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Abstract 
Objective: we assessed the diagnostic accuracy of insulin-like growth factor (IGF) 1 measurements with 1 growth hormone stimulation test 
(GHST) vs performing 2 GHSTs as the standard test to confirm the diagnosis of growth hormone deficiency (GHD) in children.
Methods: We retrospectively analyzed the baseline characteristics, anthropometric measurements, and laboratory data of 703 children with 
short stature, aged 4-14 years (mean age, 8.46 ± 2.7 years), who had undergone 2 GHSTs. We compared the diagnostic values of IGF-1 
levels by using a cut-off value of ≤0 SD score, along with results of a single clonidine stimulation test (CST). We evaluated the false-positive 
rate, specificity, likelihood ratio, and area under the curve (AUC) of the 2 diagnostic methods. GHD was diagnosed if the peak growth 
hormone level was <7 ng/mL on 2 GHSTs.
Results: Of the 724 children, 577 (79.7%) had a low IGF-1 level (mean 104.9 ± 61.4 ng/mL), and 147 (20.3%) had a normal IGF-1 level (mean 
145.9 ± 86.9 ng/mL). GHD was diagnosed in 187 patients (25.8%), of whom 146 (25.3%) had a low IGF-1 level. An IGF-1 level reflecting ≤0 
SDs in combination with results of a single CST had a specificity of 92.6%, a false-positive rate of 5.5%, and an AUC of 0.6088. Using an IFG- 
1 cut-off level of ≤−2 SDs did not alter the diagnostic accuracy.
Conclusion: Low IGF-1 values of ≤0 SDs or ≤−2 SDs in combination with results of a single CST had poor diagnostic accuracy for GHD.
Key Words: growth hormone deficiency, insulin-like growth factor 1, diagnostic value
Abbreviations: AUC, area under the curve; BMI, body mass index; CST, clonidine stimulation test; GH, growth hormone; GHD, growth hormone deficiency; 
GHST, growth hormone stimulation tests; IGF, insulin-like growth factor; IGFBP, insulin-like growth factor binding protein; SD, standard deviation. 

Growth hormone deficiency (GHD) is a rare cause of short 
stature in children and is defined as inadequate secretion of 
growth hormone (GH) from the anterior pituitary gland. 
The incidence ranges from 1 per 4000 to 1 per 20 000 of the 
population [1]. The diagnosis is established through clinical 
history, physical examination and auxological measurements, 
biochemical analysis of insulin-like growth factor (IGF) 1 and 
insulin-like growth factor–binding protein (IGFBP) 3, bone 
age determination, magnetic resonance imaging features, 
and results of growth hormone stimulation tests (GHSTs) 
[1-7].

IGF-1 and IGFBP-3 are GH dependent and help mediate the 
anabolic and linear growth–prompting effect of pituitary GH 
[8]. Their levels indicate the status of GH endogenous secre-
tion, exhibit minimal circadian variation [9], and are pro-
posed to be useful tools in evaluating GHD in children [10, 
11]. IGF-1 levels are influenced by many factors, including 
age, pubertal stage, and conditions such as chronic diseases, 
malnutrition, and GHD. IGFBP-3 is a major carrier protein 
for both IGF-1 and IGF-11 and has been also used in screening 
tests for GHD. However, its use in testing has shown no major 
advantage over the SDs of IGF-1 levels except for its relative 

high serum concentration in children younger than 8 years; 
therefore, it is a better identifier of GHD, inasmuch as normal 
IGF-1 levels are relatively low in this age group [9].

