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A b s t r a c t: SGA (small for gestational age) is a child born with birth weight 
and/or length (BW/BL) under two standard deviations (2 SDS) for the gestational age 
and sex of the population. ~5% of all newborn children are SGA. A broad spectrum of 
factors are found to be causative: maternal, placental, foetal, metabolic, and genetic. In 
the newborn period the SGA children are at greater risk of life-threatening conditions: 
hypoglycaemia, hypercoagulability, necrotic enterocolitis, direct hyperbilirubinemia, 
hypotension, etc. Approximately 10 percent of SGA children do not achieve catch-up 
growth and remain short (≤ -2 SDS) into adulthood. SGA people have an increased 
incidence of metabolic syndrome, coronary artery disease, stroke, low bone density and 
osteoporosis. SGA children aged more than 4 years with no evidence of spontaneous 
catch-up and with a height ≥ 2.5 SD are considered for growth hormone (GH) treatment.  
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SGA (small for gestational age) is a child born with a birth weight 
and/or length (BW/BL) under two standard deviations (2 SDS) for the gesta-
tional age and sex of the population. [1]. Determining the gestational age is 
oftentimes difficult, the most precise is with ultra-sound, while assessing the 
GA from the time of the last period can be deceitful. The rump-heel measu-
rement in the first trimester is considered to be correct [2, 3]. 

The SGA born can have their birth weight (SGAweight) affected, their 
birth length (SGAlength) or both (SGAweight/length). These subgroups have different 
outcomes in final height achievement. SGAweight born children are mostly likely to 
achieve catch-up growth after the second year of life, while SGA weight/length 
children more frequently remain short in adulthood [4].  
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IUGR (Intrauterine growth retardation) is a growth failure during the 
intrauterine development. If intrauterine growth retardation has been detected, 
both mother and foetus should undergo adequate monitoring by foetal biometry 
and Doppler ultrasonography of uterine and foetal blood vessels [1]. 
 
 

Incidence 
 

3–10% of all newborns are born SGA [5–7]. In Sweden (1973–75) 
among 3650 healthy newborn children 5.4% were SGA, 1.5% of them were 
born with a low birth weight and low birth length (SGAwl), 2.4% were born only 
with low birth length (SGAl) and 1.6% were low birth weight (SGAw) [8]. 
About 95000 children (2.3%) of all healthy newborns (4,115,590) in USA were 
born SGA [9]. 
  
 

Etiology 
 

There are several groups of causative factors for SGA: 
 
1. Maternal – insufficient substrate supply to the foetus during develop-

ment is a major maternal factor in SGA occurrence. Various causes have been 
found: reduced maternal food intake, maternal diseases (eg. hypertension), ab-
normal utero-placental blood supply or disruption of the placental transfer, 
abruption, infarction or mal-development of the placenta. Most of these factors 
influence growth during the last trimester of pregnancy and result predomi-
nantly in IUGR [10–11]. Other maternal contributing factors to low foetal size 
are: parity, ethnicity, delivery at age less than 16 and more than 35 yrs and 
previous history of SGA born children. Paternal height is less influential on the 
baby's birth weight. 

 
2. Exposure of the foetus to toxins – smoking, alcohol or drug abuse 

increases the risk of SGA/IUGR births. Smoking during pregnancy is thought to 
have the most significant influence with a relative risk of 3.24 [11, 12]. 

  
3. Foetal: 

3.1. Chromosomal anomalies: gonadal disgenesy (trisomy 13), Edward 
Syndrome (trisomy 18), Turner Syndrome (45 × 0), Down Syndrome (trisomy 
21), Prader-Willi Syndrome;  

