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Abstract
Adult growth hormone deficiency (AGHD) is a rare and serious condition associated with significant morbidity, including reduced quality of life, 
and is underdiagnosed and often missed in patients. Although the onset of AGHD can occur in either childhood or adulthood, adult-onset AGHD 
is more difficult to identify as it lacks the auxologic signs caused by GHD during childhood, includes symptoms that tend to be nonspecific, and 
lacks reliable, simple biomarker testing options. A panel of 9 patients with AGHD (3 with childhood onset; 6 with adult onset) was assembled 
to share their first-hand experiences, to help reveal important areas of need, increase health literacy, and to raise awareness about GHD among 
patients, caregivers, and healthcare practitioners. Interviews with patients yielded valuable insights from the patient perspective to supplement 
prior knowledge about AGHD symptomatology, biomarker testing, and treatment outcomes. Some patients described a burdensome and in-
effective screening process that sometimes included many visits to different specialists, repeated rounds of biomarker testing, and, in some 
cases, excessive delays in AGHD diagnosis. All patients expressed frustration with insurance companies that often resist and/or delay treatment 
authorization and reimbursement and frequently require additional testing to verify the diagnosis, often leading to treatment gaps. These find-
ings emphasize the necessity of more efficient identification and screening of patients with possible AGHD, better recognition by clinicians and 
insurance providers of the importance of sustained GH replacement therapy during adulthood, and better patient support for accessing and 
maintaining uninterrupted GH replacement therapy for patients with documented AGHD.
Key Words: childhood-onset growth hormone deficiency, adult-onset growth hormone deficiency, growth hormone replacement therapy, growth hormone 
stimulation testing
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The fundamental importance of growth hormone (GH) 
during adulthood to help maintain proper metabolism, body 
composition, and quality of life may be underappreciated 
because GH is primarily recognized for promoting linear 
growth during childhood and adolescence [1]. Adult GH defi-
ciency (AGHD) is a rare condition that affects approximately 
2 to 3 in 10 000 individuals and can be caused by genetic mu-
tations, developmental abnormalities, traumatic brain injury, 
pituitary or hypothalamic tumors, or surgical or radiologic 
treatments for these or other nearby tumors [1-5]. AGHD can 
be classified as either childhood-onset (CO-AGHD) or adult-
onset (AO-AGHD), which have estimated incidence rates of 2 
in 100 000 and 1 in 100 000 cases per year, respectively [1]. 
Most cases of CO-AGHD are considered idiopathic, although 
known causes include genetic mutations, developmental and/
or structural defects, and hypothalamic–pituitary tumors, 
while AO-AGHD is more likely to be caused by hypothal-
amic–pituitary tumors, traumatic or hemorrhagic brain in-
jury, or infections [1, 6, 7].

Clinicians face several challenges when diagnosing and 
treating AGHD. To better understand these challenges from 

the patient perspective, patients in the United States living 
with AGHD and receiving treatment with GH replacement 
therapy were selected to attend a virtual advisory board 
meeting to share their experiences. Potential attendees iden-
tified through patient networks or advocacy groups were in-
vited by email or fax to be screened for eligibility by Snow, a 
patient engagement company. Inclusion criteria included aged 
18 years and older, a confirmed diagnosis of AGHD due to 
pituitary adenoma/surgery/radiotherapy, traumatic brain in-
jury, and/or multiple pituitary deficiencies, or patients with 
CO-AGHD retested as adults who failed GH stimulation 
testing, and willingness to speak openly about their experi-
ence. Patients without any of the above history or who were 
taking GH to feel better or were being seen in antiaging clinics 
were excluded. A total of 9 patients (3 with CO-AGHD and 
6 with AO-AGHD) who were followed by adult endocrin-
ology experts in AGHD participated in the meeting and were 
interviewed by authors N.K. and K.M.  to obtain first-hand 
insights on living with AGHD and to identify gaps in the cur-
rent clinical model for the diagnosis and treatment of this 
condition. Of the patients with CO-AGHD, 1 had undergone 
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surgery to treat craniopharyngioma, another had partial 
hypopituitarism and hypothyroidism, while the third was 
considered idiopathic. All 3 had a diagnosis confirmed by 
the GH stimulation testing during childhood and received 
treatment with GH until achieving final height, after which 
they resumed GH administration as adults after additional 
GH stimulation testing. The patients with AO-AGHD were 
diagnosed between the ages of 27 and 38 years and had risk 
factors that included multiple pituitary hormone deficiency, 
traumatic brain injury, and pituitary surgery for conditions 
such as pituitary adenoma (n = 3) and Cushing’s syndrome 
(n = 1), and all except 1 patient with multiple pituitary 
hormone deficiency had undergone GH stimulation testing to 
confirm diagnosis. Authors T.M. and D.A., who participated 
in the advisory board, provided additional details about their 
experiences during 1-on-1 recorded interviews.

