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Developmental origins of health and disease (DOHaD)

Patricia P. Silveira,* André K. Portella,? Marcelo Z. Goldani,® Marco A. Barbieri*

Abstract

Objective: To present a new branch of scientific knowledge, known as the developmental origins of health and
disease (DOHaD), covering its concepts, study methods and ethical considerations in addition to the prospects for this
area of knowledge.

Sources: A non-systematic review of the biomedical literature intended to identify historical and current references
related to the subject under discussion.

Summary of the findings: Recent studies demonstrate associations between aggressions suffered during the
initial phases of somatic development and amplified risk of chronic diseases throughout life, such as obesity, diabetes
and cardiovascular diseases. A variety of models have been proposed in attempts to better explain these associations,
such as the thrifty phenotype, programming and predictive adaptive response theories and the concept of match or
mismatch. Some of the mechanisms possibly involved in these processes are: effects of the environment on gene
expression, through epigenetic mechanisms; effects of hormonal signals transmitted to the fetus via the placenta or
the newborn via lactation.

Conclusions: DOHaD draws together information originating from many different areas of knowledge, proposing
new investigative methodologies to elucidate the influence of adverse events that occur during early phases of human
development on the pattern of health and disease throughout life. This new scientific field proposes new models of
causality and of the mechanisms involved in the emergence and development of chronic diseases. The results of these
investigations may result in a significant impact on the prevention of chronic diseases, and also on health promotion in
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different phases of life.

J Pediatr (Rio J). 2007,83(6):494-504: DOHaD, programming, Barker hypothesis.

Introduction

Epidemiological studies in different parts of the world have
related the influence of certain environmental factors in early
life with alterations in the expression of individuals’ genetic
background, leading to a particular pattern of health and dis-
ease. Similarly, clinical and pre-clinical studies point in the
same direction, suggesting a strong association between envi-
ronmental aggressions suffered in utero or during the initial
phases of extrauterine life and the emergence of chronic dis-
eases throughout life. These findings indicate new bridges of

causality, inferring the possibility of early establishment of
metabolic adjustments that determine morbid outcomes
throughout life. In this review article, our objective is to dis-
cuss these ideas, now grouped together in a new branch of
scientific knowledge under the nomenclature of the develop-
mental origins of health and disease (DOHaD).

Historical context

As mortality rates among preterm newborns (NB) at
extremely early stages of development have fallen, new dis-
eases have emerged and been identified. For example, in 1959
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Avery & Mead described the respiratory distress syndrome of
the newborn, which is characterized by pulmonary immatu-
rity and an incapacity to produce surfactant.! Another
example is necrotizing enterocolitis, related to intestinal
immaturity.?> Other entities of a more chronic character, such
as bronchopulmonary dysplasia® and retinopathy of prema-
turity,® emerged as a result of the development of aggressive
therapies for this special population.

It was not difficult to suppose that the use of new tech-
nologies utilized to amplify the chances of survival of the pre-
term or low birth weight NB affected by these new diseases
could have long-term consequences. However, more distant
would be to correlate responses supposedly physiological and
adaptive reactions from the mother, fetus or NB faced with
adverse environmental conditions with future outcomes.
Towards the end of the 1930s, while studying mortality rates
in England and Sweden, researchers were surprised to find
that environmental conditions in utero and during childhood
appeared to be determining the survival of each generation.®

During the 1970s, Ravelli et al. studied a population of
300,000 men, born from women who had been exposed to a
period of food shortage (the Dutch famine), during the Ger-
man blockade of Holland at the end of the Second World War.
In adulthood, these individuals exhibited different patterns
of body composition depending on the age at which they had
been exposed to maternal malnutrition during intrauterine
life. Where the mothers had suffered malnutrition during the
last 3 months of pregnancy, this group exhibited a low rate of
obesity incidence. In contrast, if malnutrition had occurred
during the first 6 months of pregnancy, the incidence of obe-
sity among offspring increased significantly.”

