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Abstract: Objective:The aim of this review of the literatureis to reportthe factorswhich both contributeto the
frailty syndrome and increase hip fracture risk in the elderly. This work is the fruit of common reflection by
geriatriciansgndocrinologistsgynecologist@ndrheumatologistsandseekgo stressheimportanceof detection
and management of the various components of frailty in elderly subjects who are followed and treated for
osteoporosis. It also sets out to heighten awareness of the need for management of osteoporosis in the frail
elderly.Design:The currentliteratureon frailty andits links with hip fracturewasreviewedanddiscussedy the
group. Results:The factorsand mechanismavhich are commonto both osteoporosisnd frailty (falls, weight
loss, sarcopenialow physicalactivity, cognitive decline,depressionhormonessuchastestosteronegstrogens,
insulin-like growth factor-I (IGF-1), growth hormone (GH), vitamin D and pro-inflammatory cytokines) were
identified. The obstaclego accesgo diagnosisandtreatmentof osteoporosisn the frail elderly populationand
commontherapeutiqpathwaydor osteoporosiandfrailty werediscussedConclusion:Futureresearchincluding
frail subjectswould improve our understandingf how managemenof frailty can can contributeto lower the
incidence of fractures. In paralel, more systematic management of osteoporosis should reduce the risk of
becoming frail in the elderly population.

The term frailty is used by physicians caring for elderly
persons to describe a patient at high risk of becoming
dependent, of comorbid illnesses, admission to an institution
andmortality. This term often reflectsa physicianOsubjective
perception of the patient® state of vulnerability. For some

authorsfrailty expressesan acceleratiorin the agingprocesses

(2). For others, frailty is a pathological state that has its own
pathophysiological mechanisms which are distinct from those
of advancing age (2). Although the clinical reality of the
concept of frailty is recognized by the whole scientific
community, there is no generally accepted definition.
Nevertheless, the central element defining frailty is a state of
great vulnerability of an aged subject when confronted by a
stressor. The causes appear to be varied and to differ in
importanceaccordingto theindividuals.Frailty is thoughtto be
related to multiple deficiencies (Figure 1) which interact
between themselves and lead to a decrease in physiological
reserves (3-5).

Typically, frail patients lack strength, tire easily, are
generaly inactive and move slowly. They have little appetite
and have recently lost weight. Their morale is poor and their
cognitivefunctionsarein decline.Thesesymptomsare present
in varying degreesAlthough often foundin associationfrailty
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is distinct from comorbidillnesseswhich are aboveall factors
that hasten the frail subject® transition into disability (Figure
2). In practice the conceptof frailty canprovideanexplanation
for the considerablaifferencesin toleranceof stressbetween
oneagedsubjectandanother At the sameage,andfacedby the
stressf pulmonarydiseasebereavemeng fall or admissiorto
hospital, the outcome will be much more unfavorable in the
frail than in the robust elderly subject.

Identification of the clinical characteristics of the frailty
syndrome (Figure 1) has been the theme of several expert
meetings (6-9). Decreased strength, a feeling of tiredness,
involuntary weight loss, slownessand inactivity appearas the
key domairs, to which various teamsadd social isolation and
comorbid conditions, among which depression and cognitive
deficiencies are proposed. Although all these factors are
recognizedas determinantn the frailty syndrome adoptionof
a practical clinical definition is still difficult (6,8,10-13). In
2001, Fried et a. proposed an operational approach to the
phenotypeof frailty (Figure3). Althoughthereis no consensus,
the majority of contemporanstudiesarebasedon thesecriteria
or their adaptation.
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Figure 1
z <+
Mechanisms —p Frailty Consequences
Immunity Osteoporosis Comorbid illnesses
Hormones Sarcopenia Disability
Nutrition Weight loss Falls
Fatigue Fractures
Inactivity Admission to an
Slow gait institution
Cognitive decline Death
Sadness
Figure 2

Figure 4

Outcome at 18 months of subjects classified by the criteria of

Fried et al.

