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Abstract: Male hypogonadism is an increasingly prevalent clinical condition that affects patients’ quality
of life and overall health. Obesity and metabolic syndrome can both cause and result from hypogonadism.
Although testosterone remains the gold standard for hypogonadism management, its benefits are not always
conserved across different populations, especially with regards to changes in body composition. Partially
in response to this, growth hormone secretagogues (GHS) have emerged as a potential novel adjunctive
therapy for some of the symptoms of hypogonadism, although current data on their clinical efficacy largely
remain lacking. The present review examines the existing literature on the use of GHS and explores their
potential complementary role in the management of hypogonadal and eugonadal males with metabolic
syndrome or subclinical hypogonadism (SH). The GHS that will be discussed include sermorelin, growth
hormone-releasing peptides (GHRP)-2, GHRP-6, ibutamoren, and ipamorelin. All are potent GH and
IGF-1 stimulators that can significantly improve body composition while ameliorating specific hypogonadal
symptoms including fat gain and muscular atrophy. However, a paucity of data examining the clinical
effects of these compounds currently limits our understanding of GHS’ role in the treatment of men with

hypogonadism, but does open opportunities for future investigation.
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Introduction and a host of other metabolic disturbances (1,2).

. . Male obesity is intrinsically linked to hypogonadism.
Testosterone is an essential hormone for male sexual, y y ypog

mental, and physical development in addition to ongoing Hypogonadal men are susceptible to more rapid fat

health. Hypogonadism is a clinical syndrome that is accumulation which can lead to obesity. In turn, obese men

characterized by low serum testosterone levels that are are at an increased risk for hypogonadism given that adipose
found in conjunction with clinical symptoms including tissue contains aromatase which converts testosterone to
decreased libido, reduced bone mass, increased fat mass, estradiol. This conversion then leads to a hyper-estrogenic
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state that inhibits luteinizing (LH) secretion, undermining
intrinsic testicular health and stifling testosterone
production (3).

A number of studies have shown that hypogonadism
occurs more commonly in men with hypertension, obesity,
diabetes, or hypercholesterolemia, and that obese men are
more than twice as likely to develop hypogonadism than
their nonobese counterparts (4,5). Conversely, men with
low total and free testosterone levels are more likely to have
metabolic syndrome with accompanying abdominal obesity
and diabetes (6,7). The initial physiologic changes that
precede hypogonadism have been described as “subclinical
hypogonadism” (SH), a metabolic condition in which
gonadal dysfunction is present, but not yet clinically evident
due to compensatory increases in LH or other detectable
changes in the absence of clinical signs or symptoms (8).
It has been postulated that early intervention in patients
with SH may prevent the progression of this deleterious
metabolic derangement.

"Testosterone therapy (T'Th) remains the gold standard
treatment for hypogonadism. It can improve sexual
function, reduce visceral fat, increase lean body mass, and
improve bone health, among other benefits (9,10). Although
the positives of T'Th are seen in most patients, emerging
evidence suggests that the extent of these improvements
may vary significantly between patient populations (11-13).
In a recent meta-analysis of 16 trials of hypogonadal
men receiving TTh, Guo et 4l. found that although TTh
led to increased lean body mass and a reduction in total
cholesterol levels, the observed decrease in fat mass was not
significant. The authors also failed to observe changes in
body weight, body mass index (BMI), or bone density (14).
Cai er al. then conducted a separate meta-analysis examining
5 randomized control trials of hypogonadal men with type
2 diabetes receiving TTh. Though the men receiving
TTh did demonstrate lower fasting glucose levels, and the
breakdown between patients’ fat loss and muscle gain was
unclear, researchers failed to observe significant total body
weight changes in comparison to the control groups (15).
These findings highlight the fact that although TTh can
improve lean body mass and other essential metabolic
parameters, it may not inhibit fat mass increases that are
seen with metabolic syndrome.

