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ABSTRACT

Background: Osteoporosis is predominantly a condition of the
elderly, and the median age for hip fracture in women is

approximately 83 years. Osteoporotic fracture risk is multifac-
torial, and often involves the balance between bone strength

and propensity for falling.

Objective: To present an overview of the available evidence,
located primarily by Medline searches up to April, 2009, for the

different management strategies aimed at reducing the risk of
falls and osteoporotic fractures in the elderly.

Results: Frailty is an independent predictor of falls, hip
fractures, hospitalisation, disability and death in the elderly that

is receiving increasing attention. Non-pharmacological strate-
gies to reduce fall risk can prevent osteoporotic fractures.

Exercise programmes, especially those involving high doses of
exercise and incorporating balance training, have been shown to

be effective. Many older people, especially the very elderly and
those living in care institutions, have vitamin D inadequacy. In

appropriate patients and given in sufficient doses, vitamin D and

calcium supplementation is effective in reducing both falls
and osteoporotic fractures, including hip fractures. Specific

anti-osteoporosis drugs are underused, even in those most
at risk of osteoporotic fracture. The evidence base for the

efficacy of most such drugs in the elderly is incomplete,

particularly with regard to nonvertebral and hip fractures.
The evidence base is perhaps most complete for the relatively

recently introduced drug, strontium ranelate. Non-adherence
to treatment is a substantial problem, and may be exacerbated

by the requirements for safe oral administration of
bisphosphonates.

Conclusion: Evidence-based strategies are available for
reducing osteoporotic fracture risk in the elderly, and include

exercise training, vitamin D and calcium supplementation, and
use of evidence-based anti-osteoporotic drugs. A positive and

determined approach to optimising the use of such strategies
could reduce the burden of osteoporotic fractures in this high-

risk group.
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Introduction

Osteoporosis is predominantly a condition of the

elderly, although the age profile varies for different

fractures. Wrist and distal forearm fractures are

common in younger postmenopausal women, while

the incidence of vertebral and especially hip fractures

increases steeply with age (Figure 1)1. Hip fractures are

generally regarded as the most serious manifestation of

osteoporosis, associated with substantial morbidity and

mortality2–4, and over 90% of hip fractures require sur-

gical treatment5,6. The incidence of hip fracture

increases exponentially with age in women between

60 and approximately 85 years7–9, beyond which it

increases more slowly10. Nonetheless, 60% of hip frac-

tures in women occur after the age of 80 years11, and

the median age for hip fractures in women is approxi-

mately 83 years12–14 and appears to be increasing at a

rate of 1 year every 5 years3. Patients with a first hip

fracture are at markedly elevated risk of a second hip

fracture; nonetheless, the interval between fractures

generally seems sufficient for interventions aimed at

reducing the risk of subsequent fractures to be

effective15,16.

The risk of several types of osteoporotic fracture

increases with age more rapidly than would be

expected from age-related decrease in bone mineral

density (BMD)17, and only approximately half of fra-

gility fractures occur in women meeting current criteria

for osteoporosis based on BMD18–20. Part of this dis-

crepancy may be explained by the fact that many osteo-

porotic fractures are precipitated by falls21; some 98%

of hip fractures are the result of falls22,23, although the

proportion for vertebral fractures is lower7,24. The risk

of many forms of osteoporotic fracture seems to be

determined by the balance between bone strength and

propensity for falling, leading to the suggestion that

such fractures result from a combination of a ‘bone

and brain’ disease25.

In this article we aim to present an overview of

the available evidence for the different management

strategies that can contribute to reducing osteoporotic

fractures in the elderly. The article stemmed from a

meeting held in Paris, France in March, 2009 under

the auspices of the European Society for Clinical and

Economic Aspects of Osteoporosis and Osteoarthritis

(ESCEO). Literature for consideration was obtained

primarily by Medline searches spanning January, 1985

to April, 2009. In view of the large volume of published

material, our review is not exhaustive, and we apologise

to authors whose contributions have not been included.

In selecting papers, we have tended to include the most

recent at the expense of older references.

Age and the evolving
concept of frailty

Neither chronological age nor BMD appear to capture

fully the risk of osteoporotic fracture in elderly people

or identify those who might benefit most from partic-

ular treatments or management. The concept of frailty

has received increasing attention in recent years26.

Various definitions of frailty have been proposed, but

there is some consensus that frailty involves a decreased

reserve or resistance to stressors, resulting in increased

vulnerability to adverse outcomes including falls, dis-

ability, dependency and mortality27,28. Frailty can be

distinguished from disability, dependency and comor-

bidity, and may confer specific health care needs28.