Deaths 4.2% 40.1% Deaths 4.9% 24.9% Deaths 13.1%

< <—
11.9% 23%
51.5% 58.3% 63.9%

Adapted from Gill et al., 2006 (12)

The literal meaningof the Anglo-Saxonterm also signifies

Relations between frailty, disability and comorbid illnesses thatthefrail subjectCbreakseasilyE.Exposedo the stresof a

Comorbid
illnesses

Disability

Adapted from Fried et al. (5)

Figure 3
Criteria of frailty proposed by Fried et al., 2001 (5)

1B Weight loss
-5% body weight/year
2 D Subjective fatigue
CES-D Depression Scale
3 b Physical activity
Minnesota Leisure Time Activity (MLTA) scale
4 b Walking speed
Walking speed over 4.5 meters
5 PMuscle strength
Grip strength

3 criteria or more = Frail
1 or 2 criteria = Intermediatg
0 = Nonfrail

The growinginterestin the conceptof frailty is relatedto its
reversible nature (Figure 4, (12)). While frailty is highly
predictive of a certain number of adverse events, it is also
amenable to interventions. Early detection and early, often
simple measures for management of frailty can prevent
transitioninto disability. Oncedisability hassetin, on the other
hand, it is rarely reversible in spite of difficult and costly
interventions.

In the absence of a generally accepted definition, it is
difficult to judgethe exactprevalenceof the frailty syndrome.
Depending on the criteria of frailty used, its prevalence may
vary three-fold(14). The prevalenceof frailty alsodependson
the characteristicof the populationstudied.All studiesagree
in emphasizingheimportanceof the public healthproblemthat
it represents (Table 1).
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fall, he or shehasa high risk of fracture,andthusof transition
to disability, institutionalization,comorbidillnessesand death.
The osteoporoticsubjectthereforeseemso be, in the geriatric
sense, a frail subject. Paradoxically, no current definition of
frailty includes bone mineral density (BMD) (7). Various
authors have however highlighted the frequent association
betweenosteoporosisand frailty (15). Osteoporosisppeardo
be a good marker of frailty. It is a sign of vulnerability.

Hip fracture is the major complication confronting elderly
subjects and this too is a major public health problem. Frail
subjects seem to be particularly exposed to this complication,
which may be predicteda few yearsbeforehandy a so-called
C sentinel E fracture of the wrist (16). The incidence of hip
fracturerisesfrom 1.6 per 1 000 at the ageof 65 yearsto 35.4
per 1 000 at the age of 95 years (17). Mortality ranges from
35%at 12 months(18) to 10%at 2 years(19) dependingon the
cohorts. Of those patients who do not die, the majority never
regain their earlier functional performances (20,21). Hip
fracture exposeshe agedsubjectto pain, depressionreduced
physicalactivity, weight loss and hypercatabolismDuring hip
fracture, the aged subject often transitions to disability.

The notion that the frail subject is at particular risk of hip
fractureis a recentone (22). Yet frailty andits accompanying
mechanisms such as inactivity, decreased strength and weight
loss are associated conditions known to hasten the onset of
osteoporosis (23) and increase the likelihood of falls and
fractures. Independently of BMD, recent works have shown
that frailty is a major risk factor for fals (OR=2.41, 95 Cl%,
1.93-3.01) (22). The number of fallsis in itself a major risk
factorfor hip fracture,independenthyof BMD (24). As thefrail
subjectis at risk both of osteoporosisndaboveall of falls, he
or shepresentsall the prerequisitedor hip fracture.Ensrudet
al. have shownthat their fracturerisk was higher than that of
nonfrail elderly subjects of the same age (OR=1.70, 95% ClI,
1.35-2.15) (22).

It is important to understand the links between frailty,
osteoporosisindhip fractureasthe therapeuti@approachesiay
be different or complementaryThe efficacy, costand adverse
effects of a purely pharmacological approach aiming to
increase BMD or of a multidisciplinary approach aimed at
countering the factors associated with frailty (malnutrition,
inactivity, weaknessE ) may be very different in a frail or a
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robust aged population (25). Faced with these issues, it is for
examplenecessaryo determinein agedpersonsthe influence
which may be imputedto decrease@MD in the occurrenceof
afractureascomparedvith otherfracturerisk factors(25) such
as falls and their multiple causes.

At the presentime, few elderly subjectshavethe benefit of
a diagnosticandtherapeuti@approachaimedat estimatingtheir
hip fracturerisk. Approachingosteoporosishroughthe frailty
syndromewould not only encourageccesgo investigationand
treatmentof osteoporosibut would alsogive frail subjectsthe

osteoporosisit alsosetsout to heightenawarenessf the need
for management of osteoporosis in the frail elderly.

