
UNESCO – 
EOLS

S

SAMPLE
 C

HAPTERS

THE ROLE OF FOOD, AGRICULTURE, FORESTRY AND FISHERIES IN HUMAN NUTRITION – Vol. IV - Nutrition and 
Human Life Stages - M.L. Wahlqvist, F.S. Dalais, A. Kouris-Blazos, G.S. Savige, G. Semenov and N. Wattanapenpaiboon 
 
 

©Encyclopedia of Life Support Systems (EOLSS) 

NUTRITION AND HUMAN LIFE STAGES 
 
M.L. Wahlqvist 
Asia Pacific Health and Nutrition Centre, Monash Asia Institute, Monash University, 
Australia 
 
F.S. Dalais 
Department of Epidemiology & Preventive Medicine, Monash University, Australia 
 
A. Kouris-Blazos 
Asia Pacific Health and Nutrition Centre, Monash Asia Institute, Monash University, 
Australia 
 
G.S. Savige 
Asia Pacific Health and Nutrition Centre, Monash Asia Institute, Monash University, 
Australia 
 
G. Semenov 
ORC Macro International, USA  
 
N. Wattanapenpaiboon 
Asia Pacific Health and Nutrition Centre, Monash Asia Institute, Monash University, 
Australia 
 
Keywords: Nutrition, pregnancy, lactation, breast milk, nutrient, deficiency, life 
expectancy,  disease, gene, metabolism, diabetes, micronutrient, vitamin, mineral, 
cardiovascular disease, food pattern, adult, adolescent, child, infant, fetus, osteoporosis, 
malnutrition, anemia, mortality, physical development 
 
Contents 
 
1. Preconceptive and Periconceptive Nutrition 
1.1. Nutrition and Gene Expression 
2. Fetal Nutrition and Maternal Nutrition during Pregnancy and Lactation 
2.1. Micronutrient Malnutrition during Pregnancy 
2.1.1. Iodine 
2.1.2. Iron 
2.1.3. Vitamin A 
2.1.4. Folic Acid 
2.2. Lactation 
2.3. Breast Milk and Advantages of Breastfeeding  
2.3.1. Breast-Milk Composition and its Non-Nutritive Significance 
2.3.2. Breastfeeding Advantages for Mother’s and Child’s Health 
2.3.3. Formula Feeding 
2.3.4. Current Recommendation on Breastfeeding and Possible Contraindications 
2.4. Weaning Practices 
3. Infants and Children 



UNESCO – 
EOLS

S

SAMPLE
 C

HAPTERS

THE ROLE OF FOOD, AGRICULTURE, FORESTRY AND FISHERIES IN HUMAN NUTRITION – Vol. IV - Nutrition and 
Human Life Stages - M.L. Wahlqvist, F.S. Dalais, A. Kouris-Blazos, G.S. Savige, G. Semenov and N. Wattanapenpaiboon 
 
 

©Encyclopedia of Life Support Systems (EOLSS) 

3.1. Nutritional Concerns 
3.1.1. Protein-Energy Malnutrition (PEM): Impaired Growth and Development 
3.1.2. Obesity 
3.1.3. Dental Caries 
3.1.4. Iron Deficiency Anemia 
4. Adolescents 
5. Adults and Families 
6. Aging and the Aged 
6.1. Aging Processes and Theory of Aging 
6.1.1. Programmed Aging Theory 
6.1.2. Error Theory 
6.1.3. Free Radical Theory 
6.2. Changing Demography and Life Expectancy 
6.3. Preventability and Reversibility of Disease Through Nutritional Means 
6.3.1. Lean Mass, Fat Mass, Sarcopenia, and Physical Activity 
6.3.2. Immune Function  
6.3.3. Cognitive Impairment and Depression 
6.3.4. Cardiovascular Disease (CVD) 
6.3.5. Cancer 
6.3.6. Osteoporosis and Fractures 
6.4. The Aged as a Nutrition Belief, Knowledge, and Skill Resource 
Glossary 
Bibliography 
Biographical Sketches 
 
Summary 
 
How nutrition affects human life stages is increasingly seen in a more integrated 
fashion: inter-generationally, from conception to death, as an interplay between one 
individual and others (social nutrition), and environmentally (taking account of the 
various ecological niches in which humans may live). Each of these nutritional 
dimensions to human growth and development is important. In addition the particular 
considerations for each stage of life, conception, the fetus, the infant, the child, the 
adolescent, the adult, and the aged, are reviewed. 
 
