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ABSTRACT

Children born small for gestational age (SGA) have been the focus of extensive scientific interest in recent de-
cades. An SGA child is defined as one whose birth weight and/or length is below -2 SDS (2.3rd percentile) for
their gestational age, according to selected reference growth curves. Approximately 80-85% of these children
experience catch-up growth by the end of their second year of life, and around 90% by age four. The birth of
an SGA child may be due to many reasons, and special attention should be paid to the presence of genetic ones.
Early identification, close monitoring, and timely intervention can help modulate both short- and long-term
complications associated with the condition.

This review aims to summarize the current literature regarding the use of recombinant human growth hor-
mone (rhGH) therapy in children born SGA.

Treatment with rhGH, developed in the 20th century, has demonstrated positive effects in SGA children who
fail to achieve postnatal catch-up growth (commonly referred to as short SGA children). Improvements have
been observed not only in final height, but also in metabolic markers and cognitive development. Multiple fac-
tors influencing treatment outcomes have been identified, and awareness of these factors is crucial for opti-
mizing therapeutic results.

Keywords: SGA, treatment, growth hormone

INTRODUCTION Only 5.3% of this group met the criteria for preterm

Children born small for gestational age (SGA)
are defined as those whose birth weight and/or
length is below that expected for their gestational age
and sex (1). In the literature, the cutoffs used are the
3rd, 10th percentile and <-2 SDS (2.3rd percentile)
against various standards (2). Historically, in 1919,
Finnish pediatrician Ylppo was the first to propose
the 2,500 g cutoff for low birth weight, following a
study of 2,168 infants born between 1909 and 1918.
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birth (3). By the mid-20th century, gestational age
was introduced alongside birth weight as an essential
parameter, as multiple studies demonstrated its cor-
relation with neonatal morbidity and mortality (3).
The 10th percentile cutoff gained wide acceptance in
the 1960s, based on studies showing increased mor-
tality in infants below this threshold (1). Around this
time, the widely used Lubchenco charts were devel-
oped, based on the Colorado study (4). In 1995, the
World Health Organization (WHO) also adopted the
10th percentile as a reference in its recommendations
on anthropometric assessment (2). In the consensus
statements for diagnosis, monitoring, and treatment
of SGA children published in 2007 (5) and revised in
2023 (6), a cutoff of < -2 SDS (2.3rd percentile) was
established, based on population reference charts (2).
This definition encompasses the majority of chil-
dren who require postnatal growth monitoring (1).
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The lack of a generally accepted definition, however,
results in inconsistent outcomes across clinical and
research settings (1), affecting estimations of preva-
lence (2), conclusions regarding health risks, follow-
up strategies and treatment decisions (1).

Small for gestational age infants can be subclas-
sified as SGA for length, SGA for weight, or SGA for
both weight and length (5,7). Accurate determina-
tion of gestational age, birth weight, and birth length
is critical for appropriate classification (8). This sub-
classification is important and helpful in the search
for the causes of SGA birth (8).

The Fenton growth charts, developed in 2003
(9) and revised in 2013 (10), are currently the most
frequently used tools for assessing growth status in
preterm and term SGA infants using the 10th per-
centile cutoff (11). These charts include data from 22
weeks’ gestation to 10 weeks post-term, derived from
a sample of 4 million preterm infants (2).

According to the most recent 2023 guidelines
by Hokken-Koelega et al., approximately 90% of
SGA children exhibit catch-up growth by the age
of 4 years. Only about 10% fail to achieve sufficient
growth (6). This subset of short SGA children qual-
ities for thGH treatment and has been the focus of
clinical and research interest among pediatric endo-
crinologists in recent decades.

AIM

The aim of this review is to summarize the cur-
rent literature on rhGH therapy in children born
SGA.

Prevalence of SGA Births

Globally, infants born SGA account for approx-
imately 16% of all births (12). There is considerable
variability in this proportion across regions of the
world, with an estimated 7% in industrialized coun-
tries, about 3% in Northern Europe, 41.5% in South
Asia (13), and 40.8% in the Southern African region
(11). This variation may partly reflect differences in
definitions used but also involves genuine epidemio-
logical disparities. With the increasing use of in vitro
fertilization, Jiang et al. have reported a rise in the in-
cidence of SGA births from 5.7% to 7.1% (14). In Bul-
garia, according to a 1999 study by Iotova, the prev-
alence of term SGA births from singleton pregnan-
cies was 5.19%, using the < -2 SDS criterion based on

a national population sample (15). A study conduct-
ed by Krumova et al. at a maternity hospital in Var-
na found SGA prevalence rates of 12.9% in 2019 and
14% in 2020, according to the Fenton criteria (11,16).

