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Non-communicable chronic diseases are now a worldwide epidemic. Diet and physical activity
throughout life are among its main determinants. In countries undergoing the early stages of the
nutrition transition weight gain from birth to 2 years of life is related to lean mass gain, while
ponderal gain after age 2 years is related to adiposity and later diabetes and CVD risk. Evi-
dence from developing countries undergoing the more advanced stages of the nutrition transi-
tion is limited. The early growth patterns of a cohort of Chilean children born in 2002 with
normal birth weight who at 4 years had a high prevalence of obesity and CVD risk factors have
been assessed. Results indicate that BMI gain in early life, particularly from 6 months to
24 months, is positively associated with adiposity and CVD risk status at 4 years. These results
together with existing evidence suggest that actions to prevent obesity and nutrition-related
chronic diseases in developing countries should start early in life, possibly after 6 months of
age. This approach should consider assessing the effect of mode of feeding and the amount and
type of energy fed, as well as the resulting growth patterns. The challenge for researchers
addressing the nutrition transition is to define the optimal nutrition in early life, considering not
only the short- and long-term health consequences but also taking into account the stage of the
nutritional transition for the given population of interest. The latter will probably require
redefining optimal postnatal growth based on the context of maternal size and fetal growth.

Early growth: Early diet: Obesity: Cardiovascular risk factors: Developing countries

Global burden of obesity and related chronic diseases:
opportunity for prevention based on developmental

origins of health and disease

Non-communicable diseases are now the leading causes of
death and disability in the world, including transitional and
many developing countries(1). Several risk factors related
to nutrition are among the ten leading causes of deaths
worldwide. High blood pressure, high cholesterol, elevated
BMI and low levels of physical activity as well as low
consumption of fruits and vegetables account for approxi-
mately two-thirds of all deaths. The causal interactions for
early determinants of obesity and related chronic disease

are complex and multifaceted; fetal and early-life growth
and nutrition interact with current diet and physical activity
to determine population prevalence of chronic diseases.
The influence of early nutrition on health outcomes in
adulthood was initially substantiated by the effects on lin-
ear growth, mental development and educational perfor-
mance(2,3). Over the past decade it has been demonstrated
that early nutrition and patterns of physical activity can
also impact on health outcomes that are specifically related
to the prevalence of risk factors for chronic diseases. The
hypothesis of the ‘developmental origins of health and
disease’ postulates that the early environment programmes
metabolism, organ growth and functional development.
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Programming may be explained by structural changes to
organs induced during early development or by epigenetic
modifications that permanently modify the patterns of ex-
pression of various genes that in turn affect organ function
at various stages of the life course(4,5). These changes are
associated with permanent changes in physiology and/or
structure that will predispose individuals to obesity and
other nutrition-related chronic diseases in later life, in-
creasing their susceptibility to chronic diseases directly or
by interacting with other risk factors(4). This hypothesis
implicitly suggests that action is needed at all stages of
the life course in order to ensure long-term health(6).
Actions to prevent obesity, diabetes, CVD and some forms
of cancer should start before conception and continue
throughout life.

Rapid growth in early life and consequences for obesity
and CVD in countries undergoing the nutrition

transition

There is now substantial evidence from industrialized
countries on the relationship between low birth weight and
later occurrence of central obesity, insulin resistance, type
2 diabetes, hypertension and CVD(7–9). In Brazil it has also
been demonstrated that early malnutrition leading to stun-
ted linear growth is accompanied by an increased risk of
obesity in later life, as consumption of energy-dense foods
and inactivity during work and leisure have become com-
mon(10). This situation is a matter of concern for develop-
ing countries, since low birth weight and stunting and
overweight often coexist not only within a given commu-
nity(11) but also in the same household(12,13), or even in the
same individual at different stages of the life course(14,15).
The potential contribution of the developmental origins
of health and disease to the conceptualization of preventive
care that integrates a programme of actions across all
forms of malnutrition, including nutrition-related chronic
disease, becomes particularly relevant for these countries.
Asia and indigenous populations in the Americas who are
of Asian origin represent a special challenge. The parti-
cular Asian phenotypic adaptation to malnutrition is as-
sociated with increased visceral adiposity and insulin
resistance even before the BMI criteria for overweight and
obesity based on current Western standards are met. Low-
birth-weight infants in India have been found to have
increased visceral fat at birth despite being under-
weight(16,17).

Prenatal weight gain

There have been few cohort studies from developing
countries. Recent reports from India(18), Guatemala(19,20)

and Brazil(21) demonstrate that birth weight is positively
associated with BMI at age 25–30 years(22,23). However,
the association is stronger for lean mass than for fat mass;
thus, the link with BMI may represent an association
between birth weight and lean mass rather than with
adiposity. Additional studies supporting a link between
birth weight and later occurrence of central obesity(16,19),
insulin resistance(24–26), type 2 diabetes(27), high

cholesterol(25,26,28), hypertension(26,29,30) and CVD(31)

strengthen the relationship with chronic disease, although
the results have been inconsistent. Thus, these older
cohorts from populations at earlier stages of the nutrition
transition do not permit a full elucidation of the relation-
ships, especially in the case of nutrition-related chronic
diseases. However, it is likely that as countries move
into the more advanced stages of the nutrition transition
mothers and newborns will be increasingly exposed to
obesogenic conditions that will influence the direction of
these associations. For example, results from the Avon
Longitudinal Study of Parents and Children birth cohort
show that in contemporary English children birth weight
and ponderal index are positively associated with both
lean body mass and percentage body fat at 9–10 years(32).
Moreover, there is now increasingly more information
on the detrimental impact of maternal adiposity during
pregnancy on later health outcomes. The notion of devel-
opmental energy overnutrition is being increasingly sup-
ported by emerging data(9,33,34), although results are not
positive for all studies(35,36). This premise suggests that
mothers who are obese at the time of their pregnancy and
during the breast-feeding period maintain higher con-
centrations of glucose and NEFA, which in turn affect fetal
metabolism, tissue growth and hormonal regulation and
possibly induce lasting epigenetic changes(37,38). These
changes will define permanent changes in appetite control,
neuroendocrine function, fuel metabolism and energy par-
titioning during early development, leading to greater
adiposity and risk of obesity in later life. If this hypothesis
is substantiated it would imply that the obesity epidemic
will progress through generations irrespective of other
changes in both industrialized and developing countries(39).

