
Co
py

rig
ht

©
 A

BE
&

M
 to

do
s o

s d
ire

ito
s r

es
er

va
do

s.

583Arq Bras Endocrinol Metab. 2011;55/8

review

Metabolic syndrome in children 
born small-for-gestational age
Síndrome metabólica em crianças nascidas 
pequenas para a idade gestacional

María Isabel Hernández1, Verónica Mericq1

SUMMARY
Being born small-for-gestational age and a rapid increase in weight during early childhood and 
infancy has been strongly linked with chronic diseases, including metabolic syndrome, which 
has been related to intrauterine life environment and linked to epigenetic fetal programming. 
Metabolic syndrome includes waist circumference ≥ 90th percentile for age, sex and race, higher 
levels of blood pressure, triglycerides and fasting glucose, and low levels of HDL-cholesterol. 
Insulin resistance may be present as early as 1 year of age, and obesity and/or type 2 diabetes 
are more prevalent in those born SGA than those born AGA. The programming of adaptive res-
ponses in children born SGA includes an association with increased blood pressure, changes 
in endothelial function, arterial properties and coronary disease. Early interventions should be 
directed to appropriate maternal nutrition, before and during pregnancy, promotion of breast 
feeding, and prevention of rapid weight gain during infancy, and to promote a healthy lifestyle. 
Arq Bras Endocrinol Metab. 2011;55(8):583-9
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Sumário
Crianças nascidas pequenas para a idade gestacional (PIG) e um rápido ganho de peso durante 
a primeira e segunda infâncias estão fortemente ligados à ocorrência de doenças crônicas, 
incluindo a síndrome metabólica, o que está relacionado ao ambiente intrauterino e a altera-
ções epigenéticas da programação fetal. A síndrome metabólica envolve uma circunferência 
abdominal ≥ ao percentil 90 para a idade, sexo e raça, níveis mais altos de pressão sanguínea, 
triglicérides e glicose em jejum, e níveis baixos de HDL-colesterol. A resistência à insulina pode 
estar presente já no primeiro ano de vida, e a obesidade e/ou o diabetes tipo 2 são mais preva-
lentes em crianças nascidas PIG do que naquelas nascidas AIG. A programação de respostas 
adaptativas em crianças nascidas PIG inclui uma associação com uma pressão sanguínea mais 
alta, alterações na função endotelial e propriedades arteriais, e doença coronariana. Interven-
ções precoces devem ser direcionadas à nutrição apropriada, antes e durante a gravidez, pro-
moção da amamentação e prevenção de ganho rápido de peso durante a infância e promoção 
de um estilo de vida saudável. Arq Bras Endocrinol Metab. 2011;55(8):583-9
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INTRODUCTION

Being born small-for-gestational age and a rapid in-
crease in weight during early childhood and infancy 

has been strongly linked to a number of long-term risks 
including glucose intolerance (1), insulin resistance, 
type 2 diabetes (2,3), higher systolic blood pressure 
(4), coronary heart disease (5), cardiovascular mortal-

ity (6,7), elevated plasma cortisol (8), premature adre-
narche and ovarian hyperandrogenism (9,10). Those 
related diseases were initially observed retrospectively in 
an adult population by Barker and cols., but have been 
replicated in prepubertal and early pubertal children in 
longitudinal follow-up (11-13).

These observations led to the so-called Barker Hy-
pothesis, “early origins of late diseases”, which pointed 
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to the intrauterine life environment as the main de-
terminant of these conditions. Since this hypothesis, 
research has highlighted the link between epigenetics 
in fetal programming and the susceptibility to chronic 
disease (14), and the importance of the contribution 
of early weight gain has also been recognized. Size at 
birth, either small (SGA) or large (LGA) determines 
higher risk of developing chronic diseases. The com-
mon characteristic of these two types of babies is their 
higher adiposity. Apparently, those born LGA have this 
higher adiposity from intrauterine life, whereas those 
born SGA develop this condition after being born (15).

