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ABSTRACT: In term neonates, the adiponectin concentration is
higher than it is in adults. To determine the relationship between
adiponectin and early neonatal growth in a cohort study. Fifty-two
neonates at term were studied. Serum adiponectin concentrations,
body sizes, and skinfold thicknesses were measured at birth and at 1
mo of age. At birth, cord blood adiponectin concentration correlated
positively with birth weight (r � 0.484, p � 0.0003), birth length
(r � 0.524, p � 0.0001), and sum of the four skinfold thickness
measurements (r � 0.378, p � 0.0057). In a stepwise regression,
birth length was the only determinant of cord blood adiponectin
concentration. However, at 1 mo of age, serum adiponectin concen-
tration correlated with no anthropometric parameter at all. Between
birth and 1 mo of age, the individual change in adiponectin concen-
tration correlated negatively with birth weight. Thus, serum adiponec-
tin concentrations in cord blood have a strong relationship to birth length
rather than to body fatness, and this relationship is not demonstrated in
1-mo-old infants. These results imply that hormonal, substrate, or other
mechanisms that regulate the relationship between body composition
and growth in fetal life are different from those governing these rela-
tionships in early postnatal life. (Pediatr Res 61: 604–606, 2007)

Adiponectin is an adipocytokine produced exclusively by
adipocytes and has potential antidiabetic, antiathero-

sclerotic, and anti-inflammatory properties. Therefore, serum
adiponectin concentration may be applied usefully as a bi-
omarker of metabolic syndrome (1). Paradoxically, however,
adiponectin concentration is inversely correlated with body
fatness in adults (2) and in children (3), unlike the other
adipocytokines, such as leptin, interleukin (IL)-6, and tumor
necrosis factor (TNF) �. Overall, the regulation of adiponectin
concentrations and its functions are still not sufficiently un-
derstood, especially in growing infants.

Adiponectin is also abundantly present in cord blood of
term neonates, at concentrations two to three times higher than
those reported in adults (2,4). Recent studies suggest that low
adiponectin concentration in small neonates may be one of the
mechanisms underlying the long-term consequences of an
adverse fetal environment (5) and that small size at birth is
associated with increased rates of the metabolic syndrome (6).
However, adiponectin must have physiologic functions in the

fetus and in neonates other than that of merely serving as a
biomarker for the development of the metabolic syndrome.
Little is known about the roles of adiponectin in the fetus.
Recent studies in cord blood suggest that adiponectin, which
is positively associated with birth weight, may play an impor-
tant role in regulating fetal growth (7,8). Furthermore, adi-
ponectin concentration in cord blood correlates positively with
gestational age, increasing as the amount of adipose tissue also
increases during the last trimester (8). This is in marked
contrast to findings in adulthood where increased adiposity is
associated with decreased circulating adiponectin. Fetal
growth is controlled by insulin and insulin-like growth factors
(IGFs) (9,10). Adiponectin is a key regulator of insulin sen-
sitivity (1). Mantzoros et al. (11) demonstrated in a cross-
sectional study that the positive association between adiponec-
tin and birth length is independent of maternal and perinatal
factors and that the association may reflect a direct effect of
adiponectin or an adiponectin-mediated increase in the sensitivity
of tissues to insulin and components of the IGF system. How-
ever, in contrast to the role of insulin in fetal growth, the growth
hormone system has a dominant role in postnatal period (10).

The aim of the present study was to determine the relation-
ship of adiponectin concentrations and early postnatal growth.
We investigated the association between anthropometric pa-
rameters and adiponectin concentrations at birth and at 1 mo
of age in a cohort study.

SUBJECTS AND METHODS

Subjects. Informed consent was obtained from all parents, and the study
was approved by the University Ethics Committee (Nihon University, Itabashi
Hospital).

From September 2004 to March 2005, 63 healthy neonates (37 males, 26
females) who were born by uneventful vaginal delivery or cesarean section in
the maternity ward of our university hospital were included consecutively in
the study. Infants whose mothers had some complications, and infants with a
gestational age of �37 wk or �41 wk, asphyxia at birth, intrauterine
infections, or organic disorders were excluded. Anthropometric parameters
and adiponectin concentrations were measured at birth and at 1 mo of age.

Anthropometry. The body weight of each neonate was determined to the
nearest 1 g using an electronic scale. The body length was measured to the
nearest 0.1 cm in the supine position with a length board. Head and chest
circumferences were measured with a tape measure to the nearest 0.1 cm. The
ponderal index was obtained by the following formula: body weight (g)/body
length (cm)3. Triceps, biceps, suprailiac, and subscapular skinfold thicknesses
were measured on the left side of the body using a skinfold caliper (Holtain Ltd.,
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Crosswell, Crymych, UK). One investigator (I.I.) performed all the skinfold
thickness measurements, using the procedure reported by Schmelzle et al. (12).

