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Abstract

A number of studies have evaluated the role of IGF1 measurement in the diagnosis of 
growth hormone deficiency (GHD). This study aimed to evaluate the accuracy and the 
best cut-off of IGF1 SDS in the diagnosis of GHD in a large cohort of short children and 
adolescents. One-hundred and forty-two children and adolescents with GHD ((63 organic/
genetic (OGHD), 79 idiopathic (IGHD)) and 658 short non-GHD children (median age 10.4 
years) were included in the analysis. The two groups were subdivided according to age  
(G1 <6, G2 6 <9, G3 9 <12, G4 ≥12) and to pubertal status. Serum IGFI was measured by the 
same chemiluminescence assay in all samples and expressed as age- and sex-based SDS. 
Receiver operating characteristic (ROC) analysis was used to evaluate the optimal IGF1 SDS 
cut-off and the diagnostic accuracy. Median IGF1 SDS was significantly lower in the GHD 
than in non-GHD patients. The area under the curve (AUC) was 0.69, with the best IGF1 
cut-off of −1.5 SDS (sensitivity 67.61%, specificity 62.62%). The AUC was 0.75 for OGHD and 
0.63 for IGHD. The accuracy was better in the pubertal (AUC = 0.81) than the prepubertal 
group (AUC = 0.64). In our cohort, IGF1 measurement has poor accuracy in discriminating 
GHD from non-GHD. Our findings confirm and reinforce the belief that IGF1 values should 
not be used alone in the diagnosis of GHD but should be interpreted in combination with 
other clinical and biochemical parameters.

Introduction

The diagnosis of growth hormone deficiency (GHD) 
in childhood and adolescence is based on auxological, 
biochemical, neuro-radiological, and genetic 
investigations. Since GH production is pulsatile, its 
secretion needs to be assessed by provocative tests. 
A number of different GH secretagogues and testing 
modalities have been proposed over the last decades  
(1, 2). However, their interpretation remains problematic 

for many reasons (3, 4). Pharmacological stimuli are not 
physiological, the diagnostic cut-off is often arbitrarily 
established, testing modalities and GH assays are widely 
variable among different centres. Furthermore, GH 
secretion may be influenced by factors such obesity, 
undernutrition, sex, age and puberty (4, 5). Finally, 
provocative tests are time-consuming, costly and entail 
discomfort for the patients.
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The decision to perform a GH stimulation test should 
be based on the severity of short stature, height velocity, 
medical history and physical examination findings. The 
diagnostic cut-off for the stimulated GH peak was initially 
set at 5–7 μg/L, subsequently was arbitrarily increased to 
10 μg/L (6, 7, 8, 9, 10, 11, 12). In the most recent guidelines 
(1) it has been set at 7 μg/L. We have also shown that 
the best GH peak cut-off ranges from 5.1 to 6.8 μg/L, 
depending on the stimulation test (13). 

Measurement of IGF1 is also an important step in the 
diagnostic process (10, 14). IGF1 is a small polypeptide 
hormone, whose synthesis in the liver is stimulated by GH. 
IGF1 circulates primarily bound to the acid-labile subunit 
(ALS) and the insulin growth factor binding protein-3 
(IGFBP3) (4, 5, 15). IGF1 and IGFBP3 serum levels show 
little circadian variation, so that a single measurement 
is more reliable than a single basal GH value. However, 
IGF1 and IGFBP3 levels are also influenced by the type of 
assay (16), the patients’ nutritional status, the presence 
of chronic illness or organ failure (4, 5, 16), and vary 
with age and pubertal status. A number of studies have 
investigated the role of IGF1 in the diagnosis of GHD 
during the past decades (1, 4, 14, 15, 17, 18, 19, 20, 21, 22)  
but the results are often not comparable (14, 17). Overall, 
these studies show that IGF1 measurement has a good 
specificity (around 90%) and low sensitivity (around 70%), 
indicating that IGF1 levels below the reference range  
(<-2SDS) are highly predictive of GHD but that levels 
within the reference range do not exclude GHD.

In the current retrospective study we aimed to define 
the best IGF1 SDS diagnostic cut-off using a standardized 
assay in a large cohort of children and adolescents 
with short stature. Furthermore, we wanted to evaluate 
through receiver operating characteristic (ROC) curve 
analysis (23) the accuracy of a single IGF1 measurement 
in the diagnosis of GHD.