3.2. "Thrifty phenotype" – Several mechanisms are proposed to explain 
growth retardation of the foetus and the infant. The growth is assumed to be 
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quantitatively and qualitatively altered by a poor nutritional environment. Meta-
bolic disturbances depend on the period of gestation in which a famine affected 
the children, as a Dutch SGA study showed in examining the population who 
suffered from famine during the Second WW [13]. If foetal exposure is during 
early pregnancy it will affect lipid metabolism, but if famine exposure is during 
later pregnancy, it will affect the glucose metabolism [13]. An inadequate deve-
lopment of pancreatic beta cell mass and their function are supposed to be the 
link between poor foetal nutrition and type 2 DM later on in life. Foetal mal-
nutrition is also supposed to lead to insulin resistance. A thrifty descendant 
("thrifty phenotype") created thus is adapted to survive in poor nutritional cir-
cumstances. Later in adulthood, abundant food intake and decreased energy 
expenditure lead towards obesity, glucose intolerance and hypertension [14–15].  

3.3. GH-IGF-axis – Genetic causes for isolated GHD, multiple pituitary 
deficiencies, genetic alterations in acid-labile-subunit (ALS) and the GH 
receptor have been described [reviewed in 16–19]. Few IGF mutations have 
been described [as reviewed in 20–24]. 

3.4. IGF-1R gene alterations – IGF-1R is a heterotetrameric (α2β2) 
transmembrane glycoprotein with intrinsic kinase moiety. The human IGF-1R 
(OMIM *147370) gene maps to chromosome band 15q26.3. Abbott et al. 1991 
[25] reported that the IGF-1R gene contains 21 exons and spans about 115 kb.  

Recent studies have found convincing evidence that IGF-1R alterations are 
causally linked to the etiology of SGA [as reviewed in 24, 26–31; Table 1]. It 
was hypothesised that at least 2.5% of SGA born children may have IGF-1R 
gene defects [29]. Several point to mutations and partial deletions in the IGF-I 
and insulin-like growth factor 1 receptor (IGF-1R) genes have been demonstra-
ted and each patient exhibits a different phenotype [31]. Mutations that affect 
IGF-1R biosynthesis, signal reception and receptor kinase activity have been 
identified. All reported IGF 1R mutations are heterozygous, homozygous muta-
tions or other gene alterations that have not been described so far [32].  

Abuzzahab et al. 2003 [33] described a girl and a boy with mutations in 
the IGF-1R, among 42 investigated IUGR children. The girl was compound 
heterozygous for two missense mutations in exon 2, that altered the amino acid 
sequence to Arg108Gl in one allele and Lys115Asn in the other, resulting in 
reduced ligand binding and decreased receptor phosphorylation on IGF-I 
stimulation. The boy had a nonsense mutation in exon 2, resulting in reduced 
expression of IGF-1R. Both children had severe intrauterine growth retardation 
and postnatal growth failure [33]. Kawashima et al. 2005 reported a hetero-
zygous mutation in the cleavage site of the proreceptor of IGF-1R in a 6-yr-old 
Japanese girl and her mother, presenting with mild intrauterine growth 
retardation and postnatal short stature [34]. Walenkamp et al. 2006 described a 
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mother and her daughter with the first missense mutation in the intracellular 
kinase domain of the IGF-1R [35]. In a family with several members with short 
stature Inakagi et al. 2007 reported a novel mutation demonstrated as sub-
stitution of arginine for glutamine at amino acid 481 (R481Q) in the IGF-IR
  
Table 1  
 

Summary of reported IGF-1R alterations 

No References IGF-1R gene alteration 
 

1. 
 

Abuzzahab et al. 2003,  
N Engl J Med (33) 

R108Q and K115N 
(Arg108Gln/Lys115Asn) 
(compaund heterozygot) 

 
2. 

Abuzzahab et al. 2003,  
N Engl J Med (33) 

R59X (Arg59Ter) 
(heterozygous) 

 
3. 

Kawashima et al. 2005, 
JCEM (34) 

R709Q 
(Arg709Gln) (heterozygous) 

 
4. 

Walenkamp et al. 2006, 
JCEM (35) 

E1050K 
(Gly1050Lys) (heterozygous) 

 
5. 

Inagaki 2007,  
JCEM (36) 

R481Q 
(Arg481Gln) (heterozygous) 

 
6. 

