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Abstract: Some infants experience excessive weight gain (EWG) during exclusive breastfeeding,
but causes and consequences are unknown. The objective was to identify factors associated with early
EWG. Infants with EWG (HW-group) were examined at 5, 9 and 18 mo and compared to a breastfed
group with normal weight gain (NW-group). Anthropometry, body composition, milk and blood
samples, and milk intake were measured. Mean body-mass-index-for-age z-scores (BAZ) increased
1.93 from birth to 5 mo in the HW-group (n = 13) while the NW-group (n = 17) was unchanged (−0.01).
The HW-group had 70% more fat mass at 5 mo, and then showed marked catch-down in BAZ from
5 to 18 mo (−0.84). Milk intake at 5–6 mo did not differ between the groups. In the HW-group
milk-leptin was lower at 5 mo and serum-leptin was considerably higher at 5 and 9 mo compared to
the NW-group. Serum-leptin at 5 mo was positively associated with weight-for-age z-score (WAZ)
and fat mass and negatively with WAZ change from 5 to 9 mo. In conclusion, breastfed infants with
EWG had catch-down growth when other foods were introduced. Low milk-leptin in the HW-group
may have stimulated appetite and milk intake when weight gain was high. High serum-leptin in the
HW-group suggests early leptin resistance, which could impact cerebral regulation of energy intake.
Larger studies are needed to confirm these results.

Keywords: exclusively breastfed infants; weight-gain; infant growth; body composition; human milk
composition; leptin; human milk intake; pediatrics; breastfeeding

1. Introduction

Breastfed infants have a growth pattern different from formula fed infants. They grow more
rapidly during the first 1–2 months (mo) and then more slowly—both weight gain and linear
growth—in the first years [1–3]. There are also differences in body composition as breastfed infants
accrue more fat than formula fed infants during the first 6 mo [4]. However, there is emerging evidence
that human milk (HM) composition has an effect on growth, and some of the differences in growth
within breastfed infants can be explained by differences in milk composition [5,6]. Recently there is
emerging evidence that concentrations of the two hormones leptin and adiponectin in breast milk are
related to appetite and infant growth [5,7].
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Some infants experience excessive weight gain (EWG) during the period they are exclusively
breastfed (EBF) and have a marked catch-down when complementary foods are introduced, suggesting
that the EWG is caused by breastfeeding [8–10]. Studies investigating this group of infants are sparse
and little is known about causes for the rapid weight gain and potential consequences. In the two case
reports [8,9] it is suggested that a high protein intake is the cause. In an observational cohort study
of 73 infants with EWG during EBF the growth pattern was different from the case reports because
growth velocity continued to be high, also after complementary foods were introduced [11].

There is convincing evidence from several meta-analyses that a high weight gain during infancy,
especially the first six months, is associated with an increased risk of overweight, obesity, and metabolic
complications later in life [12–15]. However, most of these meta-analyses did not analyze the risk
according to early feeding method. There is some evidence that breastfeeding reduces the risk of
later overweight and obesity [16], but it is highlighted that observed associations could be due to
residual confounding or reverse causation [17,18]. In a prospective population-based birth cohort
study including 3000 children, overweight in infancy (≥1 standard deviation (SD) body-mass-index
(BMI)-for-age (BAZ)) was associated with increased odds of childhood overweight regardless of
feeding mode [19].

Although the case reports suggest that at least some breastfed infants with EWG show catch-down
growth when other foods are introduced, it is important to examine if these infants are at risk of later
obesity and metabolic complications. A small exploratory cohort of infants with EWG during EBF was
established in order to identify predictors and consequences of the EWG and a cohort with normal
weight gain was recruited for comparison.

2. Materials and Methods

2.1. Subjects and Recruitment

Participants were part of an ongoing prospective observational cohort study, the SKOT III cohort,
consisting of two groups; a high weight gain group (HW-group) and a normal weight gain group
(NW-group).

EBF infants considered to have excessively high weight-for-age were referred via Danish health
workers who had been informed about the study through postal letters and social media from August
2015 to October 2016. High weight was defined as infants aged 4–6 mo having a weight-for-age z-score
(WAZ) >2.00. The infants were qualified for enrollment to the HW-group if they had an increment
of at least +1 SDS in WAZ within the first 5 mo postpartum. The NW-group was recruited through
the National Civil Registry. Families from the Copenhagen area (n = 805) with infants born between
15 July 2016 and 31 August 2016 were invited by postal invitation to participate. Inclusion criteria for
the NW-group were infants aged 4–6 mo with a WAZ between −1.0 and +1.0 SDS. Other inclusion
criteria were similar for both groups: exclusively or fully breastfed (defined as receiving HM as their
primary energy intake but were allowed to have water, vitamins, minerals and a maximum of one
meal of formula per week) for at least 4 mo. At first visit the infants were to be 5–61/2 mo old and
have breastfeeding as the primary energy source not receiving more than two meals of solid food per
day. Both HW- and NW-group mother-infant dyads were examined at infant’s age 5–61/2 mo and
9 mo ± 2 weeks, and the HW-group further at 18 mo ± 4 weeks.

The study protocol was approved by the Regional Ethical Committee of the Capital Region of
Denmark in accordance with the Helsinki declaration (H-15008948) and the Data Protection Agency
(2015-57-0117 & 2015-57-0116) and written informed consent was obtained from parents.

2.2. Anthropometry

All anthropometric measurements at the three visits were carried out at the Department of
Nutrition, Exercise and Sports, University of Copenhagen, Denmark. Weight and length from birth to
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5 mo measured by health nurses and general practitioners, were reported by the parents and used for
assessing recruitment criteria.

The weight of naked infants was measured using a digital pediatric scale giving an average
of 40 measurements recorded to the nearest gram (Tanita BD 815 MA digital baby scale,
Tanita Corporation, Tokyo, Japan). The following anthropometric measurements were performed in
triplicate and the average was used: recumbent length to the nearest 0.1 cm (447 Infantronic Digital
Infantometer, QuickMedical, Seattle, WA, USA), mid-upper-arm, head, lower leg, recumbent waist
and thorax circumferences to the nearest millimeter (nonflexible Lasso-O tape measure, Child Growth
Foundation, London, UK), and triceps and subscapular skinfold thickness to the nearest 0.1 mm
(Harpenden skinfold caliper, Chasmors Ltd., London, UK). Sex and age specific z-scores; WAZ,
length-for-age z-score (LAZ), BAZ, triceps skinfold-for-age (TSFZ) and subscapular skinfold-for-age
(SSFZ) were obtained using the software WHO Anthro [20].

Mothers’ pre-pregnancy weight, pregnancy weight gain, and the fathers’ weight and height
were self-reported, while the mothers’ weight and height were measured at all three visits (weight:
Tanita digital medical scale, WB-100MA, Tanita Corporation, Tokyo, Japan; height: Static digital height
measurer, 235 Heightronic Digital Stadiometer, Issaquah, WA, USA).

2.3. Body Composition

Body composition was measured using a tetrapolar Bioelectrical Impedance Analyzer (BIA)
Quantum III (RJL Systems, Clinton Township, Detroit, MI, USA) which uses single frequency (50 kHz)
between right hand and right foot to measure whole body resistance. Prediction of fat free mass (FFM)
for each infant was completed using an equation developed by Lingwood et al. [21]. Details on BIA
measurement and equation are included in Appendix A; Supplemental method description.

2.4. Measurements of 24-h Infant Milk Intake

Mothers were instructed to use an electronic baby weighing scale (Tanita BD 815 MA,
Tanita Corporation, Tokyo, Japan) for weighing their infants to measure the 24 h milk intake at 5 mo.
For a period of 72 h mothers weighed their infants before and after each breastfeeding-session (each
feed) without change in clothing or diaper. Calculation of intake in grams was done by subtracting
weight of the infant before the feed from the weight after the feed. In cases where test weighing was not
completed for all feeds, the intake was estimated using an average of intake per feed calculated from
the mother’s registration. The first feed after the 72 h period was used as the end point for registration
period, and in cases where these data were missing it was estimated from the three previous days.
A corrected 24 h milk intake for each infant was determined by dividing the intervals in hours and
multiplying by 24. No correction for infant insensible water loss was made, and therefore the milk
intake is likely to be underestimated by 3–10% [22,23]. Feeding frequency and duration of each feed
was derived from the test weighing report. Energy intake from foods and drinks other than HM was
calculated using Dankost (Dankost version 3000, Dankost Ltd., Copenhagen, Denmark).

2.5. Human Milk Collection and Analysis

At the 5 and 9 mo visits the mothers were asked to collect 10 mL foremilk and 10 mL hind milk
from either breast and on a second time point to complete expression of both breasts. Samples were
collected in their homes in disposable bottles (2 × 80 mL/2 × 250 mL) using a manual breast pump
(Type Harmony™, Medela AG, Baar, Switzerland) and stored at −20 ◦C. The samples were transported
in a bag with an ice pack and stored at −80 ◦C.

HM analysis were carried out in one mixed sample of a full expression of right and left breast.
Macronutrient and energy content was analyzed by mid-infrared spectroscopy using the HM analyzer
(MIRIS HMA; Miris AB, Uppsala, Sweden). The analysis was performed according to manufacturer’s
instructions. The milk was heated to 40 ◦C and homogenized by ultrasonic processing before injected
into the system.
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Biochemical analyses of milk leptin, adiponectin, lysozyme, sIgA and lactoferrin were carried
out at the University of Western Australia. Milk adiponectin concentration was determined by
Enzyme-Linked Immunosorbent Assay (ELISA) kits (RD191023100, BioVendor-Laboratorni medicina
a.s., Brno, Czech Republic). Milk leptin (m-leptin) concentration was determined by the R&D systems
leptin DuoSet ELISA kit (DY398, R&D Systems Inc., Minneapolis, MN, USA). The recovery of a known
amount of leptin added to the milk samples was 97 ± 3.0% (n = 4). The detection limit of this assay
was 0.016 ng/mL. Milk lactoferrin and secretory immunoglobulin A (sIgA) were measured with
a sandwich ELISA method as previously described by Czank et al. [24]. Lysozyme concentration
was measured with a modified turbidimetric assay [25]. Details on the methods are included in
Appendix A; Supplemental method description.

