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Abstract

Brief Communication

IntroductIon

Adult‑onset growth hormone deficiency (AO‑GHD) is a distinct 
disorder characterised by a myriad of metabolic perturbations 
such as decreased lean body mass, increased fat mass, 
dyslipidaemia, cardiac dysfunction, decreased fibrinolysis 
and premature atherosclerosis, decreased muscle strength and 
exercise capacity, decreased bone mineral density, increased 
insulin resistance and impaired quality of life.[1] It commonly 
occurs as a consequence of hypothalamic–pituitary tumours 
and their treatment.[2] Recent studies have shown increased 
mortality in patients with hypopituitarism.[3] Establishing 
the diagnosis of AO‑GHD is very difficult given the poor 
diagnostic value of Insulin‑like growth factor 1 (IGF1), 
insulin‑like growth factor binding protein 3 (IGFBP3) and 
24 h GH secretion.[4,5] Consequently, GH stimulation tests are 
usually required for diagnosing AO‑GHD. Insulin tolerance 

test (ITT) is the gold‑standard test for the assessment of 
adult GHD.[2] The cumbersome nature of ITT limits its use 
in routine clinical practice.[6] Results from the ANSWER 
programme show glucagon stimulation test (GST) as the most 
frequently used test after 2009 and should be considered if the 
ITT cannot be performed or is contraindicated.[7,8] Obesity is 
considered a state of relative GHD[9,10] and earlier physiologic 
studies in obese individuals have shown that spontaneous GH 
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secretion is reduced, GH clearance is enhanced and stimulated 
GH secretion is reduced.[11‑13] Previous studies investigating 
the diagnostic utility of the GST in adult GHD have not 
considered body mass index (BMI)[14,15] or included only 
controls with normal BMIs.[16,17] Many recent retrospective 
studies questioned the diagnostic accuracy of the GST 
when the GH cut‑point of 3 ng/mL is applied to overweight/
obese adults.[18‑21] There are no studies on the BMI‑specific 
cut‑offs for the GST in the Indian population. The main 
study objective was to determine the peak GH cut‑off for the 
diagnosis of adult GHD in overweight (OW)/obese individuals 
utilising the GST.

MaterIals and Methods

Approval for this study was obtained from the Institutional 
Ethics Committee of Gandhi Medical College/Hospital (IEC/
GMC/2020/02/09). Study procedures were conducted in 
accordance with the ethical standards of the responsible 
committee on human experimentation and with the Helsinki 
Declaration of 1975, as revised in 2000. Written consent 
was obtained from each subject before the study. This was 
a hospital‑based cross‑sectional study, conducted in the 
Department of Endocrinology, Gandhi Medical College/
Hospital between March 2020 and March 2022 for 25 months. 
Twenty OW/obese hypopituitary adults and 20 control subjects 
attending the endocrinology outpatient department (OPD) were 
taken for the study as it was intended to be a pilot project.

suBjects

Hypopituitary subjects: Patients with a clear diagnosis of 
hypopituitarism, 1–4 non‑GH pituitary deficits, and a BMI 
of ≥23 kg/m2 were included. Those with childhood‑onset 
GHD, a history of traumatic brain injury, BMI <23 kg/m2, and 
patients with known hypothalamic or pituitary disease with no 
pituitary deficiencies were excluded.

Control subjects: Subjects ≥18 years with a BMI of ≥23 kg/m2 
and stable weight in the past 3 months were included. Subjects 
with chronic illness, diabetes mellitus, smoking and those with 
pituitary disorders were excluded.

glucagon stIMulatIon testIng

GST was performed using the same protocol in obese subjects 
and hypopituitary patients. Intramuscular glucagon was 
administered at a fixed dose of 1 mg (GluGon‑united biotech 
SC/IM 1 mg). In both groups, fasting GH levels were measured 
at time zero and then at 60, 120, 150 and 180 min for a total 
of five samples.

