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Abstract: Background/Objectives: Diagnosis of growth hormone (GH) deficiency (GHD) requires confirmation 

by decreased GH peak in stimulation test (GHST). Despite physiological changes in GH secretion, the same cut-

off for GH peak in GHST is recommended throughout childhood. There are also reports indicating a high rate 

of false positive GHST results. The aim of the study was to identify prognostic factors of GHD in children with 

short stature, depending on clinical parameters and insulin-like growth factor-1 (IGF-1) concentration. Methods: 

Analysis included 1592 children with short stature, in whom height weight, body mass index (BMI), GH peak in 

two GHST, IGF-1 concentration and bone age (BA) were assessed. Diagnosis of GHD was based on GH peak in 

two GHST below 10.0 µg/l, otherwise the diagnosis was idiopathic short stature (ISS). Results: GHD was 

diagnosed in 604 patients (37.9%). There was no difference between the groups GHD and ISS in age, BA, and 

height, while children with GHD had significantly lower (p<0.001) BMI and IGF-1. The incidence of GHD was 

different in in different age, BA, height and BMI ranges, also in boys and in girls. After classifying the patients 

with respect to nutritional status, GH peak was the lowest while IGF-1 and IGF-1 SDS for age and sex – the 

highest in children with overnutrition, the opposite relationship was found in ones with undernutrition. 

Conclusions: The assumption of the same cut-off value of GH peak for all GHST performed in children should 

be modified by personalized interpretation of the results of these tests. Further studies are necessary to establish 

proper cut-offs for GH peak in GHST and possibly also for IGF-1 levels. 

Keywords: short stature; growth hormone stimulation tests; insulin-like growth factor-1; bone age; nutritional 

status; growth hormone deficiency; idiopathic short stature 

 

1. Introduction 

Diagnostics of growth hormone deficiency (GHD) is one of the major challenges in pediatric 

endocrinology, and the diagnosis should take into account the clinical probability of the disease and 

the assessment of growth hormone (GH) secretion in stimulation tests (GHST) [1,2]. As in the 

classification of pediatric endocrine diagnoses [3], GHD as a synonymous of insulin-like growth 

factor-1 (IGF-1) deficiency, Wit et al. [2] have proposed to measure IGF-1 concentrations as a part of 

screening procedure while diagnosing GHD in children with short stature, together with thorough 

clinical assessment of the patients. 

The incidence of GHD in pediatric population is relatively rare, the recent review of population-

based studies [4] gives the frequencies ranging from about 1:30,000 in the oldest of cited papers [5–7] 

by 1:3480 in US study from 1990 [8] to about 1:1000 (exactly 127:100,000 in boys, 93:100,000 in girls) 

in a large study based on Finnish registries from 1998-2017 [9]. Even higher rate of GHD, e.g. 

13.4/10,000 (that corresponds to 1:746) has been reported in a more recent study of Italian pediatric 
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population [10]. The assumption that the incidence of GHD is 1:5000 lead to the consideration that 

only approximately 1% of children with height SDS below -2.0 should have established this diagnosis 

[2]. There are also reports indicating a high rate of false positive GHST results [11–13]. Diagnostic 

controversy and the risk of overdiagnosis GHD concerns mainly the patients with idiopathic, isolated 

GHD, as in ones with anatomic abnormalities in the pituitary region, genetic defects related to 

impaired GH secretion and/or multiple pituitary hormone deficiency, the diagnosis seems 

undoubtful [1,12]. The problems with proper interpretation of the results of GHST and current 

knowledge on factors influencing these results have been widely described in a quite recent paper of 

Kamoun et al. [14]. 

There is also more and more data indicating that isolated, idiopathic GHD, diagnosed in 

childhood is a disease of a fundamentally transitional nature, as in the majority of patients after 

completion of growth promoting therapy, GH secretion in the repeated GHST appears to be normal, 

even with respect to “pediatric” criteria [15]. Moreover, there is also increasing evidence that such 

normalization of GH secretion is observed already in in mid-puberty [16,17]. This phenomenon, 

described as “transient GHD”, may be explained either by real improvement of previously decreased 

GH secretion or by the obtaining false positive results of GHST in childhood. Interestingly, similar 

problems were highlighted in 1990s by Cacciari et al. [18]. 

In the majority of studies on GHD in children, the auxological parameters (height, body mass, 

BMI, height velocity) and IGF-1 concentrations are expressed as SDS values for sex and age 

(sometimes for pubertal stage) to enable direct comparisons in the population of developmental age. 