2.6. Blood Sampling and Analysis

Venous blood samples (10 mL) were taken at 5 and 9 mo visits. Local anesthetic patches (EMLA,
AstraZeneca AB, Södertälje, Sweden) and instructions were given to the parents before first visit.
If possible, infants were fasting 2 h before blood samples were taken and the time, amount and
composition of last meal were recorded. Methods for blood analyses are described in Appendix A;
Supplemental method description.

2.7. Feeding Patterns and Other Information

Information on parental characteristics and feeding practice was collected via interviews and
questionnaires at 5 and 9 mo visits for both groups and at 18 mo visit for the HW-group.

Appetite traits were measured at the 5 mo visit using the Baby Eating Behavior Questionnaire
(BEBQ) [26]. BEBQ includes 4 appetite traits; food responsiveness (6 items), enjoyment of food (4 items),
satiety responsiveness (3 items), slowness in eating (4 items) and general appetite (1 item). All items
were scored on a 5-point Likert scale ranging from never (1) to always (5). High mean score signify a
greater enjoyment of food, higher food responsiveness, slow eating, greater satiety responsiveness and
larger general appetite.

2.8. Statistical Analysis

Statistical analyses were carried out using STATATM12 (Stata Corporation, College Station, TX,
USA). Significance was defined as p-value < 0.05. Parametric descriptive results are presented as
means and SD, or mean and range. Independent t-test was used to test differences between the
characteristics of the two study groups. Differences between groups for the anthropometric measures
and blood parameters adjusted for sex (glucose, insulin, leptin, and Insulin-like Growth Factor-1
(IGF-I) and fasting time (glucose and insulin) were analyzed by general linear models. Non-normally
distributed variables are presented as medians with interquartile range (IQR: 25th and 75th percentile),
and Mann-Whitney U test used for comparing the study groups. Categorical variables are presented
as number and percentage and comparisons were performed using Fisher’s exact test. Associations
between the different macronutrients, between macronutrients/hormones and WAZ, BAZ and LAZ
change, and between mothers BMI and milk composition were investigated by linear regression, for
the groups separately and combined.

3. Results

3.1. Subjects

In the HW-group 17 infants were referred according to the WAZ inclusion criteria. Four infants
were excluded; two because they were long and had a BAZ < 2.00 and two because they had a relatively
low weight gain from birth to 5 mo (both with birthweight > 4.00 kg and with a change in WAZ from
birth to 5 mo of −0.16 and +0.6). Thus, the HW-group included 13 infants. Forty-two parents showed
interest in participating in the NW-group and of these, 19 mother-infant dyads fulfilled the inclusion
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criteria. However, two infants were excluded; one had a birth weight of 2.67 kg (WAZ −1.3 SDS)
followed by a catch-up with an increment in WAZ of 1.8 SDS and one had a birth weight of 4.66 kg
(WAZ +2.5 SDS) followed by a catch down in WAZ of −2.9 SDS. Thus, the NW-group included
17 infants.

3.2. Anthropometry

Infants in the HW-group weighed on average 450 g more (p = 0.006) and were 1.3 cm longer
(p = 0.045) at birth than the NW-group (Table 1) and BAZ was also higher (p = 0.025) (Table A1).

From birth to the 5 mo visit weight gain was excessive in the HW-group (Figure 1). Mean weight
gain was 6.6 kg and WAZ increased 1.71 units, reaching 3.02 at 5 mo. The three infants with the highest
weight gain gained 7.6, 7.7 and 8.0 kg. The NW-group had an increase of 4.4 kg from birth to the 5 mo
visit and their WAZ was unchanged (decreased 0.15 units; NS). From the 5 to 9 mo visit weight gain
per week was the same in both groups (about 80 g/week, Table 1). WAZ and BAZ decreased from the
5 to 9 mo visit in the HW-group and continued to decrease from 9 to 18 mo, reaching mean values of
1.92 and 1.65, respectively (Figure 1 and Table A1). At 18 mo three infants in the HW-group still had a
BAZ above +2.

Table 1. Infant anthropometry according to the high weight gain and normal weight gain group 1.

HW Group NW Group p-Value 2

At birth

n 13 17
Gender (girls/boys) n (%) 5 (38.5)/8 (61.5) 10 (58.8)/7 (41.2) 0.27
Gestational age, weeks 40.7 [40.5, 41.1] 40.4 [39.7, 41.3] 0.42
Cesarean delivery, n (%) 4 (33.3) 2 (11.8) 0.20
Weight, kg 3.99 ± 0.41 3.55 ± 0.31 0.006
Length, cm 53.0 ± 1.4 51.7 ± 1.7 0.045

5 months visit

n 13 17
Age, months 5.6 ± 0.5 5.9 ± 0.3 0.054
Weight, kg 10.60 ± 0.88 7.89 ± 0.50 <0.001
Length, cm 70.5 ± 2.2 68.1 ± 2.1 0.009
Weight velocity birth to 5 months visit, g/week 271.9 ± 32.4 169.2 ± 17.1 <0.001
Skinfold thickness, triceps, mm 15.1 ± 2.0 13.2 ± 1.8 0.011
Skinfold thickness, subscapular, mm 10.9 ± 2.1 8.6 ± 1.4 0.001

9 months visit

n 12 17
Age, months 9.0 ± 0.3 9.1 ± 0.2 0.48
Weight, kg 11.65 ± 0.79 9.03 ± 0.37 <0.001
Length, cm 75.7 ± 1.9 72.5 ± 2.0 <0.001
Weight velocity 5 to 9 months visit, g/week 80.4 ± 22.47 81.9 ± 20.76 0.93
Skinfold, triceps, mm 12.9 ± 2.5 12.2 ± 1.9 0.26
Skinfold, subscapular, mm 10.2 ± 2.2 8.5 ± 1.5 0.019

18 months visit

n 10/12 3

Age, months 18.2 ± 0.7
Weight, kg 13.41 ± 1.36
Length, cm 85.3 ± 2.4
Weight velocity 9 to 18 months visit, g/week 43.3 ± 23.9
Skinfold, triceps, mm 11.4 ± 2.1
Skinfold, subscapular, mm 8.5 ± 1.2

1 Values are expressed as mean ± standard deviation, median [25th; 75th percentile] or number (percentage) as
appropriate. HW: high weight gain group; NW: normal weight gain group. 2 p-values for differences between
groups analyzed by Fisher’s exact Chi-squared test for proportions, by independent t test for age at visit, and by
general linear model adjusted for sex for all other variables. 3 For two infants weight and length at 18 mo were
self-reported and there were no other anthropometric data for these two infants.
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(HW) n = 13; Normal weight gain group (NW) n = 17), 5 months (mo) (HW n = 13; NW n = 17), 9 mo 
(HW n = 13; NW n = 17) and 18 mo (HW n = 12 (weight and length for two infants were self-reported)). 
Data at 18 mo were not available for the NW group. HW = □ NW = ●. 

3.3. Body Composition 

Skinfold thickness and z-scores were significantly higher in the HW-group with the exception 
of triceps skinfold at 9 mo (Figure 2, Tables 1 and A1). 

 
Figure 2. Subscapular and triceps skinfold z-scores according to groups, presented as mean and 95% 
confidence interval at 5 months (mo) (high weight gain group (HW) n = 13; normal weight gain group 
(NW) n = 17), 9 mo (HW n = 12; NW n = 17) and 18 mo (HW n = 9; NW n = 0). Data at 18 mo were not 
available for the NW group. HW = □ NW = ●. 

Fat mass (FM) and percentage FM (%FM), as measured by BIA, were significantly higher in the 
HW-group at both 5 and 9 mo (both p < 0.001, Figure 3, Table A1). In the HW-group %FM remained 
stable at approximately 35% from 5 to 18 mo, while in the NW-group it increased significantly 

Figure 1. (a) Weight-for-age; (b) body mass index (BMI)-for-age and (c) length-for-age z-scores,
according to groups presented as mean and 95% confidence interval at birth (High weight gain group
(HW) n = 13; Normal weight gain group (NW) n = 17), 5 months (mo) (HW n = 13; NW n = 17), 9 mo
(HW n = 13; NW n = 17) and 18 mo (HW n = 12 (weight and length for two infants were self-reported)).
Data at 18 mo were not available for the NW group. HW = � NW = .

3.3. Body Composition

Skinfold thickness and z-scores were significantly higher in the HW-group with the exception of
triceps skinfold at 9 mo (Figure 2, Tables 1 and A1).
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Figure 2. Subscapular and triceps skinfold z-scores according to groups, presented as mean and 95%
confidence interval at 5 months (mo) (high weight gain group (HW) n = 13; normal weight gain group
(NW) n = 17), 9 mo (HW n = 12; NW n = 17) and 18 mo (HW n = 9; NW n = 0). Data at 18 mo were not
available for the NW group. HW = � NW = .

Fat mass (FM) and percentage FM (%FM), as measured by BIA, were significantly higher in the
HW-group at both 5 and 9 mo (both p < 0.001, Figure 3, Table A1). In the HW-group %FM remained
stable at approximately 35% from 5 to 18 mo, while in the NW-group it increased significantly (<0.001)
from 5 to 9 mo. At 5 mo the HW-group had 1.49 kg or 70% more FM and 1.15 kg or 20% more FFM
than the NW-group (Table A1). At 9 mo the HW-group had about 55% more FM than the NW-group.
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Figure 3. (a) fat mass; (b) fat free mass; (c) fat mass index; (d) fat free mass index and (e) fat mass
percentage at 5 months (mo) (high weight gain group (HW) n = 12; normal weight gain group (NW)
n = 17), 9 mo (HW n = 12; NW n = 15) and 18 mo (HW n = 7) according to group presented as mean and
95% confidence interval. Data at 18 mo were not available for the NW group. Bioimpedance values
based on Lingwood equations [21]. HW = � NW =

3.4. Parental Characteristics

Mothers in the HW-group were significantly heavier pre-pregnancy and at 5 mo (Table 2). BMI
was borderline significantly higher in mothers in the HW-group compared to mothers in the NW-group
(p = 0.082). Two mothers were obese (BMI ≥ 30), both in the HW-group and four fathers were obese,
two in each group.
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Table 2. Parental characteristics according to the high weight gain and normal weight gain group 1.

