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Introduction

• The short child born small for gestational age (SGA) usually 
presents to the paediatric endocrinologist  because of 
parental concern about growth and not specifically as 
a follow-up from the neonatal department having been 
identified as small at birth.

• Most short SGA children are strong  and apparently healthy 
and have been discharged into the community after  
neonatal follow-up.

• The pathogenesis is highly heterogeneous and this group of 
patients presents clinical and scientific challenges for optimal 
diagnosis and management.

• This Roadmap aims to guide the paediatric endocrinologist 
through the key components of investigation and therapy, 
focussing on important aspects of diagnostic accuracy,  
and safe and efficacious clinical care.
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Small for Gestational Age (SGA) is defined differently in neonatology 
and endocrinology:

• Neonatology: birth weight <10th percentile

• Endocrinology: Birth weight and/or length less than –2 SDS (standard deviation 
score) for gestational age, based on accurate anthropometry (including weight, 
length and head circumference) and reference data from a relevant population1

–   This is equivalent to 2.5 kg for full-term infants or 2.25 kg for the 
Saudi population (personal communication Prof A. Alherbish)

• Adult height is lower in subjects born with a low birth length compared to  
low birth weight (Figure 1)

Intrauterine growth retardation (or restriction) (IUGR)

IUGR is defined as a pathological process resulting in decelerating foetal growth 
velocity (based on serial ultrasound assessment, including anthropometry, 
umbilical cord flow and amniotic fluid).2,3

Definitions

Figure 1. Percentage of infants born with normal weight and length (quadrant I), 
low weight and normal length (quadrant II), low weight and length (quadrant III) 
and normal weight and low length (quadrant IV) in a Swedish healthy full-term 
singleton birth cohort (n=3650). Low birth length (quadrants III+IV) leads to lower 
adult height SDS (–1.0 and –0.8) than low birth weight (quadrant II: –0.4 SDS).
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Adapted from Karlberg J & Albertsson-Wikland K. Growth in Full-Term Small-for-Gestational-Age Infants: 
From Birth to Final Height. Pediatr Res 1995;38:733–739.4 ©Springer Nature.
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• Population-based  (size for gestational age and sex) vs Customised 
(adjusted for physiological factors, eg maternal height and weight,  
parity and ethnicity)? Prediction of adverse neonatal outcome is similar.3  
Accuracy of gestational age determination (based on Ultrasound in  
early pregnancy) is essential.

• Based on neonatal anthropometry vs foetal ultrasound measurements 
(crown-heel length, biparietal diameter, abdominal circumference,  
femur length)? 

• The clinician can choose between national or regional references based 
on neonatal anthropometry or estimated foetal weight, or two international 
references based on estimated foetal weight.5,6 A Swedish reference for  
birth weight, length and head circumference is used widely.7

Intrauterine growth charts: which reference to use?
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Pathogenesis of SGA
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Table 2. Classification of (epi)genetic disorders of the foetus associated with SGA3

Disturbances in Examples

Imprinting and methylation Silver-Russell syndrome, Temple syndrome, IMAGe syndrome,  
Prader-Willi syndrome, pseudohypoparathyroidism

GH-IGF axis SHORT syndrome, mutations of IGF1, IGF2, IGFALS, PAPPA2, IGF1R*

Paracrine factors Mutations of FGFR3, NPR2, IHH 

Cartilage extracellular matrix Mutations of ACAN 

Intracellular pathways Mutations of SHOX, PTPN11, NF1

Fundamental cellular pathways Multiple dysmorphic syndromes

*Most children with GH deficiency or insensitivity have a birth size within the reference range, but a mean  
below 0 SDS. For example, mean birth weight and length in Laron syndrome are –0.6 and –1.6 SDS3 
Abbreviations: GH, growth hormone; IGF, insulin-like growth factor

(Epi)genetic disorders of the foetus can be classified based on imprinting/
methylation disorders and genetic defects of factors regulating growth plate 
function (Tables 2, 3, 4).8 They are usually born SGA and birth length SDS is 
usually lower than birth weight SDS.3

Birth size is influenced by maternal, placental and paternal factors (Table 1).

