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Abstract
Objective This cross-sectional study aimed to evaluate the association between leptin, insulin and adiponectin levels and
anthropometric measurements of term newborns of adolescent and adult mothers.
Study Design Umbilical cord plasma samples were obtained from 80 healthy term neonates (40 from teenagers and 40 from
adult mothers) and adiponectin, insulin and leptin concentrations were measured.
Results Cord plasma adiponectin levels were higher in the boys from adult mothers than in the boys of the adolescent
(p< 0.05), while plasma leptin levels in the boys of the adults were significantly lower (p< 0.05) than those of girls from
both groups. Univariate correlation analysis showed that leptin umbilical cord plasma levels were positively associated with
birth weight in neonates from adolescents and adults. Multiple linear regression analysis revealed that leptin levels showed
significant positive predictor for birth weight specifically in the adult mother.
Conclusion Gestational age, but not adipokines, showed to be a significant positive predictor factor of birth weight in
adolescent pregnancy.

Introduction

Fetal growth is the result of integrated interplay among
genetic, nutritional, and endocrine factors1. Insulin is one of
the best known key regulators of fetal growth, but recently
some adipokines have also emerged as a link among
maternal metabolism, insulin resistance, and fetal develop-
ment2. Studies in adult pregnant women have reported that
adiponectin and leptin levels in umbilical cord blood
directly correlate with fetal weight and adiposity at birth3–6.
In fact, adipokines has received significant interest as a

potential programming factor. In particular, changes in the
leptin profile in early life are associated with altered
susceptibility to obesity and metabolic disorders in adult-
hood7,8. Mantzoros et al.9 have recently shown that lower
levels of cord blood leptin predict higher body mass index
(BMI) at the age of 3 years, while higher cord blood adi-
ponectin was associated with higher central adiposity.
Moreover, sex differences may be particularly important,
and some studies revealed that female neonates had sig-
nificantly higher levels of umbilical cord plasma leptin than
males10–12. However, there is a remarkable lack of similar
studies regarding pregnant adolescents.

Adolescent pregnancy is associated with significant
medical, nutritional, social, and economic risk for mothers
and their infants throughout the world13,14. It is associated
with an increased risk of adverse outcomes such as maternal
and neonatal mortality, cesarean section, preterm birth and
low birth weight15–17. These poor outcomes may be
explained by a possible physical and psychological imma-
turity for reproduction in adolescents13. In addition, epide-
miological associations have been found to exist between
lower birth size and a greater risk of death in later life from
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cardiovascular disease and type 2 diabetes mellitus17–19.
Moreover, crucial sex differences exist in long-term trends
in obesity among different ethnic groups20.

Therefore, the purpose of this study was to investigate
the relationship between venous umbilical cord plasma
adiponectin, leptin and insulin levels and anthropometric
markers at birth in a group of Brazilian term healthy new-
borns of adolescent and adult mothers. Furthermore, we
also analyzed the sex differences among the studied
parameters.

Subjects and methods

Ethics statement

Consent forms were signed by the mothers or their legal
guardians (in the case of the adolescents) and the study
protocol was approved by the ethics committees of Fer-
nandes Figueira Institute/Oswaldo Cruz Foundation and the
Maternity School of the Federal University of Rio de
Janeiro (No. 12/2008, CAAE: 0008.0.361.000-08).

Participants

Forty newborns of adolescent mothers between the ages of
15 and 19 years and forty from adults mothers between the
ages of 20 and 40 years, participated in the study. Neonates
were randomly recruited at birth from the maternity ward of
the Fernandes Figueira Institute/Oswaldo Cruz Foundation
and the Maternity School of the Federal University of Rio
de Janeiro from January 2014 to March 2016. All of the
pregnant women who participated were healthy, non-smo-
kers, free of chronic diseases (such as diabetes mellitus and
systemic arterial hypertension), did not use drugs or alcohol,
had a term and single gestations and had no fetal compli-
cations (such as abnormal formation and anencephaly).
Newborns with risk factors (maternal diabetes, stressful
delivery, infection, etc.), were excluded from the study.

