
Journal of the Endocrine Society, 2022, 6, 1–7
https://doi.org/10.1210/jendso/bvac088
Advance access publication 06 June 2022
Brief Report

Received: 6 February 2022. Editorial Decision: 1 June 2022. Corrected and Typeset: 1 July 2022
© The Author(s) 2022. Published by Oxford University Press on behalf of the Endocrine Society.
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs licence (https://
creativecommons.org/licenses/by-nc-nd/4.0/), which permits non-commercial reproduction and distribution of the work, in any medium, provided the 
original work is not altered or transformed in any way, and that the work is properly cited. For commercial re-use, please contact journals.permissions@
oup.com

Clinical Usefulness of the Growth Hormone–Releasing 
Peptide-2 Test for Hypothalamic-Pituitary Disorder
Sawako Suzuki,1,2,  Yutarou Ruike,1,2 Kazuki Ishiwata,1,2 Kumiko Naito,1,2 Katsushi Igarashi,1,2 
Akiko Ishida,1,2 Masanori Fujimoto,1,2 Hisashi Koide,1,2 Kentaro Horiguchi,3 Ichiro Tatsuno,4 and 
Koutaro Yokote1,2

1Department of Endocrinology, Hematology and Gerontology, Chiba University Graduate School of Medicine, 260-8670, Japan
2Department of Diabetes, Metabolism and Endocrinology, Chiba University Hospital, 260-8670, Japan
3Department of Neurological Surgery, Chiba University Hospital, 260-8670, Japan 
4Chiba Prefectural University of Health Sciences, 261-0014, Japan
Correspondence: Sawako Suzuki, MD, PhD, Department of Endocrinology, Hematology and Gerontology, Chiba University Graduate School of Medicine, 1-8-1 
Inohana, Chuo-ku, Chiba 260-8670, Japan. Email; sawakosuzuki@chiba-u.jp

Abstract
Context: Growth hormone deficiency (GHD) develops early in patients with hypothalamic-pituitary disorder and is frequently accompanied by 
other anterior pituitary hormone deficiencies, including secondary adrenal insufficiency (AI). A growth hormone–releasing peptide-2 (GHRP2) 
test, which is widely used for the diagnosis of patients with GHD, is thought to induce release of not only growth hormone (GH) but also ACTH. 
However, its clinical usefulness in hypothalamic-pituitary disorder is unclear.
Objective: We aimed to determine the clinical utility of the GHRP2 test in patients with hypothalamic-pituitary disorders, particularly for AI con-
comitant with GHD.
Methods: The GHRP2 test, a cosyntropin stimulation test, corticotropin-releasing hormone (CRH) tests, and/or insulin tolerance tests (ITTs) 
were performed on 36 patients with hypothalamic-pituitary disorder.
Results: Twenty-two (61%) had severe GHD, and 3 (8%) had moderate GHD by GHRP2. There was no difference in baseline ACTH and cortisol 
between non-GHD, moderate GHD, and severe GHD participants. However, a cosyntropin stimulation test and subsequent CRH tests and/or 
ITTs revealed that 17 (47%) had secondary AI and 16/17 (94%) cases of secondary AI were concomitant with severe GHD. ROC curve analysis 
demonstrated that the ACTH response in the GHRP2 test was useful for screening pituitary-AI, with a cutoff value of 1.55-fold (83% sensitivity 
and 88% specificity). Notably, the combination of ACTH response and the peak cortisol level in the GHRP2 test using each cutoff value (1.55-fold 
and 10 µg/dL, respectively) showed high specificity (100%) with high accuracy (0.94) for diagnosis of pituitary-AI.
Conclusion: We recommend measuring ACTH as well as GH during the GHRP2 test to avoid overlooking or delaying diagnosis of secondary AI 
that frequently accompanies GHD.
Key Words: growth hormone–releasing peptide-2, growth hormone deficiency, pituitary adrenal insufficiency
Abbreviations: ACTH, adrenocorticotropic hormone; AI, adrenal insufficiency; AUC, area under the curve; AVP, arginine vasopressin; CRH, corticotropin-
releasing hormone; GH, growth hormone; GHD, growth hormone deficiency; GHRP2, growth hormone-releasing peptide-2; ITT, insulin tolerance test; ROC, 
receiver operating characteristic.

