
Acta Biomed 2025; Vol. 96, N. 3: 16563	 DOI: 10.23750/abm.v96i3.16563	 © Mattioli 1885

R e v i e w

Diagnostic utility and sensitivity of the IGF-1 generation 
test in children and adolescents with growth disorders:  
A comparative review with GH stimulation tests
Ashraf Soliman1, Fawzia Alyafei 1, Shayma Ahmed 1, Noora AlHumaidi1, Noor Hamed1, 
Ahmed Elawwa1, Nada Alaaraj1, Ahmed Khalil 2, Vincenzo De Sanctis3

1Department of Pediatrics, Hamad General Hospital, Doha, Qatar; 2Department of Pharmacy, Hamad General Hospital, 
Doha, Qatar; 3Pediatric and Adolescent Outpatient Clinic, Quisisana Hospital, Ferrara, Italy.

Abstract. Background: The IGF-1 (Insulin-like Growth Factor 1) generation test has been widely used in 
diagnosing growth hormone disorders. However, the diagnostic utility of this test remains debated due to 
variability in protocols, cut-off points, and sensitivity compared to other methods, particularly the GH stimu-
lation test. Objective: This review seeks to assess the diagnostic value of the IGF-1 generation test (IGF-1 GT) 
across different growth and puberty-related disorders, the applications across different patient populations, 
and the diagnostic accuracy in comparison to the GH stimulation test. Methods: A comprehensive literature 
search was conducted across electronic databases (PubMed, Scopus, Web of Science) from 1994 to 2024. 
Studies were included if they evaluated the IGF-1 GT in diagnosing growth disorders in pediatric popula-
tions. IGF-1 cut-off values, test protocols, and diagnostic sensitivity were extracted and compared to those of 
the GH stimulation test. Results: The IGF-1 GT showed variable sensitivity depending on the condition be-
ing diagnosed. The IGF-1 GT sensitivity ranged from 30-60%. When it was compared to the GH stimulation 
test, which has a sensitivity of 90-100% for diagnosing growth hormone deficiency (GHD), the IGF-1 GT 
showed a moderate sensitivity (70-90%) and less reliability for idiopathic short stature, Turner Syndrome and 
Laron Syndrome. Conclusion: The IGF-1 GT is a valuable tool in diagnosing GHD and partial GH insensi-
tivity in specific syndromic disorders, though it illustrates variable sensitivity across different conditions. This 
variability, combined with differences in testing protocols, emphasizes the need for further standardization 
and comparative research with the recombinant GH stimulation test. (www.actabiomedica.it)

Key words: IGF-1 generation test, growth hormone deficiency, pediatric growth disorders in children  
and adolescents, GH stimulation test, diagnostic sensitivity, biomarkers of GH response.

Introduction

The IGF-I (Insulin-like Growth Factor 1) gen-
eration test (IGF-1 GT) is a dynamic test to assess the 
sensitivity of growth hormone (GH) secretory status 
through the measurement of serum IGF-I prior to and 
after the administration of recombinant GH (rGH). 
Although widely used in diagnosing growth hormone 
deficiency (GHD), its sensitivity and specificity vary 

across different conditions, such as Turner Syndrome, 
Noonan syndrome, Laron Syndrome, idiopathic short 
stature (ISS), chronic kidney disease (CKD) and small 
for gestational age (SGA). Some clinicians argue that 
the IGF-1 generation test is a more stable marker of 
GH activity than GH stimulation tests, particularly 
for the monitoring of long-term growth response. 
However, other experts question its reliability due to 
the test’s variability across patient populations and 
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conditions like Laron Syndrome and CKD where 
IGF-1 levels are inherently altered (1-3).

Another key challenge with the IGF-1 GT is the 
variability in rGH doses and the duration of stimu-
lation used across different studies. Some researchers 
administer higher doses of rGH over several days or 
weeks to provoke an IGF-1 response, while others use 
lower doses for a shorter period. These variations can 
lead to different diagnostic outcomes, complicating 
the interpretation of IGF-1 GT results. Additionally, 
the response to rGH is not linear, meaning that differ-
ent protocols may yield inconsistent IGF-1 increases, 
further clouding the test’s clinical utility (4-6).

