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ABSTRACT

The geriatric frailty syndrome can be characterised by a

loss of physiological reserve in a variety of organ systems

and an independent association with disability and

mortality. The high cost of this condition in terms of

decreased quality of life and an increased need for

medical and personal care makes it an important focus

for the development of effective pharmacological

treatments. Several of these treatments have been trialled

and have focused on the decreased levels of catabolic

hormones seen in advancing age. Despite some

improvement in muscle and tissue bulk, most of these

treatments have failed to improve physical function in

the elderly. In this review we examine the evidence for

the pharmacological treatment of frailty in the elderly

and provide recommendations for its management.

J Pharm Pract Res 2009; 39: 147-51.

INTRODUCTION

The geriatric frailty syndrome lacks a universal definition

but can be characterised by a loss of physiological

reserve in a variety of organ systems, with an

independent association with both disability and

mortality.1,2 The high cost of this condition in both

decreased quality of life and an increased need for

medical and personal care makes it an important focus

for the development of effective pharmacological

treatments. Several of these treatments have been trialled,

focusing on the decreased levels of catabolic hormones

seen in advancing age. Despite promising initial results

and some improvement in muscle and tissue bulk, most

of these treatments have failed to improve the physical

function of their elderly subjects.

DEFINITION

A major limitation of research in this area is the lack of

standardised criteria to define frailty. Studies in geriatric

frailty use definitions ranging from description of a

physical syndrome (three of the following five attributes

– muscle weakness, unintentional weight loss, slow

walking speed, exhaustion, low physical activity) to

broader definitions of frailty, which include not just the

physical functioning of an individual, but also their

assets in the form of intellect, medical resources, social

support and financial resources.3,4 This review will focus

on physical function, as the broader social parameters

are not amenable to pharmacological intervention.

Any useful definition of a syndrome should be

supported by research demonstrating an independent

correlation with increased risks for hospitalisation and

disability – independent of the presence of disease or

comorbidity. In a prospective trial, physical frailty as per

Fried’s definition has been shown to predict falls,

fractures and increased mortality.5 The studies

demonstrating a correlation with negative outcomes such

as decreases in the quality of life, independence and

health in the elderly reinforce the importance of research

in this area.6-8 With the population ageing, the cost to

individuals, carers and the community from the sequelae

of frailty needs to be addressed.

PATHOPHYSIOLOGY

The focus on muscle strength as a major contributor to

frailty stems from research demonstrating strong links

between decreased physical capacity and morbidity as

well as the potential for treatment. Muscle mass

decreases by 3 to 8% per annum after the age of 30 years

with an accelerated decline after the age of 60 years.9

This muscle loss is termed sarcopenia. With ageing,

biochemical and structural degenerative changes occur

within the muscle fibres, as well as in the neuromuscular

junction and motor neurone.10 These changes contribute

to around 30% reduction in exercise capacity seen in the

elderly.

Frailty has a significant impact on morbidity in the

elderly population and muscle strength plays an

important role in its aetiology. Treatment to improve

muscle strength has ranged from pharmacological to

physical therapy. Targets for therapy of frailty have

included anabolic hormones, nutritional factors including

vitamin D, and opportunistic discoveries such as the

angiotensin converting enzyme inhibitors.

PHARMACOTHERAPY

Angiotensin Converting Enzyme Inhibitors

With the well known positive effects of the angiotensin

converting enzyme inhibitors on cardiac muscle, it is

perhaps not surprising that they also have positive

effects on skeletal muscle. Two isoforms of the

angiotensin converting enzyme gene exist – people with

the type II genotype have low serum angiotensin

converting enzyme levels and an enhanced performance

in activities requiring physical endurance.11 In an

observational study of elderly women with hypertension,

angiotensin converting enzyme inhibition demonstrated

a decrease in the rate of decline in muscle function in

women treated with angiotensin converting enzyme

inhibitors as compared to other drugs.12 Following from
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these results, a double-blind randomised trial of 130

subjects aged over 65 years and suffering from decreased

mobility or functional impairment, found that a 20-week

course of perindopril improved exercise capacity even in

the absence of cardiac disease on echocardiography.13

In this study by Sumkadas et al., 46 of the 52 completing

subjects achieved the target dose of perindopril 4 mg

daily and six subjects achieved perindopril 2 mg daily.13

Although the study was not powered for subset analysis,

the subjects who benefited the most were under 80 years

of age and/or had peripheral vascular disease.