Kruis et al. 2010,  
JCEM (37) 

G1125A 
(Gly1125Ala) (heterozygous) 

 
7. 

Wallborn 2010,  
JCEM (38) 

V599E 
(Val599Glu) (heterozygous) 

 
8. 

Gucev et al. 2011,  
ESPE Meeting (39) 

(c.3453C > T) and (c.3234_3236delCAT) 
(heterozygous) 

 
9. 

Choi JH et al. 2011,  
JCEM (40) 

novel c.420del  
(p.A110fsX20) (heterozygous) 

 
gene at SGA born 13.6-yr-old girl and her 45-yr-old aunt [36]. Kruis et al. 2010 
reported a new heterozygous glycine 1125 alanine IGF-1R mutation within a 
highly conserved motif of the kinase domain. It was identified in a Greek-
Caucasian girl and six maternal relatives with varying degrees of intrauterine 
and postnatal growth failure [37]. Direct sequencing of the IGF-1R [38] revealed a 
novel mutation in a 9-yr-old IUGR born girl with short stature (-2.10 SDS) and 
her mother who was also born SGA (-3.30 SDS). It was a heterozygous muta-
tion in position 1886, resulting in an amino acid exchange from valine 599 to 
glutamic acid (V599E). We reported two novel gene alterations of the IGF-1R gene 
in 2 short SGA children [39]. Choi JH et al. 2011 described two children with 
unexplained IUGR and persistent short stature (< -2.0 SD score), and their 
father possessed a novel c.420del (p.A110fs × 20) mutation in exon 2 of the 
IGF-1R gene [40]. Kawashima et al. 2012 [41] reported a higher frequency of 
heterozygous IGF-1R mutations or haploinsufficiency of IGF-1R gene in 
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families with several members with short stature, born with low birth 
weight/length, with normal or increased IGF-I level and normal or increased 
GH response to the GH stimulation test, and/or less response to GH treatment 
than other SGA short-stature patients.  

Several reported heterozygous mutations of the IGF-1R gene lead to 
IUGR and post-natal retardation of growth, moderate mental retardation but 
without hearing loss or microcephaly [33]. A severe clinical expression is found 
in patients with IGF-1 deficiency due to homozygous mutations or deletions of 
the IGF-1R gene. 

3.5 Genes responsible for retardation of growth – Studies performed in 
mice show that IRS-1, PDK1, AKT1, and S6K1 as a group of genes for 
signalling proteins might play an important role in growth retardation and are 
involved in glucose homeostasis and in fat metabolism too. Some of them – 
IGF-IR, PDK1, AKT1 – are oncogenes (41–47). Mutations in the sonic hedge-
hog (SHH) and the transcription factors LHX4, GLI2 and SOX3 have been 
described in patients with postnatal growth failure (reviewed in 22, 23 and 42).  
 
Nevertheless, most patients born SGA have not been etiologically clarified. 
 
 

SGA consequences: 
 

Newborn period 

 SGA newborns have more hypoglycaemic and hypothermic episodes in 
the perinatal period than AGA (apropriate for gestational age) children. They 
also have an increased risk of hypercoagulability, necrotic enterocolitis, direct 
hyperbilirubinaemia, hypotension, chronic lung disease [48].  
 A neonatal death is ~20 times more frequent in SGA than in AGA new-
borns [49]. SGA neonates also have ahigher risk of a lower Apgar score (less than 3 
at 5th min), umbilical artery acidosis and probability of intubation at delivery [50].  
 
 

Infancy 
 

As many as 90–95% of children born SGA have catch-up growth 
during the first 2 years of life [51]. The majority (> 80%) of SGA infants 
achieve catch-up growth during the first 6 months of life [52].  

