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Abstract

Background: Growth hormone (GH) therapy is widely used to enhance growth outcomes in children with growth
disorders, including those born small for gestational age (SGA), preterm infants, and individuals with Russell-Silver
Syndrome (RSS). While GH therapy demonstrates consistent efficacy in improving height and metabolic parameters,
variability in response and concerns about long-term safety require careful evaluation.

Objective: This review aims to assess the effects of GH therapy on growth outcomes, metabolic health, and safety
profiles in children born SGA, preterm, and those diagnosed with RSS, and to provide updated clinical recommendations
for optimizing treatment strategies.

Methods: A systematic review of 95 clinical studies published between 2000 and 2025 was conducted, analyzing
outcomes in over 6,500 pediatric patients receiving GH therapy. Data were synthesized from randomized controlled
trials, cohort studies, and observational research, focusing on changes in height standard deviation scores (SDS), growth
velocity, IGF-1 levels, and metabolic safety outcomes.

Results: In SGA children, GH therapy resulted in a mean height SDS improvement of +2.2 and a 36% increase in growth
velocity, with the most favorable outcomes when treatment was initiated before 4 years of age. Mild insulin resistance
and glucose intolerance were noted in a subset of patients. Preterm infants demonstrated an average height SDS gain of
+1.9 and a 32% increase in growth velocity, particularly when GH therapy was combined with optimal nutritional
strategies. Transient insulin resistance was occasionally observed but without significant long-term consequences. In
RSS patients, GH therapy improved height SDS by +1.8 and growth velocity by 27%, although responses varied
depending on the underlying genetic etiology. Metabolic benefits included improvements in IGF-1 levels and body
composition, with minimal adverse effects. Weekly GH regimens were found to be comparable to daily injections in
efficacy and safety across all populations.

Conclusion: GH therapy significantly improves growth outcomes and metabolic profiles in children born SGA, preterm,
and with RSS. Early initiation and individualized treatment approaches optimize height gains while minimizing
metabolic risks. Although generally safe, GH therapy requires regular monitoring of glucose metabolism and metabolic
parameters, particularly in SGA and preterm populations. Personalized protocols based on genetic and nutritional
factors, along with long-term follow-up, are essential to maximizing the therapeutic benefits while ensuring safety.
Future research should further explore genetic predictors of GH response and the long-term metabolic and
cardiovascular outcomes of GH-treated children.
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1. Introduction

1.1. Small-for-Gestational-Age (SGA) Infants

Children born small for gestational age (SGA) are defined as having a birth weight or length below the 10th percentile
for their gestational age. While some SGA infants experience spontaneous catch-up growth, approximately 10-15% fail
to achieve normal height, leading to persistent short stature [1]. The underlying causes of growth failure in SGA children
are multifactorial, involving placental insufficiency, fetal malnutrition, and genetic factors [2]. These children are at an
increased risk of metabolic syndrome, insulin resistance, cardiovascular disease, and osteoporosis in adulthood due to
fetal programming effects that persist postnatally [3,4].

GH therapy has been shown to effectively improve growth velocity and final height in SGA children, particularly when
initiated early (before 4 years of age). Studies indicate that GH therapy can increase height SDS by 1.5-2.5 in childhood
and lead to improved adult height outcomes [5]. However, concerns persist regarding the long-term metabolic effects
of GH therapy, including insulin resistance, glucose intolerance, and potential cardiovascular risks [6].

1.2. Preterm Infants and Growth Challenges

Preterm birth, defined as delivery before 37 weeks of gestation, affects approximately 10% of live births worldwide [7].
Extremely preterm infants (<32 weeks gestation) are particularly vulnerable to postnatal growth failure, often due to
suboptimal nutrition, medical complications, and hormonal imbalances [8]. Growth restriction in preterm infants is
associated with reduced lean body mass, decreased bone mineral density, and increased cardiometabolic risk later in
life [9].

GH therapy has been explored as a potential intervention to enhance growth outcomes and metabolic health in preterm
infants who fail to show adequate catch-up growth. Studies suggest that GH therapy can improve growth velocity by
30-40%, increase IGF-1 levels, and enhance nutrient utilization and energy metabolism [10,11]. However, preterm
infants have a higher predisposition to metabolic disturbances, and some studies have reported transient insulin
resistance and altered glucose metabolism as potential side effects of GH therapy in this population [12].

1.3. Russell-Silver Syndrome (RSS) and Growth Failure

Russell-Silver Syndrome (RSS) is a rare genetic disorder characterized by severe intrauterine growth retardation,
postnatal growth failure, body asymmetry, and feeding difficulties [13]. The condition is most associated with epigenetic
abnormalities affecting the 11p15 imprinting region, leading to dysregulation of growth-related genes [14]. RSS patients
often exhibit distinctive facial features, limb asymmetry, and a high incidence of early feeding difficulties, which further
exacerbate their growth deficits [15].

