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Aging of the endocrine system and its potential impact on sarcopenia
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Sarcopenia, occurring as a primary consequence of aging, is a progressive generalized decline of skeletal muscle
mass, strength and function. The pathophysiology of sarcopenia is complex andmultifactorial. Onemajor cause of
muscle mass and strength loss with aging appears to be the alteration in hormonal networks involved in the in-
flammatory processes, muscle regeneration and protein synthesis.
This review describes the recent findings concerning the role of the aging on the endocrine system in the devel-
opment of sarcopenia.We also report the benefits and safety of hormone replacement therapy in elderly subjects
and discuss future perspectives in the therapy and prevention of skeletal muscle aging.
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1. Introduction

Aging is a natural process characterized by a progressive loss in
physiological function leading to increased risk of diseases and mortal-
ity rate. Physical function declines with age, increasing the risk for sev-
eral adverse health outcomes, such as falls, fractures, disability, loss of
independence, reduced quality of life, hospitalization, institutionaliza-
tion and death. This condition, characterized by the loss of skeletalmus-
cle mass and function, is called Sarcopenia [1]. Sarcopenia is associated
with several changes in body composition [2]. After the age of
35 years, a physiological decline of muscle mass occurs at an annual
rate of 1–2% with a 1.5% per year reduction in strength, which acceler-
ates around 3% after the age of 60 years. The loss in lean tissue is greater
in men than in women [2–4]. This modification in body composition is
frequently masked by unchanging body weight secondary to an in-
crease in fat mass, that infiltrates also the skeletal muscle. Indeed, atro-
phy of muscle type II fibers, loss of motor units and a replacement by
adipose and connective tissue within muscle are typical findings of
sarcopenia. In addition, during skeletal muscle aging, a deficiency in
muscle regeneration after injury has been observed [5].

The pathophysiology of sarcopenia is complex and multifactorial.
One major cause of strength and muscle mass decline with aging

process appears to be the alteration in several hormonal networks, in-
volved in the inflammatory processes, muscle regeneration and protein
synthesis (Fig. 1). Indeed, the endocrine system is not spared from the
detrimental effect of aging [6].

The aim of this review was to describe the role of the aging on the
classical endocrine system in the development of sarcopenia. A compre-
hensive search of PubMed was performed using the following search
string: sarcopenia AND (hormones OR testosterone OR estrogens OR
DHEA OR cortisol OR vitamin D OR GH OR IGF-1 OR ghrelin OR diabetes
OR oxytocin). The references of the retrieved papers were used to find
more literature.

2. Testosterone

Serum testosterone levels decline at a rate of about 1% per year from
the age of 30–40 years in healthymen [7]. Inwomen, circulating testos-
terone decreases rapidly from 20 to 45 years of age [8]. This decline in
testosterone appears to be associated, particularly in men, with a de-
cline in muscle mass and strength [9]. Indeed, testosterone is the main
physiological anabolic hormone able to increase protein synthesis in
skeletalmuscle and to promotemuscle regeneration via satellite cell ac-
tivation [10].

In several epidemiological studies, low testosterone levels were as-
sociated with reduced muscle mass and/or strength and/or increased
risk of falls [11–13]. However, other longitudinal studies about the asso-
ciation between circulating testosterone levels and change in muscle
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mass, strength or physical performance have provided conflicting evi-
dence in the elderly. While low circulating values of testosterone were
associated with loss of muscle mass [14,15], muscle strength [15] and
reduced physical performance [16], in other studies the association be-
tween androgen levels and age-related changes in skeletal muscle mass
and function was less consistent [17–19].

In young andmiddle-agedmenwith classical hypogonadism testos-
terone replacement therapy has been shown to induce a number of ben-
eficial effects, such as an increase in weight and muscle mass and
decrease in fat mass, with a low frequency of adverse events [20]. How-
ever, the clinical benefits of testosterone therapy in elderly men with
age-associated decline in testosterone levels are unclear. This could be
related to the wide heterogeneity between studies on this theme
concerning criteria adopted for the enrollment, type of drug used as re-
placement, formulation, dosage and duration of the therapy [21]. In
2006 ameta-analysis, including 11 randomized trials, reported that tes-
tosterone replacement therapy induced a moderate improvement in
muscle strength in men aged 65 years and older [22]. A more recent
meta-analysis showed that androgen replacement therapy was able to
increase musclemass in elderlymen and that is influenced by the dura-
tion of the treatment and themethod of administration of the drug [23].
In 2010 a trial of androgen replacement in community-dwelling men,
65 years of age or older, with limitedmobility and several comorbidities
was terminated early because of increased cardiovascular adverse
events. The testosterone group showed improvement in muscle
strength and physical function compared with placebo [24]. This study
emphasized that this therapy is not free of side effects. Indeed, during
androgen therapy oldermen appeared to bemore susceptible to side ef-
fects,mainly related to the cardiovascular, hematological and urogenital
systems [21]. Since the risk/benefit ratio of androgen replacement ther-
apy is unclear, it is suggested to avoid therapy in frail elderly until better
outcome data are available [25].

In a multicenter set of trials, called “The Testosterone Trials”, 790
men (65 years of age or older with a serum testosterone concentration
b275 ng/dl and symptoms indicative of hypogonadism) were treated
with testosterone gel or placebo gel for 12 months. The percentage of

men who had an increase of at least 50 m in the 6-minute walking dis-
tance was not significantly different between two arms in the Physical
Function Trial, but the difference resulted to be significant when men
in all three trials were included (20.5% after testosterone vs. 12.6%
after placebo, P = 0.003). Treatment was well tolerated and the rates
of adverse events were similar in the two groups [26].

A novel class of androgen receptor ligands, called selective androgen
receptor modulators, that selectively target the androgen receptors in
different tissues, have been recently developed. They act as strong re-
ceptor agonists in skeletal muscle, but as weak agonists or antagonists
in prostate and sebaceous glands [27]. In few preliminary studies,
these compounds have shown to increase muscle mass in the absence
of the unpleasant side effects seen with the traditional anabolic agents
[28,29]. Further studies are awaited to establish the efficacy and safety
of these agents in the treatment of sarcopenia in the elderly.

3. Estrogens

Menopause is associatedwith amarked reduction in estrogen levels.
These hormonal changes have a detrimental effect on muscle mass and
partially explain the accelerated decline in muscle mass and strength,
frequently observed in postmenopausal women [30]. Indeed, estrogens
have beneficial effects on muscle strength and mitigate inflammatory
responses and post-injury disruption in skeletal muscle through satel-
lite cell activation and proliferation [31].

In women, hormone replacement therapy appears to delay age-
related muscle loss and accumulation of fat in skeletal muscle [32]. A
meta-analysis showed that postmenopausal women treated with hor-
mone replacement had a small but significant beneficial effect on mus-
cle strength (about 5% greater than in untreated control) [33].

4. Dehydroepiandrosterone

Dehydroepiandrosterone (DHEA) is a natural steroid and precursor
hormoneproduced by the adrenal glands and transformed to androgens
or estrogens in several tissues. The skeletal muscle is able to convert

Fig. 1. Schematic diagram showing the age-related hormonal and metabolic alterations with detrimental effects on skeletal muscle and potentially involved in the development of
sarcopenia. 11βHSD-1: 11β-hydroxysteroid dehydrogenase type 1. ACTH: adrenocorticotrophin hormone. DHEA: Dehydroepiandrosterone. GH: growth hormone. IGF-1: insulin-like
growth factor type 1. PTH: parathyroid hormone.
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