Factors and mechanisms common to osteoporosis
and frailty

Falls

Various reviews underline the highly heterogeneous nature
of fracture risk factors in the aged, differing between
individuals (26, 27). In frail subjects, several factors expose

benefit of a therapeutic approach adapted to their health stattisemto multiple falls (28). The dataof the literature suggest,

Screening and management of selected factors associated
with frailty would certainlyhavea majorimpacton hip fracture
risk by limiting therisk of falls, disability anddecrease@MD
and by opening up access to the diagnosis and treatment of
osteoporosis.

The aim of this review of the literature is to report on the
factors which both contribute to the frailty syndrome and
increase hip fracture risk in the elderly. By emphasizing the
complementary nature of geriatric and rheumatological
managementhis work, which is thefruit of commonreflection
by a groupof geriatriciansendocrinologistsgynecologistand
rheumatologistsaimsto increaseawarenes®f the importance
of detection and management of the various components of
frailty in elderly subjects who are followed and treated for

moreover that fracturerisk is relatedto the high frequencyof
falls rather to low BMD.

In an institutional setting, the high incidenceof falls is the
determiningfactorin the onsetof hip fractures,morethanlow
BMD (29). Fracture risk is greatest when a high risk of falls
andlow BMD are presentconcurrently.Risk of hip fractureis
nearly 25 timeshigherin elderly womenwith a history of both
a recentfall and osteoporosighanin thosewith neithera fall
nor decreasedMD (30). Frail subjectswho associatdactors
contributingto a decreasén BMD andmultiple falls thusseem
to be particularly exposed to hip fracture (Figure 3). This
explains why the fracture risk is higher in a frail elderly
population (30-32).

At the presentime, the part playedby falls andlow BMD in

Table 1
Prevalence of the frailty syndrome according to the populations and criteria used in some studies of frailty

Name of study Population

Criteria of frailty

Frail (%) References

Osteoporotic Fractures in Men
Research Group

5993 men aged 65 or older living
at home

Comparison of studies 309 cardiology inpatients aged 70
or older

INCHIANTI study
at home

Precipitating Events Project
at home

WomenQOs Health Initiative
Observational Study home
Hispanic Established Population
Epidemiological Study of

the Elderly

621 subjects aged over 70 living
at home

Canadian Study of Health and

Aging at home

EPIDOS study
home

Cardiovascular Health Study
at home

Sarcopenia, fatigue, weakness, 4
low activity, slow walking speed

827 subjects aged 65 or older living Fried et al. adapted

754 subjects aged 70 or older living Fried et al. adapted

40 654 women aged 65 D 79 living dtried et al. adapted

9008 subjects aged 65 or older living?hysical activity, disability,
cognition

7574 women aged over 75 living at One or more IADL disability

5317 subjects aged 65 or older living-ried et al.

Cawthon et al. 2007 (161)

Fried et al. versus 27 Purser et al. 2007 (162)
Rockwood et al. versus

63

6.5 Ble et al. 2006 (163)

25.7 Gill et al. 2006 (12)

16.3 Woods et al. 2005 (164)
Fried et al. adapted 20 Ottenbacher et al. 2005 (165)

4.4% of Rockwood et al. 2004 (166)

subjects aged
over 85 very
frail

32 NourhashZmi et al. 2001 (167)

6.9 Fried et al. 2001 (5)
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the occurrenceof fracturesin the frail populationhasnot been
defined. Its determination is however of practical interest, for
thetherapeuti@approachs not the same.n the EPIDOSstudy,
the relationshipbetweenBMD and hip fracturerate decreased
with age(33). The Study of Osteoporotid-ractureSOF)(34)
made similar findings. In the European Prospective
Osteoporosis Study, BMD was less predictive of hip fracture
risk than was an increased rate of falls (35). In the Fracture
Risk Epidemiological in the Elderly (FREE) Study, fall
frequency was the determinant factor in fracture risk (29). A
study of nursing home residents by Greenspan et al.
demonstrated that fracture risk was more strongly correlated
with fall characteristic4OR 5.7;95% CI 1.7-13;p=0.003)and
impairedmobility (OR 3.5; 95% CI 1.1-11;p=0.04)thanwith
low BMD (OR 1.9; 95% CI 1.1-3.2; p=0.02) (25). In another
population of 3 886 women aged over 80, selected for their
high fall risk, the group treated with risedronate did not
experience fewer hip fractures (34).

