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Abstract

Objective:  To  present  the  conceptual  foundations  that  explain  how  events  occurring  during

intrauterine  life  may  influence  body  development,  emphasizing  the  interrelation  between  low

birth weight  and  risk  of  obesity  throughout  life.

Data  sources:  Google  Scholar,  Library  Scientific  Electronic  Online  (SciELO),  EBSCO,  Scopus,  and

PubMed were  the  databases.  ‘‘Catch-up  growth’’,  ‘‘life  course  health’’,  ‘‘disease’’,  ‘‘child’’,

‘‘development’’,  ‘‘early  life’’,  ‘‘perinatal  programming’’,  ‘‘epigenetics’’,  ‘‘breastfeeding’’,

‘‘small  baby  syndrome’’,  ‘‘phenotype’’,  ‘‘micronutrients’’,  ‘‘maternal  nutrition’’,  ‘‘obesity’’,

and ‘‘adolescence’’  were  isolated  or  associated  keywords  for  locating  reviews  and  epidemiolog-

ical, intervention  and  experimental  studies  published  between  1934  and  2014,  with  complete

texts in  Portuguese  and  English.  Duplicate  articles,  editorials  and  reviews  were  excluded,  as

well as  approaches  of  diseases  different  from  obesity.

Data synthesis: Within  47  selected  articles  among  538  eligible  ones,  the  thrifty  phenotype

hypothesis,  the  epigenetic  mechanisms  and  the  development  plasticity  were  identified  as  fun-

damental  factors  to  explain  the  mechanisms  involved  in  health  and  disease  throughout  life.  They

admit the  possibility  that  both  cardiometabolic  events  and  obesity  originate  from  intrauterine

nutritional deficiency,  which,  associated  with  a  food  supply  that  is excessive  to  the metabolic

needs of  the  organism  in early  life  stages,  causes  endocrine  changes.  However,  there  may  be

phenotypic  reprogramming  for  low  birth  weight  newborns  from  adequate  nutritional  supply,  thus

overcoming  a  restrictive  intrauterine  environment.  Therefore,  catch-up  growth  may  indicate

recovery from  intrauterine  constraint,  which  is associated  with  short-term  benefits  or harms  in

adulthood.

Conclusions:  Depending  on  the nutritional  adequacy  in the  first  years  of  life,  developmental

plasticity  may  lead  to  phenotype  reprogramming  and  reduce  the  risk  of  obesity.
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Baixo  peso  ao  nascer  e  obesidade:  associação  causal  ou casual?

Resumo

Objetivo:  Apresentar  as  bases conceituais  que  explicam  como  eventos  na  vida  intrauterina

podem influenciar  o  desenvolvimento  corporal  e enfatizar  a  interrelação  entre  baixo  peso  ao

nascer e risco  de  obesidade  ao  longo  da  vida.

Fontes  de  dados:  Google  Scholar,  Scientific  Electronic  Libraty  Online  (SciELO),  EBSCO,  Scopus

e PubMed  foram  as  bases  de dados.  ‘‘Catch-up  growth’’,  ‘‘lifecourse  health’’,  ‘‘disease’’,

‘‘child’’,  ‘‘development’’,  ‘‘early  life’’,  ‘‘perinatal  programming’’,  ‘‘epigenetics’’,

‘‘breastfeeding’’,  ‘‘small  baby  syndrome’’,  ‘‘phenotype’’,  ‘‘micronutrients’’,  ‘‘maternal

nutrition’’,  ‘‘obesity’’  e  ‘‘adolescence’’  foram  descritores  isolados  ou associados  para

localizar  revisões,  estudos  epidemiológicos,  de intervenção ou  experimentais  publicados

entre 1934  e 2014,  com  textos  integrais,  em  português  e inglês.  Excluíram-se  duplicidades,

editoriais, resenhas  e abordagens  de doença  diferente  da  obesidade.

Síntese  dos  dados:  Nos  47  artigos  selecionados  dentre  538  elegíveis,  identificaram-se  as  hipóte-

ses do  fenótipo  poupador,  dos  mecanismos  epigenéticos  e  da plasticidade  do  desenvolvimento

como fundamentais  para  explicar  mecanismos  envolvidos  na  saúde  e  nas  doenças durante  a

vida. Elas  admitem  a  possibilidade  de  eventos  cardiometabólicos  e obesidade  terem  origem

em  deficiência  intraútero  de  nutrientes  que,  associados  a suprimento  alimentar  excessivo  às

necessidades  metabólicas  nas  fases  precoces  da  vida,  provoca  alterações  endócrinas.  Todavia

pode haver  reprogramação  fenotípica  que  supere  ambiente  restritivo  intrauterino  para  nasci-

dos com  baixo  peso a  partir  de  oferta  nutricional  adequada.  Assim,  o  catch-up  growth  indicaria

recuperação da  restrição intrauterina  e se  associaria  a benefícios  em  curto  prazo  ou prejuízos

no adulto.