Table 1. Maternal, paternal and placental conditions associated with positive (+) 
or negative (–) effects on birth size3

Maternal factors Paternal factors

Birth weight, parity, age (+) Born SGA (–)

Short or long birth intervals (–) Height (+)

Previous stillbirth, preterm, SGA (–)

Assisted reproduction (–) Placental factors

South Asian ancestry (–) Preeclampsia (–)

Education, socio-economic status (+) Other placental abnormalities (–)

Smoking, drugs, alcohol (–)

Height, weight, BMI (+)

Gestational weight gain (+)

Twin pregnancy (–)

Diseases (infections, parasites, anaemia,  
coeliac disease, malnutrition, Vit D deficiency) (–)

Abbreviations: BMI, body mass index
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Pathogenesis of SGA

Table 3. Incidence and birth size in some gene defects in paracrine factors, 
extracellular matrix and intracellular pathways associated with SGA3

Gene Incidence Mean BW SDS Mean BL SDS

FGFR3 (achondroplasia) 1/15,000–40,000 –0.7 –1.0

FGFR3 (hypochondroplasia) 1/15,000–40,000

NPR2 +/– 1–2% of short children –0.8 –2.3

IHH +/– 1.6% of short children –1.4

ACAN +/– 1–2% of short children –0.7 –1.4

SHOX +/– 2–17% of short children –0.4 –1.1

PTPN11 (Noonan) 1/1000–2500 –1.0

NF1 (neurofibromatosis) 1/3000 –1.1 –0.8

Abbreviations: BW, birth weight; BL, birth length; SDS, standard deviation score  

Table 4. Incidence and birth weight SDS in examples of gene defects in 
fundamental cellular processes associated with SGA3

Syndrome, gene (inheritance) Incidence Mean BW SDS

With relative normocephaly or macrocephaly 

Floating-harbor, SCRAP (AD) >52 cases –2.5

Mulibrey, TRIM37 (AR) >110 cases –2.8

3M, CUL7, OBSL1, CCDC8 (AR) ≈200 cases –3.1

Microcephalic primordial dwarfism

Cornelia de Lange, multiple (AD) 1/40,000 –3.4

Meier-Gorlin, multiple (AR) >67 cases –3.8

MOPD I, RNU4ATAC (AR) <1/1,000,000 Extremely low

MOPD II, PCNT (AR) ? –3.9

Seckel, multiple <1/1,000,000 –6

DNA repair defects 

Bloom, RECQL3 (AR) 1/48,000 –4.7

Fanconi, FANCA and others (AR) 1/160,000 –1.8

Nijmegen breakage, LIG4, XRCC4 (AR) <1/100,000, rare –1.8, –3.0, –1.6

Abbreviations: AD, autosomal dominant; AR, autosomal recessive; BW, birth weight; MOPD, microcephalic 
osteodysplastic primordial dwarfism; SDS, standard deviation score  

All inherited in an autosomal dominant fashion
SGA is expected in approximately 30–40% of these genetic conditions
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Phenotypes of SGA patients Phenotypes of SGA patients

Three of the less rare SGA syndromes include Silver-Russell syndrome  
(Figure 2, Table 5), 3M syndrome (Figure 3) and insulin-like growth factor 1 
(IGF-1) receptor defects (Table 6)

Figure 2. Silver-Russell syndrome

Reproduced from Maraud C, et al. Prevalence and management of gastrointestinal manifestations in 
Silver–Russell syndrome. Arch Dis Child 2015;100:353–358.9 ©BMJ Publishing Group Ltd.
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Phenotypes of SGA patients

Features of Silver-Russell syndrome10

• Distinct syndromic growth disorder

• Pre- and postnatal growth failure

• Relative macrocephaly at birth 

• Protruding forehead in early life (Figure 2) 

• Body asymmetry

• No post-natal catch-up growth

• Substantial feeding difficulties. 