Adiponectin measurements. The serum adiponectin concentrations were
determined by enzyme-linked immunosorbent assay (Otsuka Pharmaceutical
Co., Ltd., Tokyo, Japan). A linear curve was obtained with the range of
recombinant adiponectin between 0.375 ng/mL and 12.0 ng/mL and the
dilution curve of human plasma was parallel to the standard curve. Inter- and
intra-assay coefficients of variations were 7.4% and 3.3%, respectively. At
birth, cord blood sampling was performed from the umbilical vein after
double clamping of the umbilical cord. At 1 mo of age, venous blood was
obtained by venipuncture.

Statistical analysis. All statistical analyses were conducted using the
statistical package STATVIEW (v. 4.5; Abacus Concepts, Berkeley, CA).
Data are given as means � standard error (SE). The significance of differences
was analyzed by a nonparametric method (Mann-Whitney U test). Simple and
multiple regressions were used to assess correlation between variables. A
p value �0.05 was considered to indicate statistical significance.

RESULTS

The characteristics of the neonates and their serum adi-
ponectin concentrations are shown in Table 1. Of the 63
newborns included at birth, 52 had complete measurements
both at birth and at 1 mo.

Measurements at birth. Anthropometric measurements
were shown in table 1. In cord blood, the serum adiponectin
concentration demonstrated no sex difference (26.2 � 1.5
�g/mL in male, 22.2 � 1.6 �g/mL in female infants, p �
0.0991). Cord blood adiponectin concentration correlated pos-
itively with birth weight (r � 0.484, p � 0.0003), birth length
(r � 0.524, p � 0.0001), chest circumference (r � 0.470, p �
0.0004), and sum of the four skinfold thicknesses (r � 0.378,
p � 0.0057), but did not with head circumference (r � 0.022,
p � 0.2922) (Table 2). These associations remained signifi-
cant after adjustment for gestational age. In a stepwise regres-
sion analysis that included anthropometric measurements as
independent determinants, birth length was the only determi-
nant of cord blood adiponectin concentration, explaining
27.5% of the variability.

Measurements at 1 mo of age. Serum adiponectin concen-
tration at 1 mo of age was significantly higher than that in cord
blood (p � 0.0001). No significant sex difference (39.7 � 2.2
�g/mL in males, 37.9 � 2.3 �g/mL in females, p � 0.7458)
was found. Serum adiponectin concentration did not correlate
with body weight (r � 0.005, p � 0.9727), body length (r �
0.080, p � 0.5708), chest circumference (r � 0.108, p �
0.4453), head circumference (r � 0.006, p � 0.9689), or sum
of skinfold thicknesses (r � 0.077, p � 0.5887).

Individual difference measurements. The average individ-
ual change in adiponectin concentration during first 1 mo of
life was 16.1 � 1.6 �g/mL. Adiponectin concentrations in
only four infants declined between birth and 1 mo of age. The

individual change in adiponectin concentration correlated neg-
atively with birth weight (r � �0.296, p � 0.0351), but did
not with birth length (r � 0.233, p � 0.1004) or sum of the
four skinfold thicknesses at birth (r � 0.090, p � 0.5280).

The mean change in body weight in 1 mo was 1197.3 �
46.5 g, 4.6 � 0.2 cm in body length and 10.1 � 0.6 mm in the
sum of skinfold thicknesses (Table 1). The association be-
tween these anthropometric changes and the individual
changes in adiponectin concentrations was analyzed by simple
regression, and no significant correlations were demonstrated
among the parameters.

DISCUSSION

In the present study, we confirm that adiponectin concen-
trations in cord blood are higher than those reported in ado-
lescents and in adults, in whom values in the range of 2.5 to
38.5 are found (13), and are strongly related to birth weight
and birth length by simple regression analysis. However, these
relationships were not demonstrated in 1-mo-old infants.

