
Serum Adiponectin Concentrations in Newborn
Infants in Early Postnatal Life

TOMOHIRO KAMODA, HISAKO SAITOH, MAKOTO SAITO, MASATOSHI SUGIURA, AND
AKIRA MATSUI

Department of Pediatrics, University of Tsukuba, Ibaraki, Japan

Serum adiponectin levels were investigated in 28 small-for-
gestational-age (SGA) and 34 appropriate-for-gestational-age
(AGA) term neonates to examine how fetal growth correlates
with adiponectin levels. A blood sample for determination of
adiponectin was obtained during the first 24 h of life. The levels
of serum adiponectin were significantly higher in all newborn
infants than in healthy children (28.7 � 17.0 versus 9.3 � 6.1
�g/mL; p � 0.01). There was a significant difference in adi-
ponectin levels between SGA and AGA infants (23.2 � 14.8
versus 33.2 � 17.5 �g/mL; p � 0.02). For all of the newborn
groups, serum adiponectin levels correlated positively with birth
weight (r � 0.27, p � 0.05) and head circumference (r � 0.30,
p � 0.05). There was no relationship between serum adiponectin
levels and gestational age, birth length, blood glucose levels, or
blood sampling time after birth. There was no gender difference

in adiponectin levels in the entire newborn group (30.0 � 19.7
versus 28.0 � 15.5 �g/mL, in male and female infants). Our
results suggest that hyperadiponectinemia and a positive relation-
ship between the serum levels of adiponectin and birth weight in
newborns cannot be explained by the low percentage of body fat
alone. Lower adiponectin levels in SGA infants than in AGA
infants are unlikely to suggest insulin resistance in intrauterine
growth–retarded infants in early postnatal life but may be a
predisposing factor in the future development of insulin resis-
tance or type 2 diabetes. (Pediatr Res 56: 690–693, 2004)

Abbreviations
AGA, appropriate for gestational age
BAT, brown adipose tissue
SGA, small for gestational age

Adiponectin is a protein derived from adipose tissue in
humans, and serum adiponectin levels are paradoxically re-
duced in obese individuals (1). Decreased concentrations of
adiponectin are also seen in patients with insulin resistance or
type 2 diabetes (2). Insulin-sensitizing agents such as thiazo-
lidinediones increase adiponectin concentrations in humans (3)
and in animals (4), whereas administration of adiponectin
increases insulin sensitivity in animals (4). However, intrauter-
ine growth retardation is associated with an increased risk of
developing type 2 diabetes and cardiovascular disease (5,6). To
explain this association, the concept of “reprogramming” was
introduced (7): fetal adaptation to an adverse intrauterine en-
vironment determines an altered programming of endocrine
pathways, leading to permanent metabolic changes, including
insulin resistance. The present study was undertaken to exam-
ine how different intrauterine growth patterns relate to adi-
ponectin secretion in early neonatal life.

METHODS

Infants. Thirty-four newborns (20 boys and 14 girls) with
appropriate-for-gestational-age (AGA) birth weight (relative
birth weight below �2 or above �2 SD) and 28 (16 boys and
12 girls) with small-for-gestational-age (SGA) birth weight
(relative birth weight, �2 or less SD) were included in the
study (Table 1). All neonates had no asphyxia at birth and were
found to be well on physical examination performed at the time
of blood sampling. All infants in both groups were breast-fed,
with similar frequencies ranging from 3 to 4 h. A blood sample
was obtained from each infant immediately before feeding.
Serum was separated immediately by centrifugation and kept at
�20°C until analysis. Sixteen control children (12 boys and 4
girls; 10.1 � 0.7 y, mean � SD) were selected from the infants
who visited the pediatric clinic because of nonendocrinologic
problems. The control children all were free of clinically or
biochemically apparent disease and were not taking any med-
ication. Blood samples were collected from control subjects in
the fasting state. Informed consent was obtained from the
parents of all of the children, and the study was approved by
the local ethics committee.
Measurements. The serum adiponectin concentration was

assayed with an RIA kit (HADP-61HK, Linco Research, Inc.,
St. Charles, MO). The sensitivity of the assay was 1 �g/mL,
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and the limit of linearity was 250 �g/mL. Inter- and intra-assay
coefficients of variation were 6.9–9.3% and 1.8–6.2%, respec-
tively. Blood glucose concentration was determined using a
commercial glucometer (Antsense II, Bayer-Sankyo Co., To-
kyo, Japan).
Statistical methods. The results are expressed as the mean �

SD unless otherwise stated. The unpaired t test or the Mann-
Whitney U test was used to determine statistical significance.
Differences in infant characteristics were determined by one-
way ANOVA, with gender as a class variable. Analysis of
covariance was performed to assess the contribution of birth
weight to the difference in serum adiponectin levels between
SGA and AGA groups. Relationships between parameters
were evaluated by simple linear regression analysis. All anal-
yses were performed using StatView 5.0 (SAS Institute, Inc.,
Cary, NC). A level of p � 0.05 was accepted as statistically
significant.