• Genetic and epigenetic defects: 11p15 loss of methylation (30–60%), upd(7)
mat (5–10%), upd(20)mat, upd(16)mat, Copy Number Variants, 14q32 
abnormalities, mutations of CDKN1C, IGF2 (pat), HMAG2, PLAG1, etc

Table 5. Clinical score for Silver-Russell syndrome: the Netchine-Harbison 
scoring system

Clinical criteria Definition

SGA (birth weight and/or birth length) ≤–2 SDS for gestational age

Postnatal growth failure Height at 24 ±1 months ≤–2 SDS or height 
≤–2 SDS below mid-parental target height

Relative macrocephaly at birth Head circumference at birth ≥1.5 SDS above 
birth weight and/or length SDS

Protruding forehead* Forehead projecting beyond the facial plane  
on a side view as a toddler (1–3 years)

Body asymmetry
LLD of ≥0.5 cm or arm assymetry or LLD <0.5 cm 
with at least two other assymmetrical body parts 
(one non-face)

Feeding difficulties and/or low BMI
BMI ≤–2 SDS at 24 months or current use  
of a feeding tube or cyproheptadine for  
appetite stimulation

Clinical diagnosis is considered if a patient scores at least four of six from these criteria. If all molecular tests are 
normal and differential diagnoses have been ruled out, patients scoring at least four of six criteria, including both 
prominent forehead and relative macrocephaly should be diagnosed as clinical Silver-Russell syndrome.

*Protruding forehead is equivalent to ‘prominent forehead’.

LLD, leg length discrepency; SDS, SD score; SGA, small for gestational age.

Reproduced from Wakeling E, et al. Diagnosis and management of Silver-Russell syndrome: first international 
consensus statement. Nat Rev Endocrinol 2017; 13:105–124.10 CC-BY 4.0 ©Springer Nature.  
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Phenotypes of SGA patients Phenotypes of SGA patients

Clinical and laboratory features of 3M syndrome11

• Named after Miller, McKusick, Malvaux

• Triangular face, anteverted nares, full fleshy lips (Figure 3)

• Normal intelligence

• Post-natal growth failure with adult short stature

• Slender long bones, tall vertebral bodies

• Autosomal recessive homozygous mutations of OBSL1, CUL7, CCDC8 genes

Clinical and laboratory features of children with an IGF-1 receptor gene defect13

• Usually low birth weight and length (mean –2.1 and –2.7 SDS)

• Usually microcephaly at birth (mean –1.6 SDS) and childhood (–2.5 SDS)

• Post-natal growth failure (mean –3.0 SDS)

• Feeding problems in infancy (77%)

• Usually (relatively) high serum IGF-I (mean +1.2 SDS)

• Mental developmental delay (52%)

• Autosomal dominant heterozygous IGF1R mutation or deletion

• Score for recognition of this defect is now published (Table 6)13

Figure 3. Facial appearance of children with 3M syndrome

Reproduced from Al-Dosari et al. J Pediatr 2012;161:139–145.12 ©Elsevier.
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Phenotypes of SGA patients

Table 6. Clinical score for IGF1R testing

Criterion IGF1R 
defects

Short 
controls

Sensitivity 
(%)

Specificity 
(%)

Positive 
likelihood 

ratio

BW and/or 
BL SDS <–1

20/22 137/247 92 56 1.6

HSDS <–2.5 19/24 111/247 79 55 1.4

Head circ  
SDS <–2

12/19 35/191 63 82 3.5

IGF-I SDS >0 21/24 59/218 88 73 3.2

Score ≥3 19/25 26/196 76 87 5.8

Adapted from Walenkamp MJE, et al. Phenotypic features and response to growth hormone treatment of patients 
with a molecular defect of the IGF-1 receptor. J Cin Endocrinol Metab 2019. doi: 10.1210/jc.2018-02065.13 

©Oxford University Press.

