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Key Messages
• For children with short stature who were born small for gestational age, 1 guideline suggests 

increasing human growth hormone dose when treatment response is unsatisfactory, while aiming for 
normal insulin-like growth factor 1 levels�

• For children with idiopathic short stature, 1 guideline recommends against the routine use of growth 
hormone� It suggests initiating growth hormone therapy on a case-by-case basis, with a starting 
dose ranging from 0�24 mg/kg/week to 0�47 mg/kg/week, as well as conducting an assessment 12 
months after initiation to optimize dosage�

• The development of recommendations from guidelines included in this report was challenged by 
limited relevant evidence, as well as heterogeneity of growth hormone dose and frequency and 
treatment response found in available literature� Future guidelines should also consider patient 
perspectives, resource implications, and the facilitators of and barriers to therapy within the context 
of health care systems in Canada�

Context and Policy Issues
What Is Short Stature?
An individual with short stature is at or below the third percentile for height within their respective age 
and sex category�1 Genetics (familial short stature) and constitutional growth delay are common and 
nonpathologic causes of short stature in children�2 However, short stature can be a manifestation of an 
underlying disease or condition, such as endocrine disorders (e.g., growth hormone deficiency), genetic 
disorders (e�g�, Turner syndrome, Prader-Willi syndrome), and chronic illness (e�g�, chronic kidney disease)�2,3 
It can also be a side effect of medication or an indication of malnutrition in children�2 The treatment of short 
stature is determined by its etiology,2 and associated psychosocial distress should be managed�1

Around 10% of babies born small for gestational age (SGA) are living with short stature well into adulthood�4 
Babies born SGA are below the 10th percentile for weight for the number of weeks of pregnancy�5 Being 
born SGA can be caused by a variety of factors, such as inadequate supply of nutrients to the fetus or 
poor maternal health status�5 In addition to risk of short stature, babies born SGA are at risk of perinatal 
complications, such as premature delivery and hypoxic stress�5 In Canada, babies born SGA represented 8% 
of live births in 2016�6

In certain cases, short stature occurs without a known cause; this is referred to as idiopathic short stature 
(ISS)�7 Children with ISS are born near or at average length and weight with no signs of an underlying 
disorder�7 To our knowledge, the number of children living with ISS in Canada is not readily available�

What Is Somatropin?
Growth hormone (GH) is a peptide hormone produced by the pituitary gland and is essential for human 
growth� It stimulates tissue, bone, and linear growth, as well as the metabolism of proteins, fats, and 



CADTH Health Technology Review

Somatropin for Short Stature 7

carbohydrates�8,9 Somatropin, a recombinant form of human GH, is used to treat a variety of conditions, such 
as growth hormone deficiency and short stature.4,10 In children, it aims to stimulate growth to ultimately 
achieve adult height in the normal range�1 Some potential side effects noted in the literature for GH therapy 
in children born SGA are impaired glucose tolerance, intracranial hypertension, pancreatitis, musculoskeletal 
complications, and aggravation of existing scoliosis�11-15 For children with ISS, some potential side effects of 
GH therapy are headaches, changes in mood, increased appetites, and gastrointestinal and musculoskeletal 
complications�11,12,14 There are also concerns regarding long-term use of GH therapy in children, specifically 
increased risk of mortality and cancer�3,10

Why Is It Important to Do This Review?
Currently, 6 somatropin products are approved for pediatric use in Canada,12-16 with the approval dependent 
on the underlying cause of short stature�17 The products approved for children born SGA are Genotropin,11 
Humatrope,12 Norditropin,13 Omnitrope,14 and Saizen�15 For children with ISS, the approved somatropin 
products are Genotropin,11 Humatrope,12 and Omnitrope�14

The treatment of children with short stature born SGA and ISS is primarily privately funded in Canada,18 which 
can limit access to therapy� Evidence-based guidelines regarding somatropin use may be helpful to inform 
reimbursement criteria and clinical decision-making� This Rapid Review summarizes the recommendations 
related to the use of somatropin for children with short stature born SGA and children with ISS�

This report was informed by 2 published Reference Lists by CADTH: Somatropin for Short Stature Secondary 
to Small for Gestational Age19 and Somatropin for Idiopathic Short Stature�20 CADTH also published 2 Rapid 
Reviews on evidence-based guidelines related to the use of somatropin for other indications: 1 for children 
living with Turner syndrome21 and 1 for children living with GH deficiency.22

Objective
The purpose of this Rapid Review is to summarize and critically appraise evidence-based guidelines 
regarding the use of somatropin for the treatment of short stature, specifically for children born SGA and 
children with ISS�

Research Questions
1� What are the evidence-based guidelines regarding the use of growth hormone therapy for children 

with short stature secondary to being small for gestational age?
2� What are the evidence-based guidelines regarding the use of growth hormone therapy for children 

with idiopathic short stature?
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Methods
Literature Search Methods
Limited literature searches were conducted for 2 previous CADTH reports19,20 by an information specialist on 
key resources including MEDLINE, Embase, the Cochrane Database of Systematic Reviews, the International 
HTA Database, and the websites of Canadian and major international health technology agencies, as well 
as a focused internet search� Results of the searches for these reports were incorporated into the current 
reports and comprised both controlled vocabulary, such as the National Library of Medicine’s MeSH (Medical 
Subject Headings), and keywords� Search concepts were developed based on the elements of the research 
questions and selection criteria. The main search concept for the first search was human growth hormone.19 
CADTH-developed search filters were applied to limit retrieval to guidelines. The search was completed 
on June 6, 2023, and limited to English-language documents published since January 1, 2013� The main 
search concepts for the second search were human growth hormone and idiopathic short stature�20 CADTH-
developed search filters were applied to limit retrieval to guidelines. The search was completed on June 14, 
2023, and limited to English-language documents published since January 1, 2013�

Selection Criteria and Methods
One reviewer screened citations and selected studies. In the first level of screening, titles and abstracts were 
reviewed and potentially relevant articles were retrieved and assessed for inclusion. The final selection of 
full-text articles was based on the inclusion criteria presented in Table 1�

Table 1: Selection Criteria
Criteria Description

Population Q1: Children (< 18 years old) with short stature secondary to being small for gestational age
Q2: Children (< 18 years old) with idiopathic short stature

Intervention All somatropin products

Comparator NA

Outcomes Recommendations regarding best practices (e�g�, dose and timing of treatment, duration of treatment, 
laboratory cut-offs for eligibility, monitoring treatment response)

Study designs Evidence-based guidelines

NA = not applicable�

Exclusion Criteria
Articles were excluded if they did not meet the selection criteria outlined in Table 1, they were duplicate 
publications, or they were published before 2013� Guidelines with unclear or alternative methodology were 
not included in the text, but their characteristics and findings are presented in Appendix 5� Guidelines with 
alternative methodology were devoid of systematic methods to inform their development�
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Critical Appraisal of Individual Studies
The included publications were critically appraised by 1 reviewer using the Appraisal of Guidelines for 
Research and Evaluation (AGREE) II instrument23 for guidelines� Summary scores were not calculated for the 
included studies; rather, the strengths and limitations of each included publication were described narratively�

Summary of Evidence
Quantity of Research Available
This report includes 2 evidence-based guidelines10,24 screened from 155 citations identified in the literature 
search� The study selection details are presented in Appendix 1� This report also includes 5 guidelines3,25-28 
summarized in Appendix 5 with unclear or alternative methodology and therefore considered not to be 
evidence-based�

Summary of Guideline Characteristics
Detailed characteristics of included evidence-based guidelines are provided in Appendix 2�

Short Stature Secondary to SGA
We identified 1 position statement that provided recommendations regarding GH therapy in children with 
short stature secondary to SGA, published in 2016 by Allen et al�10 The European Society of Pediatric 
Endocrinology, GH Research Society, and the Pediatric Endocrine Society (PES) developed the position 
statement detailing the discussions regarding the safety of GH therapy for adults and children during an 
in-person workshop�10 They used 2 systematic reviews to inform their recommendations,29,30 and they sought 
a majority vote in cases where agreement was not reached�10 They did not assess the quality of evidence or 
strength of recommendations�10

Idiopathic Short Stature
We identified 1 guideline published in 2016 by the PES that provided recommendations regarding GH therapy 
in children and adolescents with ISS�24 Two reviewers conducted a systematic review for each research 
question and drafted recommendations� The reviewers appraised the quality of evidence using the Grading 
Recommendations, Assessment, Development, and Evaluation (GRADE) framework�24 A taskforce then 
sought consensus on the draft recommendations and assessed the strength of recommendations (strong or 
conditional)�24

Summary of Critical Appraisal
Both guidelines provided a description of their overall objectives, key questions, and target populations 
to which they apply�10,24 The target users of the guidelines were inferred to be clinicians involved in the 
management of populations of interest treated with GH therapy�10,24