During the 1960s, Neel published the “thrifty” genotype
hypothesis,® proposing that certain populations had a greater
propensity towards insulin resistance, both due to selection
and to genetic aspects. According to this author, a random
mutation leading to insulin resistance could have been adap-
tive and beneficial to individuals exposed to environments
with food shortages, leading to natural selection of these indi-
viduals, with the resulting transmission of the characteristic
to the following generations. However, current evidence on
the interaction between genetics and environment demon-
strate that purely genetic considerations, considered inde-
pendently from the environment, do not have a true biological
correlate.

Causal models

Following this line of reasoning, Barker et al. developed
the hypothesis that adverse intrauterine and childhood con-
ditions increase the risk of cardiovascular diseases. In order
to test this theory, they correlated birth weight and environ-
mental conditions during early childhood with cardiovascular
health of adults born at the start of the twentieth century, in
Hertfordshire, UK.° In these studies it was demonstrated that
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people who were born with low birth weights remained bio-
logically different from those born with normal birth weight,
persisting into adulthood. They exhibited higher arterial blood
pressure®and were more likely to develop diabetes type 2.1*
Furthermore, in later findings, these and other researchers
demonstrated that low birth weight was associated with
changes in plasma lipid profiles,*? reduced bone mineral den-
sity,' altered responses to stress,'* less elastic arteries,*®
specific patterns of hormone secretion'®1” and a greater inci-
dence of depression.®1° These observations resulted in the
thrifty phenotype hypothesis, which proposes that the fetus
is capable of adapting to an adverse intrauterine environ-
ment by optimizing the use of a reduced energy supply in order
to guaranteeits survival. However, this process of adaptation
would favor some organs to the detriment of others, causing
long-lasting alterations in the growth and function of tis-
sues.2? Although it represents an important chapter in the
study of the associations between early life and the risk of
chronic diseases, the thrifty phenotype hypothesis does not
explain a series of findings that were described later by sev-
eral researchers, such as, for example, the influence of fetal
life on fluids homeostasis,?* which are also persistent, but
without immediate adaptive value. In other words, Barker's
hypothesis does not explain persistent metabolic adjust-
ments that take place in response to variations in the fetal
environment and which are notimmediately necessary for the
individual’s survival.

During the same period, an independent group of
researchers was studying the effects of the diets fed to pre-
term NB on a variety of outcomes. By means of clinical trials,
these authors demonstrated the influence of different types
of milk-based diet on somatic growth, immunity and neurop-
sychomotor development,?2:23 proposing the use of the term
“programming” in this context. Outlined by Dérner et al.,?*
but widely explored by Alan Lucas, this term refers to the con-
ceptthat aninsult or stimulus applied during a critical or sen-
sitive period can have long-lasting or persistent effects on the
structure or function of an organism.2> Therefore, the emer-
gence and severity of many different morbid conditions
depends on the genetic vulnerability of the individual, on the
exposure to adverse environmental factors and also on the
period during which these stressful events occur.?® Both pre-
natal life, childhood and adolescence are critical periods that
are characterized by a high degree of plasticity,2”-2® there-
fore an exposure to a significant stimulus could have conse-
quences of an organizational order and cause persistent
alterations in the body functioning.

Another important point relates to maternal restraint.
Mammals’ fetuses do not generally attain their maximum
growth potential, primarily because they are affected by
maternal and uterine factors, such as materal size, age, nutri-
tional status and parity.2° This concept contributed to the cur-
rent models for understanding the phenomena of
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programming, which suggest that all fetal development is
affected by some degree of restriction. In some cases, how-
ever, this restriction is exacerbated by other factors, such as
maternal placental diseases. At birth, these restraints are alle-
viated and the consequences become manifest. The effect of
primaparous maternal restraint on firstborn children is so evi-
dent that its impact has been compared to maternal smok-
ing.3° Furthermore, the perpetuation of low birth weight down
the generations is in part explained by these mechanisms:
maternal restraint will be proportionally greater where moth-
ers have small stature, and they themselves were probably
low birth weight infants.