It should be noted, moreover, that fracture risk may be
higher in frail subjects than in ill subjects who are already
dependent and have impaired balance. This paradox may be
explainedby the higherfrequencyof falls in frail subjectshan
in aready dependent subjects (36). Dependent subjects may
take less risks and engage in less at-risk activities than frail
subjects.

Weight loss

Among predictors of weight loss, reduced protein and
energyintakeis a factor of osteoporosignd of frailty. Weight
lossis a criterion of frailty in the elderly subject(37). Reduced
food intake,in particularof protein,hastengransitionto frailty
and also osteoporosis (38). Changes in femoral neck BMD
accompany weight changes in postmenopausal women (39).
BMD is alsoassociatedvith markersof nutritional statussuch
asserumalbumin(40-42).Theserelationsexplainwhy subjects
with hip fracture generally have lower body weight than
subjects of the same age without fracture (43).

In 1995,Cummingset al. alreadyreportedfrom the findings
of the Study of Osteoporotid-ractureSOF) that weight loss
was an independenaindreversiblerisk factor of fracture (44).
In bothmenandwomen,weightlossincreasedracturerisk (45,
46). Some studies have suggested that the threshold of 10%
weight loss increases fracture risk two-fold (RR=1.8; 95% ClI
1.04-3,3). Importantly, a 10% gain of body weight has a
protective effect (45).

It is however difficult to know whether fracture risk is
increasedecausef a thinnerfatty layerwhich poorly absorbs
impact energy,or whetherlow body weight reflectslow bone
density and quality as well as poor nutritional status. Some
studies have reported an association between low body mass
index (BMI = weight/height!) and increased hip fracture risk
(47), and have suggested that fracture risk is related to the
severity of the impact of the injury, which is greater if the
patient is tall.

Sarcopenia

Among the important changes in body composition which
are associated with aging, sarcopenia is one of the major
domains which characterize frailty. The term sarcopenia was
initially introduced by Rosenberg in 1989 and applied to the
progressive wasting of muscle mass during aging (48). The
present definition of sarcopenia comprises reduced muscle
strength,massand quality. Sarcopenias an importantfield of
researchn geriatricsasit is consideredo be bearconsiderable
responsibilityfor functional limitations and motor dependency
in elderly persons.

Subjects who have difficulty in carrying out certain motor
tasks such as chair rises or standing for a long while without
fatigue have a higher risk of hip fracture (44). Impaired
mobility is a fracturerisk factorin the elderly population(25)
in additionto low BMD and a high fall risk. Lack of strength
(49,50), slow gait speed(24), and poor balanceare conditions
which reflectthe patientOfailty andare predictiveof fractures
(51).

Musclemassdeclinesby aboutl to 2% peryearaftertheage
of 50 (52). Strengthdeclinesby 1.5%peryearbetweertheages
of 50 and 60 thenby 3% per year subsequently55-56). There
is no consensual definition of sarcopenia. However, it is
estimatedhatabout20% of menaged70 to 75 andabout50%
of subjectsagedover80 havesarcopeniaAmongwomen,25to
40% in the same age ranges are sarcopenic. Janssen et al.
reportedthat 35% of elderly subjectsveremoderatelyand 10%
severely sarcopenic (57). For Melton et al., 6 to 15% of
subjectsagedover 65 are affected(58). In the EPIDOScohort
of home-dwelling women aged over 70, about 10% are
sarcopenig¢59). Whateverthe study,however all describevery
great disparity between individuals of the same age.

Sarcopenisubjectsarealsothosewho havelower BMD and
a higher risk of falls (58,60,61). Among postmenopausal
women, 25% of osteopenic women and about 50% of
osteoporotic women are sarcopenic (62). This association
betweenlow musclemassandlow BMD hasbeenreportedin
various studies (63-68).

Decreased BMD could be due in part to decreased bone
stressassociatedvith the reducedphysicalactivity observedn
elderly persong69). The decreasén physicalactivitiesandin
particular resistance activities promote muscle wasting, which
is itself associatedvith the decreasén BMD. Inactivity is also
associateavith impairedbalanceandreducedcoordinationand
suppleness, which all contribute to the risk of falls.