Both guidelines used systematic methods to search for evidence and detailed the voting process to 
finalize recommendations.10,24 A variety of relevant clinical and research professionals were involved in the 
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development of both guidelines�10,24 However, it is unclear whether perspectives or preferences of their target 
populations were sought and if they influenced the development of recommendations for both guidelines. 
Although both guidelines were published in peer-reviewed journals, no explicit external review process was 
detailed�10,24 These factors may have implications on the feasibility and validity of the guidelines for clinical 
practice and decision-making�

The PES assessed the strength of its recommendations and quality of evidence, and spoke to the potential 
benefits, side effects, and risks of GH therapy from the literature.24 The same guideline detailed the link 
between the recommendation and supporting evidence�24 Conversely, the guideline by Allen and colleagues10 
is a position statement intended to detail discussions regarding the safety of GH therapy� It excluded a 
formal quality assessment typically expected when developing evidence-based recommendations� Allen 
and colleagues10 acknowledged that data on the safety of GH therapy were primarily from postmarket 
surveillance data due to lack of relevant randomized controlled trials�10 This is reflected in the absence of 
cited evidence to support the relevant recommendation and the acknowledgement that the topic has not 
been thoroughly evaluated in the literature�10 Hence, the target users may feel uncertain about the quality 
of the recommendations outlined in the guideline by Allen and colleagues10 given the limited evidence to 
support the recommendation�

The relevant recommendations by the PES were specific and unambiguous,24 whereas the guideline by Allen 
and colleagues lacked specific information regarding dosage, as well as a definition for an appropriate 
treatment response�10 The guideline by the PES touched on the high cost of GH therapy, but the intent to 
consider and discuss the facilitators and barriers to implementation was not apparent in the publication� 
Similarly, the guideline by Allen and colleagues10 lacked discussion of the facilitators and barriers, and 
the potential resource implications of applying the relevant recommendations� These factors can have 
implications on the feasibility and appropriateness of providing GH therapy within the context of the 
individual receiving care� However, the recommendation from the guideline by Allen and colleagues10 
provided guidance related to monitoring treatment response limited to insulin-like growth factor 1 (IGF-I) 
levels, which may help inform reimbursement criteria�

Each guideline disclosed the competing interests of its development group�10,24 The PES covered expenses 
related to an in-person meeting�24 None of the taskforce members received remuneration for other work 
from the PES or any commercial entity�24 However, it is unclear if and how reviewers who conducted the 
systematic review and drafted recommendations were compensated� The guideline by Allen and colleagues10 
did not disclose how the competing interests were addressed and how the funding group may have 
influenced the development of recommendations.

Additional details regarding the strengths and limitations of included publications are provided in Appendix 3�

Summary of Recommendations
Appendix 4 presents relevant recommendations from the evidence-based guidelines�
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Short Stature Secondary to SGA
The position statement by Allen et al� (2016) focused on the safety of GH therapy and provided some 
guidance on monitoring treatment response�10 The guideline stated that GH dose can be increased within the 
recommended range in cases of unsatisfactory growth response, which can then result in IGF-I levels above 
normal (> + 2 standard deviation score [SDS]).10 While the guideline suggests that temporary increases in 
IGF-I levels do not likely present a safety concern, it recommends aiming for IGF-I levels within the normal 
range�10 This guideline did not specify the recommended GH dose or establish how unsatisfactory growth 
response is defined, nor did it provide the strength of the recommendation or assess the quality of underlying 
evidence�10

Idiopathic Short Stature
The PES recommends against the routine use of GH for every child with a height SDS less than or equal 
to −2.25 (conditional recommendation informed by moderate quality evidence), in consideration of the varied 
treatment response in the literature�24 They suggest shared decision-making and a case-by-case approach 
when initiating GH therapy, with an assessment of physical and psychological burdens and discussions of 
risks and benefits.24 They recommend a starting GH dose of 0�24 mg/kg/week, with some children requiring 
up to 0�47 mg/kg/week (conditional recommendation informed by low-quality evidence)�24 After 12 months 
of GH therapy, the PES suggests a follow-up to optimize dosage by assessing height SDS and psychosocial 
impact (conditional recommendation informed by low-quality evidence)�24

Limitations
Generalizability
The strategies used to search for evidence to inform both guidelines were inclusive and did not limit studies 
from certain populations�10,24 However, the guideline by the PES is limited to English-language studies, which 
may have excluded evidence from certain regions� It is unclear where studies used to inform both guidelines 
were conducted� Additionally, it is possible that relevant recommendations by the PES24 are applicable only to 
children living in the US, given that 1 recommendation is specific to FDA criteria approved for GH therapy in 
children with ISS�24 There is general alignment between the FDA and Health Canada regarding recommended 
doses for somatropin products available in Canada� However, Saizen is approved for children with ISS by the 
FDA but not by Health Canada�15,31 It is unclear how generalizable the guidelines and considered evidence are 
within the context of the health care systems and children living in Canada�

Heterogeneity, Quality, and Quantity of the Supporting Evidence
Both guidelines acknowledged the challenges in developing detailed and specific recommendations for GH 
therapy in children with short stature�10,24 The literature revealed a varied treatment response from children 
with short stature from GH therapy, and heterogeneity in frequency and dosage of GH in studies�10,24 Both 
guidelines acknowledged the limited number of studies available to inform recommendations related to 
GH therapy use�10,24 The guidelines by the PES24 rated available evidence used to inform recommendations 
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for ISS from low to moderate� The guideline by Allen and colleagues24 was dependent on postmarket 
surveillance for data and identified a lack of randomized controlled trials assessing the safety of GH therapy. 
Additionally, the recommendation regarding IGF-I levels lacked supporting evidence regarding the risk of 
complications with levels above normal, and reflects discussions between experts.10

Quality of Guidelines for Children Born SGA
Target users may feel uncertain about implementing recommendations in the guideline by Allen and 
colleagues,10 given some methodological limitations in its development. Specifically, it lacked a formal 
assessment of the supporting evidence and did not assign strength to recommendations, which is 
characteristic of comprehensive and rigorous evidence-based guidelines� While the guideline is a position 
statement that provided insight on the discussions between experts related to the safety of GH therapy, the 
resulting recommendation had unclear links to the evidence�10

Patient Engagement and Implementation Considerations
Both guidelines did not explicitly consider the perspectives and preferences of children with short stature or 
their caretakers�10,24 The guidelines may have missed and disregarded relevant outcomes that are a priority 
to the target population� In terms of implementation considerations, the PES touched on the high cost of 
therapy,24 but both guidelines did not state any intent to consider facilitators of and barriers to GH therapy 
during development�

Conclusions and Implications for Decision- or Policy-Making
The height of children with short stature is below the average of their peers of the same age and sex� In 
Canada, a variety of somatropin products, or recombinant human GH, are approved for children with short 
stature born SGA and children with ISS�17 This Rapid Review summarized 2 evidence-based guidelines 
regarding the use and monitoring of GH therapy in children with short stature to inform clinical and policy 
decision-making� One guideline (a position statement) is relevant to children born SGA,10 whereas the other is 
relevant to children with ISS�24

Both guidelines recognized the potential benefit of GH therapy for children with short stature, but they also 
acknowledged the varied treatment frequency, dose, and response found in the literature�10,24 This led to 
ambiguity around appropriate dosing of GH and lack of specific and comprehensive monitoring criteria to 
initiate, modify, and discontinue therapy� For children born SGA, it is recommended to aim for normal IGF-I 
levels in children undergoing therapy, especially with GH doses at the higher end of recommended ranges� 
For children with ISS, the PES recommends a starting dose from 0�24 mg/kg/week to 0�47 mg/kg/week�24 
However, the PES suggests a case-by-case approach versus routine use when considering GH therapy�24

There are some limitations to consider when using these guidelines to inform clinical and policy decision-
making� The validity and feasibility of the relevant recommendations may be impacted by the absence of 
an external review and the perspectives of its target population�10,24 The recommendation regarding IGF-I 
levels for children born SGA undergoing GH therapy lacks supporting evidence and likely reflects expert 
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opinion�10 This recommendation was derived from a position statement highlighting discussions between 
experts that lacked an assessment of evidence quality and recommendation strength�10 For children with 
ISS, the conditional recommendations were informed by low to moderate quality evidence�24 There was 
also minimal discussion about the feasibility of providing GH therapy and it is unclear to what extent these 
recommendations can be applied within the context of children with short stature living in Canada� Both 
guidelines acknowledged the challenges in developing specific recommendations given the heterogeneity 
in treatment response, frequency, and dosage in the literature, as well as the limited number of relevant 
studies and clinical data available�10,24 To supplement these findings, this Rapid Review provides a narrative 
summary, without critical appraisal, of related publications of potential interest that were not considered to 
be evidence-based guidelines in Appendix 5�

Considerations for Future Work
Future research and evidence-based guidelines regarding somatropin use for children with short stature 
should consider criteria to initiate, modify, and discontinue therapy, as well as when and how treatment 
response should be evaluated� Beyond safe IGF-I levels, the evidence-based guidelines lacked discussion 
around clinical parameters to monitor and a definition of a satisfactory growth response. These 
considerations would help further inform clinical and policy decision-making�

Implications for Clinical Practice and Decision-Making
The findings of this report suggest that somatropin may be appropriate for managing children with short 
stature secondary to SGA and children with ISS� However, treatment response, in terms of growth, can 
vary� This leads to uncertainty when initiating or modifying dosages, and when continuing somatropin 
to manage short stature for these indications� Health care professionals may need to exercise clinical 
judgment in assessing the appropriateness of somatropin for each child living with short stature receiving 
care. Decision-makers may require more specific and unambiguous guidance informed by high-quality 
evidence, perspectives of the target population, and formal review by external experts in the field to establish 
comprehensive reimbursement criteria for somatropin� The guideline should consider resource implications 
and the facilitators of and barriers to GH therapy in the context of Canada’s health care systems�
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Appendix 1: Selection of Included Studies

Figure 1: Selection of Included Studies
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Appendix 2: Characteristics of Included Publications
Note that this appendix has not been copy-edited�

Table 2: Characteristics of Included Evidence-Based Guidelines

Intended users, target 
population

Relevant intervention and 
major outcomes considered

Evidence synthesis, 
collection, and 

assessment

Recommendation 
development and 

evaluation
Guideline 
validation

Allen et al. (2016)10

Intended users: 
Clinicians involved in 
the management of 
individuals treated with 
recombinant human GH 
therapy
Target population: 
Adults and children 
treated with 
recombinant human GH 
therapy

Relevant intervention: 
Recombinant human GH 
therapy
Outcomes considered: 
All-cause, cancer, and 
cardiovascular standard 
mortality ratio; SIR for cancer; 
RR for second neoplasms

Two published 
systematic reviews and 
available postmarket 
surveillance data were 
used as evidence�
The quality of the 
evidence was not 
assessed because no 
RCTs on the safety of 
GH was identified.

The European Society of 
Pediatric Endocrinology, 
the GH Research 
Society, and the PES 
discussed the evidence 
and developed the final 
statements� When no 
agreement was reached 
on specific points, a 
majority vote was done� 
If a majority was not 
reached, statements 
were revised, and 
voting was done until 
consensus was reached�
Representatives 
of pharmaceutical 
companies participated 
in discussions, but they 
were not involved in 
the writing and voting 
process� They reviewed 
the manuscript for 
factual errors about their 
data�

The position 
statement was 
published in a 
peer-reviewed 
journal�

PES, Grimberg et al. (2016)24

Intended Users: 
Clinicians involved in 
the management of 
children with GHD, ISS, 
or PIGFD
Target Population: 
Children and 
adolescents with 
growth failure from 
GHD, ISS, or PIGFD

Relevant Intervention:
GH treatment
Outcomes considered:
Adult height, mean height 
gain, growth response

A systematic review 
was conducted by 2 
reviewers based on a 
series of key questions�
The GRADE system was 
used to determine the 
quality of evidence (from 
very low to high)�

The GRADE system 
was used to draft 
and evaluate 
recommendations 
(strong or conditional)�
A taskforce 
of 7 pediatric 
endocrinologists and 
1 pediatric bioethicist 
discussed the draft 
recommendations and 
evidence to determine 
the strength of the 
recommendation 

The guideline 
was published 
in a peer-
reviewed 
journal�



CADTH Health Technology Review

Somatropin for Short Stature 18

Intended users, target 
population

Relevant intervention and 
major outcomes considered

Evidence synthesis, 
collection, and 

assessment

Recommendation 
development and 

evaluation
Guideline 
validation

(conditional or strong) 
at an in-person 
meeting� At least 6 
of the 8 members of 
the taskforce must 
agree to achieve 
consensus� Any further 
deliberation regarding 
the recommendations 
were conducted via 
teleconference or email�

GH = growth hormone; GHD = growth hormone deficiency; GRADE = Grading of Recommendations, Assessment, Development, and Evaluations; ICER = incremental 
cost-effectiveness ratio; IGF-I = insulin-like growth factor 1; ISS = idiopathic short stature; PES = Pediatric Endocrine Society; PIGFD = primary insulin-like growth factor-I 
deficiency; RCT = randomized controlled trial; RR = relative risk; SIR = standardized incidence ratio; SMR = standard mortality ratio.
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Appendix 3: Critical Appraisal of Included Publications
Note that this appendix has not been copy-edited�

Table 3: Strengths and Limitations of Guidelines Using AGREE II23

Item Allen et al. (2016)10
Pediatric Endocrine Society, 

Grimberg et al. (2016)24

Domain 1: Scope and purpose

 1�  The overall objective(s) of the guideline is (are) 
specifically described.

Yes Yes

 2�  The health question(s) covered by the guideline is 
(are) specifically described.