The catch-up growth in short SGA born children correlates with birth 
length, weight and parental (target) height. The birth length and target height 
are predictive in the first 2 years of life, but later in childhood the influence of 
target height is dominant [53].  
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Childhood 

About 10% of children born SGA do not achieve catch-up growth after 
the second year of life and remain short (≤ -2 SDS) during childhood, adoles-
cence and adulthood [51, 54]. The risk of short final adult height was found to 
be five times higher for children with low birth weight and seven times higher 
for those with low birth length compared with children with normal birth size [54].  

Children born SGA have a greater risk of being psychosocially disad-
vantaged compared with their AGA-born peers. They have less social compe-
tence and more behavioural difficulties and learning deficits due to low scores 
of alertness, mood and stability, deficit in attention and lower levels of attain-
ment [55–57]. 

In addition, puberty starts early and is rapid, while the amplitude of the 
pubertal spurt is small in SGA children. The menarche is advanced by 5–10 
months in girls born SGA. Hypospadias and cryptorchidism are more frequent 
in SGA boys [51].  
 
 

Adulthood 
 

Several studies in adults born SGA show an increased risk of metabolic 
syndrome (obesity, hypertension, disturbed glucose homeostasis, diabetes type 
2), coronary artery disease, stroke, low bone density and osteoporosis [11, 51].  

Some studies have found insulin resistance with hyperinsulinaemia, 
reduced insulin sensitivity and higher beta-cell activity during mid- and late-
adulthood in SGA [58]. Others have not confirmed those results [59].  
 
 

SGA and GH therapy 
 

FDA (Food and Drug Administration, USA, July 2001) approved recombi-
nant human growth hormone (rhGH) for the treatment of SGA children who did 
not have catch-up growth by 2 years of age resulting in a height below -2SDS. Two 
years later the EMEA (European Agency for the Evaluation of Medicinal products) 
approved rhGH for treatment of SGA children. The SGA children aged 2 to 4 
who show no evidence of spontaneous catch-up with a height -2.5 or less SD 
should be eligible for GH treatment. Treatment should be considered in children 
older than 4 years who show no catch-up at a height of -2.0 SD or less [60–62].  
 The decisive factors that determine the growth response to GH treat-
ment are: age of the children at initiation of treatment, GH dose and parental-
adjusted individual height deficit.  
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 Endogenous preferences in the somatotrophic axis (lower overnight 
peak of GH, lower baseline levels of IGF-1 and IGF-BP3) predict response to 
growth hormone in SGA children [63–64]. The responsiveness to GH treatment 
in patients with IGF-1R mutations differs with the type of mutation. SGA 
children with detected partial distal deletions have better growth improvement 
with rhGH therapy than those with point IGF-1R mutations [24]. 

 
 

Conclusions  
 

An adequate assessment of measured body parameters at birth (weight, 
length and head circumference) and gestational age is crucial for determining 
whether a newborn is SGA, AGA or IUGR. A long-term follow up of SGA 
born children is recommended for various reasons: about 10% have not suffi-
cient growth achievement after the 2nd year of life (≤ 2 SD) compared with 
their peers and remain short; endocrine, metabolic and neurodevelopmental 
disturbances are expected during childhood, but are not frequent; an increased 
possibility of metabolic-syndrome-related conditions, coronary artery diseases, 
stroke and osteoporosis are noticed among adults born SGA [62]. SGA born 
children without spontaneous catch-up growth and with short stature (≤ 2.5 SD 
or less) after the 2nd and (≤ 2 SD) after the 4th year of life need GH treatment. 
The growth improvement in SGA born children on GH therapy depends on: age 
at the start of treatment, reference to midparental height and GH dose. SGA 
born children treated with GH are also recommended for long-term follow up. 
 
 

R E F E R E N C E S 
 

1.  Lee PA, Chernausek SD, Hokken-Koleaga AC, et al. Internation Small for 
Gestational Age Advisory Bord consensus development conference statement: manage-
ment of short children born small for gestational age April 24 – October 1, 2001. Pedi-
atrics. 2003; 111: 1253–1261. 

2.  Taipale P, Hiilesmaa V. Predicting delivery date by ultrasound and last 
menstru-al period in early gestation. Obstet Gynecol. 2001; 97: 189–194. 