Anthropometric measurements

A questionnaire was applied to obtain socio-demographic,
anthropometric measurements of mothers, obstetric data and
information regarding lifestyle. Gestational age (GA) at
delivery was calculated according to the last menstrual
period and confirmed by ultrasound examination during the
first trimester or early second trimester. The variables of the
neonates included birth weight (BW), birth length (BL),
head circumference, gestational age (GA), and BW/BL
ratio. We also used combinations of two anthropometric

factors: Ponderal Index (PI), and Body Mass Index (BMI).
PI and BMI are expressed by the following formulas:
PI=body weight (g)/[body length (cm)]3×100 and
BMI=body weight (kg)/birth length2 (m). All birth outcome
variables were measured according to standard hospital
procedures and the local nursing staff carried out anthro-
pometric measurements of infants at delivery. The body
weight of each neonate and placental weight were
determined to the nearest 1 g using an electronic scale.
Body length was determined to the nearest 0.1 cm
in the supine position with a length board. Head cir-
cumference was determined with a plastic tape to the
nearest 0.1 cm.

Sample collection and biochemical analysis

The venous cord blood samples were obtained prior to the
expulsion of the placenta, with EDTA as anticoagulant,
through manual expression of the blood. All plasmas were
obtained by centrifugation at 4000× g for 10 min in a
microcentrifuge at room temperature and stored in multiple
aliquots at −80 °C until biochemical assays. Cord plasma
insulin, leptin and total adiponectin concentrations were
measured by a commercially available ELISA assay kits
(LINCO Research, St Louis, USA). The sensitivity limits of
the studies were 0.78 μg/mL for adiponectin, 2.0 µU/mL for
insulin and 0.5 ng/mL for leptin. The intra- and inter-assay
coefficients of variation (CV) ranged from 5 to 7%.

Statistical analysis

All statistical analyses were performed using software
(SPSS 13.0; IBM Corp, Armonk, NY). We performed the
Kolmogorov–Smirnov test to verify the normality of dis-
tribution of the quantitative variables. Normally distributed
data were expressed as means ± SD and p< 0.05 was
considered to be statistically significant. Variables with a
skewed distribution were represented as median (inter-
quartile range). Categorical variables were reported as
numbers (percentages). We compared characteristics
between the neonates of adolescent and adult mothers using
a non-parametric t-test or the Mann–Whitney test. Asso-
ciations between cord plasma levels of adiponectin, insulin
and leptin were evaluated using Pearson or Spearman cor-
relation analyses and will be presented as supplementary
data in this study. Multiple regression analysis was used to
analyze the influence of multiple factors (sex, gestational
age, pre-gestational maternal weight, maternal stature, total
maternal weight gain during gestation, placenta weight,
cord levels of insulin, adiponectin and leptin) on weight,
length, head circumference and PI and BMI.
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Results

Clinical characteristics and anthropometric
measurements of newborns

In the group of infants born of adolescent mothers, the
gestational age was lower compared to infants born of adult
mothers (p< 0.05) (Table 1), but when stratified to sex,
only the female neonates of adolescents showed lower
gestational age (mean± SD: 38.9± 1.1 wk n= 17) than
female neonates of adult mothers (40.1 ± 1.1 wk; p< 0.05
n= 19, respectively). There was no significant difference in
mean birth weight and head circumference between infants
of adolescent and adult mothers. However, mean birth
weight and birth head circumference of the female new-
borns from both groups were significantly lower than in
male infants of adult mothers (p< 0.05). Mean BL was
significantly higher in the infants of adolescents than in
those of adult mothers (p< 0.05). However, BW/BL ratio
and the values of the ponderal index (PI) and BMI were
significantly lower in newborns of adolescents when com-
pared with adult mothers, and these differences were
observed in both, male and female infants of adolescent
mothers.