Conclusões:  Na dependência  de adequação nutricional  nos  primeiros  anos  de vida,  a  plastici-

dade  do  desenvolvimento  pode  levar  à  reprogramação  fenotípica  e reduzir  o  risco  de  obesidade.

© 2015  Sociedade  de  Pediatria  de São  Paulo.  Publicado  por  Elsevier  Editora  Ltda.  Todos  os

direitos reservados.

Introduction

The  knowledge  of the processes  involved  in  human  devel-
opment  contributes  to  the better  understanding  of  the
mechanisms  associated  with  health  and disease  throughout
life.1 To  identify  these  mechanisms,  when and  how  they work
is  probably  the  best  way  to  prevent  the disease  onset. Only
in  recent  years  several  diseases  that  affect  adults  have  been
associated  with  intrauterine  period  events.2---4

Although  complementary  examinations  provide  informa-
tion  that  allows  fetal development  monitoring,  obtaining
data  at  birth provides  better  conditions  for  assessment,
with  adequacy  of  weight  for  gestational  age being  the  first
measurement  capable  of providing  information  on  fetal
interaction  with  the  intrauterine  environment.5

The  fetus  reflects,  through  nutrition,  growth  and body
composition,  the supplies  and  the  energy  it  receives  from
the  mother,  also  expressing  its  dependence  on  placental
function.6 The  fetus  also  receives  a flow  of  chemical  medi-
ators,  which  inform  about  the  maternal  nutritional  status
and  possibly  the quality  of  the  postnatal  environment.3

This  information  contributes  to  define  body  composition  and
size,  as  well as  to structure  the endocrine  and  metabolic
systems.7

The  United  Nations  Children’s  Fund8 reports  that  the
worldwide  incidence  of  low birth weight  remained  at 15%  in
the  period  of  2008---2012,  despite  the advances  in  prenatal
care.  The  World  Health  Organization9 confirms  that  more

than 40  million  children  younger  than  5  years  are overweight
or  obese  and, therefore,  are susceptible  to  an increased  risk
of  noncommunicable  diseases.  These  statistics  reinforce  the
importance  of considering  the interrelations  between  low
birth  weight  and  the risk  of  obesity  and  its  comorbidities
throughout  life, considering  that  this  understanding  is  the
basis  to  establish  early  interventions  that  can  change  the
natural  history  of  this process.

This  review  aimed  to  disclose  the  conceptual  and  empir-
ical  foundations  underlying  the understanding  of  the effect
of  intrauterine  life  events  on  body  development,  emphasiz-
ing  the  interrelation  between  low  birth weight  and  obesity
throughout  life.

Method

A  narrative  review  was performed,  using  the descrip-
tors  ‘‘catch-up  growth’’,  ‘‘life  course  health’’,  ‘‘dis-
ease’’,  ‘‘child’’,  ‘‘development’’,  ‘‘human  evolution’’,
‘‘adaptive’’,  ‘‘infant’’,  ‘‘early  life’’,  ‘‘birth’’,  ‘‘weight’’,
‘‘perinatal  programming’’,  ‘‘epigenetics’’,  ‘‘breast-
feeding’’,  ‘‘small  baby  syndrome’’,  ‘‘phenotype’’,  ‘‘micro-
nutrients’’,  ‘‘maternal  nutrition’’,  ‘‘fetus’’,  ‘‘obesity’’,
and  ‘‘adolescence’’,  alone  or  in association  with  others,
in  the  Google  Scholar,  Scientific  Electronic  Library  Online
(SciELO),  EBSCO,  Scopus  and  PubMed  databases,  to  identify
published  articles.
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Figure  1  Flowchart  of  article  selection  for  the  review.

Inclusion  criteria  comprised  review  articles,  epidemi-
ological,  experimental  or  intervention  studies  published
between  1934  and 2014, with  full texts  in Portuguese  or
English,  addressing  aspects  of  intrauterine  development  and
its  association  with  obesity.  Abstracts  or  articles  published
in  duplicate  were excluded,  as  well  as  those  addressing  diag-
nosis  or  treatment  of  specific  diseases  rather  than  obesity,
editorials  and  reviews.

