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   A saúde em longo prazo dos  filhos de mães 
diabéticas pode ser afetada em consequência das 
a dve rs i da des a p resenta das no pe r í odo 
periconcepcional, fetal e neonatal!







|  Pequeno para a idade gestacional 
(PIG)

|  Adequado para a idade gestacional 
(AIG)

|  Grande para a idade gestacional   
(GIG)

|  Retardo de crescimento intrauterino 
(RCIU)




Battaglia, F; Lubchenco, L.  
J Pediatr 1967; 71:159 



|  Pequeno para a idade gestacional 
(PIG)

{  peso nascimento < 10º percentil


|  Adequado para a idade gestacional 
(AIG)

{  peso nascimento entre 10º e 90º percentil


|  Grande para a idade gestacional 
(GIG)

{  peso nascimento > 90º percentil


Alexander, 1996 



É definido como uma taxa de crescimento fetal 
menor do que a esperada para a população e para 
o potencial de crescimento específico de 
determinado indivíduo


     A intensidade e duração dos processos que 
inibem o potencial normal de crescimento fetal 
pode  resultar ou não no nascimento de um 
recém-nascido PIG! 






Simétrico




Assimétrico

|   início precoce
 |   início tardio

|  â potencial de crescimento fetal
 |   Interrupção  do crescimento fetal


|   causas comuns: 


{  genéticas

{  cromossômicas 

{  malformações

{  TORCH


|  causas comuns:

{  insuficiência placentária

{  HAS/ Pré-eclâmpsia

{  Diabetes

{  desnutrição materna 


|  PC ~ peso ~ comprimento
 |  PC ~ comprimento > peso







    Simétrico




Assimétrico

|   crescimento cerebral proporcional
 |   crescimento cerebral preservado


|  padrão de fluxo sanguíneo fetal 
inalterado


|  redistribuição do fluxo sanguíneo fetal 
para o cérebro


|   â risco de asfixia perinatal
 |  á risco de asfixia perinatal 


|   â risco de hipoglicemia
 |  á risco de hipoglicemia 




|  cabeça desproporcionalmente grande

|  aparência emagrecida

|  abdomen escafóide

|  tecido subcutâneo escasso

|  “sobras” de pele

|  pele seca, descamativa, apergaminhada (ausência ou 

escassez vérnix caseoso) 




http://newborns.stanford.edu/PhotoGallery/SGA1.html 

Cabeça

grande


Aparência emagrecida

Tecido subcutâneo escasso


Abdome

escafóide

ò


“Sobras” de pele ö




http://newborns.stanford.edu/PhotoGallery/SGA1.html 

Pele seca 

descamativa, 


apergaminhada


“Sobras” de pele ö


õ “Sobras” de pele




|  fácies senil, alerta

|  fontanela anterior ampla, suturas disjuntas

|  unhas longas, mãos e pés desproporcionalmente 

grandes

|  cordão umbilical mais fino 

|  impregnação de mecônio sob as unhas ou no cordão 

umbilical




http://newborns.stanford.edu/PhotoGallery/SGA1.html 

Pés

grandes


Mãos

grandes


Cordão 
umbilical 
mais fino




http://newborns.stanford.edu/PhotoGallery/SGA1.html 

Impregnação de 
mecônio no cordão 

umbilical


Unhas longas

Impregnação de mecônio sob as 

unhas






|  peso > 4.000 g

|  pletórico

|  cabeludo

|  com aspecto cushingóide

|  visceromegalia

|  perímetro céfálico diminuído proporcionalmente


Costa, HPF:Recém nascido de mãe diabética 
PRORN, 4 (3): 9-46, 2004 



http://newborns.stanford.edu/PhotoGallery/SGA1.html 

Pletórico


PC diminuído proporcionalmente


Peso > 4 kg




Riskin, A; Garcia-Prats, JA: Infant of diabetic mother 
UpToDate, 18.2, junho 2010 



|  Evolução do neurodesenvolvimento

{  RN de mães diabéticas bem controladas tem evolução 

semelhante a dos RN normais

{   Entretanto um controle “pobre” do diabetes na 

gestação pode resultar em anormalidades no 
desenvolvimento do RN


Riskin, A; Garcia-Prats, JA: Infant of diabetic mother 
UpToDate, 18.2, junho 2010 



|  Evolução do neurodesenvolvimento

{  O perímetro cefálico (PC) aos 3 anos de idade teve 

correlação negativa com os níveis de HbA1c durante a 
gestação


{  Além disso, os conceptos que tiveram PC menores 
tiveram associação com desempenhos intelectuais 
piores


Riskin, A; Garcia-Prats, JA: Infant of diabetic mother 
UpToDate, 18.2, junho 2010 



|   Evolução do neurodesenvolvimento

{  196 filhos de mães diabéticas

{  Desenvolvimento psicomotor 6-9 anos de idade se 

correlacionou com as concentrações de cetonas 
durante o 2o e 3o trimestres de gestação 


Riskin, A; Garcia-Prats, JA: Infant of diabetic mother 
UpToDate, 18.2, junho 2010 

Retardo de crescimento intrauterino e malformações 
também contribuem para o atraso do desenvolvimento!