HW Group NW Group
p-Value 2

(n = 13) (n = 17)

Maternal 3

Age at birth, years 32.5 ± 3.9 33.7 ± 3.2 0.40
Parity, >1 (%) 53.9 52.9 0.96
Pre-pregnancy weight, kg 71.9 ± 12.0 60.6 ± 6.0 0.002
Height, cm 170.2 ± 5.5 165.8 ± 7.3 0.077
Pre-pregnancy BMI, kg/m2 24.2 [22.1, 26.6] 22.2 [21.2, 22.5] 0.082
BMI 4 < 18.5, n (%) 0 (0) 1 (5.9) 0.24
BMI 18.5–24.99, n (%) 9 (69.2) 15 (88.2)
BMI 25–29.99, n (%) 2 (15.4) 1 (5.9)
BMI ≥ 30, n (%) 2 (15.4) 0 (0)
Gestational weight gain, kg 14 [12, 17] 15 [13, 18] 0.40
Weight, kg at birth—estimated 86.9 ± 12.6 76.4 ± 6.2 0.014
Weight, kg at 5 months 75.7 ± 16.8 62.2 ± 5.5 0.004
Weight, kg at 9 months 70.9 ± 15.9 61.9 ± 5.9 0.053
Weight, kg at 18 months 76.9 ± 15.7

Paternal

Age at birth, years 35.6 ± 5.3 34.9 ± 5.9 0.75
Weight, kg 88.8 ± 12.0 87.4 ± 30.6 0.88
Height, cm 182.3 ± 7.8 182.2 ± 7.3 0.98
BMI, kg/m2 26.7 (24.6, 29.3) 23.2 (22.2, 26.9) 0.088

1 Values are expressed as mean ± standard deviation, median [25th; 75th percentile] or number (percentage) as
appropriate. HW: high weight gain group; NW: normal weight gain group. 2 p-values for differences between
groups by independent t test or Mann-Whitney U test as appropriate. Fisher’s exact Chi-squared test was used for
proportions. 3 Pre-pregnancy weight and gestational weight loss are self-reported. 4 Body mass index (BMI).

3.5. Breastfeeding Duration, Milk Volume, Macronutrient and Hormone Content

The mean duration of exclusive or full breastfeeding for the HW- and NW-group was 5.14 mo
(range: 3.69–6.46) and 5.54 mo (range: 3.46–6.46), respectively (p = 0.29). At the 9 mo visit, 83% of the
HW- and 94% of the NW-group were still breastfed. At the 18 mo visit two infants in the HW group
were still breastfed. The mean duration of any breastfeeding among the remaining ten mothers in the
HW-group was 13.3 mo (range 8.2–18.0 mo).

Although the mean 24 h milk intake was 130 g (15%) higher in the HW-group the difference was
not significant (p = 0.19, Table 3). There was no difference in HM intake per kg per day between the
groups (p = 0.20). At the 5 mo visit, 88.5% of the infants received small amounts of complementary food
and the median contribution to the total energy intake was not different in the HW-group compared to
the NW-group (15.9% vs. 23.0%, p = 0.37). Milk intake data at 9 mo were incomplete and therefore
not included.

There was no difference in milk fat, protein, lactose or energy content between the groups at 5 or
9 mo (Table 4). There were no associations between macronutrient content and 24 h milk intake (all
p > 0.35) or frequency of breastfeeding at 5 mo (all p > 0.093, data not shown).

Median m-leptin content at 5 mo was significantly lower (~40%) in the HW-group (Table 4).
At 9 mo, however, there was no difference in m-leptin content between the groups. M-leptin intake
per kilo bodyweight at 5 mo was significantly lower in the HW-group (median (IQR) 8.53 ng/kg/day
(4.30; 13.98) vs. 12.22 ng/kg/day (10.33; 17.76) respectively; p = 0.024). Twenty-four h milk intake
(Figure 4) was negatively associated with m-leptin in the combined group at 5 mo (p = 0.01). Frequency
of breastfeeding was not associated with either m-leptin intake (p = 0.23) or m-leptin concentration
(p = 0.31) in the combined group.

Milk adiponectin content was not different between the two groups at 5 and 9 mo (Table 4) and
there was no association with 24 h milk intake in the combined group (p = 0.86).
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Table 3. Intake of human milk and complementary food at 5–6 months, in the high weight gain and
normal weight gain group 1.

HW Group NW Group
p-Value 2

11 15

24-h test weighing

Age, 24-h test weighing, months 5.5 ± 0.4 6.1 ± 0.4 0.003
24-h milk intake, g 981.9 (653.8–1321.4) 852.0 (482.7–1234.7) 0.19
Milk 24-h intake, g/kg/day 94.4 (58.0–124.3) 107.6 (64.2–149.0) 0.20
Average milk intake per feed, g 118.3 (58.8–208.3) 111.8 (51.2–201.5) 0.71
Breastfeeding frequency, n per day 8.9 (6.0–12.0) 8.1 (5.0–11.6) 0.52
Duration of breastfeeding meal, min 10.9 (3.0–22.4) 9.2 (3.7–19.7) 0.36

Energy intake from human milk and complementary food

Energy intake from human milk, kcal/day 618.6 (323.6–962.5) 584.9 (330.6–981.6) 0.66
Exclusively breastfed at test weighing, n (%) 3 (27.3) 0 (0) 0.063
Energy intake from complementary foods, kcal/day 3 131.2 (40.7–263.1) 255.7 (7.9–825.0) 0.30
Total energy intake from human milk and

complementary feeding, kcal/day 3 703.9 (424.0–1176.8) 840.6 (551.5–1222.0) 0.19

1 Values are expressed as mean ± standard deviation or mean (range) as appropriate. HW: high weight gain
group; NW: normal weight gain group. 2 Comparing groups by independent t test and Mann-Whitney U test as
appropriate. 3 HW n = 8, NW n = 15.

Table 4. Macronutrient, hormone and protein content of human milk at 5 and 9 months, in the high
weight gain and normal weight gain group 1.

HW Group NW Group p-Value

5 months milk sampling
n 11 17
Age, months 5.8 ± 0.7 5.8 ± 0.4 0.92

9 months milk sampling
n 8 14
Age, months 8.7 ± 0.7 9.2 ± 1.0 0.26

Macronutrient content and energy
Fat, g/L
5 mo 30.2 ± 15.9 36.1 ± 8.7 0.28
9 mo 43.7 ± 15.8 33.2 ± 8.9 0.13
Protein, g/L
5 mo 7.3 ± 1.1 8.0 ± 1.1 0.15
9 mo 8.0 ± 1.0 8.6 ± 1.7 0.31
Lactose, g/L
5 mo 76.3 ± 2.2 75.8 ± 1.9 0.55
9 mo 74.5 ± 1.9 73.8 ± 4.6 0.64
Energy, kilocal/L
5 mo 625.5 ± 142.2 680.3 ± 78.2 0.26
9 mo 746.4 ± 140.7 649.6 ± 86.6 0.13

Hormones and proteins 2

Adiponectin, ng/mL
5 mo 14.65 [13.03, 15.56] 13.23 [10.54, 14.65] 0.36
9 mo 17.52 [15.88, 20.80] 20.80 [11.92, 29.23] 0.76
Leptin ng/mL 2

5 mo 0.07 [0.05, 0.15] 0.12 [0.10, 0.14] 0.045
9 mo 0.10 [0.06, 0.17] 0.12 [0.09, 0.19] 0.34
Lysozyme g/L 2

5 mo 0.06 ± 0.01 0.08 ± 0.06 0.24
9 mo 0.07 ± 0.02 0.01 ± 0.02 0.076
sIgA g/L
5 mo 0.32 ± 0.11 0.30 ± 0.10 0.61
9 mo 0.35 ± 0.13 0.42 ± 0.15 0.31
Lactoferrin g/L
5 mo 2.31 ± 1.30 2.54 ± 1.23 0.64
9 mo 3.89 ± 1.63 4.71 ± 2.69 0.44

1 Values are expressed as mean ± standard deviation or median [25th; 75th percentile] as Appropriate. HW: high
weight gain group; NW: normal weight gain group. 2 Comparing groups by independent t test and Mann-Whitney
U test as appropriate.
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3.6. Maternal BMI and Milk Composition

In the combined group m-leptin content was higher in mothers with higher BMI at 5 mo (p < 0.001)
and borderline higher at 9 mo (p = 0.057). For each increase in BMI unit leptin content increased
0.017 ng/mL at 5 mo. For mothers in the HW-group m-leptin at 5 mo was also positively associated
with BMI (estimate [CI] 0.019 ng/mL [0.002; 0.036], p = 0.032, respectively), but not in the NW-group
though the direction was the same (p ≥ 0.28). M-leptin at 5 mo was positively associated with maternal
BMI (p < 0.001) and negatively with 24 h milk volume (p = 0.006) in a multiple regression analysis.

3.7. Associations between Milk Composition and Infant Growth

At 5 mo there were no significant associations between milk concentrations of macronutrients,
energy and hormones and infant’s anthropometry (WAZ, BAZ or leight-for-age z-scores (LAZ)) or
change in these z-scores from birth to the 5 mo visit (all p > 0.11, data not shown).

3.8. Breastfeeding Characteristics, Eating Behavior and Sleep Duration

The initiation of breastfeeding was without any problems for 85% (n = 11) and 88% (n = 15) of the
mothers in the HW-group and NW-group, respectively. During the first 14 days 15% (n = 2) infants in
the HW-group and 12% (n = 2) in the NW-group received small amounts of supplemental formula,
but were EBF thereafter.