RESULTS

Infant characteristics and the levels of serum adiponectin
and blood glucose are shown in Table 1. All newborn infants
were born at full term (gestational age �37 wk) with unevent-
ful vaginal delivery. The AGA and SGA infants were compa-
rable in terms of gestational age, blood glucose concentrations,
and blood sampling time after birth. Predictably, SGA infants
had shorter birth length and smaller head circumference and
were lighter in birth weight than AGA neonates. The levels of
serum adiponectin were significantly higher in all newborn
infants than in control children (28.7 � 17.0 versus 9.3 � 6.1
�g/mL; p � 0.01). There was no gender difference in adi-
ponectin levels between male and female newborn infants in
the entire newborn group (30.0 � 19.7 versus 28.0 � 15.5
�g/mL). The levels of serum adiponectin in SGA infants were
significantly lower than in AGA infants (23.2 � 14.8 versus
33.2 � 17.5 �g/mL; p � 0.019). The differences observed in
adiponectin between SGA and AGA infants similarly persisted
after adjustment for gender (p � 0.021) or birth weight (p �
0.018). For all of the newborn groups, serum adiponectin levels
correlated positively with birth weight (r � 0.27, p � 0.05;
Fig. 1) and head circumference (r � 0.30, p � 0.05). There
was no relationship between serum adiponectin levels and
gestational age, birth length, blood glucose concentrations, or
blood sampling time after birth.

DISCUSSION

The exact role of adiponectin in regulating intrauterine fetal
growth has not been fully elucidated. Only a few studies have
shown that the circulating adiponectin concentration in cord
blood is higher than that in adults (8–10). The mean level of
serum adiponectin in our AGA infants during the first 24 h of
life was lower than that of cord blood adiponectin reported by
Sivan et al. (8) or Chan et al. (10) but was higher than that of
cord blood adiponectin reported by Lindsay et al. (9), despite
that these different researchers used the same assay kit and that
the infants were comparable with regard to mean gestational
age and birth weight in each study. Regarding the change of the
serum adiponectin concentration after birth, Sivan et al. (8)
reported that when comparing adiponectin levels at birth and
the fourth day postdelivery, no decline in adiponectin was
observed. Thus, it was considered that the adiponectin levels in
our study were not influenced by the blood sampling time
during at least the first 24 h of life. The discrepancies between
our results and those of other researchers may be related to
differences in sample selection or size. Adiponectin levels were
found to be gender dependent in adults, with women having
higher concentrations of circulating adiponectin than men
(1,11). We compared the levels of adiponectin between female
and male neonates in the entire group but found no differences
in adiponectin levels between the genders. The difference
between the genders in adults may reflect an effect of the sex
hormones (12,13) or other mediators that are inactive, subtle,
or absent in newborns (8).
In our study, the levels of serum adiponectin were signifi-

cantly higher in newborn infants than in control children and
were correlated positively with birth weight in all newborn
infants. Although the former result may be partly explained by
the fact that the percentage of body fat is significantly lower in
newborns (13%) than in children or adults (25–30%) (14), the
latter is not consistent with the previously reported findings
that adiponectin levels are inversely correlated with body fat
mass in children or adults (1,15,16). A significant positive
relationship has been observed between birth weight and body
fat mass in newborn infants (17). There are several possible
explanations for the conflicting findings. Sivan et al. (8) re-

Table 1. Characteristics and serum glucose and adiponectine levels
in AGA and SGA infants

AGA
(n � 34)

SGA
(n � 28) p values

Gestational age (wk) 39.3 � 1.2 38.7 � 1.1 0.06
Birth weight (kg) 2.93 � 0.23 2.35 � 0.17 �0.001
Birth length (cm) 48.2 � 1.2 45.3 � 1.6 �0.001
Birth head circumference (cm) 33.2 � 1.2 32.1 � 0.9 �0.001
Sampling time (h after birth) 6.0 � 6.0 6.6 � 6.7 NS
Serum glucose (mg/dL) 50.7 � 14.8 56.8 � 30.1 NS
Serum adiponectin (�g/mL) 33.2 � 17.5 23.2 � 14.8 0.02

Values are mean � SD. NS, not significant.