The diagnostic accuracy of IGF-1 level as a valuable screen-
ing tool in the evaluation of suspected childhood GHD is ques-
tionable because of conflicting data. Furthermore, the 
standardization of assays and the validation of IGF-1 refer-
ence ranges adjusted for age, sex, and pubertal stage are prob-
lematic [9, 12]. Multiple studies have demonstrated that 
IGF-1 level possesses high specificity and low sensitivity, 
which suggests that a subnormal IGF-1 level is strongly indi-
cative of GHD [13-15]. In contrast, other studies have 
demonstrated that IGF-1 level has poor diagnostic accuracy. 
A recent study showed that as a screening test for GHD, 
IGF-1 level had poor diagnostic accuracy and should not be 
used alone for GHD screening [16]. In support of those find-
ings, Ibba et al also concluded that IGF-1 measurement had 
poor accuracy in discriminating children with GHD from 
those without GHD [17]. However, most studies have demon-
strated the usefulness of IGF-1 measurement along with auxo-
logical data and results of GHSTs in the diagnosis of GHD 
[18, 19].
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Various IGF-1 cut-off values have been proposed for the 
diagnosis of GHD. The Growth Hormone Research Society 
proposed that an IGF-1 level >0 SDs at any age makes the 
diagnosis of GHD unlikely [7]. Wit et al proposed the use of 
a wider range of serum IGF-1 values (between 0 and −2 
SDs) in assessing GH levels for GHD [20]. Ibba et al estab-
lished a cut-off IGF-1 value of −1.5 SD (67.61% sensitivity 
and 62.62% specificity) for the diagnosis of GHD [17]. 
Bussieres et al proposed a serum IGF-1 cut-off level below 
the fifth percentile of the normal values to distinguish idio-
pathic and organic GHD, which had 84% sensitivity but 
only 57% specificity [21]. In addition, Guzzetti et al estab-
lished the most accurate cut-off level for IGF-1, −1.8 SDs, 
but its sensitivity was moderately low (79.3%), as was its spe-
cificity (75%) [22].

A “gold standard” test for diagnosing GHD is lacking. 
According to current consensus guidelines, an inadequate re-
sponse in 2 GHSTs with a peak GH level of <7 ng/mL is the 
cornerstone for the diagnosis of GHD [7]. However, GHSTs 
have limitations, including the nonphysiological nature of 
the tests (inasmuch the results do not reflect the status of en-
dogenous GH secretion), the high false-positive rates, the 
lack of an official cut-off level for the diagnosis of GHD, the 
arbitrariness of interpretations of GHST results that are based 
on limited evidence, the use of different assays by different 
centers [4, 14, 23], poor accuracy and reproducibility, poten-
tial risks and side effects, the burden of its lengthy process on 
the child and parent, and cost [12, 24, 25].

Studies have shown a poor correlation between serum 
IGF-1 concentration and results of GHSTs and no evidence 
that a second subnormal GHST is more reliable than low 
IGF-1 levels in the diagnosis of GHD. In fact, Rosenfeld 
et al found that in patients with mild abnormalities of GH se-
cretion, the serum concentrations of IGF and IGFBP-3 re-
flected GH status more accurately than did GHST results 
and that the poor correlation between IGF-1 and GHST re-
sults reflects the inadequacies of the GHST rather than the lim-
itations of IGF assays [26].

Cianfarani et al’s findings suggested that a simple assess-
ment of growth velocity and basal IGF-1 level in association 
with only 1 GHST result may confirm the diagnosis of GH in-
sufficiency in more than half of patients with short stature 
[14]. Furthermore, Smyczyńska, who compared results of re-
peated GHST results to IGF-1 levels, observed poor reprodu-
cibility of GHST results but a strong correlation between 2 
IGF-1 SDs in patients with previously diagnosed GHD who 
had no other hormonal deficiency or organic abnormalities 
in the hypothalamic–pituitary region and who were tested 
twice within 1 year [12]. Those findings reflect the stability 
and reproducibility of IGF-1 measurements in comparison 
with the results of GHSTs.

Furthermore, in view of the challenges in diagnosing GHD, the 
Gulf Cooperation Council published an opinion that a single GH 
stimulation test combined with IGF-1 measurement and inter-
preted with clinical auxological results would provide sufficient 
data to confirm GHD [27]. Additionally, Federico et al, of the 
Italian Society of Pediatric Endocrinology and Diabetes, pro-
posed an algorithm for the diagnosis of GHD with the measure-
ment of IGF-1 level as the initial step in the laboratory workup for 
suspected GHD. They proposed that the likelihood of GHD de-
ficiency is high in children with a height ≤−2 SDs, a growth rate 
of <1.5 SDs, and an IGF-1 level of <−2.0 z-score. Furthermore, in 
children with normal results of magnetic resonance imaging, 

Federico et al recommended performing 1 pharmacological test 
with insulin instead of 2 to diagnose GHD [18].

