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This monograph, based on a special issue of Nutrients, contains 31 papers—5 reviews and
26 original publications—that reflect the wide spectrum of current research on nutrients and infancy.
The papers include populations from many countries, including Australia, Canada, China, Ireland, Italy,
Malaysia, Mexico, Netherlands, Norway, Singapore, Spain, Sweden, Thailand, the United Kingdom
and the USA. The largest group of papers are on the nutrient composition of breastmilk and the timing
and factors that influence the nutrient content of breastfeeding. The age range of the subjects studied
was from preterm very low birth weight babies to older infants.

There are two key objectives for infant nutrition: survival, and to lay foundations for growth
and development that will optimise health throughout a long lifespan. Besides the ethical problems
associated with infant research, there is the obvious difficulty of conducting lifespan research in
humans [1]. Continued infant nutrition research will rely on retrospective epidemiological studies and
the increasing knowledge of health and lifespan biomarkers.

In compiling this special issue, there were two issues that the editors found to be important.
Definitions have always been central to successful research, and the definition used determines the
results presented in relation to breastfeeding and complementary feeds. Much has been written about
definitions of breastfeeding, but there is still little standardisation in publications [2–4]. At the very
least, authors should adhere to the standard WHO (World Health Organisation) definitions of exclusive
breastfeeding, but then describe what they have actually done to allow others to accurately interpret
their results.

The ethics of research are always important in all publications, but are particularly so in the
area of infant nutrition. The editors of this monograph summarised the ethical principles involved
in infant nutrition research [5]. In recent years, the influence of early nutrition on later health and
longevity has been increasingly studied. This means that extra care must be taken with any early life
intervention studies.

One third of the articles are on breastmilk composition from countries around the globe, and
several more are on factors associated with breastfeeding duration. This reflects the centrality of
breastmilk to the supply of nutrients in infancy, its importance for lifelong health and development,
and the fact that we still have a great deal to learn. The results of several studies have implications
for public health nutrition programs. It is estimated that 1.9 billion people live in areas of the world
subject to subclinical iodine deficiency, which is important for cognitive development in infancy [6].
The study by Jorgenson and her colleagues demonstrates that, in Australia, with a food fortification
program and the recommendation that pregnant women take 150 mcg iodine supplements daily, the
iodine content of breastmilk is generally adequate [7].
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In the NHANES (National Health and Nutrition Examination Survey) study from the USA, an
analysis of NHANES data on iron, calcium, and zinc among children in the second year of life using
two days of dietary intake data found that one in four children and one in ten children had usual
intakes below the RDA (Recommended Dietary Allowance) for iron and calcium, respectively. [8].

The relationship between nutrients and growth will be a continued area of interest. The prevalence
of stunting is still relatively high in some world regions and is a priority of the UN Sustainable
Development Goals (UNSDGs) [9]. At the other end of the continuum of development, child obesity is
now a major problem, and is also an important target [9]. Micro nutrient deficiency may influence
stunting and undernutrition, but more research is still required to complete our understanding.
The review on iron and zinc supplementation found that low doses of daily iron and zinc use between
6 and 23 months of age had a positive effect on child’s iron and zinc status [10]. However, this did not
translate into a reduction in the proportion of children with stunting. Further research is required into
stunting to achieve the UNSDGs. The role of protein in over-nutrition and the development of obesity
has been a fertile area of research [11]. The lower protein level of breastmilk compared to the higher
protein levels of many infant formulae provides a biological basis for understanding the protective
effects of breastmilk against obesity [12].