Abbreviations: BW, birth weight; BL, birth length; circ, circumference; HSDS, height standard deviation score; 
SDS, standard deviation score   

Clinical approach to the short child born SGA3

Key factors in the history and examination of the short SGA child

History

• Maternal life-style 
(alcohol, smoking),

• Medical and environmental 
conditions in pregnancy 

• Family history of short stature

• Parental consanguinity

• Fetal growth and evidence of 
placental insufficiency

• Parental birth weights

• Siblings with SGA

• Foetal infections

• Foetal malformations

• Developmental milestones

• Feeding problems

Examination

• Current and previous height 
measurements (height SDS >1.6 
below target height or similar to  
one parent)

• Calculate height velocity or  
Δ height SDS

• BMI SDS

• Body asymmetry, disproportion

• Dysmorphic features 

• Heart murmur 

• Head circumference
–  microcephaly
–  relative macrocephaly

• Cryptorchidism

• Pubertal staging



12

Investigations

Table 7. General screening tests3

Test Rationale 
(disorder to be detected)

All Hb, HCT, red cell indices
Haemoglobinopathy,  
coeliac disease, IBD

IGF-I
GHD, GH insensitivity,  
IGF-I insensitivity

FT4, TSH Hypothyroidism

Anti-TTG IgA, total IgA Coeliac disease

Na, K, creatinine Renal disorders

Ca, P, alkaline phosphatase Metabolic bone disorders

X-ray hand/wrist (bone age 
and anatomic features)

Likelihood primary-secondary-
idiopathic (including CDGP), 
skeletal dysplasias 

<3 yrs Blood gas Renal tubular acidosis

>10 yrs+ decreasing or  
low BMI SDS(<–1)

Leuko differentiation,  
CRP/BSE, faecal calprotectin 

Inflammatory bowel disease

Girls+[HSDS<–2 OR 
HSDS<(THSDS-1.6)] 

Array analysis (preferred to 
karyotype)

Turner syndrome,  
copy number variants,  
uniparental disomy

Abbreviations: BMI, body mass index; CDGP, constitutional delay of growth and puberty; CRP, C-reactive 
protein; GH, growth hormone; GHD, growth hormone deficiency; Hb, haemoglobin; HCT, hematocrit;  
HSDS, height standard deviation score; IBD, inflammatory bowel disease; Ig, immunoglobulin; IGF-1, insulin-like 
growth factor 1; OR, odds ratio; SDS, standard deviation score; TSH, thyroid stimulating hormone ;  
TTG, tissue transglutaminase antibody

Further investigations depend on the specific clinical information, but in  
addition we advise to perform laboratory screening and a bone age as in  
all short children (Table 7)

If a primary growth disorder is suspected, genetic investigations can be 
performed.3 

Based on clinical features one can decide  on either a candidate gene  
approach (eg SRS, PWS, UPD, Noonan, SHOX, NPR2, IHH, ACAN, NF1, 
IGF1, IGF1R), or a hypothesis-free  approach  (array,  exome sequencing- based 
panel, whole exome sequencing).3
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Investigations The GH-IGF-I axis in the short child born SGA1

Joint ESPE, PES, GRS Consensus statement1

• Classic GH Deficiency is rare in short SGA patients
• Mean IGF-I and IGFBP-3 levels may be reduced in SGA children by ~1 SD. 
Clayton PE, Cianfarani S, Czernichow P, Johannsson G, Rapaport R, Rogol A. J Clin Endocrinol Metab 
2007 Mar;92:804–10.1

Figure 4. Serum concentrations of insulin, IGF-I, IGF-II, IGFBP-3, IGFBP-1, and 
GH in the human foetus at term birth.