In many animal species, environmental influences reach
the fetus via the mother/placenta or the offspring via lacta-
tion, leading to physiological adaptations which increase the
chance of the individual surviving in that environment. These
predictive adaptive responses,! in contrast with the thrifty
phenotype, do not have animmediate adaptive value, but pre-
dict long-term adaptation with the objective of guaranteeing
survival, at minimum, until reproductive age. For example,
maternal stress signals an adverse external environment for
the fetus, leading to chronic hyperactivity of the
hypothalamus-pituitary-adrenal axis (HPA) in this individual,
which in turn results in a greater alert state and increased
chances of survival.32-33 Predictive adaptive responses cause
persistent changes in the organism’s functioning, probably by
means of epigenetic processes, potentially transmissible from
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generation to generation. Being essential factors for an indi-
vidual's survival, it is to be expected that nutrition, metabo-
lism, growth, reproduction and responses to stress would be
the aspects most responsive to programming.

The predictive adaptive responses model suggests thatan
organism in development has the capacity to predict the envi-
ronmentin which it will grow, utilizing maternal hormonal sig-
nals by means of the placenta and/or lactation. These signals
permit the individual to adjust its physiology in accordance
with the message. If the prediction is correct, the risk of dis-
ease is low. However, if it is incorrect, there is an increased
risk of diseases, which will probably manifest after the repro-
ductive period (and, therefore, there is no “pressure” from
natural selection against this incorrect prediction during evo-
lution). The risk of disease, therefore, is the result of the
degree of match or mismatch3* between the environment pre-
dicted by the individual during the period of elevated plastic-
ity and development and the actual environment in which this
individual lives their maturity (Figure 1).

The match or mismatch model introduces the idea of a
plasticity related to development (developmental plasticity),
a phenomenon by which a single genotype can give rise to a
range of diverse physiological states in response to different
environmental conditions during development. Recent stud-
ies have provided support for this model by demonstrating
interactions between the environment and gene expression
on several levels. It is not only the cellular environment that

Increased risk

Adult
environment

of disease from
I unpredicted
excess

Sparse
Optimal

Impaired

Developmental environment

Figure 1 - Relationship between developmental and adulthood environ-
ments. The horizontal lines represent the limits of the environ-
ment to which the individual is exposed; the grayed area
represents the zone of appropriate predictive adaptive
responses, associated with a reduced risk of diseases. Indi-
vidual A, exposed to a normal intrauterine environment, is
capable of tolerating a greater environmental variation in adult-
hood without developing morbid conditions, in contrast with
individual B (adapted from Gluckman & Hanson3%)
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affects gene expression and protein production, but also the
relationships of an individual with their environment can also
influence behavioral and morphological aspects and gene
expression, even within a period of hours.3® Elegant studies
have demonstrated that the influence of interactions that
occur during vulnerable periods or periods when program-
ming is possible can even persist transgenerationally, by
means of epigenetic effects.>%3” One important exampleiillus-
trating these theories in humans is the presence of a preva-
lent polymorphism of the PPARy gene and risk of diabetes,
which is only evident if the individuals also have a history of
shorter stature at birth.38

For the reasons given above, epigenetics, which is the
study of inherited changes in gene expression that are not due
to a DNA nucleotide sequence, has become a model that is
fundamental to research into DOHaD. Implicit in this concept
isanimportant process of causality on the cellular level, regu-
lating growth and tissue differentiation and involving chemi-
cal changes to the DNA (such as methylation) or of associated
proteins (such as the histones, which interact with the DNA
molecule in necleosomes to form chromatin). The pattern of
epigenetic information is transmitted via mitosis and is spe-
cific to each cell and tissue type and is essential to mainte-
nance of the organism's gene expression profile. Since
epigenetic effects can suffer interference from the environ-
mentduring development, they are extremely relevant to the
field of DOHaD studies.

The hypothalamus-pituitary-adrenal axis in early
life and programming mechanisms

Exposure to glucocorticoids during the fetal period has
been proposed as being one of the principal programming fac-
tors for increased risk of chronic diseases among individuals
born with low birth weight,3° being associated with an
increased probability of later development of hypertension,
diabetes and psychiatric disorders, such as depression and
anxiety. Abnormal HPA axis activity during vulnerable peri-
ods of development is thought to be related to the program-
ming of an individual's pattern of health. This abnormality is
attributed to chronic exposure to maternal glucocorticoids or
to stress during gestation.>3

