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Introduction

Pediatric endocrinology rely greatly on hormone stimulation tests which demand time, money and effort. The knowledge of the pattern of pediatric endocrinology stimulation tests is therefore crucial to optimize resources and guide public health interventions. Aim of the study was to investigate the distribution of endocrine stimulation tests and the prevalence of pathological findings over a year and to explore whether single basal hormone concentrations could have saved unnecessary stimulation tests.



Methods

Retrospective study with data collection for pediatric endocrine stimulation tests performed in 2019 in a tertiary center.



Results

Overall, 278 tests were performed on 206 patients. The most performed test was arginine tolerance test (34%), followed by LHRH test (24%) and standard dose Synachthen test (19%), while the higher rate of pathological response was found in insulin tolerance test to detect growth hormone deficiency (81%), LHRH test to detect central precocious puberty (50%) and arginine tolerance test (41%). No cases of non-classical-congenital adrenal hyperplasia were diagnosed. While 29% of growth hormone deficient children who performed an insulin tolerance test had a pathological peak cortisol, none of them had central adrenal insufficiency confirmed at low dose Synacthen test. The use of basal hormone determinations could save up to 88% of standard dose Synachthen tests, 82% of arginine tolerance + GHRH test, 61% of LHRH test, 12% of tests for adrenal secretion.



Conclusion

The use of single basal hormone concentrations could spare up to half of the tests, saving from 32,000 to 79,000 euros in 1 year. Apart from basal cortisol level <108 nmol/L to detect adrenal insufficiency and IGF-1 <-1.5 SDS to detect growth hormone deficiency, all the other cut-off for basal hormone determinations were found valid in order to spare unnecessary stimulation tests.
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Introduction

Children and young people referred to pediatric endocrinology services present with a wide range of illnesses and disorders varying from minor to life-threatening conditions (1). Diagnosis rely greatly on laboratory testing: while for some disorders a single blood sample is sufficient (e.g. primary hypothyroidism), in others (e.g. growth hormone deficiency [GHD] or central precocious puberty [CPP]) the determination of basal hormones is of limited diagnostic value, since many hormones are secreted in pulses or have specific oscillatory activity.

Theoretically, stimulation tests should more sensitively pick up disorders that would be missed by assessing spontaneous hormone concentrations as compared with basal hormone concentrations. Therefore, stimulation tests are used to assess the maximum secretion of a hormone and/or are as a proxy parameter of endogenous secretion, in order to evaluate if a child is producing enough or too much hormones compared to the normal functioning of endocrine system for age (2).

However, stimulation tests demand time, money and effort: they require the use of an intravenous line to inject the stimulating hormone and/or chemical substance and can take up to three or more hours; they need special staff skills, and are typically conducted in a hospital outpatient setting; for instance, in Italy the costs for stimulation test – which is free of charge for patients and families and covered by the Italian National Health System – vary from 305 to 591 euros, while a single hormone determination costs from 9.40 to 16.90 euros.

Many authors have proposed basal cut-offs in order to avoid unnecessary tests (3–7); this would help in sparing time, money and effort. Nevertheless, stimulation tests are still extensively used and considered the gold standard in the diagnosis of many endocrine diseases.

The knowledge of the pattern of pediatric endocrinology stimulation tests is therefore crucial to optimize resources and guide public health interventions; however, no studies have evaluated this topic comprehensively so far.

Aim of the study was to investigate the distribution of endocrine stimulation tests and the prevalence of pathological findings over a year and to explore whether single basal hormone concentrations could have saved unnecessary stimulation tests.



Materials and Methods

We conducted a retrospective study at the Institute for Maternal and Child Health IRCCS “Burlo Garofolo” in Trieste, Italy, a tertiary hospital and research institute that serves as a pediatric referral center for the province of Trieste, and as national reference hospital.

All records of children and adolescents performing a stimulation test from January 1st to December 31st 2019 were reviewed. The “G2 clinico” platform (management system specialist activities) was employed to access all patients’ data. Information retrieved included age at presentation, gender, type and number of tests performed, reason(s) for referral, test results and final diagnosis.