Adapted from De Zegher F, et al. Clinical review 89: Small as fetus and short as child: from endogenous to 
exogenous growth hormone. J Clin Endocrinol Metab 1997; 82:2021–2026.14 ©Oxford University Press.
Abbreviations: SGA, AGA, LGA, (Small, appropriate, and large for gestational age, respectively) 

Summary of published data
1. 60% of short SGA children showed reduced spontaneous  

GH secretion during a 24 hr sampling period. 
2. IGFBP-3 proteolytic activity was increased in short SGA children 

suggestive of high IGF-1 bioavailability
3. Some short SGA children had high IGF-I levels suggestive of  

IGF-I resistance
4. IGF-I and IGFBP-3 levels were reduced in short SGA children 

compared with healthy controls (Figure 4)
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Definition, pathogenesis and investigation 
of the short child born SGA

Summary

1. For endocrinologists, SGA is defined as birth weight and length  
<−2 SDS for gestational age. 

2. Factors influencing birth size are environmental, maternal,   
placental, paternal and (epi)genetic disorders of the foetus.

3. Clinical assessment is important with emphasis on history  
and examination.

4. General screening tests should be performed as in other  
short children.

5. Most SGA patients do not have major abnormalities of the  
GH-IGF-I axis.

6. Genetic defects are most common in patients with asymmetric SGA 
(birth length SDS <birth weight SDS), particularly when syndromic 
features are present.

7. Assessment of GH secretion is at the discretion of the clinician, but 
should be performed if features are suggestive of GH deficiency. 
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Definition, pathogenesis and investigation 
of the short child born SGA Treatment of the short child born SGA

1. The natural history of linear growth in the SGA child3, 15

• In 724 healthy SGA infants, the majority (85–90%) had catch-up growth to 
a height ≥3rd percentile (P3) during the first 2 years of life. The percentage 
of premature SGA infants with catch-up growth ≥P3 (82.5%) was not 
significantly different from that of full-term SGA infants (87.5%) (Figure 5)15 

• Birth length SDS was more sensitive than birth weight SDS in predicting 
catch-up ≥P3 in premature SGA infants. Birth weight SDS was the best 
predictor for catch-up >P3 in full-term SGA infants. 

• If catch-up growth has not occurred by age 3 years, there was a 5-fold  
risk of adult short stature compared to appropriate for gestational age  
(AGA) newborns16

2. GH therapy in short SGA children3,17,18

• In 2003, short stature related to low birth size (SGA) became an approved 
EMA indication for GH therapy.

• EMA criteria for GH therapy are:

 –  Age at start of treatment ≥4 years

 –   Height at start of treatment 
≤2.5 SDS

 –  Growth velocity <0 SDS

 –   Reference to mid-parental height: 
height SDS >1.0 below  
mid-parental height SDS

 –  GH dose: 35 μg/kg/day 
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Figure 5. Catch-up growth in 724 healthy SGA infants

Reproduced from Hokken-Koelaga AC et al. Children Born Small for Gestational Age: Do they Catch Up? 
Pediatr Res. 1995; 38:267-271.15 ©Springer Nature
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Treatment of the short child born SGA

5. An early start of GH therapy increases adult height SDS (Figure 6)

Figure 6. Prepubertal growth and adult height gain in SGA subjects treated 
with GH 33 μg/kg/day was increased when GH therapy was started >2 years 
before the onset of puberty 

4. Meta-analysis of GH therapy in short SGA patients18

Additional note:
Average serum IGF-I ≈ +2 SD when GH 67 μg/kg/day (not in label) is used3

Summary
1. Four randomised clinical trials (391 children) met the inclusion 

criteria for the meta-analysis study. 
2. Treated SGA patients gained approximately 1.6 SDS (≈10 cm) up 

to adult height in an average of 7 years of therapy: 1.4 cm/yr
3. Mean difference in adult height between treated and untreated 

SGA patients: 1 SDS (6.3 cm)
4. No significant difference in adult height was observed between the 

two GH dose regimens of 34 μg/kg/day and 67 μg/kg/day.
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3. Predictions of growth response to GH in short SGA patients19

Prediction factors were calculated to influence growth response in the following 
ranking order: 1. Dose of GH; 2. Age at GH start  (low age gave better 
prediction); 3. Weight SDS; 4. Mid-parental height SDS

Reproduced from Dahlgren J & Albertsson-Wikland K. Final height in short children born small for gestational 
age treated with growth hormone. Pediatr Res 2005; 57:216–222.20 ©Springer Nature.
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Treatment of the short child born SGA

As shown in Figure 7, there is additional benefit from high dose GH (2 mg/m2/day 
or 66 μg/kg/day) when GH therapy was started late, ie in early puberty.  
In children with pubertal onset at a height of <140 cm, addition of GnRH  

analogue (not in label) to GH appeared to increase adult height.