Most of the adult-onset growth hormone deficiency (GHD) 
were known to be caused by a pituitary or parasellar tumor, 
and/or the consequences of treatment of the tumor including 
surgery or radiation therapy [1]. Therefore, patients with 
GHD may have additional anterior pituitary hormone 
deficits, notably rendering them at risk of developing adreno-
corticotropic hormone (ACTH) deficiency [2]. Since sec-
ondary adrenal insufficiency (AI), including ACTH deficiency, 
is a life-threatening disorder [3, 4], prompt diagnosis and 
management of this disease are essential. However, a diag-
nosis of secondary AI can be missed due to normal or slightly 
altered ACTH and cortisol levels [5]. Many patients with 
equivocal basal cortisol levels may require a dynamic test 
for correct diagnosis and then cosyntropin stimulation test, 

corticotropin-releasing hormone (CRH) test, or an insulin 
tolerance test (ITT) may be first options being most valid-
ated in clinical use [6, 7]. However, a cosyntropin stimulation 
test is helpful if the test is abnormal, but a normal cortisol 
response does not rule out secondary AI, especially in the 
first 6  months of disease before adrenal atrophy is estab-
lished [8, 9]. A systematic review and meta-analysis of the ac-
curacy of cosyntropin stimulation test to diagnose secondary 
AI reported a high specificity but low sensitivity of 64% to 
83% [10]. ITT has generally been regarded as the reference 
standard test for assessment hypothalamic-pituitary-adrenal 
axis including acute secondary AI [8, 9]. However, the re-
sult cannot be interpreted unless adequate hypoglycemia is 
achieved, and the test should not be undertaken in patients 
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with a history of heart disease, epilepsy, or unexplained 
blackout; caution must also be shown in older patients [11]. 
In addition, the cutoffs for the CRH test are less well defined. 
Therefore, a need exists for another low-risk, practical, sen-
sitive, specific, and reproducible test for the investigation of 
secondary AI [7, 12]. A growth hormone-releasing peptide-2 
(GHRP2) is used for the evaluation of the capacity of growth 
hormone (GH) secretion, and for the diagnosis of GHD. 
Additionally, GHRP2 has also been considered to be a unique 
test that stimulates both somatotroph and corticotrope cells 
and induces ACTH release through GH secretagogue recep-
tors in the hypothalamus [13-18]. There is a possibility that 
the GHRP2 test could be used in the detecting of secondary 
AI. However, it is not clear what the additional benefits are 
beyond the traditional tests of cosyntropin stimulation, CRH, 
and ITT. The present study proposes how to use the GHRP2 
test as a supplement to the traditional tests in patients with 
concomitant AI and GHD.

