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Optimal health and well-being are now considered the true measures of human development.
Integrated strategies for infant, child and adult nutrition are required that take a life-course
perspective to achieve life-long health. The major nutrition challenges faced today include: (a)
addressing the pending burden of undernutrition (low birth weight, severe wasting, stunting and
Zn, retinol, Fe, iodine and folic acid deficits) affecting those individuals living in conditions of
poverty and deprivation; (b) preventing nutrition-related chronic diseases (obesity, diabetes,
CVD, some forms of cancer and osteoporosis) that, except in sub-Saharan Africa, are the main
causes of death and disability globally. This challenge requires a life-course perspective as
effective prevention starts before conception and continues at each stage of life. While death is
unavoidable, premature death and disability can be postponed by providing the right amount
and quality of food and by maintaining an active life; (c) delaying or avoiding, via appropriate
nutrition and physical activity interventions, the functional declines associated with advancing
age. To help tackle these challenges, it is proposed that the term ‘malnutrition in all its forms’,
which encompasses the full spectrum of nutritional disorders, should be used to engender a
broader understanding of global nutrition problems. This term may prove particularly helpful
when interacting with policy makers and the public. Finally, a greater effort by the UN agencies and private and public development partners is called for to strengthen local, regional and
international capacity to support the much needed change in policy and programme activities
focusing on all forms of malnutrition with a unified agenda.
Optimal health and well-being: Global nutrition challenges: Life-course perspective:
Integrated strategies for malnutrition

The health status of developing countries has long been
characterised by a predominance of endemic and epidemic
infectious diseases. In this context, undernutrition and
micronutrient deficiencies, which mostly affect children
and women of fertile age, are important as they aggravate
the severity and duration of infectious diseases(1). Undernutrition may also increase the incidence of some infections and may potentiate the virulence of some infectious
agents(2,3). The enormous scale of the estimated global
burden of death and disability currently associated with
undernutrition among children <5 years of age is shown in
Table 1. In contrast, industrialised countries are usually

characterised by their relative preponderance of disability
and death caused by non-communicable chronic diseases.
These latter diseases often result from changes in diet and
physical activity patterns induced by economic affluence
and from degenerative conditions linked to advanced
age(4). In these classic characterisations under- and overnutrition are presented as opposites ends of a spectrum and
contrasted against each another in terms of number of
deaths or disability-adjusted life years lost and their contingent economic costs. This approach is overly simplistic,
which leads to competing research and policy agendas
and confusion; it detracts from the need to concentrate on

Abbreviation: NRCD, nutrition-related chronic diseases.
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Table 1. Global deaths and disability-adjusted life years (DALY) in children < 5 years of age in 2004, showing deaths and disability attributed to
micronutrient deficiencies and those attributed to nutritional (anthropometric) status (modified from Black et al.(1))
Deaths (n)
Condition
Vitamin A deficiency
Zn deficiency
Fe deficiency
Iodine deficiency

Disease burden
(·103 DALY)

Percentage of
< 5 years DALY

6.5
4.4
0.2
0.03

22 668
16 342
2156
2614

5.3
3.8
0.5
0.6

81 358
54 912
64 566
25 929
13 536
90 962

18.7
12.6
14.8
6.0
3.1
21.2

667 771
453 207
20 854
3619

Measure
Underweight*
Stunting
Wasting*
Severe wasting*†
IUGR–low birth weight
Total of stunting, severe wasting
and IUGR–low birth weight*‡
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Percentage of
< 5 years deaths

19.0
14.5
14.6
4.4
3.3
21.4

1 957 530
1 491 188
1 505 236
449 160
337 047
2 184 973

IUGR, intrauterine growth restriction.
*Includes deaths (138 739) and DALY (14 486 400) directly attributed to ‘protein–energy malnutrition’.
†Included in wasting.
‡Total takes into account the joint distribution of stunting and severe wasting.

Blood pressure*
Tobacco use
Cholesterol*
Underweight*
Unsafe sex
Fruit and vegetables*
High BMI*
Physical inactivity*
Alcohol*
Unsafe water, hygiene
Indoor smoke and fuels
Fe deficiency*
Urban air pollution
Zn deficiency*
Vitamin A deficiency*
Unsafe health and injections
0
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Fig. 1. Global deaths attributable to sixteen leading risk factors. (&) High mortality, developing countries; (K), low mortality, developing countries; ( ), developed countries;
*nutrition-related risks. (Modified from Uauy & Solomons(4).)

solving the existing problems in which undernutrition and
nutrition-related chronic diseases (NRCD) are intertwined(5,6).
Epidemiological and nutrition transitions have now been
documented in most countries in the world making NRCD
the main cause of death and disability globally. These
transitions have resulted in increased life expectancy as a
result of a combination of falling neonatal deaths, increased infant and child survival and extended longevity
of adults. The appearance of these transitions underscores
the need to see the effects of nutrition on health and wellbeing as a continuum across the lifespan with multiple
interlocking consequences(7–9). As more of the population