Growth hormone (GH) offers a method of treatment
that can further address body composition independent of
the androgen-dependent gonadal axis. GH therapy has been
shown to improve lean body mass, decrease adiposity, and
improve serum lipid profiles (16,17). In 2012, Hazem et al.
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conducted a meta-analysis of 54 randomized control trials
of patients receiving GH therapy and found GH therapy to
be associated with a significant reduction in adiposity and
overall weight while potentiating increases in lean mass (18).
Although these findings offer promise to hypogonadal
men struggling with weight loss despite adequate TTh,
GH therapy remains controversial and is tightly regulated.
Side effects include joint stiffness, radiculopathy, edema,
and a theoretical but never-demonstrated increased risk of
malignancy. The 1988 and 1990 amendments to the Food,
Drug and Cosmetic Act made it illegal to use GH in the
United States for off-label conditions due to advertising
that claimed GH can reverse the effects of aging. The
widespread use of GH therapy as a performance-enhancing
agent by multiple high-profile athletes further accelerated
the implementation of these amendments (19).

As a result of these controversies and limitations, a new
class of drugs known as growth hormone secretagogues
(GHS) (1able I) has emerged as a potential alternative to
GH therapy. These compounds appear to possess many of
the same beneficial effects as those seen with GH therapy
itself while demonstrating none of the same adverse side
effects or regulatory concerns. The GHS consist of a variety
of synthetic peptide or non-peptide agents that stimulate
endogenous GH release. This is achieved via direct growth
hormone release hormone (GHRH) mimicry or through
interactions with ghrelin/growth hormone secretagogue
receptors (GHS-R) distinct from the classical hypothalamic-
pituitary-somatotropic axis (20). Studies have shown that
treatment with GHS can similarly increase serum GH
and IGF-1 levels up to those observed with recombinant
GH therapy with comparable fat loss and lean mass gain.
Notably, certain GHS can uniquely stimulate the physiologic
pulsatile GH secretion observed in vivo; this in contrast
to exogenous GH therapy which often leads to persistent
supra-therapeutic serum levels of GH. Consequently, GHS
administration has the potential to convey many of the
same benefits traditionally associated with recombinant GH
therapy with substantially less risk (21,22). In this review, we
examine the literature assessing the use of GHS to explore
their potential as adjunctive or alternative therapies in

hypogonadal males and men with SH.

Sermorelin

Sermorelin [GHRH-(1-29)], is the “prototypical” GHS,
as it is a GHRH analog derived from the first 29 amino
acids of the GHRH protein (23). Sermorelin impacts the
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Table 1 Growth hormone secretagogues: key characteristics
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Growth hormone Administration Half-life Known target receptors Proposed clinical use

Sermorelin Subcutaneous 10-20 min GHRH receptor Lean mass gain

GHRP-2 Subcutaneous 25-55 min GHSR-1a Lean mass gain, fat loss
CD36

GHRP-6 Subcutaneous 2-3h GHSR-1a Potent appetite stimulator
CD36

Ibutamoren Oral 5-6 h GHSR-1a Lean mass gain

Ipamorelin Subcutaneous 1.5-2.5h GHSR-1a Total weight gain

hypothalamic-pituitary-somatotropic axis, unlike other
GHS which function via the ghrelin/GHS-R pathway.
GHRH receptor activation leads to cAMP production via
the G, protein/adenylate cyclase and mitogen-activated
protein kinase pathways (24).

Sermorelin has been employed in both the diagnosis
and treatment of GH deficiency although there is limited
research on its use in the setting of hypogonadism (23).
Gelander et al. evaluated the short-term effects of 1 mg
sermorelin and GHRH 1-40 injections on GH, IGF-1,
prolactin, follicle-stimulating hormone (FSH), and LH
levels in short children with pulsatile GH secretion (25).
Participants were non-randomly allocated into 2 groups.
One group was first treated with sermorelin followed by
GHRH 1-40 with a one-week interval between treatments.
The other group received both peptides in reverse order.
It was noted that both peptides increased GH by a similar
magnitude; however, sermorelin also produced small acute
rises in prolactin, FSH, and LH. These findings revealed
that sermorelin promotes changes in GH levels similar to
those observed with endogenous GHRH. Simultaneously,
sermorelin uniquely stimulated both FSH and LH release,
implying a potential role in the treatment of hypogonadism
via the stimulation of endogenous testosterone production.
Consistent with this observation, in a later study examining
GH-deficient rats, sermorelin therapy was shown to result
in an increase in testosterone secretion (26).