Riskin, A; Garcia-Prats, JA: Infant of diabetic mother 
UpToDate, 18.2, junho 2010 



|  Diabetes

{  RN filhos de mãe diabéticas tem risco aumentado de 

desenvolverem a doença que é em parte determinado 
geneticamente


Riskin, A; Garcia-Prats, JA: Infant of diabetic mother 
UpToDate, 18.2, junho 2010 



|  Diabetes

{  A média do risco subsequente de diabetes tipo 1 (no 

decorrer da vida) 

ü  cerca de 6% nos conceptos

ü  5% em irmãos

ü  30% em gêmeos idênticos


ü  0,4% nos indivíduos sem história familiar

Riskin, A; Garcia-Prats, JA: Infant of diabetic mother 

UpToDate, 18.2, junho 2010 



|  Diabetes

{  O desenvolvimento de diabetes tipo 1

ü  conceptos de pai diabético 
 
>>>> 
        6,1 %

ü  conceptos de mãe diabética 

 
>>>> 
         1,3%


Riskin, A; Garcia-Prats, JA: Infant of diabetic mother 
UpToDate, 18.2, junho 2010 



Riskin, A; Garcia-Prats, JA: Infant of diabetic mother 
UpToDate, 18.2, junho 2010 

|  Diabetes

{  O desenvolvimento de diabetes tipo 2

ü  susceptibilidade genética

ü   o risco para um parente de 1o grau de um indivíduo com 

diabetes tipo 2 é 5 a 10 x maior do que controles pareados 
por idade e peso sem história familiar




Riskin, A; Garcia-Prats, JA: Infant of diabetic mother 
UpToDate, 18.2, junho 2010 

|  Diabetes

{  O desenvolvimento de diabetes tipo 2

ü  ambiente metabólico intrauterino anormal




Riskin, A; Garcia-Prats, JA: Infant of diabetic mother 
UpToDate, 18.2, junho 2010 

|  Diabetes

{  O desenvolvimento de diabetes tipo 2

ü  Pima Indians



ü   Filhos de mães 
diabéticas

� 45%




ü  Filhos de mães pré 

diabéticas

� 8,6%




ü  Filhos de mães não 

diabéticas

� 1,4%




Riskin, A; Garcia-Prats, JA: Infant of diabetic mother 
UpToDate, 18.2, junho 2010 

|  Obesidade

{  Relação semelhante foi observada quanto à obesidade 

(5-19 anos de idade)

ü  Pima Indians



ü   média de peso 
dos filhos de 

mães diabéticas




ü  média de peso dos 

filhos de mães pré-
diabéticas e não 

diabéticas

>




|  Obesidade

{   A exposição intrauterina a hiperglicemia e 

hiperinsulinemia pode afetar o desenvolvimento do 
tecido adiposo e das células pancreáticas beta

ü  obesidade no futuro

ü  alteração do metabolismo da glicose


Riskin, A; Garcia-Prats, JA: Infant of diabetic mother 
UpToDate, 18.2, junho 2010 



|  Obesidade

{  resolução da macrossomia por volta de 1 ano de idade

{  recorrência de obesidade na infância resultando em 

adolescentes (14-17 anos)


ü  de mães diabéticas

�  IMC 24,6


 

ü  de mães não diabéticas


�  IMC 20,9


Diabetes Care, 21: B142-148, 1998 



|  Teste de tolerância à glicose alterado

{  36% dos filhos de mãe diabética

{  associado a níveis elevados de insulina no líquido 

amniótico


Diabetes Care, 21: B142-148, 1998 



|  Obesidade




{   peso semelhante dos lactentes (filhos de mães 
diabéticas e não diabéticas) com 1 ano e 6 meses de 
idade


{  por volta de 7 anos de idade os nascidos de mães 
diabéticas pesavam mais do que os controles  


Diabetes Care, 28: 585, 2005 
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a b s t r a c t

Pregestational (PGDM) and gestational (GDM) diabetes may be associated with a variety of fetal effects
including increased rate of spontaneous abortions, intrauterine fetal death, congenital anomalies, neu-
rodevelopmental problems and increased risk of perinatal complications. Additional problems of concern
are fetal growth disturbances causing increased or decreased birth weight. Optimal control of maternal
blood glucose is known to reduce these changes. Among the long lasting effects of these phenomena
are a high rate of overweight and obesity at childhood and a high tendency to develop the “metabolic
syndrome” characterized by hypertension, cardio-vascular complications and type 2 diabetes. Similarly,
maternal overweight and obesity during pregnancy or excessive weight gain are also associated with
increased obesity and complications in the offspring. Although there are different causes for fetal growth
restriction (FGR) or for fetal excessive growth (macrosomis), paradoxically both are associated with the
“metabolic syndrome” and its long term consequences.

The exact mechanism(s) underlying these long term effects on growth are not fully elucidated, but
they involve insulin resistance, fetal hyperleptinemia, hypothalamic changes and most probably epige-
netic changes. Preventive measures to avoid the metabolic syndrome and its complications seem to be a
tight dietary control and physical activity in the children born to obese or diabetic mothers or who had
antenatal growth disturbances for other known or unknown reasons.

© 2011 Elsevier Inc. All rights reserved.

