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GH secretion is controlled by hypothalamic as well as intrapituitary and peripheral signals, all of
which converge upon the somatotroph, resulting in integrated GH synthesis and secretion. En-
abling an accurate diagnosis of idiopathic adult GH deficiency (IAGHD) is challenged by the pul-
satility of GH secretion, provocative test result variability, and suboptimal GH assay standardiza-
tion. The spectrum between attenuated GH secretion associated with the normal aging process and
with obesity and truly well-defined IAGHD is not distinct and may mislead the diagnosis. Adult-
onset GHD is mainly caused by an acquired pituitary deficiency, commonly including prior head/
neck irradiation, or an expanding pituitary mass causing functional somatotroph compression. To
what extent rare cryptic causes account for those patients seemingly classified as IAGHD is unclear.
About 15% of patients with adult GHD and receiving GH replacement in open-label surveillance
studies are reported as being due to an idiopathic cause. These patients may also reflect a pool of
subjects with an as yet to be determined occult defect, or those with unclear or incomplete medical
histories (including forgotten past sports head injury or motor vehicle accident). Therefore, sub-
maximal diagnostic evaluation likely leads to an inadvertent diagnosis of IAGHD. In these latter
cases, adherence to rigorous biochemical diagnostic criteria and etiology exclusion may result in
reclassification of a subset of these patients to a distinct known acquired etiology, or as GH-replete.
Accordingly, rigorously verified IAGHD likely comprises less than 10% of adult GHD patients, an
already rare disorder. Regardless of etiology, patients with adult GHD, including those with IAGHD,
exhibit a well-defined clinical phenotype including increased fat mass, loss of lean muscle mass,
decreased bone mass, and enhanced cardiac morbidity. Definition of unique efficacy and dosing
parameters for GH replacement and resultant therapeutic efficacy markers in true IAGHD requires
prospective study. (J Clin Endocrinol Metab 98: 2187–2197, 2013)

The biochemical and clinical features of adult-onset GH
deficiency (GHD) and successful GH replacement

therapy are well established (1–6). Nevertheless, impor-
tant challenges inherent in diagnosing idiopathic adult
GHD (IAGHD) and the role of GH replacement and long-
term monitoring of these patients remain controversial
and are discussed below.

GH Secretion and Action

GH is required for appropriate linear growth during child-
hood and adolescence, and the hormone also exerts im-

portant non-growth-related metabolic functions through-
out the adult life span.

The hGH-N gene, coding the 22-kDa (191 aa) GH mol-
ecule, is selectively expressed in pituitary somatotroph cells
under cell-specific transcriptional control. The specific
POUIFI (Pit-1) transcription factor, as well as ubiquitous
proteins (eg, Spl), enable GH synthesis. Both Pit-I re-
cruitment and post-translational RNA polymerase 11
modification are regulated by DNase hypersensitive
sites of the hGH locus control region, enabling abun-
dant pituitary-specific hGH-N transcription (7). The
single chain 191-aa GH molecule is synthesized, stored,
and secreted by somatotroph cells comprising approx-
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imately 45% of all anterior pituitary cells. The normal adult
pituitary gland contains up to 15 mg GH stored mainly in
prominent secretory granules approximately 700 �m in di-
ameter (8). About 10% of secreted GH lacks aa residues
32–46, accounting for a 20-kDa variant (9).

