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ABSTRACT: To determine the factors associated with high molec-
ular weight adiponectin (HMW-ad) levels during the first year of life,
the longitudinal changes in serum HMW-ad were investigated from
birth to 12 mo of age. The total adiponectin levels, HMW-ad, and
leptin were measured longitudinally from birth to 12 mo of age in 56
healthy infants (=35 wk of gestation). Serum HMW-ad levels were
positively correlated with total adiponectin levels (R* = 0.93, p <
0.0001). Serum HMW-ad levels at birth, six, and 12 mo were 13.7 =
0.9 (mean * SE), 13.3 = 0.8, and 7.7 £ 0.5 wg/mL, respectively.
The levels at 12 mo were significantly lower than those at birth and
6 mo, respectively. In a multiple regression analysis, the HMW-ad
levels at 12 mo were found to be related only to cord blood HMW-ad
levels (8 = 0.680, p < 0.001) and not to any other factors. These
results imply that postnatal production of HMW-ad at least during
infancy may be regulated before birth. Further study is necessary to
determine whether cord blood HMW-ad has an effect and whether it
is involved in the development of metabolic syndrome. (Pediatr Res
65: 363-366, 2009)

diponectin is a hormone produced by adipocytes. De-
creased adiponectin production is suggested to be re-
lated to metabolic syndrome, including type 2 diabetes (1,2),
obesity (3), hypertension (4), and dyslipidemia (5). High
concentrations of circulating adiponectin reportedly have pos-
itive health effects such as reduction in proinflammatory cy-
tokine levels (6), an improvement in insulin sensitivity (7),
and an increase in fatty acid metabolism (8). Recently, several
investigators reported much higher plasma adiponectin con-
centrations in cord blood than in the mother (9-12) and in
nonobese adults aged 23—50 y (13). Numerous previous stud-
ies have also documented a positive correlation between the
cord blood levels and the birth weight in newborn infants
(10-14), thus suggesting that these adipocytokines might play
a key role in fetal development.

Adiponectin has intriguing structural properties that may in-
fluence the in vivo activity of the protein. The native protein
circulates in serum as low molecular weight, middle molecular
weight, and high molecular weight multimers (15). Recent in-
vestigations have revealed that high molecular weight adiponec-
tin (HMW-ad) may be an active form of the protein because it is
a better determinant of glucose intolerance (16) and confers
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vascular protective activities (17). Phagocytosis of apoptotic cells
by macrophages and subsequent IL-8 production are suppressed
by HMW-ad (18). Both cord blood HMW-ad and leptin levels
were significant predictors of birth weight in our previous study.
There is a significant relationship between the concentration of
HMW-ad and leptin. This finding suggested that HMW-ad and
leptin might synergistically regulate fetal growth (19). Despite a
better understanding of the role of HMW-ad in adults, no infor-
mation regarding the changes in serum HMW-ad levels and
factors correlated to HMW-ad concentrations during infancy are
available. Therefore, the longitudinal changes in serum HMW-ad
were investigated from birth to 12 mo to determine the factors
that are associated with the HMW-ad levels during this time of
development.

SUBJECTS AND METHODS

The Ethics Committee at Keiai Hospital approved the study protocol. The
subjects were recruited at the Obihiro Keiai Hospital (primary obstetric
center) between May 1, 2005 and September 30, 2006. Before delivery, the
objectives of this study were explained to the parents and informed written
consent was obtained. The infants whose mothers had any complications,
such as gestational diabetes mellitus, thyroid disease, pregnancy-induced
hypertension, and autoimmune diseases were excluded. The gestational age
was determined according to the first trimester crown-rump length scan.
Fifty-six infants appropriate for gestational age who were born without
complications at the gestational age of 35 wk or more were recruited for this
study. Of the 56 infants, 5 infants were born at less than 37 wk of gestation.
All the infants were followed up to 12 mo of age. These infants visited the
hospital at 6 and 12 mo to undergo anthropometric measurement, blood
collection, consultation, and to find out the particulars of how the infants were
being fed (breast or formula fed), when and whether they were weaned or
whether they were given any solid foods.

The infants recruited in this study were supplemented with cow’s milk-
based formula when their mother considered that intake of breast milk was not
sufficient for their infants. Of the 56 subjects, 27 infants were exclusively fed
breast milk, four infants were fed a combination of breast and formula milk,
and 25 infants were fed formula milk at 12 mo of age. The introduction of
solid food and its contents were left to the mother’s discretion. The following
issues were investigated.