reach older ages greater emphasis needs to be placed on
NRCD, many of which, to an important extent, originate in
early life. The prevention of diabetes, heart disease and
cancer was not considered as relevant in developing
countries until recently(10–12) as these diseases were considered to be diseases of affluence. However, both on an
absolute and age-adjusted basis these diseases are becoming progressively more important in developing countries(10,13). The most common risk factors responsible for
global deaths according to the extent of socio-economic
development are summarised in Fig. 1. It is clear that most
nutrition-related risk factors for chronic disease are common in both developing and developed countries, perhaps
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with the only exception of underweight and specific nutrient deficiencies. High prevalence of chronic conditions in
later life not only increases the burden of disease but will
also affect the allocation of financial resources, and thus
potentially undermine a country’s capacity to address
nutritional problems in early life.
In the face of this global scenario it is time to reexamine the many faces of malnutrition and address them
with a common agenda that recognises the full spectrum of
nutrition-related death and disability. Before addressing
what are considered to be the key global challenges for
nutrition scientists a case will be made for the expansion of
the basic definition of malnutrition to one that encapsulates
malnutrition in all its forms.
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Malnutrition in all its forms
In the new global nutrition environment it is clear that the
basic definition of malnutrition is not sufficient, and that
there is a need for a new definition that encompasses
underweight and overweight, wasting and stunting, micronutrient deficiencies and NRCD. Underweight is defined
by a low weight-for-age, yet a child may be underweight
because she or he is wasted (low weight-for-height) or
stunted (low height-for-age) or both. Conversely, a child
may be stunted but overweight for his or her length. Within
the underweight category, wasted and stunted children
must be considered separately since they need to be
approached differently in their treatment and follow up.
The fact that among the undernourished as defined by
stunted linear growth there exist many who are of normal
weight for their length and some who are overweight for
their length(14) can no longer be ignored. Importantly, since
length is not systematically assessed in defining nutritional
status of populations(15) it is possible that the prevalence of
undernutrition may currently be overestimated and the
problem of excess body fat stores neglected. It follows
that if the aim is to tackle malnutrition in all its forms,
length must be systematically measured and assessed in all
children.
Acute wasting is an important form of malnutrition and
requires particular attention, especially within the context
of emergencies caused by famine (acute and chronic) and
conflict. Acute wasting is associated with child survival
since it has a direct impact on resistance to infection.
Effective treatment and control of acute wasting are
essential if hunger and mortality in children is to be
reduced in accordance with the internationally-agreed
Millennium Development Goals(16).
Micronutrient deficiencies also form part of the broader
definition of malnutrition. Poor quality of diets can lead to
inadequate intakes or deficiencies in one or more micronutrients and, where possible, an attempt should be made
to determine the common underlying dietary causal factors. For example, epidemiological risk analysis indicates
that Fe and Zn deficiencies frequently occur together;
similarly, vitamin A deficit is observed in infants and
mothers subsisting on single staple foods (cereals or
tubers). Integrating findings in this manner, and examining
the need for changes in dietary patterns rather than

targeting individual nutrients, may provide more sustainable long-term solutions(9,17).
Finally, at the other end of the spectrum, any new definition of malnutrition must now also include NRCD. These
chronic diseases commonly presenting in adults are related
to long-term patterns of diet and physical activity. Prevention for these conditions therefore starts with the
achievement of optimal fetal and infant growth and continues throughout the life course with the promotion of
healthy diets and active living(8). It must be remembered
that the pre-clinical conditions associated with ageing such
as loss of muscle and skeletal mass and loss of cognitive
functions are not obligatory states, and their impact may be
substantially attenuated by dietary, physical activity and
social interventions. The ultimate goal is what has been
termed the ‘compression of morbidity’(18), meaning that
ideally individuals should live the majority of their lives
free of the disabilities of acute and chronic illnesses and
impaired function, and extend their longevity towards the
upper limits of the human lifespan.
Reductionist approaches to nutrition have to date provided good service and important knowledge has been
gained on the effects of specific nutrients at the molecular,
cellular, organ and whole-body level. However, this
approach will not necessarily bring early provision of
coherent guidance to policy makers to achieve better
population health and well-being. If the gap between present knowledge and population nutritional status and health
is to be bridged it will be necessary to use integrated
approaches to address malnutrition in all its forms with a
life-course perspective(19). Such approaches are also more
likely to attract the interest of the public and policy
makers, and thus effective action nationally and globally
will be brought closer. Agreeing on a definition of malnutrition in all its forms will encourage more widespread
usage and hopefully contribute to developing a common
agenda for action.

Global nutrition challenge 1: addressing the
pending burden of undernutrition and
micronutrient deficits
Undernutrition, as assessed by abnormal anthropometric
measures, and micronutrient deficiencies are frequently
interrelated. For example, the disease outcome diarrhoea is
associated with vitamin A and Zn deficiencies as well as
stunting. In contrast, certain micronutrient deficiencies
such as iodine and Fe may occur in children with normal
somatic growth, which is further complicated by the fact
that the consequences of certain micronutrient deficiencies
may in fact be dependent on their effects on growth. For
example, approximately half the effect of Zn deficiency is
mediated by stunting; the rest is a direct effect on morbidity and mortality, probably as a result of impaired
immune function(1). Analyses of the population attributable risk of malnutrition should therefore consider the
effects of not only single but also combined micronutrient
deficits together with other measures of malnutrition such
as somatic growth.
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Fig. 2. Life-course approach to prevention of chronic disease in adult life. (L), The
critical steps to achieve healthy growth and long-term health; (K), the end points that
define increased risk. High BMI and metabolic syndrome interact in defining risk for
chronic disease in adult life.