Postnatal weight gain: first two years of life

The influence of postnatal growth on later development of
obesity and nutrition-related chronic diseases has been re-
viewed based on systematic analysis of studies conducted
in developed countries in which catch-up growth has been
observed. The evidence indicates that rapid postnatal
growth interacts with prenatal growth and birth weight
status, so that the association between birth weight and
adult disease becomes stronger or only emerges after
adjusting for adult body size, which indicates that postnatal
weight gain has an independent significant effect in terms
of susceptibility to chronic disease(40). Moreover, there is
some evidence that the effect of rapid infant weight gain
would persist even after catch-up growth is completed,
suggesting that it would have a lasting or programming
effect(41,42). Postnatal growth itself, independent of fetal
growth patterns, is also associated with later adult disease,
particularly if the excess growth is predominantly in
weight with constrained linear gain, thus leading to excess
weight-for-length; this feature is common in developing
countries as they emerge from undernutrition and extreme
poverty(22). In India, Guatemala, South Africa, Brazil and
The Philippines BMI growth failure in early childhood
(first 2–3 years of life) is associated with less fat-free mass
in adulthood(18,43), impaired glucose tolerance and hyper-
insulinism(44,45) and higher blood pressure(46). In contrast,
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studies from industrialized countries, in which under-
nutrition is assumed to be low, have shown a consistent
positive association between infant size and later body
size(47–49) but inconsistent associations with later dis-
ease(50,51). Again, these results suggest that as developing
countries move into the more advanced stages of the
nutrition transition the direction of these associations may
change. For example, a small study conducted in African
children born of normal weight has shown that a change in
weight-for-age Z-score >0.67 from 0 years to 2 years is
associated with greater subcutaneous fat, total body fat and
lean tissues at age 9 years(52). Moreover, other changes in
developing countries that are associated with the epide-
miological and nutrition transition, such as the increase in
the prevalence of smoking and maternal obesity, and the
changes in patterns of diet and physical activity may
influence the link between infant growth and later risk for
obesity and CVD(53,54). Overall, the size of the effect of
rapid infant weight gain in infancy on later development
of overweight seems to be relevant. In relatively con-
temporary cohorts of children in the USA the reported
population risk for overweight at 4 years or 7 years, attri-
butable to infant weight gain (from birth to 4–6 months) in
the highest quintile, is approximately 20%(55,56). A study
in a non-contemporary cohort of African-Americans has
reported that approximately 30% of the risk of overweight
at 20 years of age is a result of rapid weight gain (>1 SD)
from birth to 4 months of age(57). Given the actual increase
in obesity among children and adults it is likely that these
attributable risk percentages may even be higher. This
outcome is relevant given that the prevailing notion in
most developing countries is that early obesity is not a risk
factor for later obesity. Moreover, the present WHO
approach defines obesity for children O5 years of age as
>+3 SD units in BMI for age and overweight as + 2 SD

(58).
This position is not only confusing but in conflict with the
data indicating that rapid weight gain is linked to later
obesity in countries in which childhood obesity is wide-
spread.

Postnatal weight gain: after 2 years of life

Evidence relating to the effect of rapid weight gain in late
childhood (after 2–3 years of age) on later health outcomes
is consistent even among countries in which undernutri-
tion is still prevalent. Studies from several developing
countries indicate that rapid weight gain in late postnatal
life is positively associated with the acquisition of fat
mass(18,19,21,59), blood pressure(46,60), glucose intolerance
and type 2 diabetes in adulthood(24,45). Thus, the available
evidence supports the notion that prevention of obesity and
obesity-related diseases in developing countries should
consider avoiding excessive weight gain after 2 years of
age.

Prenatal and postnatal linear growth

In most of the studies presented here growth has been
defined only by weight gain. This approach overlooks the
possibility that the effect of weight gain can be different in
children who gain weight and height in a balanced manner

from those who gain weight and BMI but remain stunted in
their length. At a global level stunting is presently the most
prevalent undernutrition problem in the majority of devel-
oping and transitional regions(61). Thus, a better under-
standing of how birth length and linear growth relate to
adult diseases is particularly relevant(61). The results of the
review of the effects of birth length show a consistent
strong association with adult height and fat-free mass,
but to date no associations with later chronic disease have
been established(18,19), except the potential increase in some
forms of cancer(63). Associations between stunting(14,15,64,65)

or linear growth(18,19,66) and adult body composition have
been inconsistent. A review of the evidence linking
child growth and chronic diseases in five cohorts from tran-
sitional countries (China, India, Guatemala, Brazil and The
Philippines) has concluded that there is little evidence that
increases in height are associated with increased metabolic
risks in transitional countries(23).

Overall, these results suggest that in countries in which
undernutrition is still prevalent preventive actions should
be directed at ensuring weight and linear growth during the
first years of life and avoiding excessive weight gain rela-
tive to height thereafter(67). Effective actions to achieve the
first goal have recently been revised(68); however, better
evidence is needed to define effective actions to prevent
excess weight gain in childhood in the context of devel-
oping countries. The available evidence also highlights the
need to continuously monitor the strength of the effect of
early growth on later health, particularly considering the
rapid nutrition transitions that are presently being experi-
enced in most developing countries in Asia and Latin
America.