Complex neurogenic and peripheral signals determine
GH secretion (Figure 1). GH synthesis and release are in-

duced by hypothalamic GHRH, signaling through the G
protein-coupled GHRH receptor to induce somatotroph
cAMP, and also by ghrelin, predominantly derived from
the gastrointestinal tract (10). Hypothalamic somatosta-
tin is the primary signal attenuating GH release, mediated
predominantly by somatotroph SSTR2 signaling to block
GH secretion (11). IGF-I, the peripheral target hormone

Figure 1. Hypothalamic pituitary control of GH secretion. Hypothalamic GHRH and somatostatin, which traverse the portal vein, somatotroph-
specific transcription factors, and negative feedback control of IGF-I all participate in regulatory GH synthesis and secretion. Accurate measurement
of pulsatile GH secretion requires ultrasensitive assays. Prop-1, prophet of Pit-1; GHS, GH secretagogs (eg, ghrelin); SRIF, somatostatin.
[Reproduced from S. Melmed: Medical progress: acromegaly. N Engl J Med. 2006;355:2558–2573 (81), with permission. © Massachusetts
Medical Society.]
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forGH,mediatesmost growth-promotingGHactionsand
also participates in negative feedback control, suppressing
GH synthesis and release (12). Peripheral hormones in-
cluding glucocorticoids, estrogen, and thyroid hormone
also signal to regulate GH production.

Episodic GH secretion exhibits diurnal rhythmicity,
and about 65% of total daily GH production occurs at
night, triggered by onset of slow wave sleep. Secretory GH
pulses are interspersed with basal trough secretion, during
which circulating GH is largely undetectable by routine
assays. Accordingly, using conventional immunoassays,
serum GH levels are usually undetectable for more than
half the 24-hour clock period. Declining GH pulse ampli-
tude, rather than frequency, already starts occurring at the
transition to young adulthood (13), and GH continues to
decline thereafter with aging. During adulthood, daily GH
output is approximately 200–600 �g/d, with women ex-
hibiting higher secretion rates (14).

The somatotroph cell integrates multifactorial signals de-
rivedfromthehypothalamus, intrapituitarymilieu,aswellas
the periphery in the complex regulation of pituitary GH se-
cretion. The net result of these positive and negative inputs is
an episodic release of GH characterized by unique secretory
determined by gender (sexual dimorphic patterns), age (at-
tenuation), and sleep (augmentation) patterns (14). These
physiological signals are further influenced by nutritional
factors, especially obesity leading to blunting of GH secre-
tion and malnutrition augmenting GH secretion.

Peripheral GH signaling is mediated by the ubiquitous
GH receptor, a class 1 dimeric cytokine receptor (15) act-
ing predominantly but not exclusively through STAT-5.
Growth-promoting GH properties are mediated mainly
by IGF-I produced largely in the liver. Several additional
mediators, including those required for myoblast fusion
(16) and chondrocyte growth (17) have also recently been
described.

Diagnosis of IAGHD

The propensity by some practitioners for inappropriate
IAGHD diagnosis as a prelude to administering unsafe non-
approved GH supplementation for athletes or the frail el-
derly underscores the need for a stringent diagnostic ap-
proach (18–20). Somatotroph impingement, compression,
inflammation, or vascular insult leads to attenuated GH syn-
thesis and secretion, with the resultant clinical sequelae of
adult hypo-somatotrophism. Acquired causes of adult GHD
are rarely encountered and lead to impaired somatotroph
function (Table 1). Nevertheless, confirming an accurate
adult GHD diagnosis is imperative to qualify a patient for
costly, long-term GH replacement. Thus, the diagnosis of

Table 1. Etiology of Acquired Adult GHD

Adapted from S. Melmed and K. Ho: Pituitary physiology and
diagnostic evaluation. Williams Textbook of Endocrinology (edited by
S. Melmed, K. S. Polonsky, P. Reed Larsen, H. M. Kronenberg), Elsevier,
Philadelphia, PA, 2010 (83), with permission.
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IAGHD in patients with no obvious pituitary lesion repre-
sents an important clinical and societal conundrum for the
endocrinologist (21).

