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To Treat or Not To Treat?

Deficiencia de hormona de crecimiento en el adulto ;debe tratarse?
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ABSTRACT

Over the last decade, different guidelines have been published for the diagnosis, treatment and monitoring
of adult growth hormone deficiency (AGHD). Themes and recommendations common to the guidelines offer
a pragmatic approach to the management of AGHD. Nevertheless, there is a need for more research in some
key areas in which recommendations in the guidelines are supported by moderate evidence, at best. Recent
meta-analysis and long-term follow-up studies have contributed with valuable information on the efficacy and
safety of GH therapy in adults. This review brings a historical perspective of the AGHD, with an emphasis on
the following aspects: (I) who are the appropriate candidates for GH therapy in adult life? (II) how to make
the diagnosis (III) the impact of GH therapy; (IV) which therapeutic approach should be used? (V) how to
follow and monitor the patients; and (VI) special aspects on mortality and longevity related to the GH-IGF-1

axis. Rev Argent Endocrinol Metab 47: 30-38, 2010
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INTRODUCTION

In 1962, Raben was the first to treat a 35-year-old
hypopituitary woman with pituitary GH . After
two months of treatment, the patient noted improve-
ment in physical vigor and psychological well-being.
However, due to the limited supply of pituitary GH
at that time, the therapy was restricted to children
with severe growth retardation until the intro-
duction of recombinant human GH in 1985. The
abundance of biosynthetic GH radically changed its
applications in clinical practice and opened several
fascinating therapeutic possibilities.

Doubtless, one of the most important develop-
ments in the GH field was the establishment of a
new entity called “syndrome of adult GH deficiency
(AGHD)”®. The definition and initial character-
ization of AGHD occurred in parallel with an
epidemiologic study reporting increased mortality
in patients with hypopituitarism, mainly related
to cardiovascular diseases®, which are confirmed

by subsequent reports“?®. From these studies, the
question was raised whether untreated AGHD
could be responsible for this finding. However, even
after twenty-five years, it is not possible to answer
with certainty whether the increased mortality of
hypopituitary patients is caused by AGHD per se
or by other factors, such as previous exposure to
radiation, the etiology of hypothalamic-pituitary
disease or mistreatment of other associated pitu-
itary hormonal deficiencies (T'SH, LH / FSH and
ACTH). Regardless of that, GH therapy in AGHD
has been shown to improve many cardiovascular
parameters related to increased morbidity and
mortality in hypopituitarism® &%,

The AGHD should not be confused with the
so-called “somatopause”, a physiological situation
characterized by progressive decline of GH and
IGF-1 production related to the aging process® 9.
At this moment, neither the safety nor the benefits
of GH administration to reestablishing ‘youthful’
GH levels in pituitary-replete adults have been
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defined to justify the prescription of GH in this
situation®*¥, Thus, this review will focus on who
are the appropriate adult GHD candidates for
GH therapy, the correct biochemical criteria to
define the diagnosis, and the main aspects of the
replacement GH therapy in AGHD, mainly based
on recent guidelines, meta-analysis and long-term
studies. Finally, some aspects on mortality and
longevity associated with the GH-IGF-1 axis will
be briefly reviewed.

WHO ARE THE APPROPRIATE CANDIDATES
FOR GH THERAPY?

There is broad consensus that all patients who
show evidence of a disease affecting the hypo-
thalamic-pituitary region, and in whom there is
an intention to treat with GH, are appropriate
candidates for testing for adult GHD ©®. Accord-