While the risks related to suboptimal breast-feeding
(optimal breast-feeding based on WHO recommendations(20) is exclusive breast-feeding from birth to 6 months
of life and continued breast-feeding complemented with
appropriate micronutrient dense foods after 6 months) may
in part be associated with micronutrient deficiencies
resulting from inadequate dietary intake by the infant, they
are more importantly a result of the role of breast milk in
preventing infections. The disease burden attributed to
suboptimal breast-feeding cannot be added to that of
undernutrition without considering their joint effects;
however, it is nonetheless appropriate to consider breastfeeding practices as one of the most important modifiable
risk factors for infectious disease in infants. Effective
interventions are also available to reduce stunting, micronutrient deficiencies and child deaths. If implemented at
scale, they would reduce disability-adjusted life years and
child deaths by about one-quarter in the short term(16,21,22).
Systematic reviews of available evidence on the effectiveness of interventions published in the Lancet series on
maternal and child undernutrition indicate that breastfeeding counselling and vitamin A and Zn fortification or
supplementation have the greatest potential to reduce the
burden of child morbidity and mortality(21). The reviews
also suggest that enhancing complementary feeding via
nutrition counselling for food-secure populations and
nutrition counselling, food supplements and/or conditional
cash transfers in food-insecure populations could also
substantially reduce stunting in the short term. Elimination
of stunting, however, will require long-term investments to
improve education, economic status and empowerment of
women. The evidence base in the systematic reviews for
maternal health is weaker, but there is some evidence that
nutrition interventions such as Fe and folate supplements
and targeted balanced energy and protein supplementation
may make a difference to maternal health and birth outcomes. Collectively, the anthropometric and micronutrient

deficiencies examined in the recent Lancet series on
maternal and child undernutrition accounted for approximately 30% of total deaths and disease burden in children
< 5 years of age, which equates to approximately 9% of
the total global disease burden in all ages(1). This enormous pending burden highlights the need for immediate
and concerted efforts to implement known effective
actions.

Global nutrition challenge 2: prevention of
diet-related chronic disease with a life-course
perspective
The excessive segmentation and specialisation of human
nutrition into energy, macronutrients and micronutrients
and of clinical sciences into newborn medicine, paediatrics, adolescent health, adult health and geriatrics has been
a barrier to integrating the various stages of development
in human health(23). A common denominator for an integrated view is a systematic ‘life-course’ approach(8). A
complex but compelling and highly-relevant relationship
(schematically presented in Fig. 2) has been revealed
between the processes of undernutrition and poor growth in
fetal life or early infancy and metabolic and malignant
disease consequences in adult life(19,24).
The epidemiology of the early origins of adult disease(25) and the concept of early-life programming based
on a persistence of a nutrient-conserving metabolic pattern
throughout the lifespan, emphasise health over disease in
the relationship of nutrition, early growth, metabolic
imprinting and vulnerability to chronic disease(26). The
postulate of the ‘developmental origins of health and disease’ hypothesis is that the early environment programmes
metabolism, organ growth and functional development in
an irreversible manner even after the original deprivation
has been resolved. Programming may be explained by
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structural changes in organs induced during early development, or by epigenetic modifications that permanently
modify the patterns of gene expression, which in turn
affect organ function at later stages in the life course.
These changes are associated with permanent changes in
physiology and/or structure that will predispose individuals
to obesity and other NRCD in later life.
The relationship between low birth weight and later
occurrence of central obesity, insulin resistance, type 2
diabetes, hypertension and CVD has been documented in a
number of epidemiological studies conducted mostly in
industrialised countries(27–29), and in follow-up studies of
historic cohorts from transitional countries(30). In most
developing regions low birth weight, and underweight and
stunting in young children, coexists with overweight and
obesity in older children, adolescents and the adult population(31,32). Thus, the ‘developmental origins of health and
disease’ hypothesis may be most relevant to present and
future public health in these countries.
Analyses of the five existing cohort studies from developing countries (India, Guatemala, South Africa, Brazil
and the Philippines) have recently been reported(30). These
cohorts were established in 1975–90 and with some interruptions subjects have been followed to the present. In
India, Guatemala and Brazil birth weight was found to be
positively associated with BMI at age 25–30 years, yet
with a stronger association for lean mass than for fat mass.
The links between birth weight and later occurrence of
NRCD have proven more difficult to elucidate and the
results are not fully consistent across studies. However, the
studies differ widely in the extent of early malnutrition, the
presence and extent of recovery of growth and of accelerated growth at various life stages and in the final nutritional status in terms of residual stunting, underweight and/
or overweight. These factors are likely to be responsible
for the observed differences in outcomes across studies. In
the case of subjects from south and south-east India the
susceptibility to insulin resistance and cardiovascular risks
is even higher than in the population from other developing
countries. This finding is explained by their particular
malnutrition phenotype, in which low-birth-weight babies
have increased visceral adiposity and insulin resistance
even before overweight and obesity can be established
based on current Western criteria(33,34).
The other maladaptive nutritional situation of fetal life
with an adverse prognosis for long-term health is macrosomia (birth weight of >4000 g). This excessive intrauterine growth is a result of excess fuel availability leading to
higher insulin levels, generally as the result of gestational
hyperglycaemia in the mothers(35). Cohort studies of
infants who are macrosomic have shown that high birth
weight and overweight in infancy is also a risk factor for
diabetes in later life(36,37).
The importance of the existence and timing of a period
of rapid childhood growth in potentiating the relationship
between fetal undernutrition and later chronic disease is a
matter of current debate(38,39), partly because of the recent
changes in the environment in terms of progressive increased prevalence of risk factors for obesity as opposed
to the subtle effects observed in the older historic cohorts.
A systematic review has identified sixteen studies that have