Yes Yes

 3�  The population (patients, public, etc�) to whom the 
guideline is meant to apply is specifically described.

Yes Yes

Domain 2: Stakeholder involvement

 4�  The guideline development group includes 
individuals from all relevant professional groups�

Yes Yes

 5�  The views and preferences of the target population 
(patients, public, etc�) have been sought�

Unclear Unclear

 6.  The target users of the guideline are clearly defined. Yes Yes

Domain 3: Rigour of development

 7�  Systematic methods were used to search for 
evidence�

Yes Yes

 8�  The criteria for selecting the evidence are clearly 
described�

Yes Yes

 9�  The strengths and limitations of the body of 
evidence are clearly described�

Na Yes

 10�  The methods for formulating the recommendations 
are clearly described�

Yes Yes

 11.  The health benefits, side effects, and risks have been 
considered in formulating the recommendations�

Yes Yes

 12�  There is an explicit link between the 
recommendations and the supporting evidence�

Yes Yes

 13�  The guideline has been externally reviewed by 
experts before its publication�

No No

 14�  A procedure for updating the guideline is provided� No No

Domain 4: Clarity of presentation

 15.  The recommendations are specific and 
unambiguous�

No Yes

 16�  The different options for management of the 
condition or health issue are clearly presented�

Yes Yes
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Item Allen et al. (2016)10
Pediatric Endocrine Society, 

Grimberg et al. (2016)24

 17.  Key recommendations are easily identifiable. No Yes

Domain 5: Applicability

 18�  The guideline describes facilitators and barriers to 
its application�

Unclear Unclear

 19�  The guideline provides advice and/or tools on how 
the recommendations can be put into practice�

Unclear Unclear

 20�  The potential resource implications of applying the 
recommendations have been considered�

Unclear Unclear

 21�  The guideline presents monitoring and/or auditing 
criteria�

Yes No

Domain 6: Editorial independence

 22.  The views of the funding body have not influenced 
the content of the guideline�

Unclear Unclear

 23�  Competing interests of guideline development group 
members have been recorded and addressed�

Yes Yes

AGREE II = Appraisal of Guidelines for Research and Evaluation II; NA = not applicable.
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Appendix 4: Main Study Findings
Note that this appendix has not been copy-edited�

Table 4: Summary of Recommendations in Included Guidelines
Recommendations and supporting evidence Quality of evidence and strength of recommendations

Allen et al. (2016)10

When the growth response is unsatisfactory in children with 
short stature born SGA, the GH dose can be increased within the 
recommended range� Aiming for IGF-I levels in the normal range 
is recommended� (p� 6)
Supporting evidence: No evidence that raising IGF-I above the 
normal range (> + 2 SDS) increases risk of adverse events. 
However, guideline authors recognize that this has not been 
thoroughly evaluated in the literature�

Strength of recommendation: NR
Quality of evidence: NR

Pediatric Endocrine Society, Grimberg et al.(2016)24

Recommendation 6.1. (p. 364 and 381)
“In the USA, for the children who meet FDA criteria, we suggest a 
shared-decision making approach to pursuing GH treatment for a 
child with ISS� The decision can be made on a case-by-case basis 
after assessment of physical and psychological burdens, and 
discussions of risks and benefits. We recommend against the 
routine use of GH in every child with HtSDS ≤ −2.25.
Technical Remark: While studies have shown GH treatment 
increases the main height of treated cohorts, there is marked 
interindividual variability in responses, including some individuals 
who do not respond to treatment�”
Supporting evidence (p� 381):
• Mean height gain of children treated with GH therapy exceeded 

those in groups (1 SR with 3 relevant RCTs)�

• The children treated with GH resulted in greater mean HtSDS 
compared to children in control groups� However, many 
patients were still below −2 SD and significant variability in 
responses was observed from treatment and control groups� 
(the largest of the 3 RCTS in the SR)�

• Other studies, with no controls or that used historical data, 
suggest favourable outcomes for children treated with GH (1 
meta-analysis and 1 retrospective cohort)�

Strength of recommendation: Conditional
Quality of evidence: Moderate

Recommendation 6.2. (p. 365 and 381)
“We suggest a follow-up assessment of benefit in HtSDS and 
psychosocial impact 12 months after GH initiation and dose 
optimization�”
Supporting evidence (p� 381 to 382): First year change in growth 
in predictive models suggest that assessment in 12 months may 
be used to predict long-term response (2 studies using registry 
data)�

Strength of recommendation: Conditional
Quality of evidence: Low
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Recommendations and supporting evidence Quality of evidence and strength of recommendations