GH therapy has become the standard of care for children with RSS, significantly improving height SDS (+1.5 to +3.0) and
growth velocity (5-10 cm/year) when started at an early age [16]. However, the response to GH therapy in RSS is often
variable, depending on the underlying genetic mutation, age at initiation, and nutritional status [17]. Additionally, RSS
patients may be more susceptible to hypoglycemia and insulin resistance, requiring careful GH dosing and metabolic
monitoring [18].

1.4. Differences in GH Therapy Response Among These Populations

The response to GH therapy varies significantly among SGA, preterm, and RSS children due to differences in underlying
pathology, genetic determinants, and metabolic profiles. SGA children generally show robust height improvements,
particularly when treatment is initiated early. In contrast, preterm infants may require additional nutritional
interventions to optimize growth responses. RSS patients tend to have a slower initial response but can achieve
comparable adult height outcomes with long-term therapy [19].

1.5. Long-Term Benefits vs. Risks of GH Therapy

While GH therapy is effective in promoting linear growth, increasing lean body mass, and enhancing metabolic health,
concerns about long-term metabolic risks persist. Studies have suggested that SGA and preterm infants treated with GH
therapy may exhibit alterations in insulin sensitivity, raising concerns about a potential increased risk of type 2 diabetes
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in adulthood [20]. However, these risks appear to be dose-dependent and may be mitigated through careful monitoring
and individualized treatment protocols [21]. In RSS patients, GH therapy is generally well-tolerated, though some
experience a delayed pubertal growth spurt or mild metabolic alterations [22].

1.6. The Need for a Comprehensive Review

Despite the widespread use of GH therapy in these populations, significant gaps remain in our understanding of its long-
term efficacy and safety. Given the variability in treatment response and potential metabolic risks, an updated
comprehensive review is essential to guide clinical decision-making. This review synthesizes current evidence on GH
therapy in SGA, preterm, and RSS children, emphasizing growth outcomes, metabolic changes, and safety
considerations. By integrating findings from clinical trials and observational studies, we aim to provide updated
recommendations on optimal treatment strategies, patient selection criteria, and long-term safety monitoring.

Objectives

o To evaluate the effectiveness of growth hormone (GH) therapy in improving growth outcomes (height SDS,
growth velocity) in children born small for gestational age (SGA), preterm, and those with Russell-Silver
Syndrome (RSS).

o To assess the metabolic effects of GH therapy, including changes in IGF-1 levels, insulin sensitivity, and body
composition.

o Todetermine the long-term safety profile of GH therapy, with a focus on potential adverse effects such as insulin
resistance, glucose metabolism alterations, and cardiovascular risks.

e To analyze the variability in response to GH therapy across these different populations and explore the genetic,
nutritional, and environmental factors influencing treatment efficacy.

e Toprovide updated clinical recommendations for optimizing GH therapy use in SGA, preterm, and RSS patients,
including patient selection criteria and long-term monitoring strategies.

2. Methods

2.1. Study Selection

A systematic review of clinical studies published between 2000-2025 was conducted using PubMed, Scopus, and clinical
trial databases. The review included randomized controlled trials, cohort studies, and case reports evaluating growth
hormone (GH) therapy in children born small for gestational age (SGA), preterm, or with Russell-Silver Syndrome (RSS).
Studies were selected based on their relevance to growth outcomes, metabolic markers, and safety considerations.

2.2. Inclusion Criteria

Studies were included if they met the following criteria

Population: Children diagnosed with SGA, preterm birth (<37 weeks gestation), or genetically confirmed RSS.
Intervention: GH therapy, including daily or long-acting GH regimens.

Outcome Measures: Reported growth velocity, height SDS changes, metabolic markers (IGF-1 levels, insulin
sensitivity), and safety outcomes.

Follow-up Duration: Studies with at least six months of GH therapy follow-up.

e Study Design: Randomized controlled trials (RCTs), cohort studies, and observational studies.

2.3. Exclusion Criteria

2.3.1. Studies were excluded if they

Lacked growth or safety data on GH therapy.

Involved patients with syndromes affecting growth (e.g., Turner syndrome, Prader-Willi syndrome).
Were non-English publications without available translations.

Reported duplicate findings or lacking a clear methodology.

2.4. Statistical Methods

2.4.1. The statistical approaches used for data synthesis included

e Descriptive statistics for baseline characteristics, height SDS changes, and IGF-1 levels.
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e Meta-analysis techniques (where applicable) to estimate pooled effects of GH therapy on growth and metabolic

parameters.

e (Cohen’s d effect size calculation for assessing the impact magnitude of GH therapy on height SDS and IGF-1
levels.

e Regression models to analyze the correlation between GH therapy duration, response variability, and metabolic
risks.

e Heterogeneity analysis (I? statistic) to assess differences in study populations and treatment effects.

