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Case Presentation
A 29-year-old man with history of growth hormone deficiency
(GHD) in childhood presented as a new consult to be evaluated
for persistence of GHD and to resume growth hormone deficiency treatment, if indicated.
Physical examination showed a healthy appearing man. Height
was 1.829 cm, weight 71.6 kg, blood pressure 119/81, pulse 62,
temperature 36.6°C, and O2 saturation 96%. There was no
unusual skin pigmentation. He had normal secondary sex
characteristics and general exam was normal.
Past medical history included uneventful birth following fullterm pregnancy with natural delivery, with normal birth weight
and length. Growth during the first 2 years remained consistent
at the 25th percentile. From age 3 to age 10, his height moved
to the 50th percentile. He was initially evaluated for growth
hormone deficiency at age 13.5. His height was 150.5 cm, just
above 10%, weight 44.6 kg. Family history is significant for
delayed puberty in both parents but otherwise healthy. Father’s
height was 177.8 cm and mother’s height was 162.56 cm. Lab
testing at age thirteen showed serum IGF-1 of 150 ng/mL
(normal 230-884 for age 13.5), IGF BP3 of 1.8 milligram/liter
(normal 2.2-4.2 for age 13.5). Thyroid tests were within normal
range. Both serum IGF-1 and IGF BP3 were low for his age
and provocation test was performed for confirmation, using the
“clonidine/Arginine growth hormone stimulation test”. Growth
hormone levels were obtained at 30-minute intervals: <0.1
ng/mL, 7.2 ng/mL, 0.2 ng/mL, 1.3 ng/mL, <0.1 ng/mL, on 0
minutes, 30 minutes, 60 minutes, 90 minutes, 120 minutes
respectively. Post stimulation growth hormone levels <10
ng/mL are considered abnormal. Pituitary evaluation including
MRI were unremarkable. He was diagnosed with growth
hormone deficiency and given recombinant human growth
hormone 3 mg subcutaneous daily, 6 days of the week. He was
treated for 6 years from age of 14 to 18.
Initial consultation included additional baseline morning
pituitary hormone testing with the following results: Growth
hormone <0.05 ng/mL (normal 0.052-3.0 ng/mL), IGF-1 153
ng/mL (normal 63-375 ng/mL) (Z-score -0.1), testosterone 558
ng/dL (300-1000 80 ng/dL), FSH 2.5 mlU/ml (normal 1.6-9
mIU/mL), LH mlU/ml (normal 2-12 mIU/mL), 5.4, prolactin
15.8 ng/mL (normal 3.8-18.9 ng/mL), ACTH 21 pg/mL (normal 6-59 pg/mL), cortisol 19 mcg/dL (normal 8-25 mcg/dL).

To rule out growth hormone deficiency, a macimorelin stimulation test was performed. The patient received 30 mg (70 mL)
of oral reconstituted macimorelin solution over 30 seconds.
Serum growth hormone was drawn at intervals of at 30 minutes,
45 minutes, 60 minutes and 90 minutes. The following results
were obtained: 16.90 ng/mL, 28.40 ng/mL, 28.10 ng/mL, 13.30
ng/mL and all exceeded the normal threshold of 2.8 ng/mL and
ruled out growth hormone deficiency.
Discussion
GH secretion
GH secretion is directly controlled by hypothalamic and
peripheral factors acting on GH-secreting cells in the pituitary,
known as somatotrophs.1 Hypothalamic growth hormonereleasing hormone (GHRH) and somatostatin (SRIH) stimulate
and inhibit GH secretion, respectively2 by binding to specific
cell-surface receptors on the somatotroph cells.3 GH secretion
is also influenced by metabolic and hormonal signals from other
glands, including glucocorticoids, thyroid hormones and sex
steroids, which may act directly or via hypothalamic
connections. Furthermore, GH regulates its own secretion by a
feedback mechanism. Other peripheral mediators, such as IGFI, free fatty acids, glucose and insulin, can contribute to this
feedback mechanism.4
GH secretion is also influenced by other peptides and neurotransmitters, including the GH secretagogue (GHS) ghrelin.
Ghrelin is a 28 amino acid peptide, produced predominantly by
the oxyntic cells in the stomach.5 It is the natural ligand of the
GH secretagogue receptor type 1a (GHS-R1a) and it induces a
strong GH-releasing activity upon activating this receptor.6 The
GH-releasing effect of ghrelin is mediated primarily by GHRHsecreting neurons at the hypothalamic level but it also exerts a
direct effect on somatotrophs. Ghrelin and GHRH have
synergic activities indicating that they have, at least in part,
different mechanisms of action.7
Growth hormone (GH) deficiency (GHD) is a common finding
in adults with acquired hypothalamic-pituitary disorders or
persistence of a congenital or acquired somatotroph defect
diagnosed in childhood.8 If GH deficiency occurs in childhood,
the deficiency will almost always continue in adulthood unless
the diagnosis was “idiopathic GH deficiency” in childhood.
Those patients should be retested as adults to confirm