Abstracts  that  met  the  inclusion  criteria  were  reviewed
by  two  independent  reviewers  who  had  knowledge  of  the
central  theme  of  the  review,  to  attain  consensual  definition
of  the  articles  that would  be  read  in full.

Results

A  total  of 538  abstracts  were  found,  of  which  330  were
excluded,  resulting  in the analysis  of  the  full  texts  of
208  articles.  After  applying  the  inclusion  and  exclusion  crite-
ria,  the  sample  comprised  47  eligible  articles  that  were
included  in the review  (Fig.  1)  and  which  were used  to
prepare  the  glossary  described  in Table  1.

First  evidence  and  the  thrifty  phenotype
hypothesis

The  influence  of  factors present  in  early  life  was  identified  in
reports  that  analyzed  the  mortality  rate  from  all  causes  in
the  UK  and  Sweden,  from  1845  to  1925,  at  the  age range
of  10---100  years,  which  originated  the hypothesis  that  a
change  in  the environment  could  help  reduce  mortality.10,11

Failure  to  prove  the  hypothesis  motivated  the inclusion
of  the  age  group  5---10  years  in  the mortality  study.  This
time,  an  association  was  observed  between  improvement  in

living  conditions  of  children  and  adolescents  and decrease  in
overall  mortality  rate  in both  countries,  suggesting  that  the
improvement  of environmental  conditions  during  pregnancy
could  have  a direct  effect  on  the health  of  children  in the
younger  age  groups.11

Studies  carried  out  in equines12 demonstrated  the influ-
ence  of  the maternal  body  on  the  fetus,  regardless  of
the  genetic  factor.  Fetuses  of  large animals  implanted  in
the uterus  of  small species  resulted  in  foals  that  were
smaller  than  expected,  as  well  as  fetuses  generated  in  small
equines  showed  greater  development  when implanted  in
large  mares.

In  the context  of these  ideas,  Neel13 published  observa-
tions  on  the  effects  of  maternal  nutritional  deprivation  on
the  fetus.  The  author  theorized  that  fetuses  developed  a
type  of  metabolism  aimed  at conserving  energy,  with  insulin
resistance  being  important,  which  would be related  to  a ran-
dom  genetic  mutation.13 The  preponderance  of  this  ‘‘thrifty
genotype’’  would  last  and  would be passed  on  to  future  gen-
erations,  and thus,  the  abundant  consumption  of  food  would
lead  to  obesity  by  excessive  accumulation  of  reserves.

The  effect  of  food  shortages  during  the  German  siege
of  the Netherlands  in  World  War  II14 made  women  suffer
the impact  of  malnutrition  during  pregnancy.  The  analy-
sis  of  this  natural  experiment  raised questions  about  Neel’s
hypothesis,13 as  nutrient  deprivation  led to  different  effects
than  those  expected.  Fetuses  that  suffered  malnutrition  in
the  first  trimester  developed  obesity  in adulthood,  while
nutritional  restriction  after the  initial  phase  of pregnancy
was  not  associated  with  the same  effect.  Even  if one  would
admit  the importance  of  environmental  stimuli  in the occur-
rence  of  obesity,  the genetic  factor  could  not  be ignored.

A  Norwegian  study15 reinforced  the  importance  of  nutri-
tional  status  in childhood  in the  genesis  of  adult diseases.
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Table  1  Glossary  of  terms  and  concepts  used  in this review.