Assessment of “abnormal” GH secretion in the adult
requires an awareness of potential pitfalls because, unlike
for other pituitary hormones (eg, prolactin, TSH), a single
serum GH measurement is not likely to accurately reflect
appropriate somatotroph function. Importantly, GH se-
cretion is pulsatile and is integrated over seconds, minutes,
and hours (13). The challenges of accurately measuring
serum GH levels are further compounded by suboptimal
cross-laboratory and cross-assay harmonization, poor as-
say standardization, and unclear sensitivity cutoff points
(22). Measurement of serum IGF-I as a surrogate marker
of integrated GH secretion, while intuitively appealing,
also does not consistently reflect attenuated GH secretion
because normal IGF-I levels may also be encountered in
adult patients with validated GHD.

The syndrome of adult GHD has been well-docu-
mented since early reports of metabolic and somatic se-
quelae of attenuated adult pituitary GH secretion (1).
However, the diagnosis of the disorder remains challeng-
ing but is clinically important because the approval of
recombinant GH for adult replacement has led to im-
proved morbidities and quality of life for patients with
anterior pituitary somatotroph reserve deficiency. Al-
though most clinical features of adult GHD are nonspe-
cific, including increased fat and decreased lean body
mass, low energy, and mood disorders, the costly diag-
nostic evaluation for GHD should justifiably only be un-
dertaken in patients suspected of disordered hypothalam-
ic-pituitary function (2). In fact, the accuracy of GH
testing in patients exhibiting commonly encountered
GHD symptoms and signs is strongly determined by ap-
propriate pretesting determination of those patients likely
to exhibit compromised somatotroph function.

Rigorous prescreening criteria have been proposed,
and these require careful clinical evaluation including ob-
taining an exhaustive history with careful medical record
assessment (Table 2). The currently accepted approach for
investigation of adult patients for GH status should be
limited to these cohorts (23):

• Young adult patients, having received prior GH ther-
apy for childhood GHD to maximize linear growth,
now requiring retesting as adults to confirm the GHD
diagnosis (24, 25).

• Those patients who have undergone surgery or radia-
tion therapy for a pituitary or brain lesion. GH secre-
tion is impaired in approximately 50% of brain tumor
patients, likely as a consequence of surgery and radia-
tion (26, 27).

• Patients harboring a known hypothalamic-pituitary le-
sion, including pituitary adenoma, craniopharyngi-
oma, cyst, hypothalamic tumor, or rare mass due to
secondary tumor metastasis.

• Those patients who may have experienced compro-
mised functional pituitary integrity due to prior motor
vehicle accident, with head trauma, contact sports in-
jury, treatment of a brain lesion, or cerebrovascular
accident (28).

• Those patients with systemic illness known to also im-
pact the hypothalamic-pituitary axis including a gran-
ulomatous disorder, viral, bacterial, or fungal infec-
tions, or malignancy.

Unless 1 of the above conditions is met, provocative GH
testing should be avoided in adult patients presenting with
generalized complaints of weakness, frailty, lethargy, or
abdominal obesity. It is likely that adherence to this strin-
gent prescreening approach greatly diminishes the number
of patients with a misleading diagnosis of IAGHD and,
consequently, leads to reduced numbers of patients receiv-
ing inappropriate GH replacement.

Although good clinical practice clearly requires a diag-
nosis to be considered if deemed appropriate, these well-
accepted screening filters for appropriate yet costly diag-
nostic evaluation may in fact be counterintuitive to ever
establishing a diagnosis of truly IAGHD.

Biochemical Testing for IAGHD

Distinguishing IAGHD patients from normal pituitary-
replete patients may be difficult, and the diagnosis may

Table 2. Idiopathic Acquired Adult GHD: Enhancing
Diagnostic Precision

Exhaustive History Age
Childhood health
Brain tumor
Motor vehicle accident or other trauma
Contact sports
Cerebrovascular thrombosis or
hemorrhage
Mood disorder
Hyperparathyroidism

Physical examination Body weight
Abdominal obesity
BMI

Pituitary MRI Subtle changes
Partially empty sella
Stalk integrity
New lesion development