The most extensively studied operational definition

of frailty was proposed by Fried and colleagues using

data from the Cardiovascular Health Study (CHS), and

is based on five characteristics: unintentional weight

loss, muscle weakness, reduced energy and endurance,

slowness of gait, and low physical activity level

(Table 1)27. People with none of these characteristics

are considered to be robust, those with one or two as

intermediate or pre-frail, and those with three or more

are frail. In the CHS cohort, frailty was an independent

predictor of falls, hospitalisation, disability and death,

after adjustment for baseline factors. The independent

predictive power of frailty has since been confirmed in

other cohorts of women and men29–34, with prevalence

varying between 4% and 25%. In a recent study in com-

munity-dwelling individuals in 10 European coun-

tries35, the overall prevalence of frailty was 4.1%

among those aged 50 to 64 years, and 17.0% among

those �65 years. Both frailty and pre-frailty are more

prevalent in women than in men27,34,35.
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Figure 1. Estimated numbers of incidents of wrist, vertebral

and hip fractures during the year 2005 in the USA, data from

Burge et al.1
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In 6742 women of mean age 76.7 years in the pro-

spective Study of Osteoporotic Fractures33, frail

women were at increased risk of falls, all non-spine

fractures, hip fractures, and death compared with

robust women, after adjustment for potential confoun-

ders including age and BMD. The associations between

frailty and these adverse outcomes persisted among

women �80 years of age, and the authors concluded

that these results support the notion that frailty is a

distinctive and unique disorder.

There have been several attempts to modify the CHS

operational definition of frailty. Inclusion of elements

relating to cognitive or neurological status, such as cog-

nitive impairment, may improve the predictive power

of frailty36,37. On the other hand, some have argued

that the CHS definition is impractical for use in clinical

practice and have proposed simpler indices. An index

based on data from the Study of Osteoporotic Fractures

involves three components: weight loss (regardless of

intent), reduced energy level, and inability to rise from

a chair five times without using the arms38. This sim-

pler index performed similarly to the CHS definition in

predicting falls, fractures, disability and death, and may

enable the identification of high-risk women in clinical

practice. It is interesting to note that a recent study in

Swedish twins aged �55 years showed that simply

asking the question ‘Do you have impaired balance?’

identified individuals at substantially increased risk of

fracture, with approximately 40% of hip fractures

attributable to self-reported impaired balance39.

Fried and colleagues27 envisaged a physiologically

based ‘cycle of frailty’ involving, among others, chronic

undernutrition, sarcopenia and reduced total energy

expenditure that could lead to a potentially downward

spiral. In addition to the obvious link between inade-

quate nutrition and weight loss, undernutrition cer-

tainly seems important in osteoporosis. Malnutrition

is common in men and women aged �70 years hospi-

talised for hip fracture40, and low scores (527 points)

on the Mini-Nutritional Assessment are associated with

a two-fold increase in the risk of osteoporosis41. There

is also considerable interest in the underlying patho-

physiological processes that may be involved in the

development of frailty42. Oxidative stress43, dysregu-

lated inflammatory processes44–46 and low serum con-

centration of 25-hydroxyvitamin D [25(OH)D]47,

have all been associated with incident and/or prevalent

frailty and offer promising avenues for research. The

recent development of a frail mouse model showing

inflammation and strength decline consistent with

human frailty48 should facilitate progress in under-

standing the biological basis of frailty.

A key difference between frailty and chronological

age is that frailty is to some extent reversible. In a

study of community-living individuals aged �70

years, the proportion of individuals classed as frail

increased with time, while the proportions of robust

and pre-frail individuals decreased49. Importantly,

however, there were a substantial number of transitions

in the reverse direction. In each assessment period, up

to 16.5% of pre-frail individuals changed classification

to robust, and up to 23% of frail individuals made the

transition to pre-frail, leading the authors to conclude

that there is ample opportunity for prevention and

remediation of frailty.

Conclusions

Frailty independently predicts risk of falls, hip fractures

and mortality. As a concept, frailty highlights the mul-

tifactorial nature of osteoporotic fracture risk and

provides a description of biological rather than chrono-

logical aging. In future, frailty may be useful to charac-

terise participants in clinical trials, and the prevention

or reversal of frailty could itself become a therapeutic

target. Simple indices of frailty could be used to assess

fracture risk in clinical practice.

Non-pharmacological
strategies to prevent falls
in the elderly

Falls and fall-related injuries are common in elderly

people50. It is estimated that 30% to 40% of generally

Table 1. Elements of the Cardiovascular Health Study operational definition of frailty, the presence of three or more elements

identifies frailty27

Element Measure

Weight loss, sarcopenia Unintentional loss of410 lb in previous year

Muscular weakness Grip strength in lowest quintile, adjusted for gender and body mass index

Exhaustion, poor endurance Self-report of exhaustion

Slowness of gait Time to walk 15 feet in lowest quintile, adjusted for gender and height

Low level of physical activity Kilocalories expended in physical activity per week in lowest quintile,

calculated using standardised algorithm and adjusted for gender
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healthy, community-living persons aged �65 years

experience a fall in any given year, and the rates are

higher for those resident in nursing homes and persons

aged �75 years51–54. Over 15,000 people aged �65

years are thought to have died from fall injuries in the

USA during 200555. Falls often lead to a loss of inde-

pendence or admission to an institution56; approxi-

mately 50% of fall injuries sustained at home and

requiring hospital treatment resulted in discharge into

a nursing home57. A study in Finland found that the

incidence of fall-related injuries increased by 284%

between 1970 and 1995, and the trend was greatest

in those aged �80 years58. The increase was more

than could be explained by demographic changes, and

may have been related to increased medication use and

more active lifestyles among the elderly.