The effect of proper nutrition during pregnancy on the health of the infant and of the 
mother in post-childbearing years has long been recognized. It now appears that 
maternal and paternal nutrition prior to conception affects the health of the newborn. 
Infancy, childhood an,d adolescence set the scene for nutritional well-being of adults 
and families. With the rapid growth in elderly populations, a need has evolved to widen 
the purview of food and health.  
 
Although it may seem obvious that energy needs decrease with aging, the extent to 
which this is dependent on inappropriate reduction in physical activity needs to be better 
understood. Also little is known about whether requirements for specific nutrients are 
increased or decreased, although the requirement of nutrient density of food eaten is 
always greater when less food is eaten.  
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The identification of unique differences in the stages of aging assumes increased 
significance as it becomes more common for old age to extend well into the ninth 
decade. 
 
1. Preconceptive and Periconceptive Nutrition 
 
Even before conception, nutritional and other factors, both from maternal and paternal 
sides, may be playing a role in the determination of the eventual aging in an individual. 
This is because both spermatogenesis, in the father, and oogenesis, in the mother, may 
be subject to mutational influences. Maternal nutrition is particularly essential during 
the pre-, peri- and postnatal years to ensure the proper development and growth of the 
offspring. 
 
In the paternal situation, the focus of the potential role of nutrition involves sperm, as it 
will contain the genetic information to be passed on to the offspring. Evidence is now 
available that smoking, through oxidant effects, can alter the genetic material of sperm 
in such a way that the risk of hematological malignancy is increased in the child.  
 
Vitamins C & E are potent antioxidants, and both may play an important role in the 
protection of male germ cells against oxidation and the potential for a genetic mutation 
which in turn may lead to birth defects and other diseases in the offspring. A paternal 
diet replete in antioxidant-containing fruits and vegetables may reduce the risk of 
childhood disease. It may also have longer-term effects when the offspring is adult, 
depending on the genes affected. 
 
From the maternal point of view, a potential mode of inheritance is through the 
mitochondria. Mitochondria show a maternal mode of inheritance even though there is 
currently some debate as to potential inheritance from sperm (mitochondria from the 
neck and rail of the sperm have been shown to penetrate the ovum). Since the mutation 
rate is relatively higher in mitochondria than in nuclei, the potential effects of diet to 
protect or to enhance mutation are also greater in the mitochondrion.  
 
Mitochondrial diseases are characterized by defects in the mitochondria and have been 
linked to diseases such as diabetes and inherited cardiomyopathies, while some of the 
defects have been suggested to modify the outcome of diseases such as Alzheimer’s 
Disease.  
Given the potential protective role of food antioxidants in genetic defects in sperm, they 
may also confer similar beneficial effects in mitochondria. Delayed parenthood may 
also have an effect on both sperm and mitochondrial DNA. 
 
Folate (or folic acid) plays a crucial role in the development of the central nervous 
system during the early weeks of gestation, which is generally before the pregnancy is 
confirmed. In a significant number of embryos, an inadequate supply of folate at this 
time leads to a failure of the primitive neural tube to close and to differentiate normally, 
and this results in neural tube birth defects (NTD). Folic acid supplementation during 
the periconceptional period can markedly reduce the occurrence of severe embryonic 
malformations. 
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1.2. Nutrition and Gene Expression 
 
Nutrition has marked influences on gene expression, and an understanding of the 
interaction between nutrients and gene expression is important to provide a basis for 
determining nutritional requirements on an individual basis. The effects of nutrition can 
be exerted at many stages between transcription of the genetic sequence and production 
of a functional protein. 
 
Genes are regulated by complex arrays of response elements that influence the rate of 
transcription. Nutrients and hormones either act directly to influence these rates or act 
directly through specialized signalling pathways. Metabolites of Vitamins A & D, fatty 
acids, some sterols, and zinc are among the nutrients that influence transcription 
directly. Components of dietary fiber may influence gene expression indirectly through 
changes in hormonal signalling, mechanical stimuli, and metabolites produced by the 
intestinal microflora. 
 