The cut-off points used to define normal and 
abnormal IGF-1 responses also vary substantially 
between studies, depending on the condition being as-
sessed, the patient’s age, and the presence of other co-
morbidities. For instance, in diagnosing GHD, some 
studies use an IGF-1 cut-off of <100 ng/mL, while 
others set the threshold at <150 ng/mL. These cut-offs 
can also differ by age, as younger children tend to have 
lower IGF-1 levels than adolescents, necessitating 
age-specific thresholds. For Turner Syndrome, cut-off 
values as high as 200 ng/mL have been reported in 
older studies, while more recent research has suggested 
lower thresholds for specific age groups (7-9).

When comparing the IGF-1 GT to the GH 
stimulation test (using agents like clonidine, glucagon 
or arginine hydrochloride test), studies have shown 
that the GH stimulation test generally offers higher 
sensitivity, particularly in diagnosing GHD. GH stim-
ulation tests can achieve sensitivity rates as high as  
90-100% when appropriate cut-offs are applied, 
whereas the IGF-1 GT has a sensitivity range of 70-
90% for GHD but much lower for conditions like ISS 
or syndromic disorders. This variability in sensitivity 
has led to the GH stimulation test being preferred for 
initial diagnostic purposes, although the IGF-1 GT 
remains useful to confirm GH axis functionality over 
time (10-12).

Given the ongoing debate surrounding the IGF-1 
GT—its variability in protocol, cut-offs, and sensitivity 
across different growth disorders—this review seeks to 
provide an updated synthesis of the literature. By ad-
dressing the controversies and variabilities, this review 

aims to clarify the diagnostic utility of the IGF-1 GT 
and its role in the clinical management of pediatric 
and adolescent patients with growth disorders (13-16).

Materials and Methods

a. Study design

The objectives of this systematic review are to: 
(a) evaluate the diagnostic utility of the IGF-1 GT 
across various growth and puberty-related condi-
tions, including GHD, SGA, Turner Syndrome, and 
ISS, (b) compare the IGF-1 GT with other diagnostic 
methods, such as the GH stimulation test, to assess 
their sensitivity, accuracy, and effectiveness in diag-
nosing and managing growth disorders, (c) analyze 
the variability in IGF-1 levels across different condi-
tions, patient populations, and treatment responses, 
identifying IGF-1 as a valuable marker for diagnosis 
and treatment guidance, (d) explore the limitations of 
the IGF-1 GT, particularly in conditions like Laron 
syndrome and chronic kidney disease, where underly-
ing defects or dysfunctions impair IGF-1 generation, 
and (e) provide insights into the role of IGF-1 GT 
in preventing misdiagnoses and tailoring treatment, 
especially in pediatric patients with growth disorders.

b. Literature search strategy

The literature search was conducted using sev-
eral electronic databases, including PubMed, Scopus, 
and Web of Science, covering articles published from 
1994 to 2024. Keywords used in the search included: 
“IGF-1 generation test”; “Growth hormone defi-
ciency diagnosis”; IGF-1 and Small for Gestational 
Age (SGA)”; “IGF-1 and Turner Syndrome”; “GH 
stimulation test”; “Idiopathic Short Stature (ISS) and 
IGF-1”; “Growth disorders diagnosis”.

Boolean operators were used to combine search 
terms (e.g., “IGF-1 generation AND growth hormone 
deficiency”) to ensure a broad but focused selection of 
articles. References within selected articles were also 
screened to identify additional relevant studies not 
captured in the initial search.
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c. Inclusion criteria

	- Study type: Clinical trials, observational studies, 
case-control studies, cohort studies, and sys-
tematic reviews were included if they reported 
IGF-1 GT results and their role in diagnosing 
growth disorders.

	- Population: Studies involving pediatric and 
adolescent patients with conditions affecting 
growth and puberty, including GHD, SGA, 
ISS, Turner syndrome, Noonan syndrome, and 
other related growth conditions.

	- Outcomes: Studies that assessed IGF-1 GT 
response to rGH therapy and its diagnostic 
sensitivity, as well as comparisons between the 
IGF-1 GT and the GH stimulation test.

	- Language: Articles published in English.

d. Exclusion criteria

	- Animal studies: Studies conducted on non-
human subjects were excluded.

	- Studies without IGF-1 GT: Articles that did not 
involve the IGF-1 GT or that only measured 
IGF-1 levels without relating them to GH 
therapy or growth disorders were excluded.