ingly, adult GHD is not synonymous with the
“somatopause”, which refers to the aged-related
physiological decline in GH and IGF-1 secretion.
Advancing age is associated with a marked de-
crease in the 24-hour integrated GH concentrat-
ions, fraction of GH secreted in pulses, mean pulse
amplitude and duration®!?, but no study thus far
has proved that GH therapy is beneficial and safe
for otherwise healthy elderly patients™'%. As a
result, patients should not be tested for GHD
based on the presumption of age-related declines
in GH alone. In addition, there is no indication to
evaluate GH status and to replace GH in adult life
in individuals with no evidence of hypothalamic-
pituitary disease, functional GHD due to visceral
obesity, and in short children treated with GH for
other non-GHD pediatric indications (e.g., Turner
syndrome, small for gestational age, idiopathic
short stature) (Figure 1).
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Figure 1. Algorithm for biochemical evaluation of adult growth hormone defi-
ciency (AGHD). Glucagon test is presented as the alternative choice for ITT
as GHRH production has been discontinued. SD (standard deviation) for IGF-1
levels according to reference values adjusted for age.
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The relatively loose definition of the patients
that might be appropriate candidates for GH
treatment reflects the fact that AGHD is a het-
erogeneous entity that can arise from numerous
etiologies (Figure 1). For example, genetic defects,
congenital malformations, brain injury, sub-arach-
noid haemorrhage (SAH), non-functioning and
functioning pituitary adenomas (e.g. prolactinoma,
Cushing’s disease), craniopharyngiomas, infiltrat-
ive, inflammatory and vascular diseases, can all
lead to AGHD. The condition can also arise as
an iatrogenic consequence of the management
of acromegaly and after neurosurgery and radio-
therapy.

Many other aspects of the disease underscore
the inherent heterogeneity. First, a group of pat-
ients presents isolated AGHD, while others suf-
fer from multiple pituitary hormone deficiencies
(combined AGHD). Second, idiopathic isolated
GHD diagnosed by GH tests during childhood may
resolve after puberty or persist into adulthood®.
In our hands, 56% of patients with this diagnosis
during childhood had no biochemical criteria for
AGHD when re-tested in adult life, while 94%
of those with combined GHD during childhood
persisted with AGHD"“®. Third, in several cases
the GHD begins de novo in adulthood. Finally,
only patients with severe GHD (as established by
strict biochemical criteria) are candidates for GH
replacement therapy in adulthood, as partial GHD
(or GH insufficiency) is still a poorly defined entity
in which GH therapy is not indicated”.

HOW TO MAKE THE DIAGNOSIS OF AGHD?

Clinical findings of adult GHD are nonspecific and
not useful for diagnosis of AGHD, which depends
on well-established biochemical criteria. Insulin
tolerance test (ITT) and stimulation test using the
combination of GHRH and arginine (GHRH-ARG)
have been set as the diagnostic investigations of
choice for AGHD®®, However, in July 2008, the
only manufacturer of recombinant GHRH in the
United States announced the discontinuation
of its production, which raised the problem to
consider another alternative GH stimulation test
to replace the GHRH-ARG test. The GHRH plus
GH-releasing peptide (GHRH-GHRP) test poses
the same problem, making the glucagon test the
best available alternative for cases where ITT is
unsuitable or contra-indicated®®. In Brazil, GHRH
was never available in the clinical practice and
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the glucagon test has been used as an alternative
to ITT for a long time, since the pioneer study
done by Conceicao and co-workers from Univer-
sity of Rio de Janeiro that, which showed a good
performance and great diagnostic accuracy of the
glucagon test for the diagnosis of AGHD". In
contrast, provocative tests with clonidine, L-dopa
and arginine can not be used in the diagnosis of
AGHD®®, Each diagnostic test has advantages
and limitations that clinicians need to consider.
In addition, clinicians must take into account the
substantial heterogeneity among GH assays and
must be aware of which assay has been used for GH
measurements. In general, an impaired peak GH
level on one test is sufficient to diagnose AGHD
in an appropriate setting®®.

Peak GH values are influenced by several fact-
ors, including age, adiposity and the type of GH
secretagogue. For the ITT and glucagon test, the
validated cutoff for biochemical diagnosis of severe
AGHD is a peak GH response below 3 ug/16®,
However, a cutoff value of 5 ug/1?” or 6.1 ug/1%"in
the ITT is recommended for the transition period
— which has been arbitrarily defined as “a 6-7
years interval spanning from late puberty (after
achievement of final height) to the full adult so-
matic maturation”®?,

Not all adult patients require a GH stimulation
test for diagnosis of GHD. Patients with high prob-
ability of AGHD, as shown in Figure 1, including
those with three or more pituitary deficiencies
and low IGF-1 levels, do not require testing®®. In
fact, low IGF-1 levels in the absence of catabolic
conditions and liver disease are highly indicative
of severe AGHD in patients with hypopituitarism,
especially in those younger than 40 years and BMI
below 25 kg/m?. Nevertheless, two points on IGF-1
measurements should be highlighted: (1) normal
serum IGF-1 level does not exclude AGHD at any
age; (2) there is still a need for normative age and
gender data for IGF-1 levels in different clinical
settings'®® 22, Current algorithm using GH tests
and IGF-1 measurements for biochemical diagnos-
tic approach is summarized in Figure 1, showing
the differences between adult-onset GHD and the
special criteria applied in the transition period.