Results from concurrent Chilean cohort of early growth
and indicators of CVD and metabolic risk

Having considered this existing information, in 2006 a
cohort was established of 1200 Chilean children of normal
birth weight (multiple births and premature babies (<37
weeks) were excluded; national prevalence of low birth
weight <5.0%(69)) who were born in 2002 and attended
nursery schools that were part of a national welfare pro-
gramme (the National Nursery School Council Program)
in an area in south Santiago. Weight and length at birth
and gestational age were obtained from obstetric records
(>99% of births took place in healthcare facilities) and
weight and height (recumbent length for children <2
years) from birth to 3 years of age were taken from health
records. In a representative sample of 314 children from
this cohort the following measurements were also under-
taken at 4 years of age: weight, height, waist and hip
circumference, five skinfolds; fasting blood sample for
analysis of glucose, insulin and cholesterol levels. This
information was used to assess the associations between
BMI changes and BMI, fat mass and fat-free mass (based
on a validated anthropometric equation), waist circumfer-
ence, homeostasis model assessment of insulin resistance
and a metabolic score at 4 years of age based on the risk
factors specified by the International Diabetes Federation
definition of the metabolic syndrome in children(70)

(Figs. 1 and 2).
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At birth the participants when compared with children
in the WHO reference population(71) were found to be
slightly taller, heavier and fatter and from 6 months to 4
years they were slightly shorter while becoming increas-
ingly heavier and fatter (C Corvalan, R Uauy, AD Stein,
J Kain and R Martorell, unpublished results). By the age of
4 years a prevalence of obesity of 13%, central obesity of
10% and altered plasma lipoprotein-cholesterol fractions
of 30% high LDL-cholesterol, 42% low HDL-cholesterol,
15% high total cholesterol and 5% high TAG were ob-
served(72). These data indicate that Chilean children from
low-income families are presently facing risks associated
with the double burden of malnutrition, but particularly
have an increased risk of developing nutrition-related
chronic diseases in the future. In relation to body compo-
sition, BMI changes from birth to 6 months were found to
be similarly or even more strongly related to fat-free mass
than to fat mass, while changes in BMI after the age of
6 months were progressively associated with greater fat
mass (Fig. 1). In relation to CVD risk status, changes in
BMI, particularly from 6 months to 24 months, were found
to be associated with greater waist circumference, homeo-
stasis model assessment of insulin resistance and metabolic
score (Fig. 2; C Corvalan, R Uauy, AD Stein, J Kain and
R Martorell, unpublished results).

These results suggest that the nutritional status, diet and
physical activity of the population might be relevant for
assessing the impact of growth on short-term obesity and
CVD risk. They also provide some support for the notion
that higher weight gain in relation to height after 6 months
may be a marker for increased adiposity and abnormal
biochemical indices of CVD risk at 4 years of age in
countries in which childhood obesity is prevalent.

Effect of mode of feeding on growth, obesity and
CVD risk

Recent meta-analyses of published observational studies
have suggested that breast-feeding is associated with a

lower prevalence of obesity(73) and BMI later in life(74) in a
dose-dependent manner (i.e. a longer duration of breast-
feeding is associated with a lower risk of overweight)(75).
It has been also proposed that in particular groups breast-
feeding could also offset the effect of prenatal obesity risk
factors such as maternal overweight(76). Nonetheless, after
adjustment for confounding factors the association between
breast-feeding and obesity markedly decreases(73) while
the association with BMI becomes non-significant(73). A
protective role of breast-feeding for later development of
CVD risks has been suggested in some studies(77–79) but
not all studies(80). Based on these findings an analysis was
undertaken of the impact of mode of early feeding on BMI
and CVD risks (homeostasis model assessment of insulin
resistance, total cholesterol :HDL-cholesterol and meta-
bolic score) at 4 years of age in the Chilean cohort of
preschool children (C Corvalan, R Uauy, AD Stein, J Kain
and R Martorell, unpublished results). The mothers of 295
children provided information relating to infant feeding
and the children were allocated to three categories based
on the type of feeding they received at 4 months: exclusive
breast-feeding (i.e. only breast milk; n 97); predominant
breast-feeding (i.e. breast milk and other liquids; n 95);
partial or no breast-feeding (i.e. breast milk and infant for-
mula; n 48) or only infant formula (n 55). Assuming 80%
power and a significance level of P<0.05 (two-tailed), this
sample size was sufficient to detect small to moderate
effect sizes (i.e. f 2 0.10)(81). The analyses were not found
to demonstrate a significant association between mode of
infant feeding and BMI or CVD risk status at 4 years of
age after controlling for maternal prepregnancy BMI and
socio-economic conditions; however, because of the limi-
ted sample size it was not possible to test for any gender
difference in the lack of effect (C Corvalan, R Uauy, AD
Stein, J Kain and R Martorell, unpublished results). These
results are in contrast to those of other studies(74,75,77–79)

but are consistent with the only available randomized
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controlled trial, which shows that increasing the duration
and exclusivity of breast-feeding does not reduce adiposity
or blood pressure at age 6.5 years(82). Well-conducted
cohort studies that take into account all known potential
confounders of the association between breast-feeding,
obesity and CVD risk are clearly needed to clarify this
point(51,83). Nevertheless, breast-feeding has so many well-
demonstrated positive effects on several health and well-
being outcomes that exclusive breast-feeding for 6 months
should be encouraged irrespective of the final conclusion in
relation to its effects on obesity and CVD risk.

The plausibility of biological mechanisms to explain
the putative effects of breast-feeding on obesity and CVD
risk are a topic of increasing interest. Breast milk contains
some unique components such as leptin, insulin and thyr-
oid hormones(84–86). It is also known that formula-fed
children have a 70% greater protein intake than breast-fed
infants(87), which has been associated with an earlier
adiposity rebound. These factors may indeed play a role in
the programming of adiposity and the later development
of obesity and CVD. An alternative explanation for the
protective role of breast-feeding is based on the ‘growth
acceleration hypothesis’; in this case the benefits of breast-
feeding for long-term obesity and CVD risk might be
explained by the slower pattern of growth in breast-fed
children compared with formula-fed children(88,89). In the
Chilean cohort of preschool children it was observed that
infants who are exclusively breast-fed at 4 months gain
weight faster than predominantly- or partially-breast-fed
babies or those not breast-fed from birth to 1 month, but
grow slower than or similarly to the other groups after
4 months (Fig. 3). Finally, other less-explored potential
explanations for the protective role of breast-feeding in
obesity relate to the difference in feeding behaviour

induced by breast-feeding. It has been hypothesized that
breast-fed babies control the amount of milk they consume
and therefore learn better than formula-fed babies to self-
regulate their energy intake. For example, one study has
shown that among breast-fed babies energy intake is un-
related to later weight gain while among formula-fed
babies there is a positive relationship, suggesting that
breast-fed babies may adjust or control their energy intake
to achieve optimal growth(90). It has been suggested also
that breast-feeding is more common in families that have
a healthier diet and lifestyle. Thus, it is very difficult to
differentiate whether the effect of breast-feeding is a result
of a home environment that promotes a healthier diet and
greater physical activity or whether it is related to the
intrinsic properties of breast-feeding.