The HW-group was rated to enjoy food to a greater extent, having a higher overall appetite and
being less sensitive to internal cues of satiety compared to the NW-group (Table 5).

Table 5. Baby Eating Behaviour Questionaire at 5 months 1.

Baby Eating Behaviour Questionaire Scale HW Group NW Group p-Value 2

n 13 17
Food responsiveness 1.83 [1.17, 2.50] 1.50 [1.33, 1.83] 0.47
Enjoyment of food 5.00 [4.75, 5.00] 4.50 [4.00, 4.75] 0.005

Satiety responsiveness 2.33 [2.00, 2.33] 2.67 [2.33, 3.00] 0.010
Slowness in eating 1.50 [1.25, 2.25] 2.00 [1.25, 2.50] 0.78
General appetite 5.00 [4.00, 5.00] 4.00 [3.00, 4.00] 0.007

1 Data are presented as median [25th; 75th percentile]. HW: high weight gain group; NW: normal weight gain
group. 2 Comparing groups by independent Mann-Whitney U test.

At 5 mo maternal reported infant 24 h sleep duration was 1.7 h shorter in the HW-group compared
to the NW-group (n = 16) (Median (IQR); 14.1 h (12.0; 15.0) vs. 15.8 h (14.5; 17.0) (p = 0.004). The number
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of night time awakenings were similar between groups (HW:median (IQR) 2 (1;3) vs. NW:3 (2;4),
respectively; p = 0.10).

3.9. Infant Blood Samples

Infant serum leptin (s-leptin) was significantly higher, about double, in the HW-group compared
to the NW-group at 5 mo (p = 0.004, Table 6). At 9 mo the difference remained significant (p = 0.006)
though only 25% higher. The reduction in s-leptin from 5 to 9 mo in the HW-group was 62% compared
to a 33% decrease in the NW-group (measured on individuals with measurements at both time points).
There was no correlation between s-leptin and m-leptin at either 5 or 9 mo (both p > 0.62).

Table 6. Blood analysis at 5 and 9 months according to high weight gain and normal weight gain group 1.

HW Group n (8–11) NW Group n (12–14) p-Value 2

Glucose, mmol/L
5 mo 6.17 (0.65) 11 5.82 (0.57) 13 0.35 3

9 mo 5.59 (0.44) 11 5.72 (0.78) 14 0.87 3

Insulin, pmol/L
5 mo 50.9 [25.3,88.8] 10 39.7 [11.1, 49.0] 12 0.099 3

9 mo 23.2 [6.7, 43.3] 9 38.8 [24.0, 68.2] 13 0.41 3

Ghrelin, pg/mL
5 mo 1.66 (0.638) 10 2.06 (0.440) 11 0.11
9 mo 1.95 (0.495) 9 1.94 (0.473) 13 0.96

Leptin, ng/mL
5 mo 7.77 [4.94, 11.6] 10 3.70 [2.62, 5.52] 12 0.004 3

9 mo 2.99 [2.09, 4.18] 10 2.36 [1.43, 2.98] 14 0.006 3

Adiponectin, ng/mL
5 mo 15086 [12,089, 19361] 10 21646 [14,850, 26,091] 13 0.083
9 mo 9847 [7616, 11,964] 10 12760 [9723, 18,649] 14 0.16

IgF-BP3, µg/mL
5 mo 2.215 (0.423) 10 1.993 (0.433) 12 0.24
9 mo 2.327 (0.407) 9 2.312 (0.661) 13 0.95

IgF-1, ng/mL
5 mo 29.2 [22.0, 40.4] 10 23.9 [22.4, 36.5] 12 0.50 3

9 mo 31.0 [26.7, 32.3] 9 37.4 [29.1, 40.7] 13 0.44 3

C-peptid, pmol/L
5 mo 282 [217, 453] 10 311 [170, 373] 12 0.47
9 mo 215 [178, 309] 9 361 [201, 563] 13 0.22

1 Values are expressed as mean ± standard deviation or median [25th; 75th percentile] as appropriate. HW: High
weight gain group; NW: normal weight gain group. 2 p-values for differences between groups by independent t test
and Mann-Whitney U test as appropriate. 3 p-values for differences between groups adjusted for sex and fasting
time (glucose and insulin) analyzed by general linear models.

At 5 mo s-leptin was positively associated with WAZ (r = 0.76, p = 0.0001) and FM (r = 0.68,
p = 0.0007). At 9 mo only the association between s-leptin and WAZ was still significant (r = 0.49,
p = 0.016). There were no associations between s-leptin and LAZ at either 5 or 9 mo (p > 0.31). S-leptin
in the combined group at 5 mo was negatively associated with the change in WAZ from 5 to 9 mo
(p = 0.0015), and the association was also significant for the HW-group alone (p = 0.03, Figure 5).

At 9 mo, albumin was higher (p = 0.018) and urea lower (p = 0.025) in the HW-group (Table A2).
However, for the majority of the blood analysis there were no significant differences between the
groups, either at 5 or 9 mo.
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4. Discussion

We identified a group of breastfed infants who had a special growth pattern with EWG during
the first 5 mo of EBF and catch-down during the following months, after beginning complementary
foods. This growth pattern suggests that a key cause of the high weight gain should be found in
factors related to HM intake and composition. There was surprisingly no difference in HM intake
at the age of 5 mo between the groups. However, leptin content was significantly lower in the milk
the HW-group received, while s-leptin was significantly higher in the HW-group compared to the
NW-group. This suggests that leptin intake and metabolism could contribute in part to EWG in
these infants.

The weight gain of infants in the HW-group was excessive. The mean weight gain per week was
about 60% higher than in the NW-group, which had a weight gain close to the median weight gain
in the WHO growth standard [20]. Catch-up growth is often defined as an increase in WAZ > 0.67
z-scores [15,27] and the mean increase in the HW-group from birth to the 5 mo visit was 2.5 times as
high (1.71 z-scores). Interestingly, the two groups had almost the same gain in weight and length from
the 5 mo to the 9 mo visit; a gain not very different from the median in the WHO growth standard
velocities [20]. From the 9 to the 18 mo visit there was a continued decrease in WAZ and BAZ in the
HW group, but to what degree this will continue and reach the normal range is not known. As outlined
in the introduction, there is convincing evidence that early weight gain is associated with a higher
risk of later overweight and obesity [15,27–30]. However, some studies show that breastfeeding has
a modifying effect on the risk [31], while other studies do not [19]. The risk of later overweight and
obesity in EBF infants with EWG is still unknown.

With a body FM of 3.6 kg at 5 mo, which is 70% more than the NW-group, the rate of fat deposition
from birth to 5 mo must have been much greater in the HW-group. Although there was some decrease
in BMI and skinfold z-scores from 5 to 18 mo in the HW group, %FM and fat mass index (FMI)
continued to be high up to 18 mo, whereas the difference in fat-free mass index appeared to be
decreasing. The medium-term effects of EWG therefore appear to manifest in both elevated length and
adiposity. Links between accelerated linear growth and adiposity have been reported previously in the
early post-natal period [32] and might indicate growth restriction early in pregnancy followed by the
development of catch-up in late fetal life and infancy [33], resulting in ‘overshoot’ by early childhood
of both length and adiposity.

The significant higher birth weight in the HW-group might also be a result of a different
intra-uterine environment, partly because of the higher maternal pre-pregnancy weight in the
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HW-group. However, we find it unlikely that these differences between the groups could have
a significant role in explaining the very large differences in post-natal growth between the groups.

HM intake is a strong driver of infant growth [34,35]. Therefore it was surprising, that milk intake
was not significantly higher in the HW-group. The reason for this is likely to be the timing of measuring
milk intake, at 5–6 mo, when infant growth had started to decline and complementary feeding had
begun for most infants. However, though far from significant (p = 0.19), the intake was 15% higher in
the HW-group. If there has been a difference of this magnitude throughout the first 5 mo it is likely
to have an effect on growth. From 5 to 9 mo weight gain in the two groups was almost identical,
and therefore the energy requirements might not have been different when milk intake was measured.
Ideally, measurement of milk volume should have been carried out earlier e.g., between 1 and 4 mo of
age when growth velocity was considerably higher; however, recruitment precluded this. Another
reason that we did not find a significant difference could be the limited power in the study. In three of
the cases reported earlier, 24 h milk intake at age 4 to 5.5 mo was high; 1123, 1132 and 1421 mL [9,10].
Mothers in the HW-group rated their infants as having higher appetite and being less sensitive to
internal cues of satiety, which could reflect a higher milk intake earlier, but this is speculative.

Leptin influences the regulation of appetite by inducing satiety [36] providing a rationale for low
m-leptin levels to be associated with increased milk intake in breastfed infants [7,36,37]. While transfer
of m-leptin to infant plasma is one pathway by which leptin may regulate appetite control another is the
presence of gastric leptin receptors which would more likely induce a more rapid infant response [7].

Lower levels of m-leptin content have been associated with greater infant length at 1 mo
postpartum, and FM at 6 mo in EBF infants [38], although the association between milk leptin and
growth is by no means conclusive [7]. In our study, M-leptin content in the HW-group was 38% lower
than in the NW-group, and higher m-leptin was associated with lower milk intake at 5 mo, supporting
the speculation that HW infants consumed more milk in the first 4 months post-partum.

Low m-leptin levels may lead to higher milk intakes as a result of greater suckling pressure
(frequency) in the HW-gain group. This phenomenon is generally associated with maternal
malnutrition and infant catch-up growth [39,40] reducing milk leptin content so as to lower infant
satiety and promote higher milk transfer. However increased sucking frequency has also been shown
in the 3 month old infants of obese mothers [41]. Moreover, appetite has a strong genetic basis [41],
which could account for correlations between maternal BMI and infant appetite. These factors
could explain the substantial catch-up overshoot if the mother is in fact well-nourished and able
to provide more milk [42,43]. Further these combined findings support the assumption that the
EWG and increased accrual of fat in our HW-group could be in part driven by a high intake of HM
during the months where there was rapid weight gain, despite our failure to show differences in
milk intake. While we found a positive association of maternal BMI with m-leptin, as reported by
others [44], this included all of the participants. Comparing between groups, the HW-group mothers
had significantly lower m-leptin than the NW-group, despite having higher average BMI. This again
suggests some facultative response in milk composition in the HW-group, potentially mediated by
elevated infant suckling and/or genetic factors.