AGHD Symptomatology
Clinical manifestations of AGHD include cardiovascular 
disease, abdominal obesity, reduced psychological wellbeing, 
and quality of life, and overall effects on health that, for some 
patients, could lead to reduced life expectancy [4, 8-13]. 
However, results of a recent retrospective observational 
study suggest that the severity of AGHD has decreased over 
the past few decades [14]. All patients on the panel who had 
CO-AGHD reported growth failure during childhood, which 
is the cardinal clinical feature leading to a GHD diagnosis 
during childhood [15-17]. Patients with AO-AGHD typically 
lack characteristic physical signs and symptoms that signal 
the possible presence of AGHD, and, rather, tend to experi-
ence common, nonspecific symptoms/conditions such as 
metabolic syndrome, fatigue, general weakness, and central 
obesity [3, 4]. This panoply of symptoms was confirmed by 
patients on the panel based on their reports of fatigue, cen-
tral obesity, weight gain, heat sensitivity, lack of muscle tone 
and/or inability to build muscle, and psychological symptoms 
such as cognitive impairment (feeling “scattered,” lack of 
focus, difficulty retaining information, disorganization), so-
cial isolation, lack of motivation, and depression. When asked 
to identify the most bothersome symptom, some patients re-
ported “crushing fatigue,” which nearly resulted in ending 
employment and obtaining government disability assistance 
for 1 patient. Other patients reported psychological deficits as 
their primary concern for often contributing to damaged or 
failed relationships or producing feelings of being a burden to 
family and friends (Fig. 1).

The Path to Diagnosis
Along with nonspecific symptomatology and lack of obvious 
physical signs, diagnosing AGHD is hampered by diagnostic 
criteria that are often complicated and confusing for practi-
tioners and a need for complex, standardized dynamic testing 
as AGHD has no simple biomarkers that can be detected in 
blood assays [18]. Measuring serum GH levels directly would 
seem like the most sensible approach to identify a deficiency; 
however, the pulsatile release of GH from the pituitary causes 
variations in circulating levels throughout the day, precluding 
a single measurement of serum GH as a reliable biomarker. 
Furthermore, GH levels are affected by the patient’s fluctuating 
physical, nutritional, immunologic, and hormonal states  

[3, 4, 19]. Therefore, provocative (stimulation) tests have been 
developed, during which insulin, glucagon, or the ghrelin re-
ceptor agonist macimorelin can be administered to stimulate 
the release of GH, which is then measured in sequential blood 
samples [1]. However, the use of these tests is limited by high 
administration costs for macimorelin, the need for an infusion 
unit and the long duration of supervision (5 hours) for insulin 
and glucagon stimulation tests, and the potential for side ef-
fects such as severe hypoglycemia with the insulin tolerance 
test, or nausea during the glucagon stimulation test [20, 21].

