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The syndrome of GH deficiency in adults was first de-
scribed almost 20 years ago and is now a well-recog-

nized entity and indication for GH substitution therapy in
adults [1, 2]. Signs and symptoms of GH deficiency are
shown in Table 1.

Rosen and Bengtsson reported increased mortality in
GH-deficient adults mainly due to cardiovascular dis-
eases [3]. These findings have been replicated by others
[4, 5] and have stimulated research into the pathophysi-
ological pathways that cause the twofold increased death
rate in these patients. One of the most critical questions
was whether or not GH-deficiency-related signs and
symptoms could be reversed by adequate substitution
therapy. Additional questions were:
• How should GH deficiency be diagnosed?
• Should all patients with documented GH deficiency

be treated?
• Should substitution therapy in GH-deficient children

be continued into adulthood?
• What is the right dose of GH and how should therapy

be monitored?
• Could GH substitution therapy be associated with in-

creased risk for recurrence of pituitary adenomas, dia-
betes or cancer?

• Are there diseases other than tumors (pituitary adeno-
mas, craniopharyngeomas), irradiation and idiopathic
GH deficiency that cause GH deficiency and if so,
which patients should be screened?

Diagnosis of GH Deficiency

Only subjects with evidence of hypothalamic pituitary
disease or persons who have received cranial irradiation
or patients with childhood onset of GH deficiency should
be considered for evaluation for GH deficiency [6]. Due
to the numerous factors influencing basal GH and insu-
lin-like growth factor 1 (IGF-1) concentrations (body
mass index, stress, age, sex, drugs, diseases) neither para-
meter is suited for diagnosing GH deficiency. In adults,
this should be accomplished by dynamic tests and pa-
tients should be receiving stable and adequate hormone
replacement for other hormonal deficits before testing
[6].

The most common stimulation test used to detect GH de-
ficiency in adults is the insulin tolerance test (ITT) which,
however, is contraindicated in subjects with known car-
diovascular diseases and epilepsy [6]. Since the former
are expected to be widely used in GH-deficient patients,
the combined arginine-GHRH or arginine-GH-releasing
peptide-6 (GHRP-6) tests have become more popular
over the past years despite their higher costs [7, 8]. As an
additional advantage, they can more readily detect obese
and elderly subjects as GH-deficient than other tests. In
the Port Stevens Conference for the diagnosis and treat-
ment of adults with GH deficiency, a cut-off level for se-
vere GH deficiency was set at 3 ng/ml in the insulin toler-
ance test [6]. The cut-off level for the arginine-GHRH test
was set at 9 ng/ml. In a large study of 322 patients with
organic hypothalamic-pituitary disease, different cut-off
levels according to the individual body mass index (BMI)
were described for the arginine-GHRH test [9]: 11.5 ng/ml
for normal-weight subjects (BMI ≤ 25 kg/m2), 8 ng/ml
in overweight subjects (BMI 25–30 kg/m2) and 4.2 ng/ml
in obese subjects (BMI > 30 kg/m2). Biller et al also
reported a GH cut-off point of 4.2 ng/ml in obese patients
[8]. In the absence of a morphological cause for GH
deficiency, i. e. in idiopathic cases, the diagnosis of GH
deficiency should be confirmed by a second stimulation
test.

Severe GH deficiency is now considered as an indication
for GH substitution therapy. It should be mentioned,
however, that an intermediate category of partial GH
deficiency has been identified (arbitrarily defined as
patients with a GH peak > 3 ng/ml but < 7 ng/ml in the ITT
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Growth hormone (GH) deficiency represents an indication for substitution therapy not only in children but also in adults. In the last twenty years,
numerous studies have shown that GH deficiency in adults is characterized by a clearly defined syndrome which is associated with a double-
increased mortality rate. GH deficiency in adults can be diagnosed only by dynamic tests. While the insulin tolerance test (ITT) has been the
standard test in the past, the combined arginine-GH releasing hormone (GHRH) test has been used more often in the last years. It has the
advantage to detect more readily GH deficiency in obese and elderly subjects. Severe GH deficiency is characterised by a maximal GH concen-
tration of less than 3 ng/ml in the ITT, and less than 9 ng/ml in the arginine-GHRH test. Severe growth hormone deficiency represents a clear
indication for GH substitution therapy which should be started in a dose of 0.15–0.30 mg/day. The GH dose should be adapted according to the
age- and sex-specific reference ranges for insulin-like growth factor 1 (IGF-1). GH substitution therapy can reverse or at least ameliorate most of the
symptoms of GH deficiency. Side effects such as muscle and joint aches as well as fluid retention can be observed sometimes at start of therapy.
The incidence of diabetes mellitus and carcinomas is not increased by GH therapy. As is the case with other pituitary deficiencies, GH substitution
therapy in adults with GH deficiency represents an established indication. J Reproduktionsmed Endokrinol 2006; 3 (6): 379–81.
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Table 1. Signs and symptoms of GH deficiency in adults

• Increased body fat mass (predominantly visceral fat)
• Reduced muscle mass
• Reduced bone mineral density
• Increased cardiovascular risk profile
• Decreased quality of life
• Increased need of health care resources
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and > 9 ng/ml but < 16.5 ng/ml in the arginine-GHRH
test, respectively) which exhibits most signs and symp-
toms of GH deficiency although in a less pronounced
manner than in severe GH deficiency [10]. At present, it
is not clear whether these patients should also receive
GH replacement therapy and no data exist on the efficacy
and safety of such a therapy. In children with GH defi-
ciency, therapy should be stopped after attainment of fi-
nal height around the age of 18 for at least 3 months and
at least one stimulation test should document the persist-
ence of GHD [11] before substitution therapy is contin-
ued into adulthood.