Mean infant s-leptin values were markedly higher in the HW-group at both 5 and 9 mo. This can
be explained at least partly by the higher FM in the HW-group, as s-leptin is mainly produced by fat
tissue [36,37]. Within the whole sample, we also observed strong correlations between 5 mo s-leptin
values and infant weight and FM. This is consistent with other studies reporting associations between
s-leptin and BMI and %FM in early childhood [45–47].

A small group of infants have been shown to have very high leptin levels during the first 6 mo,
with a value for the 90th percentile about four times as high as the median (11.86 vs. 2.81 ng/mL) [48].
Our values show comparable differences between the HW- and the NW-group (7.77 vs. 3.70 ng/mL).
Recently, three single nucleotide polymorphisms (SNPs) have been shown to influence s-leptin levels
in infants below 6 mo [49]. Thus, we speculate that the very high s-leptin levels in our HW-group
might have a genetic basis [49]; however, this needs to be confirmed.
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Leptin is considered an anorexigenic hormone but it has been suggested that during early infancy
some infants are likely to develop leptin resistance. It has been suggested, based on studies with mice,
that high s-leptin levels, during an early postnatal leptin surge, can influence the hypothalamus and
thus increase appetite and thereby growth [50–52]. The very high s-leptin values in some 0–6 mo old
infants [48], and the very high values in our HW-group could reflect that some infants have a postnatal
leptin surge. However, this is speculative.

We do not know the s-leptin levels of the HW infants when weight gain was very high during the
first postnatal months. However, if leptin levels were very high and leptin resistance had developed it
could have an effect on milk intake and growth. The high s-leptin levels at 5 mo could also be a result
of the high FM. Our data, showing a highly significant negative association between s-leptin levels at
5 mo and weight gain from 5 to 9 mo, could be a result of decreased leptin resistance when other foods
were introduced, with s-leptin then having an anorexigenic effect.

Overall, it is remarkable that in this relatively small cohort there were significant differences in
both m-leptin and s-leptin levels, suggesting that leptin could have a role in the excessive weight gain
in the HW group. However, the potential mechanism we have discussed here are speculative and
there is a need for larger studies to investigate the potential role of leptin in excessive weight gain in
exclusively breastfed infants.

Other potential factors that could have an effect on the high weight gain in the HW-group are
the effect of milk composition on the microbiota. Both HM oligosaccharides (HMO) and leptin have
been shown to be independently associated with breastfed infants gut bacteria, which could have
an effect on intestinal energy harvest [5,53,54]. It has been shown that HMO can influence weight
gain and body fat accretion, most likely through an effect on the microbiota [55]. Differences in early
energy metabolism and expenditure between the groups could also influence weight gain. Genes or
epigenetics might also play a role, e.g., some SNPs have been shown to influence s-leptin levels [49].

A limitation is that it was not possible to identify, recruit, and arrange clinical visits before
the age of 5 to 6 mo, by which time growth velocity was decreasing and some infants had started
on complementary foods. If we had been able to measure milk intake when growth velocity was
considerably higher, assessment of milk intake, milk composition and blood would most likely have
given a better understanding of why these infants experience such a high weight gain. Furthermore,
the power of the study was not very high due to the relatively small number of infants included.
We have made multiple comparisons, but as the number of infants in the groups was small and as we
have had an explorative approach, we have not controlled for this.

Aside from these limitations, this study is the first to bring valuable knowledge for future studies
designed to investigate the causes of EWG in exclusively breastfed infants further. A strength of the
study is, that it is the first cohort of breastfed infants with EWG during the first 6 mo followed by
catch-down, which has been followed longitudinally with detailed measurements of growth, body
composition, HM intake and blood samples.

5. Conclusions

In conclusion, our exploratory study suggests that leptin could influence the early EWG and later
catch-down in the HW-group but the mechanisms are not known. There is a need to explore this in
future studies, especially to understand how leptin is influencing early postnatal growth. The very high
weight gain in the HW-group might increase the risk of later overweight and obesity and metabolic
complications. The mean BAZ value was within the higher normal range at 18 mo, but three infants
still had a BAZ above +2. Thus, it seems like at least some of the infants with a very high infant
weight gain reach a weight within the normal range within the following years. In that perspective,
it is interesting that in a large study, measuring BMI at 8 to 10 years, there was a highly significant
inverse association between s-leptin values in infancy and childhood BMI suggesting a programming
effect [56]. Another important finding is that we observed no differences between the groups in many
metabolic parameters, including blood lipids, liver parameters and inflammation markers at 5 or 9 mo,
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suggesting that there were no major metabolic disturbances in the HW-group. However, long-term
follow up is needed to assess the long-term risk of overweight and obesity in these infants.
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Appendix A Supplemental Methods Description

A.1. BIA Measurements

The infant was placed on an examination couch without wearing metal or any persons touching
the skin of the infant. The signal electrodes were placed on the right hand behind the knuckle of the
middle finger and on the right foot behind the toe next to the big toe. The detecting electrodes were
placed on the right wrist next to the ulna head and on the right ankle between the medial and lateral
malleoli. The bioimpedance measurements were then performed.

Details on Lingwood equation:

(W = weight in kg, S = sex, L = length, R50 = impedance variable)

FFM = 2.203 + 0.334W – 0.361S +
0.185L2

R50

Fat mass (FM) was calculated as weight − FFM and %FM = 100(W − FFM)/W. Fat free mass
index (FFMI) and fat mass index (FMI) was calculated using the following equations:

FFMI =
f at f ree mass

height2 ) FMI = (
kg
m2

f at mass
height2 (

kg
m2 )

A.2. Milk Analyses

Skim milk samples were diluted 10-fold with 0.1 M of Na2 HPO4/1.1 mM of citric acid (pH 5.8)
buffer. Twenty-five microliters of standards or diluted skim milk samples were placed into the wells of
a plate (Greiner Bio-One, Frickenhausen, Germany). A 175 µL of Micrococcus lysodeiltikus suspension
(0.075% w/v, ATCC No. 4698, Sigma, St. Louis, MA, USA) was added into each well and plate was
incubated on a shaker at RT for 1 h. The absorbance was measured at 450 nm.

A.3. Blood Analyses

For the glucose, hemoglobin, leptin, adiponectin and total ghrelin analysis blood samples were
taken in EDTA tube. Inhibitors (Pefabloc, DDP-IV and Trasylol; Sigma-Aldrich, Gentofte, Denmark)
were added for the ghrelin analysis. Tubes for analyzing ghrelin, adiponectin and leptin were put
on ice immediately after blood draw and kept on ice until plasma separation. Whole blood glucose
and hemoglobin concentration were analyzed immediately after blood sampling using Glucose 201
analyzer (Hemocue Denmark, Brønshøj, Denmark) and automated hematology analyzer (Sysmex
KX-21NTM, Kobe, Japan), respectively. All other blood samples were stored at −80 ◦C for later analysis.
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ELISA was used to measure plasma leptin, adiponectin (R&D Systems, Inc., Minneapolis, MN, USA),
and total ghrelin (EMD Millipore Corporation, Millipore, MO, USA).

Appendix B Supplemental Tables

Table A1. Anthropometric values according to high weight-gain and normal weight-gain group and
age 1.

HW Group NW Group p-Value 2

At birth

n 13 17
Weight-for-age z-score 1.32 ± 0.75 0.54 ± 0.61 0.006
BMI-for-age z-score 0.56 ± 0.80 −0.08 ± 0.59 0.025
Length-for-age z-score 1.81 ± 0.70 1.17 ± 0.85 0.037

At 5 months
n 13 17
Weight-for-age z-score 3.02 ± 0.76 0.39 ± 0.55 <0.001
BMI-for-age z-score 2.49 ± 0.99 −0.09 ± 0.83 <0.001
Length-for-age z-score 1.94 ± 0.67 0.81 ± 0.70 <0.001
Waist, cm 50.3 ± 2.2 42.5 ± 1.8 <0.001
Mid upper arm circumference, cm 17.7 ± 0.9 14.8 ± 0.9 <0.001
Head circumference, cm 45.6 ± 1.5 43.7 ± 1.2 0.001
Lower leg circumference, cm 22.2 ± 1.6 18.1 ± 1.1 <0.001
Thorax circumference, cm 49.5 ± 1.9 43.5 ± 1.4 <0.001
Skinfold, triceps z-score 2.60 ± 0.77 1.89 ± 0.75 0.018
Skinfold, subscapular z-score 2.08 ± 0.96 0.88 ± 0.77 0.001
Bioimpedance, n 12 17
Fat free mass, kg 6.92 ± 0.39 5.78 ± 0.25 <0.001
Fat mass, kg 3.61 ± 0.54 2.12 ± 0.33 <0.001
Fat free mass index 13.96 ± 0.93 12.46 ± 0.57 <0.001
Fat mass index 7.27 ± 1.00 4.56 ± 0.71 <0.001
Fat mass percentage, % 35.40 ± 3.18 27.78 ± 3.14 <0.001

At 9 months

n 12 17
Weight-for-age z-score 2.63 ± 0.56 0.47 ± 0.49 <0.001
BMI-for-age z-score 2.06 ± 0.89 0.15 ± 0.80 <0.001
Length-for-age z-score 1.93 ± 0.64 0.64 ± 0.71 <0.001
Waist, cm 50.0 ± 1.9 43.6 ± 1.7 <0.001
Mid upper arm circumference, cm 17.6 ± 1.2 15.0 ± 0.7 <0.001
Head circumference, cm 47.7 ± 1.3 45.3 ± 1.4 <0.001
Lower leg circumference, cm 21.3 ± 1.3 18.1 ± 0.9 <0.001
Thorax circumference, cm 49.8 ± 1.9 45.2 ± 1.1 <0.001
Skinfold, triceps z-score 2.0 ± 0.9 1.7 ± 0.8 0.39
Skinfold, subscapular z-score 2.00 ± 1.01 1.09 ± 0.93 0.021
Bioimpedance, n 12 15
Fat free mass, kg 7.43 ± 0.47 6.25 ± 0.21 <0.001
Fat mass, kg 4.22 ± 0.61 2.82 ± 0.28 <0.001
Fat free mass index 13.01 ± 1.68 11.91 ± 0.75 <0.001
Fat mass index 7.37 ± 1.00 5.36 ± 0.58 <0.001
Fat mass percentage, % 36.12 ± 3.50 31.02 ± 2.26 <0.001

At 18 months 3

n 12
Weight-for-age z-score 1.92 ± 0.69
BMI-for-age z-score 1.65 ± 0.77
Length-for-age z-score 1.26 ± 0.69
Waist, cm 48.9 ± 3.3
Mid upper arm circumference, cm 16.9 ± 1.1
Head circumference, cm 49.9 ± 1.8
Lower leg circumference, cm 21.2 ± 1.1
Thorax circumference, cm 51.4 ± 2.8
Skinfold, triceps z-score 1.81 ± 0.87
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Table A1. Cont.