2. Fetal Nutrition and Maternal Nutrition during Pregnancy and Lactation 
 
Determination of nutrient needs during pregnancy is complicated because nutrient levels 
in tissues and fluids are normally altered by hormone-induced changes in metabolism, 
shifts in plasma volume, and changes in renal function and patterns of urinary excretion. 
The recommended intakes for pregnant women are generally increased for the support 
of fetal and infant growth and development along with associated changes in maternal 
structure and metabolism. 
 
 During the period of fetal growth, considerable amounts of nutrients are needed to 
synthesize fetal tissues and to provide stores of energy and iron for the immediate 
postnatal period. In a normal pregnancy these nutrients are obtained both from the 
mother’s diet and from her own stores. Maternal metabolism is adjusted through 
hormones as mediators, redirecting nutrients to highly specialized maternal tissues 
specific to reproduction (i.e. placenta and mammary glands), and transferring nutrients 
to the developing fetus or infant. Many nutrients are found at higher levels in the fetal 
than in the maternal circulation. The ability to concentrate these nutrients enables the 
fetus to obtain the nutrients even when maternal levels are relatively low.  
 
Fetal growth and development is largely dependent upon the utilization by the fetus of a 
suitable mix of energy and nutrients, the gene expression of the factors promoting tissue 
growth, and the hormonal framework. The failure of the materno-placental nutrient 
supply to match fetal nutrient demand causes restriction of fetal growth. Furthermore, it 
is now evident from the work of Barker and colleagues that babies who are small or 
disproportionate at birth, or who have altered placental growth have increased rates of 
coronary heart disease, hypertension, non-insulin dependent diabetes (NIDDM), insulin 
resistance syndrome, obesity, and some cancers later in life. These associations are 
thought to result from fetal programming. In response to maternal and fetal 
malnutrition, there are adaptive changes, to survive, in fetal organ development. These 
adaptations may permanently alter adult physiological and metabolism in a way that is 
beneficial to survival under continued conditions of malnutrition, but detrimental when 
nutrition is abundant. 
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This explanation is employed to explain the incidence of impaired glucose tolerance and 
NIDDM as a result of adaptation to undernutrition in the fetal and infant environment. It 
is hypothesized that in adapting, the fetus and infant have to be nutritionally thrifty. If 
poor nutrition continues throughout life, these adaptations are not detrimental. However, 
if adult nutrition is better, the ability of the pancreas to maintain homeostasis is 
exceeded, resulting in diabetes. 
 
2.2. Micronutrient Malnutrition during Pregnancy 
 
The most common micronutrient deficiencies are iodine deficiency disorders, iron 
deficiency anemia, and vitamin A deficiency. Micronutrient deficiencies are caused by 
inadequate intake of food containing those micronutrients or by their poor absorption or 
utilization.  
 
2.1.5. Iodine 
 
Iodine deficiency during pregnancy causes brain damage to the fetus that results in a 
gross intellectual retardation (cretinism), neurological disorders, and growth retardation, 
which are apparent in childhood. This deficiency is fully preventable and can be 
corrected before conception or in the early stages of pregnancy. Iodination of salt has 
been shown to be a low-cost, highly effective means of preventing the deficiency. 
 
2.1.6. Iron 
 
Consequences of iron deficiency anemia are increased maternal mortality and adverse 
pregnancy outcomes. Anemia is associated with an increased risk of premature delivery 
and a higher incidence of LBW in infants. Research findings suggest that perinatal 
mortality was nine times higher for infants delivered by severely anemic mothers 
compared with normals. The main causes of anemia during pregnancy are dietary 
factors, parasitic infestations by hookworms, chronic recurrent infections, and in some 
cases genetic anemia, such as thalassemia.  
 
Dietary causes of iron deficiency anemia are low intake of heme iron (animal origin) or 
poor bioavailability of non-heme iron (plant origin). This is especially likely if the diet 
is high in cereals (which are rich in phytic acids and dietary fiber) and if a lot of tea is 
drunk with meals, or there is a low intake of Vitamin C rich food. 
 
