerges. We also evaluated
the possible connection between fasting and
ghrelin concentrations by recording the time
elapsed between breastfeeding and the col-
lection of the postnatal plasma sample. Al-
though no such correlation was observed, the
result may have been masked by large inter-
individual variation in circulating ghrelin
concentrations, as demonstrated in adults. '
Interestingly, in older infants, fasting in-
creases ghrelin concentrations,” a recent
study in preterm infants showed that ghrelin
concentrations were not influenced by eating.
' We also found, as previously demonstrat-
ed,” a marked postnatal decline in leptin con-
centrations, the mechanisms of which are not
known.>” The orexigenic properties of ghre-
lin," and the opposing ones of leptin' would
make our observation of concomitantly high
ghrelin and a more marked decline in leptin
concentrations physiologically feasible.

Adiponectin concentrations at birth were
2- to 3-fold higher than those reported in
adults. * We also observed a decrease in adi-
ponectin concentrations during early postnat-
al days. In a recent study, adiponectin con-
centrations at four days of age were similar to
those observed at birth in healthy, term in-
fants.'” The main difference between these
studies is the postnatal age at the time of the
plasma sample. It is possible that chronologi-
cally distinct changes in these hormones occur
rapidly during adaptation to extrauterine life.

High adiponectin concentrations at the
time of birth might be beneficial for the in-
fant during the transition to a colder extraute-
rine environment, as adiponectin has been
shown to increase thermogenesis in mice,**
and in rats, brown adipose tissue actively
produced adiponectin during perinatal period.
* Whether this is the case in humans is not
known, and the high adiponectin concentrations
at term may result from adiponectin synthesis
in a number of different fetal tissues. ’

A high concentration of adiponectin, which
has marked insulin sensitising properties,'
might be inappropriate during the initial pe-
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riod of breast feeding when a constant milk
supply is not yet established. Adiponectin has
been shown to inhibit hepatic glucose pro-
duction. ' This could be harmful after birth,
since in newborn infants, gluconeogenesis
provides about 10% of the glucose metabo-
lized during the early adaptation period. *® In
rats, fasting and refeeding have been shown
to diminish and reverse both adiponectin and
leptin gene expression respectively. *’ Adi-
ponectin has also been shown to decrease
body weight by stimulating energy expendi-
ture in mice. ** The high adiponectin concen-
tration at birth and the observed decrease the-
reafter may suggest a role for adiponectin as
a modifier of insulin and glucose metabolism
and thermoregulation during this period.

In the early postnatal samples, the inverse
relation between adiponectin and leptin may
be a result of the regulatory action of adipo-
nectin on adipose tissue. ' A similar relation-
ship has been found in adolescents and
adults. ***° Our results may thus be a sign of
a rapid shift of the actions of adiponectin on
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