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Hormone
Growth
hormone (GH)

Prolactin
ACTH

TSH
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LH, FSH
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Multiple
hormones

Test
Insulin tolerance test: Regular insulin
(0.05–0.15 U/kg IV)
GHRH test: 1 μg/kg IV
l-Arginine test: 30 g IV over 30 min
l-Dopa test: 500 mg PO
TRH test: 200–500 μg IV
Insulin tolerance test: regular insulin
(0.05–0.15 U/kg IV)

Blood Samples
−30, 0, 30, 60, 120 min for glucose
and GH
0, 15, 30, 45, 60, 120 min for GH
0, 30, 60, 120 min for GH
0, 30, 60, 120 min for GH
0, 20, and 60 min for TSH and PRL
−30, 0, 30, 60, 90 min for glucose and
cortisol

CRH test: 1 μg/kg ovine CRH IV at 8 a.m.

0, 15, 30, 60, 90, 120 min for ACTH
and cortisol

Metyrapone test: Metyrapone (30 mg/
kg) at midnight

Plasma 11-deoxycortisol and cortisol
at 8 a.m.; ACTH can also be measured

Standard ACTH stimulation test: ACTH
1-24 (cosyntropin), 0.25 mg IM or IV
Low-dose ACTH test: ACTH 1-24
(cosyntropin), 1 μg IV
3-day ACTH stimulation test consists of
0.25 mg ACTH 1-24 given IV over 8 h
each day
Basal thyroid function tests: T4, T3, TSH

0, 30, 60 min for cortisol and
aldosterone
0, 30, 60 min for cortisol

TRH test: 200–500 μg IV

0, 20, 60 min for TSH and PRLa

LH, FSH, testosterone, estrogen

Basal measurements

GnRH test: GnRH (100 μg) IV

0, 30, 60 min for LH and FSH

Combined anterior pituitary test: GHRH
(1 g/kg), CRH (1 μg/kg), GnRH (100 g),
TRH (200 μg) are given IV

−30, 0, 15, 30, 60, 90, 120 min for GH,
ACTH, cortisol, LH, FSH, and TSH

Interpretation
Glucose <40 mg/dL; GH should be >3 μg/L
Normal response is GH >3 μg/L
Normal response is GH >3 μg/L
Normal response is GH >3 μg/L
Normal prolactin is >2 μg/L and increase >200% of baseline
Glucose <40 mg/dL
Cortisol should increase by >7 μg/dL or to >20 μg/dL
Basal ACTH increases 2- to 4-fold and peaks at 20–100 pg/mL
Cortisol levels >20–25 μg/dL
Plasma cortisol should be <4 g/dL to assure an adequate
response
Normal response is 11-deoxycortisol >7.5 μg/dL or ACTH
>75 pg/mL
Normal response is cortisol >21 g/dL and aldosterone
response of >4 ng/dL above baseline
Cortisol should be >21 g/dL
Cortisol >21 g/dL

Basal measurements

Low free thyroid hormone levels in the setting of TSH levels
that are not appropriately increased indicate pituitary insufficiency
TSH should increase by >5 mU/L unless thyroid hormone
levels are increased
Basal LH and FSH should be increased in postmenopausal
women
Low testosterone levels in the setting of low LH and FSH
indicate pituitary insufficiency
In most adults, LH should increase by 10 IU/L and FSH by
2 IU/L
Normal responses are variable
Combined or individual releasing hormone responses
must be elevated in the context of basal target gland hormone values and may not be uniformly diagnostic
(see text)

Evoked PRL response indicates lactotrope integrity.

a

Abbreviations: T3, triiodothyronine; T4, thyroxine; TRH, thyrotropin-releasing hormone. For other abbreviations, see text.

or X-linked. About 10% of children with GH deficiency have mutations in the GH-N gene, including gene deletions and a wide range of
point mutations. Mutations in transcription factors Pit-1 and Prop-1,
which control somatotrope development, result in GH deficiency in
combination with other pituitary hormone deficiencies, which may
become manifest only in adulthood. The diagnosis of idiopathic GH
deficiency (IGHD) should be made only after known molecular defects
have been rigorously excluded.
GHRH receptor mutations  Recessive mutations of the GHRH receptor
gene in subjects with severe proportionate dwarfism are associated
with low basal GH levels that cannot be stimulated by exogenous
GHRH, GHRP, or insulin-induced hypoglycemia, as well as anterior
pituitary hypoplasia The syndrome exemplifies the importance of
the GHRH receptor for somatotrope cell proliferation and hormonal
responsiveness.
GH insensitivity This is caused by defects of GH receptor structure or
signaling. Homozygous or heterozygous mutations of the GH receptor
are associated with partial or complete GH insensitivity and growth
failure (Laron’s syndrome). The diagnosis is based on normal or high
GH levels, with decreased circulating GH-binding protein (GHBP),
and low IGF-I levels. Very rarely, defective IGF-I, IGF-I receptor, or
IGF-I signaling defects are also encountered. STAT5B mutations result
in both immunodeficiency as well as abrogated GH signaling, leading
to short stature with normal or elevated GH levels and low IGF-I levels.
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Circulating GH receptor antibodies may rarely cause peripheral GH
insensitivity.
Nutritional short stature Caloric deprivation and malnutrition,
uncontrolled diabetes, and chronic renal failure represent secondary causes of abrogated GH receptor function. These conditions also
stimulate production of proinflammatory cytokines, which act to exacerbate the block of GH-mediated signal transduction. Children with
these conditions typically exhibit features of acquired short stature
with normal or elevated GH and low IGF-I levels.
Psychosocial short stature Emotional and social deprivation lead to
growth retardation accompanied by delayed speech, discordant hyperphagia, and an attenuated response to administered GH. A nurturing
environment restores growth rates.
Presentation and Diagnosis
Short stature is commonly encountered in clinical practice, and
the decision to evaluate these children requires clinical judgment
in association with auxologic data and family history. Short stature
should be evaluated comprehensively if a patient’s height is >3 standard deviations (SD) below the mean for age or if the growth rate
has decelerated. Skeletal maturation is best evaluated by measuring a radiologic bone age, which is based mainly on the degree of
wrist bone growth plate fusion. Final height can be predicted using
standardized scales (Bayley-Pinneau or Tanner-Whitehouse) or
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