3.  Morin I, Morin L, Zhang X, et al. Determinants and consequences of discre-
panties in menstrual and ultrasonographic gestational age estimates. BJOG. 2005; 112: 
145–152.  

4.  Karlberg J, Albertsson-Wikland K. Growth in a full term small for gesta-
tional age: from birth to final height. Pediatr Res. 1995; 28: 219–251. 

5.  Alkalay AL, Graham Jr JM, Pomerance JJ. Evaluation of neonates born with 
intrauterine growth retardation: review and practise guiedelines. J Perinatol. 1998; 18: 
142–151.  



54 Jancevska A, et al. 

Contributions, Sec. Biol. Med. Sci., XXXIII/2 (2012), 47–58 

6.  Hediger ML, Overpeck MD, Maurer KR, et al. Growth of infants and young 
children born small or large for gestational age: findings from the Third National Health 
and Nutrition Examination Survey. Arch Pediatr Adolesc Med. 1998; 152: 1225–1231.  

7.  Rapaport R, Tuvemo T. Growth and growth hormone in children born small 
for gestational age. Acta Pediatr. 2005; 94: 1348–1355. 

8.  Albertsson-Wikland K, Karlberg J. Natural growth in children born small 
for gestational age with and without catch-up growth. Acta Paediatr Suppl.1994; 399: 
64–70. 

9.  Hamilton BE, Martin JA, Ventura SJ, et al. Biths: preliminary data for 2004. 
Natl Vital Stat Rep. 2005; 54: 1–17. 

10.  Bryan SM, Hindmarsh PC. Normal and abnormal fetal growth. Horm Res. 
2006; 65: 19–27. 

11.  Saenger P, Czernichow P, Hughes I, et al. Small for gestational age: short 
stature and beyond. J Clin Endocrinol Metab. 2007; 28(2): 219–251. 

12.  Ahluwalia IB, Merritt R, Beck LF, et al. Multiple lifestyle and psycho-
social risks and delivery of small for gestational age infants. Obstet Gynecol. 2001; 97: 
649–656. 

13.  Ravelli ACJ, van der Meulen JHP, Michels RPJ, et al. Glucose tolerance in 
adults after prenatal exposure to famine. Lancet. 1998; 351: 173–7.  

14.  Ozanne SE, Hales CN. The long-term consequences of intrauterine protein 
malnutrition for glucose metabolism. Proc Nutr Soc.1999; 58(3): 615–9. 

15.  Hales CN, Barker DJP. The thrifty phenotype hypothesis. British Medical 
Bulletin. 2001; 60: 5–20. 

16.  Dattani MT. Growth hormone deficiency and combined pituitary hormone 
deficiency: does the genotype matter? Clin Endocrinol (Oxf). 2005; 63(2):121–30. 

17.  Jancevska A, Gucev ZS, Tasic V, et al. Growth hormone deficiency (GHD) 
and small for gestational age (SGA): genetic alterations. Prilozi. 2009; 30(2): 33–55.  

18.  Mullis PE. Genetics of isolated growth hormone deficiency. J Clin Res 
Pediatr Endocrinol. 2010; 2(2): 52–62. 

19.  Mullis PE. Genetics of GHRH, GHRH-receptor, GH and GH-receptor: its 
impact on pharmacogenetics. Best Pract Res Clin Endocrinol Metab. 2011; 25(1): 25–4. 

20.  Walenkamp MJ, Wit JM. Genetic disorders in the growth hormone – 
insulin-like growth factor-I axis. Horm Res. 2006; 66(5): 221–30. 

21.  Walenkamp MJ, Wit JM. Genetic disorders in the GH IGF-I axis in mouse 
and man. Eur J Endocrinol. 2007; 157 (Suppl 1): S15–26. 

22.  Walenkamp MJ, Wit JM. Single gene mutations causing SGA. Best Pract 
Res Clin Endocrinol Metab. 2008; 22(3): 433–46. 

