Sg nutrients

Breastfeeding and
Human Lactation

Edited by

Donna Geddes and Sharon Perrella
Printed Edition of the Special Issue Published in Nutrients

z
www.mdpi.com/journal/nutrients m\D\Py



Breastfeeding and Human Lactation






Breastfeeding and Human Lactation

Special Issue Editors

Donna Geddes
Sharon Perrella

MDPI e Basel o Beijing ¢ Wuhan e Barcelona e Belgrade



Special Issue Editors

Donna Geddes Sharon Perrella

The University of Western Australia The University of Western Australia
Australia Australia

Editorial Office

MDPI

St. Alban-Anlage 66
4052 Basel, Switzerland

This is a reprint of articles from the Special Issue published online in the open access journal Nutrients
(ISSN 2072-6643) from 2018 to 2019 (available at: https://www.mdpi.com/journal/nutrients/
special_issues/Breastfeeding_Lactation)

For citation purposes, cite each article independently as indicated on the article page online and as

indicated below:

LastName, A.A.; LastName, B.B.; LastName, C.C. Article Title. Journal Name Year, Article Number,
Page Range.

ISBN 978-3-03897-930-2 (Pbk)
ISBN 978-3-03897-931-9 (PDF)

© 2019 by the authors. Articles in this book are Open Access and distributed under the Creative
Commons Attribution (CC BY) license, which allows users to download, copy and build upon
published articles, as long as the author and publisher are properly credited, which ensures maximum
dissemination and a wider impact of our publications.

The book as a whole is distributed by MDPI under the terms and conditions of the Creative Commons
license CC BY-NC-ND.




Contents

About the Special Issue Editors . . . . .. ... ... ... ... .. L

Breastfeeding and Human Lactation
Reprinted from: Nutrients 2019, 11, 802, d0i:10.3390/nul11040802 . . . . . .. ... ... ... ...

Zoya Gridneva, Alethea Rea, Anna R. Hepworth, Leigh C. Ward, Ching T. Lai,

Peter E. Hartmann and Donna T. Geddes

Relationships between Breastfeeding Patterns and Maternal and Infant Body Composition over
the First 12 Months of Lactation

Reprinted from: Nutrients 2018, 10, 45, d0i:10.3390/nu10010045 . . . . ... ... .. ... . ...

Donna Geddes, Chooi Kok, Kathryn Nancarrow, Anna Hepworth and Karen Simmer
Preterm Infant Feeding: A Mechanistic Comparison between a Vacuum Triggered Novel Teat
and Breastfeeding

Reprinted from: Nutrients 2018, 10, 376, d0i:10.3390/nul0030376 . . . . . . . ... ... ... ...

Alejandra M. Wiedeman, Kyly C. Whitfield, Kaitlin M. March, Nancy N. Chen, Hou Kroeun,
Ly Sokhoing, Prak Sophonneary, Roger A. Dyer, Zhaoming Xu, David D. Kitts,

Timothy J. Green, Sheila M. Innis and Susan I. Barr

Concentrations of Water-Soluble Forms of Choline in Human Milk from Lactating Women in
Canada and Cambodia

Reprinted from: Nutrients 2018, 10, 381, d0i:10.3390/nul10030381 . . . . . . . ... .. ... .. ..

Elizabeth V. Asztalos

Supporting Mothers of Very Preterm Infants and Breast Milk Production: A Review of the Role
of Galactogogues

Reprinted from: Nutrients 2018, 10, 600, d0i:10.3390/nul10050600 . . . . . .. ... .. ... .. ..

Kirsty V. Biggs, Katherine Hurrell, Eleanor Matthews, Ekaterina Khaleva, Daniel Munblit
and Robert J. Boyle

Formula Milk Supplementation on the Postnatal Ward: A Cross-Sectional Analytical Study
Reprinted from: Nutrients 2018, 10, 608, d0i:10.3390/nul10050608 . . . . . . . ... .. ... .. ..

Annemarie E. Bennett and John M. Kearney
Factors Associated with Maternal Wellbeing at Four Months Post-Partum in Ireland
Reprinted from: Nutrients 2018, 10, 609, d0i:10.3390/nul10050609 . . . . . .. ... .. ... . ...

