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Context

dexamethasone has been demonstrated to elicit GH secretion in adults, but few data are available about its effectiveness as a provocative stimulus in the diagnostic work-up of GH deficiency (GHD) in childhood.



Objective

to assess the clinical value of dexamethasone stimulation test (DST) as a diagnostic tool for pediatric GHD.



Design and setting

retrospective single-center analysis. The study population included 166 patients with a pathological response to arginine stimulation test (AST, first-line test) and subsequently tested with either insulin tolerance test (ITT) or DST as a second-line investigation between 2008 and 2019.



Main outcome measures

comparison between GH peaks and secretory curves induced by ITT and DST; degree of agreement between DST and AST versus ITT and AST.



Results

the pathological response to AST (GH peak < 8 ng/mL) was confirmed by an ITT in 80.2% (89/111) of patients and by a DST in 76.4% (42/55), with no statistical difference between the two groups (p value 0.69). Mean GH peaks achieved after ITT and DST were entirely comparable (6.59 ± 3.59 versus 6.50 ± 4.09 ng/ml, respectively, p 0.97) and statistically higher than those elicited by arginine (p < 0.01 for both), irrespectively of the average GH peaks recorded for each patient (Bland-Altman method). Dexamethasone elicited a longer lasting and later secretory response than AST and ITT. No side effects were recorded after DST.



Conclusions

DST and ITT confirmed GHD in a superimposable percentage of patients with a pathological first-line test. DST and ITT share a similar secretagogue potency, overall greater than AST.
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Introduction

Growth hormone deficiency (GHD) is a treatable cause of short stature in children. Although treatment with growth hormone (GH) has been available for more than half a century, the diagnostic process is still challenging due to the lack of a standardized reliable tool for a certain diagnosis of GHD (1).

The diagnosis is mostly clinical, based on auxological features. Nevertheless, once alternative etiologies of short stature and reduced growth velocity have been ruled out, an insufficient GH response to stimulating tests is mandatory to diagnose GHD in childhood (2, 3).

The validity and reproducibility of GH testing is controversial, owing to GH variability depending on pubertal stage, age and body mass index, the lack of reference ranges for GH values in normally growing children, and the use of different laboratory assays for measuring GH values. In addition, as the diagnostic threshold to distinguish between GH-deficient and non-deficient children after pharmacological stimulation is arbitrary, it remarkably varies among different countries, and it is often established irrespectively of the specific stimulus administered (4, 5). In Italy, the cutoff for stimulated GH peaks was set at 10 ng/ml until 2014 and thenceforth reduced to 8 ng/ml (6, 7).

In addition, there is no consensus on the best provocative stimuli to assess GH deficiency and predict successful treatment with recombinant human GH. The most commonly used secretagogues include insulin-induced hypoglycemia [insulin tolerance test (ITT)], arginine [arginine stimulation test (AST)], clonidine, glucagon, levodopa, and growth hormone releasing hormone (GHRH) (4, 8, 9).

Most of these investigations may expose children to potential risks and side effects, i.e. severe hypoglycemia, vomiting or hypotension. In particular, though commonly regarded as the diagnostic gold standard for GHD in the transitional period and in adulthood, ITT is contraindicated in very young children or in case of coexistent non-endocrine disorders, such as history of seizures, coronary disease, and inborn error of metabolism involving abnormal glucose homeostasis due to the risks related to severe and persistent hypoglycemia (2, 10–13). Accordingly, the scientific community has historically searched for safer but accurate dynamic tests for children, especially for those with additional clinical fragilities.

Since 1970, many studies have been reporting that acute administration of either oral or intravenous dexamethasone in adults induced GH secretion through GH gene transcription stimulation and mRNA synthesis, somatostatin inhibition and improved pituitary sensibility to GHRH (14–20).

Conversely, very little is known about the effectiveness and diagnostic accuracy of dexamethasone in eliciting a GH secreting response in childhood. As a consequence, current pediatric guidelines (2) do not routinely include dexamethasone among GH-secretagogues agents commonly used in pediatrics, and its clinical use is still very limited and restricted to patients with concomitant clinical conditions contraindicating other dynamic tests. Nevertheless, its safe clinical profile makes dexamethasone an appealing option among pharmacological stimuli.

To the best of our knowledge, only three studies, held on small cohorts of pediatric patients, have reported the potential diagnostic reliability of dexamethasone stimulation test (DST) (21–23).

The primary aim of the present analysis was to assess the clinical value of dexamethasone stimulation test as a diagnostic tool in GHD in a wide pediatric population. To achieve this purpose, we compared two cohorts of children who underwent either ITT or DST as a second-line GH provocation test after a pathological response to arginine and analyzed the degree of agreement between GH peaks achieved after ITT or DST and those recorded after AST. In addition, we aimed at assessing GH peaks, GH curves, and secretory potency recorded after AST, ITT, or DST.



Materials and Methods

We performed a retrospective observational single-center study. The overall cohort consisted of all non-syndromic pediatric patients with suspected GHD based on clinical and auxological criteria (6, 7) who presented with a pathological response after AST (first-line test) and who were subsequently tested with either ITT or DST as a second-line test between 1st January 2008 and 31st December 2019 at the pediatric endocrinological service of San Gerardo Hospital, Monza, Italy. All the patients enrolled were younger than 16 years at the time of GH-IGF-I axis assessment.

Conditions that led to patients’ exclusion were: annual linear growth velocity <2 cm per year in post-pubertal patients, clinical, or laboratory data suggestive of hepatic or renal impairment at the moment of GH-IGF-I assessment, syndromic conditions related to GHD and/or poorly controlled pituitary insufficiencies of axes other than GH.

Among the second-line tests prescribed, ITT was deemed as the first choice. Patients were tested with DST only if they presented with one or more of the following criteria: body weight < 10 kg, age < 3 years, reported episodes of unexplained symptomatic hypoglycemia, diagnosis of inborn errors of metabolism involving risk for severe hypoglycemia and/or a previous medical history consistent with cardiac or epileptic disorders.

