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ABSTRACT: The adipokine leptin has been detected in human
breast milk, but its effect on postnatal growth and development
remains largely unclear. We hypothesized that leptin could affect
infant’s body weight gain during early lactation in the first 6 mo of
life. Therefore, we evaluated leptin levels in maternal serum and
breast milk of 23 healthy, lactating mothers and their neonates in a
prospective, longitudinal study. Leptin concentration was quantified
by a commercially available human leptin RIA. Our results
showed that leptin levels in breast milk were 22-fold lower than in
maternal serum, but both parameters were positively correlated to
each other (r � 0.431, p � 0.001) and to maternal BMI (serum:
r � 0.512, p � 0.001; milk: r � 0.298, p � 0.001) over 6 mo of
lactation. A negative association was found between breast milk
leptin levels during the first week after delivery and the infant
weight gain from the end of the first to the sixth month (r �
�0.681, p � 0.007). This suggests that milk-borne leptin provides
a link between maternal body composition and infant growth and
development and plays a critical role in regulating appetite and food
intake during early infancy. (Pediatr Res 70: 633–637, 2011)

Since the discovery of leptin in human breast milk (1,2), the
role of leptin in controlling neonatal development has

come to the fore of pediatric research. Originally, leptin was
identified as the product of the obese gene (ob). It is synthe-
sized in proportion to adipose tissue mass and involved in
regulating energy homeostasis, appetite, and food intake (3–
5). Leptin is also produced by the placenta, the stomach, and
the mammary epithelium (6) and plays a role in processes
such as blood pressure regulation and angiogenesis as well as
in the hematopoietic system (7). At the level of the CNS,
leptin exhibits anorexigenic effects by signaling satiety and
decreasing appetite (8). Recent findings have shown that
during brain development, leptin regulates the activity of
neurons in the arcuate nucleus of the hypothalamus and
represents a powerful neurotrophic agent (5). Over the past
years, research groups are engaged in supporting the fact that

breastfeeding has beneficial effects later in life. Moreover,
prolonged breastfeeding appears to be associated with a lower
risk of obesity than formula feeding (5,9–15).

Breast milk contains various hormones such as leptin,
ghrelin, and adiponectin as well as growth factors that are
absent in milk formulas (15). This makes leptin an interesting
candidate to explain anthropometric differences and changes
in dietary habits between breastfed and formula-fed infants
later in life. Previous studies demonstrated that suckling rats,
which received physiological doses of leptin during lactation,
were programmed for lower body weight and became more
protected against fat accumulation in adult life. In addition,
the leptin-mediated short- and long-term regulation of food
intake seemed to be more sensitive (4). The role of leptin
among the complex network of factors controlling infant
development is still incompletely understood. In umbilical
cord blood of newborns, leptin levels have been reported to be
related to fetal weight and BMI (16). Breast milk leptin and
maternal leptin levels appeared to be positively correlated to
each other (1,17). However, the levels in breast milk were found
to be distinctly lower than in maternal plasma (1,2,17–19) and
revealed to be positively associated with maternal BMI (1,17).
Furthermore, different studies reported a clear association be-
tween breast milk leptin levels and neonatal weight gain (17,20).
All these results suggested that the infant body weight may be
influenced by milk leptin during the first stages of lactation.

The knowledge that much of these evidence comes from
animal studies and the lack of information about breast milk
leptin levels during all stages of lactation prompted us to
evaluate leptin concentrations in maternal serum and breast
milk in relation to different stages of lactation. Therefore, we
took samples of colostrum, transitional, and mature milk from
nonobese women and aimed to determine whether there is a
correlation of leptin levels with anthropometric parameters of
mothers and their infants within the first 6 mo of lactation.

METHODS

Subjects. Twenty-three healthy, lactating women at the age of 21 to 42 y
(median, 28 y; interquartile range [IR], 25–33 y) with a normal BMI (median,
20.9 kg/m2; IR, 19.3–22.6 kg/m2) and their newborn infants (median, 3530 g;
IR, 3060–4020g) were enrolled in this longitudinal study, expanding over 6
mo. All infants were born appropriate for GA (AGA) (median, GA 40.1 wk;
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IR, 38.5–41 wk). Infant weight and weight gain were documented at each
time point (first, second, third, and fourth week followed by the second, third,
fourth, fifth, and sixth month postpartum). To the best of our knowledge, none
of the infants suffered from any infections such as gastroenteritis, urinary tract
infection, or respiratory airway infection during the study period. Subjects
who were under 18 y or had a metabolic disease, such as diabetes, were
excluded from this study. Only 15 women completed the measurements over
6 mo. The anthropometric data of mothers and infants are shown in Table 1.
The protocol followed in this study was reviewed and approved by the Ethics
Committee of the Medical Faculty of the University of Leipzig (No. 188-
2005). The written informed consent of all participants was obtained.