Terms  Concepts

Catch-up  growth  Period  of  rapid  weight  gain

and/or  acceleration  in growth

rate  that  occurs  after  a

slowdown  period

Epigenetics  Study  of  alterations  in  gene

expression  that  can  be

transmitted  to  offspring  and  do

not  imply  in  DNA  sequence

alterations

Thrifty  phenotype

hypothesis

When  the  fetal  environment  is

poor  from  a  nutritional  point  of

view,  the  fetal  body  goes

through  a  programming  process

in which  there  is protection  for

the development  of  some

organs  (brain,  heart);  however,

it leads  to  metabolic  changes

that  may  impact  on  later

stages  of  life

Phenotypic  plasticity  The  capacity  of  the  organism

to develop  several  phenotypes

from  a single  genotype,  in

response  to  different

environmental  stimuli

Fetal programming  Structural  and functional

changes  that  occur  in  the  fetal

body  in  response  to  stimuli

that  occur  at critical  periods  of

development

Predictive  adaptive

responses

A  process  through  which  the

body, in the  early  stages  of

development,  predicts  the

environment  it  will be  exposed

to  in the  future  by  modifying

itself  phenotypically,  based  on

the perception  of

environmental  stimuli

Considering  the generation  of  individuals  born  between  1896
and  1925,  it was  verified  that  increased  mortality  in adults
occurred  in  counties  with  higher  infant  mortality,  with  risk
factors  being  increased  blood  cholesterol  and a  high-fat  diet
consumption,  as well  as  individuals’  social  status,  smok-
ing  and  type  of  nutrition.  Regarding  the contribution  of the
high-fat  diet  to  high  cholesterol  levels,  the study  identified
different  behaviors  according  to  the  socioeconomic  status
of  individuals.  The  ones  who  had previously  experienced
poverty  had increased  cholesterol  related  to  a high-fat  diet,
which  did  not  occur  with  those  with  a financially  stable
life.15 These  findings  provided  the basis  for  the hypothe-
sis  that  the  deprivation  period  contributed  for  individuals  to
develop  ‘‘fat  intolerance’’,  being  exposed  to  a higher  risk
of  death  when  they  received  an abundant  diet.

In  addition  to  the hypotheses  of  fat  intolerance  and  the
‘‘thrifty  genotype’’,  a cohort  in Hertfordshire16,17 demon-
strated  an  association  between  low birth  weight  and  death
from  coronary  heart  disease  in  adulthood.  Risk  factors for

cardiovascular  and  metabolic  diseases  were  more  frequent
among  those born  with  low birth  weight.17 Additionally,
Barker16 proposed  that  the  fetus  responds  with  growth  retar-
dation  when there  is  a  nutrient  deficit  in its  environment,
which  is  associated  with  decreased  insulin  sensitivity,  pro-
viding  better  survival  circumstances.  This  adaptation  also
predicts,  in adult life,  maintenance  of an  environment  with
low  supply  of nutrients.  If this  situation  does  not  occur,  the
abundant  supply  of  food  creates  an imbalance  that  can  lead
to cardiometabolic  diseases.  This  context  led  to the  thrifty
phenotype  hypothesis,16 and subsequently,  to  the  predictive
adaptive  response,3 which  are depicted  in Fig.  2.

Situations  related  to  birth weight  alterations  reinforce
its importance  as  an indicative  marker  of intrauterine
environment  and predictor  of  cardiometabolic  diseases  in
adolescence  and  adulthood.18---20 Thus,  birth  weight  may
have  a constitutional  origin  or  be secondary  to  intrauterine
nutritional  deprivation,  which  leads  to  fetal  growth  restric-
tion.  It is  acknowledged  that  low birth weight  newborns
undergo  the influence  of different  mechanisms  of  adaptation
to  extra-uterine  environment,  among  which  are the increase
in  carbohydrate  metabolism  and the  consequent  increase
in  adiposity,  increasing  the  future  risk  of chronic  diseases
such  as  insulin  resistance,  obesity  and  type  2  diabetes.19

These  mechanisms  lead  to  high  levels  of leptin,  secondary
to  increased  resistance  level of  its  receptors,  related  to lack
of  satiety  in early  life,  which  is  associated  with  obesity  and
metabolic  disorders  in adolescence  and  adulthood,  when
these  newborns  are  exposed  to  a  nutritional  environment
with  excessive  nutritional  offer  in the early  years  of  life.20

When  leaving  this situation  of  restricted  growth,  due  to
hormonal  or  nutritional  issues,  to  another  with  adequate
supply  of  nutrients,  accelerated  growth  recovery  may  occur
to  achieve  the  genetically  determined  potential,21 which  is
the  so-called  catch-up  growth.22

Catch-up  growth  can  be defined  as  the rate  of  weight
gain  and/or  growth  that  is  higher  than  the  statistical  lim-
its  of  normality  for  age  and maturity  that  occurs  during
a  defined  period  of  time,  following  a  transient  period
of growth  inhibition.21 Catch-up  growth  is  a physiological
process  related  to  size  recovery  of  a body subjected  to
restriction,  so that  it can reach  the adequate  size  for  age,
gender  and  degree  of  maturity,  depending  on  the action
of  the  somatotropic  axis, with  an  increase  in  hormone
receptors.21