	- Case reports and editorials: Single case re-
ports, editorials, and commentaries were 
excluded unless they provided significant 
clinical insights or involved new diagnostic 
methodologies.

	- Duplicated studies: Duplicated studies were 
excluded, with only the most complete or up-
dated version included in the review.

e. Data extraction and quality assessment

Relevant data were extracted from eligible stud-
ies, including study design, patient population, condi-
tion, sample size, IGF-1 cut-off values, sensitivity and 
specificity of IGF-1 GT and comparative diagnostic 
methods (e.g., GH stimulation test). The quality of in-
cluded studies was assessed using standard tools such 
as the Newcastle-Ottawa Scale for cohort studies and 
the PRISMA checklist for systematic reviews. Only 

studies with a moderate to high quality of evidence 
were included in the final synthesis (Figure 1).

Statistical Analysis

Where applicable, the sensitivity and specificity 
of the IGF-1 generation test were pooled from studies, 
and comparisons were made with the GH stimulation 
test. Studies were analyzed qualitatively where quanti-
tative pooling was not feasible.

Results

Table 1 summarizes the findings of multiple stud-
ies investigating IGF-1 levels as a diagnostic marker 
across various conditions affecting growth and puberty. 
In conditions like constitutional delay of growth and 
puberty (CDGP), SGA, chronic malnutrition, Turner 
syndrome, and GHD, specific IGF-1 cut-offs are used 
to differentiate normal growth from abnormal or disease 
states. The IGF-1 cut-off for normal growth generally 
ranges between 150-200 ng/mL in children aged 5 to 
10 years, whereas lower levels indicate abnormal condi-
tions, such as IGF-1 < 100 ng/mL for GHD and SGA.

Figure 1. PRISMA flow chart for database search of systematic 
review from 1994 to 2024.
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and development. The test proved especially useful in 
preventing the misdiagnosis of other growth disorders 
that may present similarly but do not involve GHD. 
The robust response from these studies emphasizes the 
test’s diagnostic accuracy in confirming GHD and its 
role in tailoring GH treatment.

In contrast, children with ISS, represented by 
three studies involving around 200 patients, exhib-
ited a normal or near-normal IGF-1 response to GH 
stimulation (2, 11, 5). These findings indicate that ISS 
is not typically associated with GH insensitivity or de-
ficiency. However, the test’s prognostic value in ISS is 
limited since treatment decisions are often guided by 
other factors, such as genetic and psychosocial consid-
erations. Despite the normal IGF-1 response, some 
ISS patients may still benefit from GH therapy, par-
ticularly those with subtle GH insensitivity, but this 
remains a nuanced decision for clinicians.

In syndromic growth disorders, including TS 
and NS, the IGF-1 GT revealed partial GH insen-
sitivity (4, 7, 8). Four studies, encompassing over  
250 patients with these conditions, demonstrated that 
while IGF-1 GT was reduced, GH therapy still led 
to positive growth outcomes. Similarly, two studies on 
SGA (approximately 150 patients) (1, 14) and chronic 
malnutrition (around 100 patients) revealed impaired 
IGF-1 production due to underlying growth restric-
tions or nutritional deficiencies (3, 9). In these cases, 
the IGF-1 GT identified GH resistance but also high-
lighted the need for addressing systemic issues, such 
as iron overload in TM or nutrient rehabilitation in 
malnutrition, alongside GH treatment (21-25).

The IGF-1 GT has been found to be a useful 
predictor of long-term response to rGH therapy, par-
ticularly in children with short stature and normal GH 
stimulation test results. Studies have shown that a sig-
nificant increase in IGF-1 and the IGF-1/IGFBP-3 
molar ratio during the test correlates with a positive 
long-term growth response, with continued increases 
in height velocity over several years (28).

Similarly, early increases in IGF-1 and IGFBP-3 
after one month of rGH therapy have been shown to 
predict better growth outcomes in the second year of 
treatment (29).

Additionally, Ranke et al. (30). found that in-
creases in IGF-1 and IGFBP-3 during the first three 

Several studies further illustrate the variability 
in IGF-1 levels depending on the patient’s condition, 
treatment, and specific mutations, such as IGF-1 R de-
letions. Larger studies, like those on Turner syndrome, 
involve substantial patient numbers, providing robust 
data, while smaller case studies offer insight into rare 
genetic conditions like IGF-1R mutations. Overall, 
IGF-1 remains a valuable marker for diagnosing and 
managing growth-related disorders.

