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Feeding choices in the early months of life are key determinants of growth during
infancy. Polyamines participate in cell proliferation and differentiation, and it has also
been suggested that polyamine metabolism plays a role in adipogenesis. As the
main exogenous source of polyamines in the infant is human milk, the aim of this
work was to study if the type of breastfeeding received and the polyamine intake
from human milk has an influence on infant anthropometric parameters. A cohort
of 78 full-term healthy newborns was followed up until 4 months of age; 55 were
fully and 23 partially breastfed. Anthropometric measurements were taken at 2 and
4 months, when human milk samples were also collected for analysis of polyamine
content by UHPLC-FL. Fully breastfed infants had a better anthropometric profile than
those partially breastfed (o < 0.05). Furthermore, polyamine intake in partially breastfed
infants was significantly lower compared to those fully breastfed. However, only two
of the 15 anthropometric indicators evaluated (triceps skinfold and mean upper arm
circumference) showed a significant inverse association with polyamine content in human
milk and intake (p < 0.05). Infant growth and body composition differ according to the
type of breastfeeding received. Based on the weak associations between polyamines
and anthropometric indicators, it is not possible to conclude the influence of polyamines
in infant growth and body composition.

Keywords: full breastfeeding, partial breastfeeding, infant growth, putrescine, polyamines, spermidine, spermine,
adipogenesis

INTRODUCTION

Besides determining infant growth, the feeding choices in the first months of life have a long-term
health outcome, especially in the prevention of childhood obesity (1-3). It has been suggested
that the protective effect of breastfeeding against the development of obesity could be related with
the unique composition of human milk, which provides the energy and nutrients required by the
infant, together with a range of bioactive compounds (e.g., hormones, immunoglobulins, growth
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factors, and polyamines) (4-6). It is well-established that infants
who are exclusively breastfed have different patterns of growth
and body composition compared to those who receive infant
formulas (7-9); differences have also been found with infants that
are partially breastfed, although this has been much less studied
(2,10, 11). Moreover, the specific mechanisms of the anti-obesity
effect of breastfeeding remain unclear (3, 11).

The main exogenous source of polyamines for infants
(i.e., putrescine, spermidine, and spermine) is human milk,
in addition to de novo synthesis (12, 13). Polyamines are
involved in several biological processes, mainly cell proliferation
and differentiation, and protein synthesis; in the early stages
of life, they also contribute to intestinal maturation and the
development of the immune system (14, 15). More recently, it
has been suggested that polyamine metabolism could also play
a role in adipogenesis (16). The enzyme spermidine/spermine
N1-acetyltransferase (SSAT) is a key metabolic regulator in
polyamine homeostasis and is strongly involved in adipogenesis.
SSAT catalyzes the transfer of acetyl groups from acetyl-CoA
to spermidine or spermine, allowing polyamine interconversion
(17, 18). Thus, the dysregulation of polyamine homeostasis
could have an important impact on energy metabolism and
the accumulation of body fat (16, 17). In fact, studies in mice
report that overexpression of the SSAT enzyme caused a decrease
in white adipose tissue (18, 19), and the administration of
spermidine or spermine reduced body weight and fat mass, in a
dose-dependent manner (20-22). However, as these results were
obtained in animal models with induced obesity, they cannot be
extrapolated to healthy infants.

It has been suggested that polyamine requirements are high
in the first months of life due to the accelerated growth
and development of the infant (the weight triples and length
increases by 50%) (23, 24). However, to date, no studies have
evaluated the role of human milk polyamines in infant growth
and body composition. Bearing in mind the strong impact of
early nutrition on development, as well as the importance of
polyamines and their hypothetical involvement in adipogenesis,
the aim of this work was to study whether the type of
breastfeeding received and the polyamine intake from human
milk has an influence on infant anthropometric parameters.

MATERIALS AND METHODS
Study Design and Subjects

A non-randomized cohort study was conducted in healthy
infants born at the Nuevo Hospital Civil de Guadalajara “Dr. Juan
I. Menchaca” (Mexico) (25). The current study was carried out
with a subgroup of 78 full-term healthy newborns, all with an
appropriate weight for gestational age, until they were 4 months
old. Among them, 55 infants were fully breastfed (optionally
including oral hydration supplements and/or vitamins/inorganic
nutrients) and 23 received partial breastfeeding (i.e., the
infant received human milk and at least one bottle of infant
formula/human milk substitutes). The inclusion and exclusion
criteria, as well as the fieldwork strategy, are described in detail
by Vasquez-Garibay et al. (25).

Anthropometric Measurements

Anthropometric measurements of weight, length, head
circumference, mean upper arm circumference (MUAC), triceps
skinfold (TSF), and subscapular skinfold (SSF) were performed
at 2 and 4 months of age according to the guidelines described by
Frisancho (26). The techniques and instruments used to perform
the aforementioned measurements are described by Viasquez-
Garibay et al. (25). The Z-scores for weight/length, weight/age,
length/age and body mass index (BMI)/age and the cephalic
circumference, MUAC, TSE, and SSF were estimated using the
software WHO Anthro 3.2.2 (WHO, Geneva, Switzerland).