Laboratory Assays: HbA1c measurements were performed 
using high‑performance liquid chromatography (Bio‑Rad 
D‑10 USA). Serum insulin was measured using insulin 
enzyme‑linked immunosorbent assay (ELISA) (Calbiotech 
Inc., USA) kit, based on solid phase sandwich ELISA method 
with an intra‑assay and inter‑assay Coefficient of variation 

percentage (CV%) of 2.8–4.2 and 5.5–6.74, respectively. 
Serum IGF1 was measured using a DRG IGF1 600 ELISA 
kit (DRG Instruments GmbH, Germany), which is a solid phase 
enzyme immunoassay with intra‑assay variability of 6.39% 
to 7.39% and inter‑assay variability of 10.34% to 14.84%. 
GH was measured by hGH (human growth hormone) ELISA 
kit (Calbiotech Inc, USA) based on the solid phase sandwich 
hGH method. The sensitivity of the test kit was 0.012 ng/mL. 
The intra‑assay and inter‑assay CV% were 4.90–7.67% and 
4.53–8.59%, respectively. All estimations were performed 
using Thermo Fisher Varioskan LUX Multimode microplate 
reader.

Statistical analysis
Data were entered in MS Excel and analysed in SPSS V25. 
Descriptive statistics were represented with percentages for 
qualitative data, mean with SD (standard deviation) or median 
with IQR (interquartile range) for quantitative data. Shapiro–
Wilk test was applied to find normality. The Fisher exact test 
was applied for the comparison of proportions. Independent 
t‑test and Mann–Whitney U test were applied for comparison 
between means and medians. receiver operating characteristic 
(ROC) curve was drawn. The area under the curve was 
calculated. Sensitivity and specificity were calculated. P < 
0.05 was considered as statistically significant.

results

All the baseline clinical characteristics have been summarised 
in Table 1. The mean age of control subjects was lower in 
comparison with hypopituitary subjects. The mean BMI, mean 
IGF1 and mean homeostatic model assessment for insulin 
resistance (HOMA IR) were greater in OW/obese controls. 
Systolic blood pressure was higher among the hypopituitary 
subjects. There were no significant differences among all the 
other parameters.

Among the hypopituitary patients, hypogonadism and 
hypocortisolism were common after hypothyroidism. Most 
of them required surgical intervention followed by radiation 
and medical therapy.

The majority of the hypopituitary group had non‑functioning 
pituitary adenoma followed by Sheehan’s syndrome and 
craniopharyngioma [Figure 1].

The mean GH peak was significantly higher in control 
subjects (5.41 ± 3.59 ng/mL v/s. 1.49 ± 1.25 ng/mL; P < 0.001) 
compared to hypopituitary subjects [Table 2].

In the hypopituitary adults, there was no GH peak (undetectable 
GH at all time periods) in 45%. GH peak occurred between 120 
and 180 min in the remaining 45%. Among the control subjects, 
GH peak occurred in 70% of the subjects at 120–150 min 
[Graph 1].

ROC curve analysis demonstrated a GH cut‑off of 3.3 ng/mL 
with a moderate sensitivity of 70% and high specificity of 95%, 
with an AUC of 0.838 (P < 0.001; 95% CI of 0.710–0.965) 
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for the diagnosis of GHD in overweight/obese hypopituitary 
subjects [Figure 2].

dIscussIon

Our study demonstrated that a GH cut‑off of 3.3 ng/mL 
would be able to diagnose OW/obese hypopituitary subjects 
with moderate sensitivity and good specificity. Control 
subjects were younger (33.15 ± 7.67 v/s. 42.10 ± 13.70 years; 
P = 0.017) in comparison to OW/obese hypopituitary 
subjects. As GH decreases with age, controls were not 
age‑matched as it might reduce the cut‑off further. They also 

had a higher BMI (27.93 ± 1.63 v/s. 25.81 ± 1.66 kg/m2; 
P < 0.001). Previous studies on GST in adult GHD have not 
considered BMI[14,15] or included only controls with normal 
BMIs.[16,17] HOMA IR was significantly increased in control 
subjects (11.8 ± 9.7 v/s. 6.02 ± 3.14; P = 0.011) compared 
with hypopituitary subjects, contrary to the expectation. 
The possible explanation is inadequate cortisol replacement 
in those with hypocortisolism. A previous study showed 
that the insulin sensitivity measured by the euglycemic 
hyperinsulinaemic clamp in hypopituitary adults not on GH 
replacement was similar to individuals with normal pituitary 
function, despite presenting with higher fat mass percentage. 