Anthropometric measurements. General physical measurements, includ-
ing body weight and length, were determined at birth, 6 and 12 mo after birth
by experienced nurses. Their mother’s body weight and height before preg-
nancy were self-reported. The body weight after pregnancy was measured to
the nearest 0.1 kg value on a digital scale at each antenatal visit. Weight gains
during pregnancy were calculated by the difference between body weight
before pregnancy and body weight measured until delivery.

Determination of serum total adiponectin, HMUW-ad, and leptin concen-
trations. To determine total serum adiponectin (T-ad), HMW-ad, and leptin
levels, blood was collected from the umbilical vein at birth and the antecubital

Abbreviations: HMW-ad, high molecular weight adiponectin; T-ad, total
adiponectin
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vein at 6 and 12 mo. These samples were centrifuged and the serum collected
was cryopreserved at —40°C until analysis. At 6 and 12 mo, the blood was
generally collected 2 or 3 h after feeding. Serum T-ad and HMW-ad concen-
trations were determined by ELISA using a commercial kit (Daiichi Pure
Chemicals, Tokyo, Japan) and the serum leptin levels were calculated using
a commercial RIA kit (Linco research, St. Louis, MO). Intra- and interassay
variation coefficients for T-ad and HMW-ad were <4% and those for leptin
were <8%.

The data were analyzed using the Dr. SPSS for Windows statistical
package (SPSS Japan, Tokyo). The results using continuous variables were
presented as the mean = SE. A comparison of leptin concentrations between
male and female subjects was performed using the Mann-Whitney test. The
longitudinal changes in T-ad, HMW-ad, leptin, and the ratio of HMW-ad vs.
T-ad of umbilical cord blood and the blood collected at 6 and 12 mo were
determined using Friedman’s test and a post hoc test of the data were
conducted using the Wilcoxon test (significant difference p < 0.0169). A
multiple regression analysis assessed the influence of the multiple variables
(gestational age, birth weight, sex, the duration of breast feeding, anthropo-
metric measurements at 12 mo of life, maternal anthropometric measure-
ments, and cord blood adipocytokines) on serum adipokines at 12 mo. The
differences were considered statistically significant when the p values were
<0.05.

RESULTS

Clinical characteristics of the subjects. The anthropometric
measurements of mothers before pregnancy and their weight
gain until delivery, as well as the gestational age, birth weight,
and anthropometric measurements of the subjects at birth, 6,
and 12 mo are shown in Table 1.

Laboratory measurements at birth, 6 and 12 mo. There
were no significant differences in T-ad, HMW-ad, and the
ratio of HMW-ad to T-ad at birth, 6, and 12 mo between male
and female subjects. Serum T-ad, HMW-ad, and the ratio of
HMW-ad to T-ad in all subjects at 12 mo were significantly
lower than those at birth and 6 mo. Comparing these labora-
tory measurements at birth with those at 12 mo there was
approximately a 34% reduction in T-ad, a 43% reduction in
HMWe-ad, and a 17% reduction in the ratio of HMW-ad to
T-ad. Although there was a significant difference in cord blood
leptin levels between male and female subjects (p = 0.012),
these differences no longer prevailed at 6 and 12 mo of age
(Table 2).

Table 1. Clinical characteristics of the study subjects

Mean *= SE

Mother

Body weight before pregnancy (kg) 533 % 1.1

Height (cm) 159.2 £ 0.7

BMI before pregnancy (kg/m?) 21.0£04

Weight gain during pregnancy (kg) 9.8 £0.5
At birth

Gestational age (wk) 39.0 0.2

Birth weight (g) 3052.8 =594

Body length (cm) 489 *+0.3

Sex (male/female) 29/27

6 mo of life

Body weight (g) 7541.8 = 122.2

Body length (cm) 66.0 = 0.4

BMI (g/cm?) 172 +0.2
12 mo of life

Body weight (g) 9097.3 + 132.7

Body length (cm) 727 0.4

BMI (kg/m?) 172 =02

Duration of breast feeding (mo) 9.1 £0.5

BMI, body mass index.

The HMW-ad levels at birth, 6, and 12 mo had significant
positive correlations with T-ad (at birth R = 0.956, p <
0.0001; 6 mo R = 0.969, p < 0.0001; and 12 mo R = 0.966,
p < 0.0001). The ratio of HMW-ad to T-ad at birth, 6, and 12
mo correlated with T-ad (at birth R = 0.536, p < 0.0001; 6 mo
R =0.398, p = 0.02; and 12 mo R = 0.558, p < 0.0001).

