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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 (p < 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.
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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 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 Vásquez-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 Vásquez-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, TSF, 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 ~5–10 mL 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 Muñoz-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 800 ml 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 Muñoz-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.




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, TSF, 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).


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


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).
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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).


Table 3. Estimation of polyamine intake of the infant according to the type of breastfeeding.
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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: r = −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 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, TSF, and SSF, 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 Rodríguez-Cano et al. (10), who found lower BMI, TSF, SSF, 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 Muñoz-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 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 of polyamines through human milk results in higher blood polyamine concentrations in the infant.
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