presented data on the role of rapid childhood growth as a
possible determinant of obesity in adulthood, thirteen of
which have reported significant associations, although the
lack of standardisation between studies is also noted,
making interpretation difficult(40). The extent to which
rapid infant growth represents a risk may depend on whether it occurs in the context of recovery from fetal growth
restriction and results in normalisation of body weight and
length, or whether excess growth is predominantly ponderal with constrained linear gain, thus leading to excess
weight for length(29,41).
The age of the adiposity rebound (age at which the BMI
increases after its childhood nadir) is another period in
which childhood growth seems to be critical for later
life(42). On average this BMI increase normally happens
between 5 and 7 years of age, an earlier adiposity rebound
is associated with increased fatness later in life(43). This
relationship is illustrated by the fact that adults whose
adiposity rebound occurred by 4.8 years of age have a six
times higher risk of being obese (BMI> 27 kg/m2) than
those who had their adiposity rebound after 6.2 years of
age(44). Similar adverse consequences of early adiposity
rebound have been reported for risks of glucose intolerance, diabetes and hypertension(45–47). However, there is
some uncertainty as to whether the negative effect of an
early adiposity rebound is independent of early-life BMI or
BMI percentile crossing(48,49).
Recently, it has been proposed that, at least in women,
puberty may correspond to a critical period for the development of certain cancers(50). In a cohort of women born
in Finland during the early 1930s women whose mothers
had larger pelvic diameters (iliac crests) had a higher
risk of breast and ovarian cancer, especially if those
mothers also had an early menarche. The authors have
proposed that the larger diameters of the pelvic bones
may result from a higher exposure to oestrogens during
puberty, an effect that may persist throughout life and
might impact on cell differentiation of breast and ovarian
tissue of female fetuses while in utero. They conclude that
the maternal sex-hormone profile that initiates ovarian and
breast cancer may be the product of poor nutrition
and growth in early childhood followed by catch-up prepubertal growth.
Overall, there is good evidence that growth trajectory is
relevant in the aetiology of later chronic disease(51). Whether the sequence is underweight-to-overweight or overweight-to-overweight, the consequence of malnutrition in
early life is an increased risk of the burden of chronic
disease during adolescence and adulthood. This outcome
creates a second burden in societies simultaneously disposed to high rates of poor fetal growth, and supports the
need to have appropriate definitions of malnutrition and
carefully-designed research on the life-course consequences of early growth patterns. This research can serve
as a framework to uncover the most effective measures to
promote individual and public health in order to reduce
future morbidity and disability. Such an approach will not
only lead to better health and wellbeing, but ultimately
may halt the progression of the escalating economic costs
of malnutrition to beyond a level that society can afford to
provide in an equitable manner.