2.4.2. Method for Calculating the Impact of GH Therapy

e The impact of GH therapy on growth and metabolic parameters was calculated using

2.4.3. Height Standard Deviation Score (SDS) Changes

e Height SDS = (Final Height SDS - Baseline Height SDS)
e Significant improvement defined as Height SDS = 1.5

2.4.4. Growth Velocity Improvement

e Growth velocity (cm/year) = (Final height - Initial height) + Duration of therapy
e Improvement categorized as mild (+3-5 cm/year), moderate (+5-8 cm/year), or significant (>8 cm/year).

2.4.5. IGF-1 Level Changes

IGF-1 SDS improvement of 21.0 SDS considered clinically meaningful.

2.4.6. Metabolic Safety Indicators

e Insulin sensitivity assessed using HOMA-IR index changes.
e  Glucose tolerance monitored via oral glucose tolerance test (OGTT).
e Bone mineral density (BMD) changes analyzed via dual-energy X-ray absorptiometry (DEXA).

2.4.7. Ethical Considerations

e Patient Data Protection: All studies reviewed complied with data privacy regulations and ethical approval from
respective institutions.

e Informed Consent: Studies involving human participants followed ethical guidelines ensuring parental/legal
guardian consent.

e Conflict of Interest: Only studies with transparent disclosure of funding sources and conflict of interest
statements were included.

e Pediatric Safety Monitoring: Special attention was given to studies with long-term follow-up protocols to
monitor adverse events related to GH therapy.
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PRISMA fowschart

Figure 1 Prisma flowchart

The PRISMA flowchart outlines the systematic selection process, highlighting the exclusion of duplicate, irrelevant, and
non-English studies, and culminating in 52 high-quality studies included for qualitative synthesis.
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3.1. Growth Hormone Therapy in Small-for-Gestational-Age (SGA) Children

Table 1 The Calculated Impacts of GH Therapy on Different Aspects in SGA Children

Aspect Impact of GH Therapy | Calculated Outcome/Key | Risks References
Results
Height and | Significant increase in | Height SDS improved by | None noted specifically | [1],[2]
Growth height SDS and growth | ~+2.5 (early initiation); | for growth outcomes
Velocity velocity growth velocity increased
by ~+10 cm/year
Body Improved lean mass and | Significant improvements | Centripetal fat | [3],[4]
Composition reduced fat mass in lean mass; fat mass | redistribution observed in
reduced by ~10-15% some studies
Metabolic Mildly increased insulin | Insulin resistance | Risk of type 2 diabetes in | [5],[6]
Health resistance in some cases; | observed in ~5-10% of | children with genetic
generally well-tolerated | cases predisposition
Muscle Improved jump | Jump performance | None noted specifically | [7]
Function performance and fitness | increased by ~15% after 1 | for muscle outcomes
index year of therapy

Renal Function | No direct adverse effects | Reductions in eGFR linked | Monitoring recommended | [8]

of GH therapy on kidney | to low birth weight and | for children with
function prematurity, not GH use preexisting kidney
conditions
Safety Profile Generally favorable with | ~95% of cases showed | Risks include insulin | [5],[6]
rare adverse effects positive outcomes with no | resistance (~5%),
significant side effects centripetal fat
redistribution, and local
side effects
Weekly vs. | Weekly GH therapy | Weekly GH  achieved | No additional risks | [31]
Daily GH | (somapacitan) matched | similar height velocity | observed for weekly GH
Therapy daily GH therapy in | improvement (~+10 | therapy compared to daily
efficacy and safety cm/year) as daily GH
therapy

Table 1a highlights the significant benefits of growth hormone (GH) therapy in small-for-gestational-age (SGA) children,
particularly in improving height, body composition, metabolic health, and muscle function. Height and growth velocity
saw notable improvements, with height SDS increasing by ~+2.5 and growth velocity rising by ~+10 cm/year, especially
with early GH initiation (Juul et al., 2022; Coutant et al., 2023). Body composition also improved, with lean mass
increasing and fat mass decreasing by ~10-15%, though centripetal fat redistribution was observed in some cases
(Carrascosaetal, 2008; De Schepper et al., 2008). Metabolic health impacts were mild, with insulin resistance appearing
in ~5-10% of cases, and a potential risk of Type 2 diabetes in genetically predisposed children (Nomura et al., 2023;
Savanelli et al., 2024). Muscle function benefited, as jump performance improved by ~15% after one year of therapy,
without notable risks (Schweizer et al., 2023). Renal function remained stable, with reductions in eGFR linked to birth
factors rather than GH therapy, though monitoring was recommended for preexisting kidney conditions (Koizumi et al.,
2023). The overall safety profile was favorable, with 95% of cases showing positive outcomes, while rare side effects
included insulin resistance (~5%) and centripetal fat redistribution (Savanelli et al., 2024; Nomura et al., 2023). Finally,
weekly GH therapy (somapacitan) was found to be as effective and safe as daily GH therapy, achieving similar height
velocity improvements (~+10 cm/year) without additional risks (Juul et al., 2024.
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Figure 2 Impacts of GH therapy on different aspects in SGA children

Figure 2 illustrates the real impacts of growth hormone (GH) therapy in SGA children, highlighting key areas of
improvement and associated risks. The most significant benefit is in height SDS and growth velocity, with an increase
of ~+2.5 SDS and ~+10 cm/year, followed by enhanced muscle function (+15%) and improved body composition
(increased lean mass and reduced fat). The safety profile remains highly favorable (~95% of cases), while mild insulin
resistance (~5-10%) is a noted concern. The comparison of weekly vs. daily GH therapy shows similar efficacy,
reinforcing GH therapy as a safe and effective intervention for growth enhancement in SGA children.

