Does earlier initiation of growth hormone therapy improve outcomes in children with Silver-Russell syndrome?
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Clinical Scenario
A 2-year-old girl with genetically confirmed Silver-Russell syndrome (SRS) is referred to the paediatric endocrinology clinic with persistent growth failure. Born small for gestational age, she remains well below the 0.4th centile despite nutritional optimisation. Her parents ask whether starting growth hormone (GH) therapy now rather than waiting will make a meaningful difference to her long-term outcomes. The international SRS consensus1 recommends GH from age 2–3 years, yet NICE licenses it from age four under the small for gestational age (SGA) indication2. You wish to review the evidence on timing for GH treatment.

Structured Clinical Question
In children with Silver-Russell syndrome [patients], does initiation of recombinant GH therapy before four years of age [intervention] result in greater improvements in height and cardiometabolic outcomes [outcome] compared with initiation at four years or later [comparison]?

Search Strategy
MEDLINE and PubMed were searched using ("Silver-Russell Syndrome" OR "Russell-Silver Syndrome" OR "SRS") AND ("growth hormone" OR "GH therapy"), limited to English-language human studies with full-text availability, 1990–2026. 141 results were retrieved; after removing duplicates and screening for quantitative GH outcomes in SRS-specific populations, nine primary studies were selected. Studies were included if they reported quantitative outcomes for an identifiable SRS cohort. Studies in which SRS participants could not be analysed separately were excluded. The Oxford Centre for Evidence-Based Medicine grading system was applied. 

Summary of Evidence
All nine included studies are summarised in Table 1, ordered chronologically.

	Citation
	Study group
(Population and comparisons)
	Study type
(level of evidence,
Oxford CEBM)
	Outcome
(one line per outcome)
	Key Result
	Comments
(one line per study)

	Rakover et al., 1996
	n=33 clinically diagnosed SRS; OZGROW registry; up to 5 yrs follow-up; no untreated comparator
	Retrospective cohort (3b)
	Height SDS gain at 3, 4 and 5 years
	+1.0, +1.5 and +1.8 SDS at 3, 4 and 5 years (p<0.001); younger age at GH start independent predictor of response
	Pre-molecular diagnosis era; no adult height data; limited adjustment for confounding variables 

	Ranke & Lindberg, 2010
	n=55 SRS within n=161 SGA children treated to near-final height; KIGS registry; no untreated comparator
	Retrospective cohort (3b)
	Predictors of adult height SDS
	Median adult height −2.2 SDS overall after median 7.7 yrs GH; SRS −2.9 vs non-SRS SGA −2.1 SDS (p<0.01) despite similar total height gain (~1.4 SDS both groups); height at GH start, first-year response and treatment duration strongest positive predictors in multivariable model
	Clinical diagnosis only; no direct early-vs-late analysis; industry-funded (Pfizer)

	Binder et al., 2013
	n=37 GH-treated molecularly confirmed SRS vs n=13 untreated historical controls; single-centre
	Retrospective cohort (3b)
	Adult height SDS
	Treated −2.12 vs untreated −3.13 SDS (p=0.006); treated males 11.1 cm taller; treatment duration dominant modifiable predictor
	Untreated group small (n=13) and non-randomised; no direct early-vs-late analysis within treated group

	Smeets, Zandwijken et al., 2016
	n=62 SRS vs n=227 non-SRS short SGA; all GH-treated; multicentre; adult height data available for 26 SRS
	Prospective cohort (2b)
	Age at puberty onset; final height SDS
	Earlier puberty in SRS (10.8 vs 11.7 yrs; p<0.001); final height −2.17 vs −1.65 SDS (p=0.002) despite equivalent total height gain
	Adult height data available for 26/62 SRS patients; timing implication indirect; no subgroup analysis by age at GH start

	Smeets, Renes et al., 2017
	n=29 SRS vs n=171 non-SRS SGA; all GH-treated; multicentre metabolic follow-up to 2 yrs post-cessation
	Prospective cohort (2b)
	T2DM; metabolic syndrome; insulin sensitivity; BMI SDS
	No T2DM or metabolic syndrome at mean age 18 yrs; insulin sensitivity improved post-cessation; no metabolic difference between SRS and non-SRS groups
	Small SRS group (n=29); follow-up limited to ~18 yrs; does not address whether earlier initiation confers additional metabolic benefit

	Lokulo-Sodipe et al., 2022
	n=55 GH-treated vs n=16 untreated molecularly confirmed SRS; tri-national (UK, France, Germany)
	Retrospective cohort (3b)
	Total height SDS gain; adult BMI SDS
	GH-treated: median total height gain 1.53 vs 0.53 SDS untreated (p=0.007). Earlier GH start (<4 yrs) associated with greater height gain (3.13 vs 1.42 SDS; p=0.03). Treated adult BMI SDS −1.10 vs +1.66 untreated (p=0.002); 1/55 treated vs 4/16 untreated had BMI SDS ≥+2 (p=0.008)
	Retrospective; untreated group significantly older; variable protocols across three countries

	Świąder-Leśniak et al., 2023
	n=31 molecularly confirmed SRS vs n=16 SGA controls; single-centre; 3-yr follow-up
	Prospective cohort (2b)
	Height SDS; first-year height velocity; fat mass
	Height SDS −3.3 to −1.8 over 3 yrs; first-year height velocity higher in SRS than SGA (8.8 vs 8.0 cm/yr; p=0.041)
	Small sample; mean age at GH start 6.6 yrs (older than consensus recommendation); no adult height data