The incidence of falls among women increases shar-

ply with age59–61, and most of the costs associated with

falls are attributable to falls in those aged �75 years62.

In a survey of common risk factors for falls, the most

powerful risk factor was muscle weakness, followed by

a history of falls and gait deficit (Table 2)53. It is notable

that muscle weakness and gait deficit are two of the five

elements assessed in the CHS definition of frailty27.

Some medications may increase fall risk, including psy-

chotropic drugs such as benzodiazepines, and cardio-

vascular drugs such as antiarrhythmics, digoxin and

diuretics63–65. Environmental factors such as poor

lighting, loose or frayed carpets, and trailing electrical

cables may also increase the risk of falling53,66.

Given the diversity of factors that may affect fall risk,

it is not surprising that a wide range of interventional

strategies to prevent falls has been explored. Gait train-

ing, exercise programmes, advice on use of assistive

devices, review of existing medication, modification

of environmental hazards and the wearing of hip pro-

tectors have all been evaluated individually or as com-

ponents of a multifactorial interventional strategy50,53.

However, as is commonly the case with non-pharma-

cological treatments, the studies are often small with

varying methodology and criteria for selection of parti-

cipants, and results have been inconsistent.

One recent meta-analysis of 19 studies of multifac-

torial assessment and intervention programmes found

no significant benefit on the number of fallers or for

fall-related injuries67. However, two Cochrane system-

atic reviews concluded that multifactorial programmes,

and exercise programmes aimed at increasing muscle

strength and improving balance, could significantly

reduce the rate and risk of falls68,69. Differences in

inclusion criteria among studies could partly explain

the differences in the results of meta-analysis. The

Cochrane reviews also showed that home safety inter-

ventions were effective in those at higher risk of falling

and those with severe visual impairment.

An interdisciplinary assessment and referral pro-

gramme was effective in reducing the risk of falling in

community-dwelling individuals aged �65 years in the

United Kingdom70. Interestingly, a subsequent study in

the Netherlands, based on the same intervention pro-

gramme but integrated into routine health care, was

not effective71, emphasising the potential difficulties

of implementing such programmes in clinical practice

as opposed to a research setting.

Different types of fall-prevention interventions were

compared in a recent randomised trial72. A total of 150

participants, mean age 76.8 years, who had sustained

recent falls were assigned to one of three interventions

for a 4-month period: education (visits and pamphlets

giving information on exercise, use of walking aids, and

home environmental improvements); home safety

assessment and modification (safety assessments and

up to 14 inexpensive home modifications carried

out); or exercise training (individualised programme,

including trunk and leg strengthening and balance train-

ing). Quality-of-life and functional assessments sup-

ported the superiority of exercise training over the

other interventions; however, it should be acknowl-

edged that the number of falls and participants falling

were not assessed in this study.

A recent review and meta-analysis sought not only

to establish whether exercise training programmes

were effective in preventing falls in older people, but

also to determine the most effective components of the

programmes73. The analysis included 44 studies invol-

ving 9603 participants and showed that patients who

undertook exercise programmes had lower fall rates

than those who did not (rate ratio 0.83, p50.001).

Table 2. Risk factors for falls in the elderly, derived from

16 published studies (modified from reference53)

Rank Risk factor Mean odds ratio or

relative risk ratioa

1 Muscle weakness 4.4

2 History of falls 3.0

3 Gait deficit 2.9

4 Balance deficit 2.9

5 Use of an assistive device 2.6

6 Visual deficit 2.5

7 Arthritis 2.4

8 Impaired activities

of daily living

2.3

9 Depression 2.2

10 Cognitive impairment 1.8

11 Age480 years 1.7

aOdds ratio for retrospective studies, relative risk ratio for pro-
spective studies
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The largest reductions were found in programmes with

a high dose of exercise (450 h over the study period)

and those which involved highly challenging balance

training (e.g. exercises conducted while standing in

which people aimed to stand with their feet close

together or on one leg, minimised the use of their

hands to assist, and practiced controlled movements

of their centre of mass). Exercise programmes that

did not include walking reduced fall rates more than

those that involved walking. Studies with all three

desirable characteristics (high dose of exercise, balance

training, no walking) gave an adjusted rate ratio of

0.58 (95% CI 0.48–0.69), indicating a substantial

reduction in fall risk. The negative influence of walking

on fall rate may be due to time spent walking taking the

place of balance training, which appears to be the most

effective form of exercise. However, walking pro-

grammes have demonstrated other health benefits,

including preventing bone loss in postmenopausal

women74–76 and improving risk factors for cardiovascu-

lar disease77.