Methods

Patient Characteristics and Clinical Definitions
This study was approved by the Human Research Ethics 
Committee at Chiba University (approval number: 3652). 
Thirty-six patients (17 male and 19 female; age 18-81 years) 
were referred to Chiba University Hospital between 2010 and 
2019 for the evaluation of hypopituitarism: pituitary adenoma 
(7 cases), Rathke cleft cyst (5 cases), surgery of the pituitary 
adenoma (9 cases), radiation therapy of the head and neck 
carcinoma (4 cases of germinoma, 1 case of neuroblastoma, 
and 1 case of upper pharynx cancer), hypophysitis (5 cases), 
pituitary stalk interruption (2 cases), pituitary apoplexy (1 
case) and Sheehan’s syndrome (1 case). Thirty-six patients 
were hospitalized and all received GHRP2 and cosyntropin 
stimulation tests, 35 received a CRH test, and 28 received 
ITT (Table 2). GHD was diagnosed based on a GHRP2 test 
and classified as non-GHD (peak GH > 16 ng/mL), moderate 
GHD (9  ng/mL < peak GH ≤ 16  ng/mL) and severe GHD 
(peak GH ≤ 9  ng/mL) as previously reported [19, 20]. The 
patients were evaluated for AI (adrenal, pituitary, or hypo-
thalamic) using the results of a cosyntropin stimulation test 
followed by a CRH test and/or ITT according to the guide-
lines advocated by the Japanese Society of Endocrinology 
[6]. Briefly, normal response in a cosyntropin stimulation test 
was defined as peak serum cortisol level higher than 18 µg/
dL [6, 21]. A  positive response in CRH test and ITT were 
defined as more than 2-fold increase in ACTH level com-
pared with baseline [6, 14] and peak serum cortisol level 
higher than 18  µg/dL [6]. Pituitary-AI was diagnosed with 
negative responses in both cosyntropin stimulation and CRH 
test. Hypothalamic-AI was diagnosed with a negative cortisol 
response in both cosyntropin stimulation test and ITT but 
a positive response in CRH test. Adrenal-AI was diagnosed 
with a negative response in cosyntropin stimulation test but 
positive ACTH response in CRH test and/or ITT.

Provocation Tests and Hormonal Assays
The provocation tests were performed following an over-
night fast and 30 minutes of rest in a supine position. 
Serum GH, plasma ACTH, and serum cortisol were meas-
ured by electrochemiluminescence immunoassay (ECLIA), 

immunoradiometric assay (Mitsubishi Chemical), and radio-
immunoassay (RIA), respectively.

Cosyntropin Stimulation Test
Blood samples were collected before injection and at 30 and 
60 minutes after intravenous bolus injection of a 250-μg dose 
of synthetic 1-24 ACTH (cosyntropin).

GHRP2 Test
Blood samples were collected before injection and at 15, 30, 
and 60 minutes after intravenous bolus injection of a 100-
μg dose of GHRP2. In this provocation test, plasma ACTH 
and serum cortisol were measured by immunoradiometric 
assay (Mitsubishi Chemical) and radioimmunoassay (RIA), 
respectively.

CRH Test
Blood samples were collected before injection and at 15, 30, 
60, 90, and 120 minutes after intravenous bolus injection of 
a 100-μg dose of CRH.

Insulin Tolerance Test
Blood samples were collected before injection and at 15, 
30, 60, 90, and 120 minutes after intravenous bolus injec-
tion of human regular insulin at a dose of 0.05 to 0.20 U/kg 
body weight. Only samples with plasma glucose levels below 
50 mg/dL in ITTs after the injection were included in further 
analyses.

Data Analyses
The Shapiro-Wilk test showed that the endocrinological data 
were not normally distributed. Hence, pairwise comparisons 
were performed using the Mann-Whitney U-test. A value of 
P < 0.05 was considered statistically significant. Statistical 
analysis was performed using SPSS Statistics for Windows 
(SPSS Inc., Chicago, IL, USA). Receiver operating charac-
teristic (ROC) analyses were used to assess the cutoff points 
for predicting various categories of AI after GHRP2 admin-
istration. Sensitivity and specificity were calculated at cutoff 
values providing the maximum Youden index (Sensitivity + 
Specificity − 1). The area under the ROC curve (AUC) was 
also calculated. In general, an AUC of 0.5 suggests no dis-
crimination, 0.7 to 0.8 is considered acceptable, 0.8 to 0.9 is 
considered good, and above 0.9 is considered excellent.