Veronique Demers-Mathieu, Mark A. Underwood, Robert L. Beverly, Seren D. Nielsen and
David C. Dallas

Comparison of Human Milk Immunoglobulin Survival during Gastric Digestion between
Preterm and Term Infants

Reprinted from: Nutrients 2018, 10, 631, d0i:10.3390/nul10050631 . . . . . . . ... .. ... .. ..

Carlos Zozaya, Alba Garcia-Serrano, Javier Fontecha, Lidia Redondo-Bravo,

Victoria Sanchez-Gonzilez, Maria Teresa Montes and Miguel Saenz de Pipaén

Fat Loss in Continuous Enteral Feeding of the Preterm Infant: How Much, What and When Is
It Lost?

Reprinted from: Nutrients 2018, 10, 809, d0i:10.3390/nul10070809 . . . . . . . ... .. ... .. ..



Cynthia Barrera, Rodrigo Valenzuela, Rodrigo Chamorro, Karla Bascuiidn, Jorge Sandoval,
Natalia Sabag, Francesca Valenzuela, Maria-Paz Valencia, Claudia Puigrredon and

Alfonso Valenzuela

The Impact of Maternal Diet during Pregnancy and Lactation on the Fatty Acid Composition of
Erythrocytes and Breast Milk of Chilean Women

Reprinted from: Nutrients 2018, 10, 839, d0i:10.3390/nul0070839 . . . . . .. ... ... ... ...

Camila Narviez-Caicedo, Gabriela Moreano, Bernardo A. Sandoval and

Miguel A. Jara-Palacios

Zinc Deficiency among Lactating Mothers from a Peri-Urban Community of the Ecuadorian
Andean Region: An Initial Approach to the Need of Zinc Supplementation

Reprinted from: Nutrients 2018, 10, 869, d0i:10.3390/nul0070869 . . . . . . . ... ... ... ...

Pranati L. Panuganti, Stefanie N. Hinkle, Shristi Rawal, Louise G. Grunnet, Yuan Lin,

Aiyi Liu, Anne C. B. Thuesen, Sylvia H. Ley, Sjurdur F. Olesen and Cuilin Zhang

Lactation Duration and Long-Term Thyroid Function: A Study among Women with
Gestational Diabetes

Reprinted from: Nutrients 2018, 10, 938, d0i:10.3390/nul10070938 . . . . . . . ... .. ... .. ..

Amal Nasser, Fadumo Omer, Fatima Al-Lenqawi, Rehab Al-awwa, Tamam Khan,

Asmaa El-Heneidy, Rana kurdi and Ghadir Al-Jayyousi

Predictors of Continued Breastfeeding at One Year among Women Attending Primary
Healthcare Centers in Qatar: A Cross-Sectional Study

Reprinted from: Nutrients 2018, 10, 983, d0i:10.3390/nul10080983 . . . . . . . ... .. ... .. ..

Anne-Aurelie Lopes, Valerie Champion and Delphine Mitanchez

Nutrition of Preterm Infants and Raw Breast Milk-Acquired Cytomegalovirus Infection:

French National Audit of Clinical Practices and Diagnostic Approach

Reprinted from: Nutrients 2018, 10, 1119, d0i:10.3390/nu10081119 . . . . .. ... .. ... .. ..

Zoya Gridneva, Sambavi Kugananthan, Alethea Rea, Ching Tat Lai, Leigh C. Ward,

Kevin Murray, Peter E. Hartmann and Donna T. Geddes

Human Milk Adiponectin and Leptin and Infant Body Composition over the First 12 Months
of Lactation

Reprinted from: Nutrients 2018, 10, 1125, d0i:10.3390/nul0081125 . . . . .. ... ... ... ...

Jacqueline C. Kent, Hazel Gardner, Ching-Tat Lai, Peter E. Hartmann, Kevin Murray,

Alethea Rea and Donna T. Geddes

Hourly Breast Expression to Estimate the Rate of Synthesis of Milk and Fat

Reprinted from: Nutrients 2018, 10, 1144, doi:10.3390/nul0091144 . . . . .. ... ... ... ...