This  recovery,  resulting  from  unfavorable  conditions  for
growth  during  the prenatal  and  early  postnatal  periods,  can
influence  the risk  of developing  cardiometabolic  diseases
throughout  life.23,24 However,  short-term  growth  recovery
offers  advantages  for neurodevelopment,  particularly  for
children  born  with  very  low  birth  weight,  and  also  con-
tributes  to increased  resistance  to  infections.  Hence  the
question  of  identifying  whether  the benefits  of  increased
growth  velocity  can  occur  without adverse  metabolic
consequences.18

It is  accepted  that  a catch-up  growth  >0.67  standard
deviations  would  be  associated  with  central  obesity25 and
trigger  insulin  resistance,  which  leads  to  a  compensatory
increase  in  insulin  secretion,  even  in  low  birth weight  new-
borns that  showed  increased  growth  rate,  but  remain  small
during  childhood.  Even  if these children  show  an increase  in
growth  rate,  they  have  compensatory  hyperinsulinemia  to
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Figure  2  The  thrifty  phenotype  hypothesis  and  predictive  adaptive  response.

a  greater  degree  than  well-nourished  children  or  the  ones
who  are  excessively  fed.  Thus,  hyperinsulinemia  secondary
to  insulin  resistance  could be  the key  explanation  for  the
genesis  of  metabolic  syndrome.26

Insulin  resistance  in preterm  infants  is  associated  with
hypersecretion  of  growth  hormone  and  reduced  levels  of
IGF-1,  which  persist  for 3  months  after birth in  the absence
of  adequate  nutritional  supply.  This  altered  endocrine  sta-
tus  favors  reduction  of  subcutaneous  adipose  tissue,  with
relative  visceral  adiposity,  a  marker of  insulin  resistance,
dyslipidemia,  and  the  presence  of  other  metabolic  syndrome
components.27

Despite  these  observations,  it is  not  clear  whether  cen-
tral  obesity,  rather  than  subcutaneous  fat,  is  a  function
of  prematurity,  of  being  born  small for  gestational  age or
of  catch-up  growth.  Studies  have  shown  that  infants  with
growth  restriction  at birth  have reduced  subcutaneous  fat,
but  maintain  levels  of  abdominal  fat  similar  to  those  of  new-
borns  that  are  adequate  for gestational  age.28 A cohort  study
carried  out  to  investigate  the association  between  fetal
and  early  postnatal  growth  and  metabolic  and  anthropomet-
ric  alterations  showed  that  catch-up  growth  was  associated
with  the  fetal  growth  pattern,  regardless  of  birth  weight,
and  was related  to  higher  insulin  sensitivity  and  lower
concentrations  of  leptin  at birth.  Therefore,  the catch-up
growth  would promote  the recovery  of body  size  and  fat
stores  without  deleterious  consequences  to  the metabolic
profile  and  body  composition,  after  one  year of  age.29

A recent  review30 was  performed  to  search  evidence
on  the association  between  low weight,  insulin  resis-
tance  and  type  2 diabetes  in adults,  considering  body
composition  and metabolic  pathways.  The  empirical  basis
shows  a  multifactorial  association  and  points  out  that,
in  some children  and adults  who  were  born  preterm,
insulin  resistance  and  increased  abdominal  adiposity  orig-
inate  from  the variation  of  the glucocorticoid  receptor
gene.  Higher  concentrations  of  glucocorticoids  activate  the
hypothalamic-pituitary-adrenal  axis,  promoting  the  intake
of  palatable  foods,  which  activate  the  pleasure  centers  of
the  brain  and  trigger  greater  accumulation  of  adipocytes.
Thus,  adults  who  were  born  preterm  may  have  increased
sensitivity  to  stressors,  leading  to  an  overproduction  of
glucocorticoids,  stimulating  the  omental  population  of  pre-
adipocytes,  with  increased  abdominal  fat  deposition.