Previously, others have reported the relationship of cord
blood adiponectin concentration to birth weight in different
ethnic groups (7,8,14–16). All the reports demonstrated that
cord blood adiponectin concentration correlates positively
with birth weight, in contrast to the findings in adults. How-
ever, in the present study, following stepwise analysis, birth
length was the only determinant of cord blood adiponectin
concentration. Our results are consistent with the report by
Mantzoros et al. (11), who suggest that the association with
birth length may reflect an effect of adiponectin. This may
reflect the fact that fetal growth is controlled by actions of
insulin and IGFs, which are regulated by adiponectin acting as
an insulin sensitizer (9,10). Furthermore, recent studies on the
effects of adiponectin on bone metabolism demonstrate that
adiponectin activates osteoblasts (17,18), an effect that may
explain the correlation of adiponectin and linear growth. In an
in vivo study of adiponectin-overexpressing mice, trabecular
bone mass was increased along with a suppression of bone
resorption (17). In human neonates, fetal growth is dependent on
very active bone formation and resorption of type I collagen, and
fetal osteoblasts dominate the proliferation phase of development
rather than the maturation phase (19). These findings suggest that

Table 1. Characteristics of the subjects (n � 52)

At birth At 1 mo

Body weight, g 3054.7 � 57.5 4202.8 � 68.5
Body length, cm 48.3 � 0.3 52.9 � 0.3
Ponderal index, kg/m3 27.1 � 0.2 28.4 � 0.3
Head circumference, cm 33.3 � 0.2 36.7 � 0.2
Chest circumference, cm 31.7 � 0, 2 35.8 � 0.4
Sum of skinfold thicknesses, mm 16.8 � 0.3 27.0 � 0.5
Adiponectin concentration, �g/mL 23.1 � 1.0 38.9 � 1.6

Values are mean � SE.

Table 2. Relationship between adiponectin concentration and
anthropometric measurements

Correlation coefficients p

At birth
Body weight 0.484 �0.001
Body length 0.524 �0.001
Ponderal index 0.068 0.63
Head circumference 0.149 0.29
Chest circumference 0.470 �0.001
Sum of skinfold thicknesses 0.378 0.006

At 1 mo
Body weight 0.005 0.97
Body length 0.080 0.57
Ponderal index 0.145 0.31
Head circumference 0.006 0.97
Chest circumference 0.108 0.45
Sum of skinfold thicknesses 0.077 0.59
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adiponectin, as well as the insulin-mediated growth system, may
have a direct effect on fetal bone growth. In perimenopausal
women, conversely, adiponectin concentrations correlate nega-
tively with bone mineral density (20), but it is unclear whether
this finding has any relationship to our observations in growth
infants because perimenopausal women are well past the period
of linear growth. In any case, more studies are necessary to
further clarify the effect of adiponectin on fetal bone growth.

Another important finding of the present study is that the
association between adiponectin and body size, including
height, weight, and skinfold thickness, is not demonstrated at
all at 1 mo of age. Moreover, the change in adiponectin
concentration during the neonatal period does not correlate
with height gain, weight gain, or subcutaneous fat accumula-
tion. As discussed earlier, fetal growth is controlled by insulin
and IGFs (9,10). In human cord blood, the insulin level is
correlated with birth weight and neonatal length, but not with
growth hormone level (21). Conversely, growth hormone has
a predominant role in the postnatal period (10), and a study of
children with congenital growth hormone deficiency (22)
provides evidence that growth hormone has a minimal effect
on intrauterine growth but a significant effect during infancy.
Our findings, in contrast, suggest that adiponectin has an effect
on fetal growth, but no effect on early postnatal growth, at
least in the first month of life. Taking these observations
together, the hormonal data imply that hormonal regulation of
growth may change drastically in the early neonatal period
and provide avenues for future research on the interplay of
adiponectin, insulin, growth hormone, and IGF-I in the regu-
lation of early postnatal growth.

Finally, we have demonstrated that the individual change in
adiponectin concentrations during the first month of life cor-
related negatively with birth weight. In a cohort study follow-
ing infants from birth to 2 y of age, a decrease in serum
adiponectin concentration was related to increasing age and to
greater weight gain in small for gestational age (SGA) infants
(23). Cianfarani et al. (24) also demonstrated that adiponectin
concentrations are reduced in SGA children with postnatal
catch-up growth. The precise mechanisms responsible for
these observations remain to be delineated.

In conclusion, our results reveal that adiponectin concen-
trations in cord blood are strongly related to birth length rather
than body fatness and that the relationship is not demonstrated
in 1-mo-old infants. Moreover, birth weight itself affects the
subsequent postnatal change in adiponectin concentration dur-
ing the initial 30 d of life. These results imply that the
hormonal regulation of growth and the physiologic effect of
adiponectin changes drastically in the early neonatal period.
Further, if one considers that birth weight bears a crude
relationship with body fat at birth, the results also imply that
body fat at the time of birth controls, in some yet unidentified
fashion, the progression of adiponectin changes during the
first month of life. Whether these changes bear any relation-
ship to a predisposition to develop metabolic syndrome in low
birth weight infants remains to be studied.
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