Melvin C. L. Gay, Petya T. Koleva, Carolyn M. Slupsky, Elloise du Toit, Merete Eggesbo,
Christine C. Johnson, Ganesa Wegienka, Naoki Shimojo, Dianne E. Campbell,

Susan L. Prescott, Daniel Munblit, Donna T. Geddes, Anita L. Kozyrskyj and

InVIVO LactoActive Study Investigators

Worldwide Variation in Human Milk Metabolome: Indicators of Breast Physiology and
Maternal Lifestyle?

Reprinted from: Nutrients 2018, 10, 1151, d0i:10.3390/nul10091151 . . . . ... ... .... .. ..

Alexandra D. George, Melvin C. L. Gay, Robert D. Trengove and Donna T. Geddes
Human Milk Lipidomics: Current Techniques and Methodologies
Reprinted from: Nutrients 2018, 10, 1169, do0i:10.3390/nu10091169 . . . . . . ... ... ... ...

vi



Laura Galante, Amber M. Milan, Clare M. Reynolds, David Cameron-Smith,

Mark H. Vickers and Shikha Pundir

Sex-Specific Human Milk Composition: The Role of Infant Sex in Determining Early
Life Nutrition

Reprinted from: Nutrients 2018, 10, 1194, doi:10.3390/nu10091194 . . . . . . ... .. ... .. ..

Daniel Munblit, Priya Abrol, Shreya Sheth, Li Yan Chow, Ekaterina Khaleva, Alan Asmanov,
Silvana Lauriola, Ezio M. Padovani, Pasquale Comberiati, Attilio L. Boner, John O. Warner,
Robert J. Boyle and Diego G. Peroni

Levels of Growth Factors and IgA in the Colostrum of Women from Burundi and Italy
Reprinted from: Nutrients 2018, 10, 1216, d0i:10.3390/nu10091216 . . . . .. ... ... ... ...

Ching Tat Lai, Hazel Gardner and Donna Geddes

Comparison of Inductively Coupled Plasma Optical Emission Spectrometry with an Ion
Selective Electrode to Determine Sodium and Potassium Levels in Human Milk

Reprinted from: Nutrients 2018, 10, 1218, d0i:10.3390/nu10091218 . . . . . . ... ... ... ...

Sucheta Telang
Lactoferrin: A Critical Player in Neonatal Host Defense
Reprinted from: Nutrients 2018, 10, 1228, d0i:10.3390/nul10091228 . . . . .. ... ... ... ...

Anna Gustafsson, Elisabeth Granstrom, Christina Stecksén-Blicks, Christina E. West and
Sven-Arne Silfverdal

The Antisecretory Factor in Plasma and Breast Milk in Breastfeeding Mothers—A Prospective
Cohort Study in Sweden

Reprinted from: Nutrients 2018, 10, 1227, d0i:10.3390/nu10091227 . . . . . . ... .. ... . ...

Alecia-Jane Twigger, Gwendoline K. Kiiffer, Donna T. Geddes and Luis Filgueria

Expression of Granulisyn, Perforin and Granzymes in Human Milk over Lactation and in the
Case of Maternal Infection

Reprinted from: Nutrients 2018, 10, 1230, d0i:10.3390/nul10091230 . . . . .. ... ..... .. ..

Christine A. Butts, Duncan I. Hedderley, Thanuja D. Herath, Gunaranjan Paturi,

Sarah Glyn-Jones, Frank Wiens, Bernd Stahl and Pramod Gopal

Human Milk Composition and Dietary Intakes of Breastfeeding Women of Different Ethnicity
from the Manawatu-Wanganui Region of New Zealand

Reprinted from: Nutrients 2018, 10, 1231, d0i:10.3390/nul10091231 . . . . .. ... ... ... ...

Emily E. Little, Cristine H. Legare and Leslie J. Carver

Mother-Infant ~ Physical =~ Contact  Predicts = Responsive  Feeding among U.S.
Breastfeeding Mothers

Reprinted from: Nutrients 2018, 10, 1251, d0i:10.3390/nu10091251 . . . . ... ... ... ... ..

Adriana V. Gaitin, JodiAnne T. Wood, Fan Zhang, Alexandros Makriyannis and

Carol J. Lammi-Keefe

Endocannabinoid Metabolome Characterization of Transitional and Mature Human Milk
Reprinted from: Nutrients 2018, 10, 1294, d0i:10.3390/nu10091294 . . . . . . ... .. ... .. ..