Biochemical 2 GH stimulation tests
IGF-I (age-matched)
Pituitary antibodies

Abbreviation: MRI, magnetic resonance imaging. Listed factors are
often subtle clues that may trigger a more precise diagnostic
evaluation for GHD.
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entail several clinical and biochemical pitfalls. Because
IAGHD may be inadvertently diagnosed after submaxi-
mal diagnostic evaluation, rigorous diagnosis requires
demonstration of an appropriately blunted GH response
to at least 2 provocative tests. Although insulin-induced
hypoglycemia (ITT) is the reference “gold standard” for
diagnosis of GHD, GHRH � arginine, GHRH � GH-
releasing peptide, GH-releasing peptide and glucagon are
also commonly employed (2, 4, 29, 30). The ITT is not
used in patients with known seizure disorders or those
with atherosclerotic coronary artery disease. GHRH-ar-
ginine is better tolerated, although supply difficulties in
the United States have prompted the use of glucagon as an
alternative GH secretagog (31).

Using a sensitive immunochemiluminescent 2-site GH
assay, specific and sensitive GH cutoff values after ITT and
GHRH-arginine testing for adult GHD were 5.1 and 4.1
�g/L, respectively, with a 96% sensitivity and 92% spec-
ificity as assessed by receiver operating characteristic anal-
ysis (32). Other proposed cutoffs for GHD diagnosis are
� 3 �g/L for the ITT and � 9 �g/L for GHRH-arginine
testing, and an evoked GH of � 15 �g/dL accurately dis-
criminated between GHD and healthy adults (33). In a
recent multicenter, randomized, open-label study of 69
subjects using a rigorously newly calibrated GH assay,
GHRH-arginine stimulation results were highly repro-
ducible, with 95% specificity cutoff at 3.67–4.96 �g/L, as
compared with 5.17 to 6.46 �g/L for the ITT (30). Factors
that may lead to misleading biochemical diagnosis of at-
tenuated GH secretion, as evidenced by blunted evoked
GH responses, include body mass index (BMI), age, and
oral estrogen ingestion. In fact, when using the Arg-
GHRH stimulation test, abdominal obesity per se appears
to be a stronger confounder of elicited GH levels than BMI
or age (34–36). For pituitary-replete patients who are
obese, or those with relative abdominal obesity, GH re-
sponses to stimulation testingareusuallyblunted,whereas
IGF-I levels are usually normal. Importantly, peak GH
levels elicited by Arg-GHRH were shown to be blunted by
1 �g/L for each 1-cm increase in waist circumference (36).
It is as yet unclear whether these observations reflect im-
paired GH production and subsequent hyposoma-
totrophic metabolic sequelae, or whether the blunted stim-
ulation signal is a specific feature of obesity. Accordingly,
the presumptive diagnosis of IAGHD requires strong dis-
tinguishing evidence in obese patients (29).

Because the somatotroph axis is attenuated with age,
especially in men, the use of random GH measurements
may lead to an inadvertent diagnosis of IAGHD and
subsequent inappropriate GH replacement in pa-
tients � 50 years old (29, 37). With aging, spontaneous
GH secretion becomes less pulsatile with decreased GH

bursts, and peak GH responses to secretagogs are also
blunted. Interestingly, although IGF-I levels also decline
with aging, liver IGF-I responses to administered GH
appear appropriate, suggesting intact age-associated
peripheral GH sensitivity (38).

Normal aging is associated with development of ab-
dominal adiposity, decreased lean body mass, loss of bone
mineral density, and hyperinsulinemia, and some have as-
cribed these features to a state of GHD associated with
aging. Accordingly, these commonly encountered pheno-
typic features render the diagnosis of IAGHD difficult in
adults aged � 50 years. In addition, age-related abdominal
fat mass and hyperinsulinemia are associated with further
age-related declines in GH secretion (39). Whether or not
decreased GH levels associated with aging are beneficial to
overall health and well-being remains controversial (40).
In fact, in a unique transgenic mouse model of selective
somatotroph ablation, recapitulating the disorder of iso-
lated GHD, insulin sensitivity was actually enhanced in-
dependently of diet (41).