Analysis of Polyamines in Human Milk
Human milk samples were obtained from 9 am to 1 pm using
a breast pump on the same day as infant anthropometric
measurements were taken. Polyamine content was based on
the mean values obtained in milk samples of ~5-10mL
corresponding to foremilk (milk available at the beginning of
the feed) and hindmilk (milk at the end of the feed). After
collection, the milk samples were stored at —80°C until the day
of their analysis.

Sample preparation and chromatographic determination of
polyamines in human milk were performed in the Food and
Nutrition Campus of the University of Barcelona, according
to the methods described in Mufioz-Esparza et al. (27) and
Latorre-Moratalla et al. (28). Briefly, after sample acidification
with perchloric acid, putrescine, spermidine, and spermine were
separated and quantified by ion-pair ultra high-performance
liquid chromatography coupled to an online derivatization
with  ortho-ophthaldehyde and subsequent fluorometric
detection (UHPLC-FL).

Estimation of Polyamine Intake

Infant polyamine intake was estimated considering a daily
consumption of 800ml of human milk according to the
average infant human milk intake established by the Food
and Agriculture Organization of the United Nations (29). For
partially breastfed infants, a consumption of 50% human milk
(400 ml) and 50% infant formula (400 ml) was standardized. The
intake of polyamines in the latter scenario was estimated taking
into account the polyamine content in milk of mothers practicing
partial breastfeeding and the mean content of polyamines in
infant formulas reported by Munoz-Esparza et al. (30).

Statistical Analysis

The statistical analysis of data was performed with the IBM SPSS
Statistics 25.0 software package (IBM Corporation, Armonk, NY,
USA). The non-parametric Mann-Whitney U-test was used to
compare the two breastfeeding groups due to the lack of normal
data distribution according to the Kolmogorov-Smirnov and
Shapiro-Wilk tests. The Wilcoxon test was used to compare the
polyamine content of human milk between 2 and 4 months.
In addition, Spearman correlations were performed to evaluate
the associations between polyamine contents in human milk and
polyamine intake with the anthropometric parameters. The level
of significance was a p < 0.05.

Frontiers in Nutrition | www.frontiersin.org

January 2022 | Volume 8 | Article 815477



Mufoz-Esparza et al.

Human Milk Polyamines and Anthropometric Parameters

TABLE 1 | Anthropometric measurements and indices (Mean + SD) of the infants at 2 and 4 months of age according to the type of breastfeeding.

Anthropometric 2 months 4 months
measurements and
indices Total cohort Full Partial p* Total cohort Full Partial p*

(n=78) breastfeeding breastfeeding (n=78) breastfeeding breastfeeding

(n = 55) (n =23) (n = 55) (n =23)

Weight (g) 5,309 + 592 5,404 + 617 5,084 + 462 0.016 6,639 + 727 6,708 + 758 6,476 + 632 0.071
Length (cm) 57.22 +1.64 57.22 +1.63 57.23 +1.69 0.367 62.34 + 1.91 62.25 £+ 2.00 62.57 + 1.67 0.200
Weight/Age (2) —0.35 £ 0.80 -0.22+£0.83 —0.65+0.65 0.012 -0.30+£093 —-021+099 -0.52+0.74 0.039
Length/Age () —0.55 +£0.78 -0.55+0.76  —0.53+0.86 0.447 —0.54 £ 0.81 —-0.58 £0.86  —0.45+0.69 0.225
Weight/Length (2) 0.26 £0.95 0.45 £ 0.90 —0.20 £ 0.90 0.004 0.11 +£1.02 0.27 £1.05 —0.27 £0.87 0.017
BMI (kg/m?) 16.18 +1.36 16.47+£1.37 16.51 +£1.10 0.002 17.06 £ 1.49 17.28 +1.58 16.53 +£1.25 0.025
BMI (2) —0.05 4+ 0.90 0.13+0.90 —-0.50+0.73 0.001 —0.01 +£1.02 0.14 +1.06 —0.36 £0.85 0.020
Cephalic C. (cm) 38.70 £ 1.10 38.77 £1.17 38.56 + 0.89 0.298 40.89 £ 1.12 40.89 +1.23 40.90 + 0.88 0.357
Cephalic C. (z) —0.26 +£0.82 —0.24 £0.87 —0.35 £ 0.61 0.252 —0.38 £0.87 —-0.38+£0.97 -0.38+0.58 0.445
MUAC (cm) 11.96 £ 0.90 12.07 £0.97 11.71 £ 0.67 0.061 13.01 £0.93 13.11 £ 1.08 12.78 £ 0.59 0.056
MUAC (2) n/a n/a n/a - -064+089 —-055+099 -0.87+0.55 0.029
TSF (mm) 8.62 + 1.68 8.96 £1.77 783 +1.12 0.002 9.25 +1.85 9.46 + 1.99 8.74 +£1.39 0.040
TSF (2) n/a n/a n/a - -0.29+1.2 —-0.17+1.28  —-0.57+0.95 0.037
SSF (mm) 8.26 + 1.68 8.61 £ 1.65 7.44 +£1.50 0.002 8.33 £ 1.89 8.60 + 1.95 7.69 £ 1.60 0.022
SSF (2) n/a n/a n/a - 0.42 +1.28 0.59 + 1.31 0.01£1.12 0.024