In affluent societies, vegetarians are at risk for iron deficiency during pregnancy and 
have to be supplemented with iron as soon as pregnancy is confirmed. Prevention of 
iron deficiency in other groups of the population could be achieved without 
supplementation by encouraging intake of iron-rich food, such as meat, liver, dark green 
vegetables, and foods that enhance iron absorption (foods of animal origin, fruits and 
vegetables rich in vitamin C). Substances that inhibit iron absorption, such as calcium 
supplements, cow’s milk, tea, and coffee should be avoided or taken two hours after 
meals. Chronic infection and parasitic infestation should be treated. The high 
physiological requirement for iron in pregnancy is difficult to meet by diet alone. 
Pregnant women should routinely receive iron supplements in almost all contexts 
according to international guidelines. Women in areas of high prevalence of anemia 
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(40% and more) should be supplemented by iron according to the guidelines, for six 
months during pregnancy and continuing for three months postpartum, to enable woman 
to build up adequate iron stores. Women with severe and moderate anemia should be 
treated for three months with therapeutic supplementation and then continue with a 
preventive supplementation regimen. 
 
2.1.7. Vitamin A 
 
While Vitamin A deficiency can lead to eye damage, supplementation of pregnant or 
lactating women of childbearing age after two months postpartum is not recommended 
due to its teratogenic effect. Prevention of Vitamin A and Vitamin C deficiencies can be 
ensured by regular intake of orange-colored fruits and vegetables and dark green 
vegetables. In many countries food is fortified by Vitamin A. In affluent societies with a 
high intake of dairy product, Vitamin A deficiency is extremely rare. 
 
2.1.8. Folic Acid 
 
Folic acid deficiency is another cause of anemia in pregnant women (megaloblastic 
anemia). Additional folate consumption during periconceptional periods significantly 
reduces the risk of occurrence of neural tube defects such as anencephaly and spina 
bifida. Data suggest that poor folate status is related to high blood homocysteine levels, 
which have been identified as a risk factor for cardiovascular disease (CVD). Folate and 
vitamin B12 requirements are elevated by malaria and other hemolytic conditions. Green 
leafy vegetables, cruciferous vegetables, legumes, citrus fruits, melons, and organ meats 
are the principal source of folic acid in a human diet.  
 
2.2. Lactation 
 
Independent of mother’s decision to breastfeed or not, from about 16 weeks of 
gestation, the breast is fully prepared for lactation. Changes in the hormonal milieu after 
delivery and the infant’s suckling stimulate the breast to produce and release milk from 
the first hours after birth. Studies conducted in developed and developing countries 
demonstrate that the average level of milk production in 3 months of lactation is 
approximately 750 mL/day to 800 mL/day in women with widely varying dietary 
intakes and nutritional status. An association between infant’s birth weight and volume 
of milk intake has been observed.  
 
This appears to be related to the greater sucking strength, frequency, or feeding duration 
among larger infants—all of which can increase milk volume. Both endocrine and 
autocrine control mechanisms operate to adjust milk volume in response to infants 
suckling behavior (i.e. nursing frequency and duration and degree of emptying of the 
breasts). The relative cost of lactation is much lower for humans than for most other 
species, possibly in relation to the slow growth rate of the human infant, which is 
naturally selected to ensure optimal time for the growth, development, and training of 
the large brain. This low stress of lactation provides women with several mechanisms to 
protect milk volume and quality, which make lactation performance remarkably 
unaffected by environmental factors, including maternal nutrition. 
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Women with much lower than recommended energy and protein intake still produce 
high-quality milk. However, lactating women with negative energy balance are likely to 
mobilize their own body reserves, so that the nutrients for milk synthesis are provided 
by maternal stores or body tissues. The threshold of nutrition status, when the maternal 
system can no longer sustain lactation, is assumed to be an extreme degree of 
malnutrition. This condition is likely to be developed in close to a famine situation, 
when severe food deprivation over a long period is challenging the mother’s own 
survival. 
 
2.3. Breast Milk and Advantages of Breastfeeding  
 
Breast milk is a live dynamic fluid, changeable according to the child’s needs. Preterm 
milk is different from full-term milk; colostrum, the first milk, is different from mature 
milk; fore milk at the beginning of the feed is different from the hind milk at the end of 
the same feeding. Breast milk provides easily digested best-quality nutrients with high 
bioavailability, ensuring the child’s optimal growth and development. Feeding on 
demand, breast milk provides all baby’s water needs, so no additional water is required. 
In many parts of the world, where shortage of water and its contamination are a great 
problem, breastfeeding is the only source of a clean fluid for infants. 
 