To avoid the challenges of false-positive evoked GH
response errors measurement of IGF-I levels is also re-
quired to rigorously inform adult GHD diagnosis. The
finding of a low age-matched IGF-I level increases the like-
lihood of the diagnosis, especially in the face of obesity (4).
However, the finding of a normal age-matched IGF-I level
does not necessarily exclude the diagnosis of adult GHD;
a low IGF-I level in the presence of 3 or more pituitary
hormone deficiencies is highly suggestive of GHD without
the requirement to resort to GH reserve testing (42).

In light of the current propensity for inappropriate
adult GH prescriptions (19), the diagnosis of IAGHD
should only be made in those patients with attenuated
GH response to at least 2 stimulation agents. Using 2
provocative tests partially mitigates the significant
false-positive error rate in GH levels evoked by a single
stimulation test (4).

The description of the adult GHD syndrome was rig-
orously defined in 1992 (1, 43, 44). In the observational
HYPOCCS database, the proportion of adults reported
with acquired GHD due to an idiopathic cause in-
creased from 13.9 to 19.3% in the decade between 1996
and 2005 (5) (Figure 2). In the KIMS observational
study, about 10% of adult GHD patients were classified
as idiopathic (6). Subsequently, the rise of IAGHD to
16% of adult GHD patients was ascribed to regional
differences ranging from 2.6% in The Netherlands to
65% in the United Kingdom; 57% of US patients were
classified as IAGHD, whereas only 20% harbored a
pituitary adenoma (45). In more recent studies, using
ITT and GHRH � arginine testing, IAGHD was re-
ported in 7% of patients in the Dutch National Registry
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(46) and in 13% of adult GHD patients in Sweden (47).
In other studies, idiopathic GHD was reported in ap-
proximately 13% of subjects (48 –50). Results of these
heterogeneous global population studies could imply
that with increasing awareness of adult GHD and en-
hanced access to adult GH replacement, the diagnosis of
GHD may have been based on drug package insert rec-
ommendations, ie, the result of an elicited GH response
to a single provocative test, without rigorously pre-
screening patients for clinical signs of GHD, or for those
with known pituitary lesions. Furthermore, patients
with increased central adiposity may have exhibited
blunted GH responses and been inadvertently included
in published observational studies (3, 5, 6, 51, 52). Im-
portantly, adherence to rigorous biochemical diagnos-
tic criteria as proposed by The Endocrine Society Guide-
lines (4) may not have been universally applied in
published reports of earlier open-label surveillance
studies (5, 6). Accordingly, neither the diagnosis of
IAGHD nor the justification for GH replacement in
these adult patients with apparent IAGHD would yet
appear to be compellingly documented.

Exclusion of Known Acquired GHD
Etiologies to Establish the Diagnosis
of IAGHD

The causes of acquired adult GHD are rare (Table 1), and
an idiopathic etiology for proven adult GHD should be
excluded in a subset of these patients (53). Pituitary ade-
nomas and parasellar masses and their attendant thera-
pies, including surgery and radiation, account for approx-
imately 80% of documented acquired GHD causes.
Especially, because the peripheral clinical phenotype for
all causes of acquired adult-onset GHD is quite similar, no

distinctive clinical marker points to an idiopathic etiology,
and importantly, adult height will already be attained in
most of these patients. To enhance the probability of de-
riving accurate biochemical test results to enable the very
rare diagnosis of IAGHD, exclusion of clinically apparent
causes should be undertaken by conducting a comprehen-
sive clinical history to elicit evidence for prior events that
may have long been forgotten by the patient (Table 2).
Thus, a past motor vehicle accident with head injury, con-
tact sports injury, excessive postpartum hemorrhage, and
childhood head or neck irradiation are important condi-
tions to exclude. Patients with traumatic brain injury, as
well as those undergoing brain injury rehabilitation, are
prone to GHD (28, 54–56). Competitive contact sports
participation, especially boxing and football, have been
unmasked as important factors contributing to adult
GHD (57).

