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Abstract

The neonatal period of very preterm infants is often characterized by a difficult adjustment to 

extrauterine life, with an inadequate nutrient supply and insufficient levels of growth factors, 

resulting in poor growth and a high morbidity rate. Long-term multisystem complications include 

cognitive, behavioral, and motor dysfunction as a result of brain damage as well as visual and 

hearing deficits and metabolic disorders that persist into adulthood. Insulinlike growth factor 1 

(IGF-1) is a major regulator of fetal growth and development of most organs especially the central 

nervous system including the retina. Glucose metabolism in the developing brain is controlled by 

IGF-1 which also stimulates differentiation and prevents apoptosis. Serum concentrations of IGF-1 

decrease to very low levels after very preterm birth and remain low for most of the perinatal 

development. Strong correlations have been found between low neonatal serum concentrations of 

IGF-1 and poor brain and retinal growth as well as poor general growth with multiorgan 

morbidities, such as intraventricular hemorrhage, retinopathy of prematurity, bronchopulmonary 

dysplasia, and necrotizing enterocolitis. Experimental and clinical studies indicate that early 

supplementation with IGF-1 can improve growth in catabolic states and reduce brain injury after 

hypoxic/ischemic events. A multicenter phase II study is currently underway to determine whether 

intravenous replacement of human recombinant IGF-1 up to normal intrauterine serum 
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concentrations can improve growth and development and reduce prematurity-associated 

morbidities.
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Insulinlike growth factor 1 (IGF-1) is an anabolic hormone with mitogenic, differentiating, 

antiapoptotic, and metabolic effects.1 It exerts its actions in endocrine, paracrine, and 

autocrine manners mediated through the IGF-1 receptor and the insulin receptor (although 

with a substantially less affinity with the insulin receptor). IGF-1 plays many roles which 

differ depending on factors such as source,2 target cell type, and developmental stage.3 Six 

binding proteins (IGFBP) control IGF-1 actions. Approximately 80% of IGF-1 is bound to 

IGFBP-3 which together with an acid-labile subunit maintains a reservoir of IGF-1 in the 

circulation.4,5 IGFBP-1 serum levels increase after fasting and during hypoxia, which 

restrains growth by decreasing the IGF-1 bioavailability.6

The placenta secretes IGF-1 throughout gestation and IGF-1stimulates the placental transfer 

of essential nutrients from the mother to the fetus.7 It is not clear whether placental derived 

IGF-I is secreted into the fetal circulation.8 During gestation, fetal circulating IGF-1 

increases (Fig. 1) and at term birth, cord serum IGF-1 concentrations are positively 

associated with fetal size and fat mass.9 Late in gestation circulating IGF-1 is mainly derived 

from the liver, although virtually all human fetal tissues express IGF-1 from an early stage of 

development.10 The amniotic fluid contains higher IGF-1 concentrations than cord blood 

during gestation or at delivery and is swallowed by the fetus, and this source is missing after 

preterm birth.11

Genetic defects of IGF-1 are very rarely reported in term infants suggesting that loss of 

functional defects is lethal. The few cases reported of genetic IGF-1 abnormalities, which 

may have a partial IGF-1 function, have severe intrauterine growth restriction as well as 

microcephaly, sensorineural deafness, developmental delay, and metabolic abnormalities.12

After very preterm birth, IGF-1 serum concentrations decrease substantially to an average of 

10 ng/mL compared with an average of > 50 ng/mL in utero at postmenstrual age (PMA) 23 

to 30 weeks.13 Persistent low IGF-1 levels after preterm birth are associated with poor 

general growth and poor brain growth as well as neonatal morbidities such as 

intraventricular hemorrhage, retinopathy of prematurity (ROP), bronchopulmonary dysplasia 

(BPD), and necrotizing enterocolitis (NEC).14

Metabolism

During gestation, fetal serum IGF-1 concentrations are regulated by the supply of nutrients 

from the mother at a time when energy is mainly derived by glycolysis. After birth, energy 

requirements increase compared with those in the womb. In very preterm infants this deficit 

is exacerbated by the loss of the maternal supply of nutrients and growth factors. In addition, 

nutrient assimilation is compromised and the capacity for oxidative phosphorylation of 
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lipids for energy is limited by immaturity and the switch from glycolytic to oxidative 

metabolism is delayed.15 After birth very preterm infants generally accumulate a large 

energy deficit which is multifactorial in origin and associated with postnatal growth 

restriction, low IGF-1 and deranged glucose metabolism with insulin resistance and 

hyperglycemia. Serum IGF-1 concentrations are not associated with nutrient intake until 

after 30 weeks PMA possibly due to the deficient assimilation of nutrients in these immature 

infants.16 Lack of IGF-1 may cause or exacerbate many metabolic defects as the metabolic 

effects of IGF-1 overlap with those of insulin and include stimulation of amino acid and 

glucose uptake in skeletal muscle, differentiation of preadipocytes and reduction of hepatic 

glucose production.17

Preterm infants are prone to develop metabolic syndrome later in life. A risk factor for later 

development of metabolic syndrome, such as lower insulin sensitivity, increased blood 

pressure, and increased fat mass in childhood and young adulthood have been reported after 

preterm birth. In addition, early IGF-1 predicts lumbar spine bone mass.18

Vascularization

Proper vascularization is essential for the normal supply of oxygen, nutrients, and other 

factors to developing tissues. Since blood vessels in the eye are available for direct 

inspection and the retina may be severely affected by very preterm birth, much research has 

focused on retinal vascularization, which may reflect the development of other neural and 

vascular beds.