Because of uncertainties in the clinical diagnosis and the 
lack of a “gold standard” test for diagnosing GH—specifically, 
the lack of evidence that a second subnormal GHST result is 
more reliable than low IGF-1 levels in the diagnosis—a simple 
reproducible measurement of serum IGF-1 seems more reason-
able than the burden of a second GHST. Hence, the aim of this 
study was to assess the diagnostic accuracy of measuring IGF-1 
level with 1 GHST vs performing 2 GHSTs as the standard test 
to confirm the diagnosis of GHD in children.

Materials and Methods
This retrospective study included 724 children aged 4-14 
years (mean age 8.5 ± 2.7 years) who were referred to the 
endocrine clinic for assessment of short stature between 
January 2014 and January 2021 at King Abdul Aziz 
University Hospital, Jeddah, Saudi Arabia. Children were in-
cluded based on the following criteria: (1) height below ≤2 
SDs or (3rd percentile), or (2) poor growth velocity below 
the 25th percentile, or (3) or a decrease in height of at least 
0.3 SDs/year, or (4) height that is below the parental target 
height potential that had undergone 2 GHSTs. The following 
data were documented from the patients’ charts: baseline 
characteristics (age at assessment and sex), main auxological 
characteristics (height, weight, and body mass index [BMI], 
all plotted on World Health Organization growth charts 
and expressed as Z scores for chronological age and gender), 
height velocity over 1 year before and the first year post GHST 
including those diagnosed with GHD, first year delta height 
velocity SDs, and Tanner stage according to Marshall and 
Tanner [28, 29], biochemical results (IGF-1 and IGFBP-3 lev-
els), and bone age, as well as GHST results. We excluded all 
children younger than 3 years because IGF-1 levels remain 
low for the first 15-18 months of age [30] and no reference val-
ues for IGF-1 SDs have been established that could be deter-
mined by the IGF-1 calculator used in this study. In 
addition, the normal range of IGF-1 values may include the 
lower limit of detection of the assay, and there maybe overlap 
when comparing children with and without GHD [7].

IGF-1 levels were measured by an enzyme-labeled chemilu-
minescent immunometric quantitative assay (IMMULITE 
2000; Siemens Medical Diagnostics, Germany), and we used 
the IGF-1 SD calculator for IMMULITE 2000 to calculate 
the IGF-1 Z score according to chronological age and gender 
[31]. The patients were divided into 2 groups, those with 
IGF-1 levels ≤0 SDs and those with IGF-1 levels >0 SDs.

Bone age was estimated according to the Greulich and Pyle 
method [32]. Bone age was considered delayed if it differed 
from norms for age and gender by at least 1 year. GHSTs 
with clonidine and glucagon were performed on the same 
day after an overnight fast. Children in the peripubertal period 
are not primed with sex steroids prior to GHST. Initially, a 
baseline GH level was obtained (the 0-minute time point), 
and then clonidine was administered orally at 150 μg/m2 of 
body surface area up to a maximum dose of 250 μg, and blood 
samples were obtained at the 30- and 60-minute time points. 
At 75-minute time point from the start of clonidine test, a dose 
of 15 μg/kg glucagon was then administered intramuscularly 
up to a maximum dose of 1 mg, and new GH blood samples 
were obtained thereafter at the 90-, 120-, 150-, 180-, and 
210-minute time points after clonidine administration. To 
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quantify serum GH levels, we used a Siemens IMMULITE 
2000 Systems analyzer 2-site chemiluminescent immunomet-
ric assay (Diagnostics Products Corporation, Germany). A 
GH peak of <7 ng/mL in response to 2 different stimuli tests 
(clonidine and glucagon) confirmed the diagnosis of GHD.