Therapy

Once the diagnosis has been established GH substitution
therapy should start with a low dose of 0.15–0.30 mg/day
as higher doses have been associated with an increased
incidence of side effects [6, 12]. Doses should be ad-
justed according to sex- and age-adjusted IGF-1 refer-
ence ranges. Female patients apparently need higher GH
doses which might be due, at least in part, to the antago-
nistic action of oral estrogens at the liver resulting in
lower IGF-1 concentrations [13]. In GH-deficient pa-
tients receiving additional substitution therapies, IGF-1
concentrations should be checked whenever the dose of
these therapies is modified. GH substitution therapy is a
life-long therapy and should be monitored at least in
yearly intervals as soon as a stable condition has been
achieved.

Effects on Body Composition and
Cardiovascular Risk Profile

Numerous studies have shown unequivocally that GH
therapy restores body composition: lean body mass is in-
creased and body fat mass is decreased whereas body
weight remains more or less stable [2, 14–16]. These
effects are sustained over treatment periods of 10 years
[17]. In addition, an increase in bone mineral density has
been demonstrated in many studies [15, 18, 19]. It
should be mentioned, however, that in the first year,
especially after six months, bone mineral density can
decrease substantially and a gain in bone mineral density
is observed usually only in the second year of treatment
and continues into the third and fourth year.

Beneficial effects on the cardiovascular risk profile – lipid
and blood glucose concentrations as well as blood pres-
sure – have also been demonstrated in many studies in
patients receiving GH replacement therapy [15, 16, 20,
21]. Furthermore, echocardiographic studies have re-
vealed at least partial correction of GH-deficiency-
related dysfunction (reduced left ventricular mass, de-
creased ejection fraction, abnormal left ventricular fill-
ing) [22]. In addition, reduction of increased intima-
media thickening in carotid and femoral arteries follow-
ing institution of GH replacement therapy and normali-
zation of vascular reactivity have been reported in GH-
treated GH-deficient adults [22, 23]. It remains to be
proven that GH therapy not only exerts beneficial effects
on surrogate parameters but also increases life expect-
ancy in GH-deficient adults. The evidence currently avail-
able, however, suggests that this goal will be achieved.
Finally, the reduced quality of life in GH-deficient adults
can also be restored by GH replacement therapy [24–26].

Pharmacoeconomical studies have also demonstrated
that the use of health care facilities (number of doctor vis-
its, number of days spent in hospitals, number of days of
sick leave) is reduced after introduction of GH replace-
ment therapy [26]. Thus, strong evidence has accumu-
lated over the past 20 years that GH deficiency should be
considered as a severe threat to health and well-being
and therefore be treated by adequate substitution therapy.

Side Effects

Muscle and joint aches as well as fluid retention are ob-
served mainly at the beginning of therapy. In most cir-
cumstances, these symptoms can be ameliorated by dose
reduction and disappear despite continuation of therapy.
Because of the increased incidence of colo-rectal cancer
in patients with acromegaly and the numerous epidemio-
logical reports on the increased risk for the most common
carcinomas (breast, colon, prostate, lung) in subjects
with GH/IGF-1 concentrations in the upper normal range
[27] special attention has been attributed to the inci-
dence of carcinomas in patients on GH replacement
therapy as well as to the recurrence of pituitary tumors.
Until present, however, such a correlation has not been
found [28]. The available data suggest that GH replace-
ment therapy in GH-deficient adults is safe.

New Indications

Over the past years, evidence has accumulated that a
considerable proportion of patients exhibit insufficiency
of one or more anterior pituitary functions following trau-
matic brain injury [29, 30]. As in other situations, GH
secretion is one of the most commonly affected pituitary
functions. Thus, testing the anterior pituitary function
should be considered in these patients, especially if signs
or symptoms of GH deficiency are suspected. However,
since pituitary dysfunction might be transient, a definite
diagnosis of GH deficiency should not be made earlier
than 6–12 months after injury. Subarachnoid hemorrhage
and primary hyperparathyroidism might also induce GH
deficiency [31, 32].

Based on the observation that GH declines with age and
that many symptoms of aging are reminiscent of GH defi-
ciency, an estimated 25,000–30,000 persons receive,
or rather self-administer, GH as an anti-aging therapy in
the USA [33]. However, no data are available that GH
– especially what dose of GH – is effective and safe in
elderly persons when it is used in pharmacological doses
that result in IGF-1 plasma concentrations above the sex-
and age-adjusted reference range. Thus, GH should not
be used as an anti-aging drug until long-term studies have
proven its effectiveness and safety.

Table 2. Diagnosis of GH deficiency

Stimulation test Cut-off

Severe GH deficiency Insulin tolerance test < 3 ng/ml
Partial GH deficiency Insulin tolerance test 3–7 ng/ml
Normal Insulin tolerance test > 16.5 ng/ml
Severe GH deficiency Arginine-GHRH test < 9 ng/ml (for

differential cut-off
points according to
BMI see text)
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