An area of continued interest is the relationship between the human microbiomes and nutrition.
In 2007, the National Institutes of Health launched the Human Microbiome Project to promote
research into the ways in which health outcomes are linked to changes in the microbiome [13,14].
The human microbiome is exceedingly complex, both in its composition and in its interrelation with
nutrients. Nutrients can change the nature of the microbiome and in turn the microbiome has effects on
metabolism [15]. It is now well understood that infant feeding method, mechanism of delivery and the
use of perinatal antibiotics can influence the composition of the microbiome [16]. One of the mechanisms
responsible for protection against obesity provided by breastfeeding may be through the development of
a healthy microbiome [17]. There is increasing evidence of links between early development (particularly
in the perinatal period) and later mental illness [18,19]. Again this linkage may be through changes
to the human microbiome [20–22]. The use of pre-lacteal feeds and complementary feeds (i.e., not
exclusively breastfeeding), C-section delivery and use of antibiotics (particularly in the perinatal period)
changes the composition of the microbiome [23,24]. From a public health perspective, the increasing
rates of operative delivery, widespread antibiotic use and low rates of exclusive breastfeeding may be
associated with increased rates of obesity, diabetes and other metabolic disorders and mental illness.
Exclusive breastfeeding remains as important as ever as the basis of infant and maternal health [25].
As long-term changes to the microbiome may be one mechanism by which early life dietary intake can
modify health in later life, research into nutrients and microbiome health will be important.

We believe this collection is a useful summary of progress in many areas of infant nutrition. It also
points to many research needs, in order to better understand infant nutrient requirements, growth and
healthy development. With the present rate of progress, it may only be a few years before another volume
is required.

Author Contributions: All authors contributed equally to the development and finalization of this Editorial.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Binns, C.; Lee, M.K.; Kagawa, M. Ethical challenges in infant feeding research. Nutrients 2017, 9, 59. [CrossRef]
[PubMed]

2. Khanal, V.; Lee, A.H.; Scott, J.A.; Karkee, R.; Binns, C.W. Implications of methodological differences in
measuring the rates of exclusive breastfeeding in Nepal: Findings from literature review and cohort study.
BMC Pregnancy Childbirth 2016, 16, 389. [CrossRef] [PubMed]

http://dx.doi.org/10.3390/nu9010059
http://www.ncbi.nlm.nih.gov/pubmed/28085057
http://dx.doi.org/10.1186/s12884-016-1180-9
http://www.ncbi.nlm.nih.gov/pubmed/27955620


Nutrients 2017, 9, 1131 3 of 4

3. Inoue, M.; Binns, C.W.; Otsuka, K.; Jimba, M.; Matsubara, M. Infant feeding practices and breastfeeding
duration in Japan: A review. Int. Breastfeed. J. 2012, 7, 15. [CrossRef] [PubMed]

4. Binns, C.W.; Fraser, M.L.; Lee, A.H.; Scott, J. Defining exclusive breastfeeding in Australia. J. Paediatr.
Child Health 2009, 45, 174–180. [CrossRef] [PubMed]

5. Binns, C.W.; Lee, M.K.; Tang, L.; Yu, C.; Hokama, T.; Lee, A. Ethical issues in infant feeding after disasters.
Asia Pac. J. Public Health Asia Pac. Acad. Consort. Public Health 2012, 24, 672–680. [CrossRef] [PubMed]

6. Zimmermann, M.B.; Andersson, M. Update on iodine status worldwide. Curr. Opin. Endocrinol. Diabetes Obes.
2012, 19, 382–387. [CrossRef] [PubMed]

7. Jorgensen, A.; O’Leary, P.; James, I.; Skeaff, S.; Sherriff, J. Assessment of breast milk iodine concentrations in
lactating women in western Australia. Nutrients 2016, 8, e699. [CrossRef] [PubMed]

8. Hamner, H.C.; Perrine, C.G.; Scanlon, K.S. Usual intake of key minerals among children in the second year
of life, nhanes 2003–2012. Nutrients 2016, 8, 468. [CrossRef] [PubMed]

9. United Nations. Transforming Our World Sdg Goals and Targets. 2017. Available online: https:
//sustainabledevelopment.Un.Org/content/documents/21252030%20agenda%20for%20sustainable%
20development%20web.pdf (accessed on 4 September 2017).