Thus, early interventions should be directed to ap-
propriate maternal nutrition before and during preg-
nancy, promotion of breastfeeding and prevention of 
rapid weight gain during infancy, and to promote a 
healthy life style.

In this report, we will review the definitions of low 
birth weight and small-for-gestational age, metabolic 
syndrome, the epigenetic association, metabolic conse-
quences and prevention.

DEFINITIONS

There is controversy in the definition of small-for-ges-
tational age, because some issues have to be addres-
sed according to the consensus statement published in 
2007 (16). 1) Accurate knowledge of gestational age; 
2) Accurate measurement of weight, length and head 
circumference at birth; and 3) A cutoff value based on 
reference data from a relevant population (the cutoff 
value is not well-defined, and could be 10th, 5th percen-
tile or at least-2SD from the mean).

Based on the difficulty of getting a worldwide cutoff 
value, the consensus statement recommends the use of 
weight and/or length below -2SD (14), because with 
this definition, those at risk of short stature are well-

-identified. The cutoff value used for neonatologists 
and obstetricians remains the weight below the 10th 

percentile because it identifies those at risk of perinatal 
morbimortality.

Being born SGA is not a synonym of being born 
with low birthweight or intrauterine growth retarda-
tion (17). Usually, the term LBW is used for those 
born weighting less than 2500 g, independent of their 
gestational age. Conversely, intrauterine growth restric-
tion requires the description of at least two intrauterine 
ultrasound measurements showing decline in weight 
percentile.

On the other hand, metabolic syndrome has not a 
universally accepted definition. Most of these defini-
tions were adaptations from the adult criteria develo-
ped by the National Cholesterol Education Program 
(18). The International Diabetes Federation and Ame-
rican Heart Association have both recently proposed 
a revised definition of MS in children and adolescents 
(19) which includes waist circumference ≥ 90th percen-
tile for age, sex and race, higher levels of blood pres-
sure, triglycerides and fasting glucose and low levels of 
HDL-cholesterol (Table 1).

Epigenetic link between birth size and metaboli

Since Barker and Hales proposed the hypothesis of the 
“thrifty phenotype” in 1992, much has been written 
about the relationship between the implications of nu-
tritional status during fetal and early postnatal life, and 
the permanent programming of metabolic response in 
childhood and adult life (13,20). The association is not 
related to adult environmental confounding factors, 
such a smoke or inactivity (21). Barker and Hales pro-
posed the existence of an epidemiological association 
between poor intrauterine nutrition and the develop-
ment of insulin resistance, impaired glucose tolerance 

Table 1. Components of metabolic syndrome

Age (years)
IDF Criteria AHA Criteria

6-9 10-15 12-19

Waist circumference ≥ 90th percentile for age ≥ 90th percentile for age ≥ 90th percentile for age, sex and race

Blood pressure Systolic > 130 or diastolic > 85 mmHg ≥ 90th percentile for age, sex and height

Triglycerides ≥ 150 mg/dL ≥ 110 mg/dL

HDL-C < 40 mg/dL ≤ 10th percentile for race and sex

Fasting glucose ≥ 100 mg/dL ≥ 100 mg/dL

IDF: International Diabetes Federation; AHA: American Hearth Association; HDL-C: High Density Lipoprotein Cholesterol. For IDF: 3 or more criteria must be present for the diagnosis of metabolic 
syndrome. For AHA: central obesity and 2 criteria or more.
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and metabolic syndrome in adulthood. Postnatal de-
crease in insulin sensitivity may result from fetal adap-
tation to an adverse intrauterine environment during 
a critical period, leading to programming of fetal gene 
expression (13,18). Currently, it is well-known that not 
only those subjects born with low birth weight, but 
also poor maternal nutrition, increased maternal weight 
gain (22,23) and large-for-gestational age newborns 
have increased metabolic risks (24), which means that 
this association is U-shaped (25). 