Stimulation tests were performed according to protocols (8). In case of suspected non-classical-congenital adrenal hyperplasia (NC-CAH), a Standard Dose Synacthen Test (SDST) was performed and 17-hydroxy-progesterone (17-OH-P) data were interpreted according to New’s nomogram (9), while in case of suspected central adrenal insufficiency (CAI), a Low Dose Synacthen Test (LDST) was performed and a normal response was considered a peak cortisol level of ≥430 nmol/L (10–12); for peak values between 430 and 500 nmol/l, a rise in cortisol levels >200 nmol/l was used as confirmation of normal response (13).

In case of suspected central precocious puberty (CPP) or Hypogonadotropic Hypogonadism (HH), a Luteinizing Hormone Releasing Hormone Test (LHRHT) was performed and peak Luteinizing Hormone (LH) >5 IU/L were considered as pubertal (14).

In case of suspected growth hormone deficiency (GHD), Arginine Tolerance Test (ATT), Arginine Tolerance Test plus Growth Hormone Releasing Hormone Test (ATT+GHRHT) or Insulin Tolerance Test (ITT) were performed. ITT was considered valid only with biochemical hypoglycemia at a blood glucose level ≤40 mg/dl. According to Italian regulation, a peak plasma GH concentration of <8 ng/ml (<20 ng/ml if test is ATT + GHRHT) was considered diagnostic of GHD when confirmed in two tests performed in two different days (15). As second test, ITT was usually performed in order to exclude a concomitant adrenal insufficiency; when peak cortisol at ITT was <430 nmol/L and CAI was suspected (15), a LDST was performed for confirmation. To confirm GHD in the transition age (adult GHD, AGHD), an ATT+GHRHT was performed and a peak plasma GH concentration of <19 ng/ml was considered as pathological (16).

Cut-offs were taken into account to consider diagnosis without stimulation tests: for NC-CAH a basal 17-OH-P <1 (9) or <2 ng/ml (3); for CAI a basal cortisol <108 or >381 nmol/L (4); for CPP and HH a basal LH ≥1 IU/L (5); for GHD an IGF-1 ≥-1.5 SDS (6); for AGHD an IGF-1 ≥-1.7 SDS (7).

Ethical Committee approval was not requested since General Authorization to Process Personal Data for Scientific Research Purposes (Authorization no. 9/2014) declared that retrospective archive studies that use ID codes, preventing the data from being traced back directly to the data subject, do not need ethics approval (17). Informed consent was signed by parents at first visit, in which they agree that “clinical data may be used for clinical research purposes, epidemiology, study of pathologies and training, with the objective of improving knowledge, care and prevention”.

Statistical analyses were mainly descriptive. Data are presented as frequencies and percentages, or as median and interquartile ranges (IQRs) due to non-normal distribution. Receiver operating characteristic (ROC) analysis was used to evaluate the sensitivity and specificity of significant variables for predicting pathological tests. A P-value <0.05 was considered statistically significant. Analyses were performed with JMP™ software (version 15.1.0, SAS Institute Inc., Cary, NC, United States).



Results

Overall, 278 tests were performed on 206 patients (119 females) with a median age of 11.1 years (IQR 8.0-14.0). While 146 individuals performed only 1 test (71%), 60 individuals (29%) performed 2 or more tests.

The distribution of stimulation tests and of pathological response are reported in Table 1 and graphically in Figure 1.


Table 1 | Distribution of stimulation tests and suspected diagnosis with number and rate of performed and pathological tests, number and rate of spared tests according to different cut-offs, and number and rate of false negatives using cut-offs (*all individuals did not confirm pathological results at LDST).






Figure 1 | (A) Distribution of performed and pathological tests (grey boxes: prevalence on overall tests; dark bars: prevalence of pathological findings for each test). (B) Distribution of spared tests using single hormone determination (gray boxes, used cut-offs; dark bars, prevalence of saved tests for each test). 17-OH-P, 17-hydroxy-progesterone; AGHD, Adult Growth Hormone Deficiency; ATT, Arginine Tolerance Test; CAI, Central Adrenal Insufficiency; CPP, Central Precocious Puberty, GHD, Growth Hormone Deficiency; GHRHT, Growth Hormone Releasing Hormone Test, HH, Hypogonadotropic Hypogonadism; IGF-1, Insulin Growth Factor-1; ITT, Insulin Tolerance Test; LDST, Low Dose Synacthen Test; LH, Luteinizing Hormone; LHRHT, Luteinizing Hormone Releasing Hormone Test; NC-CAH, Non-Classical Congenital Adrenal Hyperplasia; SDS, Standard Deviation Score; SDST, Standard Dose Synachten Test.