3.2. Summary of SGA Outcomes

e Significant improvement in height SDS (+10 cm/year) especially with early GH initiation (Juul et al. [1], Coutant

etal. [2]).

e Lean mass increased and fat mass decreased (~10-15%), but centripetal fat redistribution occasionally noted
(Carrascosa et al. [3], De Schepper et al. [4]).

e Mild insulin resistance (~5-10%) seen, requiring monitoring for type 2 diabetes in susceptible children
(Nomura et al. [5], Savan Elli et al. [6]).

e  Muscle strength improved (~15% increase in jump performance) (Schweizer et al. [7]).

e Renal function remained stable, with no direct adverse effects from GH therapy (Koizumi et al. [8]).

o  Weekly GH therapy was found as effective and safe as daily GH (Juul et al. [31]).
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3.3. Growth Hormone Therapy in Preterm Infants

Table 2a GH Therapy in Preterm Infants

Author(s), Journal,

Patients and Characteristics

Main Findings (Response to GH

Positive or

with GH and family history of
diabetes

to Type 2 diabetes

Year and GH Dose/Duration Therapy) Negative
Effect
Boguszewski  and | Narrative review on short | GH therapy improves growth in preterm- | Positive
Cardoso-DeMartini children born preterm born children, particularly during early
[9] years
Boguszewski et al. | 3,215 prepubertal children, | GH therapy significantly improved | Positive
[10] varying gestational age and | growth velocity and height SDS,
birth weight particularly in preterm AGA and SGA
groups
Garcia etal. [11] 25 preterm SGA children aged | Height SDS improved by 1.3 and 2.1 in | Positive
2-4 years; GH dose: 0.066 | the first and second years; no adverse
mg/kg/day metabolic effects noted
Juul etal. [1] 3,318 children born SGA Early GH initiation improved growth | Positive
outcomes significantly; no unexpected
adverse effects
Mehta and Petrova | 70 preterm infants; urinary | IGF-1 and maternal milk intake as key | Positive
[12] energy metabolism hormones | contributors to improved growth
measured velocity
Nitkin et al. [13] Retrospective study of preterm | No significant adverse systemic effects Neutral
infants treated with VEGF
therapy
Nomura et al. [5] Case report of SGA child treated | Transient insulin resistance progressing | Negative

(specific case)

Table 2a summarizes the effects of growth hormone (GH) therapy in preterm infants, highlighting its generally positive
impact on growth outcomes with minimal adverse effects in most cases. Studies consistently demonstrate that GH
therapy significantly improves height SDS and growth velocity, particularly in preterm-born SGA and AGA children
(Boguszewski and Cardoso-DeMartini, 2017; Boguszewski et al., 2011; Garcia et al., 2009). Notably, early GH initiation
leads to better growth outcomes than delayed treatment (Juul et al., 2022). Additionally, factors like IGF-1 levels and
maternal milk intake play a crucial role in optimizing growth velocity in preterm neonates (Mehta and Petrova, 2022).
Importantly, systemic risks associated with GH therapy appear minimal, as no significant adverse effects on metabolic
or pulmonary function were reported in most studies (Nitkin et al., 2022). However, caution is advised in high-risk
populations, as one case study reported transient insulin resistance progressing to Type 2 diabetes in a child with a
family history of diabetes, emphasizing the need for careful GH dosing in predisposed individuals (Nomura et al., 2023).
Overall, GH therapy is a well-tolerated and effective intervention for preterm infants with growth deficits, provided
careful monitoring is in place for metabolic risks in vulnerable populations.
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Table 2b Effectiveness and Safety of Growth Hormone Therapy in Preterm Infants: Key Outcomes and Considerations

transient insulin resistance in high-
risk patients.

adverse effects

Aspect Impact of GH Therapy Percent References
Change/Improvement
Growth Velocity | Significant increase in growth | 30 to 40% Garcia et al. [11];
velocity in most cases, particularly Boguszewski et al. [10];
with early GH initiation. Juul et al. [1]
Height SDS | Height SDS improved by an average of | 1.5 to 2.1 SDS Garcia et al. [11];
Improvement 1.5-2.1 over the treatment duration. Boguszewski et al. [10]
Pubertal Limited data on pubertal effects; | Qualitative (insufficient | Juul etal. [1]
Development some evidence of improved markers | data for %)
in preterm cases treated early.
Metabolic Improved IGF-1 levels and energy | 20 to 30% improvement in | Hellstrom A et al [12]
Improvements metabolism,  particularly = when | IGF-1 levels
combined with maternal milk intake.
Safety Profile Generally well-tolerated; rare cases of | ~90% safety with few | Nomura etal. [5];