Experimental  studies  have brought  new  ideas  to  explain
the origin  of adult diseases  in early  life,  but  raised
new  questions.  The  hypotheses  did not contribute  to
the  understanding  about  the  occurrence  of  these  dis-
eases  in individuals  born  large  for  gestational  age,  as
well  as  in fetuses  with  adequate  weight  that  developed
them  in adulthood.  Moreover,  they  did not  explain  how
fetuses  with  intrauterine  growth  restriction  (IUGR),  with
decreased  insulin  sensitivity  in  early  postnatal  life,  devel-
oped  increased  resistance  only  in adult life,  which  seems  to
indicate  loss  of  the metabolic  process  continuum,  as  if the
latter  had  started only  in adulthood.
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To  analyze  the association  between  low birth  weight  and
hypertension  development  in adulthood,  Huxley  et al.,31

in  a  meta-analysis,  compared  18  articles  submitted  by
researchers  that  corroborated  the thrifty  phenotype  hypoth-
esis  with  37 studies  from  other  researchers.  Although  this
meta-analysis31 did not  show an  association  between  low
birth  weight  and  hypertension  in  adults,  it did not  rule
out  the  adaptive  hypotheses,  and  other  aspects  of  late
expression  of  intrauterine  life  determinants  started  to  be
investigated.  The  hypotheses  were based  on  the idea  of
conservation,  which  did  not seem  to  represent  the  overall
process.  Observations  from  the beginning  of  life  suggested
a  much  wider  and  widespread  phenomenon,  in which  the
pattern  of  development  could  be  modified  in  any  direction,
depending  on  the  stimulus.32,33

The  epigenetic  explanation,  the thrifty  phenotype
and cardiometabolic  diseases

Based  on  the  possibility  that  the  phenotype  can  generate  dif-
ferent  genotype  under  different  environmental  conditions,
that  is,  phenotypic  plasticity,  Gluckman  et  al.34 enunci-
ated  the  hypothesis  of  an ‘‘adaptive  predictive  response’’
to the  environment.  The  development  plasticity  would be
evoked  by  environmental  alterations  early  in  life, generat-
ing  an  adaptive  phenotypic  response,  of  which  advantages
would  manifest  only  in  later  stages.  Therefore,  the  pheno-
typic  plasticity  might have  granted  advantages  to  the human
species  to  face  environments  with  nutritional  restriction
or  high-energy  expenditure.  However,  when submitted  to
a  different  nutritional  environment  than  the programmed
one,  individuals  would  have  exacerbated  responses  and
develop  diseases  in adulthood.34 The  ‘‘predictive  adap-
tive  response’’  will  be  an adaptive  advantage  when  the
‘‘prediction’’  about  the environment  is  correct  (match)
and  may  determine  a  disadvantage  when  it is  wrong
(mismatch),34 characterizing  plasticity.

Plasticity  can  trigger  different  responses  with  immedi-
ate  expression,  such  as  nutritional  restrictions  to  the fetus,
which  reacts  with  a decrease  in its  nutritional  reserves,
decreased  anabolism,  plasma  insulin,  insulin-like  growth
factor  1  (IGF-1),  and  blood  flow  diversion  to protect  the
heart  and  brain.  These  immediate  adaptations  to  the  restric-
tive  environment  allow  adequate  survival,  but  result  in  low
birth  weight,  increased  risk  of  morbidity  and  mortality,  cog-
nitive  impairment,  and  persistent  growth  deficit.35

Responses  aimed  at ensuring  survival  can, however,  lead
to  adaptive  errors.  Maternal  hyperglycemia  in  early  preg-
nancy  can  contribute  to  embryopathy,  by  leading  to  the
reduction  of  myo-inositol,  which  is  essential  for  embryonic
development  during  gastrulation  and  the  neurulation  stages.
Myo-inositol  deficiency  seems  to  disturb  the phosphoinosi-
tide  system,  which  leads  to  abnormalities  in  the  arachidonic
acid---prostaglandin  pathways  and increase  in reactive  oxy-
gen  substances.36 This  chain of  events  is  responsible  for  fetal
cardiovascular  abnormalities,  such  as  transposition  of  the
great  vessels,  ventricular  septal  defects,  hypoplastic  left
heart  syndrome,  and  dextrocardia.37 Increased  maternal  gly-
cated  hemoglobin  is  associated  with  embryonic  alterations
in  66%  of fetuses,  but  when lower  than  9.5%,  it does not
alter  embryogenesis,36 characterizing  disruption,3 in which

a  hormone  can  trigger  an undesirable  effect  on  the response
process  to environmental  adaptation.