Bone age (BA) is usually presented as its difference from or proportion to chronological age (CA). 

This is undoubtedly justified by the adopted statistical analysis methodologies. Nevertheless, this 

way the raw data are lost from the analysis, that makes impossible comparisons depending on the 

height (not only height SDS), body mass or BMI (not only BMI SDS) or BA (not only in relation to 

CA), or finally IGF-1 (not only IGF-1 SDS). 

Taking into account the need for assessment of pre-GHST clinical probability of GHD, it seems 

possible to use advanced computational methods of machine learning (commonly referred to as 

artificial intelligence) to create models predicting GHD, based on patient’s history, basic auxological 

data followed by assessment of BA and IGF-1 concentrations. 

The aim of present study was to identify prognostic factors for the diagnosis of GHD in children 

with short stature depending on selected clinical parameters and IGF-1 concentration, using the raw 

data obtained from the patients. 

2. Materials and Methods 

The retrospective, non-interventionary study included 1592 children (985 boys, 607 girls), aged 

10.3±3.4 years (mean±SD), with short stature, diagnosed in a single reference center of pediatric 

endocrinology in years 2003-2020, in whom standard diagnostics was performed, including height 

and weight measurements, two pharmacological GHST (after clonidine and glucagon), 

determination IGF-1 concentration and BA assessment. 

Short stature was defined as patient’s height below 3rd centile for age and sex, according to 

Polish reference charts [19]. Based on patients’ history, all children with any congenital 

malformations, genetic defects, multiple pituitary hormone deficiency (MPHD) chronic diseases 

and/or therapies that might disturb growth, as well as ones with acquired GHD or MPHD were 

excluded from the study Thus, differential diagnosis included GHD and idiopathic short stature. 

In all the patients fulfilling the inclusion criteria, body mass index (BMI) was calculated for all 

the patients, as well as hSDS, BMI SDS and IGF-1 SDS, with respect to appropriate reference data for 

patient’s age and sex. 

Height SDS was calculated according to the reference data of Palczewska and Niedźwiecka [19], 

BMI-SDS with respect to the reference data of Kułaga et al. [20,21]. Bone age was assessed using 

Greulich-Pyle standards [22], based on X-ray images of hand and wrist, obtained within 6 months 

before or after performing GHST, however, in the majority of patients – during the same 

hospitalization as GHST. The assumed time range was dictated by the limitations resulting from 
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radiological protection, as well as the time intervals between subsequent standards in the used atlas 

[22]. 

The diagnosis of GHD was based on GH peak below 10.0 µg/l in two stimulation tests: with 

clonidine 0.15 mg/m2, orally (GH concentrations measured every 30 minutes from 0 to 120 minute of 

the test) and with glucagon 0.03 mg/kg (not exceeding 1.0 mg), intramuscularly (GH concentrations 

measured in 0, 90, 120, 150 and 180 minute of the test). The concentrations of GH were measured by 

the two-site chemiluminescent enzyme immunometric assay (hGH IMMULITE, DPC) for the 

quantitative measurement of human GH, calibrated to WHO IRP 80/505 standard or to 98/574 

standards in different years. We cannot guarantee full equivalence of the different laboratory kits 

used over the 18 year period, nevertheless – according to current standards - the cut-off of GH peak 

in GHST diagnostic for GHD is the same for different combinations of two tests and independent 

from the used method of determining GH concentrations [1,23]. 

There was no requirement to confirm IGF-1 deficiency to establish a diagnosis of GHD, 

nevertheless all the patients had assessed IGF-1 secretion at timepoint 0 of the first GHST. In the years 

2003-2016, the concentrations of IGF-1 were measured with solid-phase, enzyme-labelled 

chemiluminescent immunometric assays (IMMULITE, DPC), calibrated to WHO NIBSC 1st IRR 

87/518, while since 2017 with new IGF-1 assays, standardized to WHO 1st International Standard 

02/254, with appropriate conversion of the obtained results, according to the equation provided in 

Siemens Healthcare Diagnostics Customer Bulletin for IMMULITE® 2000 Immunoassay System [24]. 

All IGF-1 values were expressed as IGF-1 SDS for age and sex [25], according to appropriate reference 

data and following the formula proposed by Blum and Schweitzer [26]. 