Factors Leading to SGA Births

The occurrence of an SGA birth is influenced
by a variety of maternal, fetal, placental, and envi-
ronmental factors (17). Maternal factors include par-
ity, socioeconomic status, chronic and acute illness-
es during pregnancy, harmful habits such as alcohol
and drug use, and a low BMI (< 18.5 kg/m?) (17). Pla-
cental dysfunctions, which impair nutrient and oxy-
gen delivery, are also crucial contributors (8). Among
fetal factors, particular attention should be paid to
genetic anomalies—nearly 90% of children with Sil-
ver-Russell syndrome are born SGA. Other syn-
dromes associated with SGA births include Temple
syndrome, Prader-Willi syndrome, etc. (17). Envi-
ronmental factors such as exposure to toxins, high
altitude (18), noise, and electromagnetic fields (17)
have also been implicated. In nearly 40% of cases, no
definitive cause for SGA birth can be identified (19).

The SGA group is highly heterogeneous in clin-
ical presentation. When diagnosing an SGA condi-
tion, it is essential to rule out other potential causes
of growth restriction, such as hypothyroidism, ce-
liac disease, malnutrition, chronic kidney disease,
and maternal chronic inflammation (19). Maternal
smoking, alcohol, and drug use during pregnancy
are also relevant.

Complications Related to SGA Births

Children born SGA are prone to complications
both in the neonatal period and later in life. Early
complications include higher mortality, neonatal hy-
poglycemia, impaired thermoregulation, and an in-
creased risk of thrombosis (17). Long-term issues in-
clude delayed cognitive development, increased risk
of type 2 diabetes, hyperlipidemia, metabolic syn-
drome, obesity (13), chronic kidney disease, low
bone mineral density (20), and behavioral problems
(1). Children born SGA, particularly those with in-
sufficient catch-up growth, exhibit increased risk of
impaired neurodevelopment, including lower cog-
nitive performance (17), academic difficulties, and
higher prevalence of emotional and behavioral dis-
orders such as attention deficit hyperactivity disor-
der (5). Cardiovascular risks are also elevated; SGA
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children and adults tend to have higher systolic and
diastolic blood pressure, as well as increased viscer-
al to subcutaneous fat ratio (21), which is associat-
ed with an unfavorable lipid profile and decreased
adiponectin levels, contributing to elevated cardio-
metabolic risk (17). Increased carotid intima-me-
dia thickness (cIMT) further indicates early athero-
sclerotic changes (17). Small for gestational age chil-
dren are predisposed to relatively early and rapidly
progressing puberty, early adrenarche, and acceler-
ated bone maturation (21). The psychosocial impact
of short stature should not be underestimated, both
in childhood and adulthood (22). It may be associ-
ated with physical limitations, social challenges, and
reduced health-related quality of life, potentially af-
fecting long-term career opportunities and overall
psychosocial well-being (17). In a follow-up of 3,650
healthy newborns, including 198 born SGA, 13.4% of
the SGA group remained <-2 SDS in height by age
one. Half of these children eventually achieved nor-
mal stature, while 7.9% remained short into adult-
hood (22). In 2021, Rapaport et al. proposed the term
short SGA children to refer to those who fail to expe-
rience catch-up growth (23).

Clinical Care for SGA Children

Medical care for this patient population re-
quires a specific approach and long-term surveil-
lance. According to the 2023 consensus guidelines,
care for SGA children during the first two years of
life should focus on optimal and balanced nutrition
to promote catch-up growth, prevent hypoglycemia,
and avoid excessive weight gain. Neuropsychological
development should be monitored during this pe-
riod, and underlying causes, including genetic syn-
dromes, should be ruled out (6). Prolonged exclusive
breastfeeding for 24 weeks or longer may mitigate
certain aspects of cognitive impairment (19). Growth
parameters—weight, length, head circumference,
and BMI—should be evaluated every 3 months dur-
ing the first year and every 6 months thereafter un-
til the child reaches their genetically determined
growth potential (6). Early postnatal weight gain in
SGA children critically influences later body compo-
sition and metabolic health. Rapid weight gain dur-
ing infancy is associated with increased abdominal
fat, altered fat distribution, and higher cardiomet-
abolic risk, highlighting the need for careful moni-

toring and management of early growth trajectories
17).