All the panelists had received GH stimulation testing (1 re-
porting having received 7 tests), and their experiences ranged 
from having no adverse reactions to very negative events that 
included pain, extreme nausea, and repeated painful venous 
blood draws due to difficult venous access (Fig. 1). One of 
the patients with CO-AGHD described stimulation testing as 
being similarly challenging during childhood and adulthood.

A less burdensome approach for assessing GH activity 
could be the measurement of serum insulin-like growth 
factor I (IGF-I), which is influenced by GH activity, but this 
approach is limited because IGF-I levels are also regulated 
by factors other than GH, and up to one-third of patients 
with AGHD have IGF-I levels within the normal range [22]. 
Additionally, the level of measured IGF-I is dependent on the 
assay used [23]. Most panelists had undergone IGF-I meas-
urement at least once, which yielded normal results in at least 
2 patients. However, a low IGF-I level is sufficient for a diag-
nosis of GHD in patients with 3 other pituitary deficiencies 
(secondary hypothyroidism, adrenal insufficiency, and hypo-
gonadism) [1].

The panelists described 2 distinct paths to diagnosis. For 
4 patients (2 with CO-AGHD and 2 with AO-AGHD) who 
had undergone pituitary surgery, testing and diagnosis oc-
curred within 2 to 5 years of their surgery. By contrast, those 
who had chronic symptoms but no obvious landmark event 
to raise suspicion of AGHD experienced an often lengthy 
and difficult diagnostic process when seeking symptom re-
lief, which included multiple consultations with primary care 
physicians, rheumatologists, hematologists, neurologists, 
and/or endocrinologists. Reasons for delay in diagnosis in-
cluded delay in referral to an expert, delay in being evalu-
ated for AGHD, confounding factors for diagnosis such as 
menopausal symptoms, anxiety, or depression, and delay in 
the patient following up for care. For some of these patients, 
the delay between symptom onset and diagnosis exceeded 
10  years, and 2 patients were only referred for GH stimu-
lation testing after discovering from their own independent 
research that they may have AGHD and then advocating for 
testing (Fig. 1).

All panelists reported experiencing a range of emotions 
after eventually receiving the diagnosis of AGHD, from feeling 
overwhelmed by a completely unfamiliar disease to relief for 
having identified a cause for their symptoms and a possibility 
of treatment. Most patients considered their diagnosis as an-
other health challenge to manage, while those who experi-
enced a long, arduous path to diagnosis reported a sense of 
“vindication” after years of being doubted and questioned 
by clinicians about their symptoms. Patients also reported 
varying levels of anxiety and discouragement about practical 
concerns such as the high cost of treatment and anticipated 
struggles with insurance providers to obtain authorization 
and reimbursement.
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Treatment for AGHD
The primary treatment for AGHD is GH replacement with 
recombinant human (rh)GH. This treatment is adminis-
tered subcutaneously once daily, with current guidelines re-
commending a starting dose of 0.3 to 0.4 mg/day for adults 
<30  years of age without diabetes and women on oral es-
trogen therapy and 0.1 to 0.2 mg/day for older patients or 
those with diabetes, previous gestational diabetes, or obesity 
[1] (Fig. 1). Once treatment has commenced, dosing is 

adjusted as necessary based on ongoing clinical monitoring, 
IGF-I testing, and emergent adverse events [19]. Recently, a 
long-acting GH therapy that can be dosed once weekly was 
approved by the FDA in August 2021 for children with GHD 
who are at least 1 year old and weigh at least 11.5 kg. The 
recommended dose is 0.24 mg/kg body weight [24]. Another 
long-acting GH preparation has been approved by the FDA 
for use in adults but has not yet been marketed [25]. These 
long-acting therapies have the potential to reduce the treat-
ment burden for patients with GHD.