Statistical analysis started from the assessment of distributions of particular variables with 

Shapiro-Wilk test. As for almost all variables (except for BMI SDS in boys and in girls with GHD but 

not in ones with ISS), the assumption of normal distribution was not met, descriptive statistics were 

presented as median and interquartile range (25 centile; 75 centile). Accordingly, appropriate non-

parametric tests for independent variables were used – Mann-Whitney U test for comparisons 

between two groups, while Kruskal-Wallis test with appropriate multiple post-hoc comparisons for 

more than two groups. Statistical analysis was performed with Statistica 13.3. 

3. Results 

This section may be divided by subheadings. It should provide a concise and precise description 

of the experimental results, their interpretation, as well as the experimental conclusions that can be 

drawn. 

3.1. Descriptive Statistics 

Based on GH peak in the two GHST below 10.0 µg/l, GHD was diagnosed 604 patients (37.9%), 

including 378 out of 985 boys (38.4%) and 226 out of 607 girls (37.2%); the remaining patients were 

diagnosed with ISS. Detailed characteristic of the whole study group and of boys and girls is 

presented in Table 1, with respect to diagnosis – in Table 2. 

Significant differences were observed between boys and girls in almost all the analyzed variables 

(see Table 2), except for BMI SDS and GH peak in two GHST, thus, further analyses were performed 

separately for boys and for girls. 

Table 1. Characteristics of the patients with respect to the diagnosis. 

 All GHD ISS p* 

Number of cases 1592 604 988 N/A 

CA [years] 

BA [years] 

10.9 (7.4;13.0) 11.1 (7.6;12.8) 10.7 (7.3;13.1) 0.85 

9.0 (5.5;11.0) 9.0 (5.5;11.0) 8.8 (5.0;11.5) 0.61 

Height [cm] 

hSDS 

128.6 (112.1;140.5) 129.6 (112.8;140) 127.2 (111.8;141.0) 0.78 

-2.47 (-2.91;-2.17) -2.43 (-2.95;-2.15) -2.49 (-2.90;-2.19) 0.72 

Body mass [kg] 

BMI [kg/m2] 

26.1 (18.5;34.7) 28.0 (19.2;36.0) 25.0 (18.3;35.6) <0.001 

15.8 (14.6;17.7) 16.3 (14.9;18.9) 15.5 (14.4;17.3) <0.001 
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BMI SDS -0,58 (-1.32;0.07) -0.39 (-1.10;0.45) -0.68 (-1.45;-0.11) <0.001 

GH peak in two GHST [µg/l] 

IGF-1 [µg/l] 

IGF-1 SDS 

11.7 (8.2;16.5) 

147.0 (89.1;217.5) 

7.3 (5.5;8.7) 

134.0 (81.1;195.0) 

14.9 (12.1;19.8) 

159.0 (95.4;233.6) 

<0.001 

<0.001 

-0.52 (-1.01;-0.09) -0.64 (-1.16;-0.26) -0.42 (-0.90;-0.02) <0.001 

* p-value – difference between GHD and ISS in Mann-Whitney U test. Abbreviations: GH – growth 

hormone, GHD – growth hormone deficiency, ISS – idiopathic short stature, CA – chronological age, 

BA – bone age, hSDS – height standard deviation score for age and sex, GH – growth hormone, 

GHST – growth hormone stimulation test, IGF-1 – insulin-like growth factor-1, BMI – body mass 

index 

Table 2. Characteristics of the subgroups of boys and girls. 

 Boys Girls p* 

Number of cases 985 607 N/A 

CA [years] 

BA [years] 

11.5 (7.3;13.6) 

9.0 (5.0;11.5) 

10.1 (7.5;12.1) 

8.8 (5.5;11.0) 

<0.001 

<0.001 

Height [cm] 

hSDS 

132.2 (112.6;142.9) 124.8 (111.5;136.2) <0.001 

-2.42 (-2.85;-2.16) -2.53 (-3.00;-2.20) <0.001 

Body mass [kg] 

BMI [kg/m2] 

BMI SDS 

27.5 (19.2;36.0) 

16.0 (14.8;17.9) 

24.5 (18.0;31.2) 

15.5 (14.1;17.4) 

<0.001 

<0.001 

-0.57 (-1.26;0.04) -0.60 (-1.38;0.16) 0.57 

GH peak in two GHST [µg/l] 

IGF-1 [µg/l] 

IGF-1 SDS 

11.6 (8.1;15.9) 

141.0 (86.0;206.0) 

11.9 (8.6;16.9) 

161 (96.6;236.0) 

0.15 

<0.001 

-0.66 (-1.13;-0.24) -0.28 (-0.68;0.10) <0.001 

* p-value – difference between boys and girls in Mann-Whitney U test. Abbreviations: see Table 1. 