*Significant diifferences between breastfeeding groups according to the Mann-Whitney U-test. (z), Z-score; BMI, Body Mass Index; MUAC, Mean Upper Arm Circumference; TSF, Triceps
Skinfold; SSF, Subscapular Skinfold; Cephalic C, Cephalic Circumference; n/a, not applicable as it is not possible to estimate the Z-score.

RESULTS

Table 1 shows the anthropometric measurements and indices
of infants at 2 and 4 months of age for the total cohort and
according to the type of breastfeeding received. Compared to
partially breastfed infants, those fully breastfed had significantly
higher weight, BMI, MUAC, TSE and SSF values, as well as
higher z-scores for weight/age and weight/length, both at 2 and 4
months of age (p < 0.05).

Polyamine contents in human milk were extremely variable
among mothers, with relative standard deviations of over 54%,
regardless of the polyamine and month (Table 2). Spermidine
and spermine predominated in all samples, and were detected in
very similar levels. Total polyamine, spermidine, and spermine
contents were statistically lower at 4 vs. 2 months of breastfeeding
(p < 0.05). Moreover, slightly lower values were found in the milk
of mothers practicing full breastfeeding, although the differences
were statistically significant only for putrescine and spermine at
2 months (p < 0.05).

The estimated intake of total polyamines, spermidine, and
spermine was up to 53% higher in fully vs. partially breastfed
infants, both at 2 and 4 months (p < 0.05) (Table 3); in contrast,
putrescine intake was 51 and 25% higher in partially breastfed
infants at 2 and 4 months, respectively (p < 0.05).

Only two of the fifteen evaluated anthropometric indicators
were significantly correlated with the polyamine content in
human milk at 2 and/or 4 months of age. Specifically, TSF (mm)
showed a weak inverse correlation with putrescine (2 months: r
= —0.322, p = 0.004; and 4 months: r = —0.246, p = 0.033); and
spermine (2 months: ¥ = —0.309, p = 0.006; and 4 months: r
= —0.259, p = 0.025) concentrations, as did MUAC (cm) with

spermidine (r = —0.302, p = 0.009) and spermine (r = —0.327, p
= 0.004) at 4 months. After stratifying the total cohort according
to the type of breastfeeding, these correlations were only found
in the full breastfeeding group; TSF (mm) showed a weak inverse
association with putrescine (r = —0.276, p = 0.043) at 2 months
and with spermine (r = —0.311, p = 0.023) at 4 months, while
MUAC was inversely correlated with putrescine (r = —0.380, p =
0.005) and spermine (r = —0.389, p = 0.004) at 4 months.

When Spearman’s correlation test was run between
anthropometric indicators and the estimated polyamine
intake, weak inverse associations were again found only for the
same two parameters. Thus, TSF (mm) showed a weak inverse
correlation with putrescine intake at 2 (r = —0.361, p = 0.001)
and 4 (r = —0.236, p = 0.04) months, as did MUAC (cm) with
putrescine (r = —0.241, p = 0.036) and spermine (r = —0.253,
p = 0.028) at 4 months. When stratifying the total cohort
according to the type of breastfeeding, these correlations were
only found in the full breastfeeding group. At 2 months, a weak
inverse association was found between TSF (mm) and putrescine
(r = —0.306, p = 0.023), and at 4 months between MUAC (cm)
and putrescine (r = —0.291, p = 0.035) and spermine (r =
—0.389, p = 0.004) and between TSF and spermine (r = —0.310,
p=0.024).

DISCUSSION

The worldwide prevalence of obesity has tripled in the last
four decades and is now a serious public health concern (31).
Children are not exempt from this epidemic, as according to
the World Health Organization, 41 million under-fives were
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TABLE 2 | Polyamine content in human milk (nmol/dL) at 2 and 4 months in the total cohort and according to the type of breastfeeding (Mean + SD, median, minimum,

and maximum).