In order to assess the performance of the second-line tests, the study population was identified within the overall cohort by additionally excluding those patients who had achieved a normal GH peak during a confirmatory test (ITT or DST) at time points t-20 min or at time 0 (t0). This is motivated by the fact that a normal GH peak detected prior to drug administration would not depend on the kind of pharmacological agent administered and it could not contribute in defining the effectiveness of the stimulus in eliciting a response. Conversely, patients with a pathological GH peak (<8 ng/ml) measured prior to the administration of the stimulus (at t-20/-30 or t0) were included, as the pharmacological agent could not elicit an adequate GH response, confirming the positive result of the test.

Finally, in order to compare GH peaks elicited by different dynamic tests (secondary endpoint), we specifically selected a subgroup of patients who presented with a stimulated GH peak after t0 at both first- and second-line stimulation tests [Group GHPAT0 (GH Peak After Time 0)].

With reference to the second-line testing undertaken (ITT or DST), all the patients enrolled were classified into the following sub-cohorts: GHITT and GHDST, respectively.

Informed consent was obtained from parents or legal guardians.


Definitions and Infusion Protocols 

A dynamic test was classified as pathologic when the peak value elicited was lower than 8 ng/mL (Italian Medicines Agency Consensus Guidelines) (6). In a patient with consistent clinical and auxological data, the diagnosis of GH deficiency was confirmed by the finding of a pathological GH peak value at two standardized provocation tests, performed in two different days and with a diverse secretagogue agent.

Dynamic tests were performed according to the following infusion protocols:

	- AST: intravenous arginine at the dose of 0.5 g/kg was infused in 30 min. Blood samples for GH were collected at the following time points: -30, 0, 30, 45, 60, 90, and 120 min after arginine administration.

	- ITT: intravenous regular insulin at the dose of 0,1 U/kg was infused. Blood samples for GH were collected at the following time points: -20, 0, +15, +30, +45, +60, +90, and + 120 after insulin administration. The test was considered valid in the presence of symptoms consistent with hypoglycemia and/or a reduction of glycemia of 50% or more and/or a glycemia < 45 mg/dl, recorded at least at one timepoint.

	- DST: intravenous dexamethasone at the dose of 2 mg/sm was infused. Blood samples for GH were collected at the following time points: 0, +60, +90, +120, +135, +150, + 165, +180, +195, +210, +225, and +240 after dexamethasone administration. Patients underwent DST as they presented with contraindications to the infusion of insulin, glucagon and clonidine.



All investigations were performed with fasted patients. Sexual steroids were administered as a priming prior to the test in prepubertal patients with a bone age >10 years. In boys, a single dose of 100 mg of depot testosterone was administered intramuscularly 7 days prior to the dynamic test. In girls, 20 micrograms of ethinylestradiol was administered once a day for three days before testing.



Data Collection and Analysis 

We recorded demographic, anthropometric, biochemical and radiological data. In order to compare children of different ages and sex, anthropometric data (height, weight and body mass index) were expressed as standard deviation scores (SDS) according to World Health Organization (WHO) reference centiles. Standing height was measured with a Harpenden stadiometer.

Both IGF-I and GH were assayed with a fully automated chemiluminescence analyzer (LIASON XL, produced by DiaSorin S.p.A).

IGF-I values were normalized according to patient’s age and expressed as IGF-I SDS according to the assay-specific reference ranges provided by DiaSorin S.p.A (24, 25).

Bone age was assessed via Greulich and Pyle method (26); in case of uncertainty, Tanner & Whitehouse method (27) was applied.

Mean and standard deviation (SD) values, interquartile ranges and median were used to describe the study population. To compare categorical variables, Fisher exact test and Chi-square test were used, whereas continuous variables were compared with Wilcoxon rank-sum test. Bonferroni correction was used in case of multiple comparisons. The Bland-Altman approach was used to analyze the agreement between the different tests. The differences between the two log-transformed measures on each subject were plotted against their average value. After excluding any dependence, the 95% range for the difference, calculated from twice the standard deviation and the hypothesis of zero mean difference (bias), was examined with a paired t-test. Multiple regression models were used to assess the potential impact of demographical and auxological factors on GH peaks achieved during the second-line tests and a logistic model was applied to compare the likelihood of receiving a diagnosis of GHD (expressed in terms of odds ratio, OR) by confirmatory test, adjusting for demographical and auxological factors. All tests were two-sided. Statistical analysis was performed using SPSS version 24 statistical package (SPSS IBM, New York, USA) and SAS 9.4.




Results


Overall Cohort and Study Population

One hundred ninety-nine otherwise healthy patients aged 1.01 to 15.73 years (mean 8.24 ± 3.35) sequentially underwent AST (first-line test) and either ITT or DST (second-line test) at our Center between 1st January 2008 and 31st December 2019. One-hundred-fourteen (57.3%) were males.

From an auxological perspective, mean baseline height SDS was -2.45 ± 0.88. Amongst 147/199 (73.9%) patients whose height SDS was below -2 SDS, 38 (25.9%) presented with severe short stature (recorded height below < -3 SDS). The remaining 52/199 patients (26.1%) whose height was above -2 SDS were tested because they presented with either a severe impairment in height velocity recorded at least 6 months apart or a mild height velocity decrease in patients remarkably shorter than the expected midparental target potential (Δ target-height SDS > 1.5). Overall, the target height potential was -0.58 ± 0.92 SDS, while Δ target-height SDS was 1.85 ± 1.07.

According to the enrollment criteria listed above, the stepwise selection exposed in Figure 1 led to the identification of a study population of 166 patients out of 199 patients of the overall cohort (see Figure caption for additional details).