persistence of GH deficiency. The best age for retesting for
continuing GHD during the transition period has not been well
established.9
The most prominent feature of GH deficiency in children is
short stature. Individuals who develop GH deficiency in
adulthood experience a decrease in lean body mass, bone
mineral density (BMD), and quality of life. They also develop
increase in fat mass, fracture risk, cardiovascular disease, and
mortality.10 Individuals with childhood-onset GH deficiency
that persists into adulthood have more severe clinical
manifestations than those who develop it as adults.11 However,
diagnosing this condition is challenging and remains a barrier
to initiating GH treatment. Random GH values are nondiagnostic as GH is secreted episodically with low levels
between pulses. Other biochemical measurements including
IGF-I, IGF-binding protein-3 or GH secretion over a 24-h
period have poor diagnostic value with potential overlap
between healthy and GH-deficient individuals.12 Therefore, a
GH provocative test is often required to establish the diagnosis
with at least one GH stimulation test.13
The stimulation tests are performed after an overnight fast.
After the pharmacologic agent is administered, serum samples
are collected at intervals designed to capture the peak
stimulated GH level. The expected time to this peak varies
depending on the stimulus. Consensus guidelines recommend
that the diagnosis of adult GHD be established in patients with
an appropriate clinical history by demonstrating a peak GH
concentration of less than 3-5 mcg/L following insulin-induced
hypoglycemia (insulin tolerance test, ITT).8,14 For children,
most pediatric endocrinologists defined a "normal" response by
a serum GH concentration of >10 mcg/L, but a cutoff of 7.5
mcg/L is often used for modern assays and is used in some
countries. This test is well-validated and has long been
considered the gold standard by clinical practice guidelines for
the diagnosis of AGHD. The test has a sensitivity of 96% and a
specificity of 92%.15 However, this test is labor intensive, has
potential risks, and is contraindicated in some patients.

positive results in obesity. All are performed in the morning
after an overnight fast.
More recently, macimorelin, a synthetic agonist of the ghrelin
receptor that is active orally has received regulatory approval.
The patient must drink the macimorelin solution within 30
seconds and then be observed for the duration of the test. No
baseline blood draw is required with macimorelin. After
administering the test, venous blood samples are drawn at 30,
45, 60, and 90 minutes. Test results are considered positive for
AGHD if the maximally stimulated serum GH level observed
after stimulation is <2.8 ng/mL for the 4 blood draws.17
There are potential cardiovascular risks. Macimorelin causes an
increase of about 11 msec in the corrected QT (QTc) interval.
QT prolongation can lead to development of torsade de pointestype ventricular tachycardia with the risk increasing as the
degree of prolongation increases. The concomitant use of
macimorelin with drugs that are known to prolong the QT
interval should be avoided. Also, the safety and diagnostic
performance of macimorelin have not been established for
subjects with a body mass index (BMI) >40 kg/m2. The most
common adverse reactions to macimorelin are dysgeusia,
dizziness, headache, fatigue, nausea, hunger, diarrhea, upper
respiratory tract infection, feeling hot, hyperhidrosis, nasopharynxgitis, and sinus bradycardia.
Macimorelin test requires fewer blood draws than other
stimulation tests and eliminates the need for infusion in
appropriate patients. With macimorelin, GHD can be tested
quickly and efficiently in an outpatient setting.
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