Zoya Gridneva, Wan J. Tie, Alethea Rea, Ching Tat Lai, Leigh C. Ward, Kevin Murray,

Peter E. Hartmann and Donna T. Geddes

Human Milk Casein and Whey Protein and Infant Body Composition over the First 12 Months
of Lactation

Reprinted from: Nutrients 2018, 10, 1332, d0i:10.3390/nu10091332 . . . . .. ... .. ... .. ..

vii



Carlos Gémez-Gallego, Jose Manuel Morales, Daniel Monleén, Elloise du Toit,

Himanshu Kumar, Kaisa M. Linderborg, Yumei Zhang, Baoru Yang, Erika Isolauri,

Seppo Salminen and Maria Carmen Collado

Human Breast Milk NMR Metabolomic Profile across Specific Geographical Locations and Its
Association with the Milk Microbiota

Reprinted from: Nutrients 2018, 10, 1355, d0i:10.3390/nul0101355 . . . . .. ... ... .. .. ..

Agnieszka Bzikowska-Jura, Aneta Czerwonogrodzka-Senczyna, Gabriela Oledzka,

Dorota Szostak-Wegierek, Halina Weker and Aleksandra Wesolowska

Maternal Nutrition and Body Composition During Breastfeeding: Association with Human
Milk Composition

Reprinted from: Nutrients 2018, 10, 1379, d0i:10.3390/nul0101379 . . . . .. ... ... ... ...

Signe Bruun, Sandra Gouveia-Figueira, Magnus Domell6f, Steffen Husby,

Lotte Neergaard Jacobsen, Kim F. Michaelsen, Christopher J. Fowler and Gitte Zachariassen
Satiety Factors Oleoylethanolamide, Stearoylethanolamide, and Palmitoylethanolamide in
Mother’s Milk Are Strongly Associated with Infant Weight at Four Months of Age—Data from
the Odense Child Cohort

Reprinted from: Nutrients 2018, 10, 1747, d0i:10.3390/nul0111747 . . . . . . ... ... ... ...

viii



About the Special Issue Editors

Donna Geddes is currently working at the University of Western Australia. Dr Geddes’s research
focuses on milk synthesis, milk removal and milk composition in breastfeeding women. She is also
interested in the maternal influence on milk composition and subsequent impact on the growth and
development of the breastfed infant. Her research group has shown the dose of a component in
human milk, rather than the concentration of a component measured in one sample, is related to the
differential development of infant body composition in the first year of life. In addition, her research
encompasses the effect of pregnancy complications on both milk production and milk composition

with an emphasis on infant outcomes.

Sharon Perrella is currently working at the University of Western Australia. Dr Perrella’s research
focuses on the effect of differing human milk composition on gastric emptying in preterm infants.
Despite differences in milk macronutrient composition between mothers, there is no evidence of a
clinically significant impact on gastric emptying. However, some bovine-based human milk fortifiers
may slow gastric emptying. Sharon is also interested in maternal factors that impact milk production.
A higher incidence of low milk production is reported in women after preterm birth, although
measured milk productions range from low to well above the reference range. Similarly, low milk
production appears to be more common in women with metabolic dysfunction, with some evidence

of an effect on milk composition.






8a nutrients by

Editorial
Breastfeeding and Human Lactation

Donna Geddes * and Sharon Perrella

School of Molecular Sciences, M310, The University of Western Australia, Crawley, Perth, WA 6009, Australia;
sharon.perrella@uwa.edu.au
* Correspondence: donna.geddes@uwa.edu.au; Tel.: +61-8-6488-7006

check for
Received: 27 March 2019; Accepted: 2 April 2019; Published: 9 April 2019 updates

Keywords: Breastfeeding; human lactation; lactation; human milk; breast milk; milk composition

1. Introduction

Breastfeeding is the very means by which humans have thrived and developed as a species.
Indeed, the Developmental Origins of Health and Disease Hypothesis recognises that the breastfeeding
phase, which can continue to 2 years and beyond, plays a major role in the continuum of optimal
programming of the lifelong health and development of the infant. Early life nutrition therefore
presents a window of opportunity where the infant’s short and long-term health can potentially be
improved in the face of escalating rates of chronic disease that have reached epidemic proportions.