The importance of balance training was highlighted

in a recent study in which tai chi training, three times

per week for 6 months, was compared with a stretching

control group in community-dwelling, physically inac-

tive people of mean age 77.5 years78. After 6 months,

the tai chi group showed substantially fewer falls

(38 versus 73, p¼ 0.007) and significant improvements

in measures of functional balance, physical perfor-

mance and fear of falling. In a meta-analysis of four

studies involving 1016 community-dwelling men and

women aged 65 to 97 years, a home exercise training

programme reduced the number of falls by 35%, and in

terms of injury prevention, participants aged �80 years

benefited significantly more than those aged 65 to

79 years79.

Lack of motivation and fatigue can limit compli-

ance and effectiveness of conventional exercise train-

ing. Whole-body vibration is emerging as a potentially

promising alternative to conventional exercise for

older people. Whole body vibration, and the reflexive

muscle contraction it provokes, can induce similar

strength gain to moderate intensity resistance train-

ing80, and in postmenopausal women it can improve

muscle strength and increase hip BMD81. In con-

trolled studies in elderly nursing home residents,

whole body vibration improved measures of body bal-

ance and performance in mobility tests such as the

timed up-and-go test82,83. Whole body vibration

may provide a means of reducing fall risk that is

more acceptable to some elderly people than conven-

tional exercise. However, to date no randomised con-

trolled trial has assessed its effect on the numbers

of falls.

Early studies suggested that wearing hip protectors

reduced the incidence of hip fracture in elderly people

living in institutional care. However, recent systematic

reviews have indicated that hip protectors are not effec-

tive in community-dwelling individuals, and have cast

doubt on their effectiveness in those living in institu-

tions84,85. Patient adherence with hip protector use has

been problematic and may have affected study results.

However, a recent study in 1024 nursing home resi-

dents (mean age 85 years) found that hip protectors

were not effective in reducing hip fracture both in the

overall sample of participants and in the subgroup

whose adherence to the study protocol was good

(480% adherence)86.

Conclusions

Fall risk depends on many factors, and it is to be

expected that comprehensive, multifactorial risk

assessment and reduction programmes should poten-

tially offer the greatest benefits. However, such pro-

grammes may be difficult to implement effectively in

clinical practice. Exercise programmes, especially those

involving high doses of exercise and incorporating bal-

ance training, have been shown to be effective and may

be easier to implement successfully.

Vitamin D and calcium
supplementation

Vitamin D is known to be important in calcium and

phosphorus absorption and homeostasis and is essential

for the development and maintenance of bone

strength87,88. Additionally, in recent years increasing

attention has been focussed on the importance of vita-

min D in skeletal muscle function89–92.

Vitamin D is formed in the skin under the action of

solar UV-B irradiation and is also obtained from the

diet, notably from oily fish and egg yolk. Dietary and

cutaneous vitamin D undergoes sequential hydroxyla-

tions in the liver and then in the kidney to produce the

biologically active form87,88. Risk factors for vitamin D

inadequacy include dietary deficiency and low expo-

sure to sunlight, which may be due to lifestyle factors,

living at high latitudes, cultural and religious practices

of covering the skin surface, and skin pigmentation87.

Elderly people have reduced capacity for cutaneous

synthesis of vitamin D during skin exposure to UV

radiation93.

The most reliable means to assess vitamin D status

is measurement of the serum concentration of its

major circulating metabolite, 25(OH)D. Low serum

25(OH)D levels predict increased risk of hip fracture,
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and the risk increases with decreasing quartiles of serum

25(OH)D94. Optimal serum 25(OH)D concentrations

have not been defined precisely, but a consensus is

emerging that an ideal level is between 80 and

100 nmol/L95, and the minimum desirable level is

approximately 75 nmol/L95–98. Vitamin D inadequacy

is highly prevalent in many countries, especially among

women with osteoporosis99–102. In a recent study of

men and women in a hospital rehabilitation unit

(mean age 70 years) in the USA, 94% had serum

25(OH)D levels below 80 nmol/L103. Similarly, in

1195 postmenopausal women with osteoporosis

(mean age 76.9 years) in Belgium, 91% had serum

25(OH)D levels below 80 nmol/L (Figure 2), and

serum 25(OH)D concentration decreased significantly

with age104.

At first sight, therefore, vitamin D supplementation,

usually in combination with calcium105,106, offers a

straightforward and inexpensive means of improving

both sides of the bone strength/fall propensity balance.

However, the large number of studies and meta-

analyses evaluating the clinical effectiveness of vitamin

D and calcium supplementation in preventing fractures

have produced highly discrepant results.