Total cohort Full breastfeeding Partial breastfeeding P*
(n =78) (n = 55) (n =23)
2 months
Total polyamines 668.37 + 358.05 639.98 + 377.85 737.50 + 300.90 0.088
550.54 510.39 697.30
(213.37-1632.05) (218.37-1632.05) (265.71-1493.82)
Putrescine 41.89 £ 30.89 37.24 £ 32.28 53.02 £+ 24.46 0.004
34.03 22.69 51.05
(3.40-147.48) (3.40-147.48) (17.02-113.44)
Spermidine 318.61 £ 170.21 312.33 £ 182.03 333.91 £ 139.77 0.257
275.39 254.73 309.81
(92.94-905.34) (92.94-905.34) (120.49-688.47)
Spermine 308.32 + 177.97 290.97 + 185.99 350.57 + 152.22 0.050
252.05 228.58 333.60
(79.08-822.87) (79.08-822.87) (111.20-691.91)
4 months
Total polyamines 554.70 + 338.27 524.85 + 310.49 632.05 + 399.07 0.431
480.91 500.13 470.77
(136.31-1598.20) (136.31-1486.37) (156.80-1598.20)
Putrescine 38.15 +27.10 35.67 + 26.14 44.58 + 29.08 0.098
34.03 28.36 34.04
(1.13-153.15) (1.13-153.15) (5.11-119.12)
Spermidine 259.18 + 154.47 252.08 + 148.81 277.58 £ 170.54 0.678
234.08 237.08 218.59
(568.52-733.22) (568.52-733.22) (568.52-705.68)
Spermine 257.37 £ 178.89 237.09 + 153.54 309.90 + 228.03 0.299
217.46 224.87 212.52
(46.96-869.83) (46.96-743.80) (64.25-869.83)

The Wilcoxon test was used to compare polyamine content at 2 and 4 months: p = 0.013 in total polyamines, p = 0.016 in spermidine, and p= 0.008 in spermine. *Significant differences

between breastfeeding groups according to the Mann-Whitney U-test.

overweight or obese in 2016 (31). There is clearly an urgent need
to improve strategies for the prevention and/or early detection
of this health risk. Postnatal environmental factors, such as the
type of feeding during the first months of life, have important
effects on infant growth and body composition and influence
long-term health outcomes, including childhood overweight and
obesity (3, 10, 32). Patterns of infant development are known
to differ greatly according to early nutrition (1, 9, 10, 33).
For example, fully breastfed infants have a higher fat mass
(both in grams and percentage) during the first 4 months of
life, whereas formula-fed infants accumulate more lean mass
and rapidly gain weight (1, 10, 32-34). Evidence supports that
the accumulation of adipose tissue during breastfeeding is not
associated with an increased risk of obesity in later stages of
life (7, 9, 35, 36). Nevertheless, most of the available data are
from studies comparing exclusively breastfed and formula-fed
infants, with only a few including partially breastfed infants
(2, 10, 11). In the present work, fully breastfed infants were found
to have different anthropometric parameters in comparison
with those partially breastfed, registering significantly higher
weight, BMI, MUAC, TSE, and SSE as well as greater Z-
scores for weight/age and weight/length. These results are in
agreement with Jia et al. (2), who also reported higher Z-scores
for weight/age and weight/length in fully breastfed infants,

and Rodriguez-Cano et al. (10), who found lower BMI, TSE,
SSE and fat mass (in kg and percentage) values in partially
breastfed infants.

The variable content and distribution profile of polyamines
found in human milk samples match previous reports by other
authors (24, 37, 38). Moreover, the significant decrease in
polyamine concentrations at 4 months is similar to that reported
by Pollack et al. (39), Romain et al. (40), and Mufioz-Esparza
et al. (30). The milk of mothers who partially breastfed had
slightly higher polyamine contents than those fully breastfeeding,
although this did not result in a greater polyamine intake by
the infant. There are no data in the literature supporting the
increased level of polyamines in milk from partially breastfeeding
mothers. Nevertheless, it is likely that with longer periods
between feeds, the milk in the mammary glands is more exposed
to endo and exopeptidases, which could lead to an increase in
free amino acids (polyamine precursors) (41, 42). According to
our data, the polyamine intake in partially breastfed infants was
23-50% lower than in those fully breastfed, varying according
to the individual polyamine and month of lactation, whereas
the intake of putrescine was higher. These results could be
attributed to the low total polyamine levels in infant formulas,
described as up to 30-fold inferior compared to human milk
(30), with the exception of putrescine, whose content is up to
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TABLE 3 | Estimation of polyamine intake of the infant according to the type of breastfeeding.

