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Background: Preterm infants have altered adiponectin levels at term-equivalent age and have a higher risk of de-
veloping components of the metabolic syndrome in later life than term infants.
Aims: To investigate the longitudinal changes in adiponectin levels in preterm infants and to compare the levels
between term and preterm infants.
Study design: A cohort study.
Subjects: The study subjects were 43 term infants and 42 preterm infants born at ≤34-week gestation.
Outcomemeasures: Serum levels of total adiponectin (T-Ad) and high-molecular-weight adiponectin (HMW-Ad)
were measured in 42 preterm infants at term-, 6 month-, and 12month-equivalent ages. Moreover, the levels in
43 term infants investigated previously were reviewed.
Results: In preterm infants, T-Ad and HMW-Ad levels at the 12 month-equivalent age were lower than at the
term- and 6month-equivalent ages (all values p b 0.001), whichwas consistent with previous results in term in-
fants. The difference in ratios of HMW-Ad to T-Ad between term and preterm infants continued at the 6 month-
equivalent age but disappeared at the 12 month-equivalent age. Multiple regression analyses revealed that
HMW-Ad levels at term-equivalent age were only a significant determinant of the changes in HMW-Ad between
the term- and 12 month-equivalent ages in preterm infants (p b 0.001).
Conclusions: The HMW-Ad levels decline till the 12 month-equivalent age in both term and preterm infants. The
changes in HMW-Ad level during infancymight be determined at least to a certain degree up to term-equivalent
age in preterm infants.

© 2016 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Low birth weight infants are known to be at an increased risk of fu-
ture coronary heart disease, type 2 diabetes mellitus, and hypertension
[1]. Low birth weight infants result from not only intrauterine growth
restriction but also preterm birth. Some previous investigations report-
ed that preterm birth was associated with insulin resistance [2] and
higher blood pressure [3] in later life, independent of low birth weight;
however, such relationships were not found in other studies [4,5]. Al-
though the relationship between preterm birth and such diseases is
now controversial, a recent meta-analysis has suggested that there is a
higher risk for developing at least some components of the metabolic
syndrome [6–8].

Adiponectin is an adipocyte-secreted hormone that exerts positive
health effects such as protection against insulin resistance [9] and reduc-
tion in proinflammatory cytokine levels [10]. A decrease in adiponectin
concentration was reported to be related to the metabolic syndrome,

which includes obesity [11], type 2 diabetes mellitus [12], hypertension
[13], and dyslipidemia [14]. Adiponectin consists of a carboxyl-terminal
globular domain and an amino-terminal collagenous domain. It circu-
lates in serum to form several different molecular weight species includ-
ing low molecular weight adiponectin (LMW-Ad), middle molecular
weight adiponectin (MMW-Ad), and highmolecular weight adiponectin
(HMW-Ad) [15]. TheHMW-Ad level is a better indicator of glucose intol-
erance than total adiponectin (T-Ad) level [16,17]. In addition, pioglita-
zone, which improves insulin sensitivity in humans, increases secretion
of HMW-Ad from adipocytes, with no significant effects on LMW-Ad or
MMW-Ad [18]. Moreover, not only HMW-Ad but also the ratio of
HMW-Ad to T-Ad (HMW%) is predictive of insulin resistance and meta-
bolic syndrome [19]. Hence, HMW-Ad is now considered the active form
of this protein [20].

Preterm infants have altered adiponectin levels at term-equivalent
age, including lower HMW% compared with term infants [21,22], even if
they present without extrauterine growth restriction at term-equivalent
age [22]. In term infants, we previously showed that HMW-Ad levels at
12 months of age were significantly lower than those at birth and at
6months.We also showed that the cord serumHMW-Ad levels could sig-
nificantly determine the levels present at 12 months, implying that post-
natal production of HMW-Ad at least during infancy may be regulated
before birth [23]. However, there is no information on the longitudinal
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changes in adiponectin multimer levels in preterm infants. Thus, we
aimed to investigate the longitudinal changes in adiponectin multimer
levels in preterm infants, to compare the levels between term and pre-
term infants, and to evaluate confounding factors associated with
HMW-Ad levels at 12 month-equivalent age in preterm infants.

2. Methods

2.1. Subjects

The Ethics Committee at Showa University School of Medicine and
Obihiro Keiai Hospital (primary obstetric center) approved the study
protocol, and we obtained written informed consent from the subjects'
parents. The subjects in the present study include a portion of a popula-
tion in which we had previously studied adiponectin levels and com-
pared these levels between 43 term infants and 58 preterm infants
[22,23]. Forty-three term infants were recruited from the Obihiro Keiai
Hospital betweenMay 1, 2005 and September 30, 2006. All term infants
were born as appropriate for gestational age (AGA) infants without any
complications such as gestational diabetes mellitus, thyroid disease,
pregnancy-induced hypertension, or autoimmune disease noted in the
mothers. All preterm infants were recruited from Showa University
School of Medicine between August 1, 2010 and July 31, 2012, and
were born between 24 and 34 weeks of gestation. Of the 58 preterm in-
fants, sixteen were lost to follow-up assessment because of changes in
residence. Hence, the study subjects ultimately consisted of 43 term in-
fants and 42preterm infants; thepreterm infant group including6 small
for gestational age (SGA) infants, defined as those with birth weight
standard deviation (SD) scores b−2 SD. None of the preterm infants in-
cluded had severe complications such as necrotizing enterocolitis,
periventricular leukomalacia, hydrocephalus, or severe-grade intraven-
tricular hemorrhage, except one infantwhohad severe chronic lung dis-
ease and required home oxygen therapy.