Results

Severe GHD Was Associated With a High Rate of 
Secondary AI
A GHRP2 test was performed on 36 patients with suspected 
hypopituitarism; among them, 22 (61%) were found to have 
severe GHD and 3 (8%) were diagnosed with moderate 
GHD (Table 1). There was no difference and wide scatter in 
baseline ACTH and cortisol values between non-GHD, mod-
erate GHD, and severe GHD participants (Table 2, Fig. 1A 
and 1B). However, a cosyntropin stimulation test and subse-
quent CRH test and/or ITT revealed that there were 6 cases of 
pituitary-AI and 10 cases of hypothalamic-AI among severe 
GHD patients, and there was 1 case of pituitary-AI among 
non-GHD patients (Table 1, Fig. 1C). Namely, 94% (16/17) 
of cases of secondary AI were found in severe GHD patients.
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Clinical Usefulness of the GHRP2 Test for Screening 
Secondary AI
To examine whether the GHRP2 test can be used for 
detecting secondary AI, we compared the ACTH response 
(peak level divided by basal level) and peak ACTH levels 
after the GHRP2 challenge in non-AI, pituitary-AI, and 
hypothalamic-AI. The ACTH response in the GHRP2 test 
was clearly lower in pituitary-AI than in the others, but there 
was no difference between non-AI and hypothalamic-AI 
(Table 2, Fig. 1D). Next, the ROC curves for ACTH re-
sponse in the GHRP2 test were plotted, and the AUC and 
the most appropriate cutoff values were calculated to clas-
sify pituitary-AI. The ACTH responses showed a high AUC 
of 0.85 (Fig. 1E), and at the cutoff ACTH response of 
1.55-fold, the GHRP2 test was useful for the detection of 
pituitary-AI, with 83% sensitivity and 88% specificity (Fig. 
1F). The peak ACTH levels showed a relatively high AUC of 
0.81 in predicting pituitary-AI, but the sensitivity was lower 
than the ACTH response (71.4%). On the other hand, the 
peak cortisol levels in response to GHRP2 were significantly 
lower in pituitary- and hypothalamic- (secondary) AI than 
in non-AI (Fig. 1G). Using the cutoff peak cortisol level of 
10 pg/mL, the GHRP2 test was able to predict secondary AI 
(pituitary-AI and hypothalamic-AI) with 70.5% sensitivity 
and 78.9% specificity (Fig. 1H). Of note, the combination of 
the ACTH response and peak cortisol level using each cutoff 
value (1.55-fold and 10 µg/dL respectively) showed high spe-
cificity (71% sensitivity and 100% specificity) with high ac-
curacy (0.94) for diagnosis of pituitary-AI.

Discussion
In this paper, we propose how to utilize the GHRP2 test 
in patients having hypothalamic-pituitary disorders espe-
cially for the clinical diagnosis of AI concomitant with GHD  
[22, 23]. Although the baseline ACTH and cortisol did not 
differ between non-GHD, moderate GHD, and severe GHD 
participants, a dynamic test using cosyntropin stimulation 
test, corticotropin-releasing hormone (CRH) test, or an in-
sulin tolerance test (ITT) revealed the existence of secondary 
AI in severe GHD group. In clinical practice, there is the risk 
that patients with equivocal basal cortisol levels may miss the 
opportunity to undergo the dynamic tests and subsequently be 
referred to the hospital for the adrenal crisis at times of illness 
or other stress. We recommend measuring ACTH and cortisol 
simultaneously when performing GHRP2 for the diagnosis 
of GHD. It is not easy to distinguish precise adrenal status 
by only GHRP2 testing due to the overlap among subjects 
in 3 groups (non-AI, pituitary-AI, and hypopituitary-AI). 
However, GHRP2 helps pick up secondary AI, and when 
combined with traditional dynamic tests, it may provide a 
more reliable diagnosis and classification of secondary AI. 
The GHRP2 helps screen for pituitary-AI using the ACTH 
response with peak cortisol level. Further, hypothalamic-AI 
might be suspected by low peak cortisol level with normal 
ACTH response after GHRP2 administration. To the best 
of our knowledge, the cutoff value of ACTH in the GHRP2 
test has not been reported previously. On the other hand, a 
few reports have mentioned the cutoff value of cortisol in 
the GHRP2 test. Arimura et al set the cutoff cortisol level at 