Factors related to serum T-ad, HMW-ad, and leptin levels
at 12 mo. In a simple regression analysis, cord blood T-ad
positively related to serum T-ad levels at 12 mo (R = 0.609,
p < 0.0001). Similarly, cord blood HMW-ad positively re-
lated to HMW-ad levels at 12 mo (R = 0.547, p < 0.0001).
Moreover, the ratio of HMW-ad to T-ad in cord blood posi-
tively related to the levels at 12 mo (R = 0.267, p = 0.046).
However, the mothers’ anthropometric measurements, the
subjects’ anthropometric measurements at 12 mo, sex, gesta-
tional age, birth weight, and the duration of breast-feeding
were not related to the laboratory data at 12 mo. In a multiple
regression analysis aimed to identify independent predictors
of serum adiponectin levels at 12 mo, T-ad, HMW-ad, and the
ratio of HMW-ad to T-ad at 12 mo had a significant positive
correlation with T-ad (8 = 0.731, p < 0.0001), HMW-ad (8 =
0.680, p < 0.0001) and the ratio of HMW-ad to T-ad (3 = 0.296,
p = 0.045) in cord blood, respectively. In contrast to adiponectin,
the serum leptin levels at 12 mo had a positive correlation with
BMI measurements at 12 mo (8 = 0.462, p = 0.020) (Table 3).

DISCUSSION

HMW-ad is superior to T-ad to predict the development of
insulin resistance, metabolic syndrome, and coronary disease
(20-22). There were strong positive associations between
serum T-ad and HMW-ad levels at birth, 6, and 12 mo in our
subjects. The ratio of HMW-ad to T-ad at birth, 6, and 12 mo
positively correlated with T-ad at birth, 6, and 12 mo, respec-
tively. Therefore, a lower T-ad level was associated with a
lower HMW-ad and ratio of HMW-ad to T-ad. These findings
are consistent with the previous report (23).

In this study, serum T-ad and HMW-ad levels in cord blood
and at 6 mo were higher than those at 12 mo after birth. But,
the levels measured at 12 mo seem to be higher than those
measured at the age of 9-10 y as reported by Nishimura et al.
(24). The hyperadiponectinemia in the cord blood of our
subjects is consistent with previous reports (13,14,19). It has
been hypothesized that hyperadiponectinemia might be related
to a lack of negative feedback on adiponectin production in
visceral-thin neonates and/or might be related to the presence
of brown adipose tissue in human neonates because brown
adipose tissue may be the source of the abundant adiponectin
concentrations at birth (11). A recent report indicated that
adiponectin is expressed in tissues of mesodermic origin.
These authors speculated that the unexpected pattern of adi-
ponectin expression observed in the human fetus during mid-
and late gestation may account for the high adiponectin con-
centrations found in cord blood (10).

This study demonstrated that serum levels of T-ad and
HMW-ad at birth were maintained until 6 mo. BMI commonly
increases rapidly during the first 6 mo of age. This change in
the BMI is related to the fact that adipose tissue rapidly
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Table 2. Serum adipocytokines at birth, six, and 12 mo
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Serum concentration Cord blood 6 mo of life 12 mo of life P
Total adiponectin (ug/mL) 189 £ 1.1 183 1.0 12.4 = 0.6*,t <0.0001
HMW-adiponectin (ug/mL) 13.7£0.9 133 £0.8 7.7 £ 0.5%F <0.0001
HMW-ad/T-ad ratio 0.71 = 0.01 0.71 £ 0.01 0.60 £ 0.01*,F <0.0001
Leptin (ng/mL) [median (range)]
Male 1.9 (0.7-11.4)% 4.1(1.6-13.4) 2.3 (1.3-3.9)% 0.001
Female 5.2(0.7-20.2) 3.7(24-5.7) 2.4 (1.3-3.6)*,F 0.001
*12 mo vs. cord blood (p < 0.01).
12 mo vs. 6 mo (p < 0.01).
i Male vs. female p = 0.012.
HMW-ad, high molecular weight adiponectin; T-ad, total adiponectin.
Table 3. Multiple regression analysis of factors related to serum adipocytokines at 12 mo
Serum levels at 12 mo of life
HMW-ad/T-ad
Total adiponectin HMW-adiponectin ratio Leptin
Variables B P B P B P B P
Cord blood total adiponectin (ug/ml) 0.731 <0.0001 — — — — — —
Cord blood HMW-adiponectin (ug/mL) — — 0.680 <0.0001 — — — —
Cord blood HMW-ad/T-ad ratio — — — — 0.296 0.045 — —
Cord blood leptin (ng/mL) — — — — — — 0.122 0.456
BMI before pregnancy (kg/m?) —0.005 0.968 0.006 0.962 0.219 0.133 —0.082 0.569
Weight gain during pregnancy (kg) 0.123 0.360 0.085 0.546 —0.051 0.764 0.049 0.771
Gestational age (week) —0.181 0.363 —0.141 0.499 —0.158 0.534 —0.364 0.158
Birth weight (g) —0.077 0.685 —0.149 0.456 —0.184 0.455 0.204 0.440
Sex (male) 0.191 0.162 0.141 0.325 —0.144 0.407 0.044 0.798
Body weight at 12 mo (g) —0.210 0.238 —0.198 0.296 0.042 0.856 —0.320 0.152
BMI at 12 mo (kg/m?) —0.038 0.806 —0.067 0.678 —0.009 0.963 0.462 0.020
Duration of breast feeding (months) —0.096 0.397 —-0.156 0.194 —=0.171 0.249 0.060 0.675