One of the most compelling demonstrations of the

effectiveness of vitamin D and calcium supplementa-

tion was also one of the earliest. Chapuy et al.107 trea-

ted 3270 elderly women (mean age 84 years) living

in institutional care with either the combination of

vitamin D3 (cholecalciferol 800 IU) and calcium

phosphate (1.2 g elemental calcium) or double

placebo, daily for 18 months. Among women who

completed the study, the number of hip fractures was

reduced by 43% and all nonvertebral fractures were

reduced by 32% in the supplementation group107.

However, since this landmark study, numerous studies

have come to opposite conclusions as to whether

vitamin D, with or without calcium, reduces fall and

fracture risk in various populations. Meta-analyses have

also produced differing conclusions depending on the

subsets of studies they included. Nonetheless, five

recent meta-analyses have been particularly instructive

and will be described briefly.

The meta-analysis of vitamin D by
Bischoff-Ferrari et al.108

This meta-analysis included double-blind studies of

supplementation with vitamin D with or without cal-

cium, but studies that used active vitamin D metabo-

lites were excluded. Meta-analyses involving all doses

of vitamin D showed heterogeneity and indicated no

effect on hip fracture (RR 0.88, 96% CI 0.69 to

1.13). However, trials of high doses of vitamin D

(700 to 800 IU per day), with or without calcium,

showed homogeneity and significant reductions in hip

fracture (RR 0.74, 95% CI 0.61 to 0.88) and in any

nonvertebral fracture (RR 0.77, 95% CI 0.68 to 0.87).

Calcium plus vitamin D supplementation
in the Women’s Health Initiative trial109

A total of 36,282 healthy, community-dwelling, post-

menopausal women (mean age 62.4 years) received 1 g

elemental calcium and 400 IU vitamin D3 or placebo

every day, with a mean follow-up of 7 years. In an

intention-to-treat analysis, there was no significant

treatment effect on hip, clinical vertebral or total frac-

tures, and the incidence of kidney stones was increased

significantly in the supplementation group (hazard

ratio 1.17, 95% CI 1.02 to 1.34). However, subgroup

analyses showed significant reductions in hip fractures

in women aged �60 years (hazard ratio 0.79, 95% CI

0.64 to 0.98), and in women480% adherent to treat-

ment (hazard ratio 0.71, 95% CI 0.52 to 0.97).

The meta-analysis of calcium or calcium
in combination with vitamin D
by Tang et al.110

Meta-analysis of 17 trials of calcium and calcium in

combination with vitamin D (52,625 participants,

46,108 receiving the combination) indicated a 12%

reduction in fractures of all types (RR 0.88, 95% CI

0.83 to 0.95). Trials reporting compliance rates of

�80% showed a greater treatment effect of 24%.

Treatment effect was also greater in people aged470

years compared with those aged 50 to 70 years, and in

those living in care institutions (RR 0.76) compared

with those living in the community (RR 0.94). The

benefit of treatment was also significantly greater
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with calcium doses �1200 mg per day, or vitamin D

doses �800 IU per day.

The Cochrane review of vitamin D and
related compounds111

In a meta-analysis of eight trials involving 46,658 par-

ticipants, the combination of vitamin D with calcium

significantly reduced hip fractures (RR 0.84, 95% CI

0.73 to 0.96), and a subgroup analysis suggested that

the effect was significant among those living in institu-

tional care. Meta-analysis of nine trials involving 24,749

participants suggested that vitamin D alone was unli-

kely to be effective in preventing hip fracture.

Effect of vitamin D supplementation
on falls112

Meta-analysis of 5 trials (1237 participants, community

dwelling or institutionalised) indicated that vitamin D

supplementation (any form) reduced the risk of falling

by 22% (corrected odds ratio 0.78, 95% CI 0.64 to

0.92) compared with placebo or calcium alone. In a

sensitivity analysis, inclusion of five additional trials

that did not meet all the selection criteria (increasing

the sample to 10,001 participants) resulted in a smaller,

but still significant, reduction in risk of 13% (corrected

odds ratio 0.87, 95% CI 0.80 to 0.96).

Interpretation and implications

These analyses indicate that vitamin D and calcium

supplementation can be effective in preventing falls

and fractures in elderly people, and we suggest several

points that may be important in interpreting trial

results and in optimising clinical use of vitamin D and

calcium.

Patient selection

Vitamin D supplementation has no effect in vitamin

D-replete patients, in part because negative feedback

regulation means it will not be converted to the active

form by the kidney. The likelihood of effectiveness of

vitamin D and calcium supplementation increases with

the degree of vitamin D inadequacy. People in care insti-

tutions are likely to have more risk factors and are more

likely to show vitamin D inadequacy than those living in

the community113,114. The effectiveness of vitamin D

and calcium supplementation also appears to increase

with age. However, it should be borne in mind that

renal insufficiency is common in the elderly and may

reduce conversion of vitamin D to the active form.