Figure 1 | Patients’ selection flowchart. Among 199 patients initially tested with AST and subsequently with either ITT or DST, 29 presented with a peak value achieved after AST ranging from 8.00 to 9.99 ng/ml. According to the previous versions of the Italian national guidelines, GH peaks below 10.00 ng/mL were recorded as pathological and patients therefore underwent a second confirmatory stimulation test. In order to harmonize the result according to the latest versions of the Italian guidelines (normal GH peak ≥ 8.00 ng/ml), 29 patients with GH peaks ≥ 8.00 ng/ml were excluded. Four out of the remaining 170 patients have been excluded as a normal GH peak at second-line test was achieved at t-20 or t0. As a consequence, the diagnostic role of either ITT or DST could not be assessed, as the peak (classified as normal) was irrespective of the kind of pharmacological agent administered. Overall, 166 patients were included in the analysis and represented the study population. Finally, in order to specifically assess the direct effect of insulin and dexamethasone on GH secretion (secondary endpoints), we identified 116 patients to be included in the GHPAT-0 (GH Peak After Time 0) subgroup. Indeed, in 50 amongst the 166 patients included in the study the GH peak was achieved before the administration of the pharmacological agent and thus did not allow to assess the differential contribution of insulin and dexamethasone on pituitary secretion.





Pathological Response After ITT and DST

One hundred eleven out of the 166 patients (66.9%) included in the study population sequentially underwent AST and ITT (GHITT subgroup), while children tested with DST as a confirmatory test were 55/166 (33.1%, GHDST subgroup). A comparison of the auxological and demographic features of the patients included in these subgroups is reported in Table 1. Overall, age at the time of baseline auxological assessment, height SDS and Δ target-height SDS were statistically different between the two groups, with patients from the GHDST group being younger and shorter that those from GHITT.


Table 1 | Auxological and demographic features of patients sequentially tested with AST and ITT (GHITT), and with AST and DST (GHDST).



Eighty-nine out of 111 patients (80.2%) from the GHITT group were diagnosed with GH deficiency, as ITT confirmed the pathological finding of the AST previously performed. On the other hand, DST confirmed the pathological outcome of AST in 42 out of 55 (76.4%) children from the GHDST group. These data clearly highlight that the proportion of patients ultimately diagnosed with GH deficiency did not depend on the second-line test adopted. Indeed, ITT and DST provided pathological responses, in agreement with the results previously collected with an AST, in a comparable percentage of patients (80.2% in ITT versus 76.4% in DST; p value 0.69, Table 2).


Table 2 | Distribution of patients enrolled according to the results of ITT and DST test: GH deficiency confirmed if GH peak achieved after ITT or DST < 8 ng/ml. GH excluded if GH peak ≥ 8 ng/ml.



Overall, 131 out of 166 (78.9%) patients were diagnosed with GHD and therefore underwent a diagnostic brain MRI. The imaging showed findings consistent with a normal appearance of the hypothalamic-pituitary area (HPA) in 109 children (83.2%), pituitary hypoplasia in 17 cases (13.0%), empty sella in 3 (2.3%) and a neoplasm involving the HPA in 2 patients (1.5%). Table 3 provides radiological findings, hormonal profiles and auxological features of the 131 patients diagnosed with GH deficiency within the study population.


Table 3 | Radiological findings, pituitary hormonal profile and auxological features of the 131 patients diagnosed with GH deficiency within the study population.





Comparison Between Insulin- and Dexamethasone-Induced GH Peaks

In 50 out of 166 patients enrolled, a pathological peak was recorded at t-30/-20 or at t0 during either AST, ITT, or DST. Accordingly, we included the remaining 116/166 children in the GH-PAT0 subgroup, specifically designed in order to assess and compare GH peaks directly elicited by either insulin or dexamethasone (see Materials and Methods section).

Table 4 describes the mean and median GH peaks achieved among the 73/116 patients tested with ITT as a second-line test (GH-PAT0ITT) and the 43/116 children tested with DST (GH-PAT0DST).


Table 4 | Median and mean GH peaks achieved after AST and ITT/DST in the GH-PAT0ITT and GH-PAT0DST subgroups.



The mean GH peak achieved after AST was not different in the two subgroups (4.87 ± 1.85 ng/ml versus 4.58 ± 1.74, respectively; p value of 0.57). The mean value of GH peak achieved after ITT in the GH-PAT0ITT subgroup was 6.59 ± 3.59 ng/ml, superimposable to that recorded after DST in GH-PAT0DST patients (6.50 ± 4.09 ng/ml; p value of 0.97).



ITT and DST versus AST: Mean Peaks and Degree of Agreement

Mean GH peaks achieved after second-line tests were higher than those elicited by AST, both after ITT (p value < 0.001) and after DST (p value of 0.0016, Figure 2).




Figure 2 | Box plots for mean and interquartile range of GH peaks achieved after AST and ITT/DST in the GH-PAT0ITT and GH-PAT0DST subgroups. The dotted blue line represents the cut-off of 8 ng/ml used to discriminate between GH deficient and not-deficient patients.



Overall, GH peaks elicited by insulin-induced hypoglycemia and dexamethasone were extremely similar to each other and higher than those recorded in patients previously tested with AST.

In order to investigate the agreement between AST and ITT and AST and DST, the recorded GH peaks were plotted according to the Bland-Altman approach. As showed in Figure 3, the difference between the two paired measurements (i.e. difference between GH peaks achieved after AST and after a second-line test in the same patient, Y axis) is plotted against the mean of the two measurements (i.e. the mean of the peaks recorded at test 1 and test 2, X axis). The estimated mean differences (after logarithm transformation) of GH peaks after AST versus ITT were significantly lower than zero, thus meaning that GH peaks after AST tended to be lower than after ITT (estimated mean difference was -0.12, SD = 0.29, p value < 0.001). A similar finding was recorded when GH peaks after AST were compared with those after DST (estimated mean difference was -0.11, SD = 0.25; p value of 0.004). The difference between AST and either ITT or DST was consistent for all the progressively increasing mean GH peaks plotted along the X axis, as demonstrated by the limited scattering of the values recorded, essentially included between +2 and -2 SD of the mean value (solid horizontal line). In conclusion, both DST and ITT provided GH peaks statistically higher than AST, irrespectively of the severity of GH deficiency diagnosed.