Breast milk contains different concentrations and com-
position of fats, especially long-chain PUFA, which can
affect patterns of growth, body composition and CVD
development(84–86). In terms of plasma lipoproteins, breast-
feeding has been described to have a transient detrimental
impact by increasing total cholesterol: HDL-cholesterol;
however, these changes disappear over time. Moreover,
over the long term the early effect of breast-feeding is
reversed so that total cholesterol :HDL-cholesterol of ado-
lescents and adults who were breast-fed as infants is lower
than that of those who were formula-fed as infants, and
thus breast feeding is protective(79,91). It is now well
established that the fat content of human milk is dependent
on the quantity and quality of the mother’s fat intake,
which raises the concern of the potential adverse effect of
maternal consumption of trans-fatty acids, which is known
to be high, especially in developing countries, and can be
transferred to human milk. Moreover, the amount of n-6
PUFA intake consumed by women is also known to affect
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the composition of human milk(92,93). Overall, the role that
compositional differences in maternal dietary fat play on
the fatty acid profiles of mother’s milk and the corre-
sponding effect on the lipid profile of the offspring requires
further examination. Controlled studies have also assessed
the effect of feeding a specified fatty acid and cholesterol
diet on plasma total cholesterol and lipoprotein-cholesterol
fractions. In one study a group of infants randomized to
controlled lipid diets and compared with a matched breast-
fed group from birth to age 12 months followed by ad
libitum diets from age 12 months to 24 months was studied
prospectively(94). The experimental approach was based on
the comparison of oleic acid-predominant v. linoleic acid-
predominant diets (both low in cholesterol) as compared
with human milk (oleic acid-predominant and high in
cholesterol). The human-milk group was weaned at a mean
age of 6.2 (range 4.0–8.5) months and after weaning re-
ceived a mixed diet resembling human milk in its choles-
terol content. As a result of weaning the percentage energy
delivered as fat decreased in all groups from 50% (up to
age 4 months) to 35% (from age 4 months to 12 months).
This study shows significant (P<0.05) effects of exclusive
human milk feeding on lipoprotein-cholesterol concentra-
tions at 4 months of age. However, at 9 and 12 months
of age cholesterol concentrations for the human-milk group
were not found to differ from those in the high-oleic
acid low-cholesterol diet group. The high-linoleic acid
low-cholesterol diet group were found to have lower total
cholesterol and LDL-cholesterol throughout the study.
These data suggest that the specific fatty acid intake rather
than dietary cholesterol plays a predominant role in deter-
mining total cholesterol and LDL-cholesterol. More
recently, the association between the quantity and quality
of dietary fat intake from 6 months to 12 months of age
and serum lipids at 12 months has been assessed in 300
healthy term Swedish infants recruited to a longitudinal
prospective study at the age of 6 months, of whom 276
remained in the study at 12 months(95). This study reveals
that a higher PUFA intake is associated with lower serum
total cholesterol, LDL-cholesterol and apoB independent
of total fat consumed. The results provide added support to
the notion that the quality of the dietary fat has a greater
impact on serum lipoprotein-cholesterol levels than the
quantity of fat, with the conclusion that higher PUFA and
lower SFA intakes may reduce total cholesterol and
LDL-cholesterol early in life. Parallel observations from
the cohort of 317 Chilean children indicate that total
cholesterol :HDL-cholesterol at 4 years of age is positively
associated with BMI increases from birth to 6 months in
children who were exclusively breast-fed to 4 months of
age (bstd 0.24 (95% CI - 0.02, 0.50)), while for children
who were partially breast-fed or not breast-fed BMI
increases from birth to 6 months are negatively related to
total cholesterol :HDL-cholesterol at 4 years (bstd - 0.30
(95% CI - 0.52, - 0.08)) after adjusting for current age,
gender and growth in the previous period (C Corvalan,
R Uauy, AD Stein, J Kain and R Martorell, unpublished
results). The possibility that early diet conditions the
total cholesterol–HDL-cholesterol relationship should be
contemplated, although the direction of the associations
may be reversed in the long term(79,91). The authors are

presently conducting a follow-up of the cohort to establish
these associations at 7 years of age.

How to define ‘normal’ growth in the first years of life?

Historically, good health and nutrition have been defined
by the capacity to support normal growth. Existing national
and international standards have defined normal growth
based on the weight and length gain observed in apparently
‘healthy’ children. This approach has led in practice to
support for the notion that ‘bigger is better’. This propo-
sition is reasonable if the objective is to enhance survival
in infancy and early childhood in areas in which mal-
nutrition and infection in synergy claim the lives of infants
and young children. However, it is certainly not the case in
countries in which deaths of young children are rare and
the concern has shifted to the prevention of obesity and the
related burden of chronic disease(96). Moreover, as has
been discussed earlier there is also mounting evidence that
exposure to undernutrition during early life (i.e. fetal life
and the first 2 years of life) may have long-term con-
sequences for adult body composition and health if there is
a mismatch between early nutritional deprivation and later
nutritional conditions that may support rapid weight gain
in childhood(97–99). Conversely, the relationship between
early growth and later health can have a different direction
once undernutrition is replaced or compounded by over-
nutrition problems. Thus, the definition of ‘normal’ growth
is of paramount importance to secure normal health and
nutrition of both individuals and populations in developing
countries and presents the challenge of arriving at a defi-
nition that takes into account the nutritional background of
the population as well as both short-term and long-term
health. Ideally, normative information on body composition
(lean body mass and fat stores) according to gender and age
should be available. However, given the difficulties of col-
lecting these data current reference values are based on
anthropometric measurements (weight and length) that
serve as proxy markers for increased or reduced adipose
tissue energy stores. Until 2006 most of the available
growth charts(100,101) were based on the observed growth for
a normal reference population rather than recommended
growth based on health outcomes throughout the life
course. These reference values had major flaws because
they were derived from a non-representative sample of the
population and the infants included were predominantly
formula-fed and received energy-dense complementary
foods. In fact, infants fed according to current WHO
recommendations(102) and living in conditions that favour
the achievement of genetic growth potential will grow in
weight less rapidly than indicated by the WHO/National
Center for Health Statistics reference values(100), particu-
larly after 4–6 months. Thus, WHO/National Center for
Health Statistics distributions for normal weight-for-age
and weight-for-length are skewed towards higher values,
relative to those observed in predominantly-breast-fed
infants.