This special issue “Breastfeeding and Human Lactation” is thus timely, in an era of resurgence of
lactation research, and is comprised of 30 manuscripts that cover a wide range of areas. This research
will contribute to a growing scientific knowledge base that is critical to improving breastfeeding rates
and the delivery of human milk (HM) to all infants, including those that cannot breastfeed, such
as the vulnerable preterm infant. The majority of the papers in this issue address one of two broad
themes; factors influencing milk composition, or relationships between milk composition and infant
development. Findings from these research papers further elucidate the variability of milk composition
and its impact on infant health.

2. Factors Influencing Milk Composition

It is evident that mammalian milk evolved as a protective fluid harbouring antimicrobial proteins
predominantly for the protection of the offspring, with nutrition developing later. As such, many
components of milk have dual roles, working synergistically to protect and nourish the infant.
Indeed, the footprints of evolution are apparent in the presence of immune cells in HM that increase
significantly in response to both maternal and infant infections. Twigger et al. [1] have identified
antimicrobial proteins, granulysin and perforin along with other granzymes released by leukocytes in
HM, that are elevated in maternal breast infection. Milk immune cells may therefore be beneficial for
protection of both the infant and the breast.

Anti-secretory factor (AF) is involved in the regulation of secretory processes and inflammation
and is expressed in immune cells: B-cells, macrophages and dendritic cells. AF concentrations in HM
are lower than that of maternal plasma, with a positive relationship between milk AF concentration
and maternal body mass index (BMI), which might be due to a greater level of maternal inflammation
associated with obesity [2].

It is increasingly apparent that maternal factors such as body composition, diet, ethnicity,
geography, genetics and lifestyle all contribute to the unique milk signature of each woman. In this
issue, a number of papers have shown differences in milk composition with respect to geographical
location. In particular, concentrations of the immune active molecules transforming growth factor-32
(TGF-p2), immunoglobulin A (IgA), and hepatocyte growth factor (HGF) were higher in African
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women than in Italian women, suggesting a stronger response to the environment and thus greater
infant protection against infection [3].

With cutting-edge technologies, it is possible to study metabolites in all bodily fluids. Variability
of the metabolite profile of HM has not been comprehensively explored, however three papers have
attempted this ambitious task. It was shown in two studies that the milk metabolome differs according
to country [4,5] and mode of birth. Further interactions between the milk metabolites and microbes
in the milk were also discovered, indicating the importance of the milk microbiome [5]. The third
paper studied the endocannabinoid metabolome, for which there are receptors in the infant brain
with evidence of a role in appetite and food intake. The study aimed to determine differences in
endocannabinoids between transitional and mature milk, of which only one was significant [6]. The
impact of these components on infant growth and development is yet to be studied.

Variability in HM composition would logically depend on maternal diet to some extent, although
few studies have been carried out in this area. Studies that attempted this difficult task have provided
conflicting results, largely due to the observational nature of the research. Two papers in this
issue demonstrated an absence of relationship between diet and macronutrients [7,8]. Similarly,
no relationships were observed between maternal dietary intakes of the micronutrients choline and
zinc and their respective HM concentrations [9]. For breastfeeding women in a population with a
high prevalence of zinc deficiency, zinc supplementation during pregnancy did not impact postnatal
maternal serum zinc levels, which likely reflect HM concentrations [10]. Relationships were noted
between diet and HM fatty acid profiles, as previously documented [8]. Interestingly, Bzikowska-Jura
et al made the observation that maternal adiposity was related to HM protein and energy content
at 3 months lactation, irrespective of diet [11]. Appropriate HM sampling methods are imperative
when examining variability of milk components. In this context, Bzikowska-Jura et al found a weak
relationship between HM fat content and maternal BMI using an intense sampling regime to account
for changes in fat over the course of 24 h. Kent et al trialed hourly expression of breast milk over 3 h (4
expressions) in an effort to estimate rates of milk fat synthesis. Unfortunately, this was not a reliable
measure when compared to 24 h milk sampling [12]. George et al has highlighted sampling as one of
the major challenges when examining milk lipids [13].