Figure 3 | Bland-Altman chart to assess the agreement between GH peaks recorded after AST and ITT (A) and between AST and DST (B). Y axis: logarithm of the difference between the peaks of GH recorded in the same patient after AST and ITT (A) or between AST and DST (B). X axis: logarithm of the mean value of GH peaks recorded in the same patient after AST and ITT (A) or after AST and DST (B). The chart represents the mean value of the difference between the two results recorded in each patient (solid horizontal line) and it is statistically lower than 0 in both Figures. Dotted horizontal line represent -2 and +2 SD.





Point-By-Point Comparison of the Secretive Curves Recorded After AST, ITT, and DST

Figure 4 shows the GH mean secretory curves induced in patients tested with AST and ITT (panel A) and with AST and DST (panel B).




Figure 4 | Comparison of the mean GH values recorded at each timepoint between AST and ITT (A) and between AST and DST (B). Bonferroni-corrected α: 0.01 for GHITT and 0.017 for GHDST.



By comparing AST and ITT (Figure 4A), the secretion curves show that GH mean values were statistically higher (p value < 0.01, Bonferroni-corrected α: 0.01) after insulin-induced hypoglycemia all throughout the sample collection, from t30 onwards, till the end of the test. Within the GHITT group, GH peak was achieved more frequently at t45 during AST and at t60 at ITT.

On the other hand, a point-by-point comparison between AST and DST can be performed only partially (Figure 4B), as the duration of the latter is remarkably longer. Also within the GHDST subgroup, GH peaks were more frequent at t45 after AST (consistently with the GHITT cohort) and at t150 after the administration of dexamethasone.



Factors Affecting GH Peaks and GH Response

Age-adjusted IGF-I SDS levels (classified as <-2 SDS, -2 SDS ≤value≤-1 SDS, > -1 SDS) showed no statistically significant impact on GH response achieved after either ITT (p value of 0.48 at Fisher’s exact test) or DST (p value of 0.62).

In order to jointly assess the potential impact of demographic, auxological and biochemical factors on the peak achieved after different GH stimulation tests, we applied a multiple regression model in the GH-PAT0ITT and in the GH-PAT0DST subgroups, separately. In the DST cohort, none among sex, age, height SDS, Δ target-height SDS and age-adjusted IGF-I SDS significantly affected GH peaks. On the other hand, BMI-SDS showed a statistically significant negative impact on GH secretion, with GH peaks presenting with a drop of about 6% as a result of 1 SDS increase in BMI (p value of 0.04).

With ITT, we found a statistically significant impact for gender, stature and BMI-SDS. In detail, peaks were statistically lower in female patients (p value of 0.04), with mean GH values being 11% lower than males, after ITT. In addition, shorter patients presented with lower GH peaks (p value of 0.03), with a drop of about 11% of the peak as a result of a 1 SDS reduction in height. Furthermore, GH peaks showed a 5% drop as a result of 1 SDS increase in BMI (p value of 0.04).

Finally, the performance of the two second-line tests in terms of the final outcome (i.e. pathological versus normal response) was assessed with a logistic model on the cohort of 116 patients from the GH-PAT0 group adjusting for the abovementioned covariates. No statistically significant difference between DST and ITT was observed (OR 1.73, 95% C.I. 0.46- 6.52, p value of 0.42).




Discussion

Growth hormone stimulation tests are key elements of the diagnostic work-up of GH deficiency in childhood. These investigations are time-consuming, expensive and require active surveillance by a dedicated team of healthcare personnel due to the clinical risks that they potentially involve.

In detail, concerns have been raised during the last decades about the hazards of ITT (13), historically regarded as the diagnostic gold standard. Though its overall safety in tertiary care Centers has been more recently demonstrated (28), the test implies a remarkable distress in younger and lower-weight children and potential adverse or fatal events related to pharmacologically-induced symptomatic hypoglycemia in patients with underlying disorders that contraindicate the procedure, such as coronary disease, inborn error of metabolism involving hypoglycemia and epilepsy. In addition, symptomatic hypokalemia potentially leading to cardiac arrhythmias should be listed among the adverse events of ITT, though less frequently described (29).

With few exceptions, most of the alternative dynamic tests available may anyway expose fragile children to the risk of developing side effects (i.e. hypotension after clonidine, late-onset hypoglycemia after glucagon). Arginine and dexamethasone stimulation tests present with the best safety profile also in selected categories of children. While the first is widely used world-wide, few data are available about the effectiveness and diagnostic accuracy of dexamethasone in eliciting a GH secreting response in childhood. Accordingly, its use is still very limited and restricted to patients with concomitant clinical conditions contraindicating other dynamic tests.

The clinical need for safe stimulation procedures is exacerbated by the fact that in most countries two pathologic results after different dynamic tests are needed to confirm the diagnosis of GHD, according to the indications provided by the Growth Hormone Research Society (5).

Only three studies (21–23) have assessed the clinical role of DST on small cohorts of children and, in spite of an overall agreement about the reliability of the test, outcomes about the timing and levels of peaks, secretory curves and overall strength of dexamethasone in inducing GH secretion were conflicting. Onigata and colleagues tested 10 short normal and 4 GH deﬁcient children, reporting a good differentiation between the two groups (23). On the other hand, Martul and colleagues compared the results of different GH provocative tests in 8 normal and 12 GH deﬁcient children. By assessing the area under the curve induced by dexamethasone, insulin, propranolol, clonidine and GHRH, the authors concluded that the potency of dexamethasone was similar to clonidine and greater than insulin-induced hypoglycemia. Both sensitivity and specificity of DST were satisfactory, and the test was therefore regarded as suitable to be used in the diagnostic armamentaria of GH secretion disorders. However, the sample size of this study was extremely limited (21). In a wider analysis on 63 patients, Pellini and colleagues assessed the efficiency of GH secretion after dexamethasone by comparing the peaks and secretive curves elicited by DST with those recorded after clonidine stimulation test. Though DST was demonstrated to present with satisfactory sensitivity and specificity, clonidine showed a greater potency than dexamethasone in eliciting GH secretion, in contrast with the data recorded by Martul. In addition, although some of the patients enrolled underwent an ITT as a confirmatory test, no clear comparisons between hypoglycemia- and dexamethasone-induced GH secretion curves were performed (22).