Figure 1. Screening of concomitant second adrenal insufficiency in patients with growth hormone deficiency using GHRP2 test. A and 
B. Comparison of individual basal ACTH level (A) and basal cortisol level (B) in patients with non-GHD (black circles), moderate GHD (blue circles) 
and severe GHD (red circles). GHD: growth hormone deficiency. ns: not significant. C. The number of patients with adrenal insufficiency (non-: blue, 
pituitary-: green and hypothalamic-: orange) in non-GHD, moderate GHD and severe GHD. AI: adrenal insufficiency. D. Comparison of individual ACTH 
responses to GHRP2 in patients with non-AI (black circles), pituitary-AI (blue circles) and hypothalamic-AI (green circles). *P < 0.05. ns: not significant. E 
and F. ROC curve (E) and plots of the variation in sensitivity (circles) and specificity (squares) (F) for ACTH response in GHRP2 to predict pituitary adrenal 
insufficiency. AUC: Area under the ROC curve. G. Comparison of individual peak cortisol to GHRP2 in patients with non-AI (black circles), pituitary-AI 
(blue circles) and hypothalamic-AI (green circles). AI: adrenal insufficiency. **P < 0.01 and ***P < 0.001. ns: not significant. H. ROC curve plotted the 
variation in sensitivity (circles) and specificity (squares) for peak cortisol levels in GHRP2 to predict secondary adrenal insufficiency.
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11.6 µg/dL for secondary AI [17], and Kano et al set the cutoff 
value at 13-14 µg/dL for both primary and secondary AI [15]. 
Those cutoff values for cortisol are very close to the value we 
obtained in this study.

ACTH is regulated primarily by 2 hypothalamic hor-
mones: arginine vasopressin (AVP) [24] and CRH [25], which 
colocalize mainly in the paraventricular nuclei of the hypo-
thalamus. It has been reported that GHRP2 stimulates the 
hypothalamic-pituitary-adrenal axis via the GH secretagogue 
receptors in the hypothalamus and ACTH directly from the 
pituitary [13, 16, 17, 26]. Some studies have suggested that 
GHRP2-evoked ACTH stimulation may be mediated by CRH 
[13, 26], while others propose that GHRP2 stimulates ACTH 
by a mechanism different from that of CRH or AVP [16, 17]. 
Importantly, the positive ACTH response to GHRP2 but not 
to ITT in hypothalamic-PI in our study might indicate that 
GHRP2 has an ACTH-stimulation pathway different from ITT.

In conclusion, since the GHRP2 test is widely used in 
the diagnosis of GHD, it is beneficial to use GHRP2 for 
screening pituitary-AI, which is often concomitant with se-
vere GHD and should not be overlooked to prevent a fatal 
adrenal crisis.

Acknowledgments
The authors would like to thank all members of the study 
team, and also the patients and their families.

Disclosures
The  authors have no conflicts of interest to report. The au-
thors declare that there are no competing financial interests.

Data Availability
All data generated or analyzed during this study are included 
in this published article or is available from the corresponding 
authors on reasonable request.

References
 1. Bates  AS, Van’t  Hoff  W, Jones  PJ, Clayton  RN. The effect of 

hypopituitarism on life expectancy. J Clin Endocrinol Metab. 
1996;81(3):1169-1172. doi:10.1210/jcem.81.3.8772595

 2. Higham  CE, Johannsson  G, Shalet  SM. Hypopituitarism. Lancet. 
2016;388(10058):2403-2415. doi:10.1016/S0140-6736(16)30053-8

 3. Arlt  W, Allolio  B. Adrenal insufficiency. Lancet. 
2003;361(9372):1881-1893. doi:10.1016/S0140-6736(03)13492-7

 4. Bornstein SR. Predisposing factors for adrenal insufficiency. N Engl 
J Med. 2009;360(22):2328-2339. doi:10.1056/NEJMra0804635

 5. Charmandari  E, Nicolaides  NC, Chrousos  GP. Adrenal insuf-
ficiency. Lancet. 2014;383(9935):2152-2167. doi:10.1016/
S0140-6736(13)61684-0

 6. Yanase  T, Tajima  T, Katabami  T, et  al. Diagnosis and treat-
ment of adrenal insufficiency including adrenal crisis: a Japan 
Endocrine Society clinical practice guideline [Opinion]. Endocr J. 
2016;63(9):765-784. doi:10.1507/endocrj.EJ16-0242