Although  the  fetal  and postnatal  organisms  have  adap-
tive  responses  to  a restrictive  intrauterine  environment  in a
continuous  manner,  their  development  has  ‘‘plasticity  win-
dows’’,  i.e., the possibility  of  interference  with  the adaptive
programming,  correcting  inappropriate  responses.38 This
hypothesis  is  corroborated  by  an experimental  study
comparing  offspring  with  growth  retardation,  born  to
malnourished  rats  during  pregnancy,  to  the offspring  of well-
nourished  rats,  after  feeding  a hypercaloric  diet to the
offspring  without  IUGR  and leptin  to  those  with  IUGR.  The
authors  verified  that  growth  in  the two  groups  did not  dif-
fer and concluded  that  the increase  in leptin  concentration
signaled  the  presence  of an  adequate  amount  of adipose  tis-
sue  in the  offspring  organism  and, therefore,  of nutritional
reserves.38

The  adaptive  continuity  to  environmental  changes  and
‘‘windows  of  opportunity’’  are  explained  by  the epigenetic
theory,  i.e., the possibility  that  environmental  factors  inter-
fere  with  gene  expression.  Predictive  adaptive  responses  are
modulated  by  covalent  modifications  of  deoxyribonucleic
acid and  histones,  which  are  necessary  for the  phenomenon
of  gene transcription,  namely  the  synthesis  of  ribonucleic
acid  for  protein  synthesis.39

Evidence  suggests  that  the fetal  period  is  more  sensitive
for  the occurrence  of  epigenetic  variations  that  will  influ-
ence  cell  and  tissue  genetic  expression,  sexual  dimorphism
and  the  risk  of  triggering  disorders  that  will  manifest  later
in  life.40 An  example  of  the  influence  of  epigenetics  on  the
early  neonatal  period  is  the  effect  of  high-fat  diets  during
pregnancy,41 i.e.,  overeating  in the  offspring  and  increased
expression  of  orexigenic  peptides  promoting  increase  and
deregulation  of neonatal  leptin.

The  deregulation  is  important,  because  leptin  is  one  of
the  first  hormones  synthesized  during  embryonic  develop-
ment  by  the  placenta,  by  adipocytes  of  white  adipose  tissue,
liver  cells,  cartilaginous  structures  and  heart  muscle.  This
molecule  acts  on  neurogenesis,  axonal  growth, dendritic
proliferation,  synapse  formation,23 in the  development  of
neurological  pathways  to  satiety,  hunger  and  thermal  regu-
lation,  which  begins  in intrauterine  life  and  is  completed  in
the  first  months  of  life,  when  supplied  by  breast  milk.42

During the first  pregnancy  trimester,  leptin  synthesis
occurs  in  the  placenta,  triggering  a  cascade  of transcrip-
tion  factors  in  pre-adipocytes,  contributing  to  the formation
of  white  adipose  tissue,  which becomes  the  main  source  of
leptin  synthesis.  This  molecule,  by  crossing  the blood---brain
barrier,  contributes  to  the  development  of  several  brain
regions,  among  them the  hypothalamus,  where  their  recep-
tors  are located.23 The  leptin-receptor  binding  is  essential
to  indicate  the need  for  nutrient  intake  and the increase
in energy  reserves  in adipose  tissue.  When  leptin  concen-
trations  in the  hypothalamus  are  reduced  due  to  binding
to  the receptors,  the  feeling  of  satiety  is  triggered  by  the
activation  of  anorexigenic  neurons.  Thus,  the phenotypic
alteration  of  leptin  receptors,  characterizing  leptin  resis-
tance,  results  in the persistence  of  the feeling  of hunger
and  promotes  ingestion  of large  quantities  of  nutrients  and
adipose  tissue  hypertrophy.24

The  epigenesis  of  leptin  resistance  explains  the increased
risk  of obesity  in children  of  obese and  diabetic  mothers,  as



346  Ribeiro  AM  et  al.

Cardiometabolic diseases

Body composition of

child/adolescent/adult

Catch-up

Delivery variables 

Breastfeeding

Placenta

variables 

Development of the fetus,

body composition,

metabolic processes

Paternal genetic

variable

Social and natural environment

Maternal, socioeconomic, demographic,

behavioral, biological and

gestational variables

Diet in childhood

Physical activity

Lifestyle

Diet

Development of newborn

- body composition

- metabolic processes

Figure  3  Explanatory  model  ---  cardiometabolic  diseases.

well  as in newborns  with  IUGR  submitted  to  excess  nutri-
ent  intake  or  whose  mothers  were fed  lipid-rich  diets.  In
contrast,  when  during  pregnancy  and  lactation,  the moth-
ers  receive  balanced  diets,  or  when fetuses  with  IUGR  are
submitted  to  restrictive  diets  during  the lactation  period,
they  show  normal  growth  of  the  adipose  tissue,  but  develop
post-weaning  hyperphagia,  attributed  to phosphorylation
deregulation  of  hypothalamic  leptin  receptors,  reduction  in
anorexigenic  receptors  and reduction  in permeability  of the
blood---brain  barrier  to  this  molecule.24