3.2. Analysis of Raw Data 

In the analysis of raw data of boys, the highest number of patients was diagnosed at the age of 

12-14 years (103 cases), the incidence of GHD was the highest (44.6%) in the same age group (see 

Figure 1a). In girls, the highest number of patients diagnosed with GHD was observed at the age of 

10-12 years (71 cases), the incidence of GHD was the highest (47.3%) in the same age group (see Figure 

1b). 

Similar analysis performed with respect to bone maturation (expressed as BA) and sex showed 

among boys the highest number of patients (81 cases) was diagnosed with GHD at BA 10-12 years, 

the highest incidence of GHD (46.0%) was observed in the same group and decreased in the groups 

with older BA; there should also be noted that a number of patients subjected to diagnostics with BA 

12-14 years was higher than with BA 10-12 years (see Figure 2a). Among girls, the highest number of 

patients (65 cases) was diagnosed with GHD at BA 8-10 years, the highest incidence of GHD (47.4%) 

was with observed in the same group and decreased in the groups with older BA; there should also 

be noted that a number of patients subjected to diagnostics with BA 10-12 years was higher than with 

BA 10-12 years (see Figure 2b). 
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(a) (b) 

Figure 1. Histogram of the incidence of GHD and ISS with respect to chronological age: (a) in boys; 

(b) in girls. 
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(a) (b) 

Figure 2. Histogram of the incidence of GHD and ISS with respect to bone age: (a) in boys; (b) in girls. 

Some relationships were also observed between patients’ height and the incidence of GHD. In 

boys, the highest number of patients (92 cases) GHD was diagnosed at height 140-150 cm, in this 

group the incidence of GHD was also the highest (44.0%) and decreased rapidly (to 31.5%) at height 

150-160 cm and over 160 cm (29.4%)the number of patients subjected to diagnostics was also lower in 

the latter groups (see Figure 3a).In girls, the highest number of patients (64 cases) was diagnosed with 

GHD at height 130-140 cm and slightly less (61 cases) at height 120-130 cm, the incidence of GHD was 

the highest (47.4%) and height 130-140 cm and decreased rapidly (to 26.5%) at height 140-150 cm, 

despite similar number of girls subjected to diagnostics, while none of the girls was diagnosed with 

GHD at height over 150 cm (see Figure 3b). 

The incidence of GHD increased with BMI, both in boys and in girls; in boys it reached almost 

50% (exactly 49.4%) at BMI 20-22 kg/m2 and over 50% at higher values of BMI (see Figure 4a), while 

in girls it exceeded 50% in the patients with BMI over 18 kg/m2 (see Figure 4b). 

Height [cm]

N
u

m
b

e
r 

o
f 

c
a
s
e
s

70 80 90 100 110 120 130 140 150 160 170
0

20

40

60

80

100

120

140

GHD

ISS

 Height [cm]

N
u

m
b

e
r 

o
f 

c
a
s
e
s

70 80 90 100 110 120 130 140 150 160 170
0

20

40

60

80

100

GHD

ISS
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Figure 3. Histogram of the incidence of GHD and ISS with respect to patient’s height: (a) in boys; (b) 

in girls. 
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(a) (b) 

Figure 4. Histogram of the incidence of GHD and ISS with respect to patient’s BMI: (a) in boys; (b) in 

girls. 

The incidence of GHD decreased with the increase of IGF-1, however even in the groups with 

the lowest IGF-1 concentrations it was below 50% (see Figure 5a for boys and Figure 5b for girls). 
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(a) (b) 

Figure 5. Histogram of the incidence of GHD and ISS with respect to IGF-1 concentrations: (a) in boys; 

(b) in girls. 

3.2. Relationships Between Nutritional Status and Results of the Tests of Somatotropic Axis 

Second part of the analysis was devoted to assessment of relationships between nutritional 

status, the results of GHST and IGF-1 concentrations. As in children both BMI and IGF-1 

concentrations are variables of known correlation with age, all BMI and IGF-1 values were expressed 

as SDS for age and sex. 