1. Introduction

Embryonic and fetal growth starts with proliferation, organi-
zation, and differentiation of the embryo, then continued growth
and functional maturation of the different fetal organs and tis-
sues. This process depends on the genetic profile of the embryo,
the maternal–placental–fetal unit, adequate nutrients and oxygen
supply to the developing fetus, maternal well being or diseases,
initial maternal weight, her weight gain during pregnancy and the
hormonal fetal and maternal milieu.

About 85% of term newborn infants are born with birth weight in
the normal range of 2500–4000 g (AGA children—birth weight Ade-
quate for Gestational Age). About 7–8% of the newborn infants have
birth weights below the expected for their gestational age (small for
gestational age—SGA), and for the full term infant it is below 2500 g
(below 10th percentile) and a similar percent of infants are born
overweight, above 4000 g (90 percentile) for the full term infant.
These are the macrosomic or large for gestational age (LGA) infants.

∗ Tel.: +972 2 6758329.
E-mail address: ornoy@cc.huji.ac.il

Both SGA and LGA infants may have long term consequences at
childhood, adolescence and adulthood. Paradoxically, many of the
long term consequences are similar in SGA and macrosomic infants,
especially the metabolic consequences [1,2]. Both may produce the
so-called “metabolic syndrome” or “metabolic imprinting”.

2. Overweight and obesity

One of the major problems in “modern” life during the last sev-
eral decades is the rapid increase in the rate of overweight and obe-
sity afflicting almost one fourth of the adult population. The WHO
foresees [3] that in 2015 about 2.3 billion people will be overweight,
one third of them being obese with Body Mass Index (body weight
in kg divided by square height in meters—BMI) of more than 30. The
rate of overweight and obesity in the US is estimated to be about
34% among adults. In addition, we see the outbreak of the earlier
age of appearance and the marked increase of non insulin depen-
dent diabetes mellitus (NIDDM; type II diabetes) as well as other
obesity associated metabolic diseases of late onset—the so-called
“metabolic syndrome”. This is characterized by obesity, hyperten-
sion, dyslipidemia and glucose intolerance, all posing high burden
on medical care and human well being in ever younger populations,

0890-6238/$ – see front matter © 2011 Elsevier Inc. All rights reserved.
doi:10.1016/j.reprotox.2011.05.002



|  Consequências em longo prazo PIG e 
macrossomia

{  Reaven 1988 : resistência à insulina >>> hiperinsuline-

mia estão envolvidos na etiologia:

�   do diabetes tipo 2

�   da doença cardiovascular

�   da hipertensão arterial sistêmica  


“SÍNDROME X” 
 
SÍNDROME METABÓLICA 

Prenatal origin of obesity and their complications: GD, 
maternal overweight and the paradoxical effects of 
FGR and macrossomia 

Reproductive Toxicology, 32: 205-212, 2011 



|  Consequências em longo prazo PIG e 
macrossomia – síndrome metabólica

{  Outras alterações associadas:

�   intolerância à glicose


�  é secreção de insulina e é de triglicerídeos

�  ê de LDH


�   diabetes tipo 2

�   doença cardiovascular


Prenatal origin of obesity and their complications: GD, 
maternal overweight and the paradoxical effects of 
FGR and macrossomia 

Reproductive Toxicology, 32: 205-212, 2011 



|  Consequências em longo prazo PIG e 
macrossomia – síndrome metabólica

{  RCIU simétrico 
x 
RCIU assimétrico


Prenatal origin of obesity and their complications: GD, 
maternal overweight and the paradoxical effects of 
FGR and macrossomia 

Reproductive Toxicology, 32: 205-212, 2011 




           HAS 
 
x 
intolerância à glicose


 
 
 
 
Diabetes tipo 2


  ê     ê 



|  Efeitos do diabetes no crescimento fetal

{  Diabetes gestacional e obesidade materna são fortes 

preditores do desenvolvimento de síndrome metabólica 
no concepto


{  é taxa de sobrepeso na infância e na adolescência


Prenatal origin of obesity and their complications: GD, 
maternal overweight and the paradoxical effects of 
FGR and macrossomia 

Reproductive Toxicology, 32: 205-212, 2011 



|  Gillman et al.

{   14881 crianças (9-14 anos) responderam um 

questionário (peso de nascimento, diabetes materno, padrão de crescimento)


Pediatrics, 111: e221-226, 2003 



ü  465 filhos de mães 

diabéticas

� 9,7% sobrepeso 

na adolescência




ü  filhos de mães não 

diabéticas

� 6,6% sobrepeso 

na adolescência




|  Silverman et al.

{  adolescentes entre 14 - 17 anos


Diabetes Care, 21: B142-148, 1998 



ü  de mães diabéticas

�  IMC 24,6


 

ü  de mães não diabéticas


�  IMC 20,9


IMC= índice de massa corporal expresso em kg/m2




|  Boney et al.

{  Níveis sanguíneos de diversas substâncias entre 4 

grupos de pré-adolescentes (9-11 anos)

ü  AIG (52) filhos de mães diabéticas

ü  PIG (42) filhos de mães diabéticas

ü  AIG (42) filhos de mães não diabéticas (controles)

ü  PIG (43) filhos de mães não diabéticas (controles)


Pediatrics, 115: e290-296, 2005 



|  Boney et al.