The idea of maternal-infant signaling via milk is attractive to explain both milk composition and
infant outcome variability. Maternal adiposity is related to lower lean infant mass across 12 months
of lactation [14], and while a review in the issue suggests that milk is tailored according to sex of the
infant, there is yet to be strong evidence of this in humans [15].

3. Relationships of Milk Composition with Infant Protection, Growth and Development

Historically very few milk components have been associated with infant outcomes. Two papers
in this issue highlight that the dose, rather than concentrations, of milk components are associated
with infant body composition development over the first 12 months of life. Specifically, Gridneva and
colleagues showed that the 24 h dose of appetite hormones adiponectin and whole milk leptin [16],
along with casein [17], are differentially related to the development of infant body composition. The
mechanisms by which the components exert their effects are still not clear.

Interestingly, endogenous satiety factors produced in the small intestine have been detected in
HM and have been related to infant weight gain and weight for age z scores [18]. Whilst more work
has to be done to verify the results, it is becoming increasingly clear that both the composition and
volume of milk consumed by the infant modulates growth and development.

Growth of the preterm infant is critical, as these vulnerable infants are at high risk for morbidities
both early and later in life. Whilst HM is recommended as the optimal nutrition for preterm infants,
fortification is almost universal to ensure adequate growth of those born < 33 weeks gestation. The
delivery of human milk during continuous enteral feeding therefore is an area where enhancement
may be needed to avoid the potential loss of nutrients to the infant. Zozaya et al. [19] found a reduction
in the total fat delivered to the preterm infant via continuous enteral feeding, with long chain fatty
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acids more likely to be adsorbed to the feeding tube. These losses, while statistically significant, were
considered clinically small. Once preterm infants are able to feed orally a dilemma exists about how to
feed the infant in the absence of the breastfeeding mother. Geddes et al compared breastfeeding with
use of a novel teat that required the infant to apply a vacuum and use a tongue movement mimicking
that of breastfeeding to remove milk. They observed that although the infants’” intra-oral vacuums
were lower with the teat than at the breast, more milk was transferred [20]. This finding is indicative
of the immaturity of the preterm infant’s oral motor systems and should be taken into account when
transitioning to full breastfeeding.

Many of the preterm infant’s systems are immature, in particular the gastrointestinal system. This
increases the preterm infant’s susceptibility to infection and may impact the digestion of milk and
subsequent absorption of nutrients and immune components. Indeed, Demers-Mathiew et al. [21]
have described differences in the digestion of HM immunoglobulins between the preterm and term
infant. The impacts of these findings are yet to be determined.

One of the major reasons HM feeding is recommended for preterm infants is that it markedly
decreases the risk for necrotizing enterocolitis. However, controversy exists over whether raw or
pasteurized HM should be fed to infants less than 32 weeks corrected age or less than 1500g in weight
due to the high prevalence of cytomegalovirus in the milk. Lopes et al. [22] describe the heterogeneity
in feeding practices between French neonatal units highlighting lack of consensus within the medical
field. Pasteurization of HM is of concern because it reduces the impact of several immune factors in
milk, including lactoferrin, which plays a significant role in antimicrobial and immunomodulatory
functions. Telang provided a comprehensive review of the structure and functions of lactoferrin, and
discussed the importance of continued clinical trials in determining the role of lactoferrin in prevention
of neonatal sepsis [23].

An in-depth understanding of both the complex processes that impact HM and the impact of
HM on the infant is critical to understanding lactation dysfunction, and may inform the identification
of windows of potential intervention. An understanding of physiological and clinical dilemmas in
lactation is also important.

In this context, insufficient milk supply is the most common reason for early weaning. Currently
evidence-based treatments are limited for women with low milk supply. While galactogogues are
often prescribed, the effect is modest for pharmacologic galactogogues as reviewed by Asztalos [24].
In light of this review, much more research is required to understand the causes of low milk supply
along with more controlled studies of the efficacy of galactogogues.

Low milk supply may follow delayed secretory activation, or may be associated with breast
inflammation. While both conditions are characterised by an elevated HM sodium concentration and
sodium:potassium ratio, to date there are no clinical tools available to track these complications of
lactation. Lai et al validation of handheld devices for determining sodium and potassium levels in HM
indicates these may offer a promising point of care tool for monitoring secretory activation, the onset
of mastitis and evaluation of treatment [25].