Administration of an active vitamin D analogue may

be effective in patients with renal insufficiency.

Dose

Vitamin D doses of �800 IU per day seem more effec-

tive than lower doses, which were ineffective in some

analyses. Furthermore, it has been estimated that

higher doses of perhaps 2000 IU per day might be

required to bring 25(OH)D levels up to desirable

levels in many elderly people98,115. Calcium doses of

�1200 mg per day also seem more effective than lower

doses. However, excessive calcium intake may increase

the risk of kidney stones in the general population, and

might also increase the risk of vascular events in the

elderly116; these aspects and dietary calcium intake

should be taken into account when prescribing calcium

supplementation. Hypocalciuria is a good indication for

calcium supplementation. Vitamin D inadequacy also

interferes with phosphorus homeostasis; there may be a

case for administering calcium supplementation in the

form of calcium phosphate, as was done in the land-

mark Chapuy et al. study107.

Adherence

Poor adherence appears to be a major factor limiting

the efficacy of vitamin D and calcium supplementation

in clinical trials, and an even greater problem in clinical

practice. In a recent study in 122 elderly hip fracture

patients, 58 were taking vitamin D and calcium supple-

mentation regularly or with occasional irregularity at 6

months after hospital discharge, but the number had

fallen to 32 patients at 12 months and three patients

at 2 years117. Adherence to vitamin D and calcium

supplementation in clinical practice appears to be

lower than for specific anti-osteoporotic drugs

(Figure 3)118,119, with lack of motivation given as

the most frequent reason for discontinuation119.

Adherence to calcium supplementation may be lower

than for vitamin D, partly because of gastrointestinal

symptoms120. Inclusion of calcium supplementation or

even both calcium and vitamin D in the same packet

with co-prescribed anti-osteoporotic drugs may be

beneficial121,122.

Conclusions

An adequate supply of vitamin D and calcium is essen-

tial for the maintenance of bone strength and skeletal

muscle function. Recent research indicates that that the

minimum desirable serum 25(OH)D level is 75 to

80 nmol/L. Many older people, especially the very

elderly and those living in care institutions, are likely

to have vitamin D inadequacy and insufficient dietary

calcium intake. In appropriate patients and given in

sufficient doses, vitamin D and calcium supplementa-

tion is effective in reducing falls and osteoporotic
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fractures, including hip fractures. Normalisation of

vitamin D levels (to a serum 25(OH)D concentration

of at least 50 nmol/L, ideally 75 to 80 nmol/L) and cal-

cium status should be regarded as basic therapy for all

forms of osteoporosis106, and should be instigated

together with any specific anti-osteoporosis medica-

tion. Vitamin D doses of 800 to 1000 IU per day or

higher may be required to achieve this. The apparent

discrepancies in the published literature should not dis-

courage physicians from taking steps necessary to nor-

malise vitamin D and calcium status.

Specific anti-osteoporotic
drugs

The efficacy of several agents in increasing bone

strength and reducing osteoporotic fracture risk has

been established in a number of well-designed rando-

mised clinical trials, largely carried out to meet regula-

tory requirements. However, most such trials have

included only a small proportion of very elderly parti-

cipants. We know of only two such randomised studies

specifically designed to assess anti-fracture efficacy

primarily in the very elderly population. Furthermore,

evidence of efficacy has been generally most compelling

for vertebral fractures. Evidence for nonvertebral frac-

tures and particularly hip fracture, the most important

and serious osteoporotic fracture in the very elderly, is

more scant and less consistent123.

Specific anti-osteoporotic drugs are widely under-

used in people at risk of osteoporotic fracture124–129.

In a recent study of 23,146 patients in Belgium

hospitalised for hip fracture, only 6% of those not pre-

viously treated received a specific anti-osteoporotic

drug after the fracture130. Data from the US National

Health and Nutrition Examination Survey (NHANES),

showed that only 12% of women aged �85 years, and

17% of women aged �65 years who had a history of

fracture, were receiving treatment targeted to prevent

bone loss131. Anti-osteoporosis treatment is not always

targeted at those at greatest risk of fracture. Women in

the NHANES study were assessed for fracture risk

using the Fracture Index132; it was found that rates of

anti-osteoporotic drug use did not increase progres-

sively with fracture risk and only 13% of those in the

highest risk category received such treatment

(Figure 4)131. In another study in women aged �60

years with hip, vertebral or wrist fracture, increasing

age was associated with a reduced likelihood of receiv-

ing specific anti-osteoporosis treatment126. Finally,

among elderly patients admitted to a nursing home

after a hip, wrist, or humeral fracture, only 18.7%

received an anti-osteoporosis medication in 2001, and

this rate showed no improvement between 2001 and

2004133. The relative lack of direct evidence of benefit,

particularly against nonvertebral and hip fractures, in

the very elderly may have contributed to these low

rates of usage. A further factor may be concern that

anti-osteoporotic drug treatment requires a long time

to take effect, which must be weighed against the life

expectancy of some of those at greatest risk.