{  Resultados


Pediatrics, 115: e290-296, 2005 



ü  PIG filhos de mães 

diabéticas

� ñ risco de 

síndrome 
metabólica




ü  PIG filhos de mães 

não diabéticas

� sem risco ñ de 

síndrome 
metabólica




Reproductive Toxicology, 32: 205-212, 2011 

|  Ornoy et al.

Comparação das características físicas (m e DP) de crianças nascidas 
de mães diabéticas, diabetes gestacional comparadas com controles


A. Ornoy / Reproductive Toxicology 32 (2011) 205–212 209

Table 1
Comparison of physical characteristics of children [mean and (standard deviation)] born to mothers with pre-gestational (PGDM) or gestational diabetes (GDM) in comparison
to controls. See Refs. [31,32] for details.

Control (n = 57) PGDM (n = 57) GDM (n = 32)

Gestational age at delivery, weeks 39.7 (1.8) 38.6 (2.0) 38.7 (2.4)
Birth weight grams (percentiles) 3381 (753) 3528 (845)# 3348 (676)
Head circumference (percentiles) 48 (32) 47 (32) 47 (22)
Height (percentiles) 44 (30) 45 (43) 49 (25)
Weight (percentiles) 42 (41) 57 (44)* 68 (27)*

BMI (kg/m2) 21.4 (4.0) 24.7 (4.3) 24.5 (4.7)*

# Borderline higher than controls, P = 0.07.
* Significantly higher than controls, P < 0.05, paired two tail t test.

common origin in sub-optimal growth and development in utero
[42]. Since then, numerous studies have been published demon-
strating the postnatal complications of FGR [2,6]. For example, in
a meta-analysis by Newsome et al. [13] to determine the rela-
tionship of birth weight to later glucose and insulin metabolism,
they found that from 48 published papers, most studies (15 of
25 papers) reported an inverse relationship between the follow-
ing: birth weight and fasting plasma glucose concentrations, birth
weight and fasting plasma insulin concentrations (20 of 26), plasma
glucose concentrations 2 h after a glucose load (20 of 25), the preva-
lence of type 2 diabetes mellitus (13 of 16), measures of insulin
resistance (17 of 22), and measures of insulin secretion (16 of 24).
The predominance of these inverse relationships could not gen-
erally be explained by differences between studies in sex, age, or
current size of the subjects. Jornayvaz et al. [15] found that pre-
pubertal and early pubertal children with FGR had lower glucose
oxidation rates compared to controls and suggested that metabolic
alterations are present early in children born SGA, and are possibly
related to alterations of body composition.

The adiposity rebound is an accelerated increase in Body Mass
Index (BMI) due to accumulation of fat that, as stated above, often
occurs during the first years of life in children born SGA. Eriks-
son et al. [16] carried out a longitudinal study of 8760 subjects
born in Helsinki during 1934–1944. The cumulative incidence of
Type 2 diabetes decreased progressively from 8.6% in persons
whose adiposity rebound occurred before the age of 5 years to
1.8% in those in whom it occurred after 7 years. Early adipos-
ity rebound was preceded by low weight gain between birth and
1 year. Low birth weight followed by accelerated gain in weight
and height during childhood also correlated with high maternal
BMI [43]. Barker et al. found accelerated weight gain from age
3–11 years to be predictive of type 2 diabetes, hypertension and
cardiovascular complications [44]. Jensen et al. [45] investigated
hepatic and peripheral insulin action including intracellular glucose
metabolism in 20, nineteen-year-old men born SGA and matched
20 control subjects. Insulin secretion was reduced by 30% in the
low birth weight group, when expressed relative to insulin sensi-
tivity. They proposed that reduced insulin-stimulated—glycolysis
precedes overt insulin resistance in low birth weight men and
that lower insulin secretion may contribute to impaired glucose
tolerance and ultimately lead to diabetes. Ravelli et al. [46] investi-
gated glucose tolerance in people born around the time of famine
in the Netherlands during 1944–45. Glucose concentrations were
increased 2 h after a standard glucose load among exposed partic-
ipants, and were highest in men and women exposed during mid
and late gestation. Participants born SGA to mothers with low body
weights, especially if they became obese as adults, had the highest
glucose concentrations. Prenatal exposure to famine was related to
increased fasting pro-insulin and 2 h insulin concentrations, which
suggests an association with insulin resistance. However, postna-
tal factors may also contribute to the late complications of FGR. For
example, Yajnik found [47] that diabetes is more common among
urban than rural Indians despite the higher birth weight of urban

babies and the Indian babies being among the smallest in the world.
He assumed that urban lifestyles, including poor diet and seden-
tary habits, are also important in developing further obesity, insulin
resistance and type 2 diabetes [47]. These findings are important
as they point to the possibility of prevention.

13. Insulin resistance

Insulin resistance seems to be the fundamental and apparently
most important underlying problem in the pathogenesis of the
“metabolic syndrome”. Insulin resistance seems to cause insulin
over-secretion followed by insulin deficiency, which is the basic
pathogenesis of obesity and type 2 diabetes [47–49]. In the FGR as
well as in the macrosomic newborn infants, the fetal and/or mater-
nal nutritional imbalance during pregnancy caused over-secretion
of insulin that might have caused insulin resistance. This seems to
be a very important etiologic factor in the later development of
type 2 diabetes. In pregnant women with GDM, maternal hyper-
glycemia (diabetes) induces fetal hyperinsulinemia. Elevated fetal
insulin may also affect its hypothalamic development [48–50].