Adrenal Function Tests

In 52 cases (40 females) SDST was performed to rule out NC-CAH (median age 9.1 years [IQR 7.8-14.3]). No cases of NC-CAH were confirmed, while in 45 individuals, results were compatible with carrier status.

Twenty-four individuals with a basal 17-OH-P <1 ng/ml would have been correctly classified as not having NC-CAH without performing the stimulation test (Figure 1B) or 46 individuals with a cut-off of <2 ng/ml.

Forty-nine tests (LDST or ITT) to explore adrenal sufficiency were performed in 38 individuals (17 females), with a median age of 12.1 years [IQR 10.0-13.6].

In 31 individuals (13 females), ITT was performed as second test to investigate GH secretion.

Thirteen individuals had a peak cortisol at ITT <430 nmol/L (4 of which performed the ITT in 2018) and performed a LDST as confirmation of CAI: the peak cortisol was >430 nmol/l in all the subjects, while it was <500 nmol/l in 6 subjects with a rise in cortisol levels >200 nmol/l in all (median 272 nmol/l [IQR 246-301]).

In 3 individuals (2 females), LDST was performed because CAI was the main diagnostic hypothesis and in 1 CAI was actually diagnosed.

In 9 cases (7 ITT, 2 LDST), basal cortisol was already >381 nmol/l (Figure 1B). No individuals had basal cortisol <100 nmol/l, while in 4 cases (2 ITT, 2 LDST) basal cortisol was <108 nmol/l and all of them resulted not have CAI at stimulation tests.



Puberty Tests

In 48 individuals (38 females) LHRHT was performed to investigate CPP (median age 7.8 years [IQR 7.2-8.9]) and CPP was confirmed in 24 children (16 females). All 15 children (9 females) with a basal LH ≥1 IU/L would have been correctly diagnosed with PPC without performing the stimulation test (Figure 1B).

In 18 individuals (11 females) LHRHT was performed to investigate HH (median age 14.5 years [IQR 13.1-15.8]). HH was confirmed in 2 individuals (1 female). The 11 individuals (7 female) with a basal LH ≥1 IU/L would have been correctly classified as not having HH without performing the stimulation test (Figure 1B).

In our cohort, a pubertal response (peak LH >5 IU/L) was associated with higher basal LH (median 1.2 vs. 0.3 mUI/ml; p<0.01). At ROC analysis, a basal LH value >0.2 identified the highest percentage of correctly classified (true positives and true negatives), with sensitivity and specificity related to the identification of pubertal response of 97% and 60%, respectively.



Growth Hormone Stimulation Tests

Among 86 individuals who completed their evaluation for suspected GHD during the study period, the first stimulation test was pathological in 34 individuals (76%); of these, 26 (76%, 30% when considering the initial cohort) had a second pathologic stimulation test, having GHD confirmed (see Figure 2 for details on performed tests).




Figure 2 | Diagram of test performed to confirm suspected growth hormone deficiency (ATT, Arginine Tolerance Test; GHD, Growth Hormone Deficiency; GHRHT, Growth Hormone Releasing Hormone Test; ITT, Insulin Tolerance Test).



A pathological response (GH peak <8 ng/mL) was associated with lower IGF-1 SDS (median -2.1 vs. -1.6; p=0.01). At ROC analysis, an IGF-1 SDS <-1.5 identified the highest percentage of correctly classified (true positives and true negatives), with sensitivity and specificity related to the identification of GHD patients of 79% and 52%, respectively.

Using a cut-off of IGF-1 ≥-1.5 SDS for not performing a stimulation test, 43 test would have been spared (Figure 1B); however, 6 individuals would have been not diagnosed with GHD.

None of 17 patients (6 females, median age 17.2 years [IQR 16.6-17.7]) with GHD in childhood and tested in transition age resulted to have an AGHD.

The 14 individuals (4 female) with IGF-1≥-1.7 SDS, would have been correctly classified as not having AGHD without performing the stimulation test.