 7. Maghnie M, Uga E, Temporini F, et al. Evaluation of adrenal func-
tion in patients with growth hormone deficiency and hypothalamic-
pituitary disorders: comparison between insulin-induced 
hypoglycemia, low-dose ACTH, standard ACTH and CRH stimu-
lation tests. Eur J Endocrinol. 2005;152(5):735-741. doi:10.1530/
eje.1.01911

 8. Melmed S. The Pituitary. Academic press; 2010.

 9. Melmed  S, Polonsky  KS, Larsen  PR, Kronenberg  HM. Williams 
Textbook of Endocrinology E-book, 13th edn. Elsevier Health 
Sciences; 2015.

 10. Ospina NS, Al Nofal A, Bancos  I, et  al. ACTH stimulation tests 
for the diagnosis of adrenal insufficiency: systematic review and 
meta-analysis. J Clin Endocrinol Metab. 2016;101(2):427-434. 
doi:10.1210/jc.2015-1700

 11. Cheer  K, Trainer  PJ. Evaluation of pituitary function. 
Handb Clin Neurol. 2014;124:141-149. doi:10.1016/
B978-0-444-59602-4.00010-1

 12. Reimondo G, Bovio S, Allasino B, Terzolo M, Angeli A. Secondary 
hypoadrenalism. Pituitary. 2008;11(2):147-154. doi:10.1007/
s11102-008-0108-4

 13. Hirotani C, Oki Y, Ukai K, et al. ACTH releasing activity of KP-102 
(GHRP-2) in rats is mediated mainly by release of CRF. Naunyn 
Schmiedebergs Arch Pharmacol. 2005;371(1):54-60. doi:10.1007/
s00210-004-1009-3

 14. Kageyama  K, Nigawara  T, Sakihara  S, et  al. Diagnostic useful-
ness of the growth hormone-releasing peptide-2 test as a substi-
tute for the insulin tolerance test in hypopituitarism. Endocr J. 
2008;55(4):777-783. doi:10.1507/endocrj.k07e-168

 15. Kano T, Sugihara H, Sudo M, et al. Comparison of pituitary-adrenal 
responsiveness between insulin tolerance test and growth hormone-
releasing peptide-2 test: a pilot study. Peptides. 2010;31(4):657-
661. doi:10.1016/j.peptides.2009.12.023

 16. Kamoi K, Minagawa S, Kimura K, et  al. GH-releasing peptide-2 
does not stimulate arginine vasopressin secretion in healthy men. 
Endocr J. 2010;57(2):175-180. doi:10.1507/endocrj.k09e-215

 17. Arimura  H, Hashiguchi  H, Yamamoto  K, et  al. Investigation of 
the clinical significance of the growth hormone-releasing pep-
tide-2 test for the diagnosis of secondary adrenal failure. Endocr J. 
2016;63(6):533-544. doi:10.1507/endocrj.EJ15-0587

 18. Hayakawa  T, Kitamura  T, Tamada  D, et  al. Evaluation of 
hypothalamic-pituitary-adrenal axis by the GHRP2 Test: compar-
ison with the insulin tolerance test. J Endocr Soc. 2018;2(8):860-
869. doi:10.1210/js.2018-00102

 19. Chihara K, Shimatsu A, Hizuka N, Tanaka T, Seino Y, Katofor Y. 
A simple diagnostic test using GH-releasing peptide-2 in adult GH 
deficiency. Eur J Endocrinol. 2007;157(1):19-27. doi:10.1530/
EJE-07-0066

 20. Ikeda H, Kudo M. Long-term follow-up results of growth hormone 
therapy for patients with adult growth hormone deficiency. Hormones 
(Athens). 2016;15(1):45-53. doi:10.14310/horm.2002.1637

 21. Fleseriu M, Hashim IA, Karavitaki N, et al. Hormonal replacement 
in hypopituitarism in adults: an endocrine society clinical practice 
guideline. J Clin Endocrinol Metab. 2016;101(11):3888-3921. 
doi:10.1210/jc.2016-2118

 22. Scaroni C, Ceccato F, Rizzati S, Mantero F. Concomitant therapies 
(glucocorticoids and sex hormones) in adult patients with growth 
hormone deficiency. J Endocrinol Invest. 2008;31(9 Suppl):61-65.