Sample collection. Milk samples were obtained from mothers at the end of
the first, second, third, and fourth week, followed by the second, third, fourth,
fifth, and sixth month postpartum. BMI of the mother and child weight were
documented at every time point in this study as mentioned above. Maternal
blood samples were obtained after the first week and the third and sixth
month, collected in serum tubes, and centrifuged at 1500 g for 10 min at 4°C.
Breast milk and serum samples were stored at �20°C until analysis.

Sample preparation. Before analyzing the leptin concentration in maternal
breast milk, we performed sample preparation steps. First, 1 mL of breast milk
sample was homogenized three times for a 5-s burst with an ultrasound stick

(ultrasonic processor UP100H, 100 W, 30 kHz, 100% amplitude; Hielscher
Ultrasonics GmbH, Teltow, Germany). After sonication, the milk samples
were centrifuged for 30 min at 14,000 rpm, and the lower phase of skimmed
milk was aspirated by a cannula for measurement in the leptin assay. If the
sample was still cloudy, the centrifugation step was repeated.

Leptin assay. Leptin concentrations in maternal serum and breast milk
samples were determined by a commercially available human leptin RIA
(Human-Leptin-RIA-sensitive, Lep-R40; Mediagnost, Reutlingen, Germany).
We performed the high-sensitive protocol of the assay, which included two
extra overnight incubation steps and additional use of low concentration
standards. This increased the sensitivity of the assay to 0.01 ng/mL as stated
by the manufacturer. In addition, we performed tests to assess the accuracy
(mean recovery for leptin spiking of 1.6, 3.2, and 4.8 ng/mL was 70.2 � 8.7%,
n � 10) and linearity (mean recovery for dilution steps 1:2 and 1:4 was
82.2 � 11.3%, n � 11) of the assay after our sample preparation.

Statistical analysis. Data were analyzed using the statistical analysis
software package SPSS (SPSS Statistics 17.0, IBM). Descriptive statistics
were calculated and reported as median and IR. The Kolmogorov-Smirnov
test was used for normality and the Wilcoxon test for values to detect
longitudinal patterns. Nonparametric, independent sample values were exam-
ined using the Mann-Whitney U test. Correlations between two variables were
tested by linear regression analysis. Simple correlations were assessed by
Pearson’s correlation coefficients. Nonparametric data were analyzed using
the Spearman’s rank correlation coefficient. In all cases, threshold of signif-
icance was defined as p � 0.05.

RESULTS

Breast milk leptin versus maternal serum leptin levels and
anthropometric data. Over the first 6 mo after delivery, we
documented anthropometric changes of all mothers and their
infants. In addition, serum and breast milk samples were
withdrawn at different time points during the whole lactation
period, as described in Methods section.
Course of breast milk leptin levels. One week postpartum,

the leptin levels showed a median value of 0.17 ng/mL (IR,
0.08–0.25 ng/mL). During the next 3 wk this level remained
nearly constant (median, 0.17–0.18; Fig. 1A), whereas the
individual leptin values varied between minimum and maxi-
mum values of 0.01–0.65 ng/mL after the first week, 0.01–
0.56 ng/mL after the second week, 0.01–0.87 ng/mL after the
third week, and 0.01–0.42 ng/mL after 1 mo. At the second
month postpartum, the leptin levels in milk (0.11, ng/mL; IR,

Figure 1. (A) Determination of breast
milk leptin concentrations and anthropo-
metric parameters. The shapes in (A) dem-
onstrate data of breast milk leptin (ng/mL)
(f), maternal BMI (kg/m2) (Œ), and infant
weight (g) (�) over a period of 6 mo.
Although infant weight increased signifi-
cantly, no significant changes were seen in
maternal BMI over the period. The breast
milk leptin levels at the second month
postpartum were significantly (p � 0.01)
lower compared with the data at the first
and third month postpartum. Values are
shown as median and IR. (B) Determina-
tion of leptin concentrations in breast milk
and maternal serum. Leptin concentrations
(ng/mL) were determined in maternal se-
rum (f) and breast milk (�) at the first
week and the third and the sixth month
postpartum and are depicted as median and
IR. The leptin levels in breast milk were
significantly (p � 0.001) lower than in
maternal serum during the whole lactation
period.