Glucocorticoids are the largest subclass of steroidal hor-
mones that regulate metabolic, cardiovascular, immune sys-
tem and behavioral responses.?®4° Their physiological effects
are mediated by a 94 kD cytosolic protein, the glucocorticoid
receptor (GR). The GR is widely distributed throughout the
brain and peripheral tissues. Inits inactive state, GRis part of
a multi-protein compound made up of several heat shock
proteins.***3 Bound to glucocorticoids, GR moves to the cell
nucleus, where it interacts with specific glucocorticoid
response sites, altering the transcription of certain genes.**
The activated receptor also inhibits, via protein-protein inter-
actions, other transcription factors, such as c-jun/c-fos and
NF-kB, which are positive regulators of the transcription of
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several genes involved in activation and growth of immune
cells and other cell types.*® Furthermore, glucocorticoids alter
the stability of messenger RNA and, therefore, translation of
several proteins, and also neuronal electrical potential. In the
majority of vertebrates, secretion of glucocorticoids follows a
pronounced circadian rhythm, with peaks corresponding to
the start of the active phase of the daytime cycle.*® Glucocor-
ticoid circadian rhythm is dependant on the suprachiasmatic
nucleus; injuries to this brainstem structure lead to an
approximately constant level thatis intermediate between the
circadian peak and trough.47:48

Regulation of HPA axis activity is to a great extent per-
formed by means of negative feedback via glucocorticoids to
components of the central nervous system (CNS), increasing
or reducing its activity in accordance with physiological
requirements.*® Several cerebral structures are involved in
the feedback processes, in particular the hypothalamus,
amygdala, prefrontal cerebral cortex and the hippocam-
pus,®° the last of which being the structure most strongly
related with regulation of the axis, as a result of its high con-
centration of glucocorticoid receptors.

Glucocorticoids are of fundamental importance to gesta-
tion in mammals, since they are involved in maternal meta-
bolic adaptation.®® Furthermore, they are active in
coordination of readiness for birth and onset of the mecha-
nisms of labor. During gestation, lipophilic steroids easily pass
through the placenta, but levels of fetal glucocorticoids are
much lower than maternal levels.>?->3 This is due to intense
activity of the enzyme 1B-hydroxysteroid-dehydrogenase
type 2 (11B-HSD-2) in the placenta, which catalyses conver-
sion of the physiologically active glucocorticoids cortisol and
corticosterone into inert forms such as cortisone.>* They
therefore represent a barrier which protects the fetus from
exposure to maternal glucocorticoids, although around 10 to
20% are still allowed to pass.>® It is interesting to note that
there is a positive correlation between birth weight and the
activity of this enzyme in both rats®® and in humans.>”

In humans, maternal plasma levels of corticotropin-
releasing hormone (CRH, produced by the placenta) increase
exponentially as the pregnancy progresses, reaching their
peak at birth. With premature deliveries this increase is much
more rapid.>® Placental CRH reaches the fetus, although in
lower concentrations than in the mother.>® The fetus had both
pituitary®® and adrenal®! CRH receptors. Stimulation of the
fetal pituitary by CRH increases ACTH production and, conse-
quently, adrenal cortisol production, resulting in maturation
of the fetal HPA axis and inducing formation of surfactant in
the lungs.

In mammals, the responsiveness of the HPA axis fluctu-
ates during the perinatal period, being moderately respon-
sive at the time of birth, but reducing in intensity during the
neonatal period.®%%3In rats, there is a peak in corticosterone
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during the final fetal stage, followed by reduced responsive-
ness after until the end of the second week of extrauterine
life, which is known as the stress hyporesponsive period.®4:6>
Characteristically, the glucocorticoid negative feedback
mechanism in the pituitary is exacerbated and adrenal sensi-
tivity to ACTH is reduced during this period.®® There is evi-
dence that this hyporesponsive period also exists in
humans.®7-68

According to the concept of programming, exposure to a
stimulus or stress during these first days determines neuro-
chemical and behavioral alterations that can be observed
throughout life. Although “hyporesponsive”, these individu-
als responded acutely to the stress of being separated from
their mothers even when not exposed to any other additional
stressor,®® and this response increased progressively over the
subsequent 24 hours. Furthermore, during this phase,
transcortin levels are very low and the majority of glucocorti-
coids circulate in plasma in their unbound and, therefore, bio-
logically active form.”%7! Thus, even though the total
concentration of plasma glucocorticoids is low during the
hyporesponsive period, the concentration of its biologically
active form is relatively high, sufficient for the hormone to per-
form its biological actions and possibly to act as a program-
mer of the CNS in a long-lasting manner.