Corpas et al. evaluated sermorelin’s effects on GH and
IGF-1 levels in 9 young men 22 to 33 years old and 10
elderly men 60 to 78 years old (27). All 10 elderly men were
given 14 days of twice daily injections of either low (0.5 mg)
or high dose (I mg) sermorelin which was then held for
14 days before being restarted for another 14-day period.
Measured outcomes included serum GH, IGF-1, IGFBP-3,
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and testosterone levels in addition to body weight, BMI, and
waist-hip ratio. In the elderly men, high-dose sermorelin
treatment elevated mean 24-h GH, peak GH amplitude,
and GH area under the peaks. The older men had lower
baseline IGF-1 levels when compared to the younger men
but sermorelin treatment resulted in elevations in IGF-1
in a dose-response fashion to levels approaching those
of the younger men. In addition, the elevations in IGF-
1 remained above baseline levels in the elderly men even
2 weeks after stopping sermorelin, suggesting that
sermorelin can produce longer lasting effects. Compared
to baseline, the mean peak GH secretory responses were
significantly increased in elderly men at both low and high
doses.

No significant correlations were observed between total
body weight and sermorelin treatment, but the study did not
account for concurrent fat loss and muscle gain. Consistent
with this, patients’ waist-hip ratio and GH peak following
sermorelin actually showed an age-independent inverse
correlation. Additionally, in elderly men, serum testosterone
levels were positively correlated with 24-h mean GH levels
although it should be noted that these improvements in
testosterone were not statistically significant. The authors
also observed that the areas under GH peaks at night were
significantly higher than those during the day for both
young and elderly men, confirming that the majority of GH
release occurs at night irrespective of age. These findings
highlight that sermorelin is an effective stimulator of GH
and IGF-1 levels in elderly men with reduced IGF-1 levels.

Vittone et al. conducted a prospective study to analyze
the effects of once nightly injections of sermorelin in
healthy elderly men (28). A total of 11 men aged 64 to
76 years were given 2 mg of subcutaneous sermorelin

nightly for 6 weeks. Following this, GH, IGF-1, skeletal
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muscle function, body composition, and endocrine-
metabolic functions were measured as outcomes. Sermorelin
therapy almost doubled the 12-h mean amount of GH
released, but no significant changes to mean peak amplitude
and number of peaks were observed. Essentially, sermorelin
was found to augment the duration of rhythmic GH release
without pushing serum levels above physiologic norms.
Analysis of the nocturnal GH production showed that this
increase in GH release was limited to approximately 2 h
after sermorelin administration. Interestingly, the authors
observed that IGF-1 levels did not significantly increase at
2 or 6 weeks of nightly treatment, while the Corpas study
showed significant increases in IGF-1 with twice daily
treatment. This suggests that the timing and frequency
of sermorelin treatment significantly affects IGF-1
levels, with a higher frequency of administration resulting
in more significant IGF-1 increases. With regards to body
composition, this study failed to observe any significant
changes of body weight, BMI, waist-hip ratio, lean body
mass, or percent total fat mass. Sermorelin did however lead
to significant improvements in 2 of the 6 muscle strength
tests and the abdominal crunch, a test of muscle endurance.
However, as with the Corpas et /. study, no significant
changes in testosterone levels were observed. Interestingly,
a decrease in mean systolic blood pressure was observed as
an effect of sermorelin treatment. These findings support
the conclusion that sermorelin can stimulate GH and IGF-1
secretion, but that this is dependent both on the frequency
of dosing and the timing of serum hormone measurement.
Similar to the study above, Khorram et 4/. conducted a
single-blind randomized placebo-controlled trial to evaluate
the effects of sermorelin in both elderly men and women but
elected for an extended treatment duration of 5 months (29).
Ten women and nine men between 55 and 71 years old
were administered 4 weeks of nightly subcutaneous
placebo followed by 16 weeks of 10 pg/kg of sermorelin.
The outcomes measured included GH response, IGF-1,
IGFBP-1, IGFBP-3, body composition, serum lipids, and
metabolic effects. The authors observed that sermorelin
led to significant increases in GH release for the 2 h after
administration and the 12-h mean GH levels at both
4 week and 16 weeks of treatment compared to placebo
for both genders. No changes were observed with GH
pulse frequency or amplitude. Subsequently, levels of
IGF-1, IGFBP-3, and GH binding proteins (GHBP)
were each increased. IGF-1 levels rose significantly by
2 weeks of treatment and remained elevated until 12 weeks
before declining at 16 weeks. No changes in body weight,
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body fat mass, or dietary intake were observed in either
gender. However, in men, lean body mass was significantly
increased by 1.26 kg. In both genders, a significant increase
in skin thickness was observed after 16 weeks. For men,
no changes in testosterone levels were observed but a
significant increase in insulin sensitivity was noted along
with improvements in wellbeing and libido. These results
highlight that, compared to the short-term treatment in
the Vittone study, longer term treatment with sermorelin
results in increases in GH and IGF-1 in addition to changes
in body composition seen with increased lean body mass.
Although body weight, body fat, and testosterone levels
were unchanged, these findings demonstrate the potential
for sermorelin as adjunctive or alternative therapy in
hypogonadal men, and further highlight the need for
additional long-term studies.