Total cohort Full breastfeeding? Partial breastfeeding® P*
(n=78) (n = 55) (n=23)
2 months
Total polyamines 4,554 + 2743 5,080 + 3,011 3,252 + 1,204 0.016
3,797 3,975 3,091
(1,365-13,056) (1,707-13,056) (1,365-6,277)
Putrescine 319 + 226 294 + 258 379 + 98 0.002
272 182 371
(27-1,180) (27-1,180) (235-621)
Spermidine 2,199 + 1,343 2,499 + 1,456 1,471 £ 559 0.003
1,790 2,038 1,374
(617-7,243) (744-7,243) (617-2,889)
Spermine 2,058 + 1,358 2,328 + 1,488 1,402 £ 609 0.008
1,700 1,829 1,334
(445-6,583) (633-6,583) (445-2,768)
4 months
Total polyamines 3,774 + 2,363 4,199 + 2,484 2,720 + 1,646 0.011
3,474 4,001 2,158
(302-11,891) (1,090-11,891) (302-6,695)
Putrescine 300 + 188 286 + 209 338 + 120 0.024
272 227 303
(27-1,225) (27-1,225) (167-643)
Spermidine 1,781 + 1,133 2,017 £ 1,191 1,197 £ 706 0.002
1,680 1,900 989
(135-5,866) (468-5,866) (135-2,958)
Spermine 1,714 £ 1,182 1,897 £ 1,228 1,240 £ 912 0.018
1,463 1,799 850
(257-5,950) (376-5,950) (257-3,479)

*Significant differences between breastfeeding groups according to the Mann-Whitney U-test.

aDaily consumption of 800 ml of human milk.
b Daily consumption of 400 ml of human milk and 400 mi of infant formula.

two-fold higher (24, 30). Overall, the potentially higher intake
of polyamines in fully breastfed infants coincides with a higher
growth and better anthropometric values than those found in
partially breastfed infants.

Considering the high requirement for polyamines in the first
months of life, a stage of accelerated growth and development,
and the potential participation of polyamines in adipogenesis
(16, 17), we studied if there was an association between the
content of polyamines ingested through human milk and the
infant anthropometric parameters. Most of the anthropometric
indicators evaluated did not show significant correlations with
the polyamine contents of human milk or polyamine intake,
perhaps because all the infants in the study had an adequate
nutritional status for their age, and anthropometric parameters
were within normal limits (2 SD). A significant relationship
was only observed in two indicators, TSF and MUAC, which
showed a weak inverse correlation with the content of putrescine
and spermine in human milk and their intake, both in the
total cohort and fully breastfed infants. It is important to bear
in mind that other components of human milk, such as fat,
carbohydrates, or proteins, could exert a greater influence on
infant anthropometric parameters than polyamines. Thus, a
limitation of this study is that the content of these nutrients in

human milk was not evaluated. Further studies on the potential
role of polyamines in infant growth and body composition should
therefore measure other components of human milk, and include
infants with abnormal anthropometric indicators. In addition,
it would be desirable to apply more precise techniques for
measuring body composition, such as DEXA (Dual Energy X-ray
Absorptiometry) or ADP (Air displacement plethysmography).
Another drawback of this study is the lack of information on the
exact proportions of breast milk and infant formula consumed by
the partially breastfed infants.

CONCLUSION

The results of the current study confirm that infant growth and
body composition differ according to the type of breastfeeding
received. As expected, partially breastfed infants had a lower
polyamine intake than those fully breastfed. However, a clear
association could not be established between the levels of
polyamines in human milk and most of the anthropometric
indicators. Therefore, more studies are needed not only to
confirm the potential role of polyamines in infant growth and
body composition, but also to determine if a higher intake
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of polyamines through human milk results in higher blood
polyamine concentrations in the infant.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/supplementary material, further inquiries can be
directed to the corresponding author.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Committees of Biosecurity, Bioethics and Research
at the University of Guadalajara, Center of Health Sciences
(CI-01314) and the Bioethics Commission of the University
of Barcelona (IRB00003099). Written informed consent to
participate in this study was provided by the participants’ legal
guardian/next of kin.

REFERENCES

1. Gianni ML, Roggero P, Morlacchi L, Garavaglia E, Piemontese P, Mosca
F. Formula-fed infants have significantly higher fat-free mass content in
their bodies than breastfed babies. Acta Paediatr Int J Paediatr. (2014)
10312643. doi: 10.1111/apa.12643

2. Jia N, Gu G, Zhao L, He S, Xiong F, Chai Y, et al. Longitudinal study of
breastfeeding and growth in 0-6 month infants. Asia Pac ] Clin Nutr. (2018)
27:1294-301. doi: 10.6133/apjcn.201811_27(6).0017

3. Patro-Gotab B, Zalewski BM, Polaczek A, Szajewska H. Duration of
breastfeeding and early growth: a systematic review of current evidence.
Breastfeed Med. (2019) 14:218-29. doi: 10.1089/bfm.2018.0187

4. Andreas NJ, Kampmann B, Mehring Le-Doare K. Human breast milk: a
review on its composition and bioactivity. Early Hum Dev. (2015) 91:629-
35. doi: 10.1016/j.earlhumdev.2015.08.013