Oneinteresting example of the interaction between genes
and environment, with relation to the HPA axis, is the model
which evaluates natural differences in maternal care among
rats, demonstrating that the environment in which offspring
grow up is correlated with their reactivity to stress; where the
young of mothers who exhibited more caring behavior (lick-
ing and grooming) are less responsive than the young of
mothers who exhibited less of these behaviors.”? It has been
suggested that tactile stimulation by the caring mothers acts
via raphe nucleus ascendant serotonergic pathways,”> which
induce the expression of glucocorticoid receptors in the hip-
pocampus.’#7> Serotonin probably acts by means of the 5SHT7
receptor which is regulated by glucocorticoids”® and posi-
tively coupled with cyclic AMP.”” Transcription factors associ-
ated with cAMP, such as Nerve Growth Factor-Inducible Protein
A (NGFI-A) are then stimulated.”® Although NGFI-A has a low
affinity for its recognition site in the DNA sequence respon-
sible for production of GR, tactile stimulation provokes a great
increase in the levels of this transcription factor, thereby
increasing the chances of binding.”® The NGFI-A bond results
in the recruitment of histone acetyltransferases, which
increase acetylation of the histones, facilitating access for
demethylases and demethylation of the GR promoter site.”®
The demethylated promoter site has a high affinity for NGFI-A,
resulting in greater GR promoter activity induced by NGFI-A
in the hippocampus, increased production of glucocorticoid
receptors in this structure and, therefore, a more efficient
negative feedback mechanism.

The importance of childhood growth patterns

The initial studies relating low birth weight with increased
cardiovascular risk were primarily based on intrauterine
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growth restriction (IUGR) as the causative factor of these
associations. Recent evidence suggests that a child's growth
pattern during the first years of life is also strongly influenced
by the pattern of fetal growth, which may determine an
increase in the probability that unfavorable metabolic out-
comes will occur. Abnormal postnatal growth patterns have a
significant relationship with the development of chronic dis-
eases in later life, particularly in preterm NB with IUGR.

Current practice recommends stimulation and promotion
of the growth of low birth weight infants, aiming to reduce
morbidity and mortality rates and to preserve neurocognitive
aspects. However, some clinical studies have proposed that
rapid weight gain (catch up) during this early period may be
associated with increased incidence of cardiovascular dis-
ease in maturity.8°-81

The risk factors for cardiovascular diseases®? and for obe-
sity®3 are consistently found in groups of individuals who have
gained a great deal of body weight between birth and school
age or preadolescence, particularly those who were born small
or had low birth weight. In other words, the consequences of
a given body weight are conditioned as much by intrauterine
as by later childhood growth. Therefore, the growth patterns
that predispose to the development of chronic diseases are
complex and it is important to make a distinction between
early and late catch up. While the first appears to be benefi-
cial, as discussed above, childhood obesity is known to have
harmful effects over the long term, especially in the popula-
tion of low birth weight babies, and must be prevented.

For these reasons, despite having been approved by the
Food and Drug Administration (FDA) in 2001 and in Europe in
2003, and despite being currently recommended in the spe-
cialist literature,®* the use of growth hormone (GH) for chil-
dren who are small for gestational age and those with small
stature remains controversial. Around 10% of small for ges-
tational age individuals do not exhibit catch up, remaining
below the third percentile for weight and height throughout
childhood, and being shorter in adulthood. It is true that the
psychosocial impact of the increase in final height has been
recognized, however the knowledge that late catch up may
have damaging consequences for this population over the long
term makes indicating this treatment an arduous decision.
Even the consensus document on the management of indi-
viduals born small for gestational age, which recommends the
use of GH throughout childhood and adolescence in order to
increase of final height, states that it is not currently known
whether treatment of people born small for gestational age
with GH during childhood and adolescence is associated with
benefits or with amplified risks (as metabolic consequences)
in adulthood.®* Despite recognizing the epidemiological stud-
ies that report increased risk for cardiac diseases, cerebral
vascular accidents, hypertension, obesity and diabetes mel-
litus in this population, the authors argue that there is insuf-
ficient evidence to indicate carrying out any kind of follow-up
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that is special or differential with relation to other children.
Notwithstanding, itis important to point out that fetal growth
should be considered a relevant risk factor for chronic dis-
eases, although it cannot be treated as a causative factor. In
other words, chronic diseases are not programmed in them-
selves, but the tendency towards the development of dis-
eases appears to be programmed. There are countless
interactions between fetal growth and variables involving the
childhood and adolescent environments, however, the best
way to approach the problem is to focus on the stages of life
and their interactions with fetal and neonatal history.