Sigalos et al. conducted a retrospective review assessing
the effects of combined Growth hormone-releasing
peptides (GHRP)-2, GHRP-6, and sermorelin therapy
in 14 hypogonadal men on T'Th (30). These men were
given thrice daily 100 pg doses of this combined GHS
therapy via subcutaneous injection for an average period
of 134 days following which IGF-1, T, FT, E, LH, and
FSH were measured at follow-up intervals of 90, 180,
and 270 days. The authors noted that GHS combination
therapy led to significant increases in IGF-1 at all three
follow-up timepoints. Subjects who were also treated
with either an aromatase inhibitor or tamoxifen therapy
for hyperestrogenemia or gynecomastia saw elevations
in IGF-1, but these increases were less pronounced than
those observed in men not receiving anti-estrogen therapy.
However, the retrospective nature of the study, small sample
size, and strict inclusion criteria limit a broader applicability
of the findings. Additionally, the lack of comparator
groups receiving GHS monotherapy and data regarding
changes in body composition restrict the ability to fully
understand the impact of the individual GHS. Despite these
shortcomings, these findings highlight that sermorelin can
lead to elevations in IGF-1 when used in conjunction with
other GHS, showing the potential role of sermorelin in the
treatment of hypogonadism.

The study’s results also emphasize the role of sermorelin
as a potent GH and IGF-1 stimulator, which can yield
significant increases in lean body mass. Although rare
adverse events such as nausea, facial flushing, and redness
at the injection site were noted, sermorelin appears to have
a very favorable safety profile. Future large, longitudinal
studies are needed to better characterize sermorelin’s
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potential complementary role in management of

hypogonadal males and men with SH.

GHRP-2 & GHRP-6

GHRP are short synthetic amino acid sequences that trigger
GH secretion. These non-natural peptides lead to GH
secretion by interacting with receptors at both pituitary and
hypothalamic sites. While the exact mechanism of action of
GHRPs continues to be elucidated, prior work has shown
that GHRPs bind to receptors that are distinct from those
utilized by endogenous GHRH (22,31). GHRPs interact
with two different receptors: growth hormone secretagogue
receptor la (GHSR-1a) and CD36. GHSR-1a, which is
bound natively by ghrelin and sometimes called the “ghrelin
receptor”, is expressed primarily in the brain, including the
anterior pituitary gland, hippocampus, and hypothalamic
arcuate nucleus. It is also present in the pancreas islets,
thyroid, and adrenal glands, adipose tissue, and the
myocardium (32). CD-36 is expressed extensively within
endothelial cells, immune cells, adipocytes, cardiac and
skeletal muscle, hepatocytes, and several other regions (33).
Activation of these two receptors affects several downstream
signaling pathways, culminating in a host of antifibrotic,
anabolic, vasodilative, cardioprotective, and anti-
inflammatory effects (34).

GHRP-6 was the first GHRP to be studied in humans
and spurred the development of other analogs including
GHRP-2 (35), which is a more potent stimulator of GH
secretion than GHRP-6 (36,37). In contrast to GHRP-6,
which induces an intracellular calcium response and protein
kinase C activity, GHRP-2 stimulates cAMP production,
mimicking the mechanism of action of endogenous GHRH.
Additionally, in vitro studies employing bovine pituitary
cell cultures have further confirmed that GHRP-2 and
GHRP-6 modulate their effects via distinct receptors and
signaling pathways (38,39). These differences also manifest
themselves clinically. For example, while both compounds
can increase serum IGF-1 levels, GHRP-6 provokes
a significant hunger response in patients, potentially
indicating a distinct interaction with the ghrelin receptor.