The quality assessment using the Newcastle-
Ottawa Scale (NOS) revealed a range in study qual-
ity, with recent studies like Backeljauw et al. (15) 
and Kim et al. (20) scoring highly due to their larger 
sample sizes, robust comparability, and modern meth-
odologies. Moderate-quality studies, such as Stanley 
and Grinspoon (19), offered valuable insights but were 
constrained by smaller sample sizes and less rigorous 
follow-up procedures, impacting their comparabil-
ity. Lower-quality studies, including early research by 
Taback and Guyda (14) had limited representativeness 
and smaller cohorts with insufficient follow-up, result-
ing in lower NOS scores.

Overall, most studies reviewed were of moderate 
to high quality, with recent improvements in sample 
representativeness and follow-up. However, the vari-
ability in cohort design and follow-up methods across 
studies suggests that standardized protocols are es-
sential in future research to enhance data quality and 
facilitate more robust comparisons and meta-analyses.

Table 2 summarizes IGF-1 GT responses across 
different growth conditions, highlighting how IGF-1 
levels vary in response to rGH therapy and different 
underlying conditions. Fifteen studies assessed the 
utility of the IGF-1 GT in different pediatric growth 
disorders. Collectively, these studies represent a sample 
size of over 1,200 pediatric patients with various con-
ditions, including GHD, ISS, SGA, TS, NS, TM, and 
chronic malnutrition. The IGF-1 GT results varied 
substantially across these conditions, offering valuable 
diagnostic insights into GH function and sensitivity.

In children with GHD, all five studies consist-
ently reported a blunted or minimal IGF-1 response 
following GH administration (6, 9, 10, 12, 13). This 
response was evident in over 300 patients across these 
studies. The lack of IGF-1 GT in these patients re-
inforced the need for GH therapy to support growth 
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outcomes. Kim et al. (20) further confirmed that 
changes in IGF-1 levels during rGH therapy posi-
tively correlate with improved height outcomes. How-
ever, limitations exist, as highlighted by Coutant et al. 
(22) who noted that the test’s utility is less clear in de-
tecting mild cases of GH insensitivity. Buckway et al. 
(23) reinforced that GH sensitivity varies among pa-
tients with GHD and ISS, and the IGF-1 GT remains 
a useful marker for rGH responsiveness, especially 
when paired with IGFBP-3 levels, as shown in Perez-
Colon et al. (24) research. Overall, the test is valuable 
but requires careful interpretation based on the specific 
growth disorder and patient characteristics.

Table 3 highlights that early increases in IGF-1 
levels—whether from an IGF-1 generation test or 
during initial rGH therapy—consistently correlate 
with better long-term growth outcomes, although the 
predictive value may vary depending on underlying 
GH sensitivity and diagnostic context.

Table 4 summarizes the sensitivity of IGF-1 GT 
in diagnosing various growth disorders. The test re-
veals high sensitivity (70-90%) in diagnosing GHD, 

months of therapy are indicative of GH sensitivity and 
predict long-term growth outcomes in children born 
SGA and those with GHD. However, the predictive 
value of the test is not absolute, as its effectiveness var-
ies across different patient groups, particularly adults.

In summary, the 16 studies reviewed include more 
than 1,200 pediatric patients and demonstrate the util-
ity of the IGF-1 GT in diagnosing and sometimes 
managing various growth disorders. The test is par-
ticularly effective in identifying GHD and partial GH 
insensitivity in syndromic disorders, while it has more 
nuanced roles in ISS, SGA, and chronic malnutrition.

Table 3 summarizes research findings on the 
predictive and diagnostic value of the IGF-1 GT in 
assessing growth response to rGH therapy and GH 
sensitivity in children with various growth disorders. 
The IGF-1 GT reveals significant predictive value in 
assessing long-term growth response to rGH therapy, 
particularly in children with short stature and GHD.

Studies by Smyczyńska et al. (28) and Blum et al. 
(29) demonstrated that early increases in IGF-1 lev-
els are strong indicators of positive long term growth 

Table 3. Relation between IGF-1 generation test (IGF-1 GT) and early IGF-1 response to rGH and growth and IGF-1 response 
to longer term rGH therapy. 