23.  Pfäffle R, Klammt J. Pituitary transcription factors in the aetiology of 
combined pituitary hormone deficiency. Best Pract Res Clin Endocrinol Metab. 2011; 
25(1): 43–60. 

24.  Saenger P, Reiter E. Genetic factors associated with small for gestational 
age birth and the use of human growth hormone in treating the disorder. Int J Pediatr 
Endocrinol. 2012; (1): 12. 



 Children born small for gestational AGE (SGA) 55 

Prilozi, Odd. biol. med. nauki, XXXIII/2 (2012), 47–58 

25.  Abbot A, Buenos R, Pedrini MT, et al. Insulin – like growth factor I 
receptor gene structure. The J Biol Chem. 1991; 267: 10759–10763. 

26.  Randhawa R, Cohen P. The role of the insulin-like growth factor system in 
prenatal growth. Mol Genet Metab. 2005; 86(1–2): 84–90. 

27.  Chernausek SD. Mendelian genetic causes of the short child born small for 
gestational age. J Endocrinol Invest. 2006; 29(1 Suppl): 16–20. 

28.  Forbes BE. Molecular mechanisms underlying insulin-like growth factor 
action: How mutations in the GH: IGF axis lead to short stature. Pediatr Endocrinol 
Rev. 2011; 8(4): 374–81. 

29.  Leal Ade C, Canton AP, Montenegro LR, et al. Mutations in insulin-like 
growth factor receptor 1 gene (IGF-1R) resulting in intrauterine and postnatal growth 
retardation. Arq Bras Endocrinol Metabol. 2011; 55(8): 541–9. 

30.  Klammt J, Pfäffle R, Werner H, Kiess W. IGF signaling defects as causes 
of growth failure and IUGR. Trends Endocrinol Metab. 2008; 19(6): 197–205. 

31.  Kllamt J, Kiess W, Pfäffle R. IGF-1R mutations as cause of SGA. Best 
Pract & Res Clin Endocrinol & Metab. 2011; 25: 191–206. 

32.  Liu JP, Baker J, Perkins AS, Robertson EJ, Efstratiadis A. Mice carrying 
null mutations of the genes encoding insulin-like growthfactor I (IGF-I) and type 1 IGF 
receptor (IGF-1R). Cell. 1993; 75: 59–72.  

33.  Abuzzahab ML, Schneider A, Goddard A, et al. IGF-I receptor mutations 
resulting in intrauterine and postnatal growth retardation. N Engl J Med. 2003; 349: 
2211–2222. 

34.  Kawashima Y, Kanzaki S, Yang F, et al. Mutation at cleavage site of 
insulin-like growth factor receptor in a short-stature child born with intrauterine growth 
retardation. J Clin Endocrinol Metab. 2005; 90: 4679–4687.  

35.  Walenkamp MJ, van der Kamp HJ, Pereira AM, et al. A variable degree of 
intrauterine and postnatal growth retardation in a family with missense mutation in the 
IGF-I receptor. J Clin Endocrinol Metab. 2006; 91: 3062–3070. 

36.  Inagaki K, Tiulpakov A, Rubtsov P, et al. A familial insulin-like growth 
factor-I receptor mutant leads to short stature: clinical and biochemical characterization. 
J Clin Endocrinol Metab. 2007; 92(4): 1542–8. 

37.  Kruis T, Klammt J, Galli-Tsinopoulou A, et al. Heterozygous mutation 
within a kinase-conserved motif of the insulin-like growth factor I receptor causes 
intrauterine and postnatal growth retardation. J Clin Endocrinol Metab. 2010; 95: 1137–
1142. 

38.  Wallborn T, Wüller S, Klammt J, et al. A heterozygous mutation of the 
insulin-like growth factor-I receptor causes retention of the nascent protein in the 
endoplasmic reticulum and results in intrauterine and postnatal growth retardation. J 
Clin Endocrinol Metab. 2010; 95(5): 2316–24.  