Table 1. Anthropometric and laboratory data of lactating mothers
and their infants

Median (IR) Mean � SD

Mothers
Age (yr) 28 (25–33) 30 � 5.9
BMI before

pregnancy (kg/m2)
20.9 (19.3–22.6) 21.4 � 2.6

Serum leptin at first
week (ng/mL)

3.83 (2.55–8.64) 5.32 � 4.2

Serum leptin after 6
mo (ng/mL)

4.67 (3.46–7.83) 5.39 � 3.0

Breast milk leptin at
first week (ng/mL)

0.17 (0.08–0.25) 0.21 � 0.19

Breast milk leptin
after 6 mo (ng/mL)

0.15 (0.05–0.32) 0.18 � 0.15

Infants
Sex (female/ male) 10/13
Birth weight (g) 3530 (3060–4010) 3480 � 708
Birth length (cm) 50 (48–51) 49.4 � 2.9
Gestational age (wk) 40.1 (38.5–41) 39.4 � 2.4

Data are shown as median and IR and mean � SD.

634 SCHUSTER ET AL.



0.06–0.20 ng/mL) were significantly (p � 0.01) lower com-
pared with the data at the first and third month postpartum
(Fig. 1A). Thereafter, the levels increased slightly and re-
mained almost unchanged until 6 mo (0.15, ng/mL; IR, 0.05–
0.32 ng/mL).
Maternal serum versus breast milk leptin levels. In the

first week after delivery the maternal serum levels of leptin
showed a median value of 3.83 ng/mL (IR, 2.55–8.64 ng/mL).
At the third month, the serum leptin concentrations increased
not significantly (5.06 ng/mL; IR 2.09–14.47 ng/mL) and
showed a slight decrease at the sixth month postpartum (4.67
ng/mL; IR 3.55–7.47 ng/mL) (Fig. 1B).

Compared with maternal serum, leptin levels in breast milk
were significantly (p � 0.001) lower (22-fold) during the
whole lactation period, as shown in Figure 1B. Maternal
serum and breast milk leptin correlated significantly over the
6-mo lactation period (r � 0.431, p � 0.001, n � 55; Fig. 2A).
Further, we observed a positive correlation between serum
leptin levels and maternal BMI (r � 0.512, p � 0.001, n � 53)
over the 6 mo (Fig. 2B). In addition, breast milk leptin levels
(Fig. 2C) also demonstrated a significant correlation with
maternal BMI (r � 0.298, p � 0.001, n � 174). Maternal BMI
before pregnancy did not correlate with postnatal serum and
breast milk leptin levels.
Leptin levels and infant growth. To find an association

between the postnatal changes of infant weight and maternal
anthropometric data or leptin concentrations, we compared
infant weight gain from birth to 6 mo to maternal BMI and to
breast milk leptin concentrations (Fig. 1A). Although the
median infant weight significantly (p � 0.001) increased from
3530 g (IR, 3060–4020 g) to 7240 g (IR, 6580–7980 g)
during the lactation period, we observed no significant
changes of maternal BMI or breast milk leptin levels.

GA, birth weight, length, and gender of infants did not
significantly correlate with leptin levels in maternal serum and
breast milk. Further, our data showed that the infant weight
correlated neither with breast milk leptin nor with serum leptin
levels at every measured time point. As expected, we observed

that the median value of neonate weight gain during the first
4 wk of lactation was 570 g (IR, 452–840 g; n � 15) and
significantly lower compared with 2970 g (IR, 2759–3544 g;
n � 15) within the last 5 mo of lactation. Interestingly, we
found a negative association between breast milk leptin levels
at the first week after delivery and the infant weight gain
from the end of the first to the sixth month (r � �0.681,
p � 0.007, n � 14; Fig. 3). In contrast, no correlation was
observed between breast milk leptin, detected in the first
week, and the infant weight gain during the first 4 wk of life
(r � 0.154, p � 0.51).