Several causes of acquired adult GHD have more re-
cently been reported, and patients with these newly un-
masked causes of adult GHD would heretofore have been
classified as IAGHD. For example, GHD has been re-
ported by 1 group in patients with primary hyperparathy-
roidism (58) and also after subarachnoid hemorrhage
(56). High titers of antipituitary antibodies have been ob-
served in patients with autoimmune endocrine disease
who also exhibit features of adult GHD. Thus, using an
indirect immunofluorescent assay, 4 of 20 adult patients
with selective “idiopathic” GHD exhibited high serum
antibody titers directed against pituitary membranes (59,
60). More recently, specific circulating autoantibodies to
PIT-1 were reported in 3 adults with combined GH, pro-
lactin, and TSH deficiency (61). These adult patients were
of normal height, suggesting an acquired etiology for this
heretofore cryptic cause of adult pituitary failure. Inter-
estingly, the circulating PIT-1 antibody has been postu-
lated to exhibit cellular toxicity and may actually partic-
ipate in the pathogenesis of somatotroph failure in these
very rarely encountered patients (61). Subtle structural
bony or soft tissue parasellar magnetic resonance imaging
changes (eg, partially empty sella) associated with GHD
may also be overlooked (62, 63). Thus, a category of truly
“idiopathic” etiology could reflect a shrinking knowledge
gap between newly discovered cryptic GHD causes and
those yet to be unmasked.

The Spectrum of Adult GHD

Broadly, adult GHD is usually a consequence of clear-cut
hypothalamic-pituitary disease or persistence of a congen-
ital or genetic childhood disorder (64). However, pituitary
failure is evidently a dynamic continuum where a spec-

Figure 2. Proportion of patients with various etiologies of GHD in the
HYPOCCS surveillance study. The mean percentages for each etiology
are shown by 2-yr intervals across the decade. [Modified from S. M.
Webb et al: Changing patterns of the adult growth hormone
deficiency diagnosis documented in a decade-long global surveillance
database. J Clin Endocrinol Metab. 2009;94:392–399 (5), with
permission. © The Endocrine Society.]
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trum of new hormone deficits may manifest years after an
initial diagnosis of purported IAGHD. A state of “partial
GHD” has been described with intermediate elicited GH
responses ranging between values obtained in normal sub-
jects and those defined as truly GH deficient. The pheno-
type of this group includes excess abdominal fat mass,
reduced lean body mass, altered cardiac function and in-
sulin resistance, all features indistinguishable, except for
the degree of severity, from those of adult GHD (53).
Thus, the continuum of somatotroph-replete patients may
also comprise a subset who are GH “insufficient” and may
yet evolve to develop full-fledged adult GHD (53). Impor-
tantly, as the cohort studied included those with a history
of pituitary damage, these patients cannot be classified as
IAGHD.

Because the somatotroph cell is most sensitive to early
pituitary insults, including trauma, radiation, and gland
compression, adult GHD usually precedes development of
multiple pituitary hormone deficits, including more read-
ily recognizable gonadal, thyroid, or adrenal failure (65)
(Figure 3). These patients may reflect those in whom a
pituitary insult is evolving, such as is observed responding
to prior radiation. Accordingly, the likelihood of adult
GHD already being present in patients with known mul-
tiple pituitary hormone failure is high (42). Conversion of
one third of patients with isolated GHD to multiple pitu-
itary hormone failure was observed over a period of 6

years after initiating GH therapy. This phenomenon oc-
curred independently of ultimately determined GHD eti-
ology, patient age, or history of pituitary surgery or radi-
ation (52). Nevertheless, because no studies have
prospectively documented the timeline for conversion of
idiopathic/isolated GHD to multiple pituitary hormone
failure, it is unclear how many reported cases of IAGHD
are actually precursors to an evolving continuum of mul-
tiple pituitary hormone deficits (52). The benefits of GH
replacement are also unclear in patients who exhibit clear-
cut GHD as established by biochemical testing, but who
have normal IGF-I levels and intact gonadal, thyroid, and
adrenal anterior pituitary trophic reserves.