Aware of these limitations, in 2006 the WHO launched
the new multicountry (Brazil, Norway, India, Ghana, USA
and Oman) growth reference standards(103). The release of
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the multicountry growth reference standards has provided a
good opportunity for countries to critically assess the need
to modify both existing norms to assess growth and to
redefine early nutritional practices(104,105). The multi-
country growth reference standards provide a descriptor of
physiological growth across human population groups be-
cause their development was based on the observed growth
of representative samples of healthy infants from six
countries across all races and continents. Moreover, they
had a similar dietary regimen (predominantly breast-fed
from birth to 4–6 months and fed appropriate complemen-
tary foods after 6 months)(106). In order to avoid environ-
mental factors that restrict infant growth they were selected
from non-smoking mothers living in clean environments
and with good access to health care and immunizations.
Given these characteristics it is reasonable to advocate that
the 2006 WHO growth standards(103) should be used as the
gold standard for defining normal growth and good health.
However, the issue of whether this standard should be
applied to all children from birth to 5 years of age requires
adequate discussion and testing in consideration of both
short-term and long-term outcomes. In the past two dec-
ades Chile has experienced a series of social and economic
improvements that ensure that even children from low-
income families are exposed to a safe environment during
early life with decreased rates of infections and under-
nutrition. However, nutritional improvements have not
been reflected in terms of adult stature, with mean maternal
height remaining at approximately 1.53 m. The growth
(BMI, weight, and height) from birth to 6 months of age
has been assessed, based on the multicountry growth
reference standards, for ninety-seven children of the
Chilean cohort who were exclusively breast-fed for 4
months (Fig. 3). It was observed that although weight and
height at birth are within the normal range, thereafter
weight gain is slightly above the standard while linear
growth is slightly below the standard, resulting in increas-
ing BMI gain. It is considered that these results highlight
the need to take into account trans-generational effects
when defining optimal growth as well as underlining the
need to focus on improving height and avoiding excessive
weight gain relative to height. Other authors have already
emphasized the need to improve adult stature in order to
improve productivity and that gains in BMI beyond the
ideal range will increase mortality risks associated with
low stature(107,108).

In addition, there is now an added dimension to this
policy, since the prescription for energy intake of normal
children has also been redefined. Historically, energy rec-
ommendations for infants and children published by FAO/
WHO/UNU in 1985(109) were estimated from observed
energy intakes of children from industrialized countries
who were growing optimally according to the Harvard
growth standard(110) (the best available at the time). To this
intake an additional 5% was added to support growth in
conditions prevailing in developing countries in which
infection was more prevalent and diets might have a lower
digestibility. The need to consider actual expenditure ra-
ther than intake was recognized at the time, but there were
insufficient data on energy expenditure of young children,
except for neonates and young infants. Thus, the energy

expenditure approach to estimating energy needs was only
used in children >13 years of age, based on the sum of
estimated basal energy expenditure+ the energy required
for normal growth and a defined level of physical activity.
The increasing use of the doubly-labelled-water method-
ology to assess total energy expenditure over the past
decades and the development of methods to assess activity
levels applicable to young children have permitted meas-
urements of daily energy expenditure in children from
different parts of the world and the definition of recom-
mendations based on actual expenditure(111). The actual
measurements of daily total energy expenditure were
obtained either by the doubly-labelled-water method or
estimated from heart-rate monitoring during active periods
coupled with individual calibrations of O2 consumption.
The energy needs for tissue deposition in relation to
growth in the case of infants, children and adolescents
were added to the estimate of daily total energy expendi-
ture. The new recommendations are about 20% lower than
the older values for the first 24 months of life; the differ-
ences increase with age, especially after the first 6 months
of age. Fig. 4 shows a comparison of the 2004 and 1985
recommended daily energy intakes, considering both the
new estimates of energy needs (based on expenditure) and
the new normative data on growth for the corresponding
age. The sum of these two factors explains the differences
observed. These differences between the two sets of energy
recommendations expressed per d and as a percentage of
total intake are shown in Fig. 5. The predicted daily energy
gains if a typical infant of average weight and length
consumes the recommended intake is also shown as the
time (d) needed to accumulate +25 104 kJ (6000 kcal),
which would imply approximately 1 kg body weight gain if
composition of gain is that of the corresponding age (about
60 d for a 7-month-old infant and 20 d for an 18-month-old
infant).
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These two examples demonstrate that normative data
should be periodically re-examined and redefined based
on the best available scientific evidence and the nutritional
status of the population. In the context of the existing
double burden of malnutrition, it is considered that optimal
nutrition should be defined based on growth in weight and
length associated with the lowest risk of early under-
nutrition, but also considering the long-term consequences
in terms of obesity and the related burden of death and
disability.