Discussion

In this retrospective study, we comprehensively analyzed 278 tests performed on 206 patients in a tertiary pediatric endocrinology over 1-year period. To our knowledge, this is the first study that comprehensively considered all endocrine stimulation tests at the same time and showing the potential impact of basal hormone cut-offs on sparing tests.

Our study confirmed that basal hormone determinations can be a useful first-line step to screen patients requiring stimulation tests. We demonstrated that the use of cut-offs suggested by literature could save a great amount of stimulation tests: up to 88% of SDST, 82% of ATT+GHRHT, 61% of LHRHT, 12% of tests for adrenal secretion. Overall, using single basal hormone concentrations, we could have been spared from 113 to 135 tests (41-49%), saving from 32,000 to 79,000 euros.

Some of these cut-offs, however, are still not sure enough to exclude or confirm a diagnosis without performing a stimulation test.

To make a definitive diagnosis of CAI, several basal morning cortisol cut points have been suggested [<80 (18), <100 (19–22), <108 (4), <138 (23), <230 nmol/l (24)]. In order not to lose diagnosis, we used the lowest possible cut-off (108 nmol/l, since no individuals had basal cortisol <100 nmol/l); nonetheless, in our cohort a basal cortisol under this threshold was not associated with CAI at stimulation tests. As a matter of fact, although a low basal cortisol strongly suggests adrenal dysfunction, still no guideline support the use of basal cortisol to diagnose CAI (25).

Analogously, the single use of IGF-1 SDS could have caused a missed diagnosis in 6 over 26 patients with GHD (23%). This confirm that IGF-1 measurement has poor accuracy in discriminating children with or without GHD, since also those with IGF-1 in the normal range (>-1.5 SDS) could be diagnosed with GHD. Therefore, IGF-1 values should not be used alone in the diagnosis of GHD, but always be interpreted in combination with other clinical and biochemical parameters (6).

In our cohort, the most performed test was ATT (34%), followed by LHRHT (24%) and SDST (19%), while the higher rate of pathological response was found in ITT to detect GHD (81%), LHRHT to detect CPP (50%) and ATT (41%), apart from ATT+GHRHT that was performed in only 1 obese individual to detect GHD and resulted pathological. Interestingly, all SDST performed to exclude NC-CAH and all ATT+GHRHT performed to exclude AGHD resulted negative.

Regarding the tests to investigate growth hormone secretion, the rate of confirmed GHD on all tests was 30% and only 76% of the first positive growth hormone stimulation tests had a second positive result. The rate of false positive results in the first test is in line with an extensive study conducted on 472 children with normal stature who underwent provocative tests to assess GH secretory status (26). The study reported false positive rates between 8.9% and 23.7%, according to the test performed, with a GH cutoff <7 ng/dl. In an Italian single-center retrospective study conducted on 166 children with a first pathologic ATT test, GHD was confirmed in 80.2% of patients (27), thus resulting in accordance with our study. Therefore, in the Unites States and almost all the Europe, two stimulation tests are required in order to reduce the risk of false positive results (28). The ITT test is still considered the gold standard with a high power of discrimination. The combination of ITT with a second pharmacological stimulation test allows the highest power of discrimination in detecting GHD (29).

Interestingly, while 29% of GHD children who performed an ITT had a peak cortisol <430 nmol/l, none of them had CAI confirmed at LDST. In our center, a peak cortisol of 430 nmol/l was used as threshold for both tests as per protocol (8) and according to literature and used methodology (10–12, 15), although different cut points have been suggested for both tests up to 500-600 nmol/l (30, 31). When borderline peak cortisol levels (430-500 nmol/l) were found, a rise in cortisol levels >200 nmol/l was used to confirm normal adrenal function (13).

The evaluation of adrenal axis in patients with GHD is of primary importance to exclude combined pituitary hormone disorders; even if asymptomatic, the identification of patients with subclinical CAI is of utmost importance to avoid life-threatening events secondary to stressful circumstances (32). Moreover, the introduction of growth hormone replacement may unmask both an incipient adrenal insufficiency, besides central hypothyroidism (33). An inappropriate cortisol response to ITT is considered the gold standard in detecting CAI (34); however, LDST is a reliable test in patients with CAI since the adrenal gland cannot response to ACTH stimulation when there is insufficient endogenous ACTH. In our cohort, patients with pathological ITT and normal LDST peak cortisol response did not started hydrocortisone replacement treatment and no child developed CAI on growth hormone treatment; however, the progression towards CAI in unclear and follow-up is needed.

