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Abstract
In adults, growth hormone (GH) deficiency is associated with increased visceral adiposity, decreased lean body mass, bone
mineral density and exercise capacity, dyslipidemia, insulin resistance, increased cardiometabolic and fracture risk, and impaired
quality of life. The aim of the present article is to review the diagnosis of GH deficiency in adults. To avoid overdiagnosis of GH
deficiency, it is critical to evaluate only patients at risk for pituitary dysfunction, including those who have had sellar masses,
pituitary surgery, radiation therapy, traumatic brain injury, subarachnoid hemorrhage or childhood onset GH deficiency.
Evaluation for GH deficiency should be undertaken after testing and replacement of other pituitary hormone deficits. Since
GH secretion is pulsatile, measuring serum GH levels randomly is not helpful in establishing the diagnosis of GH deficiency.
Serum insulin-like growth factor I (IGF-I) levels lack substantial diurnal variation but also lack sufficient sensitivity and
specificity in the diagnosis of GH deficiency in adults. However, adults with multiple (≥3) additional pituitary hormone defi-
ciencies, risk factors for hypopituitarism and low serum IGF-I levels are very likely to be GH deficient. In most cases, the
diagnosis of GH deficiency requires stimulation testing. These tests involve the administration of a pharmacologic agent that
normally stimulates GH release from pituitary somatotrophs, including insulin, glucagon, growth hormone releasing hormone-
arginine or macimorelin, followed by sampling of serum specimens at regular intervals for GH assay. Patients with a peak GH
level that is below a predetermined cutpoint are classified as GH deficient. A systematic approach to the diagnosis of GH
deficiency is essential in order to accurately identify adults who may benefit from GH replacement.
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1 Introduction

In adults, growth hormone (GH) deficiency is associated with
abnormalities in body composition, including increased vis-
ceral adiposity as well as decreased fat free mass and bone
mineral density, dyslipidemia and insulin resistance, likely
contributing to increased cardiometabolic and fracture risks
among hypopituitary patients [1, 2]. In addition, patients with
adult GH deficiency often experience decreased exercise ca-
pacity and impaired quality of life [1]. Growth hormone

replacement can mitigate the deleterious consequences of
GH deficiency in adults, leading to improvements in body
composition, bone mineral density, dyslipidemia and quality
of life [1–7].

It is important to accurately identify adult patients who are
GH deficient and may therefore benefit from the institution of
GH replacement. At the same time, it is essential to avoid
misclassifying GH sufficient individuals as being GH defi-
cient, since GH replacement may be potentially associated
with adverse effects, can be life-long and is expensive.

The aims of the present chapter are to review data on the
diagnosis of GH deficiency in adults. To compile references
for this article, electronic literature searches were conducted
using the keywords: adult growth hormone deficiency, growth
hormone stimulation testing, insulin-like growth factor I (IGF-
I), insulin tolerance test, glucagon stimulation test, growth
hormone releasing hormone (GHRH)-arginine stimulation
test, and macimorelin stimulation test. Studies were included
in the cited bibliography based on the authors’ judgment.
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2 Physiology of growth hormone secretion

Growth hormone, a 191 amino acid polypeptide, is secreted in
a pulsatile manner across the lifespan [8, 9]. Individual pulses
can be triggered by exercise but the majority of GH secretion
occurs during slow wave sleep [10]. During the day, fasting
increases GH secretion and food consumption inhibits it [11].
Obesity is associated with decreased spontaneous and stimu-
lated GH secretion [10]. This is an important consideration
when selecting patients for testing of possible GH deficiency
and will be further considered below.

Growth hormone secretion increases during adolescence
under the influence of sex steroids, leading to the growth
spurt, and subsequently decreases gradually throughout life
[9]. In parallel, circulating levels of serum IGF-I, secreted
mostly from the liver under GH stimulation, rise during ado-
lescence and gradually decline during adulthood but remain
relatively constant during each day without diurnal fluctua-
tions [12].

At a molecular level, GH secretion is primarily controlled
by GHRH, somatostatin and ghrelin (Fig. 1) [9, 13]. In partic-
ular, GHRH is secreted from hypothalamic neurons terminat-
ing into the median eminence and is transported to the anterior
pituitary via the portal system to stimulate pulsatile release of
GH from somatotrophs [13]. Ghrelin is secreted mainly from
the stomach and stimulates GH secretion in a synergistic man-
ner with GHRH, likely contributing to GH secretion in the
fasting state [14–16]. On the other hand, somatostatin, secret-
ed from the hypothalamus into the portal circulation, exerts an
inhibitory effect on GH secretion [13].

Besides these major inputs, GH secretion is influenced by
several neurotransmitters, nutritional factors and endocrine me-
diators [13]. For example, circulating amino acids stimulate
GH, whereas glucose suppresses GH secretion. Circulating
IGF-I, which has a major role mediating GH action, exerts
inhibitory effects on GH secretion in a classic negative feed-
back endocrine loop [9, 17]. Thyroid hormone and sex steroids
have a positive influence on GH secretion, whereas glucocor-
ticoids inhibit it [13]. As a corollary, it is important that other
pituitary hormone axes be evaluated and any deficits replaced
before embarking on an investigation of possible GH
deficiency.

3 Adult populations at risk for growth
hormone deficiency

There are several groups of adult patients who are at risk for
GH deficiency, including those with history of sellar mass
lesions, pituitary surgery or radiotherapy, traumatic brain in-
jury, subarachnoid hemorrhage, and childhood onset GH de-
ficiency [3–5, 18, 19]. Patients in these groups are generally at
risk for additional pituitary hormone deficiencies, with the
exception of some patients with childhood onset GH deficien-
cy, which can be isolated, either being idiopathic or occurring
on a genetic basis. In contrast, isolated, idiopathic GH defi-
ciency of adult onset is extremely unlikely to exist [3–5].

It should also be noted that non-syndromic obesity is asso-
ciated with decreased GH secretion, which is reversible after
weight loss. However, patients with simple obesity are

Fig. 1 Physiologic regulation of
growth hormone secretion.
Abbreviations: GH: growth
hormone; GHRH: growth
hormone releasing hormone;
IGF-I: insulin-like growth factor I
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unlikely to benefit significantly from GH administration [20].
In addition, GH should never be administered for unapproved
indications for which there is insufficient evidence of benefit
and/or unknown risks (such as delaying aging or improving
athletic performance) [21, 22]. These considerations are im-
portant when selecting patients for testing of possible GH
deficiency.

To minimize misclassification of some individuals, includ-
ing those with non-syndromic obesity, as being GH deficient,
it is important to evaluate only patients belonging to groups at
risk for adult GH deficiency. As already noted, other pituitary
hormone deficiencies should be replaced before testing for
possible GH deficiency. In addition, hypercortisolism must
be corrected before GH secretion is evaluated. A high-
resolution imaging study of the sella, preferably obtained by
magnetic resonance imaging (MRI), is required in all patients
with hypopituitarism. A proposed approach to the diagnostic
evaluation of suspected GH deficiency in adults in outlined in
Fig. 2.

4 Diagnosis of growth hormone deficiency
in adults

Growth hormone secretion is pulsatile; GH levels are typically
undetectable between secretory spikes in healthy adults [9].
As a consequence, random GH levels are of no diagnostic
utility in the evaluation of GH deficiency. The diagnosis of

GH deficiency generally rests on demonstrating lack of GH
secretory response to one of several pharmacologic agents that
normally trigger GH secretion. Diagnostic cutpoints proposed
in different professional society guidelines are shown in
Table 1 [3–5, 23]. As will subsequently be discussed, some
of these tests require considerable expertise to perform and are
generally labor-intense. Of note, however, serum IGF-I levels
lack diurnal variation and reflect GH action [9]. Consequently,
the utility of serum IGF-I has been investigated in the diagno-
sis of GH deficiency.

4.1 Serum insulin-like growth factor I

As already mentioned, serum IGF-I levels rise in adolescence
and subsequently decline throughout adulthood. There is con-
siderable overlap between serum IGF-I levels in healthy older
adults and those with GH deficiency / hypopituitarism of the
same age [24]. Consequently, the diagnostic sensitivity of
serum IGF-I level is good in adolescents and young adults
but is clearly lower in those over 40 yr old [25]. However,
almost all adults with GH deficiency have serum IGF-I levels
that are either in the lower half of the normal range or are
frankly low, that is, IGF-I standard deviation score (SDS) <0
[25]. Therefore, serum IGF-I SDS levels >0 in unreplaced
adults suggest that the likelihood of GH deficiency is very
low.

Serum IGF-I levels may lack specificity in patients with
end organ resistance to GH, who may have low IGF-I levels

Fig. 2 A proposed approach to the evaluation of possible growth
hormone deficiency in adults. This algorithm is suggested by the
authors, following review of several published guidelines [2–5].
*Conditions associated with growth hormone deficiency include genetic
/ congenital etiologies of hypopituitarism / GH deficiency, history of

pituitary mass lesions, previous pituitary surgery or radiation therapy,
traumatic brain injury, subarachnoid hemorrhage, isolated / idiopathic
growth hormone deficiency of childhood onset. Abbreviations: GH:
growth hormone; IGF-I: insulin-like growth factor I; SDS: standard de-
viation score
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despite lack of GH deficiency. These individuals may include
women on oral estrogen, patients with anorexia nervosa or
starvation, uncontrolled diabetes mellitus, severe hepatic dys-
function or profound hypothyroidism [9, 13]. As a corollary,
low IGF-I levels do not always establish the diagnosis of GH
deficiency. On the other hand, patients with ≥3 additional
pituitary hormone deficiencies, low serum IGF-I levels
(IGF-I SDS < -2) and history of sellar mass lesions, pituitary
surgery or radiation therapy are very likely (>95%) to have
GH deficiency and can forego GH stimulation testing [26].
Adults who are at risk for GH deficiency but do not meet these
criteria generally require GH stimulation testing to establish
the diagnosis. These tests will subsequently be discussed.

4.2 Insulin tolerance test

Hypoglycemia acts directly on the hypothalamus to stimulate
GH secretion [1]. To conduct the insulin tolerance test (ITT),
the patient should be fasting for 8 h. An intravenous peripheral
line is established and insulin is administered as a bolus (0.10–
0.15 units/kg). Adequate hypoglycemia (nadir glucose
<40 mg/dl [2.2 mmol/L]) is required to ensure sufficient diag-
nostic sensitivity. Serum is collected for GH assay at the fol-
lowing timepoints: 0, 15, 30, 45, 60, 90 and 120 min. Patients
require continuous monitoring for hypoglycemic symptoms,
which can be severe. A physician should be present at the
bedside and intravenous dextrose should be available through-
out the test. Symptomatic patients with hypoglycemia should
be given oral glucose or intravenous dextrose as needed, while
serum specimens continue to be collected. This test is contra-
indicated in patients >65 yr old, those with cardiovascular
disease or seizure disorder.

When conducted properly, the ITT is generally safe and
represents the “gold standard” for the evaluation of GH defi-
ciency [23, 24]. In addition, the ITT remains robust in patients
with history of radiation therapy to the sella and additionally
allows for the assessment of the hypothalamic pituitary adre-
nal axis [27]. However, the potential risks of this test and the

unpleasant manifestations of hypoglycemia have resulted in
efforts to establish safer and more acceptable GH stimulation
tests.

4.3 Growth hormone releasing hormone-arginine
stimulation test

The combination of GHRH and arginine represents a dual
stimulus to GH secretion. Arginine is thought to inhibit so-
matostatin secretion from the hypothalamus, whereas GHRH
directly stimulates somatotroph cells [28]. To conduct this
test, the patient has to be fasting for 8 h. An intravenous line
is established and arginine is infused (0.5 g/kg, up to 30 g)
over 30 min followed by GHRH administration (1 mcg/kg
over 2 min, up to 100 mcg). Serum specimens are obtained
for GH assay every 30 min for 2–3 h. Some patients may
develop transient flushing after GHRH administration but
the test is overall well-tolerated.

The diagnostic performance of the GHRH-arginine stimu-
lation test is comparable to that of ITT [23, 29]. Of note, the
GH response to GHRH-arginine stimulation test varies in-
versely with visceral (abdominal) adiposity [30, 31].
Accordingly, body mass index (BMI) – dependent cutpoints
have been recommended for this test [3, 31]. It should also be
noted that this test lacks sensitivity in patients with history of
radiation therapy to the sella in the previous several (at least 5)
years. Currently, GHRH is not commercially available in the
US, although it is still available in several European countries.
The limited availability of GHRH in some countries has led to
the introduction of other pharmacologic stimuli for GH secre-
tion, including glucagon and macimorelin.

4.4 Glucagon stimulation test

Glucagon stimulates GH secretion via unknown mechanisms.
To perform this test, the patient must be fasting for 8 h. An
intravenous line is established and glucagon is administered
intramuscularly (1 mg if <90 kg; 1.5 mg if ≥90 kg) [32].

Table 1 Diagnostic cutpoints for growth hormone stimulation tests proposed in recent professional society guidelines

Society (year) Insulin GH cutpoint
(mcg/L)

GHRH/arginine GH
cutpoint (mcg/L)

Glucagon GH cutpoint
(mcg/L)

Macimorelin GH cutpoint
(mcg/L)

Arginine GH cutpoint
(mcg/L)

GRS (2007) 3 4, 8, 11 (BMI-dependent) 3 Not reported* Not recommended

Endocrine Society
(2011)

5 4.1 2.5–3 Not reported* Not reported

AACE (2019) 5 Not reported 1.0 or 3.0
(BMI-dependent)

2.8 Not recommended

Cutpoints were abstracted from references: 3–5, and. *Macimorelin was not available when these guidelines were published

AACE, American Association of Clinical Endocrinologists; BMI, body mass index; GH, growth hormone;GHRH, growth hormone releasing hormone;
GRS, Growth Hormone Research Society
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Serum specimens are obtained for GH assay every 30 min for
3–4 h. Glucagon administration often causes transient nausea
and sometimes vomiting or dyspepsia. In addition, hypogly-
cemia may occur during the test and is usually mild but can
occasionally be severe.

Several studies from Europe have reported that the gluca-
gon stimulation test has good diagnostic accuracy using
slightly different peak GH cutpoints (2.5 mcg/L or 3.0 mcg/
L) [33–35]. More recently, a study from the US reported that
45% of 47 healthy adults who were overweight or obese
(BMI > 25 kg/m2) failed the glucagon stimulation test using
a GH cutpoint of 3.0 mcg/L [36]. Furthermore, a GH cutpoint
of 1.0 mcg/L during the glucagon stimulation test yielded
optimal diagnostic accuracy (92% sensitivity and 100% spec-
ificity) in another US study [37]. These data have resulted in
the recommendation to use a GH cutpoint of 1.0 mcg/L during
the glucagon stimulation test among patients with BMI >
25 kg/m2 [5, 38].

When performed and interpreted properly, the glucagon
stimulation test is accurate and remains in wide use in the
evaluation of GH deficiency. However, the test is rather long
in duration, requires an intramuscular injection and can be
unpleasant for some patients. These considerations have led
to efforts that culminated in the development of macimorelin
stimulation as a diagnostic test of GH deficiency in adults.

4.5 Macimorelin stimulation test

Macimorelin is a non-peptidyl agonist of the growth hormone
secretagogue receptor 1a, which mediates the actions of en-
dogenous ghrelin on pituitary somatotrophs [39, 40].
Macimorelin was approved by the FDA as a diagnostic agent
for the evaluation of GH deficiency in adults in late 2017. It is
orally active, thus simplifying its clinical use. To perform this
test, the patient must be fasting for 8 h. An intravenous line
can be inserted to facilitate blood sampling. Macimorelin is
then administered orally at a dose of 0.5 mg/kg over 30 s.
Serum specimens are obtained for GH assay at the following
timepoints: 0, 30, 45, 60 and 90 min. Of note, other pharma-
cologic agents that induce the CYP3A4 hepatic isoenzyme,
including carbamazepine, phenytoin, rifampin, efavirenz,
modafinil (and others), should be discontinued before
performing this test, since such drugs can decrease the
in vivo exposure to macimorelin, leading to a false diagnosis
of GH deficiency. Exposure to drugs that may prolong the QT
interval should also be avoided at the time the macimorelin
stimulation test is being conducted.

The diagnostic performance of the macimorelin stimulation
test was assessed in comparison with the GHRH-arginine
stimulation test and the ITT [39, 40]. In these studies, the
macimorelin stimulation test was found to perform well. In
fact, macimorelin elicits greater GH secretion in comparison
with insulin during the ITT [39]. Using a GH cutpoint of 2.8

mcg/L, the macimorelin stimulation test was found to have
good sensitivity (87%) and specificity (96%) in comparison
with the ITT [39]. Using a GH cutpoint of 5.1 mcg/L leads to a
higher diagnostic sensitivity without any decrease in specific-
ity. The macimorelin stimulation test is very reproducible and
overall safe without serious adverse effects; some patients
may experience transient dysgeusia. Of note, however, the test
may lack sensitivity in patients with history of radiation ther-
apy to the sella, since macimorelin directly stimulates pituitary
somatotrophs. Macimorelin is currently more expensive than
other commonly used diagnostic agents (insulin, glucagon)
but is more convenient and generally better tolerated by pa-
tients. In addition, the macimorelin stimulation test is less
labor-intense for healthcare staff and does not require direct
physician oversight.

4.6 Other diagnostic tests

Several additional tests have been evaluated and/or used in the
diagnosis of GH deficiency. Insulin-like growth factor binding
protein 3 (IGFBP-3) is one of the six serum proteins carrying
IGF-I in the systemic circulation. Like serum IGF-I, IGFBP-3
secretion is GH-dependent and may therefore serve as a mea-
sure of GH action. However, there is substantial overlap in
serum IGFBP-3 levels between adults with GH deficiency and
healthy individuals [24]. Based on these data, serum IGFBP-3
cannot be recommended for diagnostic testing in patients with
suspected GH deficiency.

Several other ghrelin mimetics have been studied as possi-
ble diagnostic agents [41, 42]. Of these, growth hormone re-
leasing peptide 2 (GHRP-2) appears to be accurate in the
diagnosis of GH deficiency in adults and is being used in
Japan for this indication [43]. Other agents that have been
used to stimulate GH secretion include arginine (alone), clo-
nidine and L-dopa. In adults, none of these agents elicit a
sufficiently robust GH secretory response and cannot be rec-
ommended as diagnostic agents for use in adults with
suspected GH deficiency [5, 23].

5 Evaluation of patients with childhood onset
growth hormone deficiency in transition
to adulthood

Some patients with childhood onset GH deficiency may have
persistent disease in adult life [44, 45]. In particular, those with
genetic causes of hypopituitarism / GH deficiency or those
with structural pituitary lesions, history of pituitary surgery
or radiation therapy and multiple additional pituitary hormone
deficiencies are likely to have persistent GH deficiency during
adult life [44, 45]. On the other hand, patients with idiopathic,
childhood onset GH deficiency are more likely to regain nor-
mal GH secretion during adulthood. Young adults with
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persistent GH deficiency of childhood onset may likely bene-
fit from GH replacement with regard to body composition and
bonemineral density during the second decade of life [46–48].
In addition, such patients may benefit fromGH replacement in
the long-term, similarly to patients with GH deficiency of
adult onset.

It is important to identify patients with childhood onset GH
deficiency that have persistent disease during adulthood and
would therefore need to be considered for GH replacement.
To facilitate the diagnostic process, it is helpful to consider
patients’ risk of persistent GH deficiency during adult life.

Those individuals with genetic causes of GH deficiency /
hypopituitarism as well as those with multiple (≥3) additional
pituitary hormone deficiencies and history of sellar mass, pi-
tuitary surgery or radiation therapy are likely to have persis-
tent GH deficiency during adulthood [5]. In these patients,
demonstrating a low serum IGF-I level is sufficient in
confirming the diagnosis and reinitiating GH replacement.
On the opposite end of the spectrum, patients with isolated,
idiopathic childhood onset GH deficiency often recover GH
secretion as adults. In these patients, demonstrating a serum
IGF-I level in the upper half of the normal range (IGF-I
SDS > 0) suggests that these patients likely do not have GH
deficiency during adult life [5].

Other young adults with childhood onset GH deficiency,
including those with IGF-I SDS < 0 or those with 1–2 addi-
tional pituitary hormone deficiencies should be considered for
GH stimulation testing in order to examine whether persistent
GH deficiency is present [5]. In all cases, endocrine testing
should be conducted at least one month off GH replacement.

6 Summary

Growth hormone replacement can be beneficial to many
adults but also carries some risk of adverse effects, can be
life-long and is expensive [2, 44]. Accordingly, it is critically
important to accurately establish the diagnosis of GH deficien-
cy during adulthood. The increasing availability of accurate
diagnostic tests should help improve both physicians’ capacity
to establish this diagnosis and patients’ access to care.

Substantial progress has beenmade in refining the diagnos-
tic process of patients with suspected GH deficiency.
However, much remains to be accomplished. There is ongo-
ing need for GH and IGF-I assay harmonization and standard-
ization using international reference standards [49, 50]. The
introduction of newer assay methodologies, including tandem
mass spectrometry, may result in further improvements in
diagnostic accuracy of tests used in the diagnosis of GH
deficiency.

Additional studies are needed to examine the diagnostic
accuracy of GH stimulation tests in patients with diverse char-
acteristics, including variations in age, BMI, glycemia or

etiology of pituitary insult. Diagnostic GH cutpoints for young
adults with childhood onset GH deficiency that are in transi-
tion to adulthood need to be precisely determined. Raising
patient and clinician awareness regarding the intricacies of
the diagnostic process is important and can help streamline
the approach to the evaluation and management of adults with
suspected GH deficiency.
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