The relationships between BMI SDS and GH peak in GHST were similar to these between raw 

BMI values and GH peak, with the incidence of GHD even exceeding 50% at BMI SDS over 1.0 in 

both sexes (see Figure 6a for boys and Figure 6b for girls). 
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Figure 6. Histogram of the incidence of GHD and ISS with respect to BMI SDS: (a) in boys; (b) in girls. 

The incidence of GHD exceeded 50% only in the patients with IGF-1 SDS below -2.0 (see Figure 

7a for boys and Figure 7b for girls). It should be noted that 23.9% of boys and 28.5% of girls with IGF-

1 SDS over 0.0 fulfilled the diagnostic criteria of GHD based on the results of GHST. 
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Figure 7. Histogram of the incidence of GHD and ISS with respect to IGF-1 SDS: (a) in boys; (b) in 

girls. 

Next, the patients were classified according to nutritional status into the following Groups: 

Norm – normal weight, BMI SDS from -2.0 to 1.0; Under – underweight, BMI SDS below -2.0; Over – 

overweight, BMI SDS over 1.0 (see Table 3). It should be noted that the patients with obesity, i.e. with 

BMI SDS over 2.0, were included into Over Group, due to relatively small number of such cases (four 

boys and three girls with GHD, and two boys with ISS). The incidence of undernutrition was 6.5% in 

GHD group and 10.9% in ISS Group. Conversely, the incidence of overnutrition (or obesity) was 

13.4% in GHD group and only 4.4% in ISS group (for detailed raw data see Table 3). 

Table 3. Number of patients in particular subgroups depending on the diagnosis and nutritional 

status. 

Group* All GHD ISS 

 All Boys Girls All Boys Girls All Boys Girls 

All 

Under 

Norm 

Over 

1592 

147 

1320 

985 

87 

827 

607 

60 

493 
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484 

378 

24 
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226 
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125 71 54 81 45 36 44 26 18 
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* Abbreviations: GHD – growth hormone deficiency, ISS – idiopathic short stature, Under – 

underweight (BMI SDS below -2.0), Norm – normal weight (BMI SDS from -2.0 to 1.0), Over – 

overweight (BMI SDS over 1.0). 

After classifying the patients with respect to nutritional status, significant differences were 

observed in GH peak for the whole group (p<0.001), as well as both for boys (p <0.001) and for girls 

(p<0.001); in post-hoc analysis all the differences between particular subgroups presented to be 

significant, except for this between Groups Norm and Under in girls (see Table 4 and Figure 8a).  

Table 4. Values of GH peak, IGF-1 concentrations and IGF-1 SDS with respect to the nutritional 

status of the patients. 

 All Under Norm Over p* 

GH peak in two GHST [µg/l] 

IGF-1 [µg/l] 

IGF-1 SDS 

13.1 (8.2;16.5) 

170.9 (89.0;217.5) 

15.9 (9.6;19.5) 

141.0 (81.3;197.9) 

13.2 (8.5;16.6) 

168.0 (88.4;214.0) 

7.5 (4.7;12.0) 

213.2 (128.0;266.6) 

<0.001 

<0.001 

-0.61 (-1.01;-0.09) -0.79 (-1.27;-0.25) -0.61 (-1.01;-0.11) -0.41 (-0.65;0.13) <0.001 

* p-value – difference between the Groups in Kruskal-Wallis test. Abbreviations: Under – 

underweight (BMI SDS below -2.0), Norm – normal weight (BMI SDS from -2.0 to 1.0), Over – 

overweight (BMI SDS over 1.0), GH – growth hormone, GHST – growth hormone stimulation test, 

IGF-1 – insulin-like growth factor-1. 
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Figure 8. Relationships between nutritional status and: GH peak in two GHST (a), IGF-1 concentration 

(b) or IGF-1 SDS (c) in boys and girls. 

Significant differences were also observed in IGF-1 concentrations with respect to nutritional 

status for the whole group (p<0.001), as well as both for boys (p = 0.02) and for girls (p<0.001); post 

hoc analysis showed that there was no significant difference in IGF-1 levels between Groups Norm 

and Under, while all the differences between Groups Over and Under were significant (p<0.001 for 

the whole group and for girls, p = 0.02 for boys) (see Table 4 and Figure 8b). Similarly, significant 

differences were observed in IGF-1 SDS among the groups with different nutritional status for the 

whole group (p<0.001), as well as both for boys (p <0.001) and for girls (p<0.001); in post-hoc analysis 

all the differences between particular subgroups presented to be significant, except for these between 

Norm and Over in boys, and between Norm and Under in girls (see Table 4 and Figure 8c). It should 

be stressed that median GH peak was lower, while median IGF-1 and median IGF-1 SDS were higher 

in Group Over than in Group Norm, whereas Group Under had the highest median GH peak together 

with the lowest median IGF-1 concentration and median IGF-1 SDS (see Table 4 and Figure 8a-c). 