Conclusion

The present study adds to the existing evidence that sug-
gest that actions to prevent obesity and nutrition-related
chronic diseases in developing countries should start early
in life, possibly after 6 months of age. Potential actions to
be considered and evaluated in prospective trials are the
effect of mode of feeding and the amount and type of
energy fed, as well as the resulting growth patterns asses-
sed by anthropometry and completed measurement of body
composition. The challenge now for researchers addressing
the nutrition transition is to define the ‘optimal nutrition’ in
early life in terms of early prevention of obesity and rela-
ted co-morbidities, going beyond compliance with the most
recent WHO growth reference standard(103). This task is
daunting because there is a need to consider not only the
short- and long-term health consequences but also take into
account the stage of the nutritional transition for the given
population of interest. It has been assumed that all children
must comply with the reference standard for weight and
height independent of birth weight (if born within the
normal range) and maternal height (if born of mothers
with normal BMI before and during gestation). However,
this assumption is unlikely to be the case in developing
countries and even in industrialized countries; therefore, it

is possible that optimal postnatal growth will need to be
redefined with consideration of the context of fetal growth
and maternal size. The challenge of matching optimal
postnatal growth with the critical maternal and fetal growth
information must be faced by all researchers.

Acknowledgements

The authors declare no conflict of interest. This work was
funded by the Chilean Council for Science and Technol-
ogy, Proyecto Fondecyt nos. 1060785 and 1090252, and
the Small Grant Program of the Pan-American Health
Education Foundation. C. C. wrote the first draft of the
manuscript; J. K., G. W. and R. U. provided ideas and re-
vised the drafts.

References

1. World Health Organization (2002) The World Health
Report 2002: Reducing Risks, Promoting Healthy Life.
Geneva: WHO.

2. World Bank (2006) Repositioning Nutrition as Central for
Development. Washington, DC: The International Bank for
Reconstruction and Development/The World Bank.

3. Fanjiang G & Kleinman RE (2007) Nutrition and perfor-
mance in children. Curr Opin Clin Nutr Metab Care 10,
342–347.

4. Gluckman PD, Hanson MA & Beedle AS (2007) Early life
events and their consequences for later disease: a life his-
tory and evolutionary perspective. Am J Hum Biol 19, 1–19.

5. Godfrey KM, Lillycrop KA, Burdge GC et al. (2007) Epi-
genetic mechanisms and the mismatch concept of the
developmental origins of health and disease. Pediatr Res 61,
5R–10R.

6. World Health Organization (2003) Diet, Nutrition and the
Prevention of Chronic Diseases. Report of a Joint WHO/
FAO Expert Consultation. Geneva: WHO.

7. Hardy R, Sovio U, King VJ et al. (2006) Birthweight and
blood pressure in five European birth cohort studies: an
investigation of confounding factors. Eur J Public Health
16, 21–30.

8. Newsome CA, Shiell AW, Fall CH et al. (2003) Is birth
weight related to later glucose and insulin metabolism? – A
systematic review. Diabet Med 20, 339–348.

9. Oken E & Gillman MW (2003) Fetal origins of obesity.
Obes Res 11, 496–506.

10. Sawaya AL & Roberts S (2003) Stunting and future risk of
obesity: principal physiological mechanisms. Cad Saude
Publica 19, Suppl. 1, S21–S28.

11. Duran P, Caballero B & de Onis M (2006) The association
between stunting and overweight in Latin American and
Caribbean preschool children. Food Nutr Bull 27, 300–305.

12. Doak C, Adair L, Bentley M et al. (2002) The underweight/
overweight household: an exploration of household socio-
demographic and dietary factors in China. Public Health
Nutr 5, 215–221.

13. Garrett JL & Ruel MT (2005) Stunted child-overweight
mother pairs: prevalence and association with economic
development and urbanization. Food Nutr Bull 26, 209–221.

14. Sawaya AL, Martins P, Hoffman D et al. (2003) The link
between childhood undernutrition and risk of chronic
diseases in adulthood: a case study of Brazil. Nutr Rev 61,
168–175.

1464

1255

1046

837

628

418

209

0

E
ne

rg
y 

(k
J/

d)

1 2 3 4 5 6 7 8 9 10 11 12 18 24

Age (months)

35

30

25

20

15

10

5

0

E
nergy (%

  total intake)

20 d*

60 d*

Fig. 5. Differences between the two sets of energy recommenda-

tions (the 1985 FAO/WHO recommendations based on historic data

for energy intake(109) and the 2004 FAO/WHO recommendations

based on energy expenditure(111)) shown in Fig. 4 are expressed on

a per d basis (&) and as percentage total energy intake using the

2004 FAO/WHO recommendations as a base (^). The excess

energy consumed if a child is fed using 1985 FAO/WHO recom-

mendations is maximal during the second 6 months of life. *Time

period (d) required to accumulate 25 104 kJ (6000 kcal) excess

(which corresponds to 1 kg body weight gain assuming an age-

appropriate body composition).

334 C. Corvalán et al.

P
ro
ce
ed
in
gs

o
f
th
e
N
u
tr
it
io
n
So

ci
et
y

https://doi.org/10.1017/S002966510900130X Published online by Cambridge University Press

https://doi.org/10.1017/S002966510900130X


15. Schroeder DG, Martorell R & Flores R (1999) Infant and
child growth and fatness and fat distribution in Guatemalan
adults. Am J Epidemiol 149, 177–185.

16. 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.

17. Yajnik CS, Lubree HG, Rege SS et al. (2002) Adiposity and
hyperinsulinemia in Indians are present at birth. J Clin
Endocrinol Metab 87, 5575–5580.

18. Sachdev HS, Fall CH, Osmond C et al. (2005) Anthropo-
metric indicators of body composition in young adults:
relation to size at birth and serial measurements of body
mass index in childhood in the New Delhi birth cohort. Am
J Clin Nutr 82, 456–466.

19. Corvalan C, Gregory C, 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 popu-
lation. Int J Epidemiol 36, 550–557.

20. Li H, Stein AD, Barnhart HX et al. (2003) Associations
between prenatal and postnatal growth and adult body size
and composition. Am J Clin Nutr 77, 1498–1505.

21. Victora CG, Sibbritt D, Horta BL et al. (2007) Weight gain
in childhood and body composition at 18 years of age in
Brazilian males. Acta Paediatr 96, 296–300.

22. Victora CG, Adair L, Fall C et al. (2008) Maternal and
child undernutrition: consequences for adult health and
human capital. Lancet 371, 340–357.

23. Stein AD, Thompson AM & Waters A (2005) Childhood
growth and chronic disease: evidence from countries
undergoing the nutrition transition. Matern Child Nutr 1,
177–184.