10. Petry, N.; Olofin, I.; Boy, E.; Donahue Angel, M.; Rohner, F. The effect of low dose iron and zinc intake on
child micronutrient status and development during the first 1000 days of life: A systematic review and
meta-analysis. Nutrients 2016, 8, e773. [CrossRef] [PubMed]

11. Koletzko, B.; Brands, B.; Grote, V.; Kirchberg, F.F.; Prell, C.; Rzehak, P.; Uhl, O.; Weber, M.; Early
Nutrition Programming Project. Long-term health impact of early nutrition: The power of programming.
Ann. Nutr. Metab. 2017, 70, 161–169. [CrossRef] [PubMed]

12. Bischoff, S.C.; Boirie, Y.; Cederholm, T.; Chourdakis, M.; Cuerda, C.; Delzenne, N.M.; Deutz, N.E.; Fouque, D.;
Genton, L.; Gil, C.; et al. Towards a multidisciplinary approach to understand and manage obesity and
related diseases. Clin. Nutr. 2017, 36, 917–938. [CrossRef] [PubMed]

13. Young, V.B. The role of the microbiome in human health and disease: An introduction for clinicians. BMJ Br.
Med. J. 2017, 356, 831. [CrossRef] [PubMed]

14. Proctor, L.M. The human microbiome project in 2011 and beyond. Cell Host Microbe 2011, 10, 287–291.
[CrossRef] [PubMed]

15. Xu, Z.J.; Knight, R. Dietary effects on human gut microbiome diversity. Br. J. Nutr. 2015, 113, S1–S5. [CrossRef]
[PubMed]

16. Azad, M.B.; Konya, T.; Persaud, R.R.; Guttman, D.S.; Chari, R.S.; Field, C.J.; Sears, M.R.; Mandhane, P.J.;
Turvey, S.E.; Subbarao, P.; et al. Impact of maternal intrapartum antibiotics, method of birth and breastfeeding
on gut microbiota during the first year of life: A prospective cohort study. BJOG 2016, 123, 983–993.
[CrossRef] [PubMed]

17. Houghteling, P.D.; Walker, W.A. Why is initial bacterial colonization of the intestine important to infants’
and children’s health? J. Pediatr. Gastroenterol. Nutr. 2015, 60, 294–307. [CrossRef] [PubMed]

18. Guintivano, J.; Kaminsky, Z.A. Role of epigenetic factors in the development of mental illness throughout
life. Neurosci. Res. 2016, 102, 56–66. [CrossRef] [PubMed]

19. Maccari, S.; Polese, D.; Reynaert, M.L.; Amici, T.; Morley-Fletcher, S.; Fagioli, F. Early-life experiences and
the development of adult diseases with a focus on mental illness: The human birth theory. Neuroscience 2017,
342, 232–251. [CrossRef] [PubMed]

20. Deans, E. Microbiome and mental health in the modern environment. J. Physiol. Anthropol. 2016, 36. [CrossRef]
[PubMed]

21. Dinan, T. How the gut influences the brain: The intestinal microbiome as a new dimension for understanding
mental health. Eur. Neuropsychopharmacol. 2016, 26, S23–S24. [CrossRef]

22. Logan, A.C.; Jacka, F.N.; Craig, J.M.; Prescott, S.L. The microbiome and mental health: Looking back, moving
forward with lessons from allergic diseases. Clin. Psychopharmacol. Neurosci. 2016, 14, 131–147. [CrossRef]
[PubMed]