39.  Gucev Z, Krstevska-Konstantinova M, Janchevska A, et al. Two novel 
IGF-1R gene alterations in short small for gestational age (SGA) children. Horm Res 
Pediatr. 2011; 76(2), 82. 50th Annual Meeting of European Society of Pediatric 
Endocrinology (ESPE).  



56 Jancevska A, et al. 

Contributions, Sec. Biol. Med. Sci., XXXIII/2 (2012), 47–58 

40.  Choi JH, Kang M, Kim GH, et al. (2011): Clinical and functional characte-
ristics of a novel heterozygous mutation of the IGF-1R gene and IGF-1R haploinsuf-
ficiency due to terminal 15q26.2->qter deletion in patients with intrauterine growth retarda-
tion and postnatal catch-up growth failure. J Clin Endocrinol Metab. 2011; 96(1): E130–4. 

41.  Kawashima Y, Takahashi S, Kanzaki S. Familial short stature with IGF-I 
receptor gene anomaly. Endocr J. 2012; 59(3): 179–85. Epub 2011 Oct 19. 

42.  Bachman KE, Argani P, Samuels Y, et al. The PIK3CA gene is mutated 
with high frequency in human breast cancers. Cancer Biol Ther. 2004; 3: 772–775. 

43.  Campbell IG, Russell SE, Choong DY, et al. Mutation of the PIK3CA gene 
in ovarian and breаst cancer. Cancer Res. 2004; 64: 7678–7681. 

44.  Pirola L, Johnston AM, Van Obberghen E. Modulation of insulin action. 
Diabetologia. 2004; 47: 170–184.  

45.  Granville CA, Memmott RM, Gills JJ, et al. Handicapping the race to 
develop inhibitors of the phosphoinositide 3-0kinase/AkVmammalian target of rapa-
mycin pathway. Clin Cancer Res. 2006; 12: 679–689.  

46.  Wu J, Dauchy RT, Tirrell PC, et al. Light at night activates IGF-1R/PDK1 
signaling and accelerates tumor growth in human breast cancer xenografts. Cancer Res. 
2011; 71(7): 2622–31. 

47.  Mullen RD, Colvin SC, Hunter CS, et al. Roles of the LHX3 and LHX4 
LIM-Homeodomain Factors in Pituitary Development. Mol Cell Endocrinol. 2007; 
265–266, 190–195. 

48.  Bernstein IM, Horbar JD, Badger GJ, et al. Morbidity and morthality 
among very-low-birth-weight neonates with intrauterine growth retadration. The Ver-
mont Oxford Network. Am J Obstet Gynecol. 2000; 182: 198–206. 

49.  Clausson B, Cnattingius S, Axelsson O. Preterm and term births of small 
for gestational age infants: a population-base study of risk factors among nullipa-rous 
women. Br J Obstet Gynecol. 1998; 105: 1011–1017.  

50.  McIntire DD, Bloom SL, Casey BM, Leveno KJ. Birth weight in a relation 
to morbidity and mortality among newborn infants. N Engl J Med. 1999; 340: 1234–1238. 

51.  Barclay L, Desiree L. New guidelines issued for treatment of small for 
gestation age children. J Clin Endocrinol Metab. 2007.  

52.  Karlberg JP, Albertsson-Wikland K, Kwan EY, et al. The timing of early 
postnatal catch-up growth in normal, full term infants born short for gestation age. 
Horm Res. 1997; 48: 17–24.  

53.  Luo ZC, Albertsson-Wikland K, Karlberg J. Length and body mass index 
at birth and target height influences on patterns of postnatal growth in children born 
small for gestational age. Pediatrics. 1998; 102(6): E72. 

54.  Leger J, Levy-Marchal C, Bloch J, et al. Reduced final height and indi-
cations for insuline resistance in 20 year olds born small for gestational age: regional 
cohort study. BMJ. 1997; 315: 341–347. 

55.  O'Keeffe MJ, O'Callaghan M, Williams GM, Najman JM, Bor Wet. 
Learning, cognitive, and attenti-onal problems in adolescents born small for gestational 
age. Pediatrics. 2003; 112(2): 301–7. 



