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Consequences of being born small for gestational age : More than being small

Eun-Gyong Yoo, M.D.

Department of Pediatrics, College of Medicine, Pochon CHA University, Sungnam, Korea

Reduced fetal growth is independently associated with increased risk of health problems in later life, particularly type 2
diabetes and cardiovascular diseases. Insulin resistance appears to be a key component underlying these metabolic compli-
cations. It is suggested that detrimental fetal environment may program insulin resistance syndrome. An insulinfesistant
genotype may also result in both low birth weight and insulin resistance syndrome, and it is likely that the association of
low birth weight with insulin resistance is the result of both genetic and environmental factors. Early postnatal rapid catch-up
growth is closely related to risk for subsequent metabolic diseases. Fat mass is strikingly reduced in neonates born small
for gestational age (SGA), and recent data suggest that insulin resistance seen in catch-tp growth is related to the dispro-
portionate catch-up in fat mass compared with lean mass. Endocrine disturbances are also recognized in SGA children, but
overt clinical problems are infrequent in childhood. Cognitive impairment is reported in some children born SGA, especially
those who do not show catch-up growth, in whom early neurodevelopmental evaluation is required. Breast feeding, also known
to be protective against the longterm risk of obesity, may prevent some intellectual impairment in SGA children. Calorie-tlense
feeding does not seem to be appropriate in SGA infants. We must balance the positive effect of nutrition on neural de-
velopment against rapid fat deposition and the future risk of insulin resistance. (Korean J Pediatr 2009;52:152-158)
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Consequences of being born small for gestational age: More than being small
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Fig. 1. Serum insulin levels during a short intravenous glucose
tolerance test (SIVGTT) in children aged 5-7 years, of very
low birth weight, who were small for gestational age (SGA;
n=20) and appropriate for gestational age (AGA; n=40). (A)
Insulin profile during the sIVGTT. (B) Fasting insulin levels
(mean of values taken at -5 and 0 minutes). (C) Post-load
insulin secretion, evaluated as the area under the curve (AUC)
for insulin. “P<0.05".

Table 1. Long-term Consequences of being Born Small for Gestational Age

Increased risk in those with catch-up growth

Increased risk in those without catch-up growth

obesity® (visceral adiposity™ *")

insulin resistance™ * ' 1219

metabolic syndrome and its componentslg)
type 2 diabetes mellitus

cardiovascular diseases

18)
premature adrenarche

18)
short stature
e . 39)
cognitive impairment

psychosocial disadvantagegg)
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Table 2. Tracking of Events and Metabolic Consequences
Related to Small for Gestational Age
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Infancy catch-up growth ('catch-up fat’)"™ "
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Fig. 2. Two possible explanations for the association of being
born small for gestational age with insulin resistance, type 2
diabetes, and ischemic heart disease: intrauterine environment
and fetal genetics™?’
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Consequences of being born small for gestational age: More than being small
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Fig. 3. Schematic diagram depicting mechanisms by which the
"thrifty catch—up fat phenotype”, driven by the "adipose-speci-
fic suppression of thermogenesis”, may cross-link with early
development of insulin and leptin resistance. The model is built
upon emerging evidence that an important thermogenic effector
system in skeletal muscle is mediated by substrate cycling
between de novo lipogenesis and lipid oxidation, and orche-
strated by phosphatidylinositol 3-kinase (PI3K) and AMP-
activated protein kinase (AMPK) under the influence of insulin,
leptin, and adiponectin. These hormones can interact to stimu-
late thermogenesis via the enhancement of AMPK and PISK
signaling by acting either directly on skeletal muscle or through
the sympathetic (SNS)/thyroid axis via norepinephrine (NE)
and tri-iodothyronine (T3). By interfering with PISK and/or
AMPK signaling in skeletal muscle, the actions of the adipose-
specific signals that sense the state of depletion (or delayed
expansion) of the adipose tissue fat stores will suppress skeletal
muscle thermogenesis, which during re-feeding will lead to
concomitant insulin and leptin resistance. The resulting hyper-
insulinaemia serves to redirect the glucose spared from oxida-
tion in skeletal muscle toward de novo lipogenesis and fat
storage in white adipose tissue. CRH, corticotropin releasing
hormone™.
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Consequences of being born small for gestational age: More than being small
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