Biochemical characteristics

Mean cord plasma levels of adiponectin were significantly
lower (p< 0.05) in the newborns of adolescent (39.3 ± 21.2
µg/mL) than adult mothers (47.5 ± 21.2 µg/mL), while
leptin and insulin levels were not statistically different
between groups (Table 2). When stratified by sex, mean
cord plasma adiponectin concentration was lower (p< 0.05)
in the male newborns of adolescent mothers (34.0 ± 17.0

µg/mL) than in males of adult mothers (52.4 ± 23.3 µg/mL).
Mean cord blood leptin concentration was significantly
lower (p< 0.05) in male newborns from adult mothers (9.9
± 7.2 ng/mL) than in female newborns of the adolescent
(12.1 ± 6.3 ng/mL) and the adults mothers (17.5 ± 12.8 ng/
mL).

Univariate analyses

In pregnant teenagers, BW correlated with pre-pregnancy
BMI (r= 0.32, p< 0.05), the total weight gain during
pregnancy (r= 0.39, p< 0.05) and the gestational age at
birth (r= 0.54, p< 0.05). We also found a positive asso-
ciation between placental weight and birth weight and head
circumference (r= 0.48 and r= 0.33, p< 0.05, respec-
tively). Similarly, the head circumference was positively
associated with gestational age at birth (r= 0.33, p< 0.05).
In neonates of adults mothers placental weight was asso-
ciated with weight at birth (r= 0.56, p< 0.05) (data not
shown).

The male newborns from adolescent mothers showed a
significant positive association between leptin levels and
birth weight (r= 0.58; p= 0.004), and head circumference
(r= 0.60; p= 0.003). Placental weight was associated with
weight at birth (r= 0.52; p= 0.011) and head cir-
cumference (r= 0.49; p= 0.019). In addition, gestational
age at birth was significantly associated with birth weight
(r= 0.53, p= 0.009). In female newborns of adolescent
mothers, leptin levels positively correlated with adiponectin
levels (r= 0.66, p< 0.05) (Supplementary Material I).

In female neonates from adult mothers, adiponectin
concentrations in cord blood were inversely correlated with
maternal pre-gestational BMI. We observed significant
correlations between cord blood leptin concentration and

Table 1 Clinical and anthropometric characteristics of the neonates at birth

Adolescent Adult Adolescent Adult

All births (n= 40) All births (n=
40)

p-value Males (n=
23)

Females (n=
17)

Males (n=
21)

Females (n=
19)

Gestacional age (wk) 39.0± 1.2 39.9± 1.1 0.002 39.5± 1.3 38.9± 1.1 # 39.7± 1.1 40.1± 1.1

Placental weight (g) 630± 112 611± 123 0.14 641± 123 615± 94 621± 115 600± 133

Birth weight (BW) (g) 3214± 391 3302± 432 0.34 3300± 441 3096± 285* 3463± 454 3124± 333*

Birth length (BL) (cm) 50.1± 2.6 48.4± 2.3 0.003 50.9± 2.5# 49.0± 2.2 49.3± 1.8 47.4± 2.4

BW/BL (g/cm) 64.2± 1.1 68.6± 7.0 0.0065 64.8± 7.7 63.3± 5.7 # 70.6± 8.1 66.3± 4.6

PIa 2.6± 0.4 2.9± 0.3 <0.0001 2.5± 0.4* 2.7± 0.4# 2.91± 0.3 3.0± 0.2

BMI (Kg/m2)b 12.9± 1.5 14.2± 1.3 <0.0001 12.8± 1.6* 12.9± 1.4*# 14.3± 1.6 14.0± 0.9

Birth head circumference
(cm)

34.0± 2.4 34.5± 1.4 0.14 34.3± 2.9 33.6± 1.5* 34.9± 1.3 33.0± 1.3*

Values are mean ± SD. *different from boys adults, #different from girls adults
aPI=body weight(g)/[body length(cm)]3× 100
bBMI=body weight(kg)/birth length2(m)
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birth weight (r= 0.62, p= 0.005) and birth length (r=
0.74, p= 0.000) and head circumference (r= 0.65; p=
0.003). In male newborns, we detected significant correla-
tions between cord blood leptin concentration and birth
weight (r= 0.63, p= 0.002) and birth length (r= 0.55, p=
0.012). We also observed a significant positive correlation
between placental weight and birth weight (r= 0.77, p=
0.000) and gestational age at birth was significantly asso-
ciated with birth length in male of adult mothers (r= 0.47,
p= 0.036) (Supplementary Material II).