Efficacy of anti-osteoporotic drugs in the
very elderly

Evidence of efficacy of anti-osteoporotic drugs in the

very elderly has come primarily from subgroup
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analyses, in some cases involving the pooling of data

from more than one trial. A literature search and

review of published evidence has been published

recently134, as has a less formal analysis135. In light of

these recent articles, only a relatively brief summary

will be given here.

Strontium ranelate

Perhaps the most complete body of evidence of anti-

fracture efficacy in the very elderly is for the relatively

recently introduced drug, strontium ranelate. A pre-

planned pooled analysis of data from women aged

�80 years11 taken from two large trials136,137 showed

significant reductions in relative risk of vertebral and

nonvertebral fractures at 3 years of 32% (p¼0.013)

and 31% (p¼0.011), respectively (Table 3). As early

as 1 year into treatment there were significant reduc-

tions in vertebral and nonvertebral fractures of 59% and

41%, respectively. The reduction in hip fracture risk at

3 years was 32%, but did not reach statistical signifi-

cance. However, a subgroup analysis of high-risk

women aged �74 years in the TROPOS study

showed a significant risk reduction of 36% at 3 years137.

Alendronate

In a post hoc analysis of the Fracture Intervention Trial,

alendronate was associated with a 38% reduction in risk

of vertebral fracture at 3 years in women aged �75

years (Table 3)138. Data from this trial were used to

calculate age-specific fracture rates in the alendronate

and placebo groups using a Cox proportional hazards

regression model139, which suggested that the effect of

alendronate on symptomatic vertebral and hip fractures

was approximately constant across the age range of

women in the study. No data are available in patients

�80 years.

Table 3. Summary of analyses demonstrating anti-fracture efficacy of anti-osteoporotic drugs in very elderly people, based on

data from Inderjeeth et al.134

Drug: study; target population; mean age 1-year results 3-year results

RRR p-value RRR p-value

Strontium ranelate: pooled analysis of data from two RCTs11;

women �80 years; mean age 83.5 years

Hip fracture – – [32%] NS

Nonvertebral fracture 41% 0.027 31% 0.011

Vertebral fracture 59% 0.002 32% 0.013

Strontium ranelate: subgroup analysis of TROPOS study137; high

risk women �74 years; mean age 79.2 years

Hip fracture – – 36% 0.046

Alendronate: subgroup analysis of FIT study138; women �75 years

Vertebral fracture – – 38% 50.05

Risedronate: subgroup analysis of HIP study140; women �80 years;

mean age 83 years

Hip fracture – – [20%] NS

Risedronate: pooled analysis of data from three RCT143; women

�80 years; mean age 83.0 years

Hip fracture – – – –

Nonvertebral fracture – – [?] NS

Vertebral fracture 81% 50.001 44% 0.003

Clodronate: RCT144; women �75 years, not selected for

osteoporosis, mean age 80 years

Hip fracture [HR 1.31] NS [HR 1.02] NS

Nonhip fracture – – 29% 0.001

Teriparatide: subgroup analysis of FPT study147; women �75 years;

mean age 78 years

Nonvertebral fracture [25%] NS _ _

Vertebral fracture 65% 50.05 – –

HR: hazard ratio; NS: not significant; RCT: randomised controlled trial; RRR: relative risk reduction
Study name abbreviations – FIT: Fracture Intervention Trial; FPT: Fracture Prevention Trial; HIP: Hip Intervention Program trial; TROPOS:
TReatment Of Peripheral OSteoporosis trial
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Risedronate

In the Hip Intervention Program140, risedronate had no

effect on the incidence of hip fracture in the subgroup

of women aged �80 years. In a pooled analysis of data

for women aged �80 years from three trials, the Hip

Intervention Program and the two Vertebral Efficacy

with Risedronate Therapy trials141,142, risedronate dra-

matically reduced the incidence of vertebral fracture by

81% at 1 year and 44% at 3 years, but had no effect on

nonvertebral fractures (Table 3)143. Hip fractures were

not reported separately in this analysis.

Ibandronate

No data are available on the antifracture efficacy of

ibandronate in the very elderly.

Clodronate

The efficacy of clodronate was evaluated in a study in

randomly selected community-dwelling women aged

�75 years who did not need to have osteoporosis or

any other known risk factors for fracture144. Over

3 years, clodronate had no effect on the incidence of

hip fracture (hazard ratio 1.02, p¼0.918; Table 3).