24. Crowther NJ, Cameron N, Trusler J et al. (1998) Associa-
tion between poor glucose tolerance and rapid post natal
weight gain in seven-year-old children. Diabetologia 41,
1163–1167.

25. Levitt NS, Lambert EV, Woods D et al. (2000) Impaired
glucose tolerance and elevated blood pressure in low birth
weight, nonobese, young South African adults: early pro-
gramming of cortisol axis. J Clin Endocrinol Metab 85,
4611–4618.

26. Stein AD, Conlisk A, Torun B et al. (2002) Cardiovascular
disease risk factors are related to adult adiposity but
not birth weight in young Guatemalan adults. J Nutr 132,
2208–2214.

27. Nazmi A, Huttly SR, Victora CG et al. (2007) Hb A1c in
relation to intrauterine growth among male adolescents in
southern Brazil. Eur J Clin Nutr 61, 434–437.

28. Kuzawa CW & Adair LS (2003) Lipid profiles in adolescent
Filipinos: relation to birth weight and maternal energy status
during pregnancy. Am J Clin Nutr 77, 960–966.

29. Levitt NS, Steyn K, De Wet T et al. (1999) An inverse
relation between blood pressure and birth weight among 5
year old children from Soweto, South Africa. J Epidemiol
Community Health 53, 264–268.

30. Menezes AM, Hallal PC, Horta BL et al. (2007) Size at
birth and blood pressure in early adolescence: a prospective
birth cohort study. Am J Epidemiol 165, 611–616.

31. Stein CE, Fall CH, Kumaran K et al. (1996) Fetal growth
and coronary heart disease in south India. Lancet 348,
1269–1273.

32. Rogers IS, Ness AR, Steer CD et al. (2006) Associations of
size at birth and dual-energy X-ray absorptiometry measures
of lean and fat mass at 9 to 10 y of age. Am J Clin Nutr 84,
739–747.

33. Lawlor DA, Juni P, Ebrahim S et al. (2003) Systematic
review of the epidemiologic and trial evidence of an

association between antidepressant medication and breast
cancer. J Clin Epidemiol 56, 155–163.

34. Leguizamon G & von Stecher F (2003) Third trimester
glycemic profiles and fetal growth. Curr Diab Rep 3, 323–
326.

35. Kivimaki M, Lawlor DA, Smith GD et al. (2007) Sub-
stantial intergenerational increases in body mass index are
not explained by the fetal overnutrition hypothesis: the
Cardiovascular Risk in Young Finns Study. Am J Clin Nutr
86, 1509–1514.

36. Davey Smith G, Steer C, Leary S et al. (2007) Is there an
intrauterine influence on obesity? Evidence from parent
child associations in the Avon Longitudinal Study of
Parents and Children (ALSPAC). Arch Dis Child 92,
876–880.

37. Plagemann A (2008) A matter of insulin: developmental
programming of body weight regulation. J Matern Fetal
Neonatal Med 21, 143–148.

38. Lawlor DA, Timpson NJ, Harbord RM et al. (2008)
Exploring the developmental overnutrition hypothesis using
parental-offspring associations and FTO as an instrumental
variable. PLoS Med 11, e33.

39. Ebbeling CB, Pawlak DB & Ludwig DS (2002) Childhood
obesity: public-health crisis, common sense cure. Lancet
360, 473–482.

40. Lucas A, Fewtrell MS & Cole TJ (1999) Fetal origins
of adult disease – the hypothesis revisited. Br Med J 319,
245–249.

41. Karaolis-Danckert N, Buyken AE, Bolzenius K et al. (2006)
Rapid growth among term children whose birth weight was
appropriate for gestational age has a longer lasting effect on
body fat percentage than on body mass index. Am J Clin
Nutr 84, 1449–1455.

42. Ibanez L, Ong K, Dunger DB et al. (2006) Early develop-
ment of adiposity and insulin resistance after catch-up
weight gain in small-for-gestational-age children. J Clin
Endocrinol Metab 91, 2153–2158.

43. 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 popu-
lation. Int J Epidemiol 36, 550–557.

44. Crowther NJ, Cameron N, Trusler J et al. (2008) Influence
of catch-up growth on glucose tolerance and beta-cell
function in 7-year-old children: results from the birth to
twenty study. Pediatrics 121, e1715–e1722.

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. Adair LS & Cole TJ (2003) Rapid child growth raises blood
pressure in adolescent boys who were thin at birth. N Engl J
Med 41, 451–456.

47. Baird J, Fisher D, Lucas P et al. (2005) Being big or
growing fast: systematic review of size and growth in
infancy and later obesity. Br Med J 331, 929.

48. Ong KK & Loos RJ (2006) Rapid infancy weight gain and
subsequent obesity: systematic reviews and hopeful sug-
gestions. Acta Paediatr 95, 904–908.

49. Monteiro PO & Victora CG (2005) Rapid growth in infancy
and childhood and obesity in later life – a systematic
review. Obes Rev 6, 143–154.

50. Fisher D, Baird J, Payne L et al. (2006) Are infant size and
growth related to burden of disease in adulthood? A sys-
tematic review of literature. Int J Epidemiol 35, 1196–1210.

51. Stettler N (2007) Nature and strength of epidemiological
evidence for origins of childhood and adulthood obesity in
the first year of life. Int J Obes (Lond) 31, 1035–1043.

Impact of growth patterns and early diet 335

P
ro
ce
ed
in
gs

o
f
th
e
N
u
tr
it
io
n
So

ci
et
y

https://doi.org/10.1017/S002966510900130X Published online by Cambridge University Press

https://doi.org/10.1017/S002966510900130X


52. Cameron N, Pettifor J, De Wet T et al. (2003) The rela-
tionship of rapid weight gain in infancy to obesity and
skeletal maturity in childhood. Obes Res 11, 457–460.

53. Karaolis-Danckert N, Buyken AE, Kulig M et al. (2008)
How pre- and postnatal risk factors modify the effect
of rapid weight gain in infancy and early childhood
on subsequent fat mass development: results from the
Multicenter Allergy Study 90. Am J Clin Nutr 87, 1356–
1364.