Subjects

Data from 847 children and adolescents followed in six 
Italian Paediatric Endocrine Units (Bolzano, Cagliari, 
Genova, Napoli, Roma, Trieste) for short stature and/or  
growth deceleration between 2005 and 2019 were reviewed 
in this retrospective analysis. Written consent has been 
obtained from each subject after full explanation of the 
purpose and nature of all procedures used. The study 
was approved by the Independent Ethical Committee 
of the University Hospital of Cagliari (PG/2019/8866). 
Forty-seven patients were excluded because they were 

affected by an additional pathology or for incomplete 
data. All 800 subjects included in the study (476 boys, 
324 girls, median age 10.4 years (7.07–12.70) Tanner 1–5) 
underwent diagnostic procedures to evaluate a possible 
GHD. The entire cohort was divided into two groups 
of GHD and non-GHD subjects. GHD was diagnosed in 
142 patients with a GH peak response <7 μg/L after two 
provocative tests. This group was then divided into two 
groups according to the etiology of GHD, organic/genetic 
GHD (OGHD, medulloblastoma (n = 3), germinoma 
(n = 9), craniopharyngioma (n = 19), astrocytic tumors 
(n = 5), ectopic posterior pituitary and/or empty sella 
and/or pituitary ipoplasia (n = 26), genetic (n = 1)) and 
idiopathic GHD (IGHD). 

The 658 subjects with a GH peak ≥7 μg/L and no 
other recognizable endocrine cause for the short stature 
were considered non-GHD and served as controls. Then, 
the GHD and non-GHD groups were subdivided into four 
groups according to age (G1 <6, G2 6 <9, G3 9 <12, G4 
≥12). In order to analyse the influence of puberty on IGF1, 
the entire cohort was also subdivided into two groups 
according to the Tanner stage (prepubertal/Tanner 1 and 
pubertal/Tanner 2–5) and analysed separately comparing 
prepubertal (n = 102) vs pubertal (n = 40) GHD children 
and prepubertal (n = 527) vs pubertal (n = 128) non‐GHD 
children. The main auxological characteristics of the 
subjects are summarized in Table 1.

Methods

Clonidine and arginine stimulation tests and insulin 
tolerance test (ITT) were randomly used to evaluate GH 
reserve. According to our previous findings (13), a cut-
off of 7 μg/L was adopted as the lowest limit for the GH 
peak. All children with GH peak <7 μg/L after the first 
test underwent a second stimulation test on a separate 
day (at least 2 days apart). All the tests were performed 
in the morning (08:00–09:00 h) after overnight fasting as 
previously described (13). Steroid priming was never used. 
Brain MRI was performed in all children with GHD. IGF1 
was determined at baseline in all subjects at the moment 
of first testing. 

Assay

Serum IGF1 and GH were measured in all subjects by 
chemiluminescent immunometric assay (CLIA) (Immulite 
2000; Diagnostic Products Corp., Los Angeles, CA, USA). 
IGF1 assay was calibrated against the WHO IRR 87/518. GH 
assay was calibrated against the recommended IS 98/574.  
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The sensitivity of the method was 2.6 nmol/L for IGF1 
and 0.01 μg/L for GH. The IGF1 intra- and inter-assay 
coefficients of variation were 3.4 and 7.1%, respectively. 
The GH intra- and inter-assay coefficients of variation 
were, respectively, 4.2–6.6 and 2.9–4.6% at GH levels 
of 2.6–17 μg/L. Consistency of assay performance was 
assessed by regular use of internal controls. 

Statistical analysis

Age and sex-based IGF1 SDS values were calculated using 
the normative data for the method (24) according to 
the following formula: IGF1 SDS (Z-score) = (log IGF1 
ng/L − log mean for age and sex)/log mean s.d. Height 
SDS and BMI SDS were derived from the Italian reference 
data (25). Height velocity SDS was derived from Tanner’s 
charts (26). 

Kolmogorov–Smirnov test was used to evaluate the 
distribution of the data. Comparison between groups 
was performed using the Student’s t-test and the Mann–
Whitney U-test for normally distributed variables and 
for not-normally distributed variables, respectively. ROC 
analysis (23) was used to evaluate the optimal IGF1 SDS 
cut-off (best pair sensitivity and specificity values) and the 
diagnostic accuracy of IGF1 for all the groups considered. 
The best pair sensitivity and specificity values were 
calculated according to the Youden index. The area under 
the curve (AUC) was used to measure the accuracy of the 
test and was considered with 95% CI. Likelihood ratios 
for a positive test result (LR+), and the efficiency (Ef, the 
number of correct results divided by the total number of 
tests) were provided as a measure of diagnostic accuracy. 
All values were reported as median and interquartile range 
(IQR) (continuous variables) or as counts and percentages 
(categorical variables). Sensitivity, specificity, positive and 
negative predictive values (PPV and NPV) were expressed 
as percentage. P < 0.05 (two sided) was considered 

significant. All statistical calculations were performed 
using GraphPad Prism version 8.4 software, Inc.

Results

The clinical and biochemical characteristics of the subjects 
are summarized in Table 1. Height SDS was similar in the 
two groups, while, as expected, BMI SDS was higher in 
the GHD group. The median IGF1 SDS was −1.97 (−2.77 
to 1.15) and −1.13 (−2.0 to 0.29) in GHD and non-GHD 
subjects, respectively (Table 1). The median IGF1 SDS was 
similar between prepubertal GHD (−1.94, −2.56 to 0.92) 
and pubertal GHD (−2.02, −3.32 to 1.43), while it was 
significantly higher in pubertal (−0.73, −1.56 to 0.16) 
than in prepubertal non-GHD (−1.0, −1.9 to 0.2) (Table 2).  
IGF1 SDS was significantly lower in prepubertal GHD 
(−1.94, −2.56 to 0.92) and pubertal GHD (−2.02, −3.3 to 
1.4) than in prepubertal non-GHD (−1.2, −2 to 0.4) and 
pubertal non-GHD (−0.73, −1.56 to 0.16), respectively 
(Table 2). 

ROC curve analyses

The results of the ROC analyses are reported in Figs 1, 2, 
3 and Tables 3, 4, 5.

The AUC (measure of discriminative ability of the 
test) for IGF1 SDS was 0.69 (95% CI: 0.64–0.74). The 
best pair of values for Se and Sp (67.61 and 62.62%, 
respectively) was found at the cut-off of −1.5 SDS (LR+ 
1.80, efficiency: 67.6%, PPV: 28.07%, NPV: 89.95%). 
Thus, using the IGF1 SDS cut-off −1.5 a correct diagnosis 
was possible in 96 GHD patients (67.6% (n = 47 OGHD, 
n = 49 IGHD)) and 412 non-GHD subjects (62.61%). 
At the IGF1 cut off of −2 SDS, Sp and Se were 46.4 and 
77.2%, respectively, with a LR+ of 2 and Ef of 63%, PPV 
30%, NPV 86%. 

Table 1 Main clinical and laboratory characteristics of the cohort studied.

Total GHD Non-GHD P-value OGHD IGHD

Subjects (n) 800 142 658 63 79
Age (years) 10.4 (7.1 to 12.7) 10.9 (8.1 to 12.7) 10.3 (6.8 to 12.7) 0.1149 11.2 (7.85 to 13.02) 10.85 (8.0 to 13.0)
M/F 476/324 77/65 399/259 36/27 41/38
Height SDS −2.47 (−2.84 to 2.0) −2.3 (−1.77 to 2.9) −2.5 (−2.8 to 2.05) 0.0222 −2.2 (−2.9 to 1.4) −2.35 (−2.9 to 1.9)
BMI SDS −0.75 (−1.53 to 0.06) 0.08 (−0.9 to 0.96) −0.89 (−1.64 to 0.18) <0.0001 0.33 (−0.37 to 1.0) −0.06 (−1.33 to 0.9)
IGF1 µg/L 133.5 (83 to 196) 106 (59.7 to 147) 140.5 (90.25 to 207.8) 74.05 (41.4 to 136.5) 119.5 (84.63 to 160.5)
IGF1 SDS −1.27 (−2.07 to 0.41) −1.97 (−2.77 to 1.15) −1.13 (−2.0 to 0.29) <0.0001 −2.26 (−3.59 to 1.48) −1.84 (−2.3 to 0.8)
Prepubertal (n) 592 102 490 38 64
Pubertal (n) 110 40 70 25 15

All values are reported as median and interquartile range (IQR).
GHD, growth hormone deficiency; IGHD, idiopathic growth hormone deficiency; IGF1, insulin-like growth factor 1; OGHD, organic/genetic growth 
hormone deficiency; SDS, standard deviation score.
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The AUC for OGHD IGF1 SDS was 0.75 (95%CI: 
0.69–0.82) with IGF1 SDS best cut-off of −1.71 (Se: 74.6% 
and Sp: 67.33%; LR+ 2.28, Ef: 66%, PPV: 18.3%, NPV: 
95.06%). The AUC for IGHD IGF1 SDS was 0.63, best cut-
off was −1.51 SDS (Se: 62.03%, Sp: 62.92%, LR+ 1.67, Ef: 
62.02%, PPV: 16.2%, NPV: 93.04%). The ROC analyses for 
the non-GHD and OGHD groups ROC yielded an AUC 
of 0.75 (95% CI: 0.69–0.82). The best IGF1 SDS cut-off to 
discriminate between non-GHD and OGHD groups was 
−1.71 (Se: 74.6% and Sp: 67.33%; LR+ 2.28, Ef: 67.4%, 
PPV: 17.66%, NPV: 96.48%). The results of ROC analyses 
according to age groups and pubertal status are reported 
in Figs 2, 3 and Tables 4, 5.

Discussion

The aim of our study was to investigate the predictive 
value of a single IGF1 measurement in the diagnosis of 
GHD in a large and well-selected cohort of children and 
adolescents with short stature using the same IGF1 assay.

Since 1982, IGF1 measurement has been proposed 
as an alternative to GH stimulation testing for assessing 
GH status in short children because it is easier to perform 
and more reproducible (27). The usefulness of IGF1 
measurement, alone or in combination with IGFBP3,  

for the diagnosis of GHD has been the subject of a  
number of studies (2, 4, 14, 17, 19, 28, 29, 30, 31, 32, 
33, 34, 35, 36). The results of all these studies have been 
controversial and their findings are hardly comparable 
because of the use of different assays, different unit 
of measure (mass units, percentiles, SDS), as well as 
differences in patients’ selection (17).

As expected, in our cohort the IGF1 SDS values were 
lower in GHD than in non-GHD (19, 28). However, our 
results also confirmed that IGF1 measurement alone is 
not reliable for the diagnosis of GHD in the single patient. 
We found that IGF1 measurement had poor accuracy as 
demonstrated by an AUC of 0.68, and poor sensitivity, 
specificity and efficiency (67.61, 62.62 and 67.6%, 
respectively) for the best cut-off of −1.5 SDS. The accuracy 
was slightly better in patients with OGHD. When we 
considered the IGF1 cut off of −2 SDS as recommended 
by current guidelines (11), we found a slight increase in 
specificity (77.2%) but a marked decrease in sensitivity 
(46.8%). Our findings are in contrast with the results 
of other authors. Ali  et al. (37) and Granada  et al. (38) 
reported high specificity and sensitivity for IGF1 and 
concluded that IGF1 measurement was very useful for 
screening patients with short stature and suspected GHD. 
A recent meta-analysis (17) reviewed studies that used 
RIA or immunoradiometric assays (IRMA) and reported 
an AUC for IGF1 SDS of 0.78, higher than in the present 
study, but still suboptimal. Both sensitivity and specificity 
were highly variable, ranging between 32 and 100% (17), 
probably because of large differences between studies. 
Felìcio  et al. (31) using ROC curve analysis and the same 
assay used in our study found similar specificity, sensitivity 
and accuracy in 115 subjects but at a much higher IGF1 
cut-off (−0.49 SDS). The choice of the cut-off is one of 
the most controversial aspects, and in most studies it 
varies between −1.5 and −2 SDS (39). We found that the 
best cut-off to discriminate GHD patients from non-GHD 
subjects was −1.5 SDS. Cianfarani  et al. (34) evaluated 33 
GHD and 56 subjects with idiopathic short stature (non-
GHD) and found that the IGF1 SDS cut-off of −1.9 best 
discriminated GHD from idiopathic short stature, with 
73% sensitivity and 95% specificity. Boquete   et  al. (29) 
studied 67 subjects and found that −1.65 SDS was the best 
IGF1 cut-off to discriminate GHD from idiopathic short 
stature with sensitivity and specificity of 68 and 97%, 
respectively. Binder   et al. (32) proposed reference range 
for IGF1 SDS with the purpose to screen short children 
for GHD. They considered −1.4 SDS as the best cut off 
with 100% of sensitivity, but poor specificity (33.3%). 
Furthermore, using ROC analysis they found an AUC of 

Table 2 Differences between groups according to  
pubertal status.

IGF1 SDS Prepubertal Pubertal P-value

GHD (n) 102
−1.94 (−2.56 to 0.92)

40
−2.02 (−3.32 to 1.43)

0.114

Non-GHD (n) 527
−1.2 (−2 to 0.4)

128
−0.73 (−1.56 to 0.16)

0.001

P-value <0.0001 <0.0001

All values are reported as median and interquartile range (IQR).
GHD, growth hormone deficiency; IGF1, insulin-like growth factor 1; SDS, 
standard deviation score.
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Figure 1
ROC curve for IGF1 SDS.
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0.8 for IGF1 SDS. In contrast we found a lower AUC with 
a specificity twice as high for a similar cut-off of −1.5 SDS.

Despite the high specificity, most authors concluded 
that IGF1 measurement is useful in the diagnosis of GHD 
only when combined with auxological parameters and the 
results of GH stimulation testing (14, 18, 20, 29, 32, 34).  

We have previously shown that IGF1 measurement 
combined with GH provocative testing, increases the 
specificity of the test results, reaching 95.8% for ITT, 98.4% 
for clonidine test, 95.6% for arginine test, and reduces 
the risk of false positive results (13). In addition, our 
results indicate that the accuracy of IGF1 measurement is 
slightly better in the 6–9 years group, although sensitivity 
and specificity remained around 70%. According to 
Cianfarani  et al. (40), specificity was higher in children 
younger than 11, reaching 91%. In our cohort we observed 
that specificity was higher in the ≥12 years group (91.5%) 
coupled with the highest diagnostic efficiency (82%) with 
a best cut off of −3 SDS, but still with suboptimal accuracy 
(AUC = 0.72). 

Figure 2
ROC curves for IGF1 SDS according to age.
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Figure 3
ROC curves for IGF1 SDS according to pubertal status.

Table 3 ROC curve analysis results for the entire cohort and 
the non-GHD vs OGHD groups.

IGF1 SDS
GHD vs non-GHD Non-GHD vs OGHD

AUC 0.69 0.75
Best cut-off (SDS) −1.5 −1.71
Sensitivity (%) 67.61 74.6
Specificity (%) 62.62 67.33
Efficiency (%) 67.6 67.4
LR + 1.80 2.28
PPV (%) 28.07 17.66
NPV (%) 89.95 96.48
Cut-off for sensitivity at 95% −0.13 −0.23
Cut-off for specificity at 95% −3.08 −3.38

AUC, area under the curve; GHD, growth hormone deficiency; IGF1, 
insulin-like growth factor 1; LR+, positive likehood ratio; NPV, negative 
predictive value; OGHD, organic/genetic growth hormone deficiency; PPV, 
positive predictive value; SDS, standard deviation score.
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Puberty has a profound influence on the GH–IGF1 
axis. At the time of puberty, an increase in GH release 
follows the increased secretion of sex steroids (41). 
Twenty-four-hour GH concentration and, consequently, 
IGF1 concentrations, increase during puberty, either 
spontaneous, precocious or pharmacologically induced 
(41, 42). This was confirmed in our cohort, as the IGF1 
concentrations rose with puberty in the non‐GHD 
children. 

We also found significant differences in IGF1 
values between the OGHD and IGHD group, with best 
discriminative cut-off of −2.65 SDS, confirming that 
patients with organic and genetic GHD (i.e. usually 
severe GHD) have lower IGF1 values than patients with 
idiopathic GHD (14, 43, 44, 45, 46). 

This study has the inherent limitations of all 
retrospective studies. Furthermore, the non-GHD group 
may be heterogeneous and include patients with subtle 
alterations of GH secretion or partial GH resistance. 
Likewise, some patients classified as IGHD may indeed 
be non-GHD subjects with falsely positive results to 
two stimulation tests (47). However, to our knowledge, 
this is the first study performed on a large well-selected 
population of short children and adolescents using the 
same IGF1 assay and a robust statistical method. In 
addition, the data have been obtained and analysed from 
the real clinical settings.

In conclusion, this study shows that the IGF1 value 
of −1.5 SDS is the best cut-off to discriminate between 
GHD and non-GHD. Slight better accuracy was observed 
for patients aged 6–9 years, for the organic/genetic GHD 

group and for the pubertal group. The results of this 
study also confirm that IGF1 values must be interpreted 
in combination with other clinical and biochemical 
parameters for the diagnosis of GHD.
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