The enhanced effect in this subset of patients might

be due to subclinical cardiac dysfunction not detected

by echocardiography. In the early stages of cardiac

pressure overload, skeletal muscle dysfunction occurs,

a process which can be prevented by the use of

angiotensin converting enzyme inhibitors. This

protective effect has been largely attributed to the

prevention of the loss of muscle cross-bridges.14 It may

well be that the excess of angiotensin converting enzyme

activity seen in even subclinical cardiac disease is

sufficient to decrease muscle strength.

Vitamin D

It has been long known that hypovitaminosis D causes

osteomalacia but it was only recently that the beneficial

effects of vitamin D on muscle and balance have been

recognised. For example, studies such as that of 1271

community-dwelling Dutch individuals over the age of

65 years, have shown an association between low vitamin

D levels and physical frailty.15 An epidemiological study

of 4100 subjects over 60 years of age showed that those

with a vitamin D level below 60 mmol/L had a slower

ability to rise from a chair and walk a set distance (the

‘get up and go’ test).16

Some limited but well-constructed studies have

examined the benefits of vitamin D replacement. In elderly

subjects with low vitamin D levels, one study showed

that a single injection of ergocalciferol 600 000 units

reduced postural sway (a known risk factor for falls)

during walking.17 Other tests of neuromuscular function

(sum score of the walking test, chair stand and tandem

stand) also improved in 1300 elderly subjects given

vitamin D supplements.18,19 With an increase in muscle

function and improved neuromuscular function, it is not

surprising that the risk of falls can be reduced by vitamin

D supplements.20,21 These benefits are dose-dependent

and seen at doses above 700 units but not at 400 units.21

Although more research is required on the benefits

of vitamin D supplementation in the elderly, given the

relative paucity of treatment adverse effects and

previously documented benefits on bone strength, it

would seem a good choice for both screening and

treatment.

Anabolic Hormones

Sex Steroids

Testosterone is one of the most potent human anabolic

steroids and is known to increase both muscle mass and

strength in the young.22,23 As such it would seem to be a

logical choice for treatment of the reduced muscle mass

and strength seen with ageing. Testosterone levels below

the normal range are seen in 60% of men over the age of

65 years, a state known as the andropause.24 A decrease

in free testosterone (less than 146 pmol/L) is associated

with an increased risk of falls, impaired balance and muscle

weakness in older men.25

In women, menopause is associated not only with

an early loss of bone density but also with loss of muscle

strength.26 This weakness develops earlier than in men,

perhaps due to the more abrupt hormonal decreases in

the post-menopause and can be prevented with

oestrogen replacement therapy.27 The sex steroids are

thus logical candidates for therapy of age-related

decreases in muscle strength.

Trials of testosterone replacement and augmentation

have produced disappointing results. In hypogonadal

men aged 19 to 68 years, testosterone replacement

increased muscle mass and strength.23,28,29 A dose-

response study of testosterone replacement in hypo-

androgenic younger men showed that testosterone

increased muscle bulk but did not improve fatiguability

or the power of individual muscle fibres.30 In younger

men with HIV, testosterone supplementation increased

muscle bulk but only exercise was able to increase muscle

power.31 Several studies in older men (over 65 years of

age), have demonstrated increases in muscle mass but

no significant improvement in strength.32-37 One criticism

of these studies is the relatively low dose of testosterone

used, with much lower doses used in older subjects than

the younger cohorts. The lower doses may have been

due to concerns regarding potential adverse effects in

older men. Prostatic hypertrophy and prostate cancer

are a particular concern, due to the sensitivity of the

prostate to testosterone levels, with The Baltimore Study

on Aging showing a correlation between prostate cancer

and free testosterone levels.38 Other common adverse

effects of testosterone supplementation are oedema,

polycythaemia, gynaecomastia and worsening of

obstructive sleep apnoea.

In contrast to these results are those from Page et

al., where increases in both strength and function were

observed when older testosterone-deficient men were

given testosterone replacement.39 The difference in these

results may be explained by the use of injectable

testosterone by Page et al. rather than testosterone patch

used in the other studies. Injectable testosterone

achieved higher peak testosterone levels and risk was

attenuated by the co-administration of finasteride, which

halved the levels of dihydrotestosterone by 50%.39

Testosterone therapy is effective in relieving the

symptoms of deficiency in younger men but appears to

have no clear benefit in the frail elderly. Although muscle

mass may increase, strength and physical function will

only improve as a result of exercise.