In the present analysis, we aimed at comparing DST to ITT in a cohort of patients with a pathological response after a first-line test (AST).

From a methodological standpoint, the widest sample size among the studies published so far (166 patients enrolled) and the stepwise systematical selection of patients both represent the strengths of our study. In detail, when assessing the potency of a stimulation test, GH peaks recorded before the administration of the pharmacological agent may hamper the interpretation of data and provide misleading results. In addition, when GH peak was spontaneously achieved before the administration of the stimulus, a physiologically increased somatostatinergic tone may subsequently dampen the GH secretory response to any pharmacological agent (30). In conclusion, by excluding patients who achieved GH peaks at t-30/-20 or t0, we were able to specifically assess the secreting profile of arginine, insulin and dexamethasone. None of the cited studies clarify how the authors managed these results, which represent a remarkable percentage amongst tested patients (in our cohort: 54 out of 199 patients, 27%, were excluded due to this potential bias).

Patients enrolled in the GHDST cohort were statistically younger than those included in the GHITT group. This is mostly due to the fact that younger patients are more frequently tested with DST, because of the risks related to hypoglycemia in children with body weight below 10 Kg. In addition, as a decrease in height SDS is physiologically expected in toddlers, only patients with an overt growth impairment are tested during the first years of life, and that explains the lower height SDS recorded in the GHDST group.

In our study population, ITT and DST showed pathological results, in agreement with the peaks achieved after AST, in a comparable percentage of patients (80.2 versus 76.4%, respectively, p value of 0.69). In addition, a comparison between the 73 patients enrolled GH-PAT0ITT and 43 from the GH-PAT0DST subgroups, homogeneous in terms of GH secretion after AST, highlighted that growth hormone peaks elicited by dexamethasone were utterly similar to those recorded after ITT (6.50 ± 4.09 ng/ml versus 6.59 ± 3.59 ng/ml, respectively, p value of 0.97) and statistically higher than after AST. Additionally, the Bland-Altman approach confirmed that the demonstrated difference between GH peaks achieved after AST and second-line tests was consistent for both ITT and DST irrespectively of the severity of GH deficiency recorded. Thus, according to the results collected, dexamethasone provides a secretory response widely comparable to insulin-induced hypoglycemia in terms of induced GH peaks and overall potency of the test. According to Martul and colleagues (21), DST was regarded as the most potent stimulation tests, with its AUC being greater than all the other hypothalamic stimuli (ITT included). In our opinion, the estimation of the AUC provides an interesting standpoint from a physio-pathological perspective and dexamethasone actually induces a longer-standing though late stimulation to the hypothalamic-pituitary axis, resulting in persistent GH secretion and greater area under the curve. However, as national and international guidelines agree in classifying as GH-deficient those patients whose stimulated GH peak does not achieve a pre-established cut-off, a comparison of the maximum GH levels achieved after DST and ITT is pivotal from a clinical perspective.

On the other hand, we performed a systematic evaluation of the secretion curves elicited by arginine, insulin and dexamethasone and our results confirm that the latter implies a persistently stimulated GH secretion, with GH values starting to raise at t90 and mean peak values being recorded at t135-t150. In our study population, the mean peak value was recorded slightly earlier than in the analysis by Martul (195 min) and Pellini (150–165 min) (21, 22). Nevertheless, as in 13 out of 55 patients (23.6%) tested with DST the peak was achieved during the fourth hour and in 3 (5.4%) at t240, our data do not support the hypothesis of a reduction in the total duration of the test. In addition, we believe that the long duration of DST, allowing the detection of tardive GH peaks, may partially prevent the bias of a damped GH response due to a high endogenous somatostatin tone in patients who experienced a spontaneous GH peak before the administration of the pharmacological stimulus.

On the other hand, the number of blood samples can be reduced: for example, the raise in mean GH values tends to occur from t90 onwards and mean growth hormone levels at t60 are extremely low in our study. As in none of the patients enrolled GH peak was recorded 60 min after the administration of dexamethasone, our conclusion is that a blood sample at this timepoint could be avoided. In addition, according to the available protocols, a blood sample is withdrawn every 15 min, but the curve described tends to be flat between t180 and t210; therefore, we suggest that the number of samples in this phase may be reduced in younger children.

Furthermore, our analysis confirmed the absolute clinical safety of DST, as none among 64 patients tested presented with either side effects or symptoms ascribable to dexamethasone administration. On the other hand, among the 135 patients tested with ITT, five children presented with prolonged hypoglycemia and oral glucose was administered before the end of the test, while two patients developed a syncope and needed intravenous glucose administration. In all these cases, the children promptly recovered and neither seizures nor major sequelae were recorded.