Cognitive decline and depression

Cognitive decline is often considered as a characteristic
factor of the frailty syndrome and a fall risk factor. Falls are
very frequent in patients with impaired higher functions (70-
72). Prospectivestudieshavereportedthat falls were twice as
frequent as in subjects of the same age without cognitive
impairment. These falls explain why 3 to 7 times more hip
fractures are observed in patients with Alzheimer® disease,
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even in the earlier stages of the illness (70, 73). Fall
mechanisms, more than low BMD, are the cause (73).
Cognitivedeclinemay contributeto therelationbetweerthe
frailty syndrome and fractures. Frail subjects with poor
functional performances (slow walking speed) are also at risk
of cognitive decline.Recently,Wangandcollaboratorq74), in
a prospective study of 2 288 participants, showed that motor

decisive role in the risk of osteoporosis and of fals (92,93).
They will be discussed in the section on treatment.

Prevention and treatment

Access to diagnosis and treatment of osteoporosis
In the absence of a consensual definition of frailty, the

performancesvere predictorsof dementiaand of AlzheimerOs proportionof frail elderly subjectswho have osteoporosisind

diseasan particular.A possiblehypothesiss that poor motor
performanceseflecta low level of physicalfitness,whichis in
itself associatedvith the risk of dementia(75). Thesefindings
supportthe notion that the decline of functional performances
such as walking or balance precede cognitive decline, also a
predictor of falls (76).

Hormones

It is now widely recognizedhat frailty reflectsdeficiencies
of various systems, among them dysregulations of the
endocrine system and overexpression of pro-inflammatory
cytokines (Figure 1). These mechanisms are common to both
frailty and osteoporosis.

Decreasedestosteronés often cited as an importantfactor
of frailty in aging men (13). In the elderly subject the
andropause is associated with muscle mass and could be
implicatedin the decreasef BMD. However,the majority of
epidemiologicaktudiesdo not supportthis associatiorbetween
serum testosterone levels and BMD (77,78) and the few
interventional studies do not report an increase in BMD in
hypogonadal men treated with testosterone (79). The marked
decreasén estrogensluringthe menopausgberiodandtherise
in cortisol observed during aging also contribute to modify
body compoasition to the detriment of muscle mass.

Insulin-like growth factor-1 (IGF-1) and growth hormone
(GH) alsodeclinewith age(52) andthesetwo hormonescould
berisk factorsfor frailty (via sarcopeniagndosteoporosisGH
treatmentecreasefat massandincreaseseanmassandBMD
(80,81). In elderly women, a positive association has been
reportedbetweenGH levelsandBMD (82). GH may alsohave
a direct modulating effect on vitamin D receptors (83).

However,the effect of GH on strengthremainsdebated 84-
89) as the increase in muscle mass appears to be related to
sodiumandfluid retention.lts side effectsalsorestrictits use.
At the present time and in spite of the probable relations
betweenGH, IGF-I, musclemassandbonetissue,the benefits
of GH remain to be demonstrated, on muscle as well as on
bone.

During the last 15 years,numerousworks havereportedthe
role of pro-inflammatory cytokines such as IL-6 in the
developmenbf sarcopenig90). Therisein IL-6 could alsobe
implicatedin otherdisorderswhich are frequentduring aging,
among them osteoporosis (91).

Lastly, theimportanceof vitamin D deficiencyandprobably
of secondaryhyperparathyroidisninasbeenwidely debatedn
the scientific literature.Vitamin D statusand inactivity play a

who receive treatment is not known at the present time.
However,it is probablethat few frail elderly patientshavethe
advantage of pharmacological treatment for osteoporosis. Our
knowledge of subjects beyond the frailty syndrome such as
residents of institutions, who are generally dependent,
highlights the lack of diagnosis and treatment of osteoporosis
(94, 95). In 2007 andin spite of awareness-raisingampaigns
on osteoporosisthe greatmajority of subjectsvho havehadan
osteoporotidractureare not treatedfor the diseasg96). Only
one in two institutionalized osteoporotic subjects receive
calciumand/orvitamin D supplement$97). In spiteof national
recommendationéd5, 98), only 18% of patientswith fractures
are given vitamin and calcium supplements (99). This is a
regrettable situation, since on the other hand we know the
devastatinggonsequencesf hip fractureson the quality of life,
morbidity and mortality of the most vulnerable aged subjects
(32).