Epidemiological  research18 has corroborated  the hypoth-
esis  of  adaptive  predictive  response,33 by  demonstrating
that  an  abundant  food  supply  contributes  to  catch-up
growth.  However,  it  is  also  confirmed  when there  is  absence
of  abdominal  obesity,  with  normal  neurodevelopment,  in
children  receiving  adequate  nutrition,  but  not  in excess.
The  significance  of the nutrition  of  the newborn  has  been
debated,43 especially  for  preterm  ones,  because  there  is
more  organic  plasticity  early  in  life.  Thus,  adequate  inter-
ventions  shortly  after  birth  have  plasticity  as  the possibility
for  correction  of  developmental  delay,  maintaining  the  ben-
efits  by  cumulative  effect.  As  age increases,  with  the decline
in  plasticity,  nutrition  that  is adequate  to  the body’s  need
will  make  the child’s  body  composition  reach  the  level of  a
child  born  to term, at the  same  age.  Similarly,  excess  nutri-
tion,  also  due  to  plasticity,  will  result  in deleterious  effects
that  will  manifest  throughout  life.

One must  consider4 the processes  by  which  the quantity
and  quality  of nutrients  supplied  to  the fetus and  the  embryo
are  determined,  due  to  their  permanent  effects  on  devel-
opment,  a process  called  nutritional  programming,  which
depends  on  both  maternal  characteristics  (before,  during
and  after  pregnancy),  and  fetal  nutritional  status.

Among  the  maternal  and environmental  characteristics
that  affect  the fetal  and  newborn  development  are the

socioeconomic  and nutritional  statuses,  with  direct  effect,
and  maternal  education,  with  an indirect  effect.  Nepalese
infants  born  with  low  birth  weight  more  frequently  had
mothers  with  low  or  very  low  socioeconomic  level,  low edu-
cational  level and  inadequate  nutrition,  factors  that  were
associated  with  lower  level of  prenatal  medical  care.44 A
population-based  cohort  followed  between  1961  and  2000
disclosed  that,  in  four  decades,  in  the United Kingdom,
socioeconomic  inequalities  still  determined  a higher  fre-
quency  of low  birth  weight  or  premature  births  among
mothers  from  the lower  socioeconomic  classes,  even  after
adjusting  for  maternal  age.44

Among  the demographic  and  social  factors are the mater-
nal  variables,  such as  age extremes  (<20  and  >30  years),
low  educational  level,  parity, short  interbirth  interval,  drug
use,45 and  short  stature.46 Breastfeeding  is  also  consid-
ered,  given its  weak  to  moderate  protective  effect  on  adult
obesity.  Breastfeeding,  by  meeting  the  newborn’s  needs,
reduces  the risk  of  insulin  resistance  and  increased  intra-
abdominal  adiposity,  and  provides  leptin  concentrations
capable  of  modulating  the hunger---satiety  mechanism.47

This  evidence  is  consistent  with  the hypothesis  accepted
by  Gluckman  et  al.,3 which  affirms  that nature directs  its
efforts  to  reproduction.  Thus,  if there  are  signs  of  a threat-
ening  postnatal  environment,  the fetus  is  born  prematurely
or  smaller  than  expected,  and  in a nutrient-rich  environ-
ment,  unlike  the planned  trajectory,  develops  metabolic
disease,  in  a  multifactorial  process  in  which  many  maternal
and  fetal factors  interact  (Fig.  3).

Currently,  a large  number  of  experimental,  epidemiologi-
cal  and  clinical  studies  that  provide a  robust  empirical  basis
contribute  to  a  paradigm  change  in relation  to  the under-
standing  of  early  origin  of diseases.  All  this  knowledge  has
a  direct  effect  on the  training  of  health  care  profession-
als,  particularly,  in medical  training.  It  shows  the need  for
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apprehending  several  aspects  of  biological  knowledge,  espe-
cially  of the  evolution  theory,  because  it  is  through  this
view  that  one  can capture  the importance  of  the  interac-
tion  between  genotype  and  the  environment  and  the  several
mechanisms  used  by  the body  to adapt to the  environment.
Physicians,  especially  pediatricians,  have  a  key role  in this
scenario,  as  they  care  for human  beings  at a  time  when  there
are  more  opportunities  to  act  and  generate  changes,  due  to
developmental  plasticity.
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