Insulin is also an important mediator of the development of
hypothalamic circuits. Insulin in the brain decreases food intake
while insulin depletion (or resistance) may promote hyperpha-
gia. Different changes in the innervations and neurotransmitter
secretion of hypothalamic neurons have been demonstrated in the
offspring of insulin treated dams in rats and induction of obesity
in the offspring. In addition, Singh et al. [50] found a decrease in
Neuropeptide Y (NPY) mRNA and protein in rat fetal hypothalami
when the dams were made diabetic by streptozotocin injection. The
fetuses were subjected to hyperglycemia but had normal insulin
levels. Fetal intra-cerebral injection of insulin with normal glucose
blood levels caused a decline of the NPY protein, suggesting that
insulin directly reduces NPY levels in the brain and as a result
reduces food intake because NPY increases food intake. These
effects on the fetal brain were found to be long lasting, affecting
hypothalamic organization and metabolism [50]. Increased insulin
levels are also known to increase leptin secretion by adipocytes (as
well as by the placenta), thus further decreasing food intake [50].

14. The role of leptin

Leptin is a hormone secreted by the adipose tissue which acts
as a sensor of body fat. It is secreted in levels that directly corre-
late with body fat stores. It acts as an anorexogenic hormone in
the brain, controlling feeding behaviour by specifically decreasing
appetite and therefore food intake. Hence, in leptin or leptin recep-
tor deficient animals or man, there is early onset obesity [51–55].
Its main action is in the hypothalamus—the hypothalamic arcuate
nucleus whose neurons express several peptides related to feed-
ing behaviour. The situation where leptin is elevated in the blood
of obese individuals is termed “leptin resistance”. This may occur
in many obese people where food intake is not reduced in spite of
the increased leptin levels. There are different explanations to this

A. Ornoy / Reproductive Toxicology 32 (2011) 205–212 209

Table 1
Comparison of physical characteristics of children [mean and (standard deviation)] born to mothers with pre-gestational (PGDM) or gestational diabetes (GDM) in comparison
to controls. See Refs. [31,32] for details.

Control (n = 57) PGDM (n = 57) GDM (n = 32)

Gestational age at delivery, weeks 39.7 (1.8) 38.6 (2.0) 38.7 (2.4)
Birth weight grams (percentiles) 3381 (753) 3528 (845)# 3348 (676)
Head circumference (percentiles) 48 (32) 47 (32) 47 (22)
Height (percentiles) 44 (30) 45 (43) 49 (25)
Weight (percentiles) 42 (41) 57 (44)* 68 (27)*

BMI (kg/m2) 21.4 (4.0) 24.7 (4.3) 24.5 (4.7)*

# Borderline higher than controls, P = 0.07.
* Significantly higher than controls, P < 0.05, paired two tail t test.

common origin in sub-optimal growth and development in utero
[42]. Since then, numerous studies have been published demon-
strating the postnatal complications of FGR [2,6]. For example, in
a meta-analysis by Newsome et al. [13] to determine the rela-
tionship of birth weight to later glucose and insulin metabolism,
they found that from 48 published papers, most studies (15 of
25 papers) reported an inverse relationship between the follow-
ing: birth weight and fasting plasma glucose concentrations, birth
weight and fasting plasma insulin concentrations (20 of 26), plasma
glucose concentrations 2 h after a glucose load (20 of 25), the preva-
lence of type 2 diabetes mellitus (13 of 16), measures of insulin
resistance (17 of 22), and measures of insulin secretion (16 of 24).
The predominance of these inverse relationships could not gen-
erally be explained by differences between studies in sex, age, or
current size of the subjects. Jornayvaz et al. [15] found that pre-
pubertal and early pubertal children with FGR had lower glucose
oxidation rates compared to controls and suggested that metabolic
alterations are present early in children born SGA, and are possibly
related to alterations of body composition.

The adiposity rebound is an accelerated increase in Body Mass
Index (BMI) due to accumulation of fat that, as stated above, often
occurs during the first years of life in children born SGA. Eriks-
son et al. [16] carried out a longitudinal study of 8760 subjects
born in Helsinki during 1934–1944. The cumulative incidence of
Type 2 diabetes decreased progressively from 8.6% in persons
whose adiposity rebound occurred before the age of 5 years to
1.8% in those in whom it occurred after 7 years. Early adipos-
ity rebound was preceded by low weight gain between birth and
1 year. Low birth weight followed by accelerated gain in weight
and height during childhood also correlated with high maternal
BMI [43]. Barker et al. found accelerated weight gain from age
3–11 years to be predictive of type 2 diabetes, hypertension and
cardiovascular complications [44]. Jensen et al. [45] investigated
hepatic and peripheral insulin action including intracellular glucose
metabolism in 20, nineteen-year-old men born SGA and matched
20 control subjects. Insulin secretion was reduced by 30% in the
low birth weight group, when expressed relative to insulin sensi-
tivity. They proposed that reduced insulin-stimulated—glycolysis
precedes overt insulin resistance in low birth weight men and
that lower insulin secretion may contribute to impaired glucose
tolerance and ultimately lead to diabetes. Ravelli et al. [46] investi-
gated glucose tolerance in people born around the time of famine
in the Netherlands during 1944–45. Glucose concentrations were
increased 2 h after a standard glucose load among exposed partic-
ipants, and were highest in men and women exposed during mid
and late gestation. Participants born SGA to mothers with low body
weights, especially if they became obese as adults, had the highest
glucose concentrations. Prenatal exposure to famine was related to
increased fasting pro-insulin and 2 h insulin concentrations, which
suggests an association with insulin resistance. However, postna-
tal factors may also contribute to the late complications of FGR. For
example, Yajnik found [47] that diabetes is more common among
urban than rural Indians despite the higher birth weight of urban