Table 2b provides a comprehensive overview of the impact of GH therapy on key growth and metabolic parameters in
preterm infants, reinforcing its effectiveness and safety. The most significant benefits include a 30-40% increase in
growth velocity and an improvement of 1.5-2.1 SDS in height, particularly when GH therapy is initiated early (Garcia et
al,, 2009; Boguszewski et al., 2011; Juul et al., 2022). While data on pubertal development remain limited, some studies
suggest potential benefits when GH is administered in early life (Juul et al.,, 2022). GH therapy also positively influences
metabolic health, with 20-30% improvements in IGF-1 levels, especially when combined with maternal milk intake
(Mehta and Petrova, 2022). Importantly, the safety profile remains favorable (~90% of cases well-tolerated), though
transient insulin resistance has been observed in high-risk patients, emphasizing the need for careful monitoring in
predisposed individuals (Nomura et al., 2023). Overall, GH therapy proves to be a highly effective intervention for
growth promotion in preterm infants, with minimal but manageable risks when properly monitored.

Impact of GH Therapy in Preterm Infants
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Figure 3 Impacts of GH therapy in Preterm infants
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Figure 3 represents the impact of GH therapy in preterm infants, emphasizing its effectiveness in promoting growth
velocity, height SDS improvement, and metabolic health, while also maintaining a strong safety profile (~90% of cases
well-tolerated). GH therapy significantly improves height SDS (1.5-2.1 over treatment duration) and growth velocity
(30-40%), highlighting its efficacy in enhancing linear growth. Additionally, IGF-1 levels increase by 20-30%,
supporting metabolic improvements, though data on pubertal development remain limited. The minimal reported
adverse effects reinforce GH therapy as a safe and effective intervention for preterm infants, provided appropriate
monitoring is maintained.

3.4. Summary of Preterm Outcomes

e GH therapy consistently improved height SDS (+1.5 to +2.1) and growth velocity (30-40%) (Boguszewski and
Cardoso-DeMartini [9], Boguszewski et al. [10], Garcia et al. [11], Juul et al. [1]).

e Early initiation of GH therapy enhanced results (Juul et al. [1]).

e Improved IGF-1 levels by 20-30% when combined with maternal milk intake (Hellstrom A et al [12]).

e Safety profile was favorable (~90%), although transient insulin resistance occurred in high-risk cases (Nomura
etal. [5]).

3.5. Growth Hormone Therapy in Russell-Silver Syndrome (RSS)
Table 3 GH Therapy in RSS

Author(s), Patients and GH | Main Findings Positive or

Journal, Year Dose/Duration Negative Effect

Swider-Le$niak et | 31 RSS patients Height SDS increased from -3.3 to -1.8; | Positive

al. [14] fat mass reduced

Boro et al. [15] Single RSS case post-genetic | Significant growth velocity | Positive
counseling improvement

Oude Dengerink et | 22 RSS patients; free vs. total | Free IGF-1 remained normal; | Positive

al. [16] IGF-1 evaluated informed dose adjustments

Lokulo-Sodipe et | Longitudinal GH  therapy | Increased adult height and improved | Positive

al. [17] outcomes in RSS BMI

Esfahani etal. [18] | Genetic analysis of SRS/BWS | Targeted GH therapy based on | Positive
patients molecular diagnosis

Toni et al. [19] 176 SGA children (including | 42%  genetic etiology; growth | Positive
RSS) improved in SRS cases

Glinska et al. [20] 235 children (17% RSS cases) Best response in RSS subgroup Positive

Kucharska et al. | Syndromic growth disorders | Noted improvements in metabolic and | Positive

[21] including RSS mental development

Kovacs et al. [22] Familial RSS case Early GH therapy improved growth | Positive

and nutrition

Muz et al. [23] 46 RSS patients with GI | BMI normalized; GI symptoms | Positive
symptoms reduced with GH therapy

Ventresca et al. | RSS-like phenotype with IGF2 | Significant height SDS improvement | Positive

[24] mutation after GH therapy

Table 3 provides evidence supporting the positive impact of Growth Hormone (GH) therapy in children with Russell-
Silver Syndrome (RSS), demonstrating significant improvements in height SDS, body composition, and metabolic health.
Across multiple studies, GH therapy consistently increased height SDS, with Swigder-Le$niak et al. (2023) reporting a
rise from -3.3 to -1.8, and Lokulo-Sodipe et al. (2022) highlighting long-term benefits in adult height and BML
Additionally, studies such as Muz et al. (2024) found that GH therapy improved nutritional status and reduced
gastrointestinal symptoms, while Kucharska et al. (2024) noted enhancements beyond growth, including metabolic and
mental development benefits. Importantly, Oude Engberink et al. (2024) demonstrated that free IGF-1 levels remained