Mothers face many other barriers to successful breastfeeding, including their perceptions and
own wellbeing [26,27]. Early hospital practices can also impact lactation, including early introduction
of formula in the hospital, which was estimated at 28% in the UK [28]. The authors found many of
the factors implicated in early supplementation to be modifiable. Further early recognition of infant
feeding cues and responsive feeding is facilitated by increased mother-infant contact [29].

Finally, one must not discount the health benefits reaped by the lactating mother. The incidence
of gestational diabetes mellitus is increasing and is associated with greater maternal risk for type
2 diabetes. However, breastfeeding is associated with lower risk of maternal type 2 diabetes, and
in a new analysis maternal thyroid function also appears to be positively affected out to 6-16 years
post-partum [30].
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4. Conclusions

While HM is traditionally thought of primarily as a source of infant nutrition, evidence from

lactation research shows a diverse range of functions, including protection from infection and disease,
and programming of future health and development of both mother and infant through microbial
and hormonal signaling. Interactions between maternal endocrine and mammary function, as well as
diet, also impact milk composition and production. New evidence presented in this special edition of
Nutrients contributes to the growing body of lactation and breastfeeding research, and informs our
understanding of the complex composition of HM and its impact on infant health.

Conflicts of Interest: The authors declare no conflict of interest. Both authors receive a salary from an unrestricted
research grant from Medela AG. The funders had no influence or input into this editorial.
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Abstract: Breastfeeding has been implicated in the establishment of infant appetite regulation, feeding
patterns and body composition (BC). A holistic approach is required to elucidate relationships
between infant and maternal BC and contributing factors, such as breastfeeding parameters.
Associations between maternal and breastfed term infant BC (1 = 20) and feeding parameters during
first 12 months of lactation were investigated. BC was measured at 2, 5, 9 and/or 12 months
postpartum with ultrasound skinfolds (US; infants only) and bioimpedance spectroscopy (infants
and mothers). 24-h milk intake (MI) and feeding frequency (FFQ) were measured. Higher FFQ was
associated with larger 24-h MI (p < 0.003). Higher 24-h MI was associated with larger infant fat mass
(FM) (US: p < 0.002), greater percentage FM (US: p < 0.008), greater FM index (FMI) (US: p < 0.001)
and lower fat-free mass index (FEMI) (US: p = 0.015). Lower FFQ was associated with both larger FFM
(US: p £0.001) and FEMI (US: p < 0.001). Greater maternal adiposity was associated with smaller
infant FFM measured with US (BML: p < 0.010; %FM: p = 0.004; FMI: p < 0.011). Maternal BC was not
associated with FFQ or 24-h MI. These results reinforce that early life is a critical window for infant
programming and that breastfeeding may influence risk of later disease via modulation of BC.

Keywords: human milk; breastfed infants; body composition; anthropometrics; milk intake;
bioelectrical impedance spectroscopy; ultrasound skinfolds; maternal factors

1. Introduction

The importance of lactocrine programming has been highlighted recently, with breastfeeding
identified as one of the most economical preventative measures for non-communicable diseases (NCD)
including obesity later in life [1-5]. The development of body composition (BC) in early life is known
to play an important role in the programming of these health outcomes [6]. This reduction in risk may
be a result of multiple mechanisms associated not only with composition of human milk (HM) but
also with infant breastfeeding patterns and behavior [7-9], all of which may influence the growth and
development of breastfed infants. Differences in the weight and BC between breastfed and formula-fed
infants have been attributed to the stark compositional differences of HM and formula [10,11]. Despite
the evidence that volume of HM is a main driver of growth [11-13], a major focus of at present limited
research on infant growth and BC development has been on the composition of HM and maternal
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pre-pregnancy body mass index (BMI), and to a lesser extent on the effect of the volume of HM and
maternal adiposity. Although these findings suggest a dose-dependent effect of breastfeeding on
development of infant BC, the pathways of this effect are not fully understood.