Table 1: Baseline clinical and biochemical characteristics of two study groups

Variable Hypopituitary subjects (m±SD) Control subjects (m±SD) P
Age (y) 42.10±13.70 33.15±7.67 0.017
Gender (n (%)) Male 14 (70%) 16 (80%) 0.72

female 6 (30%) 4 (20%)
BMI (kg/m2) 25.81±1.66 27.93±1.63 <0.001
Waist circumference (cm) 88.10±6.77 89.85±5.98 0.26
Hip circumference (cm) 95.10±4.95 95.45±4.44 0.82
W: H ratio 0.92±0.06 0.94±0.05 0.22
SBP (mmHg) 126.80±5.93 121.60±4.97 0.01
DBP (mmHg) 77.80±6.52 75.70±5.85 0.29
IGF 1 (ng/mL) 163.75±42.42 272.81±38.57 <0.001
HOMA IR 6.02±3.15 11.81±9.77 0.02
Total cholesterol (mg/dL) 201.75±28.57 201.20±14.11 0.62
HDL (mg/dL) 48.60±3.72 49.10±5.74 0.75
LDL (mg/dL) 124.60±23.43 120.55±14.06 0.66
TGL (mg/dL) 144.65±27.87 156.95±14.02 0.09
Hormone deficiencies: n (%)

Hypocortisolism
Hypothyroidism
Hypogonadism
Testosterone/estradiol use
FSH/LH use
Diabetes insipidus
DDAVP use

16 (80%)
20 (100%)
18 (90%)
10 (50%)
1 (5%)
3 (15%)
3 (15%)

‑‑‑‑‑‑

Treatment history: n (%)
Medical
Surgery
Radiation 

4 (20%)
9 (45%)
7 (35%)

‑‑‑‑‑‑‑

Abbreviations: BMI=Body mass index, W=H ratio‑waist to hip ratio, SBP=Systolic blood pressure, DBP=Diastolic blood pressure, IGF 1=Insulin‑like 
growth factor 1, HOMA IR=Homeostatic model assessment for insulin resistance, HDL=High density lipoprotein, LDL=Low density lipoprotein, 
TGL=Triglycerides, FSH=Follicle stimulating hormone, LH=Luteinising hormone, DDAVP=1‑deamino‑8‑D‑arginine‑vasopressin

Table 2: GH characteristics after glucagon stimulation test in the two study groups

Variable Hypopituitary subjects (n=20) Control subjects (n=20) P
Mean GH peak±SD ng/mL 1.49±1.25 5.41±3.59 <0.001
Median GH peak ng/mL (IQR) ng/mL 1.49 (2.25) 5.80 (5.91)
Timing of GH peak: n (%)

No peak
60 min
120 min
150 min
180 min

9 (45%)
2 (10%)
3 (15%)
3 (15%)
3 (15%)

0
1 (5%)
7 (35%)
7 (35%)
5 (25%)



Danda, et al.: Growth hormone cut‑off post glucagon stimulation in overweight/obese Indian hypopitiutary patient’s

Indian Journal of Endocrinology and Metabolism ¦ Volume 27 ¦ Issue 5 ¦ September‑October 2023 459

HOMA‑IR may not be a good method for assessing insulin 
sensitivity in hypopituitary adults.[22] GH peak occurred by 
120 to 150 min in the majority of the control subjects. In the 
present study, a fixed dose regimen was used. Previous studies, 
comparing fixed‑dose and weight‑based dosing regimens of 
glucagon, reported a similar peak with the fixed‑dose regimen 
but a later peak at 150–180 min with weight‑based doing.[22] 
Previous studies demonstrated that reducing the peak GH 
cut‑off to 1 ng/mL would reduce the overdiagnosis of GHD in 
overweight/obese hypopituitary patients.[18] However, the ROC 

curve in our study demonstrated that a cut‑off of 3.3 ng/mL 
would diagnose GHD in OW/obese hypopituitary subjects with 
70% sensitivity and 95% specificity. This cut‑off is similar to 
the traditional cut‑off of 3 ng/mL suggested by many endocrine 
societies.[23] These differences might be explained by the 
higher BMI (> 30 BMI kg/m2) of the subjects in the Caucasian 
population. There are no studies on the BMI‑specific cut‑off 
diagnosing GH deficiency in overweight/obese Indian patients 
using GST. Large‑scale studies with a diverse BMI range would 
help in knowing the true GH cut‑off for diagnosing GHD in 
the overweight/obese Indian population.

Limitations of our study include a small sample size. The 
study assumes GH deficiency in all hypopituitary subjects and 
GH sufficiency in all controls. Serum growth hormone was 
measured using ELISA, which is not a commonly used assay, 
and the results may not be generalisable. Also, GST results 
were not compared with the gold standard test such as ITT.

conclusIons

Our study demonstrated that a cut‑off of 3.3 ng/mL would 
diagnose GHD in Indian overweight/obese hypopituitary 
subjects. It would be prudent to continue using the traditional 
cut‑off of 3 ng/mL in Indian overweight/obese hypopituitary 
patients until large‑scale studies have been completed.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

references
1. de Boer H, Blok GJ, Van der Veen EA. Clinical aspects of growth 

hormone deficiency in adults. Endocr Rev 1995;16:63‑86.
2. Molitch ME, Clemmons DR, Malozowski S, Merriam GR, Vance ML, 

Endocrine S. Evaluation and treatment of adult growth hormone 
deficiency: An Endocrine Society clinical practice guideline. J Clin 
Endocrinol Metab 2011;96:1587‑609.

3. Jasim S, Alahdab F, Ahmed AT, Tamhane S, Prokop LJ, Nippoldt TB, 
et al. Mortality in adults with hypopituitarism: A systematic review and 
meta‑analysis. Endocrine 2017;56:33‑42.

4. Hilding A, Hall K, Wivall‑Helleryd IL, Saaf M, Melin AL, Thoren M. 
Serum levels of insulin‑like growth factor I in 152 patients with growth 
hormone deficiency, aged 19‑82 years, in relation to those in healthy 
subjects. J Clin Endocrinol Metab 1999;84:2013‑9.

5. Yuen KC, Cook DM, Sahasranam P, Patel P, Ghods DE, Shahinian HK, 
et al. Prevalence of GH and other anterior pituitary hormone deficiencies 
in adults with nonsecreting pituitary microadenomas and normal serum 
IGF‑1 levels. Clin Endocrinol (Oxf) 2008;69:292‑8.

6. Gordon MB, Levy RA, Gut R, Germak J. Trends in growth hormone 
stimulation testing and growth hormone dosing in adult growth hormone 
deficiency patients: Results from the ANSWER Program. Endocr 
Pract 2016;22:396‑405.

7. Yuen KC, Biller BM, Molitch ME, Cook DM. Clinical review: Is lack 
of recombinant growth hormone (GH)‑releasing hormone in the United 
States a setback or time to consider glucagon testing for adult GH 
deficiency? J Clin Endocrinol Metab 2009;94:2702‑7.

8. Utz AL, Yamamoto A, Sluss P, Breu J, Miller KK. Androgens may 
mediate a relative preservation of IGF‑I levels in overweight and obese 
women despite reduced growth hormone secretion. J Clin Endocrinol 
Metab 2008;93:4033‑40.

Figure 1: Pie chart showing diagnosis in hypopituitary group

0
10
20
30
40
50
60
70

NO PEAK GH 60 GH120 GH 150 GH 180

Hypopituitary adults

Control subjects

Graph 1: Detailing the timing of GH peak among the two groups

Figure 2: ROC curve of peak GH level on GST for detecting GHD. The 
AUC is 0.838 (P < 0.001)



Danda, et al.: Growth hormone cut‑off post glucagon stimulation in overweight/obese Indian hypopitiutary patient’s

Indian Journal of Endocrinology and Metabolism ¦ Volume 27 ¦ Issue 5 ¦ September‑October 2023460

9. Pijl H, Langendonk JG, Burggraaf J, Frolich M, Cohen AF, Veldhuis JD, 
et al. Altered neuroregulation of GH secretion in viscerally obese 
premenopausal women. J Clin Endocrinol Metab 2001;86:5509‑15.

10. Makimura H, Stanley T, Mun D, You SM, Grinspoon S. The effects of 
central adiposity on growth hormone (GH) response to GH‑releasing 
hormone‑arginine stimulation testing in men. J Clin Endocrinol 
Metab 2008;93:4254‑60.

11. Langendonk JG, Meinders AE, Burggraaf J, Frolich M, Roelen CA, 
Schoemaker RC, et al. Influence of obesity and body fat distribution on 
growth hormone kinetics in humans. Am J Physiol. 1999;277:E824‑9.

12. Magiakou MA, Mastorakos G, Gomez MT, Rose SR, Chrousos GP. 
Suppressed spontaneous and stimulated growth hormone secretion in 
patients with Cushing’s disease before and after surgical cure. J Clin 
Endocrinol Metab 1994;78:131‑7.

13. Veldhuis JD, Iranmanesh A, Ho KK, Waters MJ, Johnson ML, 
Lizarralde G. Dual defects in pulsatile growth hormone secretion and 
clearance subserve the hyposomatotropism of obesity in man. J Clin 
Endocrinol Metab 1991;72:51‑9.

14. Berg C, Meinel T, Lahner H, Yuece A, Mann K, Petersenn S. 
Diagnostic utility of the glucagon stimulation test in comparison to 
the insulin tolerance test in patients following pituitary surgery. Eur J 
Endocrinol 2010;162:477‑82.

15. Conceicao FL. da Costa e Silva A, Leal Costa AJ, Vaisman M. Glucagon 
stimulation test for the diagnosis of GH deficiency in adults. J Endocrinol 
Invest 2003;26:1065‑70.

16. Aimaretti G, Baffoni C, DiVito L, Bellone S, Grottoli S, Maccario M, 
et al. Comparisons among old and new provocative tests of GH secretion 
in 178 normal adults. Eur J Endocrinol 2000;142:347‑52.

17. Rahim A, Toogood AA, Shalet SM. The assessment of growth hormone 
status in normal young adult males using a variety of provocative 
agents. Clin Endocrinol (Oxf) 1996;45:557‑62.

18. Dichtel LE, Yuen KC, Bredella MA, Gerweck AV, Russell BM, 
Riccio AD, et al. Overweight/obese adults with pituitary disorders require 
lower peak growth hormone cutoff values on glucagon stimulation 
testing to avoid overdiagnosis of growth hormone deficiency. J Clin 
Endocrinol Metab 2014;99:4712‑9.

19. Diri H, Karaca Z, Simsek Y, Tanriverdi F, Unluhizarci K, Selcuklu A, 
et al. Can a glucagon stimulation test characterized by lower GH 
cut‑off value be used for the diagnosis of growth hormone deficiency in 
adults? Pituitary 2015;18:884‑92.

20. Wilson JR, Utz AL, Devin JK. Effects of gender, body weight, and blood 
glucose dynamics on the growth hormone response to the glucagon 
stimulation test in patients with pituitary disease. Growth Horm IGF 
Res 2016;26:24‑31.

21. Yuen KC, Biller BM, Katznelson L, Rhoads SA, Gurel MH, Chu O, et al. 
Clinical characteristics, timing of peak responses and safety aspects of 
two dosing regimens of the glucagon stimulation test in evaluating growth 
hormone and cortisol secretion in adults. Pituitary 2013;16:220‑30.

22. Castillo AR, de Souza AL, Alegre SM, Atala YB, Zantut‑Wittmann DE, 
Garmes HM. Insulin sensitivity is not decreased in adult patients 
with hypopituitarism without growth hormone replacement. Front 
Endocrinol (Lausanne) 2019;10:534.

23. Yuen KCJ. Growth Hormone Stimulation Tests in Assessing 
Adult Growth Hormone Deficiency. In: Feingold KR, Anawalt B, 
Blackman MR, Boyce A, Chrousos G, Corpas E. et al., eds. Endotext. 
South Dartmouth (MA): MDText.com, Inc.;, 2019.