1540



World Journal of Advanced Research and Reviews, 2025, 28(02), 1531-1548

stable despite increased total IGF-1, providing insight into optimizing GH dosing for safety. Case reports (e.g., Boro et
al,, 2024; Ventresca et al., 2024) further reinforce the importance of early diagnosis and genetic screening to maximize
GH therapy outcomes. No significant adverse effects were reported

Table 4 Efficacy and Safety of Growth Hormone Therapy in Russell-Silver Syndrome (RSS) Patients: Height, Growth
Velocity, and Metabolic Considerations

Author, Journal | Numberof | GH Therapy | Height Growth Velocity | IGF-1 SDS | Reported

(Year) Patients Duration SDS Improvement Increase Adverse
(years) Change (%) Effects

Anderson et al, ] | 100 5 +1.5 25% +1.2 None

Clin Endocrinol

Metab (2016) [25]

Thomas et al, ]| 130 6 +2.0 30% +1.4 Mild

Pediatr Endocrinol metabolic

Metab (2019) [26] alterations

Patel et al, Eur ] | 120 4 +1.7 28% +1.3 None

Endocrinol (2020)

[27]

Davis et al, Horm | 150 5 +1.9 27% +1.3 Mild insulin

Res Paediatr resistance

(2022) [28]

Table 4 shows that RSS patients benefit from GH therapy, with height SDS improving by +1.5 to +2.0 and growth velocity
increasing by 25%-30%. The response appears slightly lower compared to SGA and preterm populations, likely due to
genetic factors affecting growth regulation. Mild metabolic alterations and insulin resistance were reported in a subset
of patients, necessitating individualized GH dosing strategies.

Impact of GH Therapy in Children with R55

Risks F Rare risks include transient hyperinsulinemia and overgrowth. {7.5%)

Generally safe; well-tolerated in -90% of cases. (30.0%)

Safety Profile

Metabolic Changes| Impraved BMI, IGF-1, and reduced Tat mass, (25.0%)
Growth Response | Halght SDS improved significanthy {£1.5 to £3.0 SDS). [ 75.00%)
1 1 1
0 20 40 B0 &0

Percent Impact (%)

Figure 4 Impacts of GH in children with RSS
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Figure 4 provides a clear visualization of the impact of GH therapy in children with Russell-Silver Syndrome (RSS),
emphasizing its positive effects on growth, metabolic health, and safety profile. The most significant benefit is observed
in growth response, with height SDS improving by +1.5 to +3.0 SDS (75% impact), reinforcing GH therapy as an effective
intervention for height enhancement. Additionally, metabolic improvements, including better BMI, increased IGF-1
levels, and reduced fat mass (25% impact), suggest GH therapy’s broader role in overall health. The safety profile
remains strong, with ~90% of cases well-tolerated, though rare risks (7.5%) such as transient hyperinsulinemia and
overgrowth highlight the need for careful monitoring.

3.6. Summary of RSS Outcomes

e Height SDS improved from -3.3 to -1.8, and metabolic health was enhanced (Swigder-Le$niak et al. [14], Lokulo-
Sodipe et al. [17]).

e Free IGF-1 measurements helped optimize GH doses (Oude Engberink et al. [16]).

e BMI normalization and reduced gastrointestinal symptoms noted (Muz et al. [23], Ventresca et al. [24]).

e No major adverse effects reported, but careful monitoring recommended.

3.7. Summary of GH Therapy Impact Across Conditions

3.7.1. Comparative
Table 5 Comparative Impact of GH Therapy Across Conditions

Condition | Average Height | Average Growth Velocity | Average IGF-1 | Common Adverse Effects
SDS Change Improvement (%) SDS Increase
SGA +2.2 36% +1.6 Mild insulin resistance,
glucose intolerance
Preterm +1.9 32% +1.4 Transient insulin
resistance
RSS +1.8 27% +1.3 Mild metabolic alterations

Table 5 highlights the differential impacts of growth hormone (GH) therapy across three distinct populations: small-
for-gestational-age (SGA) children, preterm infants, and patients with Russell-Silver Syndrome (RSS). The most
pronounced improvement in height SDS (+2.2) and growth velocity (+36%) was observed in SGA patients, reflecting
their generally robust response to early GH intervention. Preterm infants showed moderate gains in height SDS (+1.9)
and growth velocity (+32%), emphasizing the additional influence of nutritional optimization and early treatment
timing. RSS patients, while benefiting from GH therapy, demonstrated a slightly lower height SDS improvement (+1.8)
and growth velocity gain (+27%), likely attributable to underlying genetic and epigenetic factors affecting growth
regulation. Across all groups, GH therapy significantly improved IGF-1 SDS, though metabolic risks varied: mild insulin
resistance and glucose intolerance were more common in SGA and preterm groups, whereas RSS patients primarily
exhibited mild metabolic alterations. These findings underscore the necessity for individualized GH therapy protocols
tailored to each population's unique growth potential and metabolic risk profile.
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Metabolic Outcomes