Long-term consequences of nutrition during the
first years of life

The association between neonatal events and increased
risk of diseases in adulthood is not necessarily linked to low
birth weight alone. Here, other programming mechanisms and
signals appearto be important. Of these, one of the most often
studied is nutrition at the start of life, about which little is yet
known.

During the beginning of the 20th century the medical lit-
erature had already demonstrated an interest with relation to
the impact of postnatal nutrition on somatic growth and on
specificorgans by means of dietary manipulation during criti-
cal periods.®>:8% Currently, and primarily due to DOHaD stud-
ies, there are suggestions that nutrition during vulnerable
periods can alter the structure of chromatin and gene expres-
sion, in addition to potentially influencing an individual's
health over the long term.8”

Itis known that breastfed children exhibit growth kinetics
that are different from those of children fed on formula.®8 The
literature has proposed that breastfed NB receive sufficient
calories for growth, but not more than necessary, in addition
to gaining weight more slowly than formula-fed NB. Since
experimental studies have demonstrated that excessive nutri-
tion during the neonatal period is associated with increased
risk of obesity and metabolic syndrome in adulthood,® it is
possible that this may be one of the mechanisms by which
breastfeeding is able to protect against diseases throughout
life. It is also known that the compositional differences
between breastmilk and artificial formula, such as the quan-
tities of calories and proteins, are an important variable in this
context.

Another factor possibly involved is the different feeding
behavior of breastfed babies, which exhibit a different fre-
quency of suckling,®® and also a greater degree of control over
the quantity of milk consumed.®! Furthermore, constant
variation in the taste and odor of breastmilk exposes the NB
to a variety of gustatory stimuli, encouraging the choice of
foods with similar flavors later in life,°? increasing the variety
of the individual’s diet.

Specifically in relation to lifelong protection, it has been
shown that, for example, breastfeeding preterm infants is
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associated with an improved plasma lipid profile during ado-
lescence,®? and also with lower blood pressure levels.®3 Nev-
ertheless, it has been more difficult to prove with clarity the
effects of the postnatal diet on adult body composition.
Although several different studies, including meta-analyses
and employing body mass index (BMI) as categorical vari-
able, have demonstrated that breastfeeding is associated with
alower incidence of obesity,°*°> those studies that have con-
centrated on body composition have not been able to estab-
lish the same association, or have identified very discrete
effects.®® This same absence of association has also been
described in Brazil.°” As has been pointed out by Wells et al.,*®
Several methodological difficulties prevent a better evalua-
tion of the effects of breast feeding, including a lack of precise
information in large cohort studies, the influence of social fac-
tors and the fact that it is impossible to carry out randomized
studies. Additionally, this author also mentions the possibility
of reverse causality, i.e., that the difficulties experienced dur-
ing breastfeeding may lead to the use of an aggressive diet
and dietary excess among formula-fed NB, increasing their
chances of developing abnormal health patternsin adulthood
when compared with breastfed babies.

Although some studies indicate there are acute benefits
to dietary supplementation with long chain polyunsaturated
fatty acids (n-3 and n-6 LCPUFA) in artificial formula,®® and
also to prebiotics and probiotics given to the mother during
pregnancy and breastfeeding, their long-term effects on the
neurological and immunological development of individuals
are not yet clear, and, in this context, further studies are
needed.