HMW-ad, high molecular weigtht adiponectin; T-ad, total adiponectin; BMI, body mass index.

expands as a result of an increase in the size and number of
adipocytes. Adiponectin expression increases with the differ-
entiation of adipocytes (25). Therefore, one reason why serum
T-ad and HMW-ad levels at birth were sustained until 6 mo
might be related to the degree of adipose tissue development
during the first 6 mo. Adiponectin and leptin were clearly
detectable in breast milk (26). Therefore, it is hypothesized
that infants may be exposed to adipocytokines and this might
be related to serum levels of these adipocytokines. However,
the duration of breast-feeding was not a factor affecting adi-
ponectin and leptin levels at 12 mo of age in this study.
Dietary long chain polyunsaturated fatty acids may increase
serum adiponectin levels (27). Because there was no informa-
tion available concerning the intake of long chain polyunsat-
urated fatty acids from breast milk and solid food, the effects
of dietary long chain polyunsaturated fatty acids on serum
adiponectin levels are undetermined.

Ihiguez er al. (28) reported that ~25% reduction is ob-
served in adiponectin levels from 1 to 2 y of age. However, the
longitudinal pattern in changes of serum adiponectin levels
during infancy remains unknown. Recently, Inami et al. (29)
demonstrated that levels of adiponectin at 1 mo are higher
than those in cord blood. Hence, serum adiponectin levels
might not be constant during the first 6 mo. Comparing the
laboratory measurements at 6 to those at 12 mo, demonstrated
that there was approximately a 32% reduction in T-ad, a 42%
reduction in HMW-ad, and a 17% reduction in the ratio of
HMW-ad to T-ad. The reduction of HMW-ad predominantly

contributed to the reduction of T-ad levels at 12 mo. This
physiologic change may predominantly be because of a down-
regulation of HMW-ad. However, the mechanism responsible
for reducing HMW-ad levels remains undetermined.

The serum leptin levels at 12 mo were positively associated
with the BMI at 12 mo. This finding suggests that serum leptin
levels during infancy may be affected by developing adipose
tissue. Conversely, no relationship between serum adiponectin
levels and adiposity at 12 mo was observed in the current
subjects. Previous reports also observed no association be-
tween serum adiponectin levels and adiposity at 1 mo of life
(29) and at 2 y of age (30). The absence of an inverse
association between serum adiponectin and adiposity seen in
adults or positive association at birth may indicate different
regulation of adiponectin production during infancy.

A positive association between serum adiponectin levels in
cord blood and at 12 mo in this study suggests that the
postnatal serum adiponectin levels until 12 mo after birth may
be programmed in utero; however, there is no data to support
this hypothesis at the moment. Recent investigation has sug-
gested that several single nucleotide polymorphisms at the
adiponectin locus may also have influence on adiponectin
levels (30). Rothenbacher et al. (30) demonstrated that chil-
dren with the adiponectin single nucleotide polymorphism
(-11377CG and GG) have higher adiponectin levels at birth
and at 2 y than CC homozygous. The positive relationship
between serum adiponectin levels in cord blood and those at
12 mo of life is a new finding. It would be very interesting to
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understand how serum adiponectin at birth is involved in the
development of metabolic syndrome if the primary process in
the metabolic syndrome is the reduction in adiponectin pro-
duction (25). To examine this more carefully as well as to
study the physiologic significance of adiponectin during in-
fancy, it will be necessary to follow these infants on a
long-term basis.

In brief, this study demonstrated that serum HMW-ad levels
were dependent on T-ad levels, serum T-ad, HMW-ad levels,
and the ratio of HMW-ad to T-ad in healthy infants sustained
at least for the first 6 mo, and those at 12 mo had no
relationship to anthropometric measurements. In addition, se-
rum adiponectin levels in cord blood had a positive relation-
ship with those at 12 mo. This result suggests that postnatal
production of HMW-ad at least during infancy may be regu-
lated before birth. Further study is necessary to the extent cord
blood HMW-ad has an effect, and whether it is involved in the
development of metabolic syndrome.
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