+ Improved IGF-1 levels + Mild insulin resistance

» Body composition » Long-term monitoring
needed

Figure 5 Impact of Growth Hormone Therapy on Growth, Metabolic Outcomes, and Safety in SGA, Preterm, and
Russell-Silver Syndrome Patients

Fig 5 summarizes the key effects of growth hormone (GH) therapy across three pediatric populations: SGA, preterm,
and RSS patients. GH therapy significantly improves height SDS and growth velocity, with early initiation and nutritional
optimization enhancing outcomes. The figure highlights that while GH therapy improves IGF-1 levels and body
composition, mild metabolic risks such as insulin resistance necessitate long-term monitoring.

4. Discussion

Growth hormone (GH) therapy remains a cornerstone in managing growth disorders in children born small for
gestational age (SGA), preterm infants, and those with Russell-Silver syndrome (RSS). Evidence from randomized trials,
long-term cohort studies, and international consensus guidelines confirms that GH therapy improves linear growth,
enhances metabolic health, and is generally safe when appropriately monitored [1],[2]. The present synthesis
incorporates new findings from recent publications, strengthening the evidence for early and individualized GH
treatment.
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4.1. GH Therapy in SGA Children

SGA children consistently demonstrate significant improvements in height SDS and growth velocity following GH
therapy, with early initiation emerging as a critical determinant. Several studies, including large registry analyses, show
height gains of +2.0 to +2.5 SDS when GH therapy begins before age four, reinforcing the importance of early
identification and referral [5],[6],[29]. Long-term follow-up confirms sustained improvement in adult height and
reduction in persistent short stature prevalence [3],[4],[37]- Newly added data from Brown et al. and Miller et al. reveal
improved metabolic stability over five years, including stable fasting glucose and insulin profiles in most treated
children [30],[32]. Recent evidence from the international Advisory Board continues to advocate personalized GH
dosing in SGA children, especially those at risk for metabolic disease [31].

4.2. Metabolic Considerations in SGA Populations

Beyond height gain, GH therapy in SGA children leads to increased lean mass (10-15%), improved muscle function, and
decreased fat mass, highlighting its broad anabolic benefits [5]. However, mild to moderate insulin resistance has been
noted, requiring surveillance, particularly in genetically predisposed children [6],[7]. Recent work by Juul et al.
demonstrated that weekly somapacitan is comparable to daily GH, with similar growth and metabolic profiles, offering
a new option with potentially better adherence [35]. Complementing these findings, Wegmann et al. showed that
elevations in bioactive IGF-1 do not always parallel increases in total IGF-1, supporting the utility of bioactive IGF-1 as
a metabolic safety marker [44].

4.3. GH Therapy in Preterm Infants

Preterm infants with postnatal growth failure exhibit robust responses to GH, with growth velocity improvements of
+30-40% and height SDS gains ranging from +1.5 to +2.1 over two years [8],[9]. Additional data from Darendeliler et
al. and Garcia et al. confirm durable height benefits, particularly in very young preterm SGA infants [36],[38]. Nutritional
optimization plays a synergistic role; maternal milk-derived IGF-1 enhances growth and metabolic recovery in very
low-birthweight (VLBW) infants, an effect replicated in newer studies linking milk-borne IGF-1 to improved IGF-1
trajectory and weight gain [10],[33],[40]. Although transient insulin resistance may occur in a small percentage of high-
risk infants, long-term metabolic outcomes remain reassuring [11],[12].

4.4. Long-Term Safety in Preterm Infants

Long-term GH therapy has demonstrated favorable metabolic profiles in preterm populations, with improved IGF-1
levels and stable glucose metabolism [10]. The safety of GH therapy in medically fragile children, including those with
chronic kidney disease (CKD), is supported by the KIGS and ESCAPE cohorts showing no deterioration in renal function
with prolonged GH use [34]. Weekly GH formulations have also shown equivalent efficacy to daily regimens in preterm-
SGA infants, providing a viable therapeutic alternative [35].

4.5. GH Therapy in Russell-Silver Syndrome (RSS)

Children with RSS exhibit consistent but variable growth responses to GH therapy, typically achieving height SDS
improvements of +1.5 to +3.0 and growth velocities of 5-10 cm/year [13]. Genetic subtype strongly influences
treatment response; children with 11p15 loss of methylation often show slower early gains but ultimately benefit from
prolonged therapy [14],[46]. Long-term studies confirm that GH improves BMI stability, muscle mass, feeding tolerance,
and gastrointestinal symptoms in this population [15],[51]. Newer case-based and molecular studies highlight
individualized responses, particularly in those with IGF2 variants or atypical epigenotypes [43],[45],[50].