babies and the Indian babies being among the smallest in the world.
He assumed that urban lifestyles, including poor diet and seden-
tary habits, are also important in developing further obesity, insulin
resistance and type 2 diabetes [47]. These findings are important
as they point to the possibility of prevention.

13. Insulin resistance

Insulin resistance seems to be the fundamental and apparently
most important underlying problem in the pathogenesis of the
“metabolic syndrome”. Insulin resistance seems to cause insulin
over-secretion followed by insulin deficiency, which is the basic
pathogenesis of obesity and type 2 diabetes [47–49]. In the FGR as
well as in the macrosomic newborn infants, the fetal and/or mater-
nal nutritional imbalance during pregnancy caused over-secretion
of insulin that might have caused insulin resistance. This seems to
be a very important etiologic factor in the later development of
type 2 diabetes. In pregnant women with GDM, maternal hyper-
glycemia (diabetes) induces fetal hyperinsulinemia. Elevated fetal
insulin may also affect its hypothalamic development [48–50].

Insulin is also an important mediator of the development of
hypothalamic circuits. Insulin in the brain decreases food intake
while insulin depletion (or resistance) may promote hyperpha-
gia. Different changes in the innervations and neurotransmitter
secretion of hypothalamic neurons have been demonstrated in the
offspring of insulin treated dams in rats and induction of obesity
in the offspring. In addition, Singh et al. [50] found a decrease in
Neuropeptide Y (NPY) mRNA and protein in rat fetal hypothalami
when the dams were made diabetic by streptozotocin injection. The
fetuses were subjected to hyperglycemia but had normal insulin
levels. Fetal intra-cerebral injection of insulin with normal glucose
blood levels caused a decline of the NPY protein, suggesting that
insulin directly reduces NPY levels in the brain and as a result
reduces food intake because NPY increases food intake. These
effects on the fetal brain were found to be long lasting, affecting
hypothalamic organization and metabolism [50]. Increased insulin
levels are also known to increase leptin secretion by adipocytes (as
well as by the placenta), thus further decreasing food intake [50].

14. The role of leptin

Leptin is a hormone secreted by the adipose tissue which acts
as a sensor of body fat. It is secreted in levels that directly corre-
late with body fat stores. It acts as an anorexogenic hormone in
the brain, controlling feeding behaviour by specifically decreasing
appetite and therefore food intake. Hence, in leptin or leptin recep-
tor deficient animals or man, there is early onset obesity [51–55].
Its main action is in the hypothalamus—the hypothalamic arcuate
nucleus whose neurons express several peptides related to feed-
ing behaviour. The situation where leptin is elevated in the blood
of obese individuals is termed “leptin resistance”. This may occur
in many obese people where food intake is not reduced in spite of
the increased leptin levels. There are different explanations to this
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Table 1
Comparison of physical characteristics of children [mean and (standard deviation)] born to mothers with pre-gestational (PGDM) or gestational diabetes (GDM) in comparison
to controls. See Refs. [31,32] for details.

Control (n = 57) PGDM (n = 57) GDM (n = 32)

Gestational age at delivery, weeks 39.7 (1.8) 38.6 (2.0) 38.7 (2.4)
Birth weight grams (percentiles) 3381 (753) 3528 (845)# 3348 (676)
Head circumference (percentiles) 48 (32) 47 (32) 47 (22)
Height (percentiles) 44 (30) 45 (43) 49 (25)
Weight (percentiles) 42 (41) 57 (44)* 68 (27)*

BMI (kg/m2) 21.4 (4.0) 24.7 (4.3) 24.5 (4.7)*

# Borderline higher than controls, P = 0.07.
* Significantly higher than controls, P < 0.05, paired two tail t test.
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common origin in sub-optimal growth and development in utero
[42]. Since then, numerous studies have been published demon-
strating the postnatal complications of FGR [2,6]. For example, in
a meta-analysis by Newsome et al. [13] to determine the rela-
tionship of birth weight to later glucose and insulin metabolism,
they found that from 48 published papers, most studies (15 of
25 papers) reported an inverse relationship between the follow-
ing: birth weight and fasting plasma glucose concentrations, birth
weight and fasting plasma insulin concentrations (20 of 26), plasma
glucose concentrations 2 h after a glucose load (20 of 25), the preva-
lence of type 2 diabetes mellitus (13 of 16), measures of insulin
resistance (17 of 22), and measures of insulin secretion (16 of 24).
The predominance of these inverse relationships could not gen-
erally be explained by differences between studies in sex, age, or
current size of the subjects. Jornayvaz et al. [15] found that pre-
pubertal and early pubertal children with FGR had lower glucose
oxidation rates compared to controls and suggested that metabolic
alterations are present early in children born SGA, and are possibly
related to alterations of body composition.