Figure 1. The diagnostic path and experiences of patients with AGHD. Events in the diagnostic pathway are outlined in solid boxes, and patient 
experiences and challenges are outlined in dashed boxes. Events/experiences/challenges for patients with CO-AGHD appear in gray; those for patients 
with AO-GHD appear in teal and blue boxes; those that pertain to more than 1 patient group have been shaded to reflect pertinent patient groups. 
AGHD, adult growth hormone deficiency; AO-AGHD, adult-onset growth hormone deficiency; CO-AGHD, childhood-onset growth hormone deficiency; 
GH, growth hormone; IGF-I, insulin-like growth factor I [1, 6, 7].
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The risk–benefit profile of GH replacement therapy for 
adults is well characterized based on many decades of use 
[26]. Benefits include increased bone density and muscle 
mass and improvements in metabolic and cardiac func-
tion, collectively leading to improved body composition, re-
duced cardiovascular risk profile, and better quality of life 
[1, 27-30]. GH replacement, when managed effectively, is 
considered safe for most patients, including those with car-
diovascular disease, remote history of childhood neoplasia, 
or a risk of diabetes [30]. Contraindications to GH replace-
ment therapy for adults include acute critical illness, active 
malignancy, and diabetic retinopathy [31]. Common side 
effects of rhGH administration include peripheral edema, 
joint stiffness, muscle pain, and headache, most of which 
can be ameliorated with dose reductions [30]. Since GH in-
hibits the conversion of cortisone to cortisol, GH therapy 
may lead to secondary adrenal insufficiency, requiring new 
glucocorticoid replacement therapy or an increase in current 
hydrocortisone therapy in some patients. Similarly, initi-
ation of GH therapy may require increases in levothyroxine 
replacement therapy [30, 32], as GH can increase the me-
tabolism of levothyroxine. Although GH does not affect 
gonadal hormone production, oral estrogen therapy will 
inhibit the ability of exogenous GH to stimulate IGF-I. In 
addition, AGHD should not be diagnosed during pregnancy. 
IGF-I levels may be low in AGHD patients during the first 
trimester of pregnancy without changes in GH or IGFBP-3 
(insulin-like growth factor-binding protein 3) levels [32, 33], 
but placental GH stimulates IGF-I production starting in the 
second trimester [34].

GH replacement during pregnancy is not approved by the 
FDA or recommended by clinical practice guidelines [1], al-
though there is no conclusive evidence for or against use in 
pregnant women to date, and real-world use of GH replace-
ment in this population varies between countries [35, 36].

The panelists reported feeling positive overall about GH 
replacement therapy, citing specific improvements such as 
increased energy and motivation, reduced fatigue, improved 
mood and cognitive function (including better focus and 
mental clarity), and improved body composition. One pa-
tient reported that the changes were subtle and not notice-
able until after family and friends had already commented on 
the improvements. Patients reported some disadvantages of 
GH replacement therapy, such as discomfort from the daily 
injections and the need to refrigerate the medication, which 
made traveling difficult. The panelists also reported that, as 
anticipated after receiving the diagnosis, obtaining insurance 
authorization and reimbursement for treatment was their 
greatest challenge, often leaving them feeling “exhausted” 
from “fighting,” and sometimes leading to treatment interrup-
tions for 30 days or more when reauthorization was denied 
(Fig. 1). All panelists agreed that additional patient support 
was “badly” needed to help manage this process.

Clinical Recommendations for the Treatment 
of AGHD
Professional societies, including the American Association of 
Clinical Endocrinology, European Society of Endocrinology, 
Growth Hormone Research Society, and Endocrine Society, 
have published guidelines recommending the use of GH re-
placement therapy for patients with AGHD to improve body 
composition, quality of life, and overall function [1, 6, 7, 37]. 

These clinical recommendations note several unmet needs 
that were also raised by the panelists.