GHRPs have been employed in various clinical settings,
including in the management of hypogonadal men (21,40).
Veldhuis and colleagues evaluated the effects of GHRP
on the waveform and timing of GH secretion in 12
eugonadal men and 10 men with experimentally induced
hypogonadism (41). Ten men were given 2 injections
of depot leuprolide acetate 3 weeks apart to create a
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hypogonadal state. The other 12 men were not given
leuprolide and served as a control group. The secretagogue
infusions were then started 10 to 18 days after the second
leuprolide injection. A combined analysis found that
the treatment with GHRP-2 led to a 47-fold increase in
pulsatile GH secretion, while GHRH treatment itself only
led to a 20-fold increase. Interestingly, combination of both
GHRH and GHRP-2 led to a 54-fold increase in pulsatile
GH secretion compared to controls. Moreover, GHS
treatment decreased the time to maximal GH secretion
with a median time reduction of 43%. These findings
demonstrate that GHRP-2 is a potent stimulator of GH
secretion in both eugonadal and hypogonadal men with a
synergistic effect when co-administered with GHRH, from
which sermorelin is derived.

Veldhuis et al. conducted a prospective, randomized
double blind trial to further evaluate the effects of GHRH
and GHRP-2 in 24 healthy young men with experimentally
induced hypogonadism (42). All 24 men were given 2
injections of depot leuprolide acetate three weeks apart,
following which 13 men were given saline and 11 were
given 200 mg testosterone enanthate weekly for 3 doses.
The study measured multiple serum hormone values
throughout the treatment period while also assessing
changes in the GH release waveform induced by GHRH
vs. GHRP-2. The authors found that increased abdominal
visceral fat (AVF) negatively affected GHRH’s ability to
induce GH release while increased serum IGF-1 levels
actually facilitated GHRH’s efficacy. In contrast, GHRP-
2 induction of GH was unaffected by either factor and still
induced a greater 2-fold increase in pulsatile GH secretion
compared to GHRH. This conserved efficacy despite AVF
and existing serum IGF-1 levels being notable, as many
hypogonadal men struggle with increased amounts of
adiposity. Given that GHRH efficacy is reduced in men
with elevated AVE, these results suggest that GHRP-2 may
be both a potent GH stimulator and overall a better option
for increasing GH levels in men with increased AVF and
adiposity when compared to GHRH alone (and by proxy
sermorelin) (16,17).

In a follow-up study, Veldhuis and colleagues assessed
the effects of age, IGF-1 levels and AVF on GHRH and
GHRP treatment response in 25 healthy men (43). All 25
men, including 13 young men and 12 older men, received
two depot leuprolide acetate injections three weeks apart
to create an acutely hypogonadal state. The inclusion of
older men in the study was significant because older men
have lower levels of sex steroids at baseline compared to
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young men (44). The measured outcomes of the study
included GH, estradiol, testosterone, IGF-1, IGFBP-1,
and IGFBP-3 levels along with evaluation of basal and
pulsatile GH secretion. GHRH treatment led to a 90- and
a 50-fold increase in peak GH concentration in young
men and old men, respectively. GHRP-2 treatment led to
a 181- and a 130-fold increase in peak GH concentration
in young men and old men, respectively. Both GHRH and
GHRP-2 treatment resulted in increased GH secretion in
young men compared to older men. Overall, however, the
effects of GHRP-2 were twice that of GHRH across both
age groups. This finding highlighted that GHRP-2 leads
to significantly higher GH secretion when compared to
GHRH irrespective of age.

Once again, the authors evaluated various predictors
of treatment response. In contrast with their prior work,
AVF actually did negatively impact GHRP-2’s efficacy at
increasing serum GH levels this time. Moreover, IGF-1 levels
were a positive predictor of GHRH and GHRP induced GH
release. These conflicting results from the same investigators
over the course of two separate studies underscore the fact
that further work is required to understand the relationship
between systemic factors and GHRP-2 treatment
response. Despite limitations including small sample sizes,
experimentally induced hypogonadism amongst otherwise
healthy subjects, and a short period of evaluation, both
studies by Veldhuis ez a/. speak to the importance of exploring
the use of GHRP in hypogonadal men.