Growth Hormone Treatment

As early as 1886, the French neurologist Pierre
Marie suggested the existence of a growth-promot-
ing substance secreted by the pituitary gland (24).
In 1921, Evans and Long conducted experiments
administering bovine pituitary extracts to rats, ob-
serving their growth-promoting effects (24,25). In
1956, human growth hormone (GH) was first isolat-
ed from the human pituitary gland and its biochem-
ical structure was elucidated about two decades lat-
er (25). Attempts to treat extreme short stature us-
ing animal-derived GH began in the 1930s, though
they were largely unsuccessful. Subsequent studies
demonstrated the species-specificity of GH due to its
amino acid sequence (24). Growth hormone treat-
ment became clinically available in the mid-20th
century, initially relying on extraction from the pitu-
itaries of human cadavers (24). However, this method
raised safety concerns after cases of Creutzfeldt-Ja-
kob disease were observed in treated patients (24). In
1958, Raben published the first study demonstrating
the growth-promoting effects of GH therapy (26).
The GH gene was cloned in 1979, enabling the devel-
opment of a recombinant human GH (thGH) formu-
lation (24). By 1981, this was achieved through a spe-
cific biosynthetic process (25), allowing treatment to
extend beyond children with GH deficiency to other
indications as well (17).

In 2001, the U.S. Food and Drug Administra-
tion (FDA) approved rhGH treatment for SGA chil-
dren without catch-up growth. The European Med-
icines Agency (EMA) followed in 2003 (27), and
the Pharmaceutical and Medical Devices Agency
(PMDA) in Japan approved the indication in 2008
(28). Treatment may be initiated at age 2 in the U.S,,
age 4 in Europe (17), and age 3 in Japan (28).

Growth Hormone Treatment in SGA Patients

The primary objective of thGH therapy in short
SGA children is to stimulate catch-up growth and ul-
timately achieve a final height within the target range
determined by parental height (8). Catch-up growth
is defined as an accelerated height velocity that ex-
ceeds the normal statistical range for age and/or mat-
urational stage, occurring after a temporary period
of growth restriction (13). Before initiating treat-
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ment, spontaneous catch-up growth should be await-
ed, typically until the age of 2-3 years (8). Further-
more, comprehensive genetic evaluation is crucial to
exclude underlying genetic disorders, as GH thera-
py is contraindicated in conditions associated with
a high predisposition to cancer, including chromo-
somal breakage syndromes and DNA repair defects
(6). The main criteria for initiating rhGH therapy in
SGA children without catch-up growth include: per-
sistent height < -2 SDS after age 4, growth velocity
below 0 SDS, and a height SDS at least 1 point below
mid-parental target height (6).

By age 4, approximately 85-90% of SGA chil-
dren catch up in growth (6). Some authors suggest
that failure to catch up within the first six months
is a predictive sign of continued growth failure (29).
In preterm children, catch-up growth may occur be-
tween ages 2 and 4 (6). The remaining 10% who fail
to catch up generally attain final heights below their
target range (22). One hypothesis attributes this lack
of catch-up growth to dysfunction in the GH-IGF-
1 axis, including mutations in genes encoding pro-
teins within this axis and epigenetic changes such
as DNA methylation during fetal development (19).
A multicenter study investigating very low birth
weight (VLBW) infants born SGA identified several
key predictors for the absence of catch-up growth by
three years of age. Independent risk factors included
multiparity, length Z score at 12 months of corrected
age, length AZ score at 12 months, and height Z score
at 24 months. Subgroup analyses revealed that ges-
tational age (<32 weeks vs. >32 weeks) did not sub-
stantially modify these associations, although overall
catch-up rates were slightly reduced in the more pre-
mature cohort (30).