Dehydroepiandrosterone

Dehydroepiandrosterone, an endogenous steroid

precursor of testosterone and oestrogen, levels decline

with age and there is a correlation between decreasing

serum levels, and muscle mass and strength in men aged

over 60 years.40,41 Several trials in the elderly have failed

to show any improvement in muscle strength or

wellbeing.42-45 The US Food and Drug Administration,

has classified dehydroepiandrosterone as a nutritional

supplement thus allowing its use and benefits to be

heavily promoted despite the absence of strong evidence

for its efficacy.
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Growth Hormone

Growth hormone is required for normal growth during

childhood and adolescence as well as for the

maintenance of normal bone and muscle strength during

adulthood. Growth hormone acts by stimulating the liver

and other tissues to produce insulin-like growth factor-

1 (IGF-1). Skeletal muscle is responsible for the

production of approximately a quarter of the total

production of IGF-1, with two distinct isoforms produced

– one unique to skeletal muscle.46 This muscle variant of

IGF-1 is up-regulated by exercise, growth hormone,

testosterone, insulin and vitamin D.47,48 In the elderly,

growth hormone secretion is significantly reduced, a state

which theoretically might be expected to result in a

decrease in muscle mass.49 Therefore, growth hormone

replacement or supplementation might be expected to

improve muscle mass and strength.

When growth hormone is used to treat middle-aged

subjects with adult-onset deficiency, an increase in leg

strength can be seen in men and women.50 This response

is not replicated in elderly subjects, with several well-

constructed prospective trials demonstrating some

changes in body composition but minimal improvement

in strength. For example, Rudman et al. conducted a six

month prospective trial of growth hormone replacement

in men aged 61 to 80 years with significantly decreased

serum IGF-1 levels.51 Although there was a 2.4 kg loss of

fat mass and a 3.7 kg increase in non-fat mass there was

no associated improvement in strength.51 Papadakis et

al. undertook a double-blind, placebo-controlled trial of

growth hormone supplementation in healthy elderly men

with low serum growth hormone levels with comparable

results.52 In one randomised, controlled trial that

combined both growth hormone and sex steroid

(transdermal oestrogen in women and intramuscular

testosterone in men), small but statistically significant

gains in total body strength and VO
2
 max (maximum

amount of oxygen that can be used in one minute per

kilogram of body weight) were seen in men only.53 These

small gains were far outweighed by the significant

adverse effects experienced by nearly half of the

participants.53

As with the sex steroids, the use of growth hormone

in older people is associated with significant adverse

effects. Hyperglycaemia, gynaecomastia, fluid retention,

arthralgia and carpal tunnel syndrome are experienced

by many recipients.53-56 No consistent benefit in strength,

mortality or function has been observed with growth

hormone supplementation despite many years of

research and its use is not recommended in clinical

treatment of the frail elderly.

Insulin-Like Growth Factors

Growth hormone acts on skeletal muscle via the

production of IGF-1. Several isoforms of IGF-1 exist but

only some are produced in response to increased levels

of serum growth hormone.57 At least one of these IGF-1

isoforms is found in skeletal muscle and is produced in

response to exercise but not growth hormone. Therefore,

it has been postulated that direct IGF-1 supplementation

may be able to increase the strength of skeletal muscle

where growth hormone has failed. IGF-1 has been

administered directly and complexed to its circulating

binding protein.58,59 In a one-year trial of IGF-1

supplementation in healthy women with a mean age of

76 years, despite increasing serum IGF-1 to young-normal

values, no increase in bone density or strength was

demonstrated.58

When given directly, doses of IGF-1 are limited by

symptomatic hypoglycaemia. However, Boonen et al.

were able to administer higher doses of the IGF-1 complex

to their subjects without risking dangerous

hypoglycaemia.59 They studied a small group of women

with recent hip fracture in a placebo controlled trial which

showed prevention of post-fracture osteoporosis and

an increase in grip strength. This study did not

demonstrate improvements in overall function and the

IGF-1 complex was both expensive and required

intravenous administration.

INFLAMMATION

The inflammatory mediators, interleukin-6 and its

downstream activity marker C-reactive protein have been

associated with the development of the geriatric frailty

syndrome.3,60 Certainly, in those with chronic disease,

interleukin-6, C-reactive protein and tumour-necrosis

factor alpha have been linked with decreased appetite,

osteoporosis and a loss of muscle mass.61,62 Some

commentators have postulated on a possible link between

an ageing immune system, an increase in the incidence

of autoantibodies and an increase in non-specific

inflammation in the frail elderly, as well as the possibility

of an identifiable ‘immune risk phenotype’ among the

very old.63,64

The association between raised markers of

inflammation and outcome have been examined in large

epidemiological studies. Barzilay et al. found an

association between C-reactive protein levels and the

subsequent five year development of frailty in a large

cohort of elderly women.65 Within the 1102 subjects of

the Women’s Health and Aging Studies I and II, Leng

found that raised interleukin-6 levels were associated

with an increase in frailty (odds ratio 2.81).66

The cause of this association between inflammation

and physical function has been debated between those

who believe that a dysregulation of the immune system

is the primary cause, and those who believe that an

accumulation of clinical and subclinical disease results

in these outcomes.60 This might represent a primary

disorder of immune regulation or alternatively a loss of

the ability to maintain homoeostasis in the face of

multiple failing organ systems.

Further prospective studies are required with a focus

on health status and the levels of these inflammatory

mediators over time. Should a direct association be

proven, then immune mediators could be used to reverse

these effects. Alternatively, should raised inflammatory

mediators be a marker of under-treated medical

conditions, then it is possible that future screening could

identify a population that could benefit from more

intensive medical management.

DISCUSSION

The maintenance of physical strength and independence

is a goal shared by most older people. Although some

maintain robust good health into an advanced age, others

develop increasing frailty, disability and early

institutionalisation and death. With the causes of

physical frailty still unclear, it is not surprising that

attempts to treat pharmacologically have largely failed.
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Although levels of anabolic hormones in the form of

testosterone, oestrogen, growth hormone and IGF-1 all

decline significantly with age, replacement has been

largely disappointing. While anabolic drugs are useful in

the treatment of hormone deficiencies in the young, the

lack of results in the elderly indicate that their decreasing

levels are a part of normal ageing rather than a specific

cause of functional decline. Although the modest

improvements seen with high-dose IGF-1 were

encouraging, its use is unlikely to be practical due to

cost, adverse effects and means of administration. The

lack of positive results is not surprising, as ageing is a

complex process of diffuse damage to widespread

systems, ranging from the molecular level with genetic

damage, changes within subcellular organelles, through

to age and disease-related cognitive change. Added to

this are social and environmental factors, all of which

can affect an older person’s independent functioning.

As the cause of physical frailty in the elderly is as yet

unknown, it is not surprising that specific treatments have

been elusive.

In contrast to the disappointing results from

pharmacological trials, exercise in combination with

protein supplements (but not protein supplements alone)

has shown to improve muscle mass and strength in very

old nursing home residents.67 Similar results have been

seen for physical therapy in the frail elderly.68

Medicines with proven benefit are, surprisingly, not

generally thought to have a primary action on muscle.

Vitamin D supplements at daily doses of 700 units and

over increase muscle strength and neuromuscular

function. Angiotensin converting enzyme inhibitors have

demonstrated promising results in the improvement of

skeletal muscle endurance. Although further study is

required, it would seem sensible for angiotensin

converting enzyme inhibitors to be chosen as the first-

line therapy for hypertension in the elderly, especially in

those under 80 years of age with peripheral vascular

disease or risk factors for cardiac disease.

Although raised inflammatory mediators are

associated with the loss of muscle mass and the

development of frailty, it is unclear whether these changes

are due to an intrinsic dysfunction within the regulation

of the immune system or the presence of an accumulation

of underlying disease. It would seem that in the absence

of further data, targets for treatment in this condition

could be a wide range of potentially under-treated medical

conditions with a known inflammatory component, such

as peripheral vascular disease, heart failure, osteoarthritis

and the metabolic syndrome. Although raised

inflammatory cytokines are related to a number of

diagnoses and the frailty phenotype, the ability to reduce

their levels with successful therapy has yet to be

demonstrated. Further research is required into the

potential changes in inflammatory cytokines with more

intense medical management of these and other

conditions as well as any associated improvement in

physical function.

CONCLUSION

As enticing as an ‘elixir of youth’ might be, anabolic

hormones are associated with significant adverse effects

and no clear evidence of improvements in function. The

evidence does support the benefits of vitamin D

supplements where levels are low and possibly the use

of angiotensin converting enzyme inhibitors. As raised

inflammatory cytokines potentially represent underlying

untreated pathology, good comprehensive medical care

and the optimal treatment of all underlying conditions is

important.
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