NC-CAH was excluded in all the patients tested (the prevalence of NC-CAH is 1:800-1:1,000), whereas 87% were identified as possible carriers of 21-hydroxylase deficiency. This means that in a selected cohort, referred for precocious adrenarche, the prevalence of carriers might be extremely higher than in general population (9.5%) (35). However, knowing the status of carriers is not of value in pediatric age, since no treatment is needed and genetic testing is not allowed (36).

A potential limitation of this study is based on data collected from a single-center, therefore results may be related to the local population. On the other hand, to our knowledge, this is the first study that has simultaneously analyzed the features of pediatric endocrine stimulation tests as a whole and the potential save of money by using basal hormone concentrations as screening before performing a test.



Conclusion

The study provides information on the distribution of endocrine stimulation tests and the prevalence of pathological findings over a year. Apart from basal cortisol level <108 nmol/L to detect adrenal insufficiency and IGF-1 <-1.5 SDS to detect GHD, all the other cut-off for basal hormone determinations were found valid in order to spare stimulation tests. Nonetheless, in order not to miss a diagnosis, it is always important to consider the overall clinical picture that led to biochemical investigation and to follow-up patients where a doubt exists.



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

AP and BB conceptualized and designed the study, drafted the initial manuscript, designed the data collection instruments, collected data, and reviewed and revised the manuscript. MG carried out the statistical analysis, and reviewed and revised the manuscript. VV, GV, and NG performed the stimulation tests, and reviewed and revised the manuscript. MP, EF, and EB conceptualized and designed the study and critically reviewed the manuscript for important intellectual content. GT conceptualized and designed the study, carried out the statistical analysis, drafted the initial manuscript, coordinated and supervised the data collection, and reviewed and revised the manuscript. All authors contributed to the article and approved the submitted version.



References

1. Bellotto, E, Monasta, L, Pellegrin, MC, Bossini, B, Tamaro, G, Conte, MS, et al. Pattern and Features of Pediatric Endocrinology Referrals: A Retrospective Study in a Single Tertiary Center in Italy. Front Pediatr (2020) 8:580588. doi: 10.3389/fped.2020.580588

2. Brook, CGD, Claytor, PW, and Brown, RS. Brook"s Clinical Pediatric Endocrinology. 6th edition. Chichester, UK Hoboken: Wiley-Backwell (2009).

3. Armengaud, JB, Charkaluk, ML, Trivin, C, Tardy, V, Bréart, G, Brauner, R, et al. Precocious pubarche: distinguishing late-onset congenital adrenal hyperplasia from premature adrenarche. J Clin Endocrinol Metab (2009) 94:2835–40. doi: 10.1210/jc.2009-0314

4. Maguire, AM, Biesheuvel, CJ, Ambler, GR, Moore, B, McLean, M, and Cowell, CT. Evaluation of adrenal function using the human corticotrophin-releasing hormone test, low dose Synacthen test and 9am cortisol level in children and adolescents with central adrenal insufficiency. Clin Endocrinol (Oxf) (2008) 68:683–91. doi: 10.1111/j.1365-2265.2007.03100.x

5. Kandemir, N, Demirbilek, H, Özön, ZA, Gönç, N, and Alikaşifoğlu, A. GnRH stimulation test in precocious puberty: single sample is adequate for diagnosis and dose adjustment. J Clin Res Pediatr Endocrinol (2011) 3:12–7. doi: 10.4274/jcrpe.v3i1.03

6. Ibba, A, Corrias, F, Guzzetti, C, Casula, L, Salerno, M, di Iorgi, N, et al. IGF1 for the diagnosis of growth hormone deficiency in children and adolescents: a reappraisal. Endocr Connect (2020) 9:1095–102. doi: 10.1530/EC-20-0347

7. Maghnie, M, Aimaretti, G, Bellone, S, Bona, G, Bellone, J, Baldelli, R, et al. Diagnosis of GH deficiency in the transition period: accuracy of insulin tolerance test and insulin-like growth factor-I measurement. Eur J Endocrinol (2005) 152:589–96. doi: 10.1530/eje.1.01873

8. Royal Manchester Children’s Hospital – NHS. (2020). Available at: https://mft.nhs.uk/the-trust/other-departments/laboratory-medicine/biochemistry/endocrine-dynamic-function-test-protocols-paediatric/ (Accessed December 2020). Endocrine Dynamic Function Test (DFT) Protocols for use in Neonates & Children.