Multivariate linear regression analysis

Multiple linear regression analysis revealed that only leptin
levels showed significant positive predictor for birth weight
and birth length, specifically in newborns of adult mothers
(Table 3). Moreover, the sex of the neonates was shown to
be a significant positive predictor for all anthropometric
measurements at birth. Also, the weight of the placenta
proved to be a significant positive predictor of birth weight.
For the adolescent group (data not shown), the gestational
age showed to be a significant positive predictor factor of
birth weight (β= 163.35; p< 0.05).

Discussion

To our knowledge, there are few studies about the influence
of cord blood leptin, adiponectin, and insulin levels for
growth in neonates of adolescent mothers, especially com-
paring with neonates of adult mothers and the correlation
according to sex. Here we show that cord blood adiponectin
levels in neonates of adolescent mothers were significantly
lower compared with adult levels. Chan and colleagues21 in
analyzing the concentrations of adiponectin in the umbilical
cord of adult mothers found mean values of 46.9 µg/mL,
similar values to that which we found for adiponectin in the
umbilical cord of newborns of adults (47.5 μg/mL) and
relatively greater (20%) than the levels observed for the
neonates of the adolescents (39.3 μg/mL). On the other
hand, the insulin levels were similar between groups of
infants at birth, suggesting that insulin alone does not
explain changes in adiponectin levels. The lower levels of
adiponectin in cord blood of adolescents is probably due to
a lack of negative feedback on adiponectin production
resulting from an absence of adipocyte hypertrophy, a low
percentage of body fat or a different distribution of fat
depots in newborns of adolescent mothers22.

In our present study, the levels of adiponectin were sig-
nificantly lower in male neonates of adolescents mothers
compared with males neonates of adult mothers. In addition,
the boys of adolescent mothers were those who had the
lowest BMI and PI. It is possible that the reduced adipose

mass and the prevalence of small adipocytes in the adipose
tissue of newborns of adolescent mothers may explain the
lower levels of adiponectin present in these neonates. Sor-
iguer Escofet and colleagues23 verified two populations of
adipose cells in newborns—small adipocytes which contain
no fat, and larger adipocytes which contain fat but which
were smaller in diameter than the fat cells of adults. Fur-
thermore, the percentage of body fat has been found to be
significantly lower in neonates (13%) as compared to chil-
dren or adults (25–30%)24. These findings suggest that the
reduced levels of adiponectin in cord blood of adolescents
may derive from this decreased adipose tissue and that, at
birth, adiponectin is largely derived from fetal adipose tissue.
Adiponectin levels are referred to be lower in preterm infants
at discharge compared to full term, probably due to decreased
adiposity25. In addition, in the group of infants born of
adolescent mothers, the gestational age was lower compared
to infants born of adult mothers, suggesting that gestational
age is important for development of adipose tissue and,
therefore influences neonatal adiponectin levels. On the other
hand, in the regression model, adiponectin levels in cord
blood was found to be negative predictor factor (p< 0.05) for
length at birth in the adult group. In fact, the neonates of the
adults were significantly smaller in length than the neonates
of the adolescents. A negative association between cord
adiponectin levels and pre-pregnancy maternal BMI was also
found in the adult group. Thus, these data suggest that adi-
ponectin levels in the cord blood may be a key adipokine for
control of fetal adiposity.