Global nutrition challenges for optimal health
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Global nutrition challenge 3: nutrition for
optimal health and well-being across the lifespan
(healthy ageing)
Increased longevity in human subjects must surely rank as
one of the great biosocial and biomedical triumphs of the
modern era. Declining fertility together with increased
longevity has meant that all countries are experiencing
growth in the absolute number, and in many countries also
in the proportion, of older individuals in the population.
UN estimates project that by the year 2050 individuals
aged ‡ 60 years will represent 22% of the world’s population, or about two billion individuals (a rise from 10% or
600 million individuals in 2000)(52). Of particular importance is the growth in the population of the proportion of
the oldest old. The world’s population of individuals aged
‡ 80 years is projected to more than triple in the period
2000–50, from 1.2% (73 million individuals) to 4.3 %
(400 million individuals)(52). However, while increased
longevity is a triumph, it is also likely to be one of the
great global challenges for human health(53).
With the growing size of the cohort of older individuals,
identifying interventions that promote good health in later
life becomes increasingly desirable, especially in countries
with limited resources to devote to the care of older individuals in poor health. The Madrid International Plan of
Action on Ageing provides a framework for the multisectoral efforts that are needed to encourage active and
healthy ageing(54). This Plan of Action on Ageing emphasises the importance of adequate nutrition throughout the
life course and of national food policies that recognise
older individuals as potentially vulnerable. Global perturbations in food costs, especially of staple crops such as rice
and wheat, are also likely to have a dramatic effects on
food security(55).
Compared with research commitments and policy
initiatives in younger age-groups, national-level actions
designed to have an impact on the nutrition and health of
older individuals have been limited until relatively
recently. This situation may be the result of a variety of
factors, such as negative images of ageing, concepts that
health promotion and disease prevention in old age are not
worthwhile and the research community’s relative neglect
of many of the common problems of old age. The reality of
demographic change should force a reconsideration of
many of these factors and it is becoming clear that a multidisciplinary national level approach is required that fully
integrates population ageing and the needs of older individuals into all areas of public policy, including health,
housing, economic development and transport.
The government of Chile provides a good example of a
national-level nutrition intervention aimed at promoting
healthy ageing and preserving health and function in later
life. The Programme of Complementary Feeding for the
Older Population is a package of actions which, since
1998, has been providing micronutrient-fortified foods to
individuals aged ‡ 70 years registered at Primary Health
Centres. The recommended serving size (50 g/d) of these
fortified foods provides 50 % of the daily micronutrient
requirements and 20 % of the daily energy requirements
of older individuals(56). In collaboration with the Ministry
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of Health in Chile, a cluster randomised trial is currently
being conducted in Santiago to determine the costeffectiveness of the Programme of Complementary Feeding for the Older Population and a specially-designed
resistance training exercise class for older individuals(57),
which could serve as blueprints for similar interventions in
other nations.
In order to reflect on the level of the UK government’s
actions in social and health policy to support older individuals, the cost of healthy living for older individuals in
England has recently been estimated(58). Using conclusions
of expert reviews and published research, the best evidence
on the needs for healthy living for individuals aged ‡ 65
years (without major disability) in England, was derived
for nutrition, physical activity, housing, psychosocial relations and social inclusion, mobility, medical care and
hygiene. This knowledge was translated into presumptively
acceptable ways of living, and the corresponding minimal
personal costs were assessed from low-cost retailers or,
where unavoidable, from national data on the expenditure
of low-income older individuals. The minimum income
requirements for healthy living for this population in
England were found to be 50% greater than the state pension, and even appreciably greater than the official minimum income safety level. The results suggest that
inadequate income currently could be a barrier to healthy
living for older individuals in England. In 2007 the cost of
the defined healthy diet represented 25% of the total
weekly budget for older individuals. Increasing food costs,
without concomitant increases in social support, is likely to
create further strains on household budgets and may also
affect food security for older individuals.
It is evident, however, that there is tremendous variation
between individuals in the extent of age-related changes in
health and function. This disparity has led some researchers to propose a distinction between ‘usual’ and ‘successful’ ageing, or ageing well(59). While there is a
growing body of evidence to support the role of genetic
constitution in some aspects of healthy ageing, such as risk
of Alzheimer’s disease(60) and age-related macular degeneration(61) and physiological responses to exercise(62), it is
also clear that nutrition and lifestyle factors across the life
course are crucially important. For example, in a panEuropean study adherence to four healthy lifestyle characteristics, i.e. consumption of a Mediterranean-style diet,
moderate alcohol intake, regular physical activity and not
smoking, was shown to increase the chance of survival
over 10 years by >50%(63). Such a regimen can be promoted by public health nutrition professionals and does not
depend on access to high-tech medical care or large
financial resources.
Interestingly, a recent Finnish cohort study has shown
that maintenance of healthy public health nutrition variables (healthy body weight, low cholesterol, low blood
pressure and regular physical activity) are also associated
with lower risk of incident dementia(64). This finding
highlights the possible role of nutrition in the prevention of
cognitive decline and dementia, a role first proposed 25
years ago(65). The number of individuals with age-related
cognitive impairment is rising dramatically in the UK(66)
and globally(67), and the prevention and treatment of
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dementia is one of the major global challenges for health in
which nutrition may have an important role to play.
A mass of epidemiological evidence linking nutrient
supplementation to cognitive function and dementia has
been published over the past 25 years, but unfortunately it
has largely not been corroborated by the clinical trials that
have been conducted in older individuals. Indeed, a series
of Cochrane and other systematic reviews have concluded
that there is no evidence of an effect of supplementation
with various B-vitamins(68,69) or vitamin E(70) on cognitive
health in later life. However, two sets of candidate nutrients, the B-vitamins and the n-3 long-chain PUFA, remain
influential on the nutrition and cognitive function research
agenda(71).
High levels of homocysteine are a known risk factor for
vascular disease in mid-life(72) and older age(73), and
interestingly have also been shown to be associated with
cognitive function in later life(74). A small clinical trial that
randomised 276 individuals aged ‡ 65 years at baseline to
receive either a daily supplement containing 1000 mg
folate, 500 mg vitamin B12 and 10 mg vitamin B6 or a
placebo for 2 years has demonstrated marked reductions in
homocysteine in the intervention group, but no difference
between trial arms in cognitive function at the end of the
intervention(75). However, the recent publication of a larger
clinical trial(76) that randomised 818 individuals aged 50–
70 years at baseline to receive either 800 mg folic acid or
placebo daily for 3 years has revitalised the hypothesis.
The intervention was found to result in a 26% decrease in
homocysteine levels, and the authors reported a beneficial
effect of folic acid supplementation on three of the five
cognitive domains under investigation. As background
work for an ongoing trial investigating the effect of
vitamin B12 supplementation on central and peripheral
nerve function and cognitive health (the Older People and
Enhanced Neurocognitive function Study), an analysis of
individual participant data from the available published
clinical trials investigating B-vitamin supplementation and
cognitive function is currently being undertaken, which
will hopefully provide more information on the potential
role of these nutrients in cognitive health in later life.
Epidemiological evidence for an association between
n-3 long-chain PUFA consumption and cognitive function
is similarly intriguing. A systematic review has identified
four cohort studies reporting associations between n-3
long-chain PUFA and cognitive health(77). All four studies
have suggested a positive impact of increased n-3 longchain PUFA consumption (either as fish or as total n-3
long-chain PUFA) on risk of impaired cognitive function
or incidence of dementia. More recently, follow up of 210
surviving males in the Zutphen Elderly Study has demonstrated that among men aged 70–89 years at baseline fish
consumption is associated with a slower rate of cognitive
decline over 5 years(78). Finally, follow up of 899 men and
women in the Framingham Heart Study with a mean age of
76 years at baseline has demonstrated that individuals with
the highest levels of plasma phosphatidylcholine-DHA
have a decreased risk of incident dementia over 9 years(79).
While the case for n-3 long-chain PUFA in healthy
cognitive ageing is building, a Cochrane review has found
no published randomised controlled trials investigating the

effect of n-3 long-chain PUFA supplementation on cognitive function among healthy older adults(80). One recent
clinical trial randomised 174 participants with mild-tomoderate Alzheimer’s disease and a mean age of 74 years
to receive either 2.3 g n-3 long-chain PUFA or placebo
daily for 6 months(81). No difference was found in the rate
of decline in cognitive function between the study groups
at the end of the 6-month intervention, but in a subgroup of
thirty-two participants with very mild cognitive function
loss at baseline the rate of cognitive decline in the intervention arm was found to be slower than that in the
placebo arm. While these results are exciting, they must be
confirmed by larger studies. A randomised controlled trial,
the Older People And n-3 Long chain polyunsaturated fatty
acid Study(82), is currently investigating the effect of 0.7 g
n-3 long-chain PUFA supplementation daily (which equates
to about two portions of oily fish per week) for 2 years on
a cohort of > 860 healthy adults aged 70–79 years at
baseline. The results of the trial are due in early 2009. To
meet the global challenge of ageing, considerably greater
attention is clearly needed to help define cost-effective
public health nutrition interventions to maintain health and
function in later life.
Conclusions
The following conclusions are proposed in order to meet
the global nutrition challenges for optimal human health
and well-being in the new millennium:
1.