Statistical Analysis
The anthropometric measurements, including weight and height, 
and BMI percentiles and SDs, were calculated with AnthroCal, a 
child growth assessment app in which Z scores are calculated 
based on the World Health Organization’s growth charts. 
Data for each child were dichotomized according to the baseline 
IGF-1 level. An IGF value representing less than 0 SDs was con-
sidered a low level. Demographic data are expressed as means 
and SDs for normally distributed continuous variables and as 
number of patients (and percentages) for dichotomous variables. 
P ≤ .05 defined the level of statistical significance.

We then calculated and compared the diagnostic value of 
IGF-1 levels by using a cut-off of ≤0 SDs (for age and gender) 
in combination with results of a single clonidine stimulation 
test (CST), including the true-positive, true-negative, and 
false-positive results (probability of labeling children as hav-
ing GHD based on IGF-1 level + CST while testing negative 
for GHD on 2 GHST); specificity; and likelihood ratio for 
the diagnosis of GHD in children. The area under the curve 
(AUC) was used to determine the discriminatory ability, 
wherein the acceptable level was >0.7. The false-positive 

rate for a single GHSTs in combination with an IGF-1 meas-
urement reflecting ≤0 SDs was compared with the results of 
the standard 2 GHSTs. To analyze the data, we used 
STATA version 22.0 for Mac (StataCorp, College Station, 
TX, USA).

Results
The mean age of the 724 children was 8.5 years (± 2.7 years), 
and GHD was diagnosed in 187 (25.8%) based on 2 GHST 
results (a peak GH level of <7 ng/mL). Table 1 lists the child-
ren’s baseline characteristics. The children with low IGF-1 lev-
els were older and had a lower height SD and BMI percentile 
than those with normal IGF-1 levels; 67.9% were prepubertal, 
and the IGF-1 and IGFBP-3 levels were significantly lower 
than in those with normal IGF-1 levels. The proportions of 
GHD in both groups were similar.

Table 2 lists the diagnostic values of the GHSTs, which con-
sisted of the IGF-1 level and results of a single CST. The false- 
positive rate was 5.5% in children with IGF-1 levels reflecting 
≤0 SDs and 5.4% in those with IGF-1 levels >0 SDs, which 
was statistically significant with P < .001. The combination 
of a single CST result and a low or normal IGF-1 level had a 
specificity of ∼92.5%. Interestingly, using an IGF-1- cut-off 
value to ≤−2 SDs did not change the diagnostic value for diag-
nosing GHD, with potentially mislabeling 6.6% of children as 
having GHD.

Table 1. Baseline characteristics

Characteristics Total cohort (n = 724) IGF-1 ≤0 SD (n = 577) IGF-1 >0 SD (n = 147) P value

Age (years) 8.5 ± 2.7 8.6 ± 2.7 8.0 ± 2.6 .02

Sex (male), n (%) 422 (58.3) 346 (60) 76 (51.7) .07

Height (cm) 115.5 ± 15.3 116.0 ± 14.8 113.9 ± 17.0 .1

Height (SD) −2.2 ± 1.2 −2.3 ± 1.2 −1.9 ± 1.2 .01

Weight (kg) 22.4 ± 10.6 22.4 ± 10.7 22.3 ± 10.3 .9

BMI (kg/m2) 15.8 ± 3.4 15.7 ± 3.5 15.9 ± 3.2 .4

BMI (percentile) 33.7 ± 31.9 32.2 ± 31.3 39.3 ± 33.6 .02

Tanner stage (n)

I 492 382 110 .08

II 151 127 24

III 60 50 10

IV 16 16 2

V 1 1 0

Height velocity (cm/year)