5. Fields DA, Schneider CR, Pavela G, A. narrative review of the associations
between six bioactive components in breast milk and infant adiposity. Obesity.
(2016) 24:1213-21. doi: 10.1002/0by.21519

6. Mosca F, Gianni ML. Human milk: composition and health benefits. Pediatr
Med Chir. (2017) 39:155. doi: 10.4081/pmc.2017.155

7. Bell KA, Wagner CL, Feldman HA, Shypailo RJ, Belfort MB. Associations of
infant feeding with trajectories of body composition and growth. Am J Clin
Nutr. (2017) 106:491-8. doi: 10.3945/ajcn.116.151126

8. Appleton J, Russell CG, Laws R, Fowler C, Campbell K, Denney-
Wilson E. Infant formula feeding practices associated with rapid
weight gain: a  systematic Matern  Child  Nutr. (2018)
14:1-14. doi: 10.1111/mcn.12602

9. Giugliani ERJ. Growth in exclusively breastfed infants. J Pediatr. (2019)
95:79-84. doi: 10.1016/j.jped.2018.11.007

10. Rodriguez-Cano AM, Mier-Cabrera J, Munoz-Manrique C, Cardona-Pérez
A, Villalobos-Alcazar G, Perichart-Perera O. Anthropometric and clinical
correlates of fat mass in healthy term infants at 6 months of age. BMC Pediatr.
(2019) 19:60. doi: 10.1186/512887-019-1430-x

11. Park S-J, Lee H-J. Exclusive breastfeeding and partial breastfeeding reduce
the risk of overweight in childhood: a nationwide longitudinal study in
Korea. Obes Res Clin Pract. (2018) 12:222-8. doi: 10.1016/j.orcp.2018.
01.001

12. Munoz-Esparza NC, Latorre-Moratalla ML, Comas-Basté O, Toro-Funes N,
Veciana-Nogués MT, Vidal-Carou MC. Polyamines in food. Front Nutr.
(2019) 6:108. doi: 10.3389/fnut.2019.00108

13. Bae DH, Lane DJR, Jansson PJ, Richardson DR. The old and new
biochemistry of polyamines. Biochim Biophys Acta. (2018) 1862:2053-
68. doi: 10.1016/j.bbagen.2018.06.004

review.

AUTHOR CONTRIBUTIONS

NM-E, EV-G, AL-H, ML-M, and MV-C: conceptualization and
design of the study. NM-E, EG-M, EV-G, and AL-H were
involved in the data collection. NM-E, ML-M, MV-N, and OC-B:
analyzed the samples and interpreted the data. NM-E, EV-G,
ML-M, MV-N, OC-B, and MV-C were involved in the writing
original draft manuscript. NM-E, ML-M, MV-N, OC-B, and
MV-C: critically reviewed the manuscript. All authors have read
and approved the final version of the manuscript.

FUNDING

This study received financial support from the National Council
of Science and Technology of Mexico (234158). NM-E was
a recipient of a doctoral fellowship from the University of
Guadalajara, Mexico. This work was supported by Direccid
General de Recerca (Generalitat de Catalunya, SGR-2017-1476).

14. Ruiz-Cano D. Implicaciones de las poliaminas en la salud infantil. Arch Argent
Pediatr. (2012) 110:244-50. doi: 10.5546/aap.2012.244

15. Pérez-Cano FJ, Gonzilez-Castro A, Castellote C, Franch A,
Castell M. Influence of breast milk polyamines on suckling
rat immune system maturation. Dev Comp Immunol. (2010)

34:210-8. doi: 10.1016/j.dci.2009.10.001

16. Ramos-Molina B, Queipo-Ortufio MI, Lambertos A, Tinahones FJ, Penafiel R.
Dietary and gut microbiota polyamines in obesity- and age-related diseases.
Front Nutr. (2019) 6:24. doi: 10.3389/fnut.2019.00024

17. Biyiikuslu N, Oztiirk RI. Polyamine metabolism and obesity: polyamine
metabolic enzymes involved in obesity. ACTA Pharm Sci. (2018)
56:85. doi: 10.23893/1307-2080.APS.05613

18. Liu C, Perez-Leal O, Barrero C, Zahedi K, Soleimani M, Porter C,
et al. Modulation of polyamine metabolic flux in adipose tissue alters the
accumulation of body fat by affecting glucose homeostasis. Amino Acids.
(2014) 46:701-15. doi: 10.1007/s00726-013-1548-3

19. Pirinen E, Kuulasmaa T, Pietild M, Heikkinen S, Tusa M, Itkonen P, et al.
Enhanced polyamine catabolism alters homeostatic control of white adipose
tissue mass, energy expenditure, and glucose metabolism. Mol Cell Biol. (2007)
27:4953-67. doi: 10.1128/MCB.02034-06