2.
3.

4.

5.

agree to use the term ‘malnutrition in all its forms’ as
a description that encompasses the full spectrum of
nutritional disorders when interacting with policy
makers and members of the public;
develop integrated prevention and control strategies
for infant, child and adult undernutrition, and nutrition-related chronic disease throughout the life course;
reconsider the concept of dietary quality and optimal
growth beyond immediate survival, particularly in
relation to life-long health. There remains a critical
need to define what is meant in practice by ‘adequate
food’, considering not only quantity of energy but also
overall diet quality;
address optimal nutrition for healthy aging based on
emerging evidence of the impact of nutrition and
physical activity interventions on age-related functional and health decline;
call for a greater effort by the UN agencies, private
and public development partners and other organisations to develop and/or strengthen local, regional and
international leadership capacity to support the muchneeded change in policy and programme activities,
focusing on malnutrition in all its forms with a unified
agenda.
Acknowledgements

The authors have no competing or conflicting interest in
relation to the content of this manuscript. R. U., A. D. and
C. C. participated equally in conceptualising, reviewing the
material and in writing this paper.

Global nutrition challenges for optimal health

Proceedings of the Nutrition Society

References
1. Black RE, Allen LH, Bhutta ZA et al. (2008) Maternal and
child undernutrition: global and regional exposures and
health consequences. Lancet 371, 243–260.
2. Beck MA & Matthews CC (2000) Micronutrients
and host resistance to viral infection. Proc Nutr Soc 59,
581–585.
3. Uauy R (2007) Academic-industry partnerships in addressing
nutrition – [infection-immunity-inflammation] interactions. Br
J Nutr 98, Suppl. 1, S17–S23.
4. Uauy R & Solomons NW (2006) The role of the international
community: forging a common agenda in tackling the double
burden of malnutrition. SCN News no. 32, pp. 24–37.
Geneva: WHO.
5. Uauy R, Albala C & Kain J (2001) Obesity trends in Latin
America: transiting from under- to overweight. J Nutr 131,
893S–899S.
6. Uauy R & Kain J (2002) The epidemiological transition:
need to incorporate obesity prevention into nutrition programmes. Public Health Nutr 5, 223–229.
7. Caballero B & Popkin BM (editors) (2002) The Nutrition
Transition: Diet and Disease in the Developing World.
London: Academic Press.
8. Darnton-Hill I, Nishida C & James WP (2004) A life course
approach to diet, nutrition and the prevention of chronic
diseases. Public Health Nutr 7, 101–121.
9. Uauy R & Monteiro CA (2004) The challenge of improving food and nutrition in Latin America. Food Nutr Bull 25,
175–182.
10. Anderson GF & Chu E (2007) Expanding priorities – confronting chronic disease in countries with low income. N
Engl J Med 18, 209–211.
11. World Health Organization (2003) Diet, Nutrition and the
Prevention of Chronic Diseases. Report of a joint WHO/FAO
Expert Consultation WHO Technical Report Series no. 916.
Geneva: WHO.
12. World Health Organization (2005) Preventing Chronic Disease: A Vital Investment. Geneva: WHO.
13. Quam L, Smith R & Yach D (2006) Rising to the global
challenge of the chronic disease epidemic. Lancet 368, 1221–
1223.
14. Corvalan C, Dangour AD & Uauy R (2008) Need to address
all forms of childhood malnutrition with a common agenda.
Arch Dis Child 93, 361–362.
15. de Onis M, Wijnhoven TM & Onyango AW (2004) Worldwide practices in child growth monitoring. J Pediatr 144,
461–465.
16. Ashworth A, Jackson A & Uauy R (2007) Focusing on malnutrition management to improve child survival in India.
Indian Pediatr 44, 413–416.
17. Oyarzun MT, Uauy R & Olivares S (2001) Enfoque alimentario para mejorar la adecuación nutricional de vitaminas
y minerales (Food based approaches to improve vitamin
and mineral nutrition adequacy). Arch Latinoam Nutr 51,
7–18.
18. Fries JF (1980) Aging, natural death, and the compression of
morbidity. N Engl J Med 303, 130–135.
19. Uauy R & Solomons N (2005) Diet, nutrition, and the lifecourse approach to cancer prevention. J Nutr 135, Suppl.,
2934S–2945S.
20. World Health Organization (2001) The Optimal Duration of
Exclusive Breastfeeding. Report of an Expert Consultation.
Geneva: WHO.
21. Bhutta ZA, Ahmed T, Black RE et al. (2008) What works?
Interventions for maternal and child undernutrition and survival. Lancet 371, 417–440.