HW Group NW Group p-Value 2

Skinfold, subscapular z-score 1.57 ± 0.70
Bioimpedance, n 7
Fat free mass, kg 8.20 ± 0.58
Fat mass, kg 4.62 ± 0.75
Fat free mass index 11.49 ± 0.31
Fat mass index 6.45 ± 0.72
Fat mass percentage, % 35.87 ± 2.61

1 Values are expressed as mean ± standard deviation. 2 p-values for differences between groups by independent t
test for z-scores, and general linear model adjusted for sex for all other variables. HW: High weight-gain group;
NW: normal weight-gain group. 3 For two infants weight and length at 18 mo was self-reported and there were no
other anthropometric data for these two infants.

Table A2. Additional blood analysis at 5 and 9 months according to high weight-gain and normal
weight-gain group 1.

HW Group n (8–11) NW Group n (12–14) p-Value 2

Albumin, g/L
5 mo 45.4 [44.7, 46.1] 10 45.9 [44.2, 47.1] 12 0.69
9 mo 46.2 [45.3, 47.7] 8 43.4 [42.7, 45.9] 12 0.018

Alkaline phosphatase, U/L
5 mo 223 [192, 265] 10 239 [210, 278] 12 0.47
9 mo 263 [229, 320] 8 267 [234, 411] 12 0.88

Alanine transaminase, U/L
5 mo 30 [25, 33] 10 30 [27, 35] 12 0.77
9 mo 26 [22, 32] 8 22 [19, 24] 13 0.095

Aspartate aminotransferase, U/L
5 mo 52 [43, 64] 10 51 [49, 60] 12 0.84
9 mo 21 [40, 58] 8 43 [41, 49] 13 0.43

Triglyceride, mmol/L
5 mo 1.37 [1.05, 1.9] 10 1.33 [0.94, 2.08] 12 0.87
9 mo 1.12 [0.98, 2.00] 8 1.40 [1.04, 2.33] 12 0.64

Total cholesterol, mmol/L
5 mo 3.99 (0.69) 10 3.96 (0.98) 12 0.94
9 mo 3.89 (0.79) 8 3.57 (0.78) 13 0.38

HDL cholesterol, mmol/L
5 mo 1.01 (0.21) 10 1.03 (0.16) 12 0.81
9 mo 1.01 (0.23) 9 0.94 (0.16) 13 0.40

LDL cholesterol, mmol/L
5 mo 2.43 (0.57) 10 2.41 (0.97) 12 0.98
9 mo 2.32 (0.66) 9 2.11 (0.79) 13 0.51

CRP, mg/L
5 mo 0.33 [0.14, 4.88] 10 0.2 [0.10, 055] 12 0.43
9 mo 0.15 [0.06, 0.22] 8 0.24 [0.13, 0.89] 13 0.16

Lactate dehydrogenase, U/L
5 mo 299.75 [265.3, 309.6] 10 299.15 [268.25, 327.5] 12 0.79
9 mo 291.45 [269.7, 412.25] 8 270.7 [264.55, 300.15] 12 0.25

Bilirubin, µmol/L
5 mo 5.44 (1.33) 10 5.13 (1.61) 12 0.62
9 mo 4.49 (1.33) 9 3.86 (1.48) 13 0.31

Urea, mmol/L
5 mo 1.67 [1.40, 1.90] 10 1.77 [1.68, 2.22] 12 0.21
9 mo 2.09 [1.99, 2.37] 8 3.04 [2.38, 3.47] 12 0.025

Haemoglobin, mmol/L
5 mo 7.31 (0.66) 11 7.21 (0.43) 13 0.67
9 mo 7.38 (0.54) 10 6.98 (0.48) 14 0.078

Ferritin, µg/L
5 mo 33.6 [16.5, 61,5] 10 57.7 [29.7, 68.2] 12 0.26
9 mo 16.7 [11.9, 28,6] 9 24.7 [15.1, 33.2] 13 0.24

1 Values are expressed as mean ± standard deviation or median [25th; 75th percentile] as appropriate. HW: High
weight-gain group; NW: normal weight-gain group. 2 p-values for differences between groups by independent t test
and Mann-Whitney U test as appropriate.



Nutrients 2018, 10, 1290 18 of 20

References

1. Dewey, K.G.; Peerson, J.M.; Brown, K.H.; Krebs, N.F.; Michaelsen, K.F.; Persson, L.A.; Salmenpera, L.;
Whitehead, R.G.; Yeung, D.L. Growth of Breast-Fed Infants Deviates From Current Reference Data: A Pooled
Analysis of US, Canadian, and European Data Sets. Pediatrics 1995, 96, 497–503.

2. Küpers, L.K.; L’Abée, C.; Bocca, G.; Stolk, R.P.; Sauer, P.J.J.; Corpeleijn, E. Determinants of Weight Gain during
the First Two Years of Life—The GECKO Drenthe Birth Cohort. PLoS ONE 2015, 10, e0133326. [CrossRef]
[PubMed]

3. Ong, K.K.L.; Preece, M.A.; Emmett, P.M.; Ahmed, M.L.; Dunger, D.B. Size at Birth and Early Childhood
Growth in Relation to Maternal Smoking, Parity and Infant Breast-Feeding: Longitudinal Birth Cohort Study
and Analysis. Pediatr. Res. 2002, 52, 863–867. [CrossRef] [PubMed]

4. Gale, C.; Logan, K.M.; Santhakumaran, S.; Parkinson, J.R.; Hyde, M.J.; Modi, N. Effect of breastfeeding
compared with formula feeding on infant body composition: A systematic review and meta-analysis. Am. J.
Clin. Nutr. 2012, 95, 656–669. [CrossRef] [PubMed]

5. Eriksen, K.G.; Christensen, S.H.; Lind, M.V.; Michaelsen, K.F. Human milk composition and infant growth.
Curr. Opin. Clin. Nutr. Metab. Care 2018, 21, 200–206. [CrossRef] [PubMed]

6. Prentice, P.; Ong, K.K.; Schoemaker, M.H.; van Tol, E.A.F.; Vervoort, J.; Hughes, I.A.; Acerini, C.L.;
Dunger, D.B. Breast milk nutrient content and infancy growth. Acta Paediatr. 2016, 105, 641–647. [CrossRef]
[PubMed]

7. Fields, D.A.; Schneider, C.R.; Pavela, G. A narrative review of the associations between six bioactive
components in breast milk and infant adiposity. Obesity 2016, 24, 1213–1221. [CrossRef] [PubMed]

8. Grunewald, M.; Hellmuth, C.; Demmelmair, H.; Koletzko, B. Excessive Weight Gain during Full
Breast-Feeding. Ann. Nutr. Metab. 2014, 64, 271–275. [CrossRef] [PubMed]

9. Perrella, S.L.; Geddes, D.T. A Case Report of a Breastfed Infant’s Excessive Weight Gains over 14 Months.
J. Hum. Lact. 2015, 32, 364–368. [CrossRef] [PubMed]

10. Larsson, M.W.; Larnkjær, A.; Christensen, S.H.; Mølgaard, C.; Michaelsen, K.F. Very High Weight Gain
During Exclusive Breastfeeding Followed by Slowdown during Complementary Feeding: Two Case Reports.
J. Hum. Lact. 2018. [CrossRef] [PubMed]

11. Saure, C.; Armeno, M.; Barcala, C.; Giudici, V.; Mazza, C.S. Excessive weight gain in exclusively breast-fed
infants. J. Pediatr. Endocrinol. Metab. 2017, 30, 719–724. [CrossRef] [PubMed]

12. Weng, S.F.; Redsell, S.A.; Swift, J.A.; Yang, M.; Glazebrook, C.P. Systematic review and meta-analyses of
risk factors for childhood overweight identifiable during infancy. Arch. Dis. Child. 2012, 97, 1019–1026.
[CrossRef] [PubMed]

13. Druet, C.; Stettler, N.; Sharp, S.; Simmons, R.K.; Cooper, C.; Davey Smith, G.; Ekelund, U.; Lévy-Marchal, C.;
Jarvelin, M.-R.; Kuh, D.; et al. Prediction of childhood obesity by infancy weight gain: An individual-level
meta-analysis. Paediatr. Perinat. Epidemiol. 2012, 26, 19–26. [CrossRef] [PubMed]

14. Young, B.E.; Johnson, S.L.; Krebs, N.F. Biological Determinants Linking Infant Weight Gain and Child
Obesity: Current Knowledge and Future Directions. Adv. Nutr. Int. Rev. J. 2012, 3, 675–686. [CrossRef]
[PubMed]