20. Sadasivan SK, Vasamsetti B, Singh J, Marikunte V V, Oommen AM,
Jagannath MR, et al. Exogenous administration of spermine improves glucose
utilization and decreases bodyweight in mice. Eur ] Pharmacol. (2014) 729:94-
9. doi: 10.1016/j.ejphar.2014.01.073

21. Fernindez AF, Bircena C, Martinez-Garcia GG, Tamargo-Gémez I, Sudrez
ME, Pietrocola F, et al. Autophagy couteracts weight gain, lipotoxicity and
pancreatic B-cell death upon hypercaloric pro-diabetic regimens. Cell Death
Dis. (2017) 8:373. doi: 10.1038/cddis.2017.373

22. Ma L, Ni Y, Hu L, Zhao Y, Zheng L, Yang S, et al. Spermidine
ameliorates  high-fat  diet-induced hepatic  steatosis and adipose
tissue inflammation in preexisting obese mice. Life Sci. (2021)
265:118739. doi: 10.1016/j.1f5.2020.118739

23. Bardécz S, Duguid TJ, Brown DS, Grant G, Pusztai A, White A, et al. The
importance of dietary polyamines in cell regeneration and growth. Br ] Nutr.
(1995) 73:819-28. doi: 10.1079/BJN19950087

24. Atiya Ali M, Strandvik B, Sabel K-G, Palme Kilander C, Stromberg R, Yngve
A. Polyamine levels in breast milk are associated with mothers’ dietary intake
and are higher in preterm than full-term human milk and formulas. ] Hum
Nutr Diet. (2014) 27:459-67. doi: 10.1111/jhn.12156

25. Vasquez-Garibay E, Larrosa-Haro A, Guzméan-Mercado E, Mufioz-Esparza N,
Garcia-Arellano S, Munoz-Valle E et al. Appetite-regulating hormones and
anthropometric indicators of infants according to the type of feeding. Food
Sci Nutr. (2020) 8:993-1000. doi: 10.1002/fsn3.1381

Frontiers in Nutrition | www.frontiersin.org

January 2022 | Volume 8 | Article 815477


https://doi.org/10.1111/apa.12643
https://doi.org/10.6133/apjcn.201811_27(6).0017
https://doi.org/10.1089/bfm.2018.0187
https://doi.org/10.1016/j.earlhumdev.2015.08.013
https://doi.org/10.1002/oby.21519
https://doi.org/10.4081/pmc.2017.155
https://doi.org/10.3945/ajcn.116.151126
https://doi.org/10.1111/mcn.12602
https://doi.org/10.1016/j.jped.2018.11.007
https://doi.org/10.1186/s12887-019-1430-x
https://doi.org/10.1016/j.orcp.2018.01.001
https://doi.org/10.3389/fnut.2019.00108
https://doi.org/10.1016/j.bbagen.2018.06.004
https://doi.org/10.5546/aap.2012.244
https://doi.org/10.1016/j.dci.2009.10.001
https://doi.org/10.3389/fnut.2019.00024
https://doi.org/10.23893/1307-2080.APS.05613
https://doi.org/10.1007/s00726-013-1548-3
https://doi.org/10.1128/MCB.02034-06
https://doi.org/10.1016/j.ejphar.2014.01.073
https://doi.org/10.1038/cddis.2017.373
https://doi.org/10.1016/j.lfs.2020.118739
https://doi.org/10.1079/BJN19950087
https://doi.org/10.1111/jhn.12156
https://doi.org/10.1002/fsn3.1381
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles

Mufoz-Esparza et al.

Human Milk Polyamines and Anthropometric Parameters

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Frisancho AR. Anthropometric Standards for the Assessment of Growth and
Nutritional Status. Arbor A, editor. Michigan, IN: The University of Michigan
Press (1990). doi: 10.3998/mpub.12198

Munoz-Esparza NC, Vasquez-Garibay EM, Guzman-Mercado E, Larrosa-
Haro A, Comas-Bast¢é O, Latorre-Moratalla ML, et al. Influence of
breastfeeding factors on polyamine content in human milk. Nutrients. (2021)
13:3016. doi: 10.3390/nu13093016

Latorre-Moratalla ML, Bosch-Fusté J, Lavizzari T, Bover-Cid S,
Veciana-Nogués MT, Vidal-Carou MC. Validation of an ultra high
pressure liquid chromatographic method for the determination
of biologically active amines in food. ] Chromatogr A. (2009)
1216:7715-20. doi: 10.1016/j.chroma.2009.08.072

FAO. Human Energy Requirements: Report of a joint FAO/WHO/UNU Expert
Consultation. Rome: FAO (2001).