Author(s) Journal/Year
Number  

of patients Main Findings

Smyczynski et al. (28) Neuro Endocrinol Lett, 
2013

150 Significant increase in IGF-1 and IGFBP-3 during IGF-1 
GT correlated with long-term growth response to rGH 
therapy.

Blum et al. (29) Pediatr Res, 1993 200 Early increases in IGF-1 during the first month of rGH 
therapy predicted a better growth outcomes in the second 
year.

Kim et al. (21) Horm Res Paediatr, 
2021

128 Changes in IGF-1 levels during rGH therapy positively 
correlated with improvements in height outcomes over 
time.

Coutant R et al. (22) Eur J Endocrinol, 2012 112 IGF-1 GT had limitations, particularly in detecting mild 
GH insensitivity, and its utility for GHIS diagnosis is 
debated.

Buckway et al. (23) J Clin Endocrinol 
Metab, 2001

198 IGF-1 GT demonstrated GH sensitivity across normal, 
GH insensitivity, and ISS subjects. Response to rGH was 
dose-dependent but variability was seen in rGHD patients.

Perez-Colon et al. (24) Int J Endocrinol Metab, 
2018

  43 Baseline IGFBP-3 and IGF-1 at 3 months predicted 
growth response to rGH or IGF-1 therapy in short stature 
children with low IGF-1.
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Table 4. Sensitivity of IGF-1 generation test (IGF-1 GT) across various growth disorders

Diagnosis Author(s) Journal Main finding Sensitivity

Growth Hormone Deficiency 
(GHD)

Stanley, et al. J Clin Endocrinol 
Metab (19)

High sensitivity of IGF-1 
GT  in diagnosing childhood 
GHD.

70-90%

Idiopathic Short Stature (ISS) Cohen, et al. J Pediatr Endocrinol 
Metab (2)

Moderate sensitivity, IGF-1 
GT was less reliable for ISS.

30-50%

Laron syndrome (GH 
Insensitivity)

Laron, et al. Horm Res Paediatr (3) Low sensitivity due to GH 
receptor defects. 

Low (negligible)

Turner syndrome Ranke, et al. Endocr Rev (31,32) IGF-1 GT showed moderate 
sensitivity 

40-60%

Chronic Kidney Disease 
(CKD)

Tonshoff, et al. Pediatr Nephrol (33) Reduced sensitivity. Low (due 
to kidney 
dysfunction)

Prader-Willi syndrome Goldstone, et al. Nat Rev Endocrinol 
(34)

Moderate sensitivity, 30-60%

Hypothyroidism Fisher DA. et al. Thyroid (35) Low sensitivity. Low

Constitutional delay of growth 
and puberty (CDGP)

Soliman, et al. Ann Pediatr 
Endocrinol Metab (8)

Variable sensitivity 30-50%

making it a reliable tool in childhood GHD diagno-
sis. However, its sensitivity is much lower in other 
conditions like ISS (30-50%) and Turner Syndrome 
(40-60%), indicating moderate reliability. In disorders 
such as Laron Syndrome and chronic kidney disease, 
the test sensitivity was very low or negligible due to 
underlying issues like GH receptor defects or renal 
dysfunction affecting IGF-1 levels. For conditions like 
Prader-Willi syndrome and hypothyroidism, the test 
revealed a limited diagnostic value, while it was not ap-
plicable for diagnosing acromegaly, where IGF-1 lev-
els are already elevated. Overall, the test utility varies 
substantially across different growth conditions, with 
its highest effectiveness in GHD diagnosis.

Table 5 compares the IGF-1 GT and the GH 
stimulation test (clonidine/ glucagon) in assessing 
GHD and other growth disorders. The IGF-1 GT, 
which measures IGF-1 levels over several days follow-
ing GH administration, offered moderate sensitivity 
for diagnosing GHD (70-90%), but its sensitivity was 
lower for conditions like ISS and Turner syndrome. 
It reflects long-term GH activity but requires longer 
monitoring and can be influenced by several factors, 
like nutrition. In contrast, the GH stimulation test 

provided highly sensitive results for GHD (90-100%), 
according to the current international criteria. How-
ever, this test can produce false positives in cases like 
constitutional delay or chronic illness. Both tests have 
limitations in diagnosing certain conditions, such as 
Laron syndrome, where receptor defects impair IGF-1 
GT, and acromegaly, where elevated IGF-1 makes the 
test irrelevant. While the IGF-1 GT is better for long-
term assessment, the GH stimulation test is more reli-
able for diagnosing, GHD. Moreover, in most cases of 
suspected GHD, the GH stimulation test  is consid-
ered more definitive, while the IGF-1 GT is useful to 
confirm long-term GH activity, especially when GH 
levels are borderline or when there is suspicion of re-
ceptor insensitivity (like Laron syndrome).