9. New, MI, and Wilson, RC. Steroid disorders in children: congenital adrenal hyperplasia and apparent mineralocorticoid excess. Proc Natl Acad Sci U S A (1999) 96:12790–7. doi: 10.1073/pnas.96.22.12790

10. Dickstein, G, and Saiegh, L. Low-dose and high-dose adrenocorticotropin testing: indications and shortcomings. Curr Opin Endocrinol Diabetes Obes (2008) 15:244–9. doi: 10.1097/MED.0b013e3282fdf16d

11. Mackenzie, SD, Gifford, RM, Boyle, LD, Crane, MS, Strachan, MWJ, and Gibb, FW. Validated criteria for the interpretation of a single measurement of serum cortisol in the investigation of suspected adrenal insufficiency. Clin Endocrinol (Oxf) (2019) 91:608–15. doi: 10.1111/cen.14071

12. El-Farhan, N, Rees, DA, and Evans, C. Measuring cortisol in serum, urine and saliva - are our assays good enough? Ann Clin Biochem (2017) 54:308–22. doi: 10.1177/0004563216687335

13. Giavoli, C. Unmasking other pituitary deficits during growth hormone replacement therapy. Ann Endocrinol (Paris) (2007) 68:237–40. doi: 10.1016/j.ando.2007.06.014

14. Carel, JC, and Léger, J. Clinical practice. Precocious puberty. N Engl J Med (2008) 358:2366–77. doi: 10.1056/NEJMcp0800459

15. Italia. (2014). Available at: http://www.agenziafarmaco.gov.it/content/nota-39 (Accessed December 2020). Determinazione dell’Agenzia Italiana del Farmaco 19 giugno 2014. Modifica alla Nota AIFA 39. Gazzetta Ufficiale. Serie Generale n. 154 del 5 luglio 2014.

16. Drummond, JB, Soares, BS, Pedrosa, W, and Ribeiro-Oliveira, A. Revisiting peak serum cortisol response to insulin-induced hypoglycemia in children. J Endocrinol Invest (2020). doi: 10.1007/s40618-020-01427-x

17. The Italian Data Protection Authority. Available at: https://www.garanteprivacy.it/web/guest/home/docweb/-/docweb-display/docweb/3786078 (Accessed July 2020). Authorisation no. 9/2014 - General Authorisation to Process Personal Data for Scientific Research Purposes.

18. Watts, NB, and Tindall, GT. Rapid assessment of corticotropin reserve after pituitary surgery. JAMA (1988) 259:708–11. doi: 10.1001/jama.259.5.708

19. Courtney, CH, McAllister, AS, McCance, DR, Bell, PM, Hadden, DR, Leslie, H, et al. Comparison of one week 0900 h serum cortisol, low and standard dose synacthen tests with a 4–6 week insulin hypoglycaemia test after pituitary surgery in assessing HPA axis. Clin Endocrinol (Oxf) (2000) 53:431–6. doi: 10.1046/j.1365-2265.2000.01106.x

20. Hagg, E, Asplund, K, and Lithner, F. Value of basal plasma cortisol assays in the assessment of pituitary-adrenal insufficiency. Clin Endocrinol (Oxf) (1987) 26:221–6. doi: 10.1111/j.1365-2265.1987.tb00780.x

21. Jones, SL, Trainer, PJ, Perry, L, Wass, JA, Bessser, GM, and Grossman, A. An audit of the insulin tolerance test in adult subjects in an acute investigation unit over one year. Clin Endocrinol (Oxf) (1994) 41:123–8. doi: 10.1111/j.1365-2265.1994.tb03793.x

22. Pavord, SR, Girach, A, Price, DE, Absalom, SR, Falconer-Smith, J, and Howlett, TA. A retrospective audit of the combined pituitary function test, using the insulin stress test, TRH and GnRH in a district laboratory. Clin Endocrinol (Oxf) (1992) 36:135–9. doi: 10.1111/j.1365-2265.1992.tb00947.x