Munoz-Esparza NC, Comas-Basté O, Latorre-Moratalla ML, Veciana-Nogués
MT, Vidal-Carou MC. Differences in polyamine content between human milk
and infant formulas. Foods. (2021) 10:2866. doi: 10.3390/foods10112866
World Health Organization. Report of the Commission on Ending Childhood
Obesity. (2016). Available online at: https://apps.who.int/iris/bitstream/
handle/10665/204176/9789241510066_eng.pdf (October 10, 2021).

Gianni ML, Roggero P, Orsi A, Piemontese P, Garbarino E, Bracco B, et al.
Body composition changes in the first 6 months of life according to method of
feeding. ] Hum Lact. (2014) 30:148-55. doi: 10.1177/0890334413516196
Butte NE, Wong WW, Hopkinson JM, Smith EO, Ellis KJ. Infant feeding
mode affects early growth and body composition. Pediatrics. (2000) 106:1355-
66. doi: 10.1542/peds.106.6.1355

Gale C, Logan KM, Santhakumaran S, Parkinson JRC, Hyde MJ, Modi
N. Effect of breastfeeding compared with formula feeding on infant body
composition: a systematic review and meta-analysis. Am J Clin Nutr. (2012)
95:656-69. doi: 10.3945/ajcn.111.027284

Koletzko B, Baker S, Cleghorn G, Neto UE, Gopalan S, Hernell O, et al. Global
standard for the composition of infant formula: recommendations of an
ESPGHAN Coordinated International Expert Group. J Pediatr Gastroenterol
Nutr. (2005) 41:584-99. doi: 10.1097/01.mpg.0000187817.38836.42

Singhal A. Long-term adverse effects of early growth acceleration or
catch-up growth. Ann Nutr Metab. (2017) 70:236-40. doi: 10.1159/0004
64302

Gomez-Gallego C, Kumar H, Garcfa-Mantrana I, du Toit E, Suomela J-P,
Linderborg KM, et al. Breast milk polyamines and microbiota interactions:

impact of mode of delivery and geographical location. Ann Nutr Metab. (2017)
70:184-90. doi: 10.1159/000457134

38. Buts JP, De Keyser N, De Raedemaeker L, Collette E, Sokal EM.
Polyamine profiles in human milk, infant
and semi-elemental diets. ] Pediatr Gastroenterol
21:44-9. doi: 10.1097/00005176-199507000-00007

39. Pollack PE Koldovsk? O, Nishioka K. Polyamines in human and
rat milk and in infant formulas. Am ] Clin Nutr. (1992) 56:371-
5. doi: 10.1093/ajcn/56.2.371

40. Romain N, Dandrifosse G, Jeusette F, Forget P. Polyamine concentration in
rat milk and food, human milk, and infant formulas. Pediatr Res. (1992)
32:58-63. doi: 10.1203/00006450-199207000-00011

41. Nielsen SD, Beverly RL, Dallas DC. Peptides released from foremilk and
hindmilk proteins by breast milk proteases are highly similar. Front Nutr.
(2017) 4:54. doi: 10.3389/fnut.2017.00054

42. van Sadelhoff J, Mastorakou D, Weenen H, Stahl B, Garssen J, Hartog
A. Short communication: differences in levels of free amino acids
and total protein in human foremilk and hindmilk. Nutrients. (2018)
10:1828. doi: 10.3390/nu10121828

formulas,
(1995)

artificial
Nutr.

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Murioz-Esparza, Visquez-Garibay, Guzmdn-Mercado, Larrosa-
Haro, Comas-Basté, Latorre-Moratalla, Veciana-Nogués and Vidal-Carou. This
is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums
is permitted, provided the original author(s) and the copyright owner(s) are credited
and that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.

Frontiers in Nutrition | www.frontiersin.org

January 2022 | Volume 8 | Article 815477


https://doi.org/10.3998/mpub.12198
https://doi.org/10.3390/nu13093016
https://doi.org/10.1016/j.chroma.2009.08.072
https://doi.org/10.3390/foods10112866
https://apps.who.int/iris/bitstream/handle/10665/204176/9789241510066_eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/204176/9789241510066_eng.pdf
https://doi.org/10.1177/0890334413516196
https://doi.org/10.1542/peds.106.6.1355
https://doi.org/10.3945/ajcn.111.027284
https://doi.org/10.1097/01.mpg.0000187817.38836.42
https://doi.org/10.1159/000464302
https://doi.org/10.1159/000457134
https://doi.org/10.1097/00005176-199507000-00007
https://doi.org/10.1093/ajcn/56.2.371
https://doi.org/10.1203/00006450-199207000-00011
https://doi.org/10.3389/fnut.2017.00054
https://doi.org/10.3390/nu10121828
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles

	Influence of the Type of Breastfeeding and Human Milk Polyamines on Infant Anthropometric Parameters
	Introduction
	Materials and Methods
	Study Design and Subjects
	Anthropometric Measurements
	Analysis of Polyamines in Human Milk
	Estimation of Polyamine Intake
	Statistical Analysis

	Results
	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References