After dividing the patients with respect to the diagnosis, we observed the similar relationships 

between IGF-1 concentrations and nutritional status, i.e. higher values of median IGF-1 in Groups 

with higher BMI SDS. The patients with GHD had lower IGF-1 levels and lower IGF-1 SDS than ones 

with ISS in each category of nutritional status. Nevertheless, it should be noted that both median IGF-

1 concentration and median IGF-1 SDS were higher in the patients diagnosed with GHD in Group 

Over than in ones diagnosed with ISS in Group Norm (see Figure 9a-b). 
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Figure 9. Relationships between nutritional status and: IGF-1 concentrations (a) or IGF-1 SDS (b) with 

respect to the diagnosis. 

4. Discussion 

First important finding in our study was the decrease in the frequency of GHD after exceeding 

certain values of age, BA and height. Taking into account that this phenomenon was observed 

particularly after reaching BA 12 years in boys and 10 year in girls or height over 150 cm in boys and 

140 cm in girls, it seems that it could be related to the physiological increase of GH secretion at mid-

puberty rather than to real self-healing of the patients suffering from real GHD. It is well known from 

over 30 years that spontaneous GH secretion increases at puberty due to higher rate of GH release 

during secretory bursts [27,28]. In order to overcome this problem, it was proposed also 30 years ago 

to perform sex steroid priming before GHST in selected groups of prepubertal children [29]. This 

approach has been confirmed in the Guidelines of Pediatric Endocrine Society from 2016 [1], as a 

solution to avoid qualifying to recombinant human GH (rhGH) therapy children with constitutional 

delay of growth and puberty (CDGP), however, with the comment that clinical practice was different 

in different countries. On the other hand, there are some concerns that the results of primed GHST 

may overestimate GH secretion and lead to false negative results of these tests [30]. Problems related 

to optimal use of sex steroid priming in clinical practice have been discussed in a quite recent paper 

of Partenope et al. [31]. It should be mentioned here that Poland, sex steroid priming before GHST 

was introduced at the turn of the 20th and 21st centuries, but later it has not been required in any 

group of children and thus was not performed in our patients. Another solution of the problem of 

overdiagnosis GHD in peripubertal children (especially ones with CDGP) could bring the studies on 

differentiation of cut-off limits of GH peak in GHST based on pubertal stage [30]. The last but not 

least alternative proposed recently is reassessment of GH secretory status of rhGH-treated patients 

after entering puberty [12,32]. 

It should also be noted that we observed the increasing incidence of GHD with age boys aged 

up to 14 years and in girls aged up to 12 years (and similarly up to two years younger BA in both 

sexes) that could also be explained by physiological decrease of GH secretion in peripubertal period 

[33]. However, a very recent paper of Chimatapu et al. [34] brings the conception of evolving GHD 

as a disease that may occur in children with previously normal results of GHST. Despite different 

interpretation, the observations made in both studies seem quite consistent. 

The results of our study confirmed known relationships between nutritional status and GH 

secretion [1,35], as higher incidence of GHD was observed in the groups of patients with higher values 

of BMI and, accordingly, overweight children had lower GH peaks in GHST than those with normal 

weight or underweight. 

Despite the fact that GHD was defined as secondary IGF-1 deficiency in “The ESPE Classification 

of Paediatric Endocrine Disorders” over 20 years ago [3], significance of IGF-1 assessment and 

interpretation of this test in diagnosing GHD is still a matter of discussion. In the previously quoted 

Guidelines from 2016 [1], measurement of IGF-1 concentrations is recommended but mainly as a tool 
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for monitoring the adherence to treatment and for lowering too high rhGH doses, however with no 

established optimal target levels of IGF-1 during treatment. In 2022, Wit et al. [2] have proposed to 

measure IGF-1 during laboratory screening for GHD and interpreting the obtained results with 

respect to pubertal stage. The meta-analysis of diagnostic value of IGF-1 in GHD showed that IGF-1 

SDS below -2.0 had quite good sensitivity and specificity for the diagnosis based on the results of 

GHST [36]. Similarly, in our study the incidence of GHD exceeded 50% only in the patients with IGF-

1 SDS below -2.0. 

Data on the relationships of GH and IGF-1 secretion with nutritional status are not consistent. 