	Özgen et al., 2025
	n=69 SRS (29 genetically confirmed, 40 clinical NH-CSS); 15 centres; n=49 GH-treated; adult height data available for 10 patients
	Retrospective cohort (3b)
	First-year height SDS response; predictors of final height SDS
	Treatment duration strongest predictor of final height; genetically confirmed patients had better first-year response than clinically diagnosed (Δ height SDS 0.97 vs 0.35; p=0.011)
	Retrospective; substantial missing data; adult height data available for only 10 patients

	Giabicani et al., 2026
	n=77 prepubertal molecularly confirmed SRS; mean age at GH start 3.7 yrs; single-centre; 2-yr follow-up
	Retrospective cohort (3b)
	Height SDS gain at 2 yrs; weight-for-height
	Start <4 yrs: +1.5 vs +1.1 SDS at 2 yrs (p=0.012); weight-for-height improved from 81% to 86% (p<0.001); proportion with WfH <75% fell from 22.1% to 7.8%
	Largest molecularly confirmed prepubertal cohort directly addressing age at initiation; 2-yr follow-up only; no adult height data


Table 1. LOM, loss of methylation; SDS, standard deviation score; SGA, small for gestational age; T2DM, type 2 diabetes mellitus.

Commentary
Nine observational studies spanning three decades converge on a consistent finding: earlier GH initiation in SRS is associated with greater height gain3-11. This is consistent with the international consensus, which recommends initiation at age 2–3 years1. No RCTs exist, and all evidence is Level 2b or below. Randomised controlled trials are unlikely to be conducted given the established licensed indication.
The most direct evidence comes from Lokulo-Sodipe et al.8, who showed in a molecularly confirmed cohort that GH start before four years was associated with a total height gain of 3.13 vs 1.42 SDS (p=0.03). Giabicani et al.11, the largest prepubertal molecularly confirmed cohort to directly address the age-at-initiation question, reinforced this, showing 1.45 vs 1.10 SDS gain at two years (p=0.012). By excluding pubertal children, this study removed a major confounder present in earlier series.
The mechanistic rationale is strengthened by Smeets, Zandwijken et al.6 who demonstrated that puberty in SRS occurs approximately one year earlier than in non-SRS SGA peers, curtailing the pre-pubertal window during which GH produces the greatest linear growth response. Puberty can be rapid, and there is a lack of catch-up growth in this cohort compared to other children born SGA.  Across multiple studies, treatment duration, which is inherently extended by earlier initiation, is the most consistently replicated independent predictor of final height.
A recurring concern is confounding by indication: the most severely restricted children may be referred earliest. Crucially, however, early initiators still achieved superior outcomes despite a more disadvantaged baseline, which arguably strengthens rather than weakens the case for early treatment. A related limitation is that earlier initiation inherently lengthens the treatment period, so the apparent benefit of starting young may partly reflect greater cumulative GH exposure rather than age at initiation per se; no study has fully disentangled timing from treatment duration.
Metabolic outcomes appear reassuring to early adulthood, with no cases of type 2 diabetes or metabolic syndrome at mean age 18 years and a lower adult BMI SDS in treated than in untreated patients. Longer-term cardiometabolic surveillance beyond age 20 years, into the third and fourth decades, remains an important evidence gap. Clinically it is also important to monitor cardiometabolic health in SRS individuals as they have been shown to have a predisposition to metabolic complications12.
While this critical review focuses on height potential, it is important to note that there are other potential benefits of early treatment with GH in SRS children, such as improving recurrent/severe hypoglycaemia, muscle mass and tone1. Nonetheless, further research is needed to characterise these benefits in the SRS population specifically. Given that these studies all used daily GH, a further research question would be whether weekly GH is effective and safe, especially given this population’s risk of hypoglycaemia.  
[bookmark: _Hlk239162792]Diagnostic heterogeneity warrants emphasis. The NH-CSS has a specificity of only 36%1; Özgen et al.10 demonstrated substantially better first-year GH responses in genetically confirmed vs clinically diagnosed patients. Early initiation in a child without molecular confirmation carries greater diagnostic uncertainty and commencing treatment without confirmation risks treating children who do not have SRS and may in fact have contraindications to GH treatment.
[bookmark: _Hlk239162749]The diagnostic uncertainty pertaining to clinically diagnosed SRS is an important limitation of this analysis, as a number of these papers included this group. There is also a potential overlap in the published cohorts where studies looked at a given country’s SRS population, particularly considering the rarity of the disease.

Clinical Bottom Lines
1. Start growth hormone before four years of age in children with confirmed SRS to maximise height gain, ideally from two years of age once caloric deficits have been addressed with appropriate feeding support if required.  [Grade B]
1. Confirm SRS molecularly before starting GH; clinically diagnosed children respond less well and there is a risk of starting GH treatment in children who may have other underlying disorders and therefore potential contraindications. [Grade C]
1. Monitor cardiometabolic health long term; outcomes are reassuring to early adulthood but data beyond age 20 years are lacking, and individuals with SRS have been shown to have a predisposition to metabolic complications. [Grade C]
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