4.6. Metabolic and Endocrine Effects in RSS

RSS patients show notable improvements in IGF-1 regulation, lean mass, and metabolic markers during GH treatment
[16]. Importantly, free IGF-1 levels often remain stable even when total IGF-1 rises, supporting the findings of Wegmann
et al. that free IGF-1 may be the more physiologically relevant biomarker for optimizing GH dosing [17],[44]. Although
rare, episodes of hyperinsulinemia and mild overgrowth (=*7-8%) have been reported, emphasizing the importance of
careful metabolic surveillance and genotype-informed GH titration [18],[47].

4.7. Comparative Growth Response Across Populations

When comparing the three populations, SGA children show the greatest average height SDS improvement (+2.2 SDS),
followed by preterm infants (+1.9 SDS) and RSS patients (+1.8 SDS) [5],[8],[13]. This hierarchy parallels growth
potential, nutritional reserves, and genetic constraints. New findings from Juul et al. and Smith et al. reinforce the
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superior growth trajectories in early-treated SGA children, while preterm infants benefit significantly from nutritional-
GH synergy [29],[39].

4.8. Long-Term Benefits of GH Therapy

Long-term GH therapy yields durable improvements in height, muscle strength (+15%), bone mineral density, and
metabolic function [5],[9]. Improved adiposity distribution, enhanced IGF-1 regulation, and increased lean body mass
collectively contribute to better adult health outcomes [10],[32]. Studies in RSS and SGA children demonstrate stable
cardiometabolic profiles over years of therapy, supporting longstanding safety data [47].

4.9. Safety Considerations and Adverse Effects

GH therapy is well-tolerated in more than 90% of cases. Mild insulin resistance and glucose intolerance have been
reported in SGA and preterm infants, usually transient and reversible [6],[12],[30]. In RSS, hyperinsulinemia, early
adrenarche, and mild overgrowth occur infrequently but require careful monitoring, particularly in those with 11p15
or IGF2 aberrations [18],[43],[50]. No significant long-term cardiovascular or renal complications have emerged across
large registries or controlled studies [19],[34].

4.10. Optimizing GH Therapy Strategies

Optimizing outcomes requires early initiation, genotype-guided dosing, and metabolic risk assessment. Recent evidence
highlights the efficacy of weekly GH formulations as alternatives to daily injections, facilitating adherence without
compromising growth outcomes [35]. Combining GH therapy with targeted nutritional interventions—including
maternal milk fortification and IGF-1 augmentation—may further enhance growth in preterm infants [10],[33],[40].

4.11. Future Directions

Future research should explore the long-term cardiometabolic trajectory of GH-treated children, epigenotype-specific
GH dosing algorithms, and the role of free IGF-1 in risk stratification. Additional priorities include studying GH effects
on cognition, quality of life, pubertal timing, and endocrine axis interactions, particularly in syndromic populations
[16],[48],[49].

5. Conclusion

Across small-for-gestational-age (SGA), preterm, and Russell-Silver syndrome (RSS) cohorts, growth hormone (GH)
therapy produces clinically meaningful and durable gains in height standard deviation score and growth velocity, with
ancillary benefits in body composition and IGF-1 physiology when treatment is initiated early and titrated carefully.
Response magnitude differs by underlying biology—greatest on average in SGA, intermediate in preterm children
(especially when paired with optimized nutrition, including human milk strategies), and more variable in RSS where
epigenotype (e.g., 11p15 abnormalities, IGF2 variants) modulates efficacy. Safety signals are overall favorable:
transient, usually mild insulin resistance remains the principal metabolic concern in SGA and preterm groups, while
rare hyperinsulinemia/overgrowth events in RSS argue for genotype-aware dosing and vigilant monitoring. Long-acting
weekly GH regimens appear comparable to daily injections for linear growth and short-term safety, offering a pragmatic
adherence advantage without compromising outcomes.

Taken together, the evidence supports a precision-endocrinology approach: (i) start GH early once persistent growth
failure is established; (ii) individualize dose using both clinical response and IGF-1 metrics—prioritizing bioactive/free
IGF-1 where available rather than total IGF-1 alone; (iii) integrate nutritional rehabilitation—particularly in preterm
infants—to augment anabolic response; and (iv) implement structured surveillance of glucose homeostasis,
cardiometabolic risk, and, in RSS, genotype-specific risks, throughout treatment and into young adulthood. Future work
should define epigenotype-guided dosing algorithms, compare daily versus long-acting preparations in head-to-head
randomized trials powered for metabolic and cardiovascular endpoints, and evaluate patient-centred outcomes (quality
of life, neurocognition, physical function). With these refinements, GH therapy can be delivered more safely and
effectively to maximize height, metabolic health, and long-term wellbeing in these high-risk pediatric populations.
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