Discussion

This review explores the diagnostic and thera-
peutic significance of IGF-1 cut-offs, generation test 
responses, early IGF-1 response to rGH therapy, test 
sensitivity, and comparisons with GH stimulation tests 
across various growth and puberty-related conditions.
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IGF-1R mutations are increasingly linked to poor 
growth outcomes. A study by Stróżewska et al. (36),  
emphasizes that SGA children who do not catch up 
in growth may carry mutations in GHR and IGF-1R, 
indicating a critical need to assess genetic factors 
alongside IGF-1 levels for accurate diagnosis and 
intervention.

In addition, IGF-1 cut-offs continue to evolve 
as more data emerges from larger cohorts, refining 
the diagnostic sensitivity and therapeutic decisions in 
growth disorders (37).

(b) IGF-1 generation test (IGF-1 GT) responses across 
various growth conditions

In examining the diagnostic value of the IGF-1 
GT across various growth conditions it is evident that 

(a) IGF-1 cut-offs in various growth and puberty-
related conditions

Studies consistently demonstrate that lower IGF-1 
levels are associated with conditions like GHD and 
SGA, where cut-offs typically fall below 100 ng/mL  
in contrast to normal growth thresholds of  
150-200 ng/mL (in children 5 to 10 years). This varia-
tion reflects the degree of growth impairment and GH 
insensitivity in these conditions, emphasizing the role 
of IGF-1 as a reliable marker for growth disorders. The 
review reveals how larger studies, like those in Turner 
syndrome, provide robust data to refine these cut-offs, 
while smaller studies offer critical insights into rare ge-
netic conditions, such as IGF-1R mutations (36-40).

Recent research has expanded our understanding 
of these cut-offs, particularly in SGA patients, where 

Table 5. Comparison of the IGF-1 (IGF-1 GT)  with GH stimulation tests like clonidine or glucagon in different diagnoses.

Diagnosis IGF-1 GT 
GH stimulation test 
(clonidine/glucagon) Author(s) Journal/Year

No. of 
pts. 

Utility in diagnosing 
GHD

Moderately sensitive. Highly sensitive for GHD Stanley, et al.(1) J Clin Endocrinol 
Metab, 2014

  83

Sensitivity in GHD 70-90% 90-100% with appropriate 
cut-offs

Stanley, et al.(1) J Clin Endocrinol 
Metab, 2014

  83

IISS Low to moderate 
sensitivity (30-50%)

Useful but less reliable 
for ISS

Cohen, et al. (2) J Pediatr Endocrinol 
Metab, 2008

432

Turner syndrome Moderate sensitivity 
(40-60%)

Usually not useful in 
Turner syndrome

Ranke, et al.(32) Endocr Rev, 1993 168

Laron Syndrome Poor sensitivity GH stimulation test 
usually normal; cannot 
detect receptor defect

Laron, et al.(3) Horm Res Paediatr, 
2016

230

CKD Low sensitivity GH stimulation test often 
unreliable due to chronic 
illness effects

Tonshoff,  
et al.(33)

Pediatr Nephrol, 
2006

  67

Prader-Willi 
syndrome

Moderate sensitivity 
(30-60%)

GH stimulation test is 
useful and typically shows 
deficiency in these patients

Goldston,  
et al.(34)

Nat Rev Endocrinol, 
2008

145

Hypothyroidism
(HT)

Low sensitivity GH stimulation test 
typically shows normal 
response after the 
treatment of HT. 

Fisher, et al. 
(35)

Thyroid, 1996   50

CDGP Variable sensitivity, 
related to pubertal 
stage (30-50%)

Normal-low GH response 
that normalizes with 
puberty

Soliman,  
et al.(8)

Ann Pediatr 
Endocrinol Metab, 
2014

  75

Legend = GHD: Growth Hormone Deficiency; ISS: Idiopathic Short Stature; CKD: Chronic Kidney Disease; CDGP: Constitutional delay of growth 
and puberty.
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growth disorders and its limited prognostic value for 
conditions like ISS.

(c) IGF-1 generation test (IGF-1 GT) and early IGF-1 
response to rGH therapy

Multiple studies, including those by Smyczyńska 
et al. (36) and Blum et al. (29) demonstrate that an 
early increase in IGF-1 levels during the initial phase of 
rGH therapy, typically within the first month, strongly 
correlates with improved growth outcomes over time. 
Specifically, significant IGF-1 elevation is associated 
with enhanced height velocity, indicating that the test 
serves not only as a diagnostic tool but also as a predic-
tor of therapeutic success. This aligns with more recent 
research by Kim et al. (21) who showed that changes in 
serum IGF-1 and IGFBP-3 levels early in treatment 
were indicative of final height outcomes in children 
undergoing rGH therapy, reinforcing the value of these 
early biomarkers in predicting long-term efficacy.

Moreover, newer studies such as that by Soliman 
et al. (8) have expanded on this concept by demon-
strating that baseline IGF-1 levels and their subse-
quent increase during treatment can help clinicians to 
tailor rGH therapy more precisely, particularly those 
with ISS and GHD. This tailored approach allows for 
a more personalized treatment regimen based on early 
IGF-1 responses, improving the likelihood of optimal 
growth outcomes. Additionally, Iwayama et al. (41)  
highlight the importance of IGF-1 GT in predict-
ing the necessity of continued rGH therapy, with 
sustained IGF-1 improvements linked to prolonged 
treatment benefits, which is crucial for ensuring long-
term growth in patients with ISS or GHD .

(d) Sensitivity of IGF-1 generation test (IGF-1 GT) 
across various growth conditions

The IGF-1 GT test exhibits high sensitivity for 
GHD, with sensitivity rates between 70-90%. This 
high sensitivity is supported by its consistent use in 
diagnosing childhood GHD, where a blunted IGF-1 
response confirms the need for rGH therapy. Recent 
research supports these findings, showing the IGF-1 
GT as valuable for screening GHD and minimizing 
unnecessary GH stimulation tests in patients with 

this test illustrates a consistent blunted or minimal 
IGF-1 response for children with growth hormone de-
ficiency (GHD), which aids in confirming the diagnosis 
and guiding rGH therapy decisions. This finding aligns 
with recent studies, where GHD is diagnosed reliably 
through both GH stimulation and IGF-1 GT, under-
scoring their complementary diagnostic roles (41).

The variation in IGF-1 GT and the response to 
GH therapy is notably influenced by mutations in 
IGF-1R, as demonstrated by Göpel et al. (37) Their 
analysis of SGA and IGF-1R mutation carriers reveals 
that IGF-1R mutation carriers have a diminished re-
sponse to rGH therapy compared to SGA patients, 
reinforcing the importance of personalized treatment 
plans.

For idiopathic short stature (ISS) and Turner 
syndrome (TS), the IGF-1 GT yields more variable 
results, particularly as ISS patients tend to show a nor-
mal IGF-1 response, limiting the test’s utility in di-
agnosing GH insensitivity (38). Furthermore, recent 
research on ISS indicates that IGF-1 levels alone may 
not predict GH therapy outcomes, as ISS growth of-
ten depends on other factors like baseline growth char-
acteristics (42).

Moreover, this review highlights to the current 
knowledges the selective utility of the IGF-1 GT in 
syndromic growth disorders and its limited prognostic 
value for conditions like ISS. In examining the diag-
nostic value of the IGF-1 GT across various growth 
conditions it is evident that this test illustrates a con-
sistent blunted or minimal IGF-1 response for children 
with GHD, which aids in confirming the diagnosis 
and guiding rGH therapy decisions. This finding aligns 
with recent studies, where GHD is diagnosed reliably 
through both GH stimulation and IGF-1 GT, un-
derscoring their complementary diagnostic roles (41).  
However, for ISS and TS the IGF-1 GT yields more 
variable results, particularly as ISS patients tend to 
show a normal IGF-1 response, limiting the test’s util-
ity in diagnosing GH insensitivity (42). Furthermore, 
recent research on ISS indicates that IGF-1 levels 
alone may not predict rGH therapy outcomes, as ISS 
growth often depends on other factors like baseline 
growth characteristics (38). 