Figure 1. Relationship between the serum adiponectin levels and birth weight
in AGA (F) and SGA (E) infants (r � 0.27, p � 0.05).
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ported that the adiponectin levels in cord blood are extremely
high compared with those in adults and are correlated posi-
tively with birth weight, assuming that the high adiponectin
levels in newborns may be due to a lack of negative feedback
on adiponectin production resulting from a lack of adipocyte
hypertrophy, a low percentage of body fat, or a different
distribution of fat depots in newborns. Viengchareun et al. (18)
reported that the adiponectin gene was found to express highly
in the brown adipose tissue (BAT) in rats and mice, demon-
strating that brown adipocytes are endocrine cells that are
capable of expressing adiponectin. Because human neonates
possess a relatively higher content of BAT than do children or
adults, the adiponectin secreted from BAT may contribute to
the hyperadiponectinemia in newborns. The lower adiponectin
levels in SGA infants than in AGA infants may be due to the
presence of a lower amount of BAT in SGA infants (19). In
contrast, Lindsay et al. (9) reported that adiponectin levels in
cord blood are unrelated to the degree of adiposity in term
infants, indicating that cord adiponectin concentrations may be
influenced by multiple factors, such as insulin, proinsulin,
leptin, glucocorticoid, visceral fat distribution, or maternal
adiponectin levels. In our study, a difference in adiponectin
levels between SGA and AGA infants remains to be significant
after adjustment for birth weight, and only 7% of variation in
adiponectin levels in all infants can be explained by birth
weight, suggesting that other factors than birth weight as
described by Lindsay et al. may contribute to adiponectin
levels in neonates. Although there was no relationship between
serum adiponectin levels and gestational age in our term
infants, further studies are needed in infants who are born at
varying gestational ages, including preterm infants, to clarify
the contribution of gestational age to serum adiponectin levels
in early postnatal life.
Epidemiologic studies have revealed that there is a relation-

ship between fetal growth retardation and the subsequent de-
velopment of insulin resistance and type 2 diabetes (5,6). SGA
infants who fail to demonstrate catch-up growth are at an
increased risk for developing insulin resistance and cardiovas-
cular disease in later life (20). However, human cross-sectional
studies have shown that plasma adiponectin levels are nega-
tively correlated with hyperinsulinemia and insulin resistance
(2). Case-control studies have also demonstrated that low
plasma adiponectin is an independent risk factor for future
development of type 2 diabetes (21,22). Although the serum
levels of insulin were not determined in our study, the insulin
levels in SGA newborns have been found to be low both in the
cord blood and in the early postnatal period (23–25). In
addition, Bazaes et al. (26) demonstrated that SGA infants
display an increased peripheral insulin sensitivity with respect
to glucose disposal but not with respect to suppression of
lipolysis and ketogenesis and hepatic production of IGF bind-
ing protein 1 in early postnatal life. Thus, the presence of lower
adiponectin levels observed in our SGA than in AGA infants is
unlikely to be consistent with the fact that SGA infants have
lower insulin levels and higher insulin sensitivity compared
with AGA infants in early postnatal life but may be a predis-
posing factor in the future development of insulin resistance or
type 2 diabetes. Alternatively, the lower levels of adiponectin

in SGA infants may suggest the very early development of
insulin resistance, as recently suggested in neonatal rats (27), in
older children born SGA (28), and in adults born SGA (29).
Indeed, a 2-y follow-up study in a Japanese population has
shown that the baseline adiponectin level is negatively corre-
lated with subsequent changes in insulin and the insulin resis-
tance index, even after adjustment for change in body mass
index, suggesting that the serum adiponectin concentration
predicts subsequent changes in insulin resistance (30). Re-
cently Cianfarani et al. (31) reported that serum adiponectin
levels are lower in children who are born SGA (mean age, 8.6
� 3.5 y) than in short-normal children who are born with a
birth weight AGA and obese children. Although sample selec-
tion and size are different between our study and Cianfarani’s,
it is likely that SGA children have had low adiponectin levels
since birth. Our findings provide additional evidence for the
link between adverse perinatal events and the risk of metabolic
sequelae in adult life.

CONCLUSION

In conclusion, the present study suggests that hyperadi-
ponectinemia and a positive relationship between the serum
levels of adiponectin and birth weight in newborns cannot be
explained by the low percentage of body fat alone. The lower
adiponectin levels in SGA than in AGA infants in early
neonatal life may be associated with future development of
insulin resistance or type 2 diabetes.
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