41

22. Bryce J, Coitinho D, Darnton-Hill I et al. (2008) Maternal
and child undernutrition: effective action at national level.
Lancet 371, 510–526.
23. Uauy R (2005) Defining and addressing the nutritional needs
of populations. Public Health Nutr 8, 773–780.
24. McMillen IC & Robinson JS (2005) Developmental origins
of the metabolic syndrome: prediction, plasticity, and programming. Physiol Rev 85, 571–633.
25. Barker D (editor) (1998) Mothers, Babies and Health in
Later Life. Edinburgh: Churchill Livingstone.
26. Gluckman PD, Hanson MA, Cooper C et al. (2008) Effect of
in utero and early-life conditions on adult health and disease.
N Engl J Med 359, 61–73.
27. Barker DJ (2008) Human growth and cardiovascular disease.
Nestle Nutr Workshop Ser Pediatr Program 61, 21–38.
28. Dunger DB, Salgin B & Ong KK (2007) Early developmental pathways of obesity and diabetes risk. Proc Nutr Soc
66, 451–457.
29. Luyckx VA & Brenner BM (2005) Low birth weight,
nephron number, and kidney disease. Kidney Int Suppl 97,
S68–S77.
30. Victora CG, Adair L, Fall C et al. (2008) Maternal and child
undernutrition: consequences for adult health and human
capital. Lancet 371, 340–357.
31. de Onis M, Blossner M, Borghi E et al. (2004) Estimates of
global prevalence of childhood underweight in 1990 and
2015. JAMA 291, 2600–2606.
32. Lobstein T, Baur L & Uauy R (2004) Obesity in children and
young people: a crisis in public health. Obes Rev 5, Suppl. 1,
4–104.
33. Yajnik CS (2002) The lifecycle effects of nutrition and body
size on adult adiposity, diabetes and cardiovascular disease.
Obes Rev 3, 217–224.
34. Yajnik CS, Fall CH, Coyaji KJ et al. (2003) Neonatal
anthropometry: the thin-fat Indian baby. The Pune Maternal
Nutrition Study. Int J Obes Relat Metab Disord 27, 173–180.
35. Leguizamon G & von Stecher F (2003) Third trimester glycemic profiles and fetal growth. Curr Diab Rep 3, 323–326.
36. Das UG & Sysyn GD (2004) Abnormal fetal growth:
intrauterine growth retardation, small for gestational
age, large for gestational age. Pediatr Clin North Am 51,
639–654.
37. Yu Z, Sun JQ, Haas JD et al. (2008) Macrosomia is associated with high weight-for-height in children aged 1–3 years
in Shanghai, China. Int J Obes (Lond) 32, 55–60.
38. Gillman MW (2008) The first months of life: a critical period
for development of obesity. Am J Clin Nutr 87, 1587–1589.
39. Lucas A, Fewtrell MS & Cole TJ (1999) Fetal origins
of adult disease – the hypothesis revisited. Br Med J 319,
245–249.
40. Monteiro PO & Victora CG (2005) Rapid growth in infancy
and childhood and obesity in later life – a systematic review.
Obes Rev 6, 143–154.
41. Corvalan C, Gregory CO, Ramirez-Zea M et al. (2007) Size
at birth, infant, early and later childhood growth and adult
body composition: a prospective study in a stunted population. Int J Epidemiol 36, 550–557.
42. Rolland-Cachera MF, Deheeger M, Bellisle F et al. (1984)
Adiposity rebound in children: a simple indicator for predicting obesity. Am J Clin Nutr 39, 129–135.
43. Rolland-Cachera MF, Deheeger M, Maillot M et al. (2006)
Early adiposity rebound: causes and consequences for
obesity in children and adults. Int J Obes (Lond) 30,
S11–S17.
44. Whitaker RC, Pepe MS, Wright JA et al. (1998) Early adiposity rebound and the risk of adult obesity. Pediatrics
101, E5.

Proceedings of the Nutrition Society

42

R. Uauy et al.

45. Bhargava SK, Sachdev HS, Fall CH et al. (2004) Relation of
serial changes in childhood body-mass index to impaired
glucose tolerance in young adulthood. N Engl J Med 350,
865–875.
46. Eriksson JG, Forsen T, Tuomilehto J et al. (2003) Early
adiposity rebound in childhood and risk of Type 2 diabetes in
adult life. Diabetologia 46, 190–194.
47. Taylor RW, Grant AM, Goulding A et al. (2005) Early
adiposity rebound: review of papers linking this to subsequent obesity in children and adults. Curr Opin Clin Nutr
Metab Care 8, 607–612.
48. Cole TJ (2004) Children grow and horses race: is the adiposity rebound a critical period for later obesity? BMC Pediatr
4, 6.
49. Freedman DS, Kettel Khan L, Serdula MK et al. (2001) BMI
rebound, childhood height and obesity among adults: the
Bogalusa Heart Study. Int J Obes Relat Metab Disord 4,
543–549.
50. Barker DJ, Osmond C, Thornburg KL et al. (2008) A possible link between the pubertal growth of girls and breast
cancer in their daughters. Am J Hum Biol 20, 127–131.
51. Adair LS (2008) Child and adolescent obesity: epidemiology
and developmental perspectives. Physiol Behav 94, 8–16.
52. United Nations (2001) World Population Prospects: The
2000 Revision. Highlights. New York: UN.
53. Westendorp RG (2006) What is healthy aging in the 21st
century? Am J Clin Nutr 83, 404S–409S.
54. World Health Organization (2002) Active Ageing: A Policy
Framework. Geneva: WHO.
55. McMichael AJ, Powles JW, Butler CD et al. (2007) Food,
livestock production, energy, climate change, and health.
Lancet 370, 1253–1263.
56. Dangour AD, Moreno X, Albala C et al. (2005) Chile’s
national nutritional supplementation program for older
people: lessons learned. Food Nutr Bull 26, 190–197.
57. Dangour AD, Albala C, Aedo C et al. (2007) A factorialdesign cluster randomised controlled trial investigating the
cost-effectiveness of a nutrition supplement and an exercise
programme on pneumonia incidence, walking capacity and
body mass index in older people living in Santiago, Chile:
the CENEX study protocol. Nutr J 6, 14.
58. Morris JN, Wilkinson P, Dangour AD et al. (2007) Defining
a minimum income for healthy living (MIHL): older age,
England. Int J Epidemiol 36, 1300–1307.
59. Rowe JW & Kahn RL (1987) Human aging: usual and successful. Science 237, 143–149.
60. Waring SC & Rosenberg RN (2008) Genome-wide association studies in Alzheimer disease. Arch Neurol 65, 329–334.
61. Hageman GS, Anderson DH, Johnson LV et al. (2005)
A common haplotype in the complement regulatory gene
factor H (HF1/CFH) predisposes individuals to age-related
macular degeneration. Proc Natl Acad Sci USA 102, 7227–
7232.
62. Kritchevsky SB, Nicklas BJ, Visser M et al. (2005) Angiotensin-converting enzyme insertion/deletion genotype, exercise, and physical decline. JAMA 294, 691–698.
63. Knoops KT, de Groot LC, Kromhout D et al. (2004) Mediterranean diet, lifestyle factors, and 10-year mortality in
elderly European men and women: the HALE project. JAMA
292, 1433–1439.
64. Kivipelto M, Ngandu T, Laatikainen T et al. (2006) Risk
score for the prediction of dementia risk in 20 years among
middle aged people: a longitudinal, population-based study.
Lancet Neurol 5, 735–741.
65. Goodwin JS, Goodwin JM & Garry PJ (1983) Association
between nutritional status and cognitive functioning in a
healthy elderly population. JAMA 249, 2917–2921.