IMPACT OF GH THERAPY ON AGHD

A growing body of evidence summarized in the
guidelines shows that GH therapy results in clinic-
al benefits for GHD patients at different ages®.
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In the transition period, GH treatment should be
continued in those young adults with persistent
GHD after attaining final height to achieve full
somatic development of bone and muscles. GH
treatment in AGHD improves body composition,
exercise capacity, skeletal integrity and quality of
life (QoL)®®. A meta-analysis of placebo-controlled
trials showed an improvement on cardiovascular
risk markers, including diastolic blood pres-
sure, total cholesterol and LDL-cholesterol®®.
Similarly, other recent meta-analysis found strong
evidence that GH replacement improves exercise
performance in AGHD®, GH therapy is more
likely to benefit those patients who have more
severe clinical and biochemical GHD compared
with those with a less marked disease®®. In fact,
there have been controversies in the therapeutic
indications for GH®% 27, especially related to those
patients with no or minimal impairments®®®. An
important aspect to emphasize is the need to op-
timize replacement therapies for other pituitary
deficiencies before starting GH. For instance, the
avoidance of cortisol over-replacement is funda-
mental to improve some morbidities in patients
with hypopituitarism®,

Physicians should expect a large intra-indi-
vidual variation in the clinical response to GH
therapy in AGHD, which is mainly dependent
on gender, age, BMI, GH dose, and the route of
estrogen replacement in hypopituitary women®"
83U In a collaborative study with the University
of Gothemburg, Sweden, we have recently de-
veloped mathematical models based on clinical
parameters for predicting changes in serum IGF-1
and body composition in response to GH therapy
in AGHD®?, The major clinical predictors in our
models were gender, body height, lean body mass,
and serum insulin levels. In addition, genetic fact-
ors have been investigated as good candidates to
explain the variability on GH responsiveness. We
could not demonstrate any influence of polymor-
phisms of the GH receptor gene in the 12-month
response to GH therapy in AGHD®?. In contrast,
van der Klaauw and co-workers observed a higher
increase in IGF-1 levels, higher increase in high-
density lipoprotein cholesterol, lower decrease in
total cholesterol and lower decrease in low-density
lipoprotein cholesterol in patients bearing at least
one exon 3 deleted-GH receptor (A3GHR) allele at
short-term follow-up (1 yr), but not at long-term
(5 yr), in their group of AGHD patients®®. Thus,
there is a need for additional studies to define
the importance of this polymorphism and oth-

ers genetic factors in the clinical practice, using
pharmacogenetics to optimize the therapeutic
outcomes.

The benefits of GH therapy need to be weighed
against the adverse events, which are dose-depen-
dent and related to the metabolic effects of GH. In
the initial studies of GH replacement, high doses
based on body weight were employed and were
associated with numerous side effects, specially
related to fluid retention — such as paresthesias,
joint stiffness, peripheral edema, arthralgia, my-
algia and carpal tunnel syndrome®. Subsequently,
dosages were reduced, resulting in fewer adverse
events and a safer profile. As a rule, GH therapy
is, nowadays, a well-tolerated therapy for AGHD.
However, special attention with older, heavier and
female AGHD patients is still advisable, because
they are more prone to develop adverse events®®.
AGHD patients are insulin resistant —probably
related to increased adiposity, reduced lean body
mass, and impaired physical performance- which
temporarily worsens when GH treatment is initiat-
ed®. GH treatment appears to be associated with
a slightly increased risk of impaired glucose toler-
ance and diabetes mellitus among AGHD. As a
result, GH treatment needs to be prescribed with
care and close monitoring in patients with a hist-
ory of type 2 diabetes®. GH treatment can also
unmask a preexisting subclinical central hypothyr-
oidism and secondary adrenal insufficiency and,
therefore, free thyroxine and cortisol levels should
be monitored during treatment with GH®®.