15. Zheng, M.; Lamb, K.E.; Grimes, C.; Laws, R.; Bolton, K.; Ong, K.K.; Campbell, K. Rapid weight gain during
infancy and subsequent adiposity: A systematic review and meta-analysis of evidence. Obes. Rev. 2018,
19, 321–332. [CrossRef] [PubMed]

16. Horta, B.L.; Loret de Mola, C.; Victora, C.G. Long-term consequences of breastfeeding on cholesterol, obesity,
systolic blood pressure and type 2 diabetes: A systematic review and meta-analysis. Acta Paediatr. 2015,
104, 30–37. [CrossRef] [PubMed]

17. Kramer, M.S.; Matush, L.; Vanilovich, I.; Platt, R.W.; Bogdanovich, N.; Sevkovskaya, Z.; Dzikovich, I.;
Shishko, G.; Collet, J.-P.; Martin, R.M.; et al. A Randomized Breast-feeding Promotion Intervention Did Not
Reduce Child Obesity in Belarus. J. Nutr. 2008, 139, 417S–421S. [CrossRef] [PubMed]

18. Lind, M.V.; Larnkjær, A.; Michaelsen, K.F. Breastfeeding, Breast Milk Composition, and Growth Outcomes.
In Recent Research in Nutrition and Growth; Colombo, J., Koletzko, B., Lampl, M., Eds.; Nestlé Nutrition
Workshop Series; Nestle Nutrition Institute Switzerland/S. Karger AG.: Basel, Switzerland, 2018;
Volume 89, pp. 63–77.

http://dx.doi.org/10.1371/journal.pone.0133326
http://www.ncbi.nlm.nih.gov/pubmed/26192417
http://dx.doi.org/10.1203/00006450-200212000-00009
http://www.ncbi.nlm.nih.gov/pubmed/12438662
http://dx.doi.org/10.3945/ajcn.111.027284
http://www.ncbi.nlm.nih.gov/pubmed/22301930
http://dx.doi.org/10.1097/MCO.0000000000000466
http://www.ncbi.nlm.nih.gov/pubmed/29461264
http://dx.doi.org/10.1111/apa.13362
http://www.ncbi.nlm.nih.gov/pubmed/26865238
http://dx.doi.org/10.1002/oby.21519
http://www.ncbi.nlm.nih.gov/pubmed/27151491
http://dx.doi.org/10.1159/000365033
http://www.ncbi.nlm.nih.gov/pubmed/25300270
http://dx.doi.org/10.1177/0890334415610769
http://www.ncbi.nlm.nih.gov/pubmed/26470877
http://dx.doi.org/10.1177/0890334418756580
http://www.ncbi.nlm.nih.gov/pubmed/29543560
http://dx.doi.org/10.1515/jpem-2017-0028
http://www.ncbi.nlm.nih.gov/pubmed/28593913
http://dx.doi.org/10.1136/archdischild-2012-302263
http://www.ncbi.nlm.nih.gov/pubmed/23109090
http://dx.doi.org/10.1111/j.1365-3016.2011.01213.x
http://www.ncbi.nlm.nih.gov/pubmed/22150704
http://dx.doi.org/10.3945/an.112.002238
http://www.ncbi.nlm.nih.gov/pubmed/22983846
http://dx.doi.org/10.1111/obr.12632
http://www.ncbi.nlm.nih.gov/pubmed/29052309
http://dx.doi.org/10.1111/apa.13133
http://www.ncbi.nlm.nih.gov/pubmed/26192560
http://dx.doi.org/10.3945/jn.108.097675
http://www.ncbi.nlm.nih.gov/pubmed/19106322


Nutrients 2018, 10, 1290 19 of 20

19. Van der Willik, E.M.; Vrijkotte, T.G.M.; Altenburg, T.M.; Gademan, M.G.J.; Holthe, J.K. Exclusively breastfed
overweight infants are at the same risk of childhood overweight as formula fed overweight infants.
Arch. Dis. Child. 2015, 100, 932–937. [CrossRef] [PubMed]

20. WHO|WHO Anthro (Version 3.2.2, January 2011) and Macros. Available online: http://www.who.int/
childgrowth/software/en/ (accessed on 5 February 2018).

21. Lingwood, B.E.; van Leeuwen, A.-M.S.; Carberry, A.E.; Fitzgerald, E.C.; Callaway, L.K.; Colditz, P.B.;
Ward, L.C. Prediction of fat-free mass and percentage of body fat in neonates using bioelectrical impedance
analysis and anthropometric measures: Validation against the PEA POD. Br. J. Nutr. 2012, 107, 1545–1552.
[CrossRef] [PubMed]

22. Butte, N.F.; Garza, C.; Smith, E.; Nichols, B.L. Human milk intake and growth in exclusively breast-fed
infants. J. Pediatr. 1984, 104, 187–195. [CrossRef]

23. Dewey, K.G.; Heinig, M.J.; Nommsen, L.A.; Lonnerdal, B. Maternal versus infant factors related to breast
milk intake and residual milk volume: The DARLING study. Pediatrics 1991, 87, 829–837. [PubMed]

24. Czank, C.; Prime, D.K.; Hartmann, B.; Simmer, K.; Hartmann, P.E. Retention of the immunological proteins
of pasteurized human milk in relation to pasteurizer design and practice. Pediatr. Res. 2009, 66, 374–379.
[CrossRef] [PubMed]

25. Selsted, M.E.; Martinez, R.J. A simple and ultrasensitive enzymatic assay for the quantitative determination
of lysozyme in the picogram range. Anal. Biochem. 1980, 109, 67–70. [CrossRef]

26. Llewellyn, C.H.; van Jaarsveld, C.H.M.; Johnson, L.; Carnell, S.; Wardle, J. Development and factor structure
of the Baby Eating Behaviour Questionnaire in the Gemini birth cohort. Appetite 2011, 57, 388–396. [CrossRef]
[PubMed]

27. Monteiro, P.O.A.; Victora, C.G. Rapid growth in infancy and childhood and obesity in later life—A systematic
review. Obes. Rev. 2005, 6, 143–154. [CrossRef] [PubMed]

28. Stocks, T.; Renders, C.M.; Bulk-Bunschoten, A.M.W.; Hirasing, R.A.; van Buuren, S.; Seidell, J.C. Body size
and growth in 0- to 4-year-old children and the relation to body size in primary school age. Obes. Rev. 2011,
12, 637–652. [CrossRef] [PubMed]

29. Baird, J.; Fisher, D.; Lucas, P.; Kleijnen, J.; Roberts, H.; Law, C. Being big or growing fast: Systematic review
of size and growth in infancy and later obesity. BMJ 2005, 331, 929. [CrossRef] [PubMed]

30. Ong, K.K.; Loos, R.J.F. Rapid infancy weight gain and subsequent obesity: Systematic reviews and hopeful
suggestions. Acta Paediatr. 2006, 95, 904–908. [CrossRef] [PubMed]

31. Carling, S.J.; Demment, M.M.; Kjolhede, C.L.; Olson, C.M. Breastfeeding Duration and Weight Gain Trajectory
in Infancy. Pediatrics 2015, 135, 111–119. [CrossRef] [PubMed]

32. Modi, N.; Thomas, E.L.; Harrington, T.A.M.; Uthaya, S.; Doré, C.J.; Bell, J.D. Determinants of Adiposity
during Preweaning Postnatal Growth in Appropriately Grown and Growth-Restricted Term Infants.
Pediatr. Res. 2006, 60, 345–348. [CrossRef] [PubMed]

33. Hemachandra, A.H.; Klebanoff, M.A. Use of serial ultrasound to identify periods of fetal growth restriction
in relation to neonatal anthropometry. Am. J. Hum. Biol. 2006, 18, 791–797. [CrossRef] [PubMed]

34. Aksit, S.; Ozkayin, N.; Caglayan, S. Effect of sucking characteristics on breast milk creamatocrit.
Paediatr. Perinat. Epidemiol. 2002, 16, 355–360. [CrossRef] [PubMed]

35. Kent, J.C.; Mitoulas, L.; Cox, D.B.; Owens, R.A.; Hartmann, P.E. Breast Volume and Milk Production during
Extended Lactation in Women. Exp. Physiol. 1999, 84, 435–447. [CrossRef] [PubMed]

36. Houseknecht, K.L.; Baile, C.A.; Matteri, R.L.; Spurlock, M.E. The biology of leptin: A review. J. Anim. Sci.
1998, 76, 1405–1420. [CrossRef] [PubMed]

37. Çatlı, G.; Olgaç Dündar, N.; Dündar, B.N. Adipokines in Breast Milk: An Update. J. Clin. Res.
Pediatr. Endocrinol. 2014, 6, 192–201. [CrossRef] [PubMed]

38. Fields, D.A.; George, B.; Williams, M.; Whitaker, K.; Allison, D.B.; Teague, A.; Demerath, E.W. Associations
between human breast milk hormones and adipocytokines and infant growth and body composition in the
first 6 months of life. Pediatr. Obes. 2017, 12, 78–85. [CrossRef] [PubMed]

39. Bailey, K.V. Quantity and Composition of Breastmilk in Some New Guiñean Populations. J. Trop. Pediatr.
1965, 11, 35–49. [CrossRef]