First, the guidelines note that improvements in biochem-
ical testing are needed, including the development of faster 
and more user-friendly GH stimulation tests [1, 6, 7, 37]. 
Currently available tests are expensive and, as described 
above by the panelists, burdensome. This burden could be re-
duced by more targeted and efficient administration of tests. 
For example, the guidelines suggest that stimulation testing is 
not necessary for (1) patients with organic hypothalamic–pi-
tuitary disease and multiple pituitary hormone deficiencies 
with low IGF-I levels, (2) those with genetic or structural 
defects that affect the hypothalamic–pituitary axes and re-
quired GH therapy during childhood, or (3) possibly those 
who underwent treatments such as pituitary adenoma radi-
ation to treat acromegaly who now have low serum IGF-I 
levels [1, 6, 38, 39].

Second, the cost of GH replacement therapy can reach 
$30 000 per year in the United States [1], requiring reimburse-
ment from commercial health insurance for most patients, 
and, as noted, interacting with insurance companies was the 
most unpleasant and exhausting aspect of treatment for pa-
tients. The panelists stated that they would appreciate assist-
ance in this area, possibly from physicians or nurses serving 
as patient advocates, GHD advocacy groups such as the 
Human Growth Foundation [40] or the MAGIC Foundation 
[41], and/or drug manufacturers that could directly provide 
GH replacement therapy to patients during insurance-related 
treatment gaps.

Third, the guidelines recommend further education for 
physicians to increase awareness in several key areas, such 
as the indications and benefits of GH replacement therapy 
for adults and eliminating long-standing misconceptions re-
garding differences between clinically proven AGHD and the 
normal, physiologic decline in GH that occurs with aging 
[1, 19]. The need for increased provider education was evi-
dent based on delays between symptom onset and referral for 
testing for some panelists, particularly those who reported 
GHD going undetected by multiple clinicians, requiring 
self-advocacy to get the testing ordered.

Finally, clinical recommendations also suggest ongoing 
monitoring during GH therapy, as the appropriate duration 
of treatment will vary between patients. Patients who ex-
perience ongoing benefit from GH therapy can remain on 
treatment long-term for many decades, whereas those who 
do not achieve any noticeable benefits after 12 to 18 months 
or even earlier may discontinue treatment with follow-up re-
commended after 6 months to assess whether the patient ex-
perienced any health or functional decline that could warrant 
resuming therapy [1].

Risk of Illicit Use
Despite the benefits of GH replacement therapy for patients 
with AGHD, rhGH has also gained popularity for its pre-
sumed anti-aging, weight loss, and cognitive-enhancing ef-
fects in patients without AGHD, creating the potential for 
misuse despite a lack of scientific evidence of these effects  
[42, 43]. Additionally, potential anabolic effects of GH have 
led to illicit use by athletes, even though there is also a paucity 
of data demonstrating efficacy in this area [44]. Use of GH 
without a prescription or for indications not recognized by 
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the FDA is illegal in the United States, and GH is on the World 
Anti-Doping Agency’s list of banned substances [44]. One pa-
tient on the panel even suggested that the illicit use of GH 
may underlie suspicion among clinicians and/or insurance 
companies about legitimate diagnoses of AGHD, requiring 
patients to undergo more frequent testing to obtain prescrip-
tions, insurance authorization, and reimbursement for rhGH. 
Although the potential for misuse exists, this should not affect 
the treatment of patients who truly have documented GHD.

Conclusion
For some patients with AGHD, the path from symptom 
onset to treatment is complicated and burdensome. The 
first-hand, real-world experiences of patients on the AGHD 
panel, albeit a limited number of patients, revealed many 
important insights, including (1) difficulty for some patients 
getting screened for AGHD, (2) insufficient awareness about 
AGHD among clinicians, leading to extreme delays in diag-
nosis and treatment for some patients, and (3) the possible 
overuse of GH stimulation testing, especially among patients 
with panhypopituitarism, to verify diagnosis for obtaining 
prescription refills and/or insurance authorization for treat-
ment. Sharing the collective voice of patients with AGHD is 
an important step toward greater awareness of the need to 
diagnose and treat AGHD and to improving health literacy 
about AGHD among patients, caregivers, and practitioners 
managing the care of patients living with the condition.
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