Recommendation 6.3. (p. 365 and 382)
“Because there is overlap in response between dosing groups, we 
suggest initiating GH at a dose of 0�24 mg/kg/week, with some 
patients requiring up to 0�47 mg/kg/week�”
Supporting evidence (p� 382 to 383):
• No significant difference in HtSDS gain was observed between 

0�23 and 0�47 mg/kg/week of GH therapy in children (1 RCT)�

• An increase of 50% in dosage did not add significant benefit to 
HtSDS (1 open-label randomized study)�

Strength of recommendation: Conditional
Quality of evidence: Low

GH = growth hormone; HtSDS = height standard deviation score; IGF-I = insulin-like growth factor 1; ISS = idiopathic short stature; NR = not reported; RCT = randomized 
controlled trial; SD = standard deviation; SDS = standard deviation score; SGA = small for gestational age.
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Appendix 5: References of Potential Interest
Note that this appendix has not been copy-edited�

We summarized recommendations from guidelines considered not to be evidence-based identified in the 
literature search for this Rapid Review. The purpose of this narrative summary is to supplement the findings 
from evidence-based guidelines included in the main body of this report� The methods to develop the 
following guidelines were either unclear or used nonsystematic methods (alternative methodology); however, 
these publications were not critically appraised further� Refer to Table 5 (Characteristics of Guidelines With 
Alternative or Unclear Methodology) for characteristics of the guidelines included in this section�

The Ministry of Health Singapore recommends the use of somatropin for children with short stature 
secondary to SGA with poor catch-up� However, the ministry recommends against the use of somatropin 
for children with ISS�27 The Indian Academy of Pediatrics26 and the review by Al Herbish and colleagues28 
provided a treatment approach for GH therapy for children with SGA and ISS� The guideline by Corripio-
Collado and colleagues25 sought expert consensus on the initiation and exclusion criteria for GH therapy� 
The Growth Hormone Research Society International provides guidance related to GH dosing in older SGA 
patients, SDS targets for ISS, and the addition of gonadotropin hormone-releasing hormone (GnRH) for 
children SGA�3 Refer to Table 6 (Summary of Recommendations From Guidelines With Alternative or Unclear 
Methodology)�

Table 5: Characteristics of Guidelines With Alternative or Unclear Methodology

Intended users, target 
population

Intervention and major 
outcomes considered

Evidence collection, 
synthesis, and 
assessment

Recommendation 
development Guideline validation

Corripio-Collado et al. (2022)25

Intended users: Clinical 
practitioners
Target population: 
Children with short 
stature in Spain

Relevant intervention: 
GH therapy
Outcomes considered: 
NR

Qualitative survey to 
collect opinions of a 
group of experts

Delphi consensus NR

Indian Academy of Pediatrics (2022)26

Intended users: 
Pediatricians in India
Target population: 
Children with short 
stature

Relevant intervention: 
GH
Outcomes considered: 
NR

NR NR NR

Growth Hormone Research Society International (2019)3

Intended users: Health 
care providers
Target population: 
Children with short 
stature

Relevant intervention: 
rhGH
Outcomes considered: 
NR

A nonsystematic 
review of GH therapy 
for children with short 
stature was published 
before discussions with 

The document outlining 
discussions was 
revised by participants� 
In cases with lack of 

The document was 
shared with academic 
attendees for final 
review after the 
meeting�
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Intended users, target 
population

Intervention and major 
outcomes considered

Evidence collection, 
synthesis, and 
assessment

Recommendation 
development Guideline validation

subject matter experts�a

Forty-six GH experts 
provided expert 
perspective on the 
diagnosis and therapy 
of short stature in 
children during an 
in-person workshop�

consensus, a majority 
vote was done�

Ministry of Health Singapore (2017)27

Intended users: 
Policy and clinical 
decision-makers; health 
care professionals in 
Singapore
Target population: 
Children with Growth 
Failure (i�e�, ISS, SGA 
with poor catch-up 
growth)

Relevant intervention: 
Somatropin
Outcomes considered: 
Height, HtSDS, growth 
velocity, ICER, cost 
impact

NR A committee 
deliberates the 
findings of the 
review and makes 
recommendations�

The guidance is shared 
with public health care 
for revisions�

Al Herbish et al. (2016)28

Intended users: 
Pediatric health care 
professionals
Target population: 
Individuals with growth 
disorders in Gulf 
Cooperation Council 
Countries

Relevant intervention: 
Human GH therapy for 
SGA and ISS
Outcomes considered: 
NA