In the previously mentioned study by Sigalos et /., both
GHRP-2 and GHRP-6 were administered with sermorelin
as part of a combination GHS regimen (30). Although
this approach limits our understanding of each individual
compound, the increases in IGF-1 levels seen at 90, 180, and
270 days are a testament to the GHRP compounds’ efficacy.

The above literature supports the notion that GHRPs are
potent stimulators of GH and IGF-1 which can potentially
confer several metabolic benefits, including potentiating fat
loss. Further work should assess whether these associated
benefits persist among larger, more diverse patient
populations. Furthermore, additional research is required to
characterize the impact of GHRPs across longer periods of
time and among patients with chronic hypogonadism.

Ibutamoren (MK-677)

Ibutamoren, also known as MK-677, is a nonpeptide compound,
derived using GHRP-6 and spiroindanylpiperidine (45). Like
GHRPs, ibutamoren activates Ltype Ca’ channels which
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leads to intracellular calcium increases and protein kinase
C activation. Studies have demonstrated that ibutamoren
and GHRP-6 function through the same receptor and
that ibutamoren synergistically interacts with GHRH.
Consequently, many patients receiving ibutamoren will report
an increase in hunger similar to that seen with GHRP-6.
Ibutamoren is uniquely attractive as, unlike other GHS that
require subcutaneous administration, it displays excellent oral
availability and a long halflife 21).

Although ibutamoren’s specific utility in the treatment
of hypogonadism has yet to be thoroughly studied, several
publications have assessed ibutamoren’s influence on GH
release and body composition. Chapman ez al. assessed
ibutamoren’s effects on serum levels of both GH and IGF-
1 in a randomized, double-blind placebo-controlled trial. A
total of 32 healthy elderly subjects (15 women and 17 men) 64
to 81 years old were randomized into two groups of 16 (46).
The first group received once daily dosing of either 2, 10,
or 25 mg of ibutamoren or placebo. The second group
received a daily dose in both the morning and the evening
with at least one of these doses being a placebo. Participants
underwent 2 separate 14-day treatment periods which were
separated by a 2 to 3-week washout period. An additional
14 days of treatment followed the second treatment period.
Measured outcomes included serum GH, IGF-1, cortisol,
prolactin, IGFBP-1, IGFBP-3, I3, T4, TSH, and fasting
glucose and insulin.

When compared to baseline, both 10 and 25 mg
ibutamoren doses increased the mean 24-h GH
concentration by 57% and 97%, respectively. These
ibutamoren treatments boosted pulsatile GH release yielding
a 1.7-fold increase in GH secretion over 24 h. For the 25 mg
dose, IGF-1 levels were also increased by 55% at 2 weeks
and 88% by 4 weeks. The IGF-1 levels of all subjects rose
to levels normal for young adults. Ibutamoren did not
significantly impact cortisol levels but did elevate prolactin,
fasting glucose and insulin levels. These findings confirmed
that ibutamoren is a potent GH and IGF-1 stimulator for
patients with lower baseline GH and IGF-1 levels (47,48).

Svensson and colleagues conducted a prospective,
double-blind RCT to evaluate ibutamoren’s effect on
body composition and energy expenditure (49). The
trial included 24 men between 19 and 49 years old with
a BMI >30 kg/m” and waist-hip ratios >0.95. These men
were given either daily 25 mg ibutamoren or placebo for
8 weeks. Assessed outcomes included GH, IGF-1, prolactin,
cortisol, hydroxycorticosteroids, body weight, visceral fat,
fat-free mass (FFM), basal metabolic rate (BMR), glucose,
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and insulin. Ibutamoren increased serum GH peak levels
and area under the curve. The largest increase in these
parameters was observed 2 weeks following treatment.
Serum IGF-1 and IGFBP-3 were also significantly increased
at 2 weeks post treatment. Paralleling the Chapman ez 4.
study, ibutamoren led to an elevation in serum prolactin at
2 and 8 weeks but no significant changes were observed in
serum or urine cortisol.

The ibutamoren treatment group experienced a
significant weight gain of 2.7 kg at 8 weeks, which decreased
to a nonsignificant 1.8 kg weight gain 1 week after the
end of treatment. This change in weight was attributed to
mild fluid retention that was noted with the ibutamoren
treatment arm that resolved with treatment cessation.
In addition, FFM significantly increased by 3 kg with
ibutamoren treatment compared to placebo while there were
no changes in total body fat. BMR was increased at 2 weeks
of treatment with ibutamoren but there were no changes in
daily caloric intake, fasting concentrations of free fatty acids,
glycerol, or ketones compared to baseline or placebo. These
findings once again showcased the GH-stimulatory effects of
ibutamoren. Although there were no significant decreases in
body fat, the increases in FFM indicated that ibutamoren has
the potential to affect body fat levels with a possibly longer
duration of higher dose treatment.

In a follow-up study, Svensson er /. used the same
experimental design described above to investigate
ibutamoren’s effects on serum leptin, thyroid hormones,
testosterone, and gonadotropin levels (50). While the
authors found that total body fat was unchanged as
previously observed, the mean total body fat decreased by
a non-significant 0.2 kg at 2 weeks and 0.4 kg at 8 weeks
compared to baseline. Additionally, serum leptin levels,
which reflect the amount of total body fat, and leptin/body
fat ratio were increased at 2 weeks of treatment despite
there being no increases in body fat or appetite (51,52).
Increases in leptin and leptin/body fat ratio may promote
earlier satiety and confer further benefit to patients seeking
to alter their body composition. Ibutamoren also led to
an increase in TSH and increases in serum T3 levels at
8 weeks. Ibutamoren treatment did not affect FSH and
LH levels, but did lead to decreased total testosterone
levels with conserved free testosterone levels. Despite small
sample sizes and short evaluation periods, both studies by
Svensson et al. showed the promise of exploring ibutamoren
use in hypogonadal men and eugonadal men with SH.

Nass et al. conducted a 2-year randomized, double-blind,
placebo-controlled, modified-crossover trial evaluating
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ibutamoren’s effects on body composition (53). Sixty-five
healthy men and women 60 to 81 years old were divided
into a once daily 25 mg ibutamoren treatment group (n=43)
or a placebo group (n=22) for the first year of the study,
whereas during year two, the placebo group received 25 mg
ibutamoren. The original ibutamoren treatment group was
separated into either a placebo or continued ibutamoren
treatment group. Measured outcomes included GH, IGF-
1, lipids, cortisol, insulin sensitivity, body composition,
physical function, and muscle strength.

During the first year, ibutamoren resulted in a significant
1.8-fold increase in 24-h mean GH levels and a 1.5-
fold increase in serum IGF-1 levels. Body composition
increases in FFM, limb lean mass, and thigh muscle area
were observed. At 12 months, a 0.14 mmol/L decrease in
LDL cholesterol was observed with ibutamoren treatment,
although no changes in total testosterone levels were
observed. At two years, the changes observed during the
first year with ibutamoren were sustained. The group
that started ibutamoren during the second year saw the
same changes while the group that switched to placebo
in the second year saw a reversal of the changes induced
by ibutamoren treatment in the first year. These findings
demonstrate that ibutamoren treatment can increase GH
and IGF-1 levels for up to 2 years.

While the literature above firmly supports ibutamoren
as a potent GH and IGF-1 stimulator that can significantly
impact body composition, these data remain limited by the
trial settings of clinical and SH and emphasize the need for
larger, longitudinal studies among more diverse populations.

Ipamorelin is a synthetic pentapeptide that is a selective
agonist of the ghrelin/ GHS receptor pathway (54).
By mimicking ghrelin, ipamorelin selectively binds the
same GHSR-1a receptor as GHRP-2, GHRP-6, and
ibutamoren (55,56). This interaction with GHSR-1a
leads to a GH release from the pituitary gland, which can
influence a number of anabolic processes including appetite
regulation, fat processing, and overall energy usage (57).
As mentioned previously, the GHSR-1a receptor is also
present in a number of regions outside the brain including
the gastrointestinal tract (55). Several studies have evaluated
ipamorelin’s ability to improve gastric motility in the setting
of postoperative ileus (58,59). Greenwood-Van Meerveld
et al. assessed ipamorelin’s effects in rodent models with
induced postoperative ileus (POI) (58). The authors
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observed that ipamorelin had a dose-dependent effect on
improving gastric emptying and thereby reversed POI-
induced delayed gastrointestinal transit compared to non-
POI controls.

Beck et al. evaluated ipamorelin’s effects on POI in
bowel resection patients via a multicenter, double-blinded,
placebo-controlled trial (59). A total of 114 patients
undergoing either open or laparoscopic bowel resection
received either twice daily 0.03 mg/kg ipamorelin (n=56)
or placebo treatment (n=58) on POD 1 until POD 7 or
discharge. Measured outcomes included time to first
tolerated meal and first bowel movement. Although both
these clinical endpoints did not reach statistical significance
when comparing ipamorelin to placebo, data from this study
did suggest that patients undergoing open laparotomy had
shorter times to return of gastrointestinal function when
compared to the broader literature (60).

Lall et al. conducted a 9-week study with female GH-
deficient and GH-intact mice to assess ipamorelin’s effects
on adiposity and weight gain (61). Over the course of 9
weeks, GH-deficient mice and non-GH-deficient mice
were injected twice daily with either 250 pg/kg ipamorelin,
1.75 mg/kg human GH, or 0.9% saline. After 9 weeks, body
weight in the GH-deficient mice increased by 15.3% in
those treated with ipamorelin compared to 95.5% in those
treated with GH. In non-GH-deficient mice, ipamorelin
and GH led to 16.9% and 27.5% increases in body weight
respectively. The timing of the weight gain differed between
agents as ipamorelin only produced weight gain within the
first 1-2 weeks whereas GH-treated mice saw weight gain
consistently across the 9 weeks. It is worth noting, however,
that there were no changes in the relative weight of the
dissected organs with ipamorelin while GH led to increased
liver weight. This suggests that patients treated with
ipamorelin may not experience the same organomegaly as
that seen in patients treated with GH itself.

Ipamorelin led to increases in the sum of the relative
fat pad weights compared to the saline-treated controls
while GH treatment led to a decrease. DEXA scans in GH-
intact mice revealed that ipamorelin increased total body fat
percentages compared to saline-treated controls while GH
had no effect. At 2 weeks, serum leptin levels were increased
with ipamorelin compared to saline-treated controls and
an increase in cumulative food intake during the first
week. These findings highlight that ipamorelin functions
independent of GH as it caused weight gain in both GH-
deficient and GH-intact mice. Furthermore, ipamorelin has
significant adipogenic effects and causes significant weight
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gains early in treatment that stabilizes over time.

Although limited work has explored ipamorelin’s effects
on hypogonadism specifically, the compound’s interactions
with the GI tract are an important factor in determining
body fat and overall composition. The above literature
therefore draws attention to ipamorelin as a potent and
selective stimulator of GH that can significantly influence the
GI system, body composition, and adiposity. Adverse effects
associated with treatment were rare and similar to those
reported with sermorelin. Further human studies evaluating
ipamorelin’s effects are required. Longitudinal studies are
required to further assess the compound’s adjunctive role in
the treatment of hypogonadal and eugonadal patients.

Conclusions

Male hypogonadism is an increasingly prevalent clinical
condition that can significantly impact patients’ quality of
life and overall health. Obesity and metabolic syndrome
can both cause and result from hypogonadism, creating
a "vicious cycle” from which patients struggle to escape.
Although TTh remains the gold standard treatment
for hypogonadism, its benefits are not uniform and
demonstrate significant variability between different
populations. The somatotropic axis presents a unique
treatment opportunity to address issues with body
composition observed in hypogonadal men. GH therapy
can increase lean body mass and reduce adiposity. However,
GH therapy itself is controversial, tightly regulated, and
carries the risk of edema, joint stiffness, and radiculopathy.
As such, treatment with GHS offers an exciting and novel
alternative for clinicians. GHS increase serum levels of
endogenous GH and IGF-1 in a similar fashion to what is
observed with exogenous GH therapy while not exceeding
physiologic norms. Sermorelin, GHRP-2, GHRP-6,
ibutamoren, and ipamorelin each show potential for use in
the management of body composition concerns associated
with hypogonadism and metabolic syndrome, as either
monotherapy or adjunct therapy in combination with
TTh. All 5 of these GHS are potent stimulators of both
GH and IGF-1 and can significantly improve overall body
composition. However, with a lack of large longitudinal
studies specifically examining the use of GHS in the
management of hypogonadal men, our understanding
of their role and any potential long-term risks is limited.
Regardless, this knowledge gap presents a unique
investigational opportunity that could significantly advance
the management of hypogonadal men.
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