Vascular endothelial cells are involved in the control of vessel formation. IGF-1 promotes 

amino acid and glucose uptake and stimulates migration in microvessel endothelial cells. 

Hypoxia is a major angiogenic stimulus which upregulates vascular endothelial growth 

factor (VEGF) and stimulates proliferation and maturation of vascular endothelium. IGF-1 

induces VEGF-1 synthesis.19 Minimal levels of IGF-1 are required for activation by VEGF 

of pathways promoting retinal vascular endothelial cell proliferation and survival.20 

Impaired normal neonatal angiogenesis resulting in hypoxia followed by increased hypoxia-

induced pathological angiogenesis is a hallmark of ROP, but might apply to BPD21 and 

encephalopathy of prematurity22 as well. Thus, it is likely that low IGF-1 after preterm birth 

affects many vascular beds. Accordingly, low neonatal IGF-1/IGFBP-1 ratios and severe 

ROP have been associated with higher blood pressure in prematurely born 4-year olds.23

General Growth

Abundant genetic and experimental evidence suggests that IGF-1 is an important 

determinant of fetal and postnatal growth.24 IGF-1 null mice have a birth weight 60% less 

than normal25 and they continue to grow at a slow rate and achieve only 30% of normal 

weight as adults.26 In preterm infants, the neonatal period is a critical time for growth. 

Despite increases in nutrition, postnatal growth remains poor, particularly during the first 

month of life.27 Very preterm infants tend to have profound growth retardation from birth 

until around 30 to 32 weeks PMA followed by accelerated growth. Poor perinatal weight 

gain and low IGF-1 are associated with poor short- and long-term outcomes.28
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Brain

During development, IGF-1 is abundantly expressed in many brain areas. However, once the 

brain is formed IGF-1 expression is limited to a few regions and is expressed at very low 

levels. The IGF-1 receptor is widely distributed in most tissues while the IGFBPs appear in 

specific anatomic locations. Circulating IGF-1 enters the brain, passing the blood–brain 

barrier. IGF-1 modulates the permeability of this barrier to other systemic neuroactive 

proteins. Circulating and locally produced IGF-1 are thought to have separate roles. 

Circulating IGF-1 provides a metabolic proprioceptive signal to brain centers in charge of 

adaptation to internal environmental conditions. Systemic IGF-1 is involved in brain 

plasticity. IGF-1 increases the activity of other growth factors such as brain-derived 

neurotrophic factor and VEGF but there is no evidence of stimulation of IGF-1 by other 

growth factors.29 In the third trimester, brain size and complexity increase dramatically. 

Glucose metabolism in the developing brain is regulated by IGF-1,30 which promotes brain 

cell proliferation, neurogenesis, myelination, maturation, and differentiation and prevents 

apoptosis.31

In very preterm infants, serum IGF-1 concentrations from birth to a PMA of 35 weeks 

correlate with brain volume, unmyelinated white matter volume, gray matter volume, and 

cerebellar volume estimated using volumetric magnetic resonance imaging at term age.32 In 

addition, lower IGF-1 during early postnatal life correlates with subnormal mental 

development.33

Eye

Retinopathy of prematurity is a neurovascular developmental disorder which causes 

blindness or visual impairment in approximately 20,000 infants worldwide per year.34 

Normal retinal vascularization proceeds through the third trimester and is completed around 

the term. After very preterm birth, retinal blood vessels growth is retarded during the first 

phase of the disease. Later, the maturating peripheral retina becomes hypoxic and in severe 

cases during the second phase, uncontrolled retinal angiogenesis takes place after 

approximately 30 to 32 weeks PMA. Low IGF-1 concentrations and poor early weight gain 

during the first phase correlate strongly with the severity of ROP and can be used to predict 

sight-threatening ROP.35

Lung

In mice, IGF-1 is critical for prenatal lung organogenesis and growth. After birth before 28 

gestational weeks, the development of lung alveoli and their capillary bed has just started. In 

autopsy studies, reduced pulmonary microvascularization has been found in infants dying 

from BPD. However, in infants surviving prolonged ventilation, a transient decrease in 

endothelial cell proliferation is followed by a brisk proliferative response36 similar to the 

response in severe ROP.

In extremely preterm neonates, lower neonatal IGF-1 concentrations are correlated with later 

development of BPD independent of gestational age and birth weight standard deviation 

score.37
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Human and Experimental Insulinlike Growth Factor 1 Supplementation 

Studies

Experimental and human studies indicate that growth and development can be promoted by 

IGF-1 infusion in undernutrition and catabolic states.38 The role of IGF-1 in metabolism was 

demonstrated in a mouse model with liver-specific IGF-1 deficiency resulting in a 75% 

reduction in circulating IGF-1. In these mice, treatment with IGF-1 improved insulin 

sensitivity.39 In rabbits, intrauterine growth restriction due to placental insufficiency is 

corrected with an intraplacental injection of IGF-140 and in rats with hypoxic–ischemic 

brain injury IGF-1 treatment reduces neuronal loss. Mice treated with IGF-1 in a mouse 

model of ROP develop less retinopathy.

Conclusion

We hypothesize that supplementing very preterm infants with IGF-1 to normal intrauterine 

levels during the neonatal period will improve metabolism, growth, and brain development 

and prevent prematurity-related morbidities. A multi-center phase II study testing this 

hypothesis will soon be completed.
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Fig. 1. 
Normal intrauterine insulinlike growth factor 1 concentrations obtained from the umbilical 

cord with cordocentesis over 18 to 42 weeks of gestational age (unfilled circles) (n = 

174)41,42 compared with preterm infants of matched postmenstrual ages (filled circles)32,43 

from Hellström et al.38
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