In 2004, a group of experts listed the barriers to access to
osteoporosis treatments (95) of elderly subjects living in
institutions. The characteristicof the frail subjectdiffer from
those of institutionalized subjects. However, the reasons put
forward are certainly very similar to those which restrict the
prescription of a treatment for osteoporosis in frail subjects.
Thesereasonsarenot basedon any rationale.The inutility of a
long-term treatment, on account of the patientsOlow life
expectancy, is sometimes mentioned. However, according to
thecriteriaof Friedetal. (5), the mortality at 18 monthsof frail
subjects is 13.5% (12), whereas the benefit of treatment is
alreadysignificantat 6 months(93). Theideagenerallyheld by
geriatricians is that non-pharmacological and in particular
nutritional managementake precedencet this age.However,
this doesnot excluderecourseto medication.Observances a
major problemin thetreatmenof osteoporosi§100) but hasno
reasonto be poorerin the frail elderly. Toleranceof treatment
is usually good. Lastly, polypharmacywhich is often cited to
avoid adding another item to an aready lengthy prescription,
mustaboveall be discussedn termsof risk/benefitratio. It is
estimatedhattherisksrelatedto untreatecbsteoporosiexceed
those related to treatment (95).

Anotherbarrierto osteoporosisnanagemenis the question
of access to bone density measurement by dual energy X-ray
absorptiometry (DXA). DXA is the gold standard
complementary investigation to establish the diagnosis of
osteoporosis. At the present time there is no clinical test or
evaluationscalewhich canreplaceit. A subjectwith a T-score
more than 2.5 standard deviations below that of a young
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reference population at the lumbar spine or femoral neck is
considered as osteoporotic. DXA is simple to perform, reliable,
reproducible and without risk. Ultrasound of the calcaneum can
be used to estimate fracture risk but at the present time it is in
no way an investigation which could replace DXA
measurement. Moreover, no therapeutic trial has been carried
out in populations selected in this manner. The sensitivity of
ultrasound in the selection of osteoporotic subjects aged over
65 was only 61%, which greatly diminishes its value both in
research and in clinical practice (101).

The majority of studies on osteoporosis presume that
subjects lost to follow-up are comparable to the rest of the
cohort. In fact, they are often frail subjects with restricted
mobility. These frail subjects introduce significant bias
resulting in underestimation of BMD decrease in the cohort
(102). The difficulty of following frail patients generally leads
investigators to exclude the most vulnerable subjects from
clinical research studies. It is therefore often difficult for
practitioners to recognize in the current literature on
osteoporosis the frail elderly subjects they have in their care.

We consider, however, that frail subjects particularly
exposed to the risk of falls, osteoporosis and so of fractures
certainly form a target population which could benefit both
from more systematic screening for osteoporosis and from
pharmacological treatment of the condition. In the absence of
contemporary data specifically concerning this population,
these recommendations will need to be validated by future
research studies.

Figure 5
Usual factors of frailty, falls and osteoporosis

Malnutrition
Muscle weakness
Physical inactivity
Poor functional performances

Raised proinflammatory
cytokines
Low hormone levels (GH,
IGF-I,

Impaired balance
Polypharmacy
Urinary incontinence
Anemia

Cognitive decline Vitamin D testosterone, estrogens)
Fear of falling : .
Risk of falls Mood

Subjective fatigue
Decreased endurance
Social isolation
IADL difficulties
Atherosclerosis
Pain

* Short Physical Performance Battery (SPPB), proposed consensual walking speed
Physical activity

Physical activity can have three main beneficial effects in
prevention of hip fracture in frail subjects: increased BMD,
improved strength and better balance, effectively reducing the
risk of falls.

Increased BMD

Throughout life, bone and muscle adapt to the mechanical
strains to which they are subjected. Regular physical activity
increases not only muscle mass but also bone mass (104).

Common therapeutic pathways for osteoporosis and fra”tyObservational findings all corroborate the association between

As far as we are aware, there are no specific
recommendations on management of osteoporosis in the frail
elderly. National recommendations on diagnostic and
therapeutic procedures for osteoporosis in institutionalized
patients have been issued in Quebec and in the United States.
These recommendations concern elderly subjects who are
already dependent. However, they stress the value of the usual
therapeutic regimens and also that of non-pharmacological
management (95, 98).

The frailty syndrome, falls and osteoporosis share common
determining factors (Figure 5) that contribute to the occurrence
of hip fracture. In frail subjects, management of factors such as
weight loss, inactivity, decreased muscle strength and fatigue in
association with treatments aiming to increase BMD are rarely
seen as a priority in clinical practice.