GH Replacement for IAGHD

In the United States, adult GH replacement is approved
for acquired pituitary deficiency or for proven prior
childhood-onset GHD. GH replacement therapy should
only be offered to those patients rigorously diagnosed
by evidence-based criteria as being GH-deficient and in
whom a clear etiology for the disorder has been estab-
lished (18, 23). GH is also approved for treating AIDS-
related muscle wasting in adults. Adult GH replacement
protocols should ideally be individualized, with titra-
tion of initial low GH doses determined by clinical re-
sponses, IGF-I levels maintained in the mid-normal
range, and side-effect frequency and severity. Patients
should be monitored every 2 months during dose titra-
tion. Thereafter, clinical evaluation and IGF-I measure-
ments should be undertaken every 6 months. Frequency
of bone density assessments and cardiac monitoring is
determined by clinical judgment.

In patients fulfilling the clinical and diagnostic cri-
teria described above for GHD, physiological GH re-
placement reverses several related comorbidities, in-
cluding improving quality of life, enhancing lean body
mass, improving cardiovascular function and exercise
capacity, and increasing bone density (3, 51, 66, 67)
(Table 3). However, neither the benefits nor the safety
of GH replacement in adults without a rigorous GHD
diagnosis has been effectively evaluated. GH has also
been extensively used by athletes in an attempt to en-
hance performance (68). When administered to healthy
athletes, GH may moderately enhance muscle strength
and maximal O2 consumption (VO2 max) (69, 70) and
enhance sprint capacity by 4% (71), as well as increase
anaerobic capacity. These modest effects should be
placed in the context of the potential side effects of
sustained high-dose GH abuse leading to adverse ef-
fects, including ultimately the spectrum of comorbidi-

Figure 3. Life-table analysis indicating probabilities of initially normal
hypothalamic-pituitary-target gland axes remaining normal after
radiotherapy (3750–4250 cGy). GH secretion is the most sensitive of
the anterior pituitary hormones to effects of external radiotherapy, and
GHD precedes development of ACTH, LH, FSH, and TSH hormone
deficiencies. [Modified from M. D. Littley et al: Hypopituitarism
following external radiotherapy for pituitary tumours in adults. Q
J Med. 1989;70:145–160 (82), with permission. © Association of
Physicians of Great Britain and Ireland.]
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ties associated with acromegaly (72, 73). Thus, GH
abuse by athletes or inappropriate GH administration
to pituitary-replete subjects entails a significant health
risk (74). Dose-dependent side effects of GH replace-
ment to truly GH-deficient adults are reported in up to
30% of patients and include arthralgia, myalgias,
edema, paresthesia and carpal tunnel syndrome (3, 75),
sleep apnea, insomnia, and dyspnea (76). The long-term
safety profile for new cancers and diabetes in GHD
adults appears favorable, but it is currently being fur-
ther assessed in long-term surveillance studies (6, 77,
78). However, in GH-replete subjects, inappropriate
GH administration may cause edema, sweating, fatigue,
and in higher doses, diabetes and cardiac dysfunction
(79, 80) (Figure 4). Because the endogenous endocrine
milieu in GH-replete adults likely differs from truly pi-
tuitary-deficient patients, the nature of GH-related side
effects in patients not fulfilling criteria for GHD is not
clearly understood. Given the above risks, the diagnosis
of “idiopathic” adult GHD may be inadvertently made
to justify unapproved and unsafe GH use in athletes,
elderly, or frail patients (20). Because GH administra-
tion enhances lean body mass and causes fat loss, the use

of GH to reverse, halt, or decelerate age-associated sar-
copenia and frailty is tempting, and has been proposed
as an unapproved use (19). Because the classification of
elderly patients as IAGHD may in fact be misleading
because GH and/or IGF-I levels normally are attenuated
with aging, adherence to rigorous clinical and biochem-
ical criteria, as well as age-matched IGF-I values, should
clearly distinguish truly idiopathic GHD patients from
pituitary-replete aged or frail patients.