Finally, multivariate analysis demonstrated that female gender is related to a statistically significant increase in the risk of being diagnosed with GH deficiency, limited to the GHITT cohort. This is mostly due to the fact that patients from the GHITT cohort presented with an age overall older than the GHDST group, when pubertal delay becomes a progressively increasing cause of transient short stature. As this condition is remarkably more frequent in males, it is possible that a significant percentage of male patients tested actually presented with this physiological condition. On the other hand, from a cultural standpoint, mild short stature is socially more accepted in females and it is likely than girls were referred to our pediatric endocrinology unit when stature impairment was more severe. Indeed, height SDS was statistically lower in females (mean height SDS: -2.65 ± 0.85) than males (-2.32 ± 0.94, p value of 0.02). Finally, the demonstrated negative correlation between BMI-SDS and GH peaks has been already widely described (31). In our study population, GHITT and GHDST cohorts were statistically homogeneous in terms of baseline BMI-SDS levels and did not differ with reference to the negative effect of BMI on the GH peaks elicited by both ITT and DST, with a 5% and 6% drop in GH peaks for 1 BMI-SDS increase, respectively. Thus, BMI did not bias the comparison performed between the two sub-cohorts.

The main limitations of our analysis consist of its retrospective nature and the fact that the patients enrolled did not undergo DST and ITT sequentially; accordingly, we could not perform a direct comparison of the effects of dexamethasone and hypoglycemia in the same child. Nevertheless, as GHITT and GHDST cohorts were entirely homogeneous in terms of GH peaks achieved after arginine stimulation test, a comparison of the two cohorts has been regarded as methodologically proper and statistically appropriate.

Finally, despite its safer profile, an additional limitation of DST is that the test does not allow to assess the ACTH-cortisol axis, while ITT is considered as the gold standard also for the study of cortisol response to stress.

In conclusion, our analysis outlined the potential diagnostic value of DST in assessing GH secretion in childhood. Indeed, dexamethasone stimulation test and insulin-induced hypoglycemia confirmed GH deficiency in a superimposable percentage of patients who presented with a pathological GH peak after a first-line dynamic test. In addition, both DST and ITT provided secretory peaks statistically greater than those recorded after arginine stimulation test.

Given the safe profile of DST, we hope that our study may promote its use in the clinical practice, with particular reference to patients for whom ITT and/or other dynamic investigations are contraindicated. In addition, though the longer-lasting execution protocol and the numerous blood samples required may discourage clinicians from prescribing DST among younger children, by systematically assessing the secretory curve following dexamethasone administration, we hereby provide practical suggestion for reducing the number of blood withdrawals prescribed.

Overall, DST should be regarded as a safe and manageable investigation to assess GH secretion in children.



Data Availability Statement 

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics Statement 

Ethical review and approval was not required for the study on human participants in accordance with the local legislation and institutional requirements. Written informed consent to participate in this study was provided by the participants' legal guardian/next of kin.



Author Contributions 

AC conceptualized and designed the study, drafted the initial manuscript, reviewed and revised the manuscript, and approved its final version. SM drafted the initial manuscript and reviewed and revised the manuscript. FM was responsible for data collection. PL and MV performed statistical analysis and reviewed the manuscript. MA, NM, and AB reviewed the manuscript for important intellectual content. All authors contributed to the article and approved the submitted version.



References

1. Raben, MS. Treatment of a pituitary dwarf with human growth hormone. J Clin Endocrinol Metab (1958) 18:901–3. doi: 10.1210/jcem-18-8-901

2. Grimberg, A, Divall, SA, Polychronakos, C, Allen, DB, Cohen, LE, Quintos, JB, et al. Guidelines for growth hormone and insulin-like growth factor-I treatment in children and adolescents: growth hormone deficiency, idiopathic short stature, and primary insulin-like growth factor-I deficiency. Horm Res Paediatr (2017) 86:361–97. doi: 10.1159/000452150

3. Ghigo, E, Bellone, J, Aimaretti, G, Bellone, S, Loche, S, Cappa, M, et al. Reliability of provocative tests to assess growth hormone secretory status. Study in 472 normally growing children. J Clin Endocrinol Metab (1996) 81:3323–7. doi: 10.1210/jcem.81.9.8784091

4. Hilczer, M, Smyczynska, J, and Lewinski, A. Limitations of clinical utility of growth hormone stimulating tests in diagnosing children with short stature. Endocr Regul (2006) 40:69–75.


5. Collett-Solberg, PF, Ambler, G, Backeljauw, PF, Bidlingmaier, M, Biller, BMK, Boguszewski, MCS, et al. Diagnosis, genetics, and therapy of short stature in children: a growth hormone research society international perspective. Horm Res Paediatr (2019) 92:1–14. doi: 10.1159/000502231

6. Ministero della Giustizia. Nota 39. Gazzetta ufficiale della Repubblica Italiana (2014) p. 2–5. Available at: https://www.gazzettaufficiale.it/eli/gu/2014/07/05/154/sg/pdf.


7. Società Italiana di Endocrinolgia e Diabetologia Pediatrica. PDTA Deficit di ormone della crescita in età evolutiva. (2018). Available at: http://www.siedp.it/files/PDTAGHD6.5defGV.pdf.


8. Rhee, N, Oh, KY, Yang, EM, and Kim, CJ. Growth hormone responses to provocative tests in children with short stature. Chonnam Med J (2015) 51:33. doi: 10.4068/cmj.2015.51.1.33

9. Hanew, K, and Utsumi, A. The role of endogenous GHRH in arginine-, insulin-, clonidine- and l-dopa-induced GH release in normal subjects. Eur J Endocrinol (2002) 146(2):197–202. doi: 10.1530/eje.0.1460197

10. Molitch, ME, Clemmons, DR, Malozowski, S, Merriam, GR, and Vance, ML. Evaluation and treatment of adult growth hormone deficiency: An Endocrine Society Clinical Practice Guideline. J Clin Endocrinol Metab (2011) 96:1587–609. doi: 10.1210/jc.2011-0179

11. Biller, BMK, Samuels, MH, Zagar, A, Cook, DM, Arafah, BM, Bonert, V, et al. Sensitivity and specificity of six tests for the diagnosis of adult GH deficiency. J Clin Endocrinol Metab (2000) 87:2067–79. doi: 10.1210/jcem.87.5.8509