Scientific approaches

The study of DOHaD is an area of research that combines
information from a variety of branches of knowledge, and is
an interesting interface between the biological sciences and
the area of health. The questions and hypotheses are inves-
tigated with a variety of scientific approaches, including:

- Epidemiological studies. Large cohort studies based on peri-
natal databases compiled at the start of the 20th century
were the basis for the construction of the first DOHaD mod-
els, primarily through the studies of Barker et al. Although
thisisthe most appropriate approach for highlighting asso-
ciations between early events and later outcomes, epide-
miological studies do not prove causality. Furthermore,
human cohorts are expensive and demand a great deal of
involvement on the part of the research team and also the
individuals being studied, and, in the case of DOHaD
research, they only produce results over the long term.
Losses to follow-up during the study period, questions
about the validity of associations observed in adults for the
current pediatric population and about superimposition of
findings in different world populations limit the application
of their results.
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- Clinical studies. The objective of clinical DOHaD studies is
to compare individuals with diverse perinatal histories in
terms of their clinical characteristics, behavior and/or
response to interventions. Clinical studies are relatively
quicker to carry out than cohort studies and have eluci-
dated important questions in the area, although they are
still limited by ethical considerations.

- Experimental studies. Relatively easy to carry out, less
costly, faster and highly informative. Studies undertaken
with animals have contributed a great proportion of the
information known on the subject. However, extrapolation
of the results to humans is extremely delicate and fragile.
Forexample, many of the species used bear multiple young,
making comparison with humans difficult. Species with
single pregnancies have been proposed as alternatives
(sheep for example), but the differences in the degree of
maturity at birth also interfere with comparisons.

- Translational studies. This concept of scientific research,
where researchers divide their time between “the bench
and the bed”, has an impressive number of followers among
DOHaD researchers. With the ease of execution of basic
studies, researchers apply acquired knowledge to gener-
ate hypotheses and questions relevant to human physiol-
ogy, adapting protocols to tests that can be carried out with
patients. Combining the advantages of epidemiological/
clinical studies with those of basic studies, this new ten-
dency has brought a large volume of relevant information
and made a solid contribution to building up knowledge of
DOHaD.

DOHabD in developing countries

The majority of DOHaD studies have been carried out in
developed countries, and the relevance of applying this evi-
dence to healthcarein developing countries is only now begin-
ning to be established. The match or mismatch model, where
the greatest risk of chronic diseases is the result of the high-
est degree of contrast between the fetal environment and the
environment in which the individual grows up, reflects the
experience of many people who live in developing countries.
The incidence of IUGR is high in these areas, partly because
of the high prevalence rates of malnutrition among women.
Onthe other hand, economicascent and agricultural improve-
ments have transformed the nutrition of children and adults,
and the emergence of obesity in developing countries has
been reported in many parts of the world. Brazil also follows
this pattern of contrast, even when different social classes are
taken into consideration.%°

It is important to observe that, in the large cohorts from
Europe which started off DOHaD studies (Hertfordshire,
England and Helsinki, Finland), the association between low
birth weight and cardiovascular diseases remains significant
even when the current BMI of the people being analyzed is
not taken into consideration. However, similar studies carried
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outin Africa,°! China'®2 and India'®3 were only able to detect
the same significant association when they adjusted their
analysis for adult BMI. This suggests that there is a different
pattern in developing countries, where being born with low
birth weight only becomes a problem when followed by
obesity.

One interesting study carried out in India'®* demon-
strates that insulin resistant adults born with low birth weight
could be characterized by an increase in BMI between the ages
of 2 and 12 years, even though they did not reach levels con-
sidered as overweight or obese by international standards. It
is, therefore, possible that the simple recovery of weight after
an initial period of malnutrition is a more important param-
eter in absolute terms than obesity in developing countries.

The concept of DOHaD has enormous potential implica-
tions for public health strategies in these countries and this
was indeed recognized by the World Health Organization
(WHO) in 2004. Nevertheless, despite the urgency triggered
by the epidemic of chronic diseases in these areas, this
remains an area of knowledge that has been little explored
and it is not possible to propose any clear recommendations
on a public health level in the current situation.

Ethical considerations

Advances in fetal and neonatal medicine have been
accompanied by a changed view of fetal status. The emer-
gence of “fetus as patient” creates moral pressure both on the
medical team and on the future mother. The concepts of “fetal
rights”, “the right to life” and “the right to be born” have now
been extended to “the right to be born healthy”. In a more or
less extremist manner, the fetus and mother have been
treated as two ethically and legally independent entities, and
the ethical considerations involved in certain circumstances
of conflict between these two entities must be carefully
evaluated.