A study by Bouferoua et al. involving 446 SGA
children in Algeria identified several independent
predictors of catch-up growth within the first two
years, including maternal height, history of prior
SGA birth, birth length and duration of breastfeed-
ing (29).

Dosage of GH Treatment

There are notable regional differences in treat-
ment practices around the world. In Europe and Ja-
pan, a fixed dose of 0.033 mg/kg/day is recommend-
ed, while in the United States, the recommended
dosage ranges between 0.033 and 0.067 mg/kg/day.

Personalized dosing strategies are also employed,
where the dose is adjusted based on clinical predic-
tors of growth response or by titrating serum IGF-1
concentrations (17). A study by Ranke et al., analyz-
ing KIGS data collected between 1987 and 2012 from
the U.S., Japan and Europe, reported that the aver-
age age at initiation of rhGH therapy in SGA chil-
dren was between 6 and 7 years (27). Similar findings
were presented by Shepherd et al., with a mean age
of 6.2 years at the start of treatment (31). In cases of
suboptimal response, it is recommended to increase
the dose to values that improve growth and maintain
serum IGF-1 concentration <- 2 SDS (6). A poor re-
sponse to therapy is defined as a height SDS increase
of <0.5, while a good response is indicated by an in-
crease of >0.5 SDS (32).

In Bulgaria, rhGH treatment was introduced in
1980, and by 2011 it was applied only in one clinic
for children with growth hormone deficiency, Turn-
er syndrome, Prader-Willi, and chronic kidney dis-
ease. In the following years, the indications and its
application among the clinics in the country gradu-
ally expanded. For SGA children, the initial dosing
typically ranges between 0.030 and 0.045 mg/kg/day,
with an average of 0.036+0.001 mg/kg/day. Patients
are monitored individually, and doses are adjusted
every six months based on growth velocity, serum
IGF-1 levels, hormonal profile, and the presence of
adverse reactions (41). In Bulgaria, rhGH treatment
for SGA children who fail to catch up in growth is
not yet reimbursed. Funding is provided through a
charity (20).

Effects of GH Treatment

Multiple studies have confirmed that rhGH
therapy improves both growth velocity and final
height, with a mean increase in height of 1.25 SDS
(18). The treatment does not appear to affect the tim-
ing or progression of puberty, even across groups re-
ceiving different doses (17). Due to its anabolic ef-
fects on muscle tissue and lipolytic effects on fat,
long-term rhGH treatment increases lean body mass
percentage (6). Favorable changes in cholesterol lev-
els have also been reported, with lower values ob-
served in treated compared to untreated children.
Several studies have demonstrated improvements in
cognitive function as well (6,17).
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Studies confirm that rhGH therapy significant-
ly improves growth outcomes in SGA children. In
one study of prepubertal SGA children treated with
0.03-0.05 mg/kg/day for three years, the mean height
SDS increased by 1.46, and 84.6% of the children
achieved a height SDS > -2. Dahlgren et al. showed
that earlier and longer treatment prior to puberty re-
sulted in better final height outcomes - an increase
of 1.7 SDS compared to 0.9 SDS. In a study by Carel
et al. involving pubertal SGA children, approximate-
ly 47% of those receiving treatment for around 2.5
years reached their target height, compared to only
27% in the untreated control group. A meta-analysis
of 391 SGA children supported these results, show-
ing a mean height gain of 1.5 SDS in treated children
versus only 0.25 SDS in untreated peers (33).

Children who experience catch-up growth typ-
ically reach an average adult height of 0.7 SD, while
those who do not reach -1.7 SD. Birth length is con-
sidered a more sensitive predictor than birth weight
for future catch-up growth, particularly in preterm
infants. thGH therapy increases final height by 1.1
to 2 SD (34).

Rapaport et al. studied 139 SGA children treat-
ed with rhGH at a dose of 0.48 mg/kg/week. Dur-
ing the first 12 months, a positive growth response
was observed, with height SDS increases at 3 and 6
months correlating with outcomes at the end of the
tirst year (25). Treatment with rhGH also improves
body composition in both underweight and nor-
mal-weight children. Although markers of insulin
resistance (HOMA, HbAIc) slightly increase dur-
ing treatment, they remain within safe clinical lim-
its (25).