DISCUSSION

This study presents data of leptin levels from maternal serum
and breast milk samples and its association with infant weight

Figure 2. (A) Comparison of maternal leptin levels (ng/mL) in serum and breast milk. Due to the nonparametric distribution of the data, the correlation was
assessed by Spearman’s rank correlation coefficient. A significantly positive correlation between both groups was observed throughout the whole lactation period
(r � 0.431, p � 0.001, n � 55). (B) Comparison of maternal BMI (kg/m2) and maternal serum leptin levels (ng/mL). Due to nonparametric distribution of the
values, the correlation was assessed by Spearman’s rank correlation coefficient. A significantly positive correlation between both groups was observed throughout
the whole lactation period (r � 0.512, p � 0.001, n � 53). (C) Comparison of maternal BMI (kg/m2) and breast milk leptin levels (ng/mL). Due to nonparametric
distribution of the values, the correlation was assessed by Spearman’s rank correlation coefficient. A significantly positive correlation between both groups was
observed throughout the whole lactation period (r � 0.298, p � 0.001, n � 174).

Figure 3. Association of breast milk leptin (ng/mL) at the first week and
infant weight gain (g) from the end of the first to the sixth month of lactation.
Data were distributed parametrically. Correlation analysis was performed
using Pearson’s correlation coefficient. A significantly negative correlation
was observed (r � �0.681, p � 0.007, n � 14).
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gain at critical points during the first 6 mo in neonatal life.
Furthermore, our study is strengthened by the fact that we
enrolled a relative homogenous group of lactating mothers and
their infants. Thus, we have avoided possible pathophysiological
influences that could confuse the normal relationship between
leptin concentrations and anthropometric parameters. There are
only a few longitudinal studies about the relationship between
early stages of lactation and infant growth pattern during the first
6 mo postpartum (17,20). In addition, the group of Savino et al.
reported that infants’ serum leptin concentration was positively
correlated with infants’ body weight and BMI as well as maternal
BMI (19,21,22), but they found no association between breast
milk and serum leptin levels in infants and mothers (19). The
cross-sectional design could explain the differences compared
with findings in our study. We obtained longitudinal data from
breast milk samples starting in the first week including colostrum
and transitional milk and ending with mature milk after 6 mo
lactation. Our findings were supported by previous data about the
presence of leptin in breast milk during the whole lactation period
(1,2,6,18,23–30) and suggest that maternal leptin could regulate
body weight gain during early infancy. We observed quite low,
but nearly constant breast milk leptin levels over 6 mo with
distinct interindividual differences. Leptin, acting as a bioactive
compound, could be responsible for the effect of breastfeeding in
lowering the risk of childhood obesity (5,9–15).

Smith-Kirwin et al. (6) showed that the leptin gene is ex-
pressed in the mammary gland of lactating women and that leptin
is produced by mammary epithelial cells. Thus, there are two
sources of leptin in maternal breast milk: leptin can be secreted
into the milk by the mammary gland and transferred from the
bloodstream (6,31). Because leptin receptors have been identified
in gastric epithelial cells, as well as in the absorptive cells of
mouse and human small intestine (32), leptin might also activate
signaling pathways involved in the development of the infant
gastrointestinal system.

Leptin concentration in milk and serum has been assayed
mainly by RIA. We used a RIA with a sensitivity of 0.01 ng/mL
to detect minimal changes in leptin concentrations. Houseknecht
et al. (1) found higher leptin levels in whole than in skim milk.
These data are in accordance with our findings and support the
hypothesis that milk fat could interfere with the antigen-antibody
interaction of the immunoassay or that leptin may be associated
with milk fat globules (1,6,24). Therefore, we centrifuged and
sonicated the milk samples prior analysis to separate leptin from
milk fat globules and achieved acceptable values in linearity and
spiking experiments.

Considering the presence of leptin in breast milk, we evaluated
maternal serum leptin levels in lactating women and found a
positive correlation between leptin levels in breast milk and
maternal serum, with a 22-fold lower concentration in breast milk
than in serum. This could be explained by a barrier-conditioned
transfer process from blood to milk, which has been observed
from serum to cerebrospinal fluid previously (33). A lower
production of leptin in mammary glands could also be a reason.
These results are in accordance with the literature, particularly
with the Weyermann et al. (29) study. In contrast to Uçar et al.
(23), we demonstrated that leptin levels in breast milk were
positively correlated with the maternal BMI during the whole

lactation period. We found a positive correlation between moth-
ers’ serum leptin levels, weight, and BMI. This has also been
reported by Savino et al. (19). This may reflect a relationship
with maternal adipose tissue mass, suggesting that infants nursed
by mothers with significant overweight are exposed to higher
amounts of leptin in milk than infants nursed by normal-weight
mothers. This result raised the question whether milk-borne
leptin provides a link between maternal body composition and
infant growth and development.

We found that breast milk leptin during the first week after
delivery is negatively correlated with the infant weight gain from
the end of first to the sixth month of infant age, suggesting an
influence of maternal leptin on infant weight gain. The first
week is a period where the child switches from a placental to
an oral energy and nutrient supply and breast milk represents
the only food and nutrient source. Our result is in line with two
previous studies. First, Miralles et al. (17) found a signifi-
cantly negative correlation between milk leptin levels and
infant weight gain during 24 mo of infant life, despite mea-
suring the hormone in the somewhat different sample matrix
of whole milk. Second, Doneray et al. studied skim milk
samples of 15 women and serum samples of their infants
during the first month postpartum. Although this study in-
cluded only two points of measurement and was restricted to
the first month of lactation, the authors found a significantly
negative correlation between mature milk leptin levels and
infant weight gain (20). However, they detected a wide range
of milk leptin levels in colostrum and mature milk, a finding
that we could not replicate, possibly due to different sample
preparations in both studies. Moreover, Savino et al. (21)
reported differences in breastfed and formula-fed infants for
the relation between serum leptin and infant body composition
during the first 6 mo of life.

Studies on suckling rats demonstrated that the production of
endogenous leptin in the neonatal stomach was still low, but that
gastric cells were able to absorb leptin from maternal breast milk
(34). The fact that leptin in maternal milk from nursing rats could
be absorbed by the gastric mucosa of neonatal rats and trans-
ferred to infant rat circulation (2) implicates that milk-borne
leptin could be the main source of leptin during the suckling
period, when the appetite regulatory system is also immature
(35). Interestingly, animals treated with leptin during lactation
were programmed for lower body weight, fat content, and took
up fewer calories (4,36). Moreover, our study is supported by
data of Priego et al. (37) who showed that leptin intake during the
suckling period of neonatal rats improves the leptin sensitivity
and metabolic response later on in life as evaluated by the
expression of the leptin receptor (OB-Rb) and genes related with
energy intake. Therefore, our results support the hypothesis that
leptin during early lactation could have long-term effects on
regulating body weight and appetite (15,38). Another possible
explanation for the negatively associated weight gain demon-
strated in our study might be the formation of neural circuits
induced by leptin, controlling food intake, and weight gain later
in life (4,5,15). Appetite is controlled by neurons in the arcuate
nucleus of the hypothalamus and is regulated by leptin. During
the development of the hypothalamus, leptin plays a neurotrophic
role, primarily during a defined neonatal period. Therefore, this
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adipokine is involved in mediating cellular events such as neu-
rogenesis, axon growth, and synaptogenesis (5). Leptin, ingested
by the newborn infant, may program hypothalamic organization
during early life. Probably, it represents a hormonal mediator of
the environmental nutrient-sensing system that directs metabolic
programming.

A limitating factor of our study could be of methodical nature.
The mean recovery values of our analysis were around 70% and
therefore somewhat lower than expected. We assume that a
minor part of the added leptin remained associated with fat
globules during the centrifugation step leading to an overall
underestimation of leptin levels. The acceptable variance for the
recovery experiments of below 12.5% supports this assumption
and suggests that a qualitative interpretation of our results is
justified. In addition, we investigated formula milk as a compa-
rable matrix for endogenous milk to ensure that the assay did not
recognize matrix-related leptin-like immunoreactivity. The mea-
sured “zero” level revealed that a putative matrix effect was not
detectable. Furthermore, we also cannot exclude an influence of
family heredity, involving genetic and environmental compo-
nents, which could mask the effects of leptin, because they are
strong determinants of childhood obesity (39,40).

