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Opinion
A recent advertisement in a popular magazine touted human

growth hormone (HGH) for alleged anti-aging properties. In that
regard, the advertisement contends that increasing the level of HGH
secretion acts to blunt the aging process. This viewpoint is apparently
formulated on the basis of the “natural decline of human growth
hormone from ages 21 to 61” (the average age at which there is only a
trace left in the body). Therefore, the decline in HGH is purported to
be the main reason why aging occurs and according to this
advertisement “fails to regenerate to its 25 year-old biological age”.

Because research in this area showed that the major components of
the aging process include altered cognition, increased frailty coupled to
a reduction in energy, as well as various constitution symptoms related
to muscle and joint function such as pain and reduced activity, the
issue of whether HGH is associated with these changes suggests that its
use as a supplement non-prescription agent would be highly germane
in terms of improving the quality of daily living.

Thus, the main purpose of this opinion article is to challenge the
underlying assumption that supplementation using human growth
hormone receptor (GHR) which promotes increased release of HGH
from the pituitary gland is a prudent approach for increasing longevity
put another way, would GHR supplementation constitute an anti-aging
strategy? Consistent with the viewpoint that supplemental GHR
promotes longevity, the advertisement in question also stated that
GHR is a “natural releaser with no known side-effects but unlike a
synthetic version of GHR, has no known drug interactions.” Moreover,
the advertisement asserted that “continued use of GHR will make a
radical difference in your health.” Finally, this advertisement stated that
HGH is known to relieve symptoms of many diseases, including
fibromyalgia, among other chronic medical conditions, which led to
the assertion that the promotion of HGH release via supplemental
GHR would ameliorate these symptoms.

In order to assess systematically the extent to which the GHR
supplement (commercially available from BIE Health Products,
Amherst, New York) would perform in the way it is claimed to act it is
important to assess in a critical manner just how growth hormone is
regulated in animals and normal humans and whether or not
increasing HGH secretion is, in fact, a rational approach for relieving
chronic pain which is a major component of medical conditions such
as the fibromyalgia syndrome. In that regard, fibromyalgia is cited at
the end of the advertisement as a medical condition responsive to
HGR-mediated HGH release. Another issue which we will discuss is
the extent to which exogenous HGH produces an anti-aging effect.

Beginning in the early 1990’s Denko et al. at Case Western Reserve
University (CWRU) School of Medicine, Cleveland, Ohio, initiated a

series of investigations which became the seminal studies that
indicated that HGH appeared to play a significant role in the
progression of certain musculoskeletal diseases based on the evidence
that elevated levels of serum HGH were produced in these disorders.
Thus, the findings from many of these studies in patients with
osteoarthritis (OA) [1] as well as additional results from studies
performed by the CWRU group and other investigators indicating a
strong association between serum HGH levels and musculoskeletal
conditions were eventually summarized in a review of the published
literature on this subject [2].

HGH is a 191-amino-acid-containing neuropeptide which is
primarily involved in skeletal long bone growth and development [3]
as well as acting as a critical component for chondrocyte maturation
[4-6]. Importantly, evidence accumulated over the last 25 years or so
has persuasively shown that HGH can be found in association with the
state of chronic inflammation [6].

In that regard, data directly relevant to the thrust of using GHR
supplementation to improve HGH release are the results of a classic
study by Waters et al. [7] who demonstrated that HGH activity was
directly linked to activation of the GHR. Thus, this is the metabolic
step which initiates HGH-mediated signaling and routinely results in
several downstream cellular effector and activation events, many of
which are essential either to cell survival, programmed (i.e. controlled)
cell death or other forms of cell-killing. For example, the loss of HGH-
mediated signal transduction which occurs in signal transducers and
activators of transcription-5 (STAT-5)-null transgenic mice causes a
significant suppression of postnatal bone development [8]. Moreover,
developmental abnormalities in the bones of these STAT-5 null mice
are comparable to abnormalities in those mice in which GHR
mutations have been introduced [8]. Of note, the results of these
elegant studies also provided direct evidence linking the function(s) of
HGH to GHR activity.

Although it would require a separate commentary to address
adequately the extent to which an association exists between aging and
serum levels of HGH, the most fundamental conclusions drawn from
many years of active basic and clinical research in this area can be
summarized as follows: In the 1990’s, researchers found that both
aging and HGH deficiency are related to one another. In that regard,
aging was characterized by a reduced level of serum HGH and protein
synthesis, decreased lean body and bone mass as well as increased
body fat [9]. Moreover, in healthy individuals, the level of spontaneous
as well as stimulated HGH secretion are significantly decreased with
advanced aging [9]. However, these findings must now be re-evaluated
in view of more recent findings reported by Bartke et al. [10] who
showed that reduced levels of HGH and insulin-like growth factor-1
(IGF-1) activity are associated with delayed or a “slower” rate of aging.
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Thus, a lower level of HGH was correlated with a reduction in frailty,
age-related diseases and a decline in functional status, BUT most
critically, in an extension of longevity. Therefore, it appears from
summarizing these human studies that stimulation of HGH secretion
by ingesting supplemental HGR could actually reduce longevity. Of
note, many of the findings relating HGH levels in humans as a
function of age have been sustained from results of studies of GH levels
in aging and in lifespan in which experimental animal models of aging
were employed [11,12].

In addition to the direct effects of HGH on human metabolism, it is
of utmost importance to emphasize that an association also exists
between HGH activity and IGF-1 [2,4] because IGF-1 production is
generally dependent on HGH in what is termed the HGH/IGF-1
somatotropic axis [10]. Thus, this aptly named HGH/IGF-1 paracrine
axis constitutes a positive feedback loop for determining the level of
HGH biological activity. Conversely, somatostatin, a 14-amino-acid
polypeptide which is widely distributed throughout the central nervous
system as well as being produced by cells in peripheral tissues was
shown to be the endogenous inhibitor of HGH release from the
pituitary gland [13].

Now that we have briefly reviewed the cellular signaling mechanism
attributed to the biological activities of HGH, it is important to review
the status of serum levels of HGH, IGF-1 and somatostatin in various
musculoskeletal diseases reported in the published literature as
archived in the US National Library of Medicine’s, PubMed database,
in an attempt to predict the extent to which increasing the level of
circulating HGH via GHR supplementation would be expected to
alleviate the clinical symptoms of some of these musculoskeletal
disorders.

We begin with a short review of the status of serum HGH, IGF-1
and somatostatin in a few rheumatic diseases, including fibromyalgia.
Previous studies in human OA patients [1] have been most revealing
with respect to how serum levels of HGH, IGF-1 and insulin are
associated with this musculoskeletal disease of synovial joints.
Furthermore, we also now appreciate the extent to which synovial
inflammation, a driving force in the progression of OA, is often
dependent on the stage of OA pathology. Since HGH levels (or levels of
other factors such as insulin and IGF-1) vary diurnally it is incumbent
that blood be collected for evaluation at the same time, preferably in
early morning when HGH levels are generally at basal levels.
Otherwise the diurnal variations will confound the effort to track the
serum levels of these factors. Thus by keeping these critical issues in
mind, Denko et al. [1] showed that serum HGH and insulin levels were
significantly elevated in OA patients compared to a control non-OA
group, whereas IGF-1 levels were lower.

Furthermore, in rheumatoid arthritis (RA) patients where chronic,
systemic inflammation is a hallmark and an essential characteristic of
this disease process, serum HGH was also significantly elevated [14].
In fact, the ratio of serum HGH to somatostatin was significantly
increased in RA patients by virtue of the markedly reduced level of
serum somatostatin in these patients [14]. Therefore, the primary
conclusion drawn from the results of this study was the finding of a
strong association between chronic systemic inflammation, elevated
serum HGH levels and lower somatostatin levels.

Because chronic inflammation is a clinical component of RA and
progressive OA, Denko and Malemud [15] measured the serum levels
of HGH, IGF-1 and insulin in patients with normal serum glucose
levels and a clinically confirmed diagnosis of fibromyalgia.

Fibromyalgia is considered by most clinicians and basic researchers to
be a musculoskeletal condition which is essentially devoid of chronic
inflammation. The findings in that study were that serum HGH and
insulin, but not IGF-1, were elevated in fibromyalgia patients,
suggesting that basal serum HGH and fasting insulin levels were a
surrogate biomarker for assessing the clinical course of fibromyalgia.

However, the results of some studies of fibromyalgia patients
produced countervailing evidence to that reported by Denko and
Malemud [15]. In that regard, Jones et al. [16] reported normal
pituitary function in fibromyalgia patients, where levels of serum HGH
did not correlate with IGF-1 as would be expected if IGF-1 is solely
HGH-dependent. Thus, in that study daily administration of
recombinant human HGH normalized IGF-1 levels while also reducing
the symptoms of fibromyalgia [16]. However, Tander et al. [17] showed
no significant difference between fibromyalgia patients and a control
group with respect to serum HGH, IGF-1 or insulin levels. Of note, the
level of serum ghrelin (a gastric hormone related to hunger) was
significantly lower in fibromyalgia patients compared to controls,
although the significance of this secondary end-point remains to be
elucidated.

Despite some results which did not appear to confirm those
reported by Denko and Malemud [15], another series of clinical studies
initiated by Cuatrecasas et al. [18-20] were designed to determine the
extent to which exogenously-administered HGH provided to
fibromyalgia patients with low IGF-1 levels would be of clinical benefit
in the treatment of fibromyalgia [19,20]. The most recent clinical trial
in this area was conducted under rigorous, randomized, double-
blinded, controlled conditions which showed that fibromyalgia
patients, who were concomitantly receiving stable doses of
amitriptyline, selective serotonin reuptake inhibitors and tramadol as
part of their treatment regimen, and who also presented with the
lowest levels of HGH and IGF-1, were most responsive clinically to
supplemental HGH therapy [21]. However, a recent analysis by
Blumenthal and Malemud [22] re-evaluated the data from that clinical
trial [21] where the primary end-point measured in response to
treatment with exogenous HGH was a reduction in the number of
fibromyalgia tender points and concluded that, in fact, no statistically
significant difference could be found between the HGH-treated and
the placebo arm of the clinical trial in either primary or secondary
end-points. Therefore, it can be concluded that the administration of
HGH or supplemental HGR to alleviate the chronic pain of
fibromyalgia remains controversial, to say the least.

In discussing the significance of elevated serum levels of HGH in
OA patients, Denko and Malemud [23] proposed that OA should be
considered a systemic metabolic disturbance rather than merely a focal
degeneration of synovial joint articular cartilage, the growth of
osteophytes, and sclerotic thickening of subchondral bone. In addition,
in the context of the elevated levels of serum HGH in OA patients,
these HGH levels could be interpreted as being toxic when HGH is
transported from the peripheral circulation to the joint synovial fluid,
where these elevated levels of HGH may alter articular cartilage and
subchondral bone homeostasis [24].

Most importantly, the regulated secretion of HGH is a fundamental
property of this hormone. Thus, the level of HGH remains low after
growth plate maturation, and in so far as homeostasis is concerned,
HGH levels continue to be low. However serum HGH appears to rise
in conjunction primarily with the progression of inflammatory
diseases where HGH may be associated with increased controlled cell
death. Thus, we assert that low levels of serum HGH as found in older
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individuals during the aging process is consistent with the nostrum
that “the body knows when to quit.”

In conclusion then we ask what possible rationale can be provided
for increasing the level of HGH with supplemental GHR in order to
“slow down” the aging process and improve well-being, if as a
consequence of normal aging, HGH is produced only in small amounts
[9] as was found to be the case in older individuals? Once again, our
viewpoint is also supported by results of studies in experimental
animals which revealed that GHR gene-disrupted mice were shown to
have an extended lifespan [25], and where lifespan was not altered in
mice expressing a GH antagonist [26].
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