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Clinical Investigation

Cord blood and child plasma adiponectin levels in relation to
childhood obesity risk and fat distributionup to5y

Dorothy M. Meyer', Christina Brei', Lynne Stecher', Daniela Much?, Stefanie Brunner' and Hans Hauner'?

BACKGROUND: Few human studies have explored the role
of adiponectin in early life on growth and adipose tissue
development.

METHODS: High molecular weight (HMW) and total adipo-
nectin levels from 141 cord blood samples and plasma blood
samples from 40 3-y-old children were analyzed. Associations
between adiponectin levels in cord blood and child plasma,
and infant/child growth and fat mass measurements up to the
age of 5y were assessed using linear regression models.
RESULTS: HMW cord blood adiponectin was positively associ-
ated with weight, BMI percentiles, and lean body mass at birth
only. At 3 and 4y, positive associations were found with cord
blood adiponectin and sum of four skinfold thickness mea-
sures and percentage of body fat following adjustment for
maternal and child covariates, but did not persist at 5 y. There
was no significant evidence of an association between child
plasma HMW adiponectin and growth or body composition
characteristics at 3-5y.

CONCLUSION: Our results do not support the hypothesis
that HMW cord blood adiponectin is a useful biomarker for
the prediction of adiposity at the age of 5 y. Additionally, there
is no evidence that plasma HMW adiponectin levels predict
body fat distribution between 3-5'y.

hildhood obesity has been steadily increasing for decades

worldwide (1), which follows the trend of the general pop-
ulation. However, in recent years, there has been a marked rise
in the number of preschool children suffering from overweight
and obesity, creating an urgent need for early intervention
strategies. Interventions aimed at children with obesity have
shown mixed results, and rarely result in long term weight
reduction (2). Recent research has demonstrated that the ori-
gin of obesity may develop in utero as a result of physiologi-
cal adaptations by the fetus to intrauterine factors (3). Due to
these findings, research efforts are being directed toward iden-
tifying novel biomarkers that can assist in the early prediction

of childhood adiposity, with the goal of identifying children
who are particularly at risk and directing preventative strate-
gies from the onset.

Adiponectin, a hormone secreted by white adipose tissue, has
been put forward as a biomarker candidate, as it is known to play
a critical role in energy regulation and metabolic homeostasis
(4). Obesity is characterized by a downregulation of adiponectin
in adults and children from school-age through adolescence (5-
7). Research has consistently demonstrated a strong association
between decreased adiponectin levels and increased risk of type
2 diabetes (8). Moreover, low adiponectin levels in prepubescent
and adolescent children are a risk factor for the development of
metabolic syndrome (9,10). However, the role of adiponectin in
obesity and metabolic dysregulation in preschool-aged children
is not as clear. To date, most studies with very young children
have focused on the association between cord blood total adipo-
nectin and birth weight and growth parameters. The only study
to examine this relationship past the early postnatal period was
conducted by Mantzoros et al. (11), which found a positive cor-
relation of cord blood total adiponectin on abdominal adipos-
ity at 3 y, assessed as the ratio of subscapular/triceps skinfolds.
Other studies have investigated the association of plasma adipo-
nectin with growth parameters (12) and fat distribution in new-
borns up to 2 y of life (13,14). Moreover, research has suggested
that high molecular weight (HMW) adiponectin concentration,
rather than total circulating adiponectin, may be a more valu-
able clinical bio-marker for the prediction of obesity and obesity
related diseases in older children and adolescents (15). However,
to our knowledge, there is no literature which considers these
relationships in the preschool years.

The purpose of our study was twofold. First, this study inves-
tigated whether cord blood total and HMW adiponectin levels
could predict measures of adiposity from birth to 5 y of age.
Furthermore, we examined the association of child plasma
total and HMW adiponectin (at 3 y) with anthropometric
measurements and body fat distribution in children at 3, 4,
and 5y old.
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METHODS

Subjects

Data for this study were taken from the INFAT study (impact of
nutritional fatty acids during pregnancy and lactation on the early
human adipose tissue development) (16-19). The original study was
a randomized controlled clinical trial which investigated the effect of
reducing the ratio of n-6/n-3 fatty acids during pregnancy and lacta-
tion on offspring’s body composition up to 1y of life, with an addi-
tional follow-up until the age of 5.

The study population, design, and outcomes have been previously
described (16,17). Briefly, 208 healthy pregnant women with a pre-
pregnancy BMI between 18 and 30kg/m? were recruited before the
15" week of gestation and randomly assigned to either a control or
intervention group. The intervention group received a daily fish oil
supplement consisting of 1,020mg DHA + 180mg EPA as well as
dietary consultations aimed at achieving an arachidonic acid bal-
anced diet from the 15" week of gestation until 4 mo postpartum. The
control group was provided general dietary counseling for pregnancy
and lactation as per current German recommendations.

For the initial study, infant weight, height, and skinfold thickness
(SFT) measurements were measured and recorded at birth, 6wk, 4
mo, and 1y of life. Abdominal ultrasound was investigated on infants
at 6wk, 4 mo, and 1 y. The follow-up study assessments were then
performed annually from 2-5 y of life. For both the initial study
and follow-up visits, the primary outcome was SFT measurements.
In addition, abdominal magnetic resonance imaging (MRI) was
performed in a subgroup of children at 5 y of age (Department of
Radiology, Klinikum rechts der Isar, Munich, Germany). Cord blood
samples were collected at birth, as well as venous blood samples from
children at 3 y.

Approval for the study protocol was obtained from the ethi-
cal committee of the Technische Universitit Miinchen, Germany
(1479/06/2009/10/26). For the initial study with mother/infant pairs,
written informed consent was obtained from the mother only. Written
informed consent from both parents was received for the follow-up
study with children aged 2-5 y and separately for the MRI measure-
ment (from the accompanying parent).

Collection of Bio-samples and Laboratory Analyses

In total, 141 cord blood samples from the umbilical vein were col-
lected in EDTA tubes after delivery. Venous blood, which was avail-
able from a subgroup of 40 3-y-old children, was collected in EDTA
tubes during the follow-up visit. Blood samples were centrifuged at
2,000 g at 4°C for 10 min. The plasma was then aliquoted and stored
at —80°C until analysis.

Adiponectin concentrations in cord blood and child plasma at 3 y
were measured by a commercially available enzyme-linked immu-
nosorbent assay (ELISA) (ALPCO Diagnostics, Salem NH) using an
antibody sandwich method. To quantify HMW adiponectin, plasma
was treated with a protease to digest low- and medium molecular
weight adiponectin prior to performing the sandwich ELISA proto-
col. The ratio of HMW-to-total adiponectin was calculated for cord
blood (cord blood HMW adiponectin/cord blood total adiponectin)
and child plasma at 3 y (3 y HMW adiponectin/3 y total adiponectin).

Anthropometric Measurements

The infants and children were weighed and measured using standard-
ized techniques described elsewhere (18,19). BMI percentiles were
calculated using German pediatric growth charts (20), SFT measure-
ments were assessed in triplicate at four body sites on the left body
axis (triceps, biceps, subscapular, and suprailiac) with a Holtain
Caliper (Holtain, Crymych, UK). The mean of the three measure-
ments for each site was used for analysis. Skinfold regression equa-
tions were computed according to Weststrate and Deurenberg (21)
to determine body fat percentage and fat mass in kg. Lean body mass
was determined by subtracting body weight from fat mass.

In order to estimate abdominal subcutaneous and preperitoneal
fat, abdominal ultrasonography was performed with small adapta-
tions according to the method of Holzhauer et al. (22) at each visit by
trained research assistants as described previously (18). Additionally,
MRI measurements were performed to assess abdominal subcutane-
ous-, visceral-, and nonadipose tissue (SAT, VAT, and NAT) volumes
as described by Brei et al., 2016 (19). Significant differences in growth
and body composition between the two groups was not observed at
any age except for higher weight and ponderal index at birth, as a
result of prolonged pregnancy (16), as well as weight and BMI at 4 y
in the unadjusted analysis only (19).

Statistical Analysis

Statistical analyses were performed with SPSS version 21 (IBM, New
York, NY). The cord blood and child plasma adiponectin levels were
summarized by median and interquartile ranges (IQR), with differ-
ences according to sex assessed using the Mann-Whitney U-test. The
association between adiponectin levels in cord blood and child plasma
was summarized using Spearman rank correlation. Linear regression
models were fitted to examine the relationship between cord blood
adiponectin, blood plasma adiponectin, and child body composition
characteristics. Univariate models and models adjusted for maternal
prepregnancy BMI, gestational weight gain, pregnancy duration, sex
(except for BMI percentiles), ponderal index at birth (kg/m?), group,
and mode of infant feeding (exclusively or partially breastfed) at 4 mo
postpartum (except at birth) were fitted. A two-sided P-value < 0.05
was considered statistically significant and no adjustment was made
for multiple comparisons.

RESULTS

Adiponectin Concentrations in Cord Blood and Child Plasma
Total and HMW adiponectin concentrations in cord blood
and in child plasma at 3 y are presented in Table 1. Median
concentrations (IQR) of cord blood total and HMW adipo-
nectin were 14.90 pug/ml (12.91; 18.43) and 10.10 pg/ml (8.25;
12.78), respectively. In contrast, concentrations of total and
HMW adiponectin in child plasma at 3 y were 9.17 ug/ml
(7.82; 12.10) and 5.35 ug/ml (4.04; 7.41), respectively. No sex
differences were observed in either cord blood total or HMW
adiponectin. Higher cord blood adiponectin levels were sig-
nificantly associated with increased child plasma adiponectin

Table 1. Adiponectin concentrations and ratios of total and HMW adiponectin in cord blood and child plasma at 3 y of age

Total Males Females

Biological sample n Median (IQR) n Median (IQR) n Median (IQR) P

Cord blood total adiponectin, ug/ml 141 14.90(12.91;18.43) 76 15.05(13.23;18.06) 65 14.61(12.55;19.30) 0913
Cord blood HMW adiponectin, ug/ml 141 10.10(8.25; 12.78) 76 10.38(8.81;12.35) 65 9.78(7.90; 13.14) 0.756
Cord blood ratio total/HMW adiponectin 141 1.51(1.42;1.59) 76 1.50(1.40; 1.60) 65 1.52(1.46;1.58) 0.130
Plasma child total adiponectin, pg/mil® 40 9.17(7.82;12.10) 20 8.80(7.60;11.73) 20 10.37(8.13;12.33) 0.317
Plasma child HMW adiponectin, ug/ml° 40 5.35(4.04;7.41) 20 4.60 (3.68; 6.96) 20 5.80(4.51;8.58) 0.330
Plasma child ratio total/HMW adiponectin 40 1.74(1.63;1.94) 20 1.79(1.63;1.96) 20 1.74(1.61;1.83) 0.490

HMW, high molecular weight; IQR, interquartile range.?Differences according to sex assessed by Mann-Whitney U-test. "Measured at 3 y of age.
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(total adiponectin 0.578 (P < 0.001) (Figure 1a) and HMW
adiponectin 0.558 (P < 0.001) (Figure 1b)).

Cord Blood Adiponectin Levels in Relation to Child Weight and
Body Composition from Birthto 5 y

A positive relationship between HMW cord blood adiponec-
tin and weight, BMI percentiles, fat mass, and lean body mass
at birth was observed in the univariate models. In the mod-
els adjusted for maternal and child covariates, the results were
consistent except for fat mass, which was no longer statistically
significant (Table 2). Similar results were found for total adi-
ponectin, and these are presented as Supplementary Table S1
online.

At later time points, no positive association was found in
the unadjusted model between HMW adiponectin and child
outcomes except for preperitoneal fat at 2 y, as well as sum of
SFT and body fat percentage at 3 y. The adjusted model showed
significant relationships with preperitoneal fat at 2 y, as well
as sum of SFT, body fat percentage and fat mass at 3y. At 4y,
relationships with sum of SFT and body fat percentage per-
sisted, while no significant relationships were apparent in the
fifth year of life. Additionally, we found no association between
cord blood adiponectin and abdominal visceral and subcuta-
neous fat assessed by MRI at 5 y.

Child Plasma Adiponectin Levels at 3 y in Relation to Child
Weight and Body Composition at 3, 4, and 5 y of Life

In contrast to cord blood, we did not find significant evidence
of an association between child plasma HMW adiponectin
and growth or body composition characteristics at 3-5 y in
the unadjusted or adjusted model, including fat mass mea-
sured by abdominal MRI in a subgroup of children at 5 y
(Table 3). Analogous analyses for total adiponectin are given
as Supplementary Table S2 online with consistent findings
except for significant evidence of an association between total
adiponectin concentration and lean body mass in the adjusted
analysis at 3 y.
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DISCUSSION

Using longitudinal data from the INFAT maternal/child
cohort, this study examined the relationships of cord blood
and child plasma adiponectin levels with indices of fat mass
and distribution in preschool children. We found that cord
blood adiponectin concentrations were higher than child
plasma adiponectin levels at 3 y of age, and that elevated cord
blood adiponectin correlated with higher birth weight. The
main finding of our study was that cord blood total and HMW
adiponectin concentrations were associated with adiposity
related parameters at 3 and 4 y of age, assessed by SFTs and
body fat percentage, but this trend did not persist to the fifth
year of life. Moreover, we did not find evidence that plasma
total/HMW adiponectin levels measured at 3 y predicted adi-
posity at 3,4, and 5y.

To our knowledge, this is the first study which examines
the longitudinal relationship between cord blood adiponec-
tin concentrations and obesity risk from birth to the age of
school entry with a variety of methods to assess body com-
position and fat distribution. While the association with cord
blood adiponectin with infant growth and body composition
characteristics has been examined in several previous studies,
findings have been inconclusive. Whereas some studies have
shown a positive association at birth and early postpartum
(11,23,24), others have suggested that no relationship exists
(25,26). Our data are consistent with previously reported find-
ings from Mantzoros et al. (11), which found a positive cor-
relation between cord blood total adiponectin concentration
and measurements of central adiposity at 3 y. In light of recent
interest in identifying adiponectin as a potential diagnostic
biomarker for early identification of obesity and insulin insen-
sitivity in children (9,27,28), our study is unique in that it is the
first to assess the relationship of cord blood adiponectin with
body fat measurements past the age of 3 y. Moreover, as recent
studies posit that HMW adiponectin is a better predictor of
insulin sensitivity and obesity mediated metabolic parameters
in children (15,29), our findings provide greater insight into
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Figure 1. Association between adiponectin in cord blood and child plasma. Association of (a) cord blood total adiponectin with plasma total adiponec-
tin at 3y of age (n = 31) and (b) cord blood high molecular weight (HMW) adiponectin with plasma HMW adiponectin at 3 y of age (n = 31) (a: Spearman

r=0.5778; P <0.001; b: Spearman r,=0.5581, P=0.001).
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Table 2. Cord blood HMW adiponectin in relation to infant clinical outcomes from birth to 5y of age

Unadjusted analysis

Adjusted analysis®

Body composition variables n Beta (95% Cl) P n Beta (95% Cl) P
Birth

Weight, kg 141 0.03(0.01;0.05) 0.004 139 0.02(0.00; 0.04) 0.022
BMI percentiles 141 1.20(0.05; 2.35) 0.041 139 0.53(0.00; 1.05) 0.050
Sum 4 SFTs, mm 134 0.10(-0.01;0.20) 0.082 132 0.07 (-0.05;0.18) 0.241
Fat mass, kg 134 0.01(0.00;0.01) 0.011 132 0.01(-0.00;0.01) 0.070
Body fat (%) 134 0.09 (-0.02;0.20) 0.113 132 0.06 (—0.06;0.07) 0.324
Lean body mass, kg 134 0.02(0.01;0.04) 0.002 132 0.02(0.00; 0.03) 0.011
1y

Weight, kg 131 0.02 (—0.03;0.06) 0.415 131 0.03 (-0.01;0.08) 0.149
BMI percentiles 131 0.72(-0.59; 2.03) 0.281 131 0.80(—0.50; 2.10) 0.227
Sum 4 SFTs, mm 126 —0.03(—0.21;0.16) 0.770 126 0.03(-0.16;0.23) 0.756
Fat mass, kg 126 0.00 (—0.02;0.02) 0.783 126 0.01(-0.01;0.03) 0.373
Body fat (%) 126 —-0.01(-0.14;0.12) 0.865 126 0.02(-0.11;0.16) 0.741
Lean body mass, kg 126 0.02(-0.01;0.05) 0.283 126 0.03(-0.01;0.06) 0.100
Area sag pp, mm? 120 —0.06 (—0.32;0.20) 0.661 120 —0.06 (-0.34;0.22) 0.657
Area sag sc, mm? 121 0.39(-0.22;0.99) 0.208 121 0.42(-0.21;1.06) 0.190
Area ax sc, mm? 123 0.29(-0.41;0.99) 0.415 123 0.24 (—0.49;0.97) 0.517
2y

Weight, kg 130 0.04 (—0.02;0.10) 0.240 130 0.04 (—0.02;0.10) 0.163
BMI percentiles 130 0.96 (-0.27;2.18) 0.124 130 0.98 (—0.27;2.23) 0.122
Sum 4 SFTs, mm 90 0.18 (—0.02;0.39) 0.082 90 0.21(-0.01;0.43) 0.056
Fat mass, kg 920 0.02 (—0.01;0.06) 0.114 90 0.03(-0.01;0.06) 0.126
Body fat (%) 90 0.12(-0.02;0.26) 0.102 90 0.14(—0.02;0.29) 0.079
Lean body mass, kg 20 0.03 (—0.04;0.09) 0.400 90 0.02 (—0.05; 0.08) 0.542
Area sag pp, mm? 89 0.60(0.12;1.07) 0.014 89 0.61(0.09;1.12) 0.022
Area sag sc, mm? 89 0.47 (-0.21;1.15) 0.173 89 0.71(-0.02; 1.44) 0.056
Area ax sc, mm? 89 0.40(-0.38;1.19) 0.307 89 0.66 (—0.16; 1.48) 0.111
3y

Weight, kg 124 0.02 (-0.06;0.10) 0.610 124 0.03(-0.05;0.11) 0.402
BMI percentiles 124 0.35(—0.84; 1.83) 0.561 124 0.62 (—0.56; 1.80) 0.300
Sum 4 SFTs, mm 920 0.23(0.02; 0.45) 0.030 90 0.30(0.10;0.51) 0.005
Fat mass, kg 90 0.03(-0.00;0.07) 0.085 90 0.04 (0.00; 0.08) 0.041
Body fat (%) 90 0.16 (0.00;0.31) 0.046 90 0.21(0.06;0.35) 0.006
Lean body mass, kg 99 0.01 (—0.06; 0.09) 0.719 90 0.01 (-0.07;0.08) 0.894
Area sag pp, mm? 80 0.57 (-0.14; 1.28) 0.114 80 0.55(-0.22;1.33) 0.161
Area sag sc, mm? 80 0.56 (-0.19; 1.30) 0.142 80 0.73(-0.05;1.51) 0.066
Area ax sc, mm? 79 0.63 (—0.49; 1.74) 0.266 79 0.87 (—0.29;2.04) 0.139
4y

Weight, kg 124 0.03 (-0.06;0.11) 0.553 124 0.04 (—0.05;0.13) 0.411
BMI percentiles 124 0.57 (-0.63;1.77) 0.351 124 0.73 (-0.48;1.93) 0.236
Sum 4 SFTs, mm 80 0.18 (—0.04; 0.40) 0.111 80 0.24(0.00;0.47) 0.048
Fat mass, kg 80 0.03 (-0.01;0.07) 0.165 80 0.04 (-0.01;0.08) 0.124
Body fat (%) 80 0.13 (—0.04; 0.30) 0.126 80 0.19(0.02;0.35) 0.027
Lean body mass, kg 80 0.03(-0.08;0.13) 0.609 80 0.00(-0.11;0.11) 0.962
Area sag pp, mm? 75 0.08 (—0.80;0.96) 0.854 75 0.06 (—0.91;1.04) 0.896
Area sag sc, mm? 74 0.41(-0.36;1.18) 0.292 74 0.61(-0.21;1.43) 0.143
Area ax sc, mm? 75 0.33(-0.78; 1.45) 0.553 75 0.62 (—0.60; 1.84) 0.315
5y

Weight, kg 120 —0.00(-0.13;0.13) 0.986 120 0.02(-0.11;0.15) 0.752
BMlI percentiles 119 0.12(-1.17;1.42) 0.851 119 0.49 (—0.82;1.79) 0.460
Sum 4 SFTs, mm 89 0.06 (—0.21;0.34) 0.646 89 0.12(-0.17;0.40) 0.408
Fat mass, kg 89 0.01 (-0.05;0.07) 0.710 89 0.02 (—0.04;0.08) 0.551
Body fat (%) 89 0.06 (-0.14;0.26) 0.545 89 0.08 (—0.10;0.27) 0.363
Lean body mass, kg 89 —0.01(—0.12;0.09) 0.848 89 0.00(-0.11;0.10) 0.962
Area sag pp, mm? 74 0.32(-0.51;1.15) 0.446 74 0.56 (—0.33; 1.46) 0.214
Area sag sc, mm? 75 0.17 (-0.58;0.92) 0.658 75 0.26(—0.57;1.10) 0.534
Area ax sc, mm? 76 —0.00(-1.10; 1.09) 0.996 76 0.15(-1.07;1.38) 0.804
SAT volume, cm?® 33 0.33(-15.10; 15.76) 0.965 33 7.22(-10.17;24.62) 0.400
VAT volume, cm? 33 —0.10(-3.40;3.21) 0.954 33 1.57 (-2.20;5.34) 0.399
NAT volume, cm? 33 —4.75 (-37.90; 28.39) 0.772 33 4.00 (—32.40; 40.40) 0.823

Data are presented as the regression coefficient beta (95% Cl) from linear regression analyses. °Adjusted for maternal prepregnancy BMI, gestational weight gain, pregnancy duration,
sex (except for BMI percentiles), ponderal index at birth, group, and mode of infant feeding (exclusively or partially breastfed) at 4 mo postpartum (except at birth). P-values < 0.05 are
given in bold. Area ax sc, area of subcutaneous fat in axial plane; area sag pp, area of preperitoneal fat in sagittal plane; area sag sc, area of subcutaneous fat in sagittal plane; BMI, body
mass index; HMW, high molecular weight; NAT, nonadipose tissue; SAT, subcutaneous adipose tissue; SFT, skinfold thickness; VAT, visceral adipose tissue.
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Table 3. HMW adiponectin in plasma of 3-y-old children in relation to their body composition at 3,4,and 5 y of age

Unadjusted analysis

Adjusted analysis®

Body composition variables n Beta (95% Cl) P Beta (95% Cl) P
3y

Weight, kg 40 0.13(-0.10; 0.35) 0.258 0.18 (—0.06; 0.42) 0.143
BMI percentiles 40 —0.90(-4.70;2.91) 0.636 -1.05(-5.10;3.01) 0.603
Sum 4 SFTs, mm 39 —0.06 (—0.47;0.58) 0.822 -0.01(-0.61;0.59) 0.970
Fat mass, kg 39 0.03(-0.05;0.11) 0.434 0.03 (-0.06;0.12) 0.548
Body fat (%) 39 0.04(-0.34;0.41) 0.852 —0.03(-0.44;0.38) 0.881
Lean body mass, kg 39 0.10(-0.06; 0.26) 0.226 0.14(-0.04;0.31) 0.113
Area sag pp, mm? 39 —0.06 (—1.56; 1.43) 0.932 —0.18(-1.65; 1.28) 0.802
Area sag sc, mm? 39 0.07 (—1.60; 1.74) 0.931 —-0.21(-2.09; 1.67) 0.821
Area ax sc, mm? 39 -0.22(-2.75;2.31) 0.860 —0.44 (-3.20; 2.30) 0.742
4y

Weight, kg 38 0.15(-0.11;0.42) 0.247 0.19(-0.11;0.49) 0.204
BMlI percentiles 38 0.20(-3.94;4.34) 0.922 0.32(-4.22;4.87) 0.886
Sum 4 SFTs, mm 34 0.09 (—-0.46; 0.64) 0.745 0.09(-0.61;0.78) 0.798
Fat mass, kg 34 0.04 (-0.06;0.14) 0.382 0.04 (-0.08;0.16) 0.513
Body fat (%) 34 0.11(-0.29;0.51) 0.591 0.09 (-0.41;0.58) 0.725
Lean body mass, kg 34 0.10(-0.12;0.31) 0.367 0.11(-0.13;0.36) 0.348
Area sag pp, mm? 34 -1.21(-3.19;0.77) 0.222 —1.50(-3.86; 0.85) 0.200
Area sag sc, mm? 34 0.06 (—-1.63;1.75) 0.943 -0.11(-2.17;1.95) 0.915
Area ax sc, mm? 35 0.24(-1.95;2.43) 0.825 0.77 (-1.88;3.42) 0.554
5y

Weight, kg 37 0.13(-0.23;0.49) 0.467 0.18(-0.26;0.62) 0414
BMI percentiles 37 —0.85(—4.95;3.26) 0.678 —-0.62 (-5.50;4.27) 0.798
Sum 4 SFTs, mm 37 0.09 (-0.68;0.87) 0.807 0.08 (—0.85; 1.00) 0.870
Fat mass, kg 37 0.05(-0.11;0.20) 0.560 0.05(-0.14;0.23) 0.615
Body fat (%) 37 0.10(—0.46; 0.66) 0.718 0.06 (—0.55; 0.66) 0.847
Lean body mass, kg 37 0.09 (-0.17;0.34) 0.508 0.13(-0.16;0.42) 0.361
Area sag pp, mm? 34 —0.28(-2.03;1.47) 0.747 0.08(-2.01;2.17) 0.936
Area sag sc, mm? 34 0.55(-1.31;2.41) 0.551 —0.03(-2.26;2.21) 0.981
Area ax sc, mm? 35 —-0.10(-2.87;2.67) 0.943 —0.64(-3.98;2.71) 0.699
SAT volume, cm? 22 —11.44 (-42.95; 20.06) 0.457 —17.19(-57.76; 23.38) 0.377
VAT volume, cm? 22 —0.98 (-7.51;5.55) 0.758 —-0.60(-9.02;7.82) 0.880
NAT volume, cm? 22 11.19(-54.53;76.90) 0.726 —-18.98 (-83.87;45.91) 0.538

Data are presented as the regression coefficient beta (95% Cl) from linear regression analyses. °Adjusted for maternal prepregnancy BMI, gestational weight gain, pregnancy duration,
sex (except for BMI percentiles), ponderal index at birth, group, and mode of infant feeding (exclusively or partially breastfed) at 4 mo postpartum (except at birth). P-values < 0.05 are
givenin bold. Area ax sc, area of subcutaneous fat in axial plane; area sag pp, area of preperitoneal fat in sagittal plane; area sag sc, area of subcutaneous fat in sagittal plane; BMI, body
mass index; HMW, high molecular weight; NAT, nonadipose tissue; SAT, subcutaneous adipose tissue; SFT, skinfold thickness; VAT, visceral adipose tissue.

the relationship of the metabolically active isoform of adipo-
nectin with clinical outcomes in young children. Our results
showed similar associations between total and HMW adipo-
nectin with indices of adiposity in the study cohort. Hence,
our results cannot confirm the specific role that HMW adipo-
nectin plays in relation to fat distribution in a young pediatric
population.

The mean values of child plasma total adiponectin concen-
tration in our cohort are in agreement with reference ranges

Copyright © 2017 International Pediatric Research Foundation, Inc.

for European children published by the IDEFICS study (30).
We observed no association with child plasma total and HMW
adiponectin concentrations and adiposity. Consistent with our
results, a study with 1 and 2-y-old children demonstrated no
relationship with total adiponectin and weight or BMI (14).
In contrast to preschool children, several studies have docu-
mented an inverse relationship between circulating adiponec-
tin and measurements of body fat that manifests around the age
of 6-8 y (6,9,31). A recent Europe wide study of 459 children
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confirms these findings, showing no relationship between adi-
ponectin and growth parameters at 5.5 y, but demonstrating a
negative correlation with BMI z-scores at 8 y (32).

Throughout the course of a child’s development, adiponec-
tin expression follows a markedly different pattern from that
of adulthood, not only in total levels, but also in relationship
to growth parameters and fat distribution. While adiponectin
is exclusively secreted from adipocytes in adults, expression
of the hormone has been observed in the second and third
trimesters in fetal skeletal muscle, small intestine, and con-
nective tissue (33). Adiponectin improves insulin sensitivity,
and as insulin is a key growth promoter during fetal develop-
ment, this underscores the pivotal role that adiponectin plays
in fetal tissue growth and development. Newborns have adi-
ponectin concentrations up to sevenfold greater than adults
(23,24), with declining levels after birth, and which continue
to decrease with age (27,34). Notwithstanding the general
downward trend, prepubescent girls have higher adiponectin
levels than boys, independent of BMI (35). Nevertheless, adi-
ponectin levels in both boys and girls during childhood and
adolescence remain notably higher from those observed in
adulthood (24,32). Furthermore, in direct contrast to obser-
vations in the adult population, adiponectin in newborns
has positive correlations to growth parameters and fat mass
(24,36,37), with a shift in this relationship occurring around
school entry age to an inverse association (6,31). This evidence
suggests that the role which adiponectin plays on metabolic
functions and growth in utero and throughout childhood is
complex and may differ fundamentally from its relationship
with obesity and obesity related diseases found in adults.

A particular strength of our study is our measurement of
body composition and fat distribution with several meth-
ods, including subcutaneous and visceral adipose tissue
measurements assessed by abdominal MRI in a subgroup of
5-y-old children, which is considered the gold standard (38).
Moreover, our study is unique in that we have analyzed not
only cord blood, but also child plasma adiponectin concentra-
tion, in both of its monomeric and multimeric HMW isoforms.
These data provide us with a deeper understanding of the rela-
tionship of adiponectin on the distribution of body fat in early
childhood. Additionally, our study is a longitudinal design,
and includes repeated anthropometric measurements, allow-
ing us to observe changes in body composition over a period
of 5 y. However, given the relatively small study population,
our results should be interpreted with caution and may not be
generalizable.

In conclusion, our data do not provide evidence that cord
blood adiponectin is a useful biomarker to predict adiposity
at the age of school entry, although we found some associa-
tions with indices of obesity earlier in childhood. Based on our
results, we additionally cannot conclude that plasma total or
HMW adiponectin levels measured at 3 y predict body fat dis-
tribution at the age of 3-5y.

SUPPLEMENTARY MATERIAL
Supplementary material is linked to the online version of the paper at
http://www.nature.com/pr
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