54. Karaolis-Danckert N, Gunther AL, Kroke A et al. (2007)
How early dietary factors modify the effect of rapid weight
gain in infancy on subsequent body-composition develop-
ment in term children whose birth weight was appropriate
for gestational age. Am J Clin Nutr 86, 1700–1708.

55. Dennison BA, Edmunds LS, Stratton HH et al. (2006)
Rapid infant weight gain predicts childhood overweight.
Obesity (Silver Spring) 14, 491–499.

56. Stettler N, Zemel BS, Kumanyika S et al. (2002) Infant
weight gain and childhood overweight status in a multi-
center, cohort study. Pediatrics 109, 194–199.

57. Stettler N, Kumanyika SK, Katz SH et al. (2003)
Rapid weight gain during infancy and obesity in young
adulthood in a cohort of African Americans. Am J Clin Nutr
77, 1374–1378.

58. World Health Organization (2008) Training Course on Child
Growth Assessment. Geneva: WHO; available at http://
www.who.int/childgrowth/training/module_c_interpreting_
indicators.pdf

59. Wells JC, Hallal PC, Wright A et al. (2005) Fetal, infant
and childhood growth: relationships with body composition
in Brazilian boys aged 9 years. Int J Obes (Lond) 29,
1192–1198.

60. Horta BL, Barros FC, Victora CG et al. (2003) Early and
late growth and blood pressure in adolescence. J Epidemiol
Community Health 57, 226–230.

61. ACC/SCN (2000) The Fourth Report on the World Nu-
trition Situation: Nutrition Throughout the Life Cycle.
Geneva: ACC/SCN in collaboration with IFPRI.

62. Ben-Shlomo Y (2007) Rising to the challenges and oppor-
tunities of life course epidemiology. Int J Epidemiol 36,
481–483.

63. World Cancer Research Fund/American Institute for Cancer
Research (2007) Food, Nutrition, Physical Activity, and the
Prevention of Cancer: a Global Perspective. Washington,
DC: AICR.

64. Gigante DP, Victora CG, Horta BL et al. (2007) Under-
nutrition in early life and body composition of adolescent
males from a birth cohort study. Br J Nutr 97, 949–954.

65. Walker SP, Chang SM & Powell CA (2007) The association
between early childhood stunting and weight status in late
adolescence. Int J Obes (Lond) 31, 347–352.

66. Monteiro PO, Victora CG, Barros FC et al. (2003) Birth
size, early childhood growth, and adolescent obesity in a
Brazilian birth cohort. Int J Obes Relat Metab Disord 27,
1274–1282.

67. Uauy R, Kain J, Mericq V et al. (2008) Nutrition, child
growth, and chronic disease prevention. Ann Med 40,
11–20.

68. Bhutta ZA, Ahmed T, Black RE et al. (2008) What works?
Interventions for maternal and child undernutrition and
survival. Lancet 371, 417–440.

69. Gonzalez R, Merialdi M, Lincetto O et al. (2006) Reduction
in neonatal mortality in Chile between 1990 and 2000.
Pediatrics 117, e949–e954.

70. Zimmet P, Alberti KG, Kaufman F et al. (2007) The meta-
bolic syndrome in children and adolescents – an IDF con-
sensus report. Pediatr Diabetes 8, 299–306.

71. World Health Organization (2006) The WHO Child Growth
Standards. Geneva: WHO; available at http://www.who.int/
childgrowth/standards/en/

72. Hickman TB, Briefel RR, Carroll MD et al. (1998) Dis-
tributions and trends of serum lipid levels among United
States children and adolescents ages 4–19 years: data from
the Third National Health and Nutrition Examination Sur-
vey. Prev Med 27, 879–890.

73. Owen CG, Martin RM, Whincup PH et al. (2005) Effect of
infant feeding on the risk of obesity across the life course:
a quantitative review of published evidence. Pediatrics 115,
1367–1377.

74. Owen CG, Martin RM, Whincup PH et al. (2005) The effect
of breastfeeding on mean body mass index throughout life:
a quantitative review of published and unpublished obser-
vational evidence. Am J Clin Nutr 82, 1298–1307.

75. Harder T, Bergmann R, Kallischnigg G et al. (2005) Dur-
ation of breastfeeding and risk of overweight: a meta-
analysis. Am J Epidemiol 162, 397–403.

76. Buyken AE, Karaolis-Danckert N, Remer T et al. (2008)
Effects of breastfeeding on trajectories of body fat and BMI
throughout childhood. Obesity (Silver Spring) 16, 389–395.

77. Owen CG, Martin RM, Whincup PH et al. (2006) Does
breastfeeding influence risk of type 2 diabetes in later life?
A quantitative analysis of published evidence. Am J Clin
Nutr 84, 1043–1054.

78. Owen CG, Whincup PH, Gilg JA et al. (2003) Effect of
breast feeding in infancy on blood pressure in later life:
systematic review and meta-analysis. Br Med J 327, 1189–
1195.

79. Owen CG, Whincup PH, Odoki K et al. (2002) Infant
feeding and blood cholesterol: a study in adolescents and a
systematic review. Pediatrics 110, 597–608.

80. Lawlor DA, Riddoch CJ, Page AS et al. (2005) Infant
feeding and components of the metabolic syndrome: find-
ings from the European Youth Heart Study. Arch Dis Child
90, 582–588.

81. Cohen J (1977) Statistical Power Analysis for the Beha-
vioral Sciences, revised ed. New York: Academic Press.

82. Kramer MS, Matush L, Vanilovich I et al. (2007) Effects
of prolonged and exclusive breastfeeding on child height,
weight, adiposity, and blood pressure at age 6.5 y: evidence
from a large randomized trial. Am J Clin Nutr 86,
1717–1721.

83. Toschke AM, Martin RM, von Kries R et al. (2007) Infant
feeding method and obesity: body mass index and dual-
energy X-ray absorptiometry measurements at 9–10 y of
age from the Avon Longitudinal Study of Parents and
Children (ALSPAC). Am J Clin Nutr 85, 1578–1585.
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