40. Brown, K.H.; Akhtar, N.A.; Robertson, A.D.; Ahmed, M.G. Lactational Capacity of Marginally Nourished
Mothers: Relationships between Maternal Nutritional Status and Quantity and Proximate Composition of
Milk. Pediatrics 1986, 78, 909–919. [PubMed]

http://dx.doi.org/10.1136/archdischild-2015-308386
http://www.ncbi.nlm.nih.gov/pubmed/26044134
http://www.who.int/childgrowth/software/en/
http://www.who.int/childgrowth/software/en/
http://dx.doi.org/10.1017/S0007114511004624
http://www.ncbi.nlm.nih.gov/pubmed/21917194
http://dx.doi.org/10.1016/S0022-3476(84)80990-7
http://www.ncbi.nlm.nih.gov/pubmed/2034486
http://dx.doi.org/10.1203/PDR.0b013e3181b4554a
http://www.ncbi.nlm.nih.gov/pubmed/19581827
http://dx.doi.org/10.1016/0003-2697(80)90011-1
http://dx.doi.org/10.1016/j.appet.2011.05.324
http://www.ncbi.nlm.nih.gov/pubmed/21672566
http://dx.doi.org/10.1111/j.1467-789X.2005.00183.x
http://www.ncbi.nlm.nih.gov/pubmed/15836465
http://dx.doi.org/10.1111/j.1467-789X.2011.00869.x
http://www.ncbi.nlm.nih.gov/pubmed/21426479
http://dx.doi.org/10.1136/bmj.38586.411273.E0
http://www.ncbi.nlm.nih.gov/pubmed/16227306
http://dx.doi.org/10.1080/08035250600719754
http://www.ncbi.nlm.nih.gov/pubmed/16882560
http://dx.doi.org/10.1542/peds.2014-1392
http://www.ncbi.nlm.nih.gov/pubmed/25554813
http://dx.doi.org/10.1203/01.pdr.0000232732.93000.52
http://www.ncbi.nlm.nih.gov/pubmed/16857778
http://dx.doi.org/10.1002/ajhb.20552
http://www.ncbi.nlm.nih.gov/pubmed/17039476
http://dx.doi.org/10.1046/j.1365-3016.2002.00438.x
http://www.ncbi.nlm.nih.gov/pubmed/12445153
http://dx.doi.org/10.1111/j.1469-445X.1999.01808.x
http://www.ncbi.nlm.nih.gov/pubmed/10226183
http://dx.doi.org/10.2527/1998.7651405x
http://www.ncbi.nlm.nih.gov/pubmed/9621947
http://dx.doi.org/10.4274/jcrpe.1531
http://www.ncbi.nlm.nih.gov/pubmed/25541889
http://dx.doi.org/10.1111/ijpo.12182
http://www.ncbi.nlm.nih.gov/pubmed/28160457
http://dx.doi.org/10.1093/oxfordjournals.tropej.a057172
http://www.ncbi.nlm.nih.gov/pubmed/3763304


Nutrients 2018, 10, 1290 20 of 20

41. Thompson, A.L. Intergenerational impact of maternal obesity and postnatal feeding practices on pediatric
obesity. Nutr. Rev. 2013, 71, 55–61. [CrossRef] [PubMed]

42. Heerman, W.J.; Bian, A.; Shintani, A.; Barkin, S.L. Interaction between Maternal Prepregnancy Body Mass
Index and Gestational Weight Gain Shapes Infant Growth. Acad. Pediatr. 2014, 14, 463–470. [CrossRef]
[PubMed]

43. Lucas, A.; Fewtrell, M.; Davies, P.; Bishop, N.; Clough, H.; Cole, T. Breastfeeding and catch-up growth in
infants born small for gestational age. Acta Paediatr. 1997, 86, 564–569. [CrossRef] [PubMed]

44. Schuster, S.; Hechler, C.; Gebauer, C.; Kiess, W.; Kratzsch, J. Leptin in maternal serum and breast milk:
Association with infants’ body weight gain in a longitudinal study over 6 months of lactation. Pediatr. Res.
2011, 70, 633–637. [CrossRef] [PubMed]

45. Lönnerdal, B.; Havel, P.J. Serum leptin concentrations in infants: Effects of diet, sex, and adiposity. Am. J.
Clin. Nutr. 2000, 72, 484–489. [CrossRef] [PubMed]

46. Breij, L.M.; Mulder, M.T.; van Vark-van der Zee, L.C.; Hokken-Koelega, A.C.S. Appetite-regulating hormones
in early life and relationships with type of feeding and body composition in healthy term infants. Eur. J. Nutr.
2017, 56, 1725–1732. [CrossRef] [PubMed]

47. Savino, F.; Sardo, A.; Rossi, L.; Benetti, S.; Savino, A.; Silvestro, L. Mother and Infant Body Mass Index, Breast
Milk Leptin and Their Serum Leptin Values. Nutrients 2016, 8, 383. [CrossRef] [PubMed]

48. Savino, F.; Rossi, L.; Benetti, S.; Petrucci, E.; Sorrenti, M.; Silvestro, L. Serum Reference Values for Leptin in
Healthy Infants. PLoS ONE 2014, 9, e113024. [CrossRef] [PubMed]

49. Savino, F.; Sardo, A.; Montanari, P.; Galliano, I.; Stasio, L.D.; Bergallo, M.; Silvestro, L. Polymorphisms in
Lep and Lepr Genes in Infants: Correlation with Serum Leptin Values in the First 6 Months of Life. J. Am.
Coll. Nutr. 2017, 36, 442–447. [CrossRef] [PubMed]

50. Bouret, S.G. Development of Hypothalamic Neural Networks Controlling Appetite. In Forum of Nutrition;
Langhans, W., Geary, N., Eds.; KARGER: Basel, Switzerland, 2009; Volume 63, pp. 84–93, ISBN 978-3-8055-9300-7.

51. Glavas, M.M.; Kirigiti, M.A.; Xiao, X.Q.; Enriori, P.J.; Fisher, S.K.; Evans, A.E.; Grayson, B.E.; Cowley, M.A.;
Smith, M.S.; Grove, K.L. Early Overnutrition Results in Early-Onset Arcuate Leptin Resistance and Increased
Sensitivity to High-Fat Diet. Endocrinology 2010, 151, 1598–1610. [CrossRef] [PubMed]

52. Ahima, R.S.; Prabakaran, D.; Flier, J.S. Postnatal leptin surge and regulation of circadian rhythm of leptin
by feeding. Implications for energy homeostasis and neuroendocrine function. J. Clin. Investig. 1998,
101, 1020–1027. [CrossRef] [PubMed]

53. Lemas, D.J.; Young, B.E.; Baker, P.R.; Tomczik, A.C.; Soderborg, T.K.; Hernandez, T.L.; de la Houssaye, B.A.;
Robertson, C.E.; Rudolph, M.C.; Ir, D.; et al. Alterations in human milk leptin and insulin are associated
with early changes in the infant intestinal microbiome. Am. J. Clin. Nutr. 2016, 103, 1291–1300. [CrossRef]
[PubMed]

54. Pannaraj, P.S.; Li, F.; Cerini, C.; Bender, J.M.; Yang, S.; Rollie, A.; Adisetiyo, H.; Zabih, S.; Lincez, P.J.;
Bittinger, K.; et al. Association Between Breast Milk Bacterial Communities and Establishment and
Development of the Infant Gut Microbiome. JAMA Pediatr. 2017, 171, 647–654. [CrossRef] [PubMed]

55. Alderete, T.L.; Autran, C.; Brekke, B.E.; Knight, R.; Bode, L.; Goran, M.I.; Fields, D.A. Associations between
human milk oligosaccharides and infant body composition in the first 6 mo of life. Am. J. Clin. Nutr. 2015,
102, 1381–1388. [CrossRef] [PubMed]

56. Savino, F.; Liguori, S.; Benetti, S.; Sorrenti, M.; Fissore, M.; Cordero di Montezemolo, L. High serum leptin
levels in infancy can potentially predict obesity in childhood, especially in formula-fed infants. Acta Paediatr.
2013, 102, e455–e459. [CrossRef] [PubMed]

© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1111/nure.12054
http://www.ncbi.nlm.nih.gov/pubmed/24147925
http://dx.doi.org/10.1016/j.acap.2014.05.005
http://www.ncbi.nlm.nih.gov/pubmed/25169157
http://dx.doi.org/10.1111/j.1651-2227.1997.tb08935.x
http://www.ncbi.nlm.nih.gov/pubmed/9202788
http://dx.doi.org/10.1203/PDR.0b013e31823214ea
http://www.ncbi.nlm.nih.gov/pubmed/21857386
http://dx.doi.org/10.1093/ajcn/72.2.484
http://www.ncbi.nlm.nih.gov/pubmed/10919945
http://dx.doi.org/10.1007/s00394-016-1219-8
http://www.ncbi.nlm.nih.gov/pubmed/27170102
http://dx.doi.org/10.3390/nu8060383
http://www.ncbi.nlm.nih.gov/pubmed/27338468
http://dx.doi.org/10.1371/journal.pone.0113024
http://www.ncbi.nlm.nih.gov/pubmed/25415449
http://dx.doi.org/10.1080/07315724.2017.1318723
http://www.ncbi.nlm.nih.gov/pubmed/28628399
http://dx.doi.org/10.1210/en.2009-1295
http://www.ncbi.nlm.nih.gov/pubmed/20194730
http://dx.doi.org/10.1172/JCI1176
http://www.ncbi.nlm.nih.gov/pubmed/9486972
http://dx.doi.org/10.3945/ajcn.115.126375
http://www.ncbi.nlm.nih.gov/pubmed/27140533
http://dx.doi.org/10.1001/jamapediatrics.2017.0378
http://www.ncbi.nlm.nih.gov/pubmed/28492938
http://dx.doi.org/10.3945/ajcn.115.115451
http://www.ncbi.nlm.nih.gov/pubmed/26511224
http://dx.doi.org/10.1111/apa.12354
http://www.ncbi.nlm.nih.gov/pubmed/23844562
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Subjects and Recruitment 
	Anthropometry 
	Body Composition 
	Measurements of 24-h Infant Milk Intake 
	Human Milk Collection and Analysis 
	Blood Sampling and Analysis 
	Feeding Patterns and Other Information 
	Statistical Analysis 

	Results 
	Subjects 
	Anthropometry 
	Body Composition 
	Parental Characteristics 
	Breastfeeding Duration, Milk Volume, Macronutrient and Hormone Content 
	Maternal BMI and Milk Composition 
	Associations between Milk Composition and Infant Growth 
	Breastfeeding Characteristics, Eating Behavior and Sleep Duration 
	Infant Blood Samples 

	Discussion 
	Conclusions 
	Supplemental Methods Description 
	Supplemental Tables 
	References

