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Growth hormone (GH) is a pituitary hormone that was first isolated 
in 1944 [1]. In the 1960s the pituitary GH extracted from cadavers was 
used in GH-deficient children, and in 1985 the recombinant human 
GH (rhGH) was approved for clinical use by the United States Food 
and Drug Administration [2]. Despite a long history of research, a lot 
remains unclear about the actions of GH, and many of its new roles are 
emerging, making this hormone an attractive subject of research.

GH is a hormone with diverse actions. As the name implies, 
GH plays a critical role in body growth. At the onset of puberty, GH 
reaches its peak level, leading to the elongation of the long bones 
and rapid linear growth. GH induces the expression of insulin-
like growth factor-1 (IGF-1) in the liver, which mediates part of the 
growth-promoting action of GH. GH and IGF-1 both decline rapidly 
from early teens and decline thereafter as a function of age. Another 
well-known action of GH is the anabolic effect in the skeletal muscle, 
resulting in enhanced protein synthesis and increased muscle mass. In 
contrast, GH induces a catabolic effect in the adipose tissue, resulting 
in fat loss [3]. Because of these effects in the muscle and fat, GH is 
often abused and mis-used by athletes. In addition to these classical 
actions of GH, other documented although less-well studied effects of 
GH include fluid retention, reproduction and immunity. GH acts on 
the renin-angiotensin-aldosterone system to promote fluid retention 
[4]. In this regard, both extracellular volume and plasma volume 
are decreased in GH deficient patients and normalized after GH 
replacement therapy [4]. GH also regulates reproduction. Normal GH 
signaling is needed for folliculogenesis, ovarian maturation, ovulation, 
and pregnancy in females and for spermatogenesis and the Leydig cell 
function in males [5]. Adding to its diverse physiological effects, GH 
also plays an important role in immune modulation. It stimulates T 
and B cells proliferation and immunoglobulin synthesis, promoting 
the differentiation of myeloid progenitor cells and modulates cytokine 
response [6]. These physiological effects of GH warrant further study 
to understand the related health issues and potential applications in 
therapeutics. 

In recent years, GH has been shown to regulate aging. Animal 
studies have demonstrated that disrupted GH signaling results in 
increased longevity [7], whereas increased GH signaling leads to 
premature aging [8,9]. Thus GH shows a pleiotropic effect- beneficial 
at early age for fitness and reproduction while detrimental at old age 
[10]. The mechanism for the aging promoting effect is not completely 
understood, but may involve increased insulin resistance and cancer 
incidence, and reduced stress defense and mitochondria functions 
associated with prolonged increase of GH signaling [10]. In humans, 
acromegaly, a disorder of excess GH secretion, is known to be associated 
with hypertension, cardiovascular anomaly, diabetes, respiratory 
problems and increased mortality if untreated [11], which is consistent 
with studies of GH transgenic mice. However, increased lifespan has 
not been observed in Laron Syndrome subjects, who have mutations 
in their GH receptor (GHR) gene therefore no GH signaling. This is 
in contrast to GHR null mice which show a 50% increase in lifespan 
compared to control mice. Interestingly though, Laron subjects have 
a decreased incidence of cancer and diabetes [12], thus supporting the 

notion that disrupted GH signaling in humans reduces the age-related 
diseases such as cancer and diabetes. 

Concerning the role of GH in aging, several questions remain 
outstanding. First of all, we still do not know if reducing GH signaling 
will increase longevity in humans. Despite clear evidence in mice, 
it has not been proven that human Laron syndrome subjects have 
increased lifespan. Although complete abolishment of GH signaling 
increases lifespan in mice, attenuated GH signaling as seen in mice over 
expressing a GH antagonist does not prolong lifespan [7], neither does 
GH deficiency in human adults - if anything, GH deficiency in humans 
causes central obesity, metabolic syndrome, reduced bone mineral 
density, reduced muscle mass and strength, fatigue and reduced quality 
of life and warrants GH replacement therapy [13]. So it appears that the 
aging benefit is only present when GH signaling is completely lost but 
not partially reduced. What is the mechanism of this phenomenon? 

On the other hand, a somewhat rampant view holds that since GH 
declines as we age, GH replacement may restore youthfulness and delay 
aging, hence debate persists on whether or not GH treatment in the 
elderly will improve their quality of life and make them look and feel 
younger. So far there is no solid evidence to support the notion that GH 
is anti-aging, but this does not seem to dampen the enthusiasm for this 
hormone symbolic of growth and therefore youth. What significance 
will the dose, timing and duration of GH signaling have that may affect 
aging? It is widely accepted that too much GH is bad, but how about 
instead of dosing up like an illicit athlete, we simply restore the GH 
levels of a 70-year-old to those of a 30-year-old? And does it matter 
whether GH is given to people at 70 or 40? Also, the age-promoting 
effect is seen in chronic excess of GH, which means the entire lifespan in 
a short-lived GH transgenic mouse, and many years in an acromegalic 
human, but it is not clear if short-term use of GH leads to long-term 
detrimental issues. Clearly safety data should be collected before people 
jump into the ‘fountain of youth’ infused with GH.

Lastly, does GH affect aging differently in males and females? It is 
known that GH is secreted in different patterns in males and females 
[14], and regulates liver genes and plasma proteins in a sex-dimorphic 
manner [15,16]. It remains to be determined whether GH affects 
aging in a sex-dependent manner. The study of these issues and the 
underlying mechanisms may enable an anti-aging regime involving 
manipulations of relevant GH signaling components specific to each 
sex. 
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In summary, GH is a hormone that has diverse actions. Several of 
the physiological activities of GH deserve further studies. With much 
interest in its relatively recent role in aging, GH promises to be an 
attractive target for future research on the mechanism of aging and 
therapeutics against aging and age-related diseases.
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