In the study of Stanley et al. [35], BMI SDS correlated inversely with GH peak, while there was no 

association between GH peak and IGF-1. According to the review of Savastano et al. [37], obesity led 

to the reduced GH response in GHST that might result in reduced IGF-1 levels. The inverse 

association between BMI SDS and GH peak in GHST has also been confirmed in a large group of 

patients by Thieme at al. [38]. Based on results of meta-analysis, Abawi et al. [39] have proposed 

weight- adjusted (lower) cut-offs of GH peak in GHST for children with overweight and obesity. 

In a study including 9400 serum samples, Horenz et al. [40] have stated that in obese children 

IGF-1 levels were higher, while in obese adults – lower than in appropriate reference groups with 

normal nutritional status. Conversely, very recently, Negrea et al. [41]. have reported that IGF-1 

concentrations depended on age, while not on weight status of children. In this context, somewhat 

surprising were the relationship between GH peak and IGF-1 concentrations observed in our study 

after stratifying the patients with respect to their nutritional status. Overweight children as a group 

had the lowest median GH peak with the highest values of IGF-1 (and IGF-1 SDS), while – conversely 

– underweight ones had the highest median GH peak and the lowest IGF-1 (and IGF-1 SDS). It should 

be stressed that both the median IGF-1 level and the median value of IGF-1 SDS were even slightly 

higher in overweight children diagnosed with GHD than in non-overweight children diagnosed with 

ISS. These findings stay in line with the observation that, in children with obesity, weight loss has 

been associated with the increase of GH secretion, but not unequivocally with an increase of IGF-1 

[42]. 

The postulated explanation of these findings might be the promoting effect of hepatic insulin on 

GH sensitivity, and through this on liver IGF-1 production [43], however it was not a subject of our 

research. Additional support to this statement could be better growth response to rhGH therapy in 

children with children with higher BMI SDS [44,45]. 

It seems also important that – according to current knowledge – the diagnosis of GHD is 

considered unlikely in children with IGF-1 SDS over 0.0 [1,2]. Nevertheless, every fourth of our 

overweight patients (i.e. those with IGF-1 SDS over 0.0) had decreased GH peak in two GHST and 

fulfilled the assumed criteria of GHD. 

It should be recalled here that in our study the cut-off value of GH peak in two GHST for the 

diagnosis of GHD was established at the level of 10.0 µg/l. Undoubtedly, using lower cut-offs for 

interpretation of GHST, as proposed in current guidelines [1,23], should decrease the number of 

children diagnosed with GHD and subjected to rhGH therapy. Nevertheless there is no 

recommendation to use different cut-offs for different age groups. There are some proposals of 

decreasing the threshold values of GH peak in GHST in overweight or obese patients, but such lower 

cut-offs have not been clearly recommended for children. There is the evidence that IGF-1 

concentrations should be interpreted with respect to age, sex and pubertal stage. Taking into account 

the results of present study it seems that taking into account nutritional status of the patient might 

improve diagnostic accuracy of this test. 

The most important limitations of our study are: missing pubertal assessment in some patients, 

the lack of exact data on height velocity of the patients (especially in some children with ISS who 

were lost to follow-up) and no reports on parental heights in some patients. In a retrospective study, 

covering a multi-year period, there was no possibility to complete this information in a reliable 

manner. This made impossible to include these potentially significant variables in the analysis. 

5. Conclusions 
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The assumption of the same cut-off value of GH peak for all GHST, irrespectively of patient’s 

age (and related parameters as height and bone maturation) or nutritional status, led to the significant 

differences in the incidence of GHD (in fact – of fulfilling the established diagnostic criteria of this 

disease) among children with short stature, stratified with respect to these variables. It seems that this 

approach should be modified by personalizing the interpretation of the results of GHST. Further 

studies are necessary to fully explain the pathophysiological mechanisms underlying the observed 

relationships between nutritional status, the results of GHST and IGF-1 concentrations, and to 

establish proper cut-offs not only for the results of GHST, but possibly also for IGF-1 levels. 
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