Interestingly, at 1 year, the hip fracture rate was numer-

ically higher in the clodronate group (0.86%) than in

the placebo group (0.61%; hazard ratio 1.31, not sig-

nificant). However, clodronate treatment did reduce

the risk of any clinical fracture by 20% (hazard ratio

0.80, 95% CI 0.68 to 0.94) and nonhip fractures by

29% (hazard ratio 0.71, 95% CI 0.57 to 0.87) at

3 years. No data are available in patients �80 years.

Zoledronic acid

Although not yet formally evaluated in the very elderly,

once-yearly zoledronic acid reduced rates of vertebral

and nonvertebral fractures in patients (mean age 74.5

years) with recent hip fracture, although the reduction

in hip fractures was not significant145. Interestingly, the

rate of death was reduced by 28% in the zoledronic acid

group, emphasising the impact of osteoporotic frac-

tures on mortality.

Teriparatide

In a subgroup analysis of data from women aged �75

years in the Fracture Prevention Trial146, teriparatide

treatment was associated with a significant 65% reduc-

tion in risk of new vertebral fracture, but had no effect

on nonvertebral fractures after a median treatment

duration of 19 months (Table 3)147. Hip fractures

were not reported separately in this analysis, and no

data are available for teriparatide in patients �80 years.

Non-adherence to treatment

Non-adherence is a substantial problem with specific

anti-osteoporotic therapy in clinical practice148–151. In

one study in 18,822 women, the overall risk of non-

adherence (defined as medication days580% of those

possible) was 47% at 3 months, 70% at 1 year and 84%

at 3 years152. Older age may predict a greater risk of

non-adherence149,153. Several recent studies have

shown that non-adherence is associated with signifi-

cantly elevated risk of vertebral and nonvertebral

fracture154–157. Studies evaluating interventions to

improve general medication adherence in older

people have yielded only mixed results158,159.

A further issue for very elderly individuals is the need

to meet the specific requirements for oral intake of

bisphosphonates (fasting before and after intake, not

sucking or chewing tablets, taking with a full glass of

water, remaining upright for 30-60 minutes after

intake) to prevent adverse effects on the mouth and

oesophagus. These requirements are not adhered to

by a substantial minority of patients generally160, and

may be particularly challenging for the very elderly.

Intermittent dosing regimens for bisphosphonates

may have the potential to reduce the inconvenience

associated with daily oral dosing and could improve

adherence to therapy148,150,161, although not all studies

have shown this152 and adherence rates remain severely

suboptimal. Weekly oral alendronate and risedronate,

and ibandronate given orally at monthly intervals

or intravenously every 2 or 3 months, have been

evaluated162–164, as well as once-yearly zoledronic

acid145,165, although the efficacy of these regimens in

the very elderly has not yet been established.

Conclusions

It could be argued that the preceding discussion essen-

tially documents severe undertreatment of elderly indi-

viduals, especially those most at risk of osteoporotic

fractures, perhaps linked to the incomplete evidence

base for most established anti-osteoporotic drugs in

the very elderly, and compounded by inconvenience

of oral dosing of bisphosphonates, poor adherence to

anti-osteoporotic treatment generally, and concerns

over the slow onset of benefit. However, the relatively

recently introduced agent, strontium ranelate, has rap-

idly acquired an evidence base for its efficacy against

hip and other nonvertebral fractures as well as vertebral

fractures in the very elderly, and is given by a simple

daily oral dosing regimen without the special precau-

tions associated with bisphosphonates. Unlike other

anti-osteoporotic drugs, strontium ranelate has also
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shown substantial efficacy against nonvertebral frac-

tures in the elderly after 1 year of treatment, which

may allay physician concerns about initiating therapy

in very elderly or frail patients with a relatively short

life expectancy. The evidence base for some other drugs

in the very elderly is likely to increase in the coming

years.

Overall conclusions

The risk of osteoporotic fractures in the very elderly is

determined by a large number of factors ranging from

hazards in the home environment to frailty, poor bal-

ance and bone fragility. This range of factors opens up

numerous opportunities for intervention to reduce risk.

However, each of the possible avenues for risk reduc-

tion has limitations or difficulties of implementation in

clinical practice. Many are only suitable for selected

patients, and in most cases the evidence base is less

complete and less compelling than one would like.

Attempting to pursue all possible avenues in every indi-

vidual would result in expensive, unwieldy and proba-

bly ineffective treatment programmes. However, the

present situation in which many elderly people at

high risk of fracture receive no treatment or highly

inadequate treatment is equally unacceptable. The

major limitation of this article is that our review was

not systematic and involved a degree of judgement and

opinion on the part of the authors, necessitated in part

by the volume and complexity of the published evi-

dence. Nonetheless, we believe that the research sum-

marised here indicates that effective treatments are

available, including exercise training, vitamin D and

calcium supplementation, and use of evidence-based

anti-osteoporotic drugs, which can be appropriate for

a high proportion of elderly individuals. A positive and

determined approach to optimising the use of such

treatments could help to reduce the large and increas-

ing burden of osteoporotic fractures in the very elderly.
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