12. Secco, A, Di Iorgi, N, Napoli, F, Calandra, E, Calcagno, A, Ghezzi, M, et al. Reassessment of the growth hormone status in young adults with childhood-onset growth hormone deficiency: Reappraisal of insulin tolerance testing. J Clin Endocrinol Metab (2009) 94:4195–204. doi: 10.1210/jc.2009-0602

13. Shah, A, Stanhope, R, and Matthew, D. Hazards of pharmacological tests of growth hormone secretion in childhood. BMJ (1992) 304:173–4. doi: 10.1136/bmj.304.6820.173

14. Seifert, H, Perrin, M, Rivier, J, and Vale, W. Growth hormone-releasing factor binding sites in rat anterior pituitary membrane homogenates: modulation by glucocorticoids. Endocrinology (1985) 117:424–6. doi: 10.1210/endo-117-1-424

15. Vale, W, Vaughan, J, Yamamoto, G, Spiess, J, and Rivier, J. Effects of synthetic human pancreatic (tumor) GH releasing factor and somatostatin, triiodothyronine and dexamethasone on GH secretion in vitro. Endocrinology (1983) 112:1553–5. doi: 10.1210/endo-112-4-1553

16. Wehrenberg, WB, Baird, A, and Ling, N. Potent interaction between glucocorticoids and growth hormone-releasing factor in vivo. Science (1983) 221:556–8. doi: 10.1126/science.6408735

17. Bridson, WE, and Kohler, PO. Cortisol stimulation of growth hormone production by human pituitary tissue in culture. J Clin Endocrinol Metab (1970) 30:538–40. doi: 10.1210/jcem-30-4-538

18. Martial, JA, Seeburg, PH, Guenzi, D, Goodman, HM, and Baxter, JD. Regulation of growth hormone gene expression: synergistic effects of thyroid and glucocorticoid hormones. Proc Natl Acad Sci USA (1977) 74:4293–5. doi: 10.1073/pnas.74.10.4293

19. Casanueva, FF, Burguera, B, Muruais, C, and Dieguez, C. Acute administration of corticoids: a new and peculiar stimulus of Growth Hormone secretion in man. J Clin Endocrinol Metab (1990) 70:234–7. doi: 10.1210/jcem-70-1-234

20. Lima, L, Arce, V, Diaz, MJ, Tresguerres, JAF, and Devesa, J. Glucocorticoids may inhibit growth hormone release by enhancing beta-adrenergic responsiveness in hypothalamic somatostatin neurons. J Clin Endocrinol Metab (1993) 76:439–44. doi: 10.1210/jcem.76.2.8094392

21. Martul, P, Pineda, J, Dieguez, C, and Casanueva, FF. Corticoid-induced growth hormone (GH) secretion in GH-deficient and normal children. J Clin Endocrinol Metab (1992) 75:536–9. doi: 10.1210/jcem.75.2.1639956

22. Pellini, C, De Angelis, R, Di Natale, B, Lukezic, M, Mora, S, and Chiumello, G. Dexamethasone in the diagnostic work-up of growth hormone deficiency. Clin Endocrinol (Oxf) (1998) 48:223–8. doi: 10.1046/j.1365-2265.1998.3841202.x

23. Onigata, K, Yagi, H, Yutani, S, Nagashima, K, and Kuroume, T. Growth hormone secretion induced by dexamethasone in children with short stature. In: Proceedings of the 13th International Symposium on Growth and Growth Disorders . The Hague: the Netherlands: International Symposium on Growth and Growth Disorders; Proceedings of the 1st International Workshop on Growth Hormone Insensitivity. Amsterdam, the Netherlands: International Symposium on Growth and Growth Disorders (1992) p. 52.


24. DiaSorin, S. p. a. Liaison ® IGF-1 (REF 313231). (2015). pp. 1–10. Available at: https://www.sabes.it/download/kh/bozen/LIAISON_IGF-I_deu.pdf.


25. Royston, P, and Wright, EM. A method for estimating age-specific reference intervals (‘normal ranges’) based on fractional polynomials and exponential transformation. J R Stat Soc Ser A Stat Soc (1998) 161:79–101. doi: 10.1111/1467-985X.00091

26. Greulich, WW, and Pyle, SI. Radiographic atlas of skeletal development of the hand and wrist. 2nd ed., Vol. I. Stanford, California: Stanford University Press (1959). 256 p.


27. Tanner, JM, Healy, MJR, Goldstein, H, and Cameron, N. Assessment of skeletal maturity and prediction of adult height (TW3 method). 3rd ed.. London: Saunders WB (2001). 110 p.


28. Galloway, PJ. Safety of the insulin tolerance test. Arch Dis Child (2002) 87:354–6. doi: 10.1136/adc.87.4.354

29. Binder, G, Bosk, A, Gass, M, Ranke, MB, and Heidemann, PH. Insulin tolerance test causes hypokalaemia and can provoke cardiac arrhythmias. Horm Res (2004) 62:84–7. doi: 10.1159/000079539

30. Hindmarsh, PC, Brain, CE, Robinson, ICAF, Matthews, DR, and Brook, CGD. The interaction of growth hormone releasing hormone and somatostatin in the generation of a GH pulse in man. Clin Endocrinol (Oxf) (1991) 35:353–60. doi: 10.1111/j.1365-2265.1991.tb03548.x

31. Yang, A, Cho, SY, Kwak, MJ, Kim, SJ, Park, SW, Jin, D-K, et al. Impact of BMI on peak growth hormone responses to provocative tests and therapeutic outcome in children with growth hormone deficiency. Sci Rep (2019) 9:16181. doi: 10.1038/s41598-019-52644-1



Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2020 Cattoni, Molinari, Medici, De Lorenzo, Valsecchi, Masera, Adavastro and Biondi. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Dexamethasone Stimulation Test in the Diagnostic Work-Up of Growth Hormone Deficiency in Childhood: Clinical Value and Comparison With Insulin-Induced Hypoglycemia

      

        		

          Context

        



        		

          Objective

        