Identification of IAGHD patients most likely to ben-
efit from GH is as yet unclear. Given the stringent chal-
lenges and costs in establishing the diagnosis of IAGHD
as outlined above, the justification for replacing GH to
these patients requires a measured assessment of both
clinical and financial cost– benefit. Evidence supporting
cost-effectiveness of long-term adult GH replacement
also does not clearly distinguish benefits of GH for es-
tablished adult GHD vs such patients with milder or
idiopathic deficiencies (18). In fact, published clinical
efficacy studies for GH replacement do not uniformly
address the distinctive “idiopathic” adult GHD patient
(3, 51). Of concern is that prospective studies will be
difficult to design because rigorously defined treatment
efficacy endpoints are challenging to define for IAGHD
patients and the condition is rare. Accordingly, the un-
approved and illegal (in the United States) use of GH for
patients inaccurately diagnosed as IAGHD should not
be proposed at this time.

Conclusions

The pathogenesis of true IAGHD as reflected by an un-
known cause for compromised somatotroph function re-

Figure 4. Summary of side effects reported in double-blind, placebo-
controlled studies in healthy subjects of GH administration for 4–12
weeks with median GH dose of 40 �g/kg�/d. Data are presented as a
range of percentages of the subjects reporting side effects during GH
and placebo administration (20). [Reproduced with permission.]

Table 3. Adult GHD

Clinical Consequence
Effect of GH
Replacement

Body composition
General and central adiposity Decrease
Reduce lean mass Increase
Reduced bone mass Increase

Function
Reduced exercise capacity Improve
Muscle weakness Improve
Impaired cardiac function Improve
Hypohydrosis Improve

Quality of life
Low mood Improve
Fatigue Improve
Low motivation Improve
Reduced satisfaction Improve

Cardiovascular risk profile
Abnormal lipid profile Improve
Insulin resistance Improves in

long term
Inflammatory markers Decrease
Intimal media thickening Decrease
Cardiovascular and cerebrovascular events Unknown

Laboratory
Blunted peak GH to stimulation
Low IGF-I Increase
Hyperinsulinemia Increase
High LDL- and low HDL-cholesterol Improve

Longevity Unknown

Modified from S. Melmed and K. Ho: Pituitary physiology and
diagnostic evaluation. Williams Textbook of Endocrinology (edited by
S. Melmed, K. S. Polonsky, P. Reed Larsen, H. M. Kronenberg), Elsevier,
Philadelphia, PA, 2010 (83), with permission.
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mains enigmatic. Understanding acquired mechanisms
underlying idiopathic somatotroph failure is also chal-
lenged by the heterogeneous pattern of “normal” GH se-
cretion, which reflects a dynamic pulsatility. Attenuation
of GH secretion with age further confounds the diagnosis
of an idiopathic nonphysiological cause of blunted adult
GH secretion. It is also apparent that somatotroph failure
may not be an “all or none” phenomenon, but rather a
graded spectrum of incipient “subclinical somatotroph
failure” (23) eventually followed by total pituitary gland
shutdown. Because insights gleaned from careful genetic,
biochemical, immunological, pathological, and clinical
observations have resulted in an earlier awareness of both
presentation and causes of early pituitary failure, it is not
inconceivable that with time, the number of patients bear-
ing the stringent diagnosis of IAGHD will continue to
shrink as the etiology of more heretofore cryptic acquired
causes is unmasked. Application of rigorous criteria for
diagnosing true IAGHD is compounded by the need for
justifying rational, evidence- and value-driven adult GH
replacement regimens.
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