6. Late GH therapy in severely short SGA subjects: Effects of higher dose and  
addition of GnRH analogue to GH therapy 

Figure 7. Heights at start (green) and stop (blue) of GH treatment. Subjects 
randomized to a regular GH dose (1 mg/m2, equivalent to 33 μg/kg/day, 
circles) and high dose (GH 2 mg/m2, equivalent to 66 μg/kg/day, stars) during 
puberty. In subjects with heights <140 cm GnRH analogue was added to  GH
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Lem AJ et al. Adult height in short children born SGA treated with growth hormone and gonadotropin
releasing hormone analog: results of a randomized, dose-response GH trial. J Clin Endocrinol Metab 2012; 
97:4096-4105.21 ©Oxford University Press. 
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Treatment of the short child born SGA

Table 8. Standard of care for the monitoring during GH treatment of short 
children born SGA1,3 

Start GH Every 3–4 months Yearly Stop GH

Physical examination

Height X X X X

Weight X X X X

Blood pressure X X X

Tanner stage X X X

Laboratory investigations

IGF-I, IGFBP-3 X X X

FT4, TSH X X X

Chol, LDL-chol, HDL-chol, triglycerides X

Fasting glucose, insulin, HbA1c X X

Imaging

X-ray hand/wrist X ?* X

*frequency either at the discretion of the pediatric endocrinologist or as suggested3 (bi-annually before puberty, 
annually in puberty). Adapted from Finken MJJ, et al. Children Born Small for Gestational Age: Differential Diagnosis, 
Molecular Genetic Evaluation, and Implications. Endocr Rev 2018;39:851–894.3 ©Oxford University Press.

Summary

1. GH therapy is approved  for children born SGA who fail to show  
catch-up growth.

2. A dose of 33 μg/kg/day is recommended3.

3. Treatment should be started early, because the duration of GH 
therapy correlates positively with adult height gain.

4. Treatment should be continuous until epiphyseal fusion.

5. In the short SGA child starting GH therapy late, ie in early puberty, a 
dose of 66 μg/kg/day (off-label) is more beneficial than 33 μg/kg/day

6. Combination of GnRH analogue, started in early puberty, and high 
dose GH in children who are short (<140 cm, approx. –2 SDS) at 
onset of puberty can give extra gain in adult height (not in label).

7. GH treatment is generally safe in short children born SGA, except in 
children with a dysmorphic syndrome associated with increased risk 
of malignancies (eg Bloom syndrome, Fanconi syndrome) 
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Metabolic aspects of the short child born SGA

Key features3

• SGA children have lower BMI at 1 and 2 years of age and a high prevalence 
of high triglyceride levels at 1 year of age compared to AGA children.

• In early childhood, term SGA children already have a high prevalence of 
metabolic syndrome components compared to term AGA children.

• Catch-up growth is associated with increased adiposity and decreased 
insulin sensitivity (Figure 8).

Figure 8. Acquisition of body fat and increase in fasting insulin during catch-up 
growth in SGA infants

Adapted from Ibanez L, et al. Early development of adiposity and insulin resistance after catch-up weight gain in 
small-for-gestational-age children. J Clin Endocrinol Metab 2006; 91: 2153–2158.22 ©Oxford University Press.