23. Vance, ML. Hypopituitarism. N Engl J Med (1994) 330:1651–62. doi: 10.1056/NEJM199406093302306

24. Dullaart, RP, Pasterkamp, SH, Beentjes, JA, and Sluiter, WJ. Evaluation of adrenal function in patients with hypothalamic and pituitary disorders: comparison of serum cortisol, urinary free cortisol and the human-corticotrophin releasing hormone test with the insulin tolerance test. Clin Endocrinol (Oxf) (1999) 50:465–71. doi: 10.1046/j.1365-2265.1999.00679.x

25. Bornstein, SR, Allolio, B, Arlt, W, Barthel, A, Don-Wauchope, A, Hammer, GD, et al. Diagnosis and Treatment of Primary Adrenal Insufficiency: An Endocrine Society Clinical Practice Guideline. J Clin Endocrinol Metab (2016) 101:364–89. doi: 10.1210/jc.2015-1710

26. 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

27. Cattoni, A, Molinari, S, Medici, F, De Lorenzo, P, Valsecchi, MG, Masera, N, et al. Dexamethasone Stimulation Test in the Diagnostic Work-Up of Growth Hormone Deficiency in Childhood: Clinical Value and Comparison With Insulin-Induced Hypoglycemia. Front Endocrinol (2020) 11:599302. doi: 10.3389/fendo.2020.599302

28. Binder, G, Reinehr, T, Ibáñez, L, Thiele, S, Linglart, A, Woelfle, J, et al. GHD Diagnostics in Europe and the US: An Audit of National Guidelines and Practice. Horm Res Paediatr (2019) 92:150–6. doi: 10.1159/000503783

29. Obara-Moszyńska, M, Kedzia, A, Korman, E, and Niedziela, M. Usefulness of growth hormone (GH) stimulation tests and IGF-I concentration measurement in GH deficiency diagnosis. J Pediatr Endocrinol Metab (2008) 21:569–79.

30. Broide, J, Soferman, R, Kivity, S, Golander, A, Dickstein, G, Spirer, Z, et al. Low-dose adrenocorticotropin test reveals impaired adrenal function in patients taking inhaled corticosteroids. J Clin Endocrinol Metab (1995) 80:1243–6. doi: 10.1210/jcem.80.4.7714095

31. Abdu, TA, Elhadd, TA, Neary, R, and Clayton, RN. Comparison of the low dose short synacthen test (1 microg), the conventional dose short synacthen test (250 microg), and the insulin tolerance test for assessment of the hypothalamo-pituitary-adrenal axis in patients with pituitary disease. J Clin Endocrinol Metab (1999) 84:838–43. doi: 10.1210/jc.84.3.838

32. Maghnie, M, Uga, E, Temporini, F, Di Iorgi, N, Secco, A, Tinelli, C, et al. Evaluation of adrenal function in patients with growth hormone deficiency and hypothalamic-pituitary disorders: comparison between insulin-induced hypoglycemia, low-dose ACTH, standard ACTH and CRH stimulation tests. Eur J Endocrinol (2005) 152:735–41. doi: 10.1530/eje.1.01911

33. Agha, A, and Monson, JP. Modulation of glucocorticoid metabolism by the growth hormone - IGF-1 axis. Clin Endocrinol (Oxf) (2007) 66:459–65. doi: 10.1111/j.1365-2265.2007.02763.x

34. O’Grady, MJ, Hensey, C, Fallon, M, Hoey, H, Murphy, N, Costigan, C, et al. Lack of sensitivity of the 1-μg low-dose ACTH stimulation test in a paediatric population with suboptimal cortisol responses to insulin-induced hypoglycaemia. Clin Endocrinol (Oxf) (2013) 78:73–8. doi: 10.1111/j.1365-2265.2012.04474.x

35. Baumgartner-Parzer, SM, Nowotny, P, Heinze, G, Waldhäusl, W, and Vierhapper, H. Carrier frequency of congenital adrenal hyperplasia (21-hydroxylase deficiency) in a middle European population. J Clin Endocrinol Metab (2005) 90:775–8. doi: 10.1210/jc.2004-1728