2.3.1. Breast-Milk Composition and its Non-Nutritive Significance 
 
Breast milk is species-specific and in addition to providing well-balanced nutrients it is 
exceptionally rich and diverse in its non-nutritious components. Compared with other 
mammalian milks, human milk is low in protein and mineral content and high in 
lactose. Human infants are born relatively immature and have a slower growth rate. 
Species-specific to humans,human milk suits the needs for growth, development, and 
training of the large brain at first, while protein rich cow’s milk suits the muscle-skeletal 
growth of the calf. Energy yield of human milk per gram of nutrient for protein is 17 
kJ/g, for carbohydrates is 16 kJ/g, and for fat is 37 kJ/g. On average, mature human milk 
yields approximately 3150 kJ/L. An intake of 500 g/day of breast milk in the second 
year of life can cover about 30% of energy, 45% of Vitamin A, and 95% of Vitamin C 
daily requirements of children. 
 
Major constituents of human milk are lactose, fat, proteins, minerals, and vitamins. 
Despite the low content of iron in human milk, its bioavailability is exceptionally high 
(the low iron content may limit the growth of microbes and so protect the infant from 
gastrointestinal infections). Iron absorption from human milk is about 50%, while from 
formula or cow’s milk it is about 4% to 10%. Exclusively breastfed infants rarely have 
iron deficiency anemia. Breast milk, and especially colostrum, hasa high content of 
Vitamin A. Human milk contains enzymes, a number of growth factors, and hormones, 
which facilitate the infant’s growth and development, as well as maturation of its gut 
and nervous systems. Breastfed infants have optimal visual development and show 
advanced cognitive development with higher IQ scores and better academic outcomes. 
 
Immunological properties of breast milk help to protect the infant against infection 
during infancy, but also provide long-lasting active immunity. Breast milk in some 
cultures is called white blood. Cellular components make breast milk a living fluid. Cell 
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numbers are highest in colostrum and gradually decline during the first three months to 
a steady level. Cellular and humoral factors in breast milk include macrophages, 
lymphocytes, neutrophils, complement, lysozyme, lactoferrin and prostaglandins, 
immunoglobulins, oligosaccharides, nucleotides, and others. All of them together 
contribute to the host-resistant and immunological significance of human milk, 
providing anti-infective, anti-inflammatory, and anti-protozoan factors, ensuring barrier 
system, immune-modulating activity, and protecting the young child from acute and 
chronic disease in childhood. This may be one of the mechanisms for the reduced 
incidence of necrotizing enterocolitis in breastfed infants. 
 
2.3.5. Breastfeeding Advantages for Mother’s and Child’s Health 
 
Infants not breastfed have a higher risk of childhood diabetes, childhood lymphomas, 
celiac disease, Crohn’s disease, and are more prone to asthma and other atopic diseases. 
Exclusively breastfed infants have at least 2.5 times fewer illness episodes than infants 
fed breast milk substitutes. Infants are as much as 25 times more likely to die from 
diarrhea in the first 6 moths of life if not exclusively breastfed. Among children under 
one year, those who are not breastfed are 3 times more likely to die of respiratory 
infection than those who are exclusively breastfed. Infants exclusively breastfed for 4 or 
more months have half the mean number of acute otitis media episodes of those not 
breastfed at all.  
 
Breastfeeding has sound advantages to the mother’s health. Early breastfeeding 
facilitates uterine contraction and decreases postpartum hemorrhage. Lactation 
amenorrhea combined with exclusive breastfeeding can act as a reliable contraception 
during the first six months postpartum. It can also ensure the saving of iron stores, as 
iron loss associated with menstruation is higher compared with lactation. Breastfeeding 
has protective effects against breast and ovarian cancer and osteoporosis. It helps to 
reduce mother’s weight, especially if lactation lasts more than six months. It gives a 
woman bonding with her child and increases her self-esteem. 
 
- 
- 
- 
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