In conclusion, human milk contains growth factors, hormones,
and adipocytokines, of which the function in infant growth and
development is still unknown. Our results led to the hypothesis
that milk leptin during the first stages of lactation, in which the
gastric mucosa is still immature and the absorption of intact leptin
may be facilitated (34), may control mechanisms that influence
infant weight gain from the first to the sixth month. This suggests
a critical relevance for the action of this adipocytokine during
early life.
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4. Picó C, Oliver P, Sánchez J, Miralles O, Caimari A, Priego T, Palou A 2007 The
intake of physiological doses of leptin during lactation in rats prevents obesity in
later life. Int J Obes (Lond) 31:1199–1209

5. Bouret SG 2010 Neurodevelopmental actions of leptin. Brain Res 1350:2–9
6. Smith-Kirwin SM, O’Connor DM, De Johnston J, Lancey ED, Hassink SG, Fu-

nanage VL 1998 Leptin expression in human mammary epithelial cells and breast
milk. J Clin Endocrinol Metab 83:1810–1813

7. Schroeter MR, Leifheit M, Sudholt P, Heida NM, Dellas C, Rohm I, Alves F,
Zientkowska M, Rafail S, Puls M, Hasenfuss G, Konstantinides S, Schafer K 2008
Leptin enhances the recruitment of endothelial progenitor cells into neointimal
lesions after vascular injury by promoting integrin-mediated adhesion. Circ Res
103:536–544

8. de Graaf C, Blom WA, Smeets PA, Stafleu A, Hendriks HF 2004 Biomarkers of
satiation and satiety. Am J Clin Nutr 79:946–961

9. Owen CG, Martin RM, Whincup PH, Davey-Smith G, Gillman MW, Cook DG 2005
The effect of breastfeeding on mean body mass index throughout life: a quantitative

review of published and unpublished observational evidence. Am J Clin Nutr
82:1298–1307

10. Armstrong J, Reilly JJ 2002 Breastfeeding and lowering the risk of childhood
obesity. Lancet 359:2003–2004

11. Harder T, Bergmann R, Kallischnigg G, Plagemann A 2005 Duration of breastfeed-
ing and risk of overweight: a meta-analysis. Am J Epidemiol 162:397–403

12. Singhal A, Lanigan J 2007 Breastfeeding, early growth and later obesity. Obes Rev
8:51–54

13. Taveras EM, Scanlon KS, Birch L, Rifas-Shiman SL, Rich-Edwards JW, Gillman
MW 2004 Association of breastfeeding with maternal control of infant feeding at age
1 year. Pediatrics 114:e577–e583

14. Weyermann M, Rothenbacher D, Brenner H 2006 Duration of breastfeeding and risk
of overweight in childhood: a prospective birth cohort study from Germany. Int J
Obes (Lond) 30:1281–1287

15. Savino F, Fissore MF, Liguori SA, Oggero R 2009 Can hormones contained in
mothers’ milk account for the beneficial effect of breast-feeding on obesity in
children? Clin Endocrinol (Oxf) 71:757–765

16. Schubring C, Kiess W, Englaro P, Rascher W, Dotsch J, Hanitsch S, Attanasio A,
Blum WF 1997 Levels of leptin in maternal serum, amniotic fluid, and arterial and
venous cord blood: relation to neonatal and placental weight. J Clin Endocrinol
Metab 82:1480–1483

17. Miralles O, Sanchez J, Palou A, Pico C 2006 A physiological role of breast milk
leptin in body weight control in developing infants. Obesity (Silver Spring)
14:1371–1377

18. Bielicki J, Huch R, von Mandach U 2004 Time-course of leptin levels in term and
preterm human milk. Eur J Endocrinol 151:271–276

19. Savino F, Liguori SA, Petrucci E, Lupica MM, Fissore MF, Oggero R, Silvestro L
2010 Evaluation of leptin in breast milk, lactating mothers and their infants. Eur
J Clin Nutr 64:972–977

20. Doneray H, Orbak Z, Yildiz L 2009 The relationship between breast milk leptin and
neonatal weight gain. Acta Paediatr 98:643–647

21. Savino F, Liguori SA, Fissore MF, Palumeri E, Calabrese R, Oggero R, Silvestro L,
Miniero R 2008 Looking for a relation between serum leptin concentration and body
composition parameters in healthy term infants in the first 6 months of life. J Pediatr
Gastroenterol Nutr 46:348–351

22. Savino F, Liguori SA, Oggero R, Silvestro L, Miniero R 2006 Maternal BMI and
serum leptin concentration of infants in the first year of life. Acta Paediatr 95:414–
418
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