Pe
rc

en
t b

od
y 

fa
t (

%
) 24 AGA

*
22

26

Age (years)

18

20

16

14
2 3 4

SGA

Fa
sti

ng
 in

su
lin

 (m
U

/L
) 6

*
5

7

Age (years)

3

4

2

1
2 3 4

AGA
SGA



20

Metabolic aspects of the short child born SGA

Table 9. Low serum adiponectin levels associated with reduced insulin sensitivity 
and lipid disturbances  in short prepubertal SGA subjects23

Short 
SGA

Short 
AGA

Short 
SGA

Short 
AGA

Age (yrs) 6.6 6.5 TC mmol/L   4.4* 3.8

Glucose(mmol/L) 4.7 4.6 TG mmol/L   1.0* 0.7

Insulin (mU/L) 8.1* 3.9 HDL-C mmol/L 1.3 1.4

Glucose/insulin 12.6* 24.5 LDL-C mmol/L 2.4 2.0

HOMA-IR 1.6* 0.8 Apo A-I g/L 1.2 1.2

Adiponectin (μg/ml) 12.6* 16.1 Apo B g/L 0.72* 0.61

* Statistically significant different from short AGA
ApoB/ApoA-I 0.65* 0.52

Abbreviations: ApoB, Apolipoprotein B; ApoA-1, Apolipoprotein A-1; AGA, appropriate for gestational age; 
HDL-C, high-density lipoprotein cholesterol; HOMA-IR,  homeostasis model assessment of insulin resistance;  
LDL-C, low-density lipoprotein cholesterol; SGA, small for gestational age; TC, total cholesterol; TG, triglycerides

In prepubertal children low serum adiponectin levels are associated with reduced 
insulin sensitivity and unfavourable lipid profiles in short children born SGA (Table 9).

Table 10.  Effects during and after cessation of GH treatment3

Longitudinal changes during 
GH  therapy

Longitudinal changes during 5 yrs 
after GH cessation

• Proportionate growth, improvement of height, 
normalization adult height

• Fat mass ↓, Lean Body Mass ↑

• Insulin sensitivity ↓

• Blood pressure ↓

• Lipid levels ↓

• T3 ↑, rT3 ↓

• Bone mineral density, total body and spine ↑

• IQ, behaviour, self-perception,  
Health related QoL ↑

• Body fat ↑

• Lean body mass ↓ for 6 months,  
then stable

• GH-induced insulin resistance  
disappears

• Blood pressure ↑ temporarily, then down 
toward normal as at GH cessation

• Carotid intima media thickness  
unchanged

• Lipid levels ↑ but remain normal

Metabolic changes during and after discontinuation of 
GH therapy in the SGA child (Table 10)

GH-induced catch-up growth had no persistent unfavourable effects on metabolic health
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Metabolic aspects of the short child born SGA

Figure 9. SGA patients with catch-up growth and weight gain have the 
least favourable metabolic status (mean age 7.5 yrs)

Adapted from Ibanez L, et al. Abdominal fat partitioning and high-molecular-weight adiponectin in short children 
born small for gestational age. J Clin Endocrinol Metab 2009; 94: 1049–1052.24 ©Oxford University Press. 
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Catch-up growth is associated with increased insulin, IGF-I, subcutaneous fat, visceral 
fat and BMI SDS and decreased adiponectin and insulin sensitivity (Figure 9).
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Conclusions

• The short child born SGA is a relatively common clinical 
entity; however, many patients are lost in the community after 
discharge from neonatal care.

• The pathogenesis is very heterogeneous and systematic 
clinical, biochemical and genetic assessment is required.

• Treatment with GH for short SGA patients is licensed by the 
EMA, but responses to GH therapy are variable.

• If GH therapy is attempted, close monitoring is indicated with 
a critical assessment of the quality of growth response.

• The SGA child has a disposition towards metabolic 
syndrome in adult life, in particular the SGA child with rapid 
spontaneous catch-up growth. 

• Long-term GH therapy does not negatively affect  
metabolic status.

• Long-term follow-up of SGA-born patients after cessation of 
GH treatment is advised, although so far clinical metabolic 
complications have not been demonstrated.
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