 23. Lange M, Feldt-Rasmussen U, Svendsen OL, Kastrup KW, Juul A, 
Müller  J. High risk of adrenal insufficiency in adults previously 
treated for idiopathic childhood onset growth hormone deficiency. 
J Clin Endocrinol Metab. 2003;88(12):5784-5789. doi:10.1210/
jc.2003-030529

 24. Oliver  C, Conte-Devolx  B, Giraud  P, Gillioz  P, Lissitzky  JC, 
Boudouresque  F. [Hypothalamic control of ACTH secretion] 
Controle hypothalamique de la secretion d’ACTH. Horm Res. 
1980;13(4-5):230-41. doi:10.1159/000179292

 25. Turkelson CM, Arimura A, Culler MD, et al. In vivo and in vitro 
release of ACTH by synthetic CRF. Peptides. 1981;2(4):425-9. 
doi:10.1016/s0196-9781(81)80099-x

 26. Kimura  T, Shimatsu  A, Arimura  H, et  al. Concordant and dis-
cordant adrenocorticotropin (ACTH) responses induced by growth 
hormone-releasing peptide-2 (GHRP-2), corticotropin-releasing 
hormone (CRH) and insulin-induced hypoglycemia in patients 
with hypothalamopituitary disorders: evidence for direct ACTH 
releasing activity of GHRP-2. Endocr J. 2010;57(7):639-644. 
doi:10.1507/endocrj.k10e-017

https://doi.org/10.1210/jcem.81.3.8772595
https://doi.org/10.1016/S0140-6736(16)30053-8
https://doi.org/10.1016/S0140-6736(03)13492-7
https://doi.org/10.1056/NEJMra0804635
https://doi.org/10.1016/S0140-6736(13)61684-0
https://doi.org/10.1016/S0140-6736(13)61684-0
https://doi.org/10.1507/endocrj.EJ16-0242
https://doi.org/10.1530/eje.1.01911
https://doi.org/10.1530/eje.1.01911
https://doi.org/10.1210/jc.2015-1700
https://doi.org/10.1016/B978-0-444-59602-4.00010-1
https://doi.org/10.1016/B978-0-444-59602-4.00010-1
https://doi.org/10.1007/s11102-008-0108-4
https://doi.org/10.1007/s11102-008-0108-4
https://doi.org/10.1007/s00210-004-1009-3
https://doi.org/10.1007/s00210-004-1009-3
https://doi.org/10.1507/endocrj.k07e-168
https://doi.org/10.1016/j.peptides.2009.12.023
https://doi.org/10.1507/endocrj.k09e-215
https://doi.org/10.1507/endocrj.EJ15-0587
https://doi.org/10.1210/js.2018-00102
https://doi.org/10.1530/EJE-07-0066
https://doi.org/10.1530/EJE-07-0066
https://doi.org/10.14310/horm.2002.1637
https://doi.org/10.1210/jc.2016-2118
https://doi.org/10.1210/jc.2003-030529
https://doi.org/10.1210/jc.2003-030529
https://doi.org/10.1159/000179292
https://doi.org/10.1016/s0196-9781(81)80099-x
https://doi.org/10.1507/endocrj.k10e-017

	Methods
	Patient Characteristics and Clinical Definitions
	Provocation Tests and Hormonal Assays
	Cosyntropin Stimulation Test
	GHRP2 Test
	CRH Test
	Insulin Tolerance Test
	Data Analyses

	Results
	Severe GHD Was Associated With a High Rate of Secondary AI
	Clinical Usefulness of the GHRP2 Test for Screening Secondary AI

	Discussion