The adiposity rebound is an accelerated increase in Body Mass
Index (BMI) due to accumulation of fat that, as stated above, often
occurs during the first years of life in children born SGA. Eriks-
son et al. [16] carried out a longitudinal study of 8760 subjects
born in Helsinki during 1934–1944. The cumulative incidence of
Type 2 diabetes decreased progressively from 8.6% in persons
whose adiposity rebound occurred before the age of 5 years to
1.8% in those in whom it occurred after 7 years. Early adipos-
ity rebound was preceded by low weight gain between birth and
1 year. Low birth weight followed by accelerated gain in weight
and height during childhood also correlated with high maternal
BMI [43]. Barker et al. found accelerated weight gain from age
3–11 years to be predictive of type 2 diabetes, hypertension and
cardiovascular complications [44]. Jensen et al. [45] investigated
hepatic and peripheral insulin action including intracellular glucose
metabolism in 20, nineteen-year-old men born SGA and matched
20 control subjects. Insulin secretion was reduced by 30% in the
low birth weight group, when expressed relative to insulin sensi-
tivity. They proposed that reduced insulin-stimulated—glycolysis
precedes overt insulin resistance in low birth weight men and
that lower insulin secretion may contribute to impaired glucose
tolerance and ultimately lead to diabetes. Ravelli et al. [46] investi-
gated glucose tolerance in people born around the time of famine
in the Netherlands during 1944–45. Glucose concentrations were
increased 2 h after a standard glucose load among exposed partic-
ipants, and were highest in men and women exposed during mid
and late gestation. Participants born SGA to mothers with low body
weights, especially if they became obese as adults, had the highest
glucose concentrations. Prenatal exposure to famine was related to
increased fasting pro-insulin and 2 h insulin concentrations, which
suggests an association with insulin resistance. However, postna-
tal factors may also contribute to the late complications of FGR. For
example, Yajnik found [47] that diabetes is more common among
urban than rural Indians despite the higher birth weight of urban
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gia. Different changes in the innervations and neurotransmitter
secretion of hypothalamic neurons have been demonstrated in the
offspring of insulin treated dams in rats and induction of obesity
in the offspring. In addition, Singh et al. [50] found a decrease in
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when the dams were made diabetic by streptozotocin injection. The
fetuses were subjected to hyperglycemia but had normal insulin
levels. Fetal intra-cerebral injection of insulin with normal glucose
blood levels caused a decline of the NPY protein, suggesting that
insulin directly reduces NPY levels in the brain and as a result
reduces food intake because NPY increases food intake. These
effects on the fetal brain were found to be long lasting, affecting
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levels are also known to increase leptin secretion by adipocytes (as
well as by the placenta), thus further decreasing food intake [50].
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Leptin is a hormone secreted by the adipose tissue which acts
as a sensor of body fat. It is secreted in levels that directly corre-
late with body fat stores. It acts as an anorexogenic hormone in
the brain, controlling feeding behaviour by specifically decreasing
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tor deficient animals or man, there is early onset obesity [51–55].
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levels are also known to increase leptin secretion by adipocytes (as
well as by the placenta), thus further decreasing food intake [50].

14. The role of leptin

Leptin is a hormone secreted by the adipose tissue which acts
as a sensor of body fat. It is secreted in levels that directly corre-
late with body fat stores. It acts as an anorexogenic hormone in
the brain, controlling feeding behaviour by specifically decreasing
appetite and therefore food intake. Hence, in leptin or leptin recep-
tor deficient animals or man, there is early onset obesity [51–55].
Its main action is in the hypothalamus—the hypothalamic arcuate
nucleus whose neurons express several peptides related to feed-
ing behaviour. The situation where leptin is elevated in the blood
of obese individuals is termed “leptin resistance”. This may occur
in many obese people where food intake is not reduced in spite of
the increased leptin levels. There are different explanations to this
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Table 1
Comparison of physical characteristics of children [mean and (standard deviation)] born to mothers with pre-gestational (PGDM) or gestational diabetes (GDM) in comparison
to controls. See Refs. [31,32] for details.

Control (n = 57) PGDM (n = 57) GDM (n = 32)

Gestational age at delivery, weeks 39.7 (1.8) 38.6 (2.0) 38.7 (2.4)
Birth weight grams (percentiles) 3381 (753) 3528 (845)# 3348 (676)
Head circumference (percentiles) 48 (32) 47 (32) 47 (22)
Height (percentiles) 44 (30) 45 (43) 49 (25)
Weight (percentiles) 42 (41) 57 (44)* 68 (27)*

BMI (kg/m2) 21.4 (4.0) 24.7 (4.3) 24.5 (4.7)*

# Borderline higher than controls, P = 0.07.
* Significantly higher than controls, P < 0.05, paired two tail t test.

common origin in sub-optimal growth and development in utero
[42]. Since then, numerous studies have been published demon-
strating the postnatal complications of FGR [2,6]. For example, in
a meta-analysis by Newsome et al. [13] to determine the rela-
tionship of birth weight to later glucose and insulin metabolism,
they found that from 48 published papers, most studies (15 of
25 papers) reported an inverse relationship between the follow-
ing: birth weight and fasting plasma glucose concentrations, birth
weight and fasting plasma insulin concentrations (20 of 26), plasma
glucose concentrations 2 h after a glucose load (20 of 25), the preva-
lence of type 2 diabetes mellitus (13 of 16), measures of insulin
resistance (17 of 22), and measures of insulin secretion (16 of 24).
The predominance of these inverse relationships could not gen-
erally be explained by differences between studies in sex, age, or
current size of the subjects. Jornayvaz et al. [15] found that pre-
pubertal and early pubertal children with FGR had lower glucose
oxidation rates compared to controls and suggested that metabolic
alterations are present early in children born SGA, and are possibly
related to alterations of body composition.