Growth hormone and insulin-like growth fac-
tor 1 (IGF-1) are critical not only for linear growth
and skeletal maturation but also for the regulation of
bone mineral density (BMD) (35). In SGA children,
rhGH therapy improves both final height and bone
density. Studies have shown increases in total body
BMD (BMDTB) from -0.9 to 0.2 SDS and in lum-
bar spine bone mineral apparent density (BMADLS)
from -0.6 to 0.3 SDS over a 3-year treatment peri-
od (35). After discontinuation of rhGH therapy, both
boys and girls maintain significantly higher BMDTB
and BMADLS values compared to baseline, although
still below average (around -0.4 to -0.5 SDS). In boys,

BMDTB increases for up to 6 months post-treatment
and then declines; BMADLS begins to decrease af-
ter 18 months. In girls, BMDTB remains stable after
therapy, while BMADLS decreases between the sec-
ond and fifth year. Smeets et al. found reduced BM-
DTB in 5.2% of patients after stopping rhGH thera-
py. No significant differences in BMADLS were ob-
served compared to reference populations either at
therapy cessation or five years later. Serum IGF-1 lev-
els dropped significantly by approximately 1.66 SDS.
Although no significant correlation was found be-
tween IGF-1 and BMDTB, a near-significant asso-
ciation was observed between IGF-1 decline and re-
duced BMADLS, suggesting IGF-1 may have a more
pronounced effect on lumbar spine density than on
overall bone density (35).

There is a close relationship between muscle
mass and bone strength, emphasizing the impor-
tance of bone geometry, not just density, in deter-
mining bone strength. Small for gestational age chil-
dren typically have significantly lower values for to-
tal bone area, cortical area and thickness, bone min-
eral content (BMC) and muscle area compared to
reference populations (36). During the first year of
rhGH therapy, both bone and muscle areas increase,
although the strength-strain index (SSI) remains
stable. Greater improvement in bone structure, par-
ticularly in cortical area, is observed during the sec-
ond year of treatment. Monitoring these bone struc-
tural parameters provides valuable additional infor-
mation alongside growth data and helps assess the
efficacy of rhGH therapy (36).

Five years after discontinuing rhGH treatment,
lean body mass (LBM) decreased by 0.39 SDS, while
fat mass percentage (FM%) increased by 0.56 SDS.
Despite these changes, no significant correlation was
found between alterations in body composition and
reductions in bone mineral density (35).

A study investigating serum FT4 and TSH lev-
els in SGA children before and during two years of
rhGH therapy found a significant decrease in FT4
values within the first six months of treatment, al-
though they remained within the normal range.
No compensatory increase in TSH was observed.
Changes in height SDS over 24 months did not cor-
relate with changes in SDS_ , or SDS .. These find-
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ings suggest that reduced FT4 levels do not affect the
overall outcome of rhGH treatment (37).

Another study examined the long-term psycho-
social effects such as cognitive function, health-relat-
ed quality of life, self-esteem and behavioral issues
of rhGH-treated SGA children, with or without addi-
tional gonadotropin-releasing hormone agonist (Gn-
RHa) therapy. Cognitive performance scores were
significantly lower compared to the reference popu-
lation but remained within normal limits. No associ-
ation was found between final height and quality of
life, self-esteem, or behavioral issues (38).

A long-term study of 110 SGA children (67
treated with rhGH and GnRHa, 43 with rhGH alone)
assessed insulin sensitivity and p-cell function. Fast-
ing glucose and insulin levels, as well as HOMA-IR,
were similar between groups. A subgroup analysis
confirmed no significant differences in these mark-
ers when comparing different thGH doses (39).

An MRI-based study examining cerebrovascu-
lar anomalies (aneurysms, microbleeds, past intra-
cranial hemorrhages) found no significant differenc-
es between treated and untreated SGA children and
age-matched controls born appropriate for gestation-
al age (AGA) (40).