Prior to GHST 4.2 ± 1.7 4.2 ± 1.7 4.3 ± 1.8 .5

1st year post GHST 6.4 ± 2.4 6.35 ± 2.4 6.6 ± 2.4 .35

1st year delta HV 1.92 ± 2.7 1.91 ± 2.7 1.93 ± 2.5 .96

Bone age, years 7.0 ± 2.9 7.0 ± 2.9 6.7 ± 2.8 .2

Delayed bone age, n (%) 288 (39.7) 229 (39.6) 59 (40.1) .077

IGF-1 level (ng/mL) 113.4 ± 69.3 104.9 ± 61.4 145.9 ± 86.9 <.001

IGF-1 (SDs) −0.90 ± 1.25 −1.35 ± 0.94 0.81 ± 0.67 .000

IGFBP-3 level (ng/mL) 3407.7 ± 1234.4 3407 ± 234.4 3770 ± 194.7 .002

Growth hormone deficiencya, n (%) 187 (25.8) 146 (25.3) 41 (27.8) .5

All values are mean ± SD unless indicated otherwise. 
Abbreviations: BMI, body mass index; GHST: growth hormone stimulation test; HV: height velocity; IGF-1, insulin-like growth factor 1; IGFBP-3, insulin-like 
growth factor–binding protein 3. 
aGH level < 7 ng/mL.
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The IGF-1 level of accuracy in diagnosing GHD choosing 
different cut-off levels of 0 and ≤−2 was demonstrated by 
the AUC in Figs. 1 and 2 respectively.

Discussion
The results indicate that if only children with low IGF-1 levels 
were tested, the diagnosis of GHD would have been missed in 
41 (27.8) who had a normal IGF-1 and who tested positive for 

GHD on the CST. Furthermore, an IGF-1 at a cut-off level re-
flecting ≤0 SDs in combination with a single CST had poor 
diagnostic accuracy in diagnosing GHD, as evidenced by its 
low specificity (92.6%) and incorrect diagnosis of GHD in 
5.5% of children, with an AUC of 0.6088.

Iwayama et al demonstrated that the best diagnostic accur-
acy of IGF-1 was at a cut-off of −1.493 SD, with a specificity 
of 0.471 and an AUC of 0.571; these results corroborate our 
findings of the poor accuracy of IGF-1 level in diagnosing 
GHD, with an AUC of 0.679 [16]. Similarly, Ibba et al dem-
onstrated poor diagnostic accuracy of IGF-1 in discriminating 
patients with GHD from those without GHD with a best cut- 
off of −1.5 SDs for which the specificity was 62.62% and the 
AUC was 0.69 [17]. In contrast, in a systematic review and 
meta-analysis of the diagnostic accuracy of IGF-1 in GHD, 
the AUCs were reported to be 0.78 and 0.8 in different studies 
[19], which implied an acceptable rate of accuracy in GHD 
diagnosis. Furthermore, according to Ali et al, the diagnostic 
value of combined IGF-1 and IGFBP-3 measurements had 
69.35% sensitivity, 83.33% specificity, a positive predictive 
value of 86%, a negative predictive value of 64.81%, and 
75% accuracy [33]. In addition, Guzzetti et al showed a spe-
cificity of 98.4%, when using CST in combination with an 
IGF-1 level reflecting −1.8 SDs [22].

Poor diagnostic accuracy might be related to confounding 
factors that lead to changes in the IGF-1 levels, including char-
acteristics of the cohort tested, nutritional status, the under-
lying etiology, difference in the severity of GHD, IGF-1 
immunoassay used, its interpretation and validation of refer-
ence ranges, and variations in assay performance and compar-
ability as shown by other studies [4, 9, 12, 34].

GHSTs with 2 different GH stimulants remain the “gold 
standard” test for the diagnosis of GHD in children [3, 7]. 
However, because of the nonphysiological nature of this test-
ing, its cost, amount of time required, and potential side ef-
fects, we explored whether a single CST and an IGF-1 level 
≤0 SDs could replace the need for a second GHST in the diag-
nosis of GHD in children. The Growth Hormone Research 
Society stated that a serum IGF-I levels >0 SDs at any age 
makes GHD unlikely. While the Gulf Cooperation Council 
chose a cutoff of −2 SDs to indicate a relatively likelihood 
of GH deficiency. Hence, when we explored the diagnostic 
values of both cut-off levels 0 SDs and −2 SDs and compared 
it to normal IGF-1 levels, we found no statistical difference be-
tween both cut-off level among both groups, as shown in 
Table 2.