The adiposity rebound is an accelerated increase in Body Mass
Index (BMI) due to accumulation of fat that, as stated above, often
occurs during the first years of life in children born SGA. Eriks-
son et al. [16] carried out a longitudinal study of 8760 subjects
born in Helsinki during 1934–1944. The cumulative incidence of
Type 2 diabetes decreased progressively from 8.6% in persons
whose adiposity rebound occurred before the age of 5 years to
1.8% in those in whom it occurred after 7 years. Early adipos-
ity rebound was preceded by low weight gain between birth and
1 year. Low birth weight followed by accelerated gain in weight
and height during childhood also correlated with high maternal
BMI [43]. Barker et al. found accelerated weight gain from age
3–11 years to be predictive of type 2 diabetes, hypertension and
cardiovascular complications [44]. Jensen et al. [45] investigated
hepatic and peripheral insulin action including intracellular glucose
metabolism in 20, nineteen-year-old men born SGA and matched
20 control subjects. Insulin secretion was reduced by 30% in the
low birth weight group, when expressed relative to insulin sensi-
tivity. They proposed that reduced insulin-stimulated—glycolysis
precedes overt insulin resistance in low birth weight men and
that lower insulin secretion may contribute to impaired glucose
tolerance and ultimately lead to diabetes. Ravelli et al. [46] investi-
gated glucose tolerance in people born around the time of famine
in the Netherlands during 1944–45. Glucose concentrations were
increased 2 h after a standard glucose load among exposed partic-
ipants, and were highest in men and women exposed during mid
and late gestation. Participants born SGA to mothers with low body
weights, especially if they became obese as adults, had the highest
glucose concentrations. Prenatal exposure to famine was related to
increased fasting pro-insulin and 2 h insulin concentrations, which
suggests an association with insulin resistance. However, postna-
tal factors may also contribute to the late complications of FGR. For
example, Yajnik found [47] that diabetes is more common among
urban than rural Indians despite the higher birth weight of urban

babies and the Indian babies being among the smallest in the world.
He assumed that urban lifestyles, including poor diet and seden-
tary habits, are also important in developing further obesity, insulin
resistance and type 2 diabetes [47]. These findings are important
as they point to the possibility of prevention.

13. Insulin resistance

Insulin resistance seems to be the fundamental and apparently
most important underlying problem in the pathogenesis of the
“metabolic syndrome”. Insulin resistance seems to cause insulin
over-secretion followed by insulin deficiency, which is the basic
pathogenesis of obesity and type 2 diabetes [47–49]. In the FGR as
well as in the macrosomic newborn infants, the fetal and/or mater-
nal nutritional imbalance during pregnancy caused over-secretion
of insulin that might have caused insulin resistance. This seems to
be a very important etiologic factor in the later development of
type 2 diabetes. In pregnant women with GDM, maternal hyper-
glycemia (diabetes) induces fetal hyperinsulinemia. Elevated fetal
insulin may also affect its hypothalamic development [48–50].

Insulin is also an important mediator of the development of
hypothalamic circuits. Insulin in the brain decreases food intake
while insulin depletion (or resistance) may promote hyperpha-
gia. Different changes in the innervations and neurotransmitter
secretion of hypothalamic neurons have been demonstrated in the
offspring of insulin treated dams in rats and induction of obesity
in the offspring. In addition, Singh et al. [50] found a decrease in
Neuropeptide Y (NPY) mRNA and protein in rat fetal hypothalami
when the dams were made diabetic by streptozotocin injection. The
fetuses were subjected to hyperglycemia but had normal insulin
levels. Fetal intra-cerebral injection of insulin with normal glucose
blood levels caused a decline of the NPY protein, suggesting that
insulin directly reduces NPY levels in the brain and as a result
reduces food intake because NPY increases food intake. These
effects on the fetal brain were found to be long lasting, affecting
hypothalamic organization and metabolism [50]. Increased insulin
levels are also known to increase leptin secretion by adipocytes (as
well as by the placenta), thus further decreasing food intake [50].
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Resumindo...

As alterações do crescimento intrauterino e o diabetes 
na gestação estão associados com uma variedade de 

efeitos em longo prazo no concepto como 
consequência de distúrbios metabólicos, endócrinos, 

hipotalâmicos, etc., durante o crescimento fetal 
intrauterino!




Reproductive Toxicology, 32: 205-212, 2011 

Controle dietético rígido, com baixa ingesta 
calórica e elevado gasto energético, nas 

crianças com tendência a desenvolverem tais 
complicações parece ser uma medida eficiente!
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