Despite the potential role of GH and IGF-1 in
cell proliferation, there is no evidence of increased
recurrence rates of intracranial or extra-cranial
tumors among patients taking GH for AGHD®®,
However, there are no published reports of long-
term studies quantifying the increased risk, if any,
of de novo malignancies, and GH should not be
given to patients with active malignancy®®. On the
other hand, monitoring for cancer development in
GH-treated adults should be the same as for the
general population. A slight excess risk of second
neoplasia among children taking GH has been
described, but no comparable data are available in
adults®3". Certainly, this represents an important
area for future research.

WHICH THERAPEUTIC APPROACH SHOULD
BE USED?

There is broad consensus that GH replacement
therapy in adults should start with a low dose of
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GH, with subsequent dose titration to attain nor-
mal IGF-1 levels®®. At start, it is recommended a
daily dose of 0.2 mg for young men and 0.3 mg for
young women, while in older individuals a dose of
0.1 mg per day is more appropriate to initiate GH
therapy (Figure 2). Patients should administer
GH as a subcutaneous injection in the evening,
at bedtime. Long-acting preparations might of-
fer a possible alternative to daily subcutaneous
injections in the future, but further studies are
needed to better characterize the clinical role and
pharmacokinetics of the long-acting preparations
of GH(38, 39).

The dose of GH should be increased gradually,
individualized, and guided by clinical and bio-
chemic parameters. The main goal is to attain and
maintain normal IGF-1 levels, preferably between
the median and upper limit of the age-related nor-
mal range. However, in a study where a low and
fixed dose of GH was given for one year, we have
shown a positive and significant impact of GH
therapy on body composition, even when IGF-1 lev-
els were not normalized“”. The maintenance dose
of GH shows considerable variation from person to
person depending on various factors, such as age,
sex, adiposity and hormone interactions, to name
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a few®. 3V, For example, women taking exogenous
oral estrogen typically need higher doses of GH.
Therefore, women who require exogenous estro-
gen should be preferably replaced with a non-oral
route of administration. Moreover, any change in
oral estrogen dose requires reevaluation of the GH
dose®- %9, The length of therapy is not well defined,
but if benefits are being clearly achieved, there is
no particular reason to stop treatment. On the
other hand, if there are no apparent or objective
benefits of treatment after at least 1 yr of follow-
up, then the discontinuation of GH therapy seems
appropriate®.

There have been recommendations to use Qol
evaluations as a tool for therapeutic approach in
AGHD. Disease-specific questionnaire such as
“Assessment of GHD in Adults (QoL-AGHDA)”
and general questionnaires, such as “Psychological
General Well-Being (PGWB)” and “Nottingham
Health Profile (NHP)”, have been validated to
measure a variety of health-related, economic, and
social factors“. However, in untreated AGHD,
QoL evaluations have shown a high degree of
variability, from normal to severe impairment,
affecting mainly energy and vitality. As a rule, if
the QoL is normal at baseline, no improvement

GH replacementtherapy
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YoungWomen: 0.3 mg/day
Older Individuals: 0.1 mg/day
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Figure 2. Therapeutic and follow-up procedures for GH replacement therapy in
AGHD. BMI: body mass index; DXA: dual energy X-ray absorptiometry; QoL:
quality of life; BMD: bone mineral density.
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should be expected with GH therapy, while the
degree of improvement is generally proportional
to the deviation from normality®.

HOW TO FOLLOW THE PATIENTS DURING
GH THERAPY?

Regular monitoring of the response to GH is es-
sential (Figure 2). During GH dose adjustments,
clinical assessments, side effects and serum IGF-1
levels should be monitored at intervals of 1 to 2
months. Thereafter, measurement of IGF-I is re-
commended at least once a year to ascertain that
levels are kept in the normal range and below the
upper limit to avoid over-treatment.

Physicians should also measure the changes in
body composition associated with GH treatment.
Simple anthropometry, such as BMI and waist
circumference, can be easily recorded, but ideally,
dual energy X-ray absorptiometry (DXA) should
be employed every year or two to better assess
lean mass and body fat. DXA is also a good tool
for detecting changes in bone mineral density,
but these measurements have to be undertaken
only two years after the initiation of GH therapy.
Cardiovascular risk factors (particularly blood
pressure, lipid profile and glucose) should be meas-
ured every 6 or 12 months. Finally, clinicians are
oriented to monitor health-related QoL outcomes
—such as energy levels, partner satisfaction, sick
days and vitality— by careful anamnesis, to ascert-
ain a comprehensive view of the benefits of GH
treatment®®. Disease-specific questionnaires are
usually used as research tools and they need to be
validated for country, ethnicity and language®“?.