Of interest is that 27.8% of GHD children in our cohort had 
normal to >0 SDs of IGF-1 concentrations, which are lower 

Table 2. Diagnostic value of the GH stimulation test based on basal IGF-1 level and single clonidine stimulation test in comparison to 2 GH 
stimulation testing

Test True-positive result 
n (%)

True-negative result 
n (%)

False-positive result 
n (%)

Specificity 
(95% CI)

P value Positive  
LR

Negative  
LR

IGF-1 ≤0 SDs + clonidine n = 577 146 (25.3) 399 (69.2) 32 (5.5) 92.6 (89.7, 94.9) <.001 13.5 0

IGF-1 >0 SDs + clonidine n = 147 41 (27.9) 98 (66.7) 8 (5.4) 92.5 (85.7, 96.7) <.001 13.3 0

IGF-1 ≤−2 SDs + clonidine n = 121 35 (28.9) 78 (64.5) 8 (6.6) 90.7 (82.5, 95.9) <.001 10.8 0

IGF-1>−2 SDs + clonidine n = 603 152 (25.2) 419 (69.5) 32 (5.3) 92.9 (90.1, 95.1) <.001 14.1 0

Abbreviations: GH, growth hormone; IGF-1, insulin-like growth factor 1; LR, likelihood ratios.

Figure 1. Insulin-like growth factor 1 level of accuracy in diagnosing 
growth hormone deficiency, with an area under the receiver operating 
characteristics (ROC) curve of 0.6792.

Figure 2. Insulin-like growth factor 1 level of accuracy of ≤−2 SD in 
diagnosing growth hormone deficiency, with an area under the receiver 
operating characteristics (ROC) curve of 0.6615.
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than those reported in other studies despite using higher IGF-1 
cut-off levels. Ibba et al reported that in their experience, 40% of 
patients with severe GHD had IGF-1 concentrations higher than 
−2 SDs, which overlapped with values found in children without 
GHD [17]. Similarly, Zelazowska-Rutkowska et al found that 
mean serum IGF-1 concentration were normal in 41.7% of 
children with suspected pituitary dwarfism who had abnormal 
GHST results [35]. In contrast to our study, Codner et al and 
Ibba et al, using IGF-1 levels reflecting −2.0 and −1.5 SDs, re-
spectively, found that IGF-1 levels were significantly lower in 
children with GHD than in those without GHD [10, 17]. 
Furthermore, Juul and Skakkebaek concluded that subnormal 
IGF-1 and IGFBP-3 levels are highly predictive of a subnormal 
GHST result in children younger than 10 years in whom GHD 
is suspected [15]. Additionally, other studies showed that the 
high specificity of serum IGF-1 levels (>90%) strongly supports 
their use in the diagnosis of GHD and may decrease the need for 
further testing in children with idiopathic short stature [36, 37].

This study had several limitations, mainly related to factors 
that might have affected the IGF-1 levels. We did not elaborate 
on the underlying etiology of GHD, and we did not exclude 
children with failure to thrive who underwent GHSTs because 
they were among the patients being tested in our institution 
for GHD. In addition, we chose a cut-off of 0 SDs to discrim-
inate low from normal IGF-1 levels in accordance with the 
cut-off proposed by the Growth Hormone Research Society 
[7], even though lower cut-offs have been used in other stud-
ies, as mentioned previously. However, our study did demon-
strate poor diagnostic accuracy even at lower cut-off levels of 
≤−2 SDs.

Conclusions
A low IGF-1 level (reflecting ≤0 or ≤−2 SDs) in combination 
with results of a single CST has poor accuracy in diagnosing 
GHD in children. Hence, IGF-1 levels in the diagnostic work-
up showed no value in the population of this study. 
Subnormal responses to 2 GHSTs remain the mainstay for 
the diagnosis of GHD, but new diagnostic modalities are 
needed.
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