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Growth hormone secretion in
response to glucagon stimulation
test in healthy middle-aged men
Secreção do hormônio do crescimento em resposta ao teste de
estímulo com glucagon em homens saudáveis de meia-idade
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ABSTRACT
Objective: To investigate the growth hormone (GH) response to glucagon stimulation test (GST)
in a population of healthy men over 50 years old in comparison to insulin tolerance test (ITT),
analysis of the spontaneous 24-hour GH profile and insulin-like growth factor 1 (IGF-I). Me
thods: 27 healthy men aged between 51 and 65 years were tested. Results: Using non-parametric correlation analysis, a positive correlation between GH peak after GST and mean IGF-I
(r = 0.528; p = 0.005) was found, as well with GH peak in 24-hour profile (r = 0.494; p = 0.009).
No correlation was found comparing GH peak after ITT with the same parameters. Ten subjects
presented GH peak of less than 3.0 μg/L after GST, none confirmed in ITT. Conclusions: GH peak
response to GST was lower than ITT, but it showed a positive correlation with mean IGF-I and
also with GH peak in 24-hour profile. However, GST should not be used to differentiate organic
growth hormone deficiency (GDH) from the expected decline on GH secretion due to aging. Arq
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INTRODUCTION

T

he process of aging is accompanied by an increased
prevalence of features of physical frailty. Signs and
symptoms may include sarcopenia with reduced musArq Bras Endocrinol Metab. 2009;53/7

cle strength, osteopenia, reduced exercise capacity, increased visceral adiposity and poor quality of life. Adults
with organic growth hormone (GH) deficiency exhibit
comparable signs and symptoms, which are significantly
853
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Objetivo: Investigar a resposta do hormônio do crescimento (GH) ao teste de estímulo com
glucagon (GST) numa população de homens saudáveis acima dos 50 anos de idade, em comparação ao teste de tolerância à insulina (ITT), além da análise do perfil de secreção espontânea
de GH nas 24 horas e fator de crescimento semelhante à insulina (IGF-I) basal. Métodos: 27
homens, com idades entre 51 e 65 anos, foram submetidos aos testes. Resultados: Utilizando
análise de correlação não paramétrica, encontrou-se correlação positiva entre o pico de GH pósGST e a média de IGF-I (r = 0,528; p = 0,005), e também com o pico espontâneo do GH no perfil
de 24 horas (r = 0,494; p = 0,009). Não houve correlação do pico de GH pós-ITT com os mesmos
parâmetros. Dez indivíduos apresentaram pico de GH após GST inferior a 3,0 μg/L, sem confirmação no ITT. Conclusões: O pico de GH pós-GST foi menor do que o obtido pós-ITT, porém
demonstrou correlação positiva com a média de IGF-I e o pico de GH na secreção espontânea de
24 horas. Entretanto, o GST não demonstrou ser um bom teste para distinguir entre deficiência
de hormônio de crescimento (DGH) e somatopausa. Arq Bras Endocrinol Metab. 2009;53(7):853-8.
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ameliorated or reversed by GH replacement. These
findings suggest a possible association between these
two groups (1,2). However, we should point out that
the benefits of this therapy have been shown only in
patients with pituitary disease (3,4).
GH secretion declines gradually with age. Iranmanesh and cols. (5) showed that after 21 years of age, the
GH secretion rate declines in about 14% each decade of
life. Some studies suggest that GH secretion may eventually cease in certain elderly patients (6). The expected decline of GH secretion with age combined with
physiological changes has been named somatopause.
An important question is whether this fall in GH secretion over the years is a physiological safety event of the
normal aging process, or if it marks the development
of a partial GH deficiency, which could possibly benefit
from GH replacement (7).
The diagnosis of growth hormone deficiency
(GHD) in adults with pituitary disease is established
by a subnormal response to a stimulation test. Insulin
tolerance test (ITT) is considered the test of choice, regarded as the gold standard, and GH peak < 3.0 μg/L
defines severe GHD (8-11).
Glucagon stimulation test (GST) has been shown
to be an alternative to ITT, when this test is contraindicated. It is safe, with low cost, few contraindications,
and an effective test to assess both GH and ACTH secretion (12). So far, few studies have evaluated GH response to GST.
In the present study, we performed both tests, GST
and ITT, in a population of healthy men above 50 years
old, and, after that, we tried to establish a correlation
between them and other parameters.
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PATIENTS AND METHODS
Fifty volunteer participants, healthy, communitydwelling, men (50 to 69 years) were recruited through
newspaper articles. All of the volunteers were evaluated
through fasting blood samples for routine full blood
count, liver and renal function tests, electrolytes, insulinlike growth factor 1 (IGF-I), testosterone, follicle-stimulating hormone (FSH), luteinizing hormone (LH),
prolactin, glucose, prostate specific antigen (PSA),
thyroid-stimulating hormone (TSH) and free T4.
Exclusion criteria were severe acute illness, chronic
hepatic, cardiac or kidney disease, high blood pressure, diabetes mellitus, pituitary disease, cranial trauma,
mental illness, history of malignancy or seizures, obe854

sity (body mass index, BMI > 30 kg/m2). We included
27 healthy men aged between 51 and 65 years (mean
58.63 years, SD ± 4.35), who underwent GH secretion
evaluation. The GH secretion was evaluated through
24-hour GH spontaneous secretion, with blood samples collected hourly, GH peak response to ITT and
GST, as well as IGF-I serum levels.
All of the included individuals were admitted to the
hospital to be submitted to the 24-hour GH profile.
Blood samples were collected hourly by an indwelling
catheter inserted in an antecubital vein and kept patent
by slow saline infusion. The evaluated parameters were
24-hour mean GH and spontaneous GH peak.
The ITT was performed by IV injection of regular
insulin at a dose of 0.1 to 0.15 IU/kg. Blood samples
were drawn every 30 minutes from baseline until 120
minutes for the determination of glucose and GH levels. All patients had hypoglycemia during the test.
The GST was performed by intramuscular (IM) injection of 1 mg of glucagon. Blood samples were drawn
every 30 minutes from baseline to 180 minutes.
We decided to use the same criteria established by
the guideline of Growth Hormone Research Society
(GRS) (11) for GHD; a peak GH response less than
3.0 μg/L.
The research ethics committee of Hospital Universitário Clementino Fraga Filho approved the protocol.
Participants provided written informed consent.

Assays
GH analyses were performed by an immunometric assay (Immulite). The minimal detection limit was 0.01
μg/L and the intra-assay coefficient of variation (CV)
was 5.3% at 1.7 μg/L. The inter-assay CV was 5.7% at
3.0 μg/L.
Serum IGF-I concentrations were determined by an
IRMA Kit (Kit DSL-5600). IGF-I was extracted with
ethanol. The minimal detection limit was 0.80 ng/mL
and the intra-assay were 3.4% at 9.38 ng/mL and 3.7%
at 255.9 ng/mL.

Statistical analysis
Firstly, the Kolmogorov-Smirnov test was used to determine if the sample had homogeneous distribution. The
results are expressed in mean + SD for variables with
homogeneous distribution (Student’s t-test) or median,
minimum and maximum for variables with non homogeneous distribution (Wilcoxon or Mann-Whitney).
Arq Bras Endocrinol Metab. 2009;53/7
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Table 1 presents the summary of results.
When the GH peak response was compared to ITT
and glucagon, it was observed that ITT was a more
powerful stimulus to GH secretion than GST (p =
0.0042).
Mean 24-hour GH was 0.33 ± 0.26 μg/L and GH
peak was 2.41 ± 1.82 μg/L. Mean IGF-I was 205.5 ±
68.28 ng/mL. We found a positive correlation between
GH peak after GST and IGF-I (r = 0.528; p = 0.005)
(Figure 1) and also with GH peak in the 24-hour profile (r = 0.494; p = 0.009) (Figure 2).
There was no correlation between the GH peak response to ITT with the same parameters.
The subjects were also divided according to their
response to GST. Ten subjects showed a GH concentration lower than 3.0 μg/L during GST, but none had
the results confirmed at the ITT. Only one patient had
GH peak response to ITT of less than 3.0 μg/L.
The individuals who showed a GH peak response to
GST less than 3.0 μg/L also showed lower IGF-I levels
as well as lower mean 24-hour GH levels (Table 2).
Correlation between BMI and the parameters studied
was not observed.
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Correlation analysis was realized by Pearson coefficient,
for variables with homogeneous distribution, or by Spearman test, for variables with non-homogeneous distribution. P-value less than 0.05 was considered significant.
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Figure 2. Correlation between GH peak after glucagon and spontaneous GH peak.

Table 1. Description of individuals results
Mean

SD

Median

Minimum

Maximum

205.5

68.28

202

55

311

IGF-I
Glucagon GH peak

6.72

5.87

4.6

0.09

21.20

ITT GH peak

12.81

9.45

11.0

0.05

37.80

Mean 24 hours GH

0.33

0.26

0.26

0.08

1.37

24 hours GH peak

2.41

1.82

1.80

0.24

9.2

Mean

SD

p-value

Group 1

Group 2

Group 1

Group 2

231.3

161.6

56.67

66.17

0.02

Glucagon GH peak

9.71

15.48

1.64

0.81

0.000

ITT GH peak

11.51

14.8

8.86

10.51

0.688

Mean 24 hours GH

0.37

0.24

0.30

0.14

0.204

24 hours GH peak

2.95

1.49

2.06

0.72

0.013

IGF-I
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Table 2. Comparison between group 1 (GH after GST > 3 μ/L) and group 2 (GH after GST < 3 μ/L)
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DISCUSSION
It is known that GH secretion undergoes clear agerelated variations that are generally reproduced by
IGF-I levels. GH secretion increases gradually during
childhood, peaks during puberty and then declines during adult life (6,13-15). This progressive fall in GH
secretion, the so-called somatopause (16), is associated
with somatic changes that occur as part of the aging
process and include a loss of lean body mass, decreased muscle strength and increased total and visceral
fat mass (14). There are, however, distinct differences
between normal middle-aged subjects and GHD adults
of similar age with structural hypothalamic-pituitary disease. Those with GHD have lower GH secretion and
increased total body fat with a predominance of central
adiposity, as compared with age-matched healthy subjects (15-19).
The clinical diagnosis of GHD in adults is still a
matter of debate. Despite the long list of clinical features that constitute the adult GHD syndrome, no specific clinical parameters have been identified (19-21).
As a result, the endocrinologists must rely on the pharmacological stimulation of the pituitary somatotroph
to establish the diagnosis of GHD. GRS assembled a
workshop in 1997 to formulate consensus guidelines
for the diagnosis and treatment of adults with GHD
and to ensure that patients are appropriate identified.
This consensus was recently revised, but the criteria remains almost the same ones (10,11). In adults, an evaluation for GHD should be considered only in patients
with evidence of hypothalamic-pituitary disease, subjects who have received cranial irradiation, or patients
with childhood-onset GHD. These recommendations
also make it possible to distinguish between GHD and
the decrease in GH secretion seen with aging. There is
a clear difference in GH peak response to stimulation
between healthy aging people and those with pituitary
disease (15). Meanwhile, despite many aspects in somatopause that resemble GHD, clinical or laboratory
diagnostic criteria have not been defined yet.
ITT has been considered the gold standard for the
diagnosis of GHD. The GRS guideline recommends that severe GHD should be defined as a peak GH
response of less than 3 μg/L during ITT (10). The
study of Hoffman and cols. (22) supports the choice
of this diagnostic definition. They showed a complete
segregation of GH peak in response to ITT between
the normal and the GHD subjects, irrespective of age
or presence of adiposity. No normal subject had a GH
856

response to an ITT < 5.0 μg/L and no subject with organic hypopituitarism had a response greater than 3.0
μg/L. In case of contraindications to ITT, alternative
tests must be used with appropriate cut-offs, such as
combined administration of arginine and GHRH and
arginine or glucagon alone can be considered as options (10,11).
The test with GHRH and arginine is the worldwide
alternative choice, but it is unavailable in Brazil. The
glucagon stimulation test has been shown to be safe,
low cost and an effective mean of stimulating GH secretion, with few contraindications and low risk of sideeffects. Therefore, it can be considered as a suitable alternative when the ITT is contraindicated (11,22,23)
We have previously studied the GH response to
GST in 33 patients with known pituitary disease and
a control group of 25 individuals. GH peak after glucagon was significantly lower in the group of patients
compared to the healthy group. ROC plot analyses of
the control and GHD groups showed an area under
the curve of 0.982 for GH peak response to glucagon,
confirming that the glucagon test has a high power of
discrimination between patients and healthy controls.
The response value of 3.0 μg/L showed the best pair
of sensitivity (97%)/specificity (88%), and it was chosen
as the cut-off defining GHD (24).
In this study, ten healthy individuals achieved a GH
concentration lower than 3.0 μg/L in response to GST.
By contrast, only one patient had GH peak response to
ITT of less than 3.0 μg/L. None of the individuals had
two tests with criteria for the diagnosis of GHD. Our
findings suggest that GST is not a good test to discriminate between healthy individuals and patients with
GHD due to pituitary disease. This probably reassure
the need of specific criteria to select patients to be tested for GHD (10,11).
To establish the diagnostic value of a test, it is necessary to evaluate the context of its practical use or
the capacity of the test to correctly distinguish between
normal individuals and GHD patients (25). If we search
for an alternative test to the diagnosis of GHD, it is not
only necessary to define the most powerful one; the
test must discriminate between normal and GHD individuals. It is known that GH secretion may be affected
by poor reproducibility of response to both physiological and pharmacological tests (26-30). This may be
very important in respect of qualifying patients to GH
therapy. Current standards accept a single normal GH
peak in one of the stimulation tests enough to exclude
Arq Bras Endocrinol Metab. 2009;53/7
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of hypothalamic somatostatin release and activation of
GHRH-secreting neurons, which might explain the higher GH response to ITT.

CONCLUSION
In healthy men with more than 50 years old, GH secretion in response to GST correlated to parameters of
physiological spontaneous GH secretion, such as mean
24-hour GH and IGF-I levels. This may signify that GH
response to GST mirrors GH spontaneous secretion in
healthy aging subjects. We did not find any correlation
of the GH response to ITT and the same parameters,
but the ITT is notably more powerful than GST as a
stimulus for the GH/IGF-I axis. Individuals with GH
peak response to GST of less than 3.0 μg/L also showed lower IGF-I levels as well as lower mean 24-hour
GH levels. We can also conclude that in a population of
men above 50 years old, the GST should not be used to
differentiate organic GDH from the expected decline
on GH secretion due to aging.
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