A nonsystematic review 
of published guidelines 
and studies�

NA NA

GH = growth hormone; HtSDS = height standard deviation score; ICER = incremental cost-effectiveness ratio; ISS = idiopathic short stature; NA = not applicable; NR = not 
reported.; SGA = small for gestational age.
aReview article by Collett-Solberg et al� (2019) as cited in the publication by the Growth Hormone Research Society International�3

Table 6: Summary of Recommendations From Guidelines With Alternative or Unclear 
Methodology

Recommendations and rationale

Corripio-Collado et al. (2022)25

The criteria considered indispensable for starting GH treatment in children with short stature born SGA are:
• length and weight at birth (95% consensus)

• stature at 4 years (94% consensus)

• previous growth pattern (100% consensus)

• mean parental status (97% consensus)�

Silver-Russell syndrome is not considered an exclusion criterion for initiating GH treatment in children with short stature born SGA 
(88% consensus)�
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Recommendations and rationale

Indian Academy of Pediatrics(2022)26

Indications and criteria for growth hormone therapy for children with ISS:
• height > 2.25 SD below mean.

Indications and criteria for growth hormone therapy for SGA infants:
• birth weight or length > 2 SD below mean

• height < –2.5 SD of mean at start of therapy

• current height > 1 SD below midparental height

• failure to catch up by 4 years�

Growth Hormone Research Society International (2019)3

“In certain conditions, such as with older SGA patients and in the late diagnosis of Turner syndrome, it is recommended that rhGH 
be started at a dose that is at the higher end of the approved range�” (p� 8)

“In non-GHD conditions, such as ISS, IGF-I levels of approximately 1+ SDS or higher as usual, but the target should be adjusted on 
an individual bases based on auxological measurements�” (p� 8)

“…adding a GnRH analogue to rhGH therapy may be considered for children with GHD or SGA and/or Silver-Russell syndrome 
patients if height SDS is low at pubertal onset” (p� 9)

Ministry of Health Singapore (2017)27

“The Ministry of Health’s Drug Advisory Committee has recommended somatropin (recombinant growth hormone) for the 
treatment of children with short stature due to conditions associated with growth failure� Treatment with somatropin should 
always be initiated and monitored by paediatric endocrinologist with specialist expertise in managing growth disorders in children�”
Specific conditions associated with growth failure include growth hormone deficiency, SGA with poor catch-up growth, Prader-Willi 
syndrome, and chronic renal failure�
Rationale: The committee agreed that somatropin is clinically effective compared to placebo in increasing height, HtSDS, or 
growth velocity for conditions under evaluation� The committee expressed concerns that SGA with poor catch-up is determined 
subjectively leading to potential increase in use�

“Somatropin is not recommended for the treatment of ISS�”
Rationale:
• The committee agreed that somatropin is clinically effective compared to placebo in increasing height, HtSDS, or growth velocity 

for conditions under evaluation� However, individuals with ISS varied in their response to somatropin due to their heterogenous 
endocrinologic profile.

• Individuals with ISS may only have a modest increase in linear growth�

Al Herbish et al. (2016)28

Recommended approach and human GH treatment for patients with SGA (birth weight/length < -SD):
• factors that predict treatment response: human GH dose, age, weight SDS, midparental SDS

• human GH dose: 35a or 67b mg/kg/day

• starting height: −2.5 SDSa, b

• starting age: 4a or 2�b

Key comments:
• Ealy diagnosis and initiation of therapy is strongly recommended (1 review)�

• Catch-up growth occurs rapidly with high human GH dose (epi-analysis of 4 randomized trials) and maintained up to 4 years (1 
nonrandomized clinical trial, 1 RCT)�

• Start hGH > 2 years before puberty (1 observational study).
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Recommendations and rationale

Recommended approach and hGH treatment regimens for patients with ISS:
• factors that predict treatment response: human GH dose, age, weight SDS, height - midparental SDS

• human GH dose: 50 mg/kg/day

• starting height: = −2.25b

Key comments:
• In patients who show a change of height < 0.5 SDS after 1 year, discontinuation is recommended (1 review).

GH = growth hormone; GHD = growth hormone deficiency; GnRH = gonadotropin hormone-releasing hormone; HtSDS = height standard deviation score; ISS = idiopathic 
short stature; NA = not applicable; NR = not reported; SD = standard deviation; RCT = randomized controlled trial; rhGH = recombinant human growth hormone; SDS = 
standard deviation score; SGA = small for gestational age.
aBased on UK National Institute for Health and Care Excellence (NICE) / European Medicines Agency guidance as cited in the publication by Al Herbish and colleagues 
(2016)�28

bBased on FDA guidance as cited in the publication by Al Herbish and colleagues (2016)�28
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