Monitoring of GH Treatment

Throughout the treatment period, patients re-
ceiving thGH require close clinical monitoring. In
Bulgaria, during the first year of therapy, follow-up
visits are scheduled every three months and every six
months thereafter (41). At each visit, anthropometric
measurements are taken, pubertal development and
the presence of dysmorphic features are assessed,
and injection sites are inspected. Detailed question-
ing is conducted regarding any adverse drug reac-
tions (32). Laboratory investigations include serum
IGF-1, IGFBP3, IGF-1/IGFBP3 ratio (20), TSH, FT4,
HbAIc, blood glucose, liver enzymes (41), lipid pro-
file (17), among others. Due to the metabolic effects
of rhGH, waist circumference, blood pressure, and
BMI are also monitored (17). Annual assessments in-
clude radiographic bone age determination and fun-
dus examination by an ophthalmologist (41). For pa-
tients presenting with dysmorphic features, genetic
analysis is recommended (20).

The long-term effects of rhGH therapy and
post-treatment surveillance of SGA patients remain

a topic of discussion. Low birth weight itself is asso-
ciated with increased cardiovascular and metabolic
risk (21). Several hypotheses attempt to explain the
underlying mechanisms. One is Barker’s hypothesis,
which attributes SGA birth to a mismatch between
prenatal and postnatal environments, leading to
long-term physiological adaptation (21). Additional-
ly, long-term rhGH therapy has been shown to reduce
insulin sensitivity (17). A five-year follow-up study of
patients after thGH discontinuation revealed the fol-
lowing outcomes: an increase in fat mass percentage
within the first 6 months and partial reversibility of
reduced insulin sensitivity. These findings suggest a
loss of pharmacological effect after cessation of ther-
apy (21). Lean body mass declines within the first 6
months after stopping treatment and remains lower
in all SGA children, regardless of whether they re-
ceived thGH or experienced spontaneous catch-up
growth. Another study reported elevated total cho-
lesterol and triglyceride levels after therapy discon-
tinuation, however, treated SGA children had low-
er triglycerides than untreated peers (21). No signif-
icant changes in blood pressure or pancreatic p-cell
function were observed post-treatment (42).

Current data suggest that long-term rhGH ther-
apy does not negatively impact metabolic or cardio-
vascular health in adulthood. Nevertheless, the loss
of pharmacologic effects after treatment may result
in increased fat mass and decreased lean body mass
(21). After discontinuation, maintaining a healthy
diet and regular physical activity is essential to pre-
vent excessive weight gain. Patients with risk factors
for metabolic syndrome and/or cardiovascular dis-
ease such as a family history of type 2 diabetes or ear-
ly-onset cardiovascular events should remain under
long-term clinical surveillance (6,43).

Optimizing rhGH therapy during the first year
of treatment is crucial for achieving favorable out-
comes (44). The efficacy of rhGH therapy in the first
year is best evaluated through growth velocity (cm/
year) and the change in height SDS (32). A poor re-
sponse is defined as an increase in height SDS of <0.5
after the first year of treatment initiation, whereas a
good response is indicated by an increase above this
threshold (45). Numerous studies have identified
various factors that influence treatment efficacy (17).
Among these, dosage during the first year is of pri-
mary importance, with higher doses being associated
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with greater improvements in growth velocity (22).
The age at initiation of rhGH therapy is also a criti-
cal determinant—earlier initiation leads to better fi-
nal outcomes (46), especially when started before the
onset of puberty (47). These findings underscore the
importance of early diagnosis of SGA children (22)
and comprehensive evaluation for potential under-
lying conditions. The treatment response in the sec-
ond year can be predicted based on the growth ve-
locity observed in the first year (48). Long-term pa-
tient follow-up has demonstrated that the response to
rhGH therapy is highly individual, necessitating the
development of validated predictive models to en-
hance treatment outcomes (32). Multiple studies have
also confirmed the safety of long-term rhGH thera-
py in SGA children. No correlation has been found
between rhGH dosage and the incidence or severity
of adverse effects. However, an increased risk of de-
veloping metabolic syndrome remains in this patient
population, which underscores the need for regular
monitoring of blood glucose levels and body weight
(22).

CONCLUSION

The need for early identification and target-
ed management of children born SGA underscores
the importance of clinical awareness of this condi-
tion. Attention to the needs of this population should
not be limited to pediatric specialists alone but must
also involve clinicians managing long-term com-
plications, including cardiologists and endocrinol-
ogists. The management of SGA children is direct-
ed toward ensuring optimal quality of life and facil-
itating the full expression of their genetically deter-
mined growth potential.
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