Non-pharmacological treatment

Numerous studies have shown that non-pharmacological
management of elderly subjects, even in institutions, would
make it possible to reduce the number of falls and especially of
fractures (103).

324

an active life and high BMD. However, interventional studies,
probably because of their insufficient duration, do not always
confirm the cause-to-effect relation between subjection of bone
to mechanical stress and the increase in BMD. This emphasizes
above all the importance of long-term management.

The mechanical stress exercised by muscle groups on bone
structures generate in response an increase in BMD. Various
works have reported a positive correlation between muscle
mass or strength and BMD (63, 66, 67). Athletes or former
athletes have higher BMD than inactive subjects (105).
However, bone response only occurs in the site involved and is
not a systemic phenomenon. The increase of muscle mass is
associated with bone of larger diameter and thicker cortical
bone (78, 106), probably due to increased periosteal apposition
(107, 108). These anatomic changes in bone are associated with
greater resistance to compression, which is often the
mechanism implicated in fractures (long bones, radius,
vertebrae) (67).

However, even if most randomized studies have
demonstrated that participation in physical activity could
increase BMD in elderly subjects (109,110), some found no
significant differences (111) and the great majority of works
included healthy subjects without frailty syndrome. Only one
study investigated the effects of a physical exercise program on
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BMD in 112 frail subjects defined by poor endurance, poor
functional performances and difficulties in one ADL or two
IADL (112).After a physicalactivity programlasting9 months
and including resistance exercises, endurance, suppleness and
balancetraining, BMD wassimilar to thatof a groupfollowing
a low-intensity exercise program (112). It appears that an
adequate threshold of bone stress, and thus of intensity of
physical exercise, must be reached in order to stimulate bone
formation(113). Someworks alsosuggesthat the thresholdof
mechanical stimulation required to promote BMD increase is
higherwith lower estrogerievels(114). At the presentime, the
modalities of the physical activity regimen of frail elderly
subjectswhich would makeit possibleto increaseBMD areyet
to be definedandthe benefitsof physicalactivity on the bones
of frail elderly subjects remain to be demonstrated (112).

Improving strength and balance to reduce fall risk

Increasing activity appears to be a simple and effective
meansof counteringfall risk factorssuchasmuscleweakness,
functional limitations or fatigue, all of which are associated
with frailty. Specifictraining canimprovestrength palanceand
coordination (115, 116) and contribute to resumption of an
active life by reducing fear of falling (117). For more than
twenty years, various teams have shown that an intervention
focusing on the practice of a physical activity reduced hip
fracturerisk by abouthalf (118, 119). Tai chi is probablythe
activity which hasreceivedmostattentionin this domain(116).
Activity canalsoyield a positive effectin frail subjects(120),
in whom suchnon-pharmacologicahanagemerit particularly
indicated.In thesesubjectsat risk of falls, a realistic exercise
programimprovesbalance strength,supplenessndendurance
and reduces the number of falls (121, 122).

Body composition

Sarcopenia is a determining factor in frailty, and is often
associatedvith osteoporosisndfalls. The decreasen muscle
mass is secondary to multiple factors, among them decreased
proteinandenergyintake (122). In frail subjectswho areoften
malnourishedlow proteinintakeslowsthe synthesiof muscle
tissue and strength increase. Various works consider that in
associatiorwith adequateenergyintakes,the proteinintakesof
morethan1 g/kg/daywhich aretraditionally recommendedre
a minimum, particularly in frail subjects, to minimize
sarcopenia (123).

In subjectswho arewell, who are not malnourishedprotein
supplementation is not associated with an increase in muscle
massor in strength Evenin associatiorwith a physicalactivity
program, most randomized studies on the effect of protein
supplementatioim the robustelderly yielded negativefindings
(see 124 for references).

Bone tissue is also dependent on nutritional status.
Numerousworks havereportednadequatealciumandvitamin
D intakes in elderly subjects, in particular among the most

vulnerable. Protein intake has also a decisive impact on bone
quality. A recent review of the literature concluded that bone
resorption decreased when protein supplements were given to
osteoporotic subjects living at home (125).

These findings highlight the value of nutritional
management, particularly in frail subjects. As far as we are
aware, no study has specifically addressed the issue of the
impactof long-termnutritionalmanagemenf frail subjectson
the risk of osteoporosis, falls and fractures.

Hip protectors

Hip protectors are a non-pharmacological approach which
may be envisagedo reducethe fracturerisk of falls. A recent
literature review published in the BