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Abstract

Growth hormone deficiency (GHD) is a clinical syndrome that can manifest either as
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isolated or associated with additional pituitary hormone deficiencies. Although diminished » growth hormone

height velocity and short stature are useful and important clinical markers to consider
testing for GHD in children, the signs and symptoms of GHD are not always so apparent
in adults. Quality of life and metabolic health are often impacted in patients with GHD;
thus, making an accurate diagnosis is important so that appropriate growth hormone
(GH) replacement therapy can be offered to these patients. Screening and testing for GHD
require sound clinical judgment that follows after obtaining a complete medical history of
patients with a hypothalamic-pituitary disorder and a thorough physical examination with
specific features for each period of life, while targeted biochemical testing and imaging
are required to confirm the diagnosis. Random measurements of serum GH levels are
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not recommended to screen for GHD (except in neonates) as endogenous GH secretion

is episodic and pulsatile throughout the lifespan. One or more GH stimulation tests may
be required, but existing methods of testing might be inaccurate, difficult to perform, and
can be imprecise. Furthermore, there are multiple caveats when interpreting test results
including individual patient factors, differences in peak GH cut-offs (by age and test),
testing time points, and heterogeneity of GH and insulin-like growth factor 1 assays. In this

article, we provide a global overview of the accuracy and cut-offs for diagnosis of GHD in
children and adults and discuss the caveats in conducting and interpreting these tests.
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Introduction

Growth hormone deficiency (GHD) is a clinical syndrome
that can present either as isolated GHD or associated with
additional pituitary hormone deficiencies in children
and adults. Childhood-onset GHD (CO-GHD) is often
idiopathic but may also be triggered by organic causes.

To distinguish between transient and persistent GHD
in the adolescent patient transitioning into adulthood
requires re-testing in the transition phase after the
completion of linear growth (1, 2, 3). The exceptions when
re-testing is generally not required are in patients with
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genetic/congenital defects, irreversible hypothalamic-
pituitary lesions, and in those with panhypopituitarism
and low serum insulin-like growth factor 1 (IGF1)
levels (4, 5). Conversely, the causes of adult-onset GHD
(AO-GHD) are mainly due to hypothalamic-pituitary
lesions and their associated treatment by surgery and/
or radiotherapy (6), and performing diagnostic testing
should only be limited to patients who are at risk for GHD
(4,5,7) (Table 1).

Through the ages, the range of growth hormone
(GH)/IGF axis defects represents a spectrum ranging
from severe GHD to severe GH resistance (8). Thus,
establishing the diagnosis of GHD can be challenging
in children and adults. Although short stature and
growth faltering are useful clinical markers for GHD in
children, signs and symptoms of adult subjects with GHD
are generally more subtle and less apparent. Thus, it is

imperative to accurately identify GHD so that appropriate
GH replacement therapy can be offered; equally, it is
essential to avoid over-diagnosing patients as having
GHD, since the administration of recombinant human
GH therapy in GH-sufficient patients may potentially lead
to adverse events, unjustified excess cost, and minimal
to no therapeutic benefits. Confirming the diagnosis
of GHD requires sound clinical judgment followed by
the utilization of appropriate biochemical testing and
imaging modalities. Because the diagnosis of GHD cannot
be established in most patients by random measurements
of serum GH (except in neonates), IGF1 or insulin-like
growth factor-binding protein 3 (IGFBP3) levels, GH
stimulation test/s are often required (4, 5, 7, 9, 10, 11). In
patients with a high pre-test probability of GHD, one GH
stimulation test is usually sufficient, whereas, for patients
with a low pre-test probability (e.g. idiopathic CO-GHD),

Table 1 Causes of GHD and types of GHD that requires testing for adult GHD.

Testing for GHD is required

Testing for adult GHD is not required

Acquired Pituitary hormone deficiencies >3 and low IGF-I
Tumors of the skull base and/or their treatment Congenital
Pituitary adenoma Genetic

Craniopharyngioma
Rathke's cleft cyst
Meningioma
Glioma/astrocytoma
Neoplastic sellar and parasellar lesions
Chordoma
Lymphoma
Metastases/hematological malignancy
Other
Brain injury
Traumatic brain injury
Sports-related head trauma
Blast injury
Infiltrative/granulomatous disease
Langerhans cell histiocytosis
Autoimmune hypophysitis (primary, secondary)
Sarcoidosis
Tuberculosis
Wegener's granulomatosis
Amyloidosis
Surgery of the pituitary or hypothalamus
Cranial irradiation
Central nervous system infections
Bacterial, viral, fungal, parasital
Infarction/hemorrhage
Apoplexy
Sheehan’s syndrome
Subarachnoid hemorrhage
Ischemic stroke
Snake bite
Empty sella
Hydrocephalus
Idiopathic

Transcription factor defects (PIT-1, PROP-1, LHX3/4, HESX-1, PITX-2)
GHRH receptor gene defects
GH gene defects
GH receptor/post-receptor defects
Associated with brain structural defects
Single central incisor
Cleft lip/palate
Acquired causes
Perinatal insults
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two different GH stimulation tests are recommended (4, 5).
Conversely, testing for adult GHD is not recommended
in patients presenting with generalized, nonspecific
symptoms of weakness, fatigue, frailty, or obesity without
a history of organic hypothalamic/pituitary disease, as
such patients are unlikely to benefit from GH therapy (4,
5, 7). These considerations are important when deciding
which patients to test for possible adult GHD.

Nevertheless, testing and diagnosis for GHD are not
without their caveats. Although IGF1 levels reflect the
integrated levels of GH, there remain substantial problems
when used as a screening test as these levels tend to be low
early in life, rise in adolescence, and decline throughout
adulthood that may overlap with the range of adults with
increasing age and adults with GHD (12, 13). Low serum
IGF1 levels may also be observed in conditions other
than GHD, such as malnutrition, renal failure, and type
1 diabetes mellitus (14), and IGFBP3 levels may be a better
screening biomarker than IGF1 in children under the age
of 3 years (15).

Physiology of GH secretion

GH is synthesized and secreted episodically in a
pulsatile manner by the anterior pituitary somatotrophs
throughout the lifespan that declines with age (16). Slow-
wave sleep triggers nocturnal GH secretion (17), which
contributes to a small fraction of the total daily GH
secretion in women, but the majority in men (18). Fasting
and exercise increase, whereas feeding decreases GH
secretion (11). In men, estrogens derived from paracrine
aromatization of androgens are responsible for driving
the central secretion of GH, independent of the androgen
receptor, whereas in women, the evidence supporting a
role for estrogen in the central regulation of GH secretion
isless consistent (19). During puberty, a three-fold increase
in pulsatile GH secretion occurs that peaks in mid-puberty
in both boys and girls (20). These factors are important
when selecting patients for testing of possible GHD and
result interpretation.

Secretion of GH from the pituitary is primarily
controlled by the stimulatory effects of growth hormone-
releasing hormone (GHRH) (16) and ghrelin (21) and
the inhibitory effects of somatostatin (16). Amino acids
stimulate GH (16), whereas IGF1 mediates GH action and
inhibits GH secretion in a negative feedback loop (22).
Because circulating IGF1 has a longer half-life than GH,
it provides the basis for screening patients for possible
GHD (4, 5, 7). Like GH, serum IGF1 levels rise during
puberty and decline with aging (23) and tend to be low

early in life and in patients with obesity (24) that may
overlap with GH-deficient patients. Thyroid hormone
and sex steroids also may exert positive influences (16),
whereas glucocorticoids tend to inhibit GH secretion
(25). Hence, it is important that other pituitary hormone
deficiencies are identified and optimally replaced before
testing for GHD.

Causes of GHD

CO-GHD is often idiopathic and isolated, without other
pituitary hormone deficiencies. Other less common
causes of CO-GHD include congenital, structural, and
acquired causes (4, 5, 7) (Table 1). Importantly, childhood
cancer survivors especially those who had received cranial
irradiation and/or intrathecal methotrexate are at higher
risk for GHD that may develop years after treatment (26).

Conversely, AO-GHD is most commonly acquired from
hypothalamic-pituitary tumors and/or their treatment by
pituitary surgery or radiotherapy (4, 5, 7), with pituitary
adenomas and craniopharyngiomas accounting for
over half the prevalence of adult GHD (27). Other less
common conditions include infiltrative diseases of the
hypothalamus and stalk, autoimmune hypophysitis, and
meningoencephalitis (28, 29). In the last decade, non-
tumoral causes of hypopituitarism associated with GHD
(e.g. traumatic brain injury, stroke, and subarachnoid
hemorrhage) have also been increasingly recognized (30,
31, 32, 33) (Table 1).

Diagnosis of GHD
Children

GHD exists on a spectrum from complete (e.g. deficiency
of the GHI gene) to partial. However, most of the testing
for GHD in children has been binary of either deficient
or sufficient. In children, the ontogeny of GH secretion
significantly varies across the pediatric age range.
Dynamic secretion is modulated strongly by age, gender,
body composition, and sexual maturation (16). After
birth, high serum GH levels are noted during the neonatal
period that progressively decrease through infancy and
childhood (34). Throughout pubertal maturation, serum
GH concentration peak amplitude increases two- to three-
fold in the mid- to later stages of puberty (35). Therefore,
selecting the most appropriate diagnostic tests to evaluate
for pediatric GHD has to be addressed, based on the age and
stage of pubertal maturation of the child. Pharmacological
stimulation tests established for the diagnostic evaluation
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of CO-GH are not approved in newborns or infants. During
the first week of life, a random serum GH cutoff value
above 7 ug/L has been reported to reliably exclude GHD
(36). When spontaneous hypoglycemia (‘critical sample of
<40 mg/dL’) occurs in a child, increased GH secretion as
part of the counter-regulatory hormone response ensues,
and the demonstration of GH levels <10 pg/L is also likely
to establish the diagnosis of GHD (11). Thereafter, GH
provocative tests using GH cut-offs between 4.7 and 6.5
pg/L are likely to establish the diagnosis of GHD, although
the diagnostic threshold varies by the GH assays used
and region (37). Within the peripubertal years, due to the
physiological reduction of GH secretion, the use of primed
(estrogens/testosterone) GH provocative tests to reduce
false-positive results has been proposed (38).

Recently, LUM-201 (ibutamoren, formerly MK-0677),
an orally administered GH-releasing peptide (GHRP)
under development for the treatment of pediatric GHD
(NCT 04614337), has put an interesting wrinkle into the
concept of diagnosing partial GHD. A single, oral test
with LUM-201 can prospectively identify children with
GHD, defined by historical and auxological criteria and
the diagnosis of GHD by subnormal GH release to two GH
stimulation tests, who may respond to chronic therapy
with LUM with increased height velocity and increased
adult height. The children in the group of interest should
meet two additional criteria, GH peak response >5 pg/L
and baseline IGF1 level >30 pg/L (assay dependent), and
these are referred to as predictive enrichment markers
(PEM). These criteria were derived from an entire group
of GHD children, because striking differences have been
observed in GH responses between the GH secretagogue
test and standard GH stimulation tests, especially at the
higher end of peak GH responses of 5-10 pg/L. At the
lower end of the peak GH response to the stimulation
tests, there were no differences between the two tests. In
a similar manner, the differences between tests were quite
small below an IGF1 of 40 pg/L but ranged to about 75
pg/L above that IGF1 level (39). Thus, the GH response
to a single low-dose LUM-201 test may have additional
utility in denoting children who might not respond to a
clinical trial with the secretagogue and would likely have
an even greater than average response to GH therapy.
Previous data (40) have also indicated that PEM-negative
children with GHD would grow more robustly to
treatment with GH with little additional growth with
LUM-201 (41). However, PEM-positive children with
GHD showed a lesser growth response to GH and a greater
growth response to LUM-201 than those PEM-negative
children.

Transition

Reassessment of GH secretion in children with GHD is
necessary upon completion of linear growth to determine
whether continuing GH therapy is indicated. GH therapy
does not provide any height benefit after the attainment of
skeletal maturity due to epiphyseal closure (bone age ~15
years in females, ~17 years in males). However, continued
GH therapy during the transition period is important
for the attainment of normal bone mineral density,
body composition, muscle mass and strength, exercise
recovery, and maintaining the quality of life (42). GH
stimulation testing during the transition period typically
utilizes provocative agents and diagnostic thresholds
that are used in adults. A substantial proportion of
patients (25-100%) with CO-GHD, especially children
with isolated GHD and normal or small pituitary on MRI,
have normalization of GH secretion following re-testing
(2). Professional societies recommend at least 4 weeks
after discontinuation of childhood GH replacement for
re-testing (4, 5). Not all subjects require re-testing, and this
includes patients with >3 pituitary hormone deficiencies,
isolated GHD associated with an identified mutation and
or a specific pituitary/hypothalamic structural defect,
except for an ectopic posterior pituitary, and the presence
of a transcription-factor mutation (4, 5). Re-testing should
also be carried out in the following conditions: idiopathic
isolated GHD with or without a small pituitary/ectopic
posterior pituitary, GHD associated with only one other
pituitary hormone deficiency, and patients previously
treated with cranial irradiation (Table 1).

Adults

Because serum IGF1 levels rise in adolescence and
decline throughout adulthood, there is a greater overlap
in serum IGF1 levels between normal and GH-deficient
subjects with increasing age (12). Consequently, the
diagnostic sensitivity of serum IGF1 level is more reliable
in adolescents and young adults, but less so in adults >40
years old (43). Serum IGF1 levels may lack specificity in
patients with hepatic resistance to GH, who may have low
IGF1 levels despite being GH-sufficient. This situation is
caused by a range of conditions, including malnutrition,
anorexia nervosa, starvation, type 1 diabetes mellitus,
chronicliver disease, renal disease, severe hypothyroidism,
and oral estrogen therapy (14). Conversely, patients with
>3 pituitary hormone deficiencies, low serum IGF1 levels
(specifically IGF1 SDS <-2), and a history of sellar mass
lesion, pituitary surgery, or radiation therapy are likely
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(>95%) to have GHD and these patients can forego GH
stimulation testing (4, 5). In general, adults at risk for GHD
but do not meet these criteria require GH stimulation
testing to establish the diagnosis of GHD (Table 1).

Types of GH stimulation tests

All GH stimulation tests are based on the concept that
a pharmacological agent acutely stimulates pituitary
GH secretion, and peak serum GH levels are detected
by sequential blood sampling of serum GH levels after
administration of the agent. Currently, no ideal GH
stimulation test exists and the decision to consider
performing a test must factor in individual patient
characteristics, the validity of the chosen test and its
different GH cut-offs (Table 2), and the availability of local
resources and expertise.

Growth hormone stimulation tests
Insulin tolerance test

The insulin tolerance test (ITT) remains the accepted
‘gold standard’ test for assessment of GHD in children
and adults, with a GH cut-off of 3-5 ug/L (adults) when
adequate hypoglycemia (blood glucose <40 mg/dL or
2.2 mmol/L) is achieved (4, 5, 7). The ITT demonstrates
good sensitivity and, when conducted properly, is
generally safe. Advantages of the ITT include that it
can be used to assess patients with a history of cranial
irradiation and allows for simultaneous assessment of the
hypothalamic-pituitary-adrenal axis (44). Disadvantages
include the requirement of close medical supervision,
poor reproducibility (45), unpleasant symptoms of
hypoglycemia, and contraindication in the elderly and
in patients at risk of cardio-/cerebrovascular disease and
seizures. Obese patients with insulin resistance may fail to
achieve adequate hypoglycemia (46), necessitating the use
of higher insulin doses (0.15-0.2 IU/kg), thus prolonging
the test and time required for medical supervision. Due to
potential safety concerns, the utilization of ITT has been
decreasing in the United States (47), but not in Europe
(48, 49).

Glucagon stimulation test

The mechanism/s of glucagon-induced GH stimulation
remain/s unclear. Advantages of the glucagon stimulation
test (GST) include its reproducibility, safety, and lack
of influence by gender (50, 51). Disadvantages include

the lengthy test duration (3-4 h) and the requirement
for an intramuscular injection. Side effects include
nausea, vomiting, and headaches and seem to be more
pronounced in elderly subjects (52, 53). It is unclear
whether hyperglycemia influences peak GH responses
to glucagon stimulation as none of the earlier studies
included patients with uncontrolled diabetes mellitus
(defined as hemoglobin Alc >8%). Furthermore, no peak
GH responses have been studied using the GST in normal
controls >70 years of age, independent of central adiposity.
Stratification of GH responsiveness by the degree of
glycemia would be helpful to clinicians in interpreting the
GST results in patients with glucose intolerance. However,
because these data are unavailable, caution should be
exercised when interpreting abnormal GST results in
those with uncontrolled diabetes mellitus.

Previous studies have assessed the GST in identifying
GHD in adult patients with pituitary disorders and
reported that GH cut-offs between 2.5 and 3 pg/L provided
good sensitivity and specificity (54, 55, 56). There have
also been other studies that suggest that using a GH cut-off
of 3 ug/L overdiagnoses adult GHD in overweight/obese
subjects (57, 58). Lowering the GH cut-off from 3 to 1 ug/L
has been shown to reduce misclassifying adult GHD in
overweight (body mass index (BMI) 25-30 kg/m?) patients
with a low pre-test probability and in obese (BMI >30
kg/m?) patients (57, 59, 60, 61). This lower peak GH
level is now accepted as the GH cut-off in overweight/
obese subjects by the American Association of Clinic
Endocrinology (5, 63).

GH-releasing peptide tests

The use of GHRPs (e.g. GHRP-6, GHRP-2, hexarelin,
and macimorelin) has previously been investigated as
diagnostic tests for GHD, either alone or in combination
with GHRH (65, 64). These peptides are synthetic
secretagogues that elicit a dose-dependent and specific GH
release response by binding to a specific receptor, for which
ghrelin has been shown to be the natural ligand (65). The
GH-releasing effect of GHRPs does not depend on gender
but undergoes age-related variations; increases from birth
to puberty, persists at a similar level in adulthood, and
decreases by the sixth decade of life (65).

Early studies utilized orally administered GHRP-6 in
short normal children and demonstrated GH responses
that were comparable with intravenously administered
GHRH (66), and GHRP-2 in children with GH insufficiency,
whereas idiopathic short stature (ISS) showed that the GH
release was dependent on the presence of endogenous or
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Table 2 Accepted GH cut-offs for GH stimulation tests used in the United States and Europe to diagnose adult GHD.

Types of GH
stimulation tests GH cut-offs (ug/L)

Comments

ITT <3.0-5.0

Glucagon
BMI < 25 kg/m? <3.0

BMI 25-30 kg/m? <1.0
BMI > 30 kg/m? <1.0

GH-releasing Ranges from 3.5 to
peptides 2 and 6 15.0 depending on
which test
Macimorelin <2.8
Clonidine <6.8
<0.4
L-dopa <6.0
Arginine <6.5 for children and

adolescents and
<0.4 for adults

GHRH-arginine
BMI < 25 kg/m? <11.0
BMI 25-30 kg/m?  <8.0
BMI > 30 kg/m? <4.0

Requires close medical supervision throughout the test due to concerns for
hypoglycemia (46)

May be unpleasant and cautioned in some patients because of potential side
effects (e.g. seizures or loss of consciousness resulting from neuroglycopenia) and
contraindicated in the elderly and patients at risk for cardio/cerebrovascular
disease (5)

Patients with insulin resistance may fail to achieve adequate hypoglycemia because
of underlying insulin resistance, requiring the use of higher insulin doses (0.15-0.2
1U/kg), thus increasing the risk of delayed hypoglycemia (47)

Although the ITT demonstrates good sensitivity can be used to simultaneously test
for secondary adrenal insufficiency (45), its reproducibility is a limitation (46)

Advantages include reproducibility, safety, and lack of influence by gender (51, 52)

Disadvantages include the long duration of the test (3-4 h), intramuscular injection,
and relatively common side effects that include nausea, vomiting, and headaches
ranging from <10% to 34% (51, 53, 54)

Cautioned in the elderly, where severe symptomatic hypotension, hypoglycemia,
and seizures have been reported (53, 54)

Advantages include not being affected by gender (68), safe, well tolerated,
convenient, sensitive, reproducible (66, 67, 72), can be combined with GHRH (64,
65), can be used to simultaneously test for secondary adrenal insufficiency (75, 76,
77), and can be administered by several routes (e.g. intravenous, subcutaneous,
intranasal, and oral) (64, 65, 71, 70, 73, 74, 73, 74, 75, 78, 79)

Disadvantages include some tests that cannot discriminate with acceptable
sensitivity and specificity between healthy children (66) and GH-deficient patients
and limited accessibility (only accessible in Japan) (72)

First oral GH secretagogue to be approved as a diagnostic test for adult GHD (80,
81)

Approved for use as a diagnostic test in the United States (78) and Europe (79)

Showed good discrimination comparable to GHRH plus arginine and ITT (77)

Simple, highly reproducible, well-tolerated, and safe (76, 77)

The United States Food and Drug Administration selected a low GH cut-off of 2.8
ug/L (78), but using a higher GH cut-off of 5.1 ug/L was still able to correctly
identify all GH-deficient patients without misclassifying those that were
GH-sufficient (76)

Performance not dependent on age, BMI, or sex (76, 77)

Used more commonly in children, but not in adults (83, 84)

Relatively short over 90 min (85)

Side effects may be prolonged over several hours (81, 82)

High incidence of side effects, hence rarely used (89)

Lower sensitivity but similar specificity compared to the clonidine test (87)

Weak GH secretagogue, requiring very low GH cut-off (5)

Side effects uncommon, but 5-10% of subjects reported paresthesias, dry mouth,
and headache (81)

Still used in children but no longer recommended for use in adults unless no other
GH stimulation tests are available (5)

Transient facial flushing may occur after administration of recombinant GHRH (99)

Recombinant GHRH is now not available in the United States, but still available and
used in Europe (49)

BMI, body mass index; FDA, Food and Drug Administration; GH, growth hormone; GHD, growth hormone deficiency; GHRH, growth hormone-releasing

hormone; ITT, insulin tolerance test.

exogenous GHRH (69). When GHRP-6 was compared with GHRP-6 (64, 69) with GHRH have been shown to be safe,
the ITT for the diagnosis of adult GHD, the peak GH cut-off =~ well tolerated, convenient, and sensitive in diagnosing
of 3.5 ug/L provided 80% sensitivity and 95% specificity =~ GHD, but cannot discriminate with acceptable sensitivity
(70). Studies using the combination of GHRP-2 (64) and and specificity between healthy children and GH-deficient
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patients (except possibly during puberty). The GHRP-2 test,
which requires intravenous administration, demonstrated
favorable reproducibility and tolerability and diagnosed
severe adult GHD with high reliability using a GH cut-
off of 15 pg/L at 60 min (70). When combined with
arginine, GHRP-2 provided sensitivities and specificities
of 93.8/81.3% and 85.5/94.5%, respectively, when
compared to the ITT for the diagnosis of severe adult
GHD (71). Additionally, GHRP-2 stimulates corticotrophs,
thus allowing for the added advantage of concurrently
assessing the hypothalamic-pituitary-adrenal axis (72,
73, 74). However, some of these tests cannot discriminate
with acceptable sensitivity and specificity between
healthy children and GH-deficient patients. Furthermore,
these peptides are not widely available with its use limited
to Japan only, where it is commercially available.

Macimorelin, a novel orally administered GHRP, binds
to the GH secretagogue receptor la which mediates the
actions of ghrelin on pituitary somatotrophs (75, 76).
An open-label, crossover, multicenter trial examined the
diagnostic accuracy of a single oral dose of macimorelin
(0.5 mg/kg) compared to GHRH plus arginine in adults
with GHD and healthy matched controls (76). Peak GH
levels were 2.36 £ 5.69 and 17.71 £ 19.11 ug/L in adults
with GHD and healthy controls, respectively, with
optimal GH cut-offs ranging between 2.7 and 5.2 pg/L
(76). In a multicenter, open-label, randomized, two-way
crossover study, oral macimorelin was compared to the
ITT in adults with GHD (75). The GH cut-offs of 2.8 pug/L
for macimorelin and 5.1 pg/L for ITT provided 95.4% (95%
CI, 87-99%) negative agreement, 74.3% (95% CI, 63-84%)
positive agreement, 87% sensitivity, and 96% specificity.
In December 2017 and January 2019, the United States
Food and Drug Administration and European Medicines
Agency, respectively, approved macimorelin as a
diagnostic test for adult GHD (77, 78). Advantages are that
it is orally administered, well-tolerated, reproducible,
safe, short duration (only 90 min), and its performance
is unaffected by age, BMI, or sex. Mild dysgeusia was the
most common side effect, which did not require any
intervention and resolved spontaneously (75, 76). One
drug-related serious adverse event was reported in a subject
with an asymptomatic QT interval prolongation on the
electrocardiogram that resolved spontaneously (75). It
is noteworthy that this subject was taking citalopram,
a serotonin selective uptake inhibitor known to be
associated with QT prolongation. Disadvantages include
its lack or limited availability in many countries, high cost
(mainly in the United States), and its potential for drug-to-
drug interaction.

Recently, macimorelin has been studied as a GH
stimulation test for the diagnosis of GHD in children.
Pharmacokinetics, pharmacodynamics, safety, and
tolerability of escalating single doses of macimorelin (0.25,
0.50, and 1.0 mg/kg) are assessed in children between the
ages of 4 and 15 years (79). Currently, a global multi-center
phase 3 clinical trial of 1.0 mg/kg macimorelin for the
diagnosis of GHD in children isunderway (NCT04786873),
where the GH response to macimorelin is compared to
clonidine and arginine stimulation tests.

Clonidine test

Clonidine is an alpha 2-adrenergic agonist that increases
GHRH and inhibits somatostatin secretion. This test,
used almost exclusively in children, is relatively short
(90 min) and can cause hypotension and drowsiness.
Drowsiness may prolong fasting and induce unwanted
hypoglycemia, so patients are encouraged to eat or
drink soon after the test is complete. The GH cut-off
of 6.8 pg/L has been proposed by some investigators to
diagnose GHD in children (82), with a GH cut-off of
3.0 pg/L measured by immunochemiluminescent assay
indicating normal GH responsiveness to stimulation,
independent of gender, BMI, and pubertal maturational
stage (81). Some investigators have suggested using this
test first to screen GH status to diagnose GHD in short
children with suspected GHD due to its efficiency (82)
and reliability (83).

L-dopa test

L-dopa stimulates the GH secretion through dopaminergic
and alpha-adrenergic pathways (86). The accuracy of this
test is 81% at a GH cut-off of 6 pg/L and 56% at a GH
cut-off of 7 pg/L (87). The L-dopa test is currently used
infrequently because of its side-effect profile (e.g. nausea,
vomiting, vertigo) and high incidence of false-negative
results. This test has a lower sensitivity but similar
specificity compared to the clonidine test, and when
combined with arginine, has been shown to improve its
accuracy (85, 88, 87).

Arginine test

Arginine inhibits somatostatin release and enhances the
GH response to exogenous GHRH (90, 91). This test is
used more commonly in children but is now no longer
advocated in adults, lasts for 120 min, and can cause nausea
and vomiting. Guzzetti et al. (80) reported that a GH cut-
off of 6.5 ug/L provided the best sensitivity and specificity
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in children and adolescents. Side effects are uncommon,
with 5-10% of subjects reporting paresthesias, dry mouth,
and headache. Painless hematuria is a rare, but alarming
side effect of arginine administration. For adults, a lower
GH cut-off of 0.4 point pg/L was proposed because it is
a weak GH secretagogue; however, this test is currently
no longer recommended for use, unless no other GH
stimulation tests are available (5), because of its low
sensitivity and specificity.

GHRH-arginine test

The GHRH-arginine test is essentially the arginine test
combined with a potent priming agent (a GHRH analog)
in one test. Recombinant GHRH analog stimulates
pituitary GH synthesis and release (92), whereas
arginine potentiates the stimulatory effects of GHRH by
inhibiting hypothalamic somatostatin release (93). The
peak GH response in this test is neither age- nor gender-
dependent but is dependent on BMI, central adiposity,
and the presence of non-alcoholic fatty liver disease
(94, 95). Because of its convenience, reproducibility,
and high discriminatory power (96, 97), this test was
widely accepted in the United States until EMD Serono in
2008 discontinued the production of the GHRH analog
(Geref™) (51). Disadvantages of this test are that it can
cause uncomfortable transient facial flushing, stimulates
both the hypothalamus and the pituitary, and may yield
false-negative results in hypothalamic GHD (e.g. patients
with previous cranial irradiation or hypothalamic tumors)
(98). The GH cut-offs for this test are BMI-dependent, with
peak serum GH levels <11.0 pg/L, <8.0 pg/L, and <4.0 g/pL
at every time point during testing in patients with BMIs
<25 kg/m?, between 25 and 30 kg/m?, and >30 kg/m?,
respectively, diagnostic of adult GHD (97, 100).

Diagnostic test factors
Accuracy of GH and IGF1 assays

Accurate measurement of serum GH and IGF1 levels
is critical for making the correct diagnosis of GHD.
Specific GH cut-offs for GH stimulation tests must be
interpreted in the context of the analytical method used.
Endogenous GH in serum exists in numerous isoforms
with the majority being the isoform of 22 kDa molecular
weight. Approximately 10% circulates as the 20 kDa
isoform and other isoforms and GH fragments circulate
in smaller proportions (101). Serum GH level has been
historically measured by a variety of approaches including

bioassays, radio receptor assays, immunoassays, and mass
spectrometry (102), and currently, immunoassays are
used most frequently. However, diagnostic errors may
still be introduced by the large inter-assay variability of
commercial and ‘in-house’ GH assays. A study comparing
96 laboratories in the United Kingdom (UK) found an
inter-laboratory agreement of 25% geometric coefficient
of variation. By inference, this would translate to a range
between 5 and 10 pg/L for a mean GH concentration of
7 pg/L (103).

To standardize across isoforms, professional guidelines
recommend assay calibration with a highly purified
preparation of the 22 kDa recombinant human GH
isoform of GH (11, 101). Additionally, GH immunoassays
transitioned from wusing polyclonal antibodies that
targeted multiple epitopes on varying GH isoforms to
monoclonal antibodies targeting one isoform (100). With
these changes, current assays have a narrower target. All
assay manufacturers should specify the validation of
their product, which should include specification of the
GH isoforms detected (20 kDa GH, 22 kDa GH, and other
isoforms), the analytes being measured, the specificities
of the antibodies used, and the presence or absence of
GH-binding protein interference.

Differences in IGF1 assay performance should also be
taken into account when evaluating GHD and monitoring
GH replacement. A robust reference population is
necessary, with details provided by the laboratory. To
demonstrate the potential discrepancies among GH and
IGF1 assays, samples of identical concentrations were
sent to laboratories in the UK as part of the UK National
External Quality assessment service (104). These identical
samples were analyzed by 104 centers for the GH sample
and 23 centers for the IGF1 sample utilizing 14 distinct
GH assay techniques and 6 IGF1 assay techniques. Serum
GH and IGF1 levels demonstrated a 2.5-fold difference
between the lowest and highest results from the various
assays. These data reinforce the importance of validation
of each GH and IGF assay, and using the same IGF1 assay
for a given patient throughout treatment follow-up,
whenever possible.

There have been consensus statements calling
to address the measurements of serum GH and IGF1
levels and the need for clinicians to use IGF1 SDS from
validated assays and laboratories for the purposes of
harmonization and standardization of diagnostic tools
and clinical decision-making (101, 105). Laboratory
results can be improved with the wuse of single
universally accepted standard preparations for GH
and IGF1. International standards for GH and IGF1
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are both available. The second international standard
for somatropin, which is a recombinant DNA-derived
human GH standard 98/574 has been assigned units of
1.95 mg per ampoule and has a conversion of 1 mg to
3 1U, with recommended reporting in mass units (101,
103). International standard 02/254 is the most current
World Health Organization (WHO) approved reference
standard for IGF1 and has been analyzed in several
laboratories for purity, activity, and stability (101, 103).

Implementing certain measures may improve the
reliability of serum GH and IGF1 measurements. In
addition to using the WHO reference standard 02/254 for
IGF1, standard reference samples should be available for
quality control. Methods thateither eliminate or minimize
binding protein interference should be implemented,
validated, and communicated as part of the results for
each assay.

More recently, IGF1 levels in plasma have been
quantitated by LC-MS/MS, either as the intact peptide or
as two signal peptides following tryptic digestion (106,
107). The first is an antibody-free method in which the
IGF1/IGFBP complexes are dissociated in trifluoroethanol
and the non-IGF1 proteins precipitated in acid ethanol
before quantitation by LC-MS/MS (105). Results
compared favorably to the ‘standard’ immunoassay
method, IDS-iSYS, except at very high concentrations
(105). The second method employed a urea-based IGF1/
IGFBP complex dissociation directly followed by tryptic
digestion. Following solid phase sample clean-up, the
digest is quantitated by means of two signal peptides by
LC-MS/MS (104). Factors that interfere with serum IGF1
measurement require further study and normative data
should include a sufficient sample of individuals across
all ages and pubertal stages. Measurement of IGF1 levels
by LC-MS/MS methods can be falsely low or low normal
in individuals expressing sequence variants (benign and
pathologic) of IGF1 (108, 109). This issue may be unique
to LC-MS/MS methodology. However, immunoassays are
likely to miss these variants entirely.

Caveats
Duration of tests

Several studies of various GH stimulation test protocols
have suggested reducing sample numbers and test duration
without compromising diagnostic accuracy (110, 111, 112,
113, 114). Data reported from a single-center experience of
GH stimulation testing using an identical protocol on 315

patients with short stature and/or growth failure showed
peak GH response was reached by 2 h in 98% of those
tested, suggesting that the arginine and L-dopa test can be
discontinuedafter2h withoutcompromisingitsdiagnostic
value based on the GH cut-off of 10 ug/L (87). Other studies
in adults with GHD have proposed shortening GSTs to 3 h
(108, 110), and evaluating GH levels between 3 and S time
points (0, 90, 120, 150, and 180 min) as the majority of GH
peaks occur between 120 and 180 min (115, 116). However,
Yuen et al. (50) showed that 3-h GSTs will still misclassify
6.6% of GH peaks and recommend prolonging the GST to
4 h. However, performing a 4-h test is time-consuming,
increases costs, and is labor-intensive.

Individual patient considerations
Age

At puberty and adulthood, differences in GH secretion
are found between both sexes with integrated GH levels
in young menstruating women being higher than in
young men (117). Most studies show that GH secretion
is higher in women than in men under basal conditions
(118, 119) and after stimulation (120, 121). van den Berg
et al. (117) reported that the daily GH production was
three-fold greater in women than in men, largely due to an
amplitude-specific divergence in the pulsatile mode of GH
secretion. This sex difference is closely related to estrogen
secretion and possibly influenced by serum testosterone
as well (122). Furthermore, oral estrogen administration
increases integrated GH concentration both in healthy
pre- and postmenopausal women by virtue of lesser
negative feedback due to lowered hepatic IGF1 generation
(123). In contrast to healthy men and women, IGF1
levels in GH-deficient adults are lower in women than in
men (124). When healthy adults underwent GHRH plus
arginine and arginine tests, several investigators found that
peak GH levels are higher in females than males within the
same BMI category (125, 126). Thus, if sex differences are
not taken into account, then males are at greater risk of
being overdiagnosed with GHD. It is noteworthy that sex-
related GH cut-offs are currently not employed for any GH
stimulation tests, and an argument can be made to lower
the GH cut-offs for males.

Puberty and sex hormones

Due to the physiologic rise of GH secretion during puberty
(24), it has been suggested that prepubertal children
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should be ‘primed’ with sex hormones before undergoing
GH stimulation testing to reduce false-positive rates (127,
128, 129). In a study by Marin et al. (130), the subset of
11 prepubertal normal children primed with 2 days of
estrogen demonstrated peak GH levels that rose to those
detected in subjects at pubertal stages 4 and S. In a study
by Muller et al. (131) of 26 boys primed with a single dose
of testosterone, almost 80% increased their peak GH level
to >10 pg/L. In a study by Cohen et al. (132) of prepubertal
children characterized as GH-deficient or ISS based on
GH stimulation testing without sex hormone priming,
those with ISS required GH doses nearly 2 times higher
to reach an IGF1 of +2 SDS. The stimulated peak GH level
response to two pharmacologic stimuli that distinguish
between GH-deficient and GH-sufficient patients is
unclear and likely exists on a continuum with levels of
5, 7, and 10 pg/L having been proposed, each without
sufficient data for substantiation. The currently agreed
GH cutoff is 10 pg/L (133, 134). However, with the newer,
harmonized assays, this level is approximately 7 pg/L with
the appropriate standard. In 2016, the Pediatric Endocrine
Society updated their guidelines supporting priming with
sex hormones in prepubertal children (boys >11 years
old and girls >10 years old) to avoid inappropriate GH
treatment of children with constitutional delay of growth
and puberty (11). Nevertheless, the practice of priming
remains controversial and is not universally accepted yet
(135, 136).

It is noteworthy that the hormonal milieu of puberty
is not sustained after priming. With supraphysiologic
testosterone levels, endogenous GH secretion may be
overestimated, but whether these children who respond
to exogenous sex hormones can secrete adequate GH at
the time of puberty remains unclear. It is also unclear
whether peripubertal children who have lower GH peak
levels without priming would benefit from exogenous
GH therapy and whether children diagnosed with GHD
with or without priming would respond similarly to GH
treatment. Furthermore, overestimation of GH levels
from priming can lead to false-negative results and deny
eligible children from receiving GH therapy. An exception
where priming may be considered is in patients with
constitutional delay of growth and puberty, where the
conditions can be difficult to differentiate (137).

Currently, distinct GH cut-offs are only defined for
children and adults, and GH cut-offs based on pubertal
staging would bridge the continuum. Reassessment of the
GH/IGF1 axis when a child treated with GH prepubertally
enters puberty has been proposed as an alternative to
priming (138), and GH therapy could be paused at the

onset of puberty to repeat GH stimulation testing and
determine if continued therapy is necessary rather than
continuing GH therapy until epiphyseal closure once
diagnosed with GHD. Obtaining pubertal hormone
levels at the time of GH stimulation testing to correlate
GH response to pubertal status and deciding whether to
treat with GH or not should be based on the clinician’s
discretion together with GH stimulation test results.

Nutrition

During fasting, IGF1 levels decrease because of lack of
nutrients resulting in portal insulinopenia, both of which
are responsible for regulating the hepatic generation of
GH-induced IGF1 (139, 140, 141, 142). The low IGF1 levels
lead to the removal of pituitary feedback inhibition due
to the withdrawal of the inhibitory effects of nutrients
and insulin on GH secretion (143), resulting in increased
GH secretion which in turn stimulates lipolysis and
gluconeogenesis; both of which spare the utilization of
protein as an energy source (137, 138, 139, 140). Thus,
fasting results in a subacute progressive increase in GH
secretion which is then followed by a decrease in IGF1
levels despite sustained elevations in GH secretion (144).
As insulin positively regulates hepatic GH receptors (145),
fasting causes hepatic GH resistance in generating IGF1,
the production of which is also dependent on adequate
nutrition (146). The stimulation of GH secretion during
fasting serves a metabolic role in sparing protein loss
during fasting by enhancing lipolysis and the utilization
of lipids (147).

Adults with GHD show abnormal GH responses to
fasting. Aimaretti et al. demonstrated that after short-
term fasting, GH levels were found to be higher in normal
subjects than in GH-deficient adults without overlap; this
phenomenon occurs before significant changes in IGF1
and IGFBP3 levels are observed (148). Conversely, subjects
undergoing refeeding, either after short-term fasting or
in recovery from chronic undernutrition, demonstrate
suppression of previously enhanced GH secretion and
serum IGF1 increase, returning to normal or nearly normal
levels (149, 150). Soliman et al. (151) measured GH and
IGF1 in 51 malnourished children before re-feeding and
in the survivors following slow re-feeding. Serum IGF1
levels were severely reduced and returned to normal after
re-feeding, while basal GH levels were significantly raised
and returned to normal following re-feeding. In another
study conducted in non-obese healthy men, overeating
suppressed GH secretion before any measurable weight
gain was observed but was associated with rapid and

https://ec.bioscientifica.com
https://doi.org/10.1530/EC-22-0504

© 2023 the author(s)
Published by Bioscientifica Ltd

This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0
International License.

@)oo


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1530/EC-22-0504
https://ec.bioscientifica.com

' Endocrine

W CONNECTIONS

sustained elevations in plasma insulin levels (152). Due
to these important effects of fasting on the GH/IGF1 axis,
it is important to standardize fasting in relation to the
GH stimulation test; however, to date, this has not been
systematically studied.

Body mass index

Obesity is associated with decreased spontaneous
and stimulated GH secretion in both adults (153, 154)
and children (155, 156). The mechanism causing the
blunted GH response in obesity remains unknown. Both
spontaneous and stimulated GH secretion normalize
after significant weight loss (157, 158), thus proving
that somatotroph insufficiency in obesity is reversible
and probably reflects peripheral hormone, metabolic,
and neuroendocrine perturbations in a state of chronic
overnutrition. For children, the normal range for BMI
changes as children grow and mature over the years.
Obesity in children is defined as a BMI > 95th percentile
(or +1.6 SDS) (159). In a meta-analysis by Abawi et al.
(160), they noted a negative correlation between BMI
SDS and peak GH responses to a GH secretagogue, with
each increase in BMI-SDS of 1 unit associated with a
decrease in GH,_,, of ~12%. Thieme et al. (161) sought
to further study that correlation to verify it in a larger
cohort of children below the 10th percentile for height
for age. In a single center with almost 1000 patients, they
showed consistently negative associations between BMI-
SDS and the maximal GH level with effect size of about
p=-1.1. However, only 31% of the variance of GH,,, was
accounted for by adjustment for BMI-SDS. Because most of
the variance in GH secretion cannot be fully explained by
adjustment for BMI-SDS, it remains unclear how to adjust
for BMI-SDS when testing for GHD in children. Therefore,
due to a lack of adequate evidence, BMI, BMI-SDS, and
obesity classification (BMI > 95th percentile) are not
currently considered in the interpretation of the peak GH
response in children having undergone GH stimulation
testing.

Brain MRI findings

Imaging of the brain with MRIis an important component
in the diagnostic process of GHD. In CO-GHD, brain MRI
may show congenital pituitary abnormalities such as
anterior pituitary dysplasia/hypoplasia, pituitary stalk
interruption syndrome, developmental cyst, and tumoral
lesions. Bozzola et al. (162) and Kornreich et al. (163)
demonstrated that MRI findings may help predict the

pattern and severity of hypopituitarism in patients with
GHD. However, the severity of GHD based on peak GH
levels on GH stimulation tests was not predictive of the
presence or absence of brain MRI abnormalities, although
severe GHD was more strongly associated with more
advanced brain MRI abnormalities (164). Furthermore,
MRImay be helpful in differentiating those with moderate
or mild GHD. Findings of pituitary abnormalities support
decisions on GH treatment in children with moderate
GHD (peak GH of 7-10 pg/L), as GHD is expected to
evolve. Kessler et al. (165) noted varying pituitary volumes
in children with isolated GHD, ISS, or normal controls.
The pituitary volume differed significantly among the
three groups: 231 + 146 (idiopathic GHD) to 287 + 108
(ISS) to 344 + 146 mm? (normal controls). In the former
two groups, an increase in pituitary volume with age
(sexual maturation) was noted. It is possible that the
relative pituitary hypoplasia may be responsible for some
decreased GH section at puberty in patients with ISS.

Growth hormone cut-offs

The variability of GH stimulation test practices during
the past three decades is reflected by a change in peak-
stimulated GH cut-offs and the type of GH stimulating
agents used that requires validation against normative
data, which may not be obtainable in certain populations
(e.g. as in children and elderly). Traditionally, the
interpretation of GH stimulation testing results has been
binary with the adherence to pass/fail diagnostic peak GH
cut-offs. Although guidelines have been updated over the
last decades resulting in changes in peak GH cut-offs, these
GH cut-offs remain mostly arbitrary, especially in children.
Perhaps, instead, the results should be interpreted on a
continuum that spans severe GHD requiring GH therapy
to moderate to mild GHD for which alternative therapies
and further monitoring of growth, symptoms, and
periodic testing should be performed (136).

There is increasing evidence supporting the need to
revisit GH cut-offs after stimulation based on the adoption
of newer GH assays (166, 167). In children, the GH cut-
off has been accepted traditionally as <10 pg/L, although
this cut-off has been proposed to be lowered to <7 pg/L by
some because of the standardization of the GH assay (37,
165). In adults, the GH cut-off <3 pg/L has been defined to
indicate severe GHD. In mid-adolescence, when GH levels
peak, the choice of a mid-point is intuitive. In a study of
adolescents aged 17-19 years, a value of 6 ng/L (in response
to an ITT) identified a group at high risk of GHD (168).
However, previous consensus statements have favored
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using the adult criteria (ITT-induced level of <3 pg/L)
in adolescents (4, 5), and uniform GH cut-offs are still
commonly used in clinical practice without performing
test-specific adaptations.

The use of BMI to increase the accuracy for the GST
has also been proposed, with adult GHD defined by a
GH cut-off <3 pg/L in normal weight (BMI <25 kg/m?) or
overweight (25-30 kg/m? patients with a high pre-test
probability, and <1 pg/L in overweight patients with a
low pre-test probability and those who are obese (BMI >30
kg/m?) (5, 63). In children with congenital GHD, but less
severe impairment of the pituitary stalk, the GH response
to stimulation may be sufficient, but pituitary GH reserve
deteriorates with a GH response of <10 ug/L after 20 years
of age (169).

As for the macimorelin test, when the GH cut-off was
increased to 5.1 pg/L, negative agreement and specificity
remained unchanged at 94% (95% CI, 85-98%) and
96%, respectively, but positive agreement and sensitivity
increased at 82% (95% CI, 72-90%) and 92% when
compared with the ITT (75). Because measured serum GH
levels are dependent on GH assays used, using the GH cut-
off of 5.1 ug/Lformacrimorelin (identical totheITT) may be
reasonable in patients with peak serum GH levels between
2.8and 5.1 pg/L, especially if the patient has a high pre-test
probability (e.g. history of surgery on a sellar/parasellar
mass with 1-2 other pituitary hormone deficiencies)
(5). Thus, future real-world research assessments should
be based on factors such as radiation and/or intrathecal
chemotherapy exposure, MRI appearance, baseline IGF1,
and pre-existing multiple pituitary hormone deficiencies
to gauge the strength of these factors in aiding diagnostic
accuracy.

Limitations and caveats when interpreting
GH stimulation tests

Caution needs to be applied to the interpretation of GH
stimulation testing, including the non-physiological
nature of the tests, intra-individual variability of the
responses to different GH stimulation tests, GH and IGF1
assay heterogeneity, sex hormone levels, and arbitrary GH
cut-offs deemed as ‘normal’ that depend on the potency
of the specific provocative agent. For the ITT and GST,
peak GH cut-offs advocated by previous professional
societies were 3-5 and 2.5-3ug/L, respectively (4, 5). Other
GH stimulatory agents such as clonidine, L-dopa, and
arginine are weaker GH secretagogues and require lower
GH cut-offs with the utilization of sensitive GH assays
to achieve adequate specificity (e.g. arginine of 0.4ug/L)

(170). Additionally, the concept of priming using sex
steroids prior to conducting the GH stimulation test is
used to test for peripubertal GHD to reduce the chance of
a false-positive result. Some tests (e.g. macimorelin test)
are costly and inaccessible in some countries, prolonged
(e.g. GST), require close medical supervision with
available emergency facilities (e.g. ITT), uncomfortable
for the patient (e.g. ITT and GST), can carry some risks
(e.g. ITT), and test reproducibility that has yet to be
adequately validated with multiple studies reporting
poor reproducibility (e.g. ITT) that results in different
interpretations of the results. Other important limitations
include the lack of validated normative data based on age,
sex, glycemic status, and the paucity of data for specific
etiologies of adult GHD (e.g. head injury, subarachnoid
hemorrhage, ischemic stroke, and central nervous system
infections) (28, 29). Due to the limitations of the GHST,
the Pediatric Endocrine Society guidelines recommend
against reliance on GH stimulation test results as the sole
diagnostic criterion of GHD in children (11).

Another caveat in interpreting the results of GH
stimulation tests is that adult GHD itself is complicated by
an increased susceptibility to central obesity. Obesity per
seis a state of relative GHD (151, 152, 153, 154), and earlier
physiologic studies in obese individuals have shown that
spontaneous GH secretion is reduced, GH clearance is
enhanced, and stimulated GH secretion is reduced (171,
172, 173). Conversely, serum IGF1 levels are unatfected,
or even increased, and this discordance is likely due to
the increased hepatic GH responsiveness from increased
hepatic insulin exposure (174). The decreased serum GH
levels in obesity result in the upregulation of GH receptor
and sensitivity. Thus, these data suggest that BMI-specific
cut-off is an important consideration when testing
patients with GHD.

Conclusions

The decision to perform GH stimulation tests should
be based on the clinical suspicion of the treating
endocrinologist. Whether or not to proceed with GH
stimulation testing should only be reached after careful
consideration and only when the result will significantly
contribute to the diagnostic process. For pediatric
patients, if one combines GH stimulation testing results
with the patient’s anthropometric measurements, height
velocity, physical findings, screening tests, and IGF1 and
IGFBP3 levels, a more complete clinical picture should
be obtained that allows proper individualized diagnostic
evaluation and treatment. If the diagnosis is still unclear,
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additional observation for growth failure and repeat GH
stimulation testing at a future date may be considered. For
adults, if the clinical suspicion is high, such as in a patient
with a history of surgery for a sellar mass, concurrent 1-2
other pituitary hormone deficiencies, and a low (<-2
SDS) or low-normal (<O SDS) serum IGF1 level, then
performing one GH stimulation test is sufficient. If the
clinical suspicion is low, such as in cases where there is
no suggestive history of hypothalamic-pituitary disease,
surgery, or radiation therapy, then testing for GHD should
not be performed.

The ITT remains the gold standard test, and the GHRH
plus arginine test, GST, clonidine, and macimorelin are
reasonable alternatives to the ITT. As the reliability of the
GST GH cut-point of 3 pg/L in overweight/obese subjects
and in those with glucose intolerance has been shown to
misclassify some patients, the utilization of GH cut-offs of
the GST is now based on the clinician’s level of suspicion
of the patient’s pre-test probability and underlying BMI.
Macimorelin administered orally is attractive because it
is easy to conduct with high reproducibility, safe, and has
a diagnostic accuracy comparable to the ITT and GHRH
plus arginine test. Factors that hinder its wider use include
its high cost and inaccessibility in some countries, the
potential for drug-to-drug interactions, and the lack of
data in children and elderly patients >70 years of age.

For pediatric patients, if one combines GH stimulation
testing results with the patient’s anthropometric
measurements, height velocity, physical findings,
screening tests, and IGF1 and IGFBP3 levels, a more
complete clinical picture is obtained to allow proper
individualized diagnostic evaluation and treatment. If
the diagnosis is still unclear, additional observation for
growth failure and repeat GH stimulation testing at a
future date may be considered.

Substantial progress has been made in refining
the diagnostic process of patients suspected of GHD.
There remains an ongoing need for GH and IGF1 assay
harmonization and standardization using international
reference standards (101, 103). The introduction of newer
assay technologies may improve the diagnostic accuracy
of the tests used. Further studies in populations that make
up substantial proportions of patients with GHD, such as
children, adolescents, the elderly, and those with obesity,
diabetes mellitus, and traumatic brain injury, are needed
to refine the GH cut-offs and improve the diagnostic tests
used. A systematic, practical, and structured approach
to the diagnosis of GHD is essential to accurately
identify patients with GHD and appropriately offer GH
replacement.
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