66. Personal Social Services Research Unit, London School
of Economics and Institute of Psychiatry, King’s College
London (2007) Dementia UK. London: Alzheimer’s Society;
available at http://www.alzheimers.org.uk/downloads/Demen
tia_UK_Full_Report.pdf
67. Ferri CP, Prince M, Brayne C et al. (2005) Global prevalence
of dementia: a Delphi consensus study. Lancet 366, 2112–
2117.
68. Balk EM, Raman G, Tatsioni A et al. (2007) Vitamin B6,
B12, and folic acid supplementation and cognitive function: a
systematic review of randomized trials. Arch Intern Med 167,
21–30.
69. Rodriguez-Martin JL, Qizilbash N & Lopez-Arrieta JM
(2001) Thiamine for Alzheimer’s disease. Cochrane Database of Systematic Reviews, issue 2, CD001498. Chichester,
West Sussex: John Wiley and Sons Ltd.
70. Tabet N, Birks J, Evans JG et al. (2003) Vitamin E for
Alzheimer’s disease (Cochrane Review), issue 1. Oxford:
Update Software.
71. Gillette Guyonnet S, Abellan Van Kan G, Andrieu S et al.
(2007) IANA task force on nutrition and cognitive decline
with aging. J Nutr Health Aging 11, 132–152.
72. The Homocysteine Studies Collaboration (2002) Homocysteine and risk of ischemic heart disease and stroke: a
meta-analysis. JAMA 288, 2015–2022.
73. Dangour AD, Breeze E, Clarke R et al. (2008) Plasma
homocysteine, but not folate or vitamin B-12, predicts mortality in older people in the United Kingdom. J Nutr 138,
1121–1128.
74. Seshadri S, Beiser A, Selhub J et al. (2002) Plasma homocysteine as a risk factor for dementia and Alzheimer’s disease. N Engl J Med 346, 476–483.
75. McMahon JA, Green TJ, Skeaff CM et al. (2006) A controlled trial of homocysteine lowering and cognitive performance. N Engl J Med 354, 2764–2772.
76. Durga J, van Boxtel MP, Schouten EG et al. (2007) Effect of
3-year folic acid supplementation on cognitive function in
older adults in the FACIT trial: a randomised, double blind,
controlled trial. Lancet 369, 208–216.
77. Issa AM, Mojica WA, Morton SC et al. (2006) The efficacy
of omega-3 fatty acids on cognitive function in aging and
dementia: a systematic review. Dement Geriatr Cogn Disord
21, 88–96.
78. van Gelder BM, Tijhuis M, Kalmijn S et al. (2007) Fish
consumption, n-3 fatty acids, and subsequent 5-y cognitive
decline in elderly men: the Zutphen Elderly Study. Am J Clin
Nutr 85, 1142–1147.
79. Schaefer EJ, Bongard V, Beiser AS et al. (2006) Plasma
phosphatidylcholine docosahexaenoic acid content and risk
of dementia and Alzheimer disease: the Framingham Heart
Study. Arch Neurol 63, 1545–1550.
80. Lim WS, Gammack JK, Van Niekerk J et al. (2006) Omega 3
fatty acid for the prevention of dementia. Cochrane Database
of Systematic Reviews, issue 1, CD005379. Chichester, West
Sussex: John Wiley and Sons Ltd.
81. Freund-Levi Y, Eriksdotter-Jonhagen M, Cederholm T
et al. (2006) Omega-3 fatty acid treatment in 174 patients
with mild to moderate Alzheimer disease: OmegAD study:
a randomized double-blind trial. Arch Neurol 63, 1402–
1408.
82. Dangour AD, Clemens F, Elbourne D et al. (2006) A randomised controlled trial investigating the effect of n-3
long-chain polyunsaturated fatty acid supplementation on cognitive and retinal function in cognitively healthy older
people: the Older People And n-3 Long-chain polyunsaturated fatty acids (OPAL) study protocol [ISRCTN72331636].
Nutr J 5, 20.