23. Leclercq, S.; Mian, F.M.; Stanisz, A.M.; Bindels, L.B.; Cambier, E.; Ben-Amram, H.; Koren, O.; Forsythe, P.;
Bienenstock, J. Low-dose penicillin in early life induces long-term changes in murine gut microbiota, brain
cytokines and behavior. Nat. Commun. 2017, 8, 15062. [CrossRef] [PubMed]

http://dx.doi.org/10.1186/1746-4358-7-15
http://www.ncbi.nlm.nih.gov/pubmed/23098220
http://dx.doi.org/10.1111/j.1440-1754.2009.01478.x
http://www.ncbi.nlm.nih.gov/pubmed/19426375
http://dx.doi.org/10.1177/1010539512453253
http://www.ncbi.nlm.nih.gov/pubmed/22790353
http://dx.doi.org/10.1097/MED.0b013e328357271a
http://www.ncbi.nlm.nih.gov/pubmed/22892867
http://dx.doi.org/10.3390/nu8110699
http://www.ncbi.nlm.nih.gov/pubmed/27827913
http://dx.doi.org/10.3390/nu8080468
http://www.ncbi.nlm.nih.gov/pubmed/27483313
https://sustainabledevelopment.Un.Org/content/documents/21252030%20agenda%20for%20sustainable%20development%20web.pdf
https://sustainabledevelopment.Un.Org/content/documents/21252030%20agenda%20for%20sustainable%20development%20web.pdf
https://sustainabledevelopment.Un.Org/content/documents/21252030%20agenda%20for%20sustainable%20development%20web.pdf
http://dx.doi.org/10.3390/nu8120773
http://www.ncbi.nlm.nih.gov/pubmed/27916873
http://dx.doi.org/10.1159/000477781
http://www.ncbi.nlm.nih.gov/pubmed/28683464
http://dx.doi.org/10.1016/j.clnu.2016.11.007
http://www.ncbi.nlm.nih.gov/pubmed/27890486
http://dx.doi.org/10.1136/bmj.j831
http://www.ncbi.nlm.nih.gov/pubmed/28298355
http://dx.doi.org/10.1016/j.chom.2011.10.001
http://www.ncbi.nlm.nih.gov/pubmed/22018227
http://dx.doi.org/10.1017/S0007114514004127
http://www.ncbi.nlm.nih.gov/pubmed/25498959
http://dx.doi.org/10.1111/1471-0528.13601
http://www.ncbi.nlm.nih.gov/pubmed/26412384
http://dx.doi.org/10.1097/MPG.0000000000000597
http://www.ncbi.nlm.nih.gov/pubmed/25313849
http://dx.doi.org/10.1016/j.neures.2014.08.003
http://www.ncbi.nlm.nih.gov/pubmed/25150398
http://dx.doi.org/10.1016/j.neuroscience.2016.05.042
http://www.ncbi.nlm.nih.gov/pubmed/27235745
http://dx.doi.org/10.1186/s40101-016-0101-y
http://www.ncbi.nlm.nih.gov/pubmed/27405349
http://dx.doi.org/10.1016/S0924-977X(16)70026-5
http://dx.doi.org/10.9758/cpn.2016.14.2.131
http://www.ncbi.nlm.nih.gov/pubmed/27121424
http://dx.doi.org/10.1038/ncomms15062
http://www.ncbi.nlm.nih.gov/pubmed/28375200


Nutrients 2017, 9, 1131 4 of 4

24. Moya-Perez, A.; Luczynski, P.; Renes, I.B.; Wang, S.; Borre, Y.; Anthony Ryan, C.; Knol, J.; Stanton, C.; Dinan, T.G.;
Cryan, J.F. Intervention strategies for cesarean section-induced alterations in the microbiota-gut-brain axis.
Nutr. Rev. 2017, 5, 225–240. [CrossRef] [PubMed]

25. Binns, C.W.; Lee, M.K.; Kagawa, M.; Low, W.Y.; Liqian, Q.; Guldan, G.S.; Hokama, T.; Nanishi, K.; Oy, S.;
Tang, L.; et al. Dietary guidelines for the Asia Pacific region. Asia Pac. J. Public Health 2017, 29, 98–101.
[CrossRef] [PubMed]

© 2017 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/10.1093/nutrit/nuw069
http://www.ncbi.nlm.nih.gov/pubmed/28379454
http://dx.doi.org/10.1177/1010539517694295
http://www.ncbi.nlm.nih.gov/pubmed/28325079
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