Not only epidemiological studies in human support 
the importance of epigenetic changes in mediating the 
adult phenotype, but also animal studies show that ear-
ly undernutrition has a permanent effect on the subse-
quent growth of rats (26). In pregnant rats, reduction 
in protein intake during pregnancy induces permanent 
changes in offspring gene expression, such as PPAR-α 
increased expression in the liver, while others similar 
enzymes (11-hydroxysteroid dehydrogenase type II) 
show decreased activity (27). According to current 
knowledge, epigenetic mechanisms, including DNA 
methylation, changes in histone structure, and small 
non-coding RNA activity, provide the molecular basis 
to developmental plasticity (28).

Metabolic consequences of being born SGA

Insulin sensitivity and resistance

Insulin plays a central role in fetal growth. During the 
first two years of life, especially during the first 12 mon-
ths of life, SGA newborns are usually able to catch-up 
growth by increasing their growth velocity above the 
50th percentile, and are found nearby their AGA coun-
terparts (29). This trend not only improves the final 
height, but also has been associated with changes in 
insulin sensitivity (11,30). 

Insulin resistance may be present as early as 1 year 
of age. In a cohort of 85 SGA and 23 AGA 1-year-
-olds, stratified according to catch-up growth, SGA 
with catch-up growth in weight had higher fasting in-
sulin levels, whereas catch-up growth in length had a 
tendency to higher basal and stimulated insulin levels, 
suggesting that pathophysiological mechanisms linking 
prenatal growth and postnatal sensitivity are present 
early in life (31). The homeostatic model assessment 
was used to evaluate insulin resistance and insulin se-
cretion in children 1 to 3 years old in a cohort of 50 
SGA and 14 AGA newborns and their relationship with 

IGF-1 levels. Our group showed that IGF-1 levels were 
related to beta-cell function and longitudinal growth 
during the first year of life. By 3 years of age, IGF-I 
levels were related to body mass index and IR (32). In 
a study of 477 eight-year-old Indian children, both low 
birthweight and high fat mass at 8 years old were asso-
ciated with insulin resistance, higher LDL-cholesterol 
levels, and higher fasting plasma insulin levels (11). 
Ibáñez and cols. described that this early growth was 
associated with development of central adiposity and 
insulin resistance between 2 to 4 years of age in SGA 
newborns. They demonstrated SGA children gained 
more abdominal fat and body adiposity, and less lean 
mass than AGA children (33). Similarly, in the large 
ALSPAC cohort, lower birth weight and higher catch-
-up growth at 3 years old predicted high BMI, high 
waist circumference and lower insulin sensitivity by 8 
years old (34). A large sample from a Netherland co-
hort, including subjects born SGA, evidenced that the 
key period of rapid weight gain occurred during the 
first 3 months of life and was associated with higher 
percentage of body fat, more central adiposity, and re-
duced insulin sensitivity in early adulthood (35).

At a later stage of development, our group compa-
red leptin levels, body composition, insulin sensitivity 
and secretion by the oral glucose tolerance test in heal-
thy, non-obese early pubertal girls, born either AGA or 
SGA, selected from the general population. We found 
that at this age, SGA girls had higher levels of leptin 
and underlying subtle degree of insulin resistance, des-
pite similar BMI (36).

A Danish cohort of children born at term was 
analyzed at 17.6 years. Rapid weight gain was eviden-
ced from birth to three months of age, and at 1 year 
old, it predicted higher HOMA-IR and basal insulin 
levels at 17.6 years old. Accelerated weight gain in AGA 
does not seem as detrimental in glucose metabolism as 
in SGA newborns (37). In a French cohort of healthy 
subjects assessed at 20 years old, insulin and proinsulin 
concentration were higher in SGA compared with AGA 
newborns, after being adjusted by BMI and sex, repre-
senting an early marker of insulin impairment (38).