Leptin levels have been widely accepted as a marker for
neonatal fat mass, and its receptors are expressed in several
fetal tissues26,27 suggesting that leptin may exert biological
functions in the fetus and/or early in life. In this study, cord
leptin concentration was associated with birth weight of the
newborn (r= 0.38, p< 0.05) and placental weight (r=
0.37, p< 0.05) in adolescents and with birth length (r=
0.36, p< 0.05) from adult mothers. Moreover, the results in
the intergroup comparisons, the leptin from the boys of the
adults was also significantly less than that observed in the
girls of the adolescents and the adults. Similar result was
described by Inoue and colleagues28, revealing a difference
between boys and girls in regard to the concentrations of
leptin in the umbilical cord, but not for adiponectin. In this
study, boys from adolescent mothers were potentially more
vulnerable to cord adiponectin concentration and not, cord
leptin levels, than boys from adult mothers. The evidence of
a positive association between cord leptin levels and the
birth weight of male but not of female newborn infants from
adolescents was also reported here. Although further studies
are necessary to investigate a possible causal relationship
between cord adiponectin and leptin, our finding raises the
possibility that cord leptin may play an important role in
metabolic homeostasis during fetal life.
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The differences in cord leptin concentrations between
male and female neonates may be explained by differences
in fat mass23, a sex-based difference in the regional adipose
tissue regulation of leptin production11 and sex hormone
levels, such as testosterone29. Other authors also suggested
that boys being heavier than girls, their body weight likely
reflect heavier muscle bulk and skeleton, whereas higher
leptin concentrations in girls are correlated with more sub-
cutaneous fat30. However, Pardo and colleagues31 observed
that the difference in the concentration of leptin in new-
borns, according to sex, is present even when comparing
neonates of the masculine and feminine sex who have the
same characteristics in terms of weight, length, and weight
index. Therefore, we can speculate that differences in cord
leptin concentration is likely to be due to both relative body
composition and fat distribution, which are different in male
and female infants, regardless of whether pregnant adoles-
cent or adult.

Pregnant teenager and her fetus are in critical stages
of growth during the gestational period. Here we show
that pre-pregnancy BMI was significantly associated
with birth weight in adolescent mothers. Moreover, total
gestational weight gain was significantly associated
with weight and length at birth only in the group of
adolescents. After stratification by sex, boys and girls born
of adolescents showed positive correlation between
anthropometric variables of the mother and neonatal
anthropometric outcomes, suggesting association between
quality of prenatal care and good outcome for the newborns
as previously proposed in others studies with pregnant
adolescent14,32.

After multiple regression analysis our findings revealed
differences between groups. For the adolescents, only
gestational age at birth was found to be a positive predictor
factor and significant to the anthropometric measurements
of the neonates, specifically in regard to weight at birth. For
the neonates of adults mothers, sex proved to be a positive
predictor factor and significant to all of the neonatal
anthropometric parameters, while the weight of the placenta
was a positive predictor and significant only for weight at
birth. In addition, leptin was shown to be a variable pre-
dictor for weight (β= 10.46; p< 0.05) and length at birth
(β= 0.11; p< 0.05). A study of adult Japanese women
showed that higher levels of cord leptin appeared to cor-
relate with an increased amount of fats accumulated in the
fetus, resulting in higher BMI and PI33.

Finally, some limitations of the study deserve comments.
The size of this cohort may limit the identification of the
correlation between cord adipokines levels and anthro-
pometry. In addition, investigations of adiponectin multi-
mers may be required to clarify such associations, because
adiponectin mainly exists in a high-molecular-weight form
(HMW-ad), which may be the active form.

In summary, to our knowledge, this is the first study to
compare the concentrations of adipokines in cord umbilical
plasma of neonates born of adolescent and adult mothers
and the findings suggest that pregnant adolescents from a
Public Maternity Hospital in the city of Rio de Janeiro,
Brazil are at increased risk for shortened gestation. It can
reflect alterations of anthropometric parameters in the
newborn and, therefore influences adipokine secretion and
other consecutive metabolic and endocrine factors. The
adipokines studied revealed particularities when we ana-
lyzed the newborns of adolescent and adult mothers, as well
as in their stratification according to sex. It is suggested that
future longitudinal studies should be performed to compare
the concentrations of these adipokines in neonates born of
adolescent and adult mothers in order to confirm the exis-
tence of a sex-specific relationship between cord blood
adiponectin levels in neonates of adolescent mothers and
fetal fat development.
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