Indeed, in utero maternal influences are apparent in obese women who generally deliver heavier
infants with greater adiposity [14] thus maternal weight is a major predictor of infant birth weight
(BW) [15,16]. However, recent studies have shown the infant BW is not associated with increased
maternal BMI in women with BMI above 24 kg/m? [17]. To further complicate our understanding,
overweight women deliver infants with higher adiposity [18] but not fat-free mass (FFM) [19,20].
Unfortunately, the majority of the studies have analyzed maternal pre-pregnancy BMI or gestational
weight gain (parameters that are often self-reported and potentially misleading) as measures of
adiposity. Considering that HM composition is influenced by the current maternal BC [21] rather than
pre-pregnancy BMI, longitudinal studies with multiple measures of both maternal and breastfed infant
BC are necessary [22] to elucidate the positive mechanistic effects of breastfeeding.

In a few recent studies, maternal BC was measured during pregnancy and a positive association
between maternal BC and infant BW was found [23-26], showing maternal FFM or total body water,
but not fat mass (FM) are the strongest predictors. Interestingly, longer duration of breastfeeding is
shown to attenuate the adverse effects of BW and early weight gain on infant FM gain [27]. Further,
the majority of participants are either newborns or children between 2 and 11 years of age, and infant
adiposity (fat mass (FM) and percentage FM (%FM)) has been measured rather than FFM, yet the
metabolic rate is largely determined by the FFM [28,29]. Furthermore, despite 24-h milk intake (MI)
having a strong positive relationship with infant weight gain [12,13,30], there has been no investigation
of the effect of either 24-h MI or feeding frequency (FFQ) on infant BC, yet these factors are highly
variable between infants [31]. Our recent research of gastric emptying in term breastfed infants
indicated that shorter, smaller and leaner infants fed more frequently (maternal self-report) [32],
highlighting the need to connect not only maternal and infant BC, but also contributing factors, such
as milk production and composition, infant MI and FFQ and, in turn, the development of the breastfed
infant BC (Figure 1).
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Figure 1. Framework for possible interconnecting pathways of lactocrine programming of the infant,
and points of intervention for potential improvement of infant growth, development and health, based
on available research.

It is important to understand the mechanisms by which maternal BC, breastfeeding and HM
components may influence infant BC, as this will allow for more targeted interventions that may
potentially reduce both infant and adult overweight and obesity. Therefore, the aim of this longitudinal
study was to investigate relationships between maternal and infant BC during the first 12 months of



Nutrients 2018, 10, 45

lactation. Further, exploration of relationships of infant 24-h MI and FFQ with maternal and infant BC
was carried out.

2. Materials and Methods

2.1. Study Participants

Breastfed infants (1 = 20; 10 males, 10 females) of English-speaking, predominantly Caucasian,
mothers of higher social-economic status from a developed country were recruited from the
community, primarily from the West Australian branch of the Australian Breastfeeding Association.
Inclusion criteria were: healthy singletons, gestational age >37 weeks, exclusively breastfed [33]
at 2 and 5 months, and maternal intention to breastfeed until 12 months. Exclusion criteria were:
infant factors that could potentially influence growth and development of BC, maternal smoking,
and low milk supply. All mothers provided written informed consent to participate in the study,
which was approved by The University of Western Australia Human Research Ethics Committee
(RA/1/4253, RA/4/1/2639) and registered with the Australian New Zealand Clinical Trials Registry
(ACTRN12616000368437).

2.2. Study Session

Measurements were made when the infants were 2 and/or 5, 9 and 12 months of age. Participants
visited our laboratory at King Edward Memorial Hospital for Women (Subiaco, Perth, WA, Australia)
for up to four monitored breastfeeding sessions between March 2013 and September 2015. At each
study session, the infant was weighed pre-feed, and then the mother breastfed her infant. Infant
bioelectrical impedance spectroscopy (BIS) measurements were made pre-feed, unless impractical,
then they were made post-feed [34]. Ultrasound skinfold (US) and anthropometric measurements
were made post-feed. This combination of methods for measuring infant BC was used to ensure safe,
non-invasive and accurate assessment, and to avoid the inherent limitations of a singular technique [35].
Clothing was removed for the measurements except for a dry diaper and a singlet.

Maternal weight, height and BIS measurements were recorded. Current FFQ of the infants was
self-reported by mothers.

2.3. Anthropometric Measurements

Infants weight was dete