In brief, this review adds to existing knowledges 
the selective utility of the IGF-1 GT in syndromic 



Acta Biomed 2025; Vol. 96, N. 3: 1656312

recent studies by Fatani (48) suggest that in ambigu-
ous GHD cases, a secondary GH stimulation test 
may enhance diagnostic reliability, while Agrawal and 
Smyczyńska’s work (29) emphasizes the IGF-1 GT 
potential to monitor GH therapy and improve growth 
outcomes over time (43,49)

Overall, integrating IGF-1 GT data with other 
diagnostic markers can provide a multi-faceted ap-
proach that aligns with this review’s emphasis on per-
sonalized management for pediatric growth disorders 
(50,51).

In Summary

This review emphasizes the diverse applications 
and limitations of the IGF-1 generation test across vari-
ous growth and puberty-related conditions. While it has 
proven to be a valuable tool in diagnosing GHD, con-
sistently demonstrating high sensitivity (70-90%) and 
confirming GH dysfunction, its utility is less clear in 
conditions like ISS, TS, and SGA, where moderate to 
low sensitivity is observed, particularly in cases involv-
ing GH receptor defects or syndromic conditions. The 
variability in IGF-1 cut-offs and test protocols across 
studies further complicates result interpretation, under-
scoring the need for standardized protocols and disease-
specific cut-off values to improve diagnostic accuracy. 
While the GH stimulation test remains the more sensi-
tive and definitive tool for diagnosing GHD, the IGF-1 
generation test offers important insights into long-term 
GH axis functionality, making it a valuable complemen-
tary tool for monitoring treatment responses. Further 
research and refinement in test protocols, including dose 
standardization and cut-off values, will enhance the 
clinical utility of the IGF-1 generation test, improving 
outcomes for patients with growth disorders.

Recommendations

1.	 Utilize IGF-1 generation test for GHD and 
partial GH insensitivity: Clinicians should 
use the IGF-1 generation test to reliably con-
firm Growth Hormone Deficiency (GHD) 
before initiating therapy and to detect partial 

sufficient IGF-1 levels (43). However, its sensitivity is 
notably lower for conditions like ISS, Laron syndrome 
and chronic kidney diseases (CKD), where factors like 
GH receptor defects or renal dysfunction affect IGF-1 
levels. Studies suggest that while the IGF-1 GT is less 
effective in identifying GH insensitivity in these cases, 
other diagnostic tools, such as IGFBP-3 levels or MRI 
features, can enhance diagnostic accuracy (44).

In brief, this review emphasizes the need to in-
terpret IGF-1 GT results in the context of specific 
growth disorders to avoid misdiagnosis.

(e) Comparison of IGF-1 generation test (IGF-1 GT) 
and GH stimulation test

The comparison between the IGF-1 GT and the 
GH stimulation test emphasizes their complementary 
roles in diagnosing and managing growth hormone-
related disorders. The GH stimulation test remains the 
gold standard for diagnosing Growth Hormone De-
ficiency (GHD) due to its high sensitivity (90-100%) 
and its reliable measurement of acute GH secretion 
in response to pharmacological stimulation. This re-
view, supported by recent studies, confirms that the 
GH stimulation test is more effective in immediate 
diagnostic confirmation, especially in cases where high 
sensitivity is essential (45,46). However, the IGF-1 
GT provides additional value in assessing long-term 
GH axis functionality and detecting mild GH in-
sensitivity, particularly in cases with borderline GH 
stimulation test results or contraindications to stimu-
lation testing. Studies by Obara-Moszyńska et al. (46) 
and Haj-Ahmad et al. (47) further suggest that using 
the IGF-1/IGFBP-3 molar ratio can improve the 
diagnostic specificity of IGF-1 GT , offering a valu-
able complement to traditional GH testing methods 
(46,47).

For conditions like idiopathic short stature (ISS), 
combining IGF-1 measurements with biomarkers like 
IGFBP-3 has been shown to improve diagnostic accu-
racy, particularly in detecting GH insensitivity in chal-
lenging cases. Research by Giannakopoulos et al. (51)  
emphasizes that the components of the IGF-1 ternary 
complex add predictive value for growth response, espe-
cially in nuanced cases like ISS, reinforcing the IGF-1 
GT utility in long-term monitoring . Additionally, 
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