36. Knochenhauer, ES, Cortet-Rudelli, C, Cunnigham, RD, Conway-Myers, BA, Dewailly, D, and Azziz, R. Carriers of 21-hydroxylase deficiency are not at increased risk for hyperandrogenism. J Clin Endocrinol Metab (1997) 82:479–85. doi: 10.1210/jcem.82.2.3759



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 © 2021 Penco, Bossini, Giangreco, Vidonis, Vittori, Grassi, Pellegrin, Faleschini, Barbi and Tornese. 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/Images/logo.jpg
’ frontiers
in Endocrinology





OEBPS/Images/fendo.2021.660692_cover.jpg
, frontlers
n Endocrinology

Should Pediatric Endocrinologists
Consider More Carefully When to
Perform a Stimulation Test?





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Should Pediatric Endocrinologists Consider More Carefully When to Perform a Stimulation Test?

      

        		

          Introduction

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          Introduction

        



        		

          Materials and Methods

        



        		

          Results

        

          		

            Adrenal Function Tests

          



          		

            Puberty Tests

          



          		

            Growth Hormone Stimulation Tests

          



        



        



        		

          Discussion

        



        		

          Conclusion

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fendo-12-660692-g001.jpg
Number of pecorme tests

Numoer o performed tests

100

s

50

2

s

E

2

24%
19%|
— 1%
50% 81% 6% 6%
29%
| o% | A
AT LHRHT LHRHT SOST IT [T AT+ LOST
(CPP)  (HH) (GHD) (CA) GHRHT
[
3% gl =
455 e [

3% 82%

61%
52 |2
T P

ATT LHRHT LHRHT SDST [T [T AT+ LDST
(©PP)  (HH) (GHD) (CA) GHRHT
(AGHD)






OEBPS/Images/table1.jpg
Stmuation ~Suspected  Nof  %onal  Nof % of Cuteoft Nof %of  Noffake %offaise

test dagnosis  performed  tosts  pathological  pathological spared  spared  nogatve  negative
tosts tosts tosts tests tosts
AT G o s EY 4% GF12-15 5 7% o 2%
sos.
T PP ) Fl so%  BmaHaw 15 1% o o
2% L
H ® 2 n% BmaLzI 1 615 o o
L
sosT No-oa 52 19% o o%  BasatzoMP 20 6% 0 o%
<t ngiml
Bad 170HP 46 sa% o o
<2ngm
L oo El 2 s1%  1GF12-15 7 2% s 7%
"% o8
o 0 0% Basalcorteol> 7 2% o o%
381 rolt
Basal cortsol < 2 6% 1 0%
108 ool
wst o 16 % 1 6% Basalcortsdl> 2 1% o o%
381 ol
Basal cortisol < 2 1% 2 100%
108 hmolt
AT+ AGHD 1 o % IGR1a-17 14 2% o o
GHRHT o sos.
oo 1 1 100%  1GF12-15 1 100% ' 100%
sos.

1700, 17.hyctonyprogestarone AGHD, AckitGrouth omon Dfcency; ATT,Argine Tokwace Test CAL Gl Ackoalnsfficency, CPP, ContalPrococous Pubert; GHO,
Grouth Hormone Datiiency; GHRHT, Growth Homone Rekasing Homone Test; HH, Hypogonador g Hypogonada GF-1, Insn Grouth Fcto-1; T, Insuln Tokrance Test
LOST, Low Doso Symacthen Test; L, Luterizng Hormone: LHRHT, Luteinzng Hoamone Rebasing Hormons Test NC:CAH, NorClsscaCongent Actonal Hyperpls SOS,
Sxarnciatt Dindaton Soorse SOST. Siarciai Dose Sriachited Tast





OEBPS/Images/fendo-12-660692-g002.jpg
86 individuals with
suspected GHD

14 stimulation test
(85 ATT; 1 ATTGHRHT)

52 norma test
(s2ATD)

34 (40%)
1% pathologic test
(33 ATT, 1 ATT+GHRHT)

I

2% stimulation test
(81T, 8ATD)

8 normaltest
©1TT,24m0)

26 (76%)
2+ pathologic test
e2rmam

26GHD
(30% on initil cohort)