        		

          Design and setting

        



        		

          Main outcome measures

        



        		

          Results

        



        		

          Conclusions

        



        		

          Introduction

        



        		

          Materials and Methods

        

          		

            Definitions and Infusion Protocols

          



          		

            Data Collection and Analysis

          



        



        



        		

          Results

        

          		

            Overall Cohort and Study Population

          



          		

            Pathological Response After ITT and DST

          



          		

            Comparison Between Insulin- and Dexamethasone-Induced GH Peaks

          



          		

            ITT and DST versus AST: Mean Peaks and Degree of Agreement

          



          		

            Point-By-Point Comparison of the Secretive Curves Recorded After AST, ITT, and DST

          



          		

            Factors Affecting GH Peaks and GH Response

          



        



        



        		

          Discussion

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          References

        



      



      



    



  



OEBPS/Images/fendo.2020.599302_cover.jpg
’ frontlers
n Endocrinology

Dexamethasone Stimulation Test in
the Diagnostic Work-Up of Growth
Hormone Deficiency in Childhood:
Clinical Value and Comparison With
Insulin-Induced Hypoglycemia





OEBPS/Images/fendo-11-599302-g004.jpg





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fendo-11-599302-g002.jpg
15

S . P

-

10
5

g
S

p0SO

AST (GH ITT)

ST

AST (GH DST)






OEBPS/Images/table2.jpg
GHr
Number of patients.
% among patients
tested with ITT
% among the total
number of patients
enroled

GHost
Number of patients.
% among patients
tested with OST
% among the total
number of patients
enrolied

Total
Number of patients.
% among the tota
number of patints envoked

GH doficiency
excluded by second
tost

2
198%

133%

18
236%

78%

211%

GH doficiency
confirmed by
second test

8
802%

536%

a2
76.4%

253%

181
789%

Total

i

66.9%

33.1%

165





OEBPS/Images/table4.jpg
Subgroup o patients

GH-PATO
GH-PATOosr

GH-PATO

Number of patients

7:
3

e

GH peaks after AST

Median(range) Mean(sp)
500 87
(081790 185
475 458
080790 a7g
489 476
080790 a8y

GH peaks after second-line test (TT/DST)

Medianirange)

600
(1012400,
560
082-19.00)
589
0822400

Mean(sp)

659
@59





OEBPS/Images/table3.jpg
Second-

osT

ine test

MRl findings

Finding  Number of
pations (%)

Nomal o2

puitay  (762%)

Prtry a2

Ipopissa (16.6%)

Emptysata 2742 (38%)

sydrome

Nooplasm 1142 (24%)

woving

tho piutary

Toil 2

Nomnal 77789

Pty (@66%)

Prutary 1080

hpoplasa (11.2%)

Emptysela 1/89(1.1%)

syndrome

Nooplasm 1789 (1.1%)

voving

the piutary

Toil 8

Associated pituitary hor-
‘monal deficiency

Mutiple
hormonal
deficiency

032 (0%
17 14.3%)
020%

111 (100%)

242 (4%
077 0%
o100%
o10%

171(100%)

1189 (1,15

Isolated GH
diciency

32152 (100%)

&7 85.7%)

22 (100%

o %)

a0420962%

7207 (100%)

10710 (100%)

141 (100%)

0%

8989 089%)

Hoight
05 <3

1232
@75%
37 (a28%)
112(600%)

o %)

1642
(81%
77 01%
1/10(10%)
141 (100%)

o 0%)

289 00%)

Ausological presentation

Height $0S <2
and height
velocity < 1SS

632 (18:8%)

27 286%

02(0%

o1 o%)

a2 (190%

2077 299%)

3100%)

o1 0%

0%

2089 (25.5%)

Height
velocity
sps<-2
032 0%)
7 (143%)

020%

111 (100%)

242 (48%)

517 65%

310 @0%)

o1 0%

111(100%)

1380 (146%

Hoight SDS <2
and 8 targot-
height SDS > 2

12732 (37.6%)
117 143%)
172 (600%)

o10%

14142 (33.3%)
2077 6.4%)
210@0%)
o1 0%

o10%

31/89 (349%)

Hoight S0S > -2
and & trgot-
haight SDS > 2

232 62%)

07 0%

020%

o1 0%

242 48%)

147 (18.2%)

o100%)

o1 0%

o1 0%

14769 (15.7%)





OEBPS/Images/logo.jpg
’ frontiers
in Endocrinology





OEBPS/Images/fendo-11-599302-g003.jpg





OEBPS/Images/table1.jpg
GHirr

Number of patients 111(66.9%)
Gender (males) M6 (62.2%)
Age (years) 9232312
Height SDS 226057
BMI SDS 062+ 1.14
A CA - BA (years) 1822132
A target-height SDS. 162087
IGF-1 SDS. 1312092

GHosr

55(33.1%)
M30(54.5%)
6132318
285+128
022147
1852102
242138
1432126

P value

040
<0.0001
<0.0001
15
067
<0.0001
009

A, chvonoogical age; BA, bono age; ITT, insuin tolerance test; DST, doxamethasone

i





OEBPS/Images/fendo-11-599302-g001.jpg
199
Overall cohort:
Non-syndromic paediatric paients
sequentially tested with AST (first-
line) and either /TT or DST (second-
line) between 2008 and 2019 n our

Instituion. _

f———————————»] patients excluded due to GH peak 2
v 8 ng/mLachieved after AST
1m

Non-syndromic paediatri patients
with a pathological GH peak after

AST (GH < 8 ng/mi) and
‘subsequently tested with either /77 -
or DST as a second-line test
Patients who achieved a GH peak >
b s &ngmatt20ort0duringthe
v second-ine test, namel before the
administration of nsulin or
deamethasone

Patients who achieved GH peak at

> timepoints t:30/-20 or 0 during

either AST, 1T and/or DST, namely
before the administration of the
pharmacological agent assessed