The evidence presented before should also be con-
sidered in premature babies, even if their catch-up wei-
ght growth is slow (39). However, controversy remains 
as to whether those subjects born premature and SGA 
have a worse metabolic profile than those born prema-
ture but AGA (40).
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Glucose intolerance and type 2 diabetes

Insulin resistance is considered a risk factor for type 2 
diabetes and could represent the prelude of other me-
tabolic manifestations. It is well-known that insulin 
and glucose metabolism impairment are strictly linked 
to cardiovascular damage. The proposed hypothesis 
points out that the interaction leads to dynamic chan-
ges in adiposity, because not only quantitative, but also 
qualitative abnormalities of adipose tissue have been 
observed in SGA, suggesting a critical role of this organ 
in the development of metabolic complications. Hales 
and cols. reported, in 1991, a six-fold increase in risk 
of developing diabetes in newborns weighing less than 
2.5 kg at birth (1).

Results from the Auckland birthweight collabora-
tive study that determined underlying causes of being 
born SGA, studied 54 single nucleotide polymorphisms 
(SNPs) associated with obesity and/or type 2 diabetes, 
and demonstrated that a genetic variation in KCNJ11, 
BDNF, PFKP, PTER and SEC16B were associated with 
babies born SGA, supporting the concept that genetic 
factors associated with obesity and/or type 2 diabetes 
are more prevalent in those born SGA than in those 
born AGA (41). Recently, Freathy and cols. described 
that two alleles (CDKAL1 and HHEX-IDE) related to 
the risk of type 2 diabetes were also associated with re-
duced birthweight. However, the effect was weak (42).

Furthermore, in a group of subjects born SGA cor-
tisol bioactivity correlated positively with HOMA-IR 
and negatively with adiponectin, suggesting a possible 
mechanism between SGA and insulin resistance and 
type 2 diabetes.

Poor insulin secretory ability requires Beta cell im-
pairment, but available studies in humans are not con-
clusive regarding the association between SGA and beta 
cell dysfunction (43). Veening and cols. compared Glu-
cose tolerance, insulin sensitivity, and insulin secretion, 
at 9 years old, in 29 SGA and 24 AGA newborns. They 
did not find differences in glucose tolerance and Beta 
cell function between SGA and AGA children at this 
age. However, those born SGA had a reduction in In-
sulin sensitivity assessed by the hyperinsulinemic clamp. 
The authors concluded that SGA may contribute to 
enhance the risk of developing noninsulin-dependent 
diabetes mellitus in adult life, especially SGA children 
with catch-up growth and a high BMI (29).

IGF-1 is a major regulator of growth in stature du-
ring childhood. Lower IGF-1 levels in adults have been 
associated with increased risk of developing Type 2 dia-

betes mellitus (44). Román and cols., in our group, stu-
died insulin sensitivity using the oral glucose tolerance 
test and IGF-I sensitivity, determining nocturnal GH 
concentrations at baseline and after administration of 
recombinant human IGF-I/IGFBP-3 complex. LBW 
children in the lowest quartile of insulin sensitivity 
exhibited lower pituitary GH response to the adminis-
tration of rhIGF-I/rhIGFBP-3. The authors conclu-
ded that reduced sensitivity to insulin and IGF-I may 
coexist in some prepubertal LBW children (45).

Reports comparing short SGA subjects treated or 
not with growth hormone demonstrated that fasting 
glucose and insulin levels increased during GH treat-
ment, but recovered after discontinuation, suggesting 
long term GH treatment did not increase the risk of 
type 2 diabetes mellitus in SGA (46,47).

Cardiovascular disease

Programming of adaptive responses in children born 
SGA includes an association with increased blood pres-
sure, changes in endothelial function, arterial proper-
ties and coronary disease (48-50).

A systematic review of the literature assessing blood 
pressure and involving more than 66,000 subjects aged 
0-71 years old have found 34 studies describing an 
inverse relationship between blood pressure and bir-
thweight in children and adults. Surprisingly, these fin-
dings were not replicated in an adolescent group (47). 
Bilge and cols. investigated the relationship between 
birthweight and blood pressure (monitoring ambula-
tory blood pressure), at 8 years old, in 39 children born 
SGA compared with 27 children born AGA. They did 
not find differences between the groups at this age (51). 
Differences in systolic pressure for every 1-kg differen-
ce in birthweight were estimated to be 2-4 mmHg.