MORTALITY, LONGEVITY AND THE
GH-IGF-1 AXIS

Several animal models with reduced GH and/or
IGF-1 signaling have been shown to have ex-
tended life spans as compared to control siblings.
Interestingly, the lack of GH and/or IGF-1 is
able to keep the animals healthy and disease-
free for longer periods and can alleviate specific
age-related pathologies“?. In addition, a recent
study in a large Brazilian pedigree with familial
isolated GHD due to GHRH receptor mutation
has suggested that longevity is not compromised
by the absence of replacement GH therapy“®. In
contrast, another study done in Switzerland sug-
gested a reduced longevity in untreated patients

with isolated GHD. However, the life span was not
statistically different among controls and the 11
affected subjects who lived in two isolated Swiss
valleys in the late 19th and early 20th centuries“?.
Hence, most of the animal and human studies
showing extended lifespan with good health in
GH and IGF-1 deficiency create a paradox with
the higher cardiovascular mortality associated
with AGHD, which is characterized by increased
abdominal adiposity, insulin resistance, cardiac
dysfunctions and unfavorable lipid profile®®. A
possible explanation for this apparent discrepancy
is the relationship between the GH-IGF-1 axis and
insulin sensitivity. The Brazilian patients with a
specific genetic background showed GHD with
very low, but measurable, GH levels, severe reduc-
tion of serum IGF-I and IGF-I binding protein type
3 (IGFBP-3), with a higher IGF-1/IGFBP-3 ratio,
which might improve insulin action. Similarly,
animal models with GH and/or IGF-1 deficiency
and increased life span also demonstrate normal
insulin sensitivity. In contrast, AGHD patients
with other hypothalamic-pituitary diseases might
have variable degrees of GH and IGF-1 secretion
and insulin-resistance“?® ¥, Thus, future studies
should look more carefully on the relationship
between the GH-IGF-1 axis, insulin sensitivity
and glucose homeostasis.

CLOSING REMARKS

Several guidelines have been published in the
last years which offer the clinicians a pragmatic
approach to the management of AGHD®®, In
addition, several reports in the last decade have
added important information on the efficacy and
safety of long-term follow-ups of AGHD patients
treated or not treated with GH“>%Y, Currently,
adult patients with an evidence of any abnormal-
ity of the hypothalamic-pituitary area should be
considered for evaluation of severe GHD and re-
placement therapy with GH. The ITT test is the
most validated biochemical tool for diagnosis of
AGHD, while the glucagon test is, nowadays, the
best alternative for cases where I'TT is unsuitable
or contra-indicated. However, a low IGF-I level is
sufficient for diagnosis, without the need for ad-
ditional provocative testing, in patients with high
probability of AGHD. GH therapy offers significant
clinical benefits in body composition, exercise ca-
pacity, skeletal integrity, and QoL measurements,
especially for patients with severe clinical and
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biochemical abnormalities. The adverse events
and therapeutic risks are low. Protocols for GH
dosing regimens and for monitoring the therapeu-
tic outcomes are now well-established and easily
available in the guidelines. Nevertheless, there
is still a need for more research in several key
areas, such as a better characterization of partial
AGHD, factors influencing individual variation
in the clinical response to GH therapy, long-term
benefits and risks of GH therapy in relation to
cardiovascular morbidity and mortality, insulin
sensitivity, longevity, and tumor development, as
well as the therapeutic potential of the long-act-
ing preparations of GH. In the transition period,
the educational process should start at the time
of diagnosis in childhood, when the patient and
the family are informed not only about the linear
growth-stimulating effect of GH, but also on its
life-long effects on body composition and metabol-
ism™ 820 Ag recently discussed in a workshop
involving paediatric and adult endocrinologists
from several countries of Latin-America, the op-
timization of care during transition relies on the
establishment of clinical programmes in special-
ized centers formed by multi-disciplinary groups
dedicated to the management of hypopituitarism
and GHD patients®?.
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