Gestational age was assessed on the basis of themother's menstrual
history and ultrasound assessment according to the first trimester
crown-rump length scan. The preterm deliveries were induced because
of threatened premature delivery (19 infants), non-reassuring fetal sta-
tus (7 infants), premature rupture of membrane (11 infants), and hy-
pertension in the mother (5 infants). Among the 42 mothers whose
infants were born preterm, seven had pregnancy-induced hyperten-
sion, and glucocorticoids were administrated to 29 mothers to prepare
for their preterm delivery.

All of the preterm infants were fed breast milk and infant formula
between birth and term-equivalent age. Breast milk was fortified for
all the preterm infants having a birth weight of b1500 g. Parenteral
amino acids, which amount to 1.5–2.5 g·kg−1·day−1, were adminis-
tered to all preterm infants whose birth weight was b1700 g as soon
as possible after birth. All term and preterm infants were supplemented
with infant formula from term-equivalent age to 12 month-equivalent
age when mothers judged that intake of breast milk was not sufficient
for their infants; the introduction of solid food and its content were
left to the mother's discretion. We interviewed the subject's parents to
assess how the infants were being fed (breast-fed or formula), when
and whether they were weaned, and whether they were given any
solid foods at 6 month- and 12 month-equivalent ages. Of the 42 pre-
term subjects, 16 infants were exclusively fed breast milk, five infants
were fed a combination of breast milk and formula milk, and 21 infants
were fed formula milk at 12 month-equivalent age.

2.2. Anthropometric measurements

General physical measurements such as body weight and length
were determined by experienced nurses in preterm infants at birth,
term-, 6 month-, and 12 month-equivalent ages. We reviewed the an-
thropometricmeasurements obtained at birth, 6months, and 12months
in 43 term AGA infants investigated previously. Body weight was

measured using a standard electronic scale. Body weight standard devi-
ation (SD) scores for gestational age, 6 months, and 12months were de-
termined according to Japanese reference data. Body mass index (BMI)
was calculated as body weight / length2 (kg/m2).

2.3. Measurements of total-, high-, middle-, and low-molecular weight
adiponectin levels

To determine serum T-Ad, HMW-Ad, MMW-Ad, and LMW-Ad levels,
blood samples were collected from veins at least 2 or 3 h after feeding in
preterm infants at term-, 6 month-, and 12 month-equivalent ages. Sera
for the assays were obtained by centrifugation of the blood samples and
were immediately frozen. The specimens were stored at −40 °C before
analysis. Serum concentrations of T-Ad, HMW-Ad, MMW-Ad, and
LMW-Ad were determined by sandwich ELISA using a commercial kit
(Daiichi Pure Chemicals, Tokyo, Japan). Intra-assay variation (CV) values
for T-Ad, HMW-Ad, and MMW-Ad + HMW-Ad were 5.3%, 3.3%, and
4.1%, as described previously [24]. We reviewed serum concentrations
of T-Ad,HMW-Ad,MMW-Ad, and LMW-Admeasured at birth, 6months,
and 12 months in 43 term AGA infants investigated previously. All sam-
ples in term and preterm infants were analyzed with the same assay in
order to reduce interassay variance. HMW% was calculated as (HMW-
Ad/T-Ad).

2.4. Statistical analyses

All analyses were performed with the Statistical Package for the So-
cial Sciences (SPSS) Statistics Desktop for Japan Version 19.0 (IBM Com-
pany, Tokyo, Japan). We compared T-Ad, HMW-Ad, MMW-Ad, and
LMW-Ad levels between genders, using Mann–Whitney test. In addi-
tion, we evaluated the longitudinal changes in T-Ad, HMW-Ad, MMW-
Ad, and LMW-Ad levels, as well as HMW%, in term and preterm infants
using the Friedman test andWilcoxon test. In addition, we also used the
Mann–Whitney test to compare serum levels of T-Ad, HMW-Ad, and
HMW% between in term and preterm infants at the term-, 6 month-,
and 12 month-equivalent age groups.

We used a simple regression analysis to evaluate the association be-
tween HMW% at term-equivalent age and changes in body weight SD
score between the term- and 12month-equivalent ages. In addition, sim-
ple regression analyses were also performed to assess the influences of
multiple variables on changes in T-Ad, HMW-Ad, and HMW% between
the term- and 12 month-equivalent ages. Multiple regression analyses
were performed to determine significant predictors of changes in T-Ad,
HMW-Ad, and HMW% between term- and 12 month-equivalent ages,
considering serum levels of T-Ad, HMW-Ad, and HMW% at term-
equivalent age, gestational age, birth weight SD score, breastfeeding du-
ration, and changes in body weight SD score during this period. Differ-
enceswere considered statistically significantwhen p-valueswere b0.05.

3. Results

The clinical characteristics of the subjects are shown in Table 1. The
meanbirthweight, birthweight SD score, and gestational age of thepre-
term infantswere 1581 g,−0.6 SD, and 31.9weeks, respectively. Serum
concentrations of T-Ad, HMW-Ad, MMW-Ad, LMW-Ad, and HMW% in
preterm infants at term-, 6 month-, and 12-month-equivalent ages did
not differ betweenmale and female infants. In preterm infants, a simple
regression analysis revealed that T-Ad levels had a strong positive corre-
lation with HMW-Ad levels at term- (r = 0.921, p b 0.001), 6 month-
(r = 0.960, p b 0.001), and 12 month-equivalent ages (r = 0.929,
p b 0.001). The HMW% was not significantly related to T-Ad at the
term-equivalent age in preterm infants (r = 0.240, p = 0.126), which
is inconsistent with the results obtained previously in term infants,
but was positively correlated to T-Ad at the 6 month- (r = 0.394, p =
0.010) and 12 month-equivalent ages (r = 0.597, p b 0.001).
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