 Children born small for gestational AGE (SGA) 57 

Prilozi, Odd. biol. med. nauki, XXXIII/2 (2012), 47–58 

56.  Noeker M. Neurocognitive and psychosocial development in SGA and the 
indication for growth hormone therapy. Clin Padiatr. 2006; 218(5): 249–59. 

57.  Guellec I, Lapillonne A, Renolleau S, et al. Neurologic outcomes at school 
age in very preterm infants born with severe or mild growth restriction. Pediatrics. 
2011; 127(4): e883–91. 

58.  Hales CN, Desai M, Ozanne SE. The thrifty phenotype hypothesis: how 
does it look after 5 years? Diabet Med. 1997; 14: 189–195. 

59.  Jaquet D, Gaboriau A, Czernichow P, et al. Insulin resistence early in 
adulthood in subjekts born with intrauterine growth retardation. J Clin Endocrinol 
Metab. 2000; 85: 1401–1406.  

60.  AACE, American Association of Clinical Endocrinologists. Medical gui-
delines for clinical practice for growth hormone use in adults and children – 2003. 
Update. Endocr Pract. 2003; 9: 64–76. 

61.  Cook DM, Rose RS. A review of guidelines for use of growth hormone in 
pediatric and transition patients. Pituitary 2012; DOI 10.1007/s11102-011–0372-6. 

62.  Clayton PE, Cianfarani S, Czernichow P, et al. CONSENSUS STATE-
MENT: Management of the Child Born Small for Gestational Age through to Adul-
thood: A Consensus Statement of the International Societies of Pediatric Endocrinology 
and the Growth Hormone Research Society. JClin Endocrinol Metab. 2007; 92(3): 804–810.  

63.  Boguszweski M, Jannson C, Rosberg S, Albertsson-Wikland K. Changes 
in serum insulin-like growth factor and IGF-binding protein-3 levels during growth 
hormone treatment in prepubertal children born small for gestational age. J Clin 
Endocrinol Metab. 1996; 81: 3902–3908.  

64.  de Zegher F, Ong K, van Helvoirt M, et al. High-dose growth hormone 
(GH) treatment in non-GH-deficient children born small for gestational age induces 
responces related to pretreatment GH secretion and associated with reversible decrease 
in insulin sensivity. J Clin Endocrinol Metab. 2002; 87: 148–151. 

 
 

Ре з име 
 

ДЕЦА РОДЕНИ МАЛИ ЗА ГЕСТАЦИСКАТА ВОЗРАСТ (MГВ) 
 

Јанчевска А.1, Тасиќ В.1, Дамчевски Н.2, Даниловски Д.1,  
Јовановска В. 1, Гучев З.1 

 

1Медицински факулtеt, Скоpје, Р. Македонија 
2Болница „Св. Лазар“, Скоpје, Р. Македонија 

 
 

Приближно 5% од сите новородени се родени мали за гестациската 
возраст (MГВ). Широк спектар на причинители се одговорни за нивната родилна 
тежина/должина. За време на неонаталниот период МГВ децата имаат голем 
ризик од животно-загрoзувачки состојби: хипогликемија, хиперкоагулабилност, 
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некротичен ентероколит и др. Околу 10 проценти од MГВ родените деца не го 
постигнуваат растот на дофат по втората година од животот. Тие остануваат 
ниски (-2 СДС) во текот на детството, адолесценцијата и возрасното доба. МГВ 
родените деца постари од 4 години, а кај кои нема постигнато раст на дофат и 
имаат висина ≥ 2.5 СД се земаат во предвид за третман со ХР. Децата родени мали 
за возраста имаат зголемена инциденца на метаболен синдром, болест на срцевите 
артерии, мозочен удар, намалена коскена густина и остеопороза. 
 
Клучни зборови: мали за гестациската возраст, етиологија, последици, третман 
со ХР (хормон за раст).  
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