Itis not rare for us to hear careless speeches aimed at pub-
lic health promotion, such as those that claim that expectant
mothers must have, “constant vigilance in the promotion of
fetal health and wellbeing”. Furthermore, the association
between birth weight and chronic diseases may result in an
enormous overload of responsibilities on the mother. Thus,
the fetus does not just have “the right to be born healthy”, but
also “the right to be born and have a healthy adult life”.

The key message of the DOHaD concepts is that aspects
related to the early environment are fundamental in the devel-
opment of diseases, and not that the individual’s biology
makes that disease inevitable. However, excessive emphasis
on fetal growth and aspects related to pregnancy facilitates
the emergence of ill-judged pronouncements, “accusing”
mothers of not knowing how to choose their lifestyles and of
affecting the health of their children permanently.
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Itis also important to mention studies that relate biologi-
cal events with influences on an individual's behavior. There-
fore, concepts such as “programming” take on a determinist
dimension and question the capacity of the individuals
affected to make choices that are appropriate for their own
health, ignoring important variables such as social and eco-
nomic factors. The “sentence” of having been born with low
birth weight and being “condemned” to a given future is a
questionable approach. More relevant than this is the quest
to understand the mechanisms that lead to these associa-
tions, primarily considering social influences, in order to aid
in the development of preventative measures.

Conclusions

In a 2007 article, Gluckman & Hanson proposed future
directions for DOHaD, and we shall review them here.°?
Although 20 years have passed since the publication of the
first observations clearly relating environment with the risk
of development of chronic diseases, a series of questions still
remain to be answered. One important debate is related to
the impact of these processes on the prevalence rates of
chronic diseases. Current studies have been emphasizing
relationships between perinatal variables and specific out-
comes, such as insulin resistance or disorders related to car-
diovascular diseases (hypertension, obesity and
hypercholesterolemia, for example). However, the contribu-
tion of the influence of early variables to the genesis of meta-
bolic phenotypes should be studied more appropriately.

The definition of “contrast” also needs to be established in
a more robust manner, as does which parameters are mark-
ers of contrast. Despite being extensively used in studies,
“catch up” also merits greater precision: studies should con-
centrate on giving details of what type of catch up (weight,
lean mass, etc) they are dealing with.

The study of DOHaD has given rise to a series of studies
aimed atinvestigating the relationship between environmen-
tal variations during early life, polymorphismsin related genes
and metabolic outcomes. However, it is also yet to be discov-
ered up to what point it is possible to establish the specifica-
tions of these variations for a given population and how these
polymorphisms interact with environmental clues, influenc-
ing the risk of developing chronic diseases. Along the same
lines, it is unrealistic to imagine that a single gene could be
responsible for such a multiplicity of outcomes. A wide rang-
ing perspective, integrating genetic, epigenetic and environ-
mental variables, is needed. Studies will continue to attempt
to extend their investigations into different classes of target
genes and theirrolesin these processes, such as, forexample,
regulatory genes, genes related to growth and mitochondrial
genes. Tissue sensitivity specific to hormones and other sig-
naling molecules, which possibly fluctuate during develop-
ment, should be characterized at different phases of life.
Furthermore, cases of non-genomic inheritance, such as the
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example of maternal restraint highlighted earlier, should be
even better described.

It is important to point out that many other human char-
acteristics can suffer the influence of early traumatic events,
such as behavior, reproduction, thermal and liquid homoeo-
stasis and cognitive functions. Itis interesting to note that, in
these cases, these changes may exhibit an altered metabolic
phenotype. The most important question here is the possibil-
ity of the existence of a causal link between induction of spe-
cific phenotypes in diverse domains and environmental clues
that are common during early life.

Finally, to date relatively few studies have been dedicated
to investigations into intervention in and reversal of pheno-
type. Studies with animals employing dietary supplements
have demonstrated interesting results, however the applica-
bility of these protocols to humansis delicate. More basic stud-
ies are required in order to support clinical interventions.
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