The possible mechanisms involved in the develop-
ment of high blood pressure include a reduction in the 
number of nephrons; changes in renin–angiotensin–
aldosterone system and increased mineralocorticoid 
activity due to changes in type 2 11β-hydroxysteroid 
dehydrogenase, which inactivates cortisol; and endo-
thelium modifications (52).

Bradley and cols. assessed the biophysical properties 
of the aorta in 39 SGA and 41 AGA children, at the 
ages 8 to 13 years. The echo-Doppler results demons-
trated abnormal biophysical properties of the aorta in 
patients born SGA who remained short and continued 
to have normal blood pressure (53). Carotid and bra-

Metabolic syndrome and SGA 
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chial arterial measurements using ultrasound and flow-
-mediated dilation evidenced that children born SGA 
had endothelial dysfunction with normal intima-media 
thickness (46).

Barker described, in 1995, the relationship between 
cardiovascular disease and fetal environment, since 
much has been published about this association to that 
date (54). A follow-up of 5,654 men born from 1911 
to 1930 in England demonstrated that men with the 
lowest weights at birth at one year of age had highest 
death rates from ischemic heart disease (55). The same 
results have been replicated in studies in South India 
and Finland (56,57). 

Metabolic syndrome

For several years, the epidemiological data have shown 
different components of metabolic syndrome during 
life in babies born SGA. Several associations between 
birthweight and the separate components of the syn-
drome have been found. The dynamic changes in adi-
posity that occur during this period suggest a critical 
role in the development of metabolic complications. 
Metabolic disorders in SGA individuals are amplified 
by weight gain with time when adults, both probably 
influenced by fetal programming (58). 

Meas and cols. reported a two fold higher risk of de-
veloping metabolic syndrome over the 8 year follow-up 
of SGAs, after adjustment for gain in BMI (59). In the 
cohort of Haguenau, in France, the incidence by age 
22 was 2.4% in those born SGA compared with 0.4% in 
those born AGA. In an urban Chinese cohort of 2,019 
subjects born between 1921 and 1954, those who had 
lower birthweight and higher age, body mass index, 
and waist circumference at follow-up presented with all 
the five components of metabolic syndrome. Subjects 
who had birthweights of less than 2,500 g were 66% 
more likely to develop a greater number of metabolic 
syndrome components in adulthood (60). 

 Some of the components of metabolic syndrome 
could be present as early as prepubertal age. Therefore, 
strategies intended to prevent the development of me-
tabolic syndrome should be addressed early.

PREVENTION

Since the first observation made by Barker and Hales 
linking size at birth and early postnatal development of 
chronic non-transmissible diseases, many authors have 
been interested and explored these associations. Public 

health policies should be deal with the potential risk 
that children born SGA have in their adulthood. Strate-
gies designated to prevent fast weight gain during early 
infancy and prepubertal age and to promote a healthy 
life style are mandatory (61).

Promotion of fast weight gain in SGA infants by 
nutrient-enriched formula feeding should be used with 
caution. However, growth limitation by restriction of 
nutrition in SGA infants below general recommen-
dations should not be suggested. Indeed, changes in 
Ghrelin dynamics, an orexigenic hormone have been 
implicated in the well-known differences in appetite in 
children born SGA (62). Whether these differences are 
present in those born LGA, implications in postnatal 
weight gain is unknown.

In conclusion, subjects born SGA are at high risk of 
developing chronic diseases, including insulin resistan-
ce, obesity, type 2 diabetes and cardiovascular disease, 
all of them part of the metabolic syndrome. It is well-
-known that not only low weight and/or size at birth 
increase the risk, but also rapid gain weight during the 
first years of life contribute to the development of chro-
nic diseases since early life.

Strategies designated to prevent high weight gain in 
pregnant women and to promote appropriate nutrition 
during pregnancy, preventing fast weight gain during 
early infancy and prepubertal age, and that promote a 
healthy life style are the keys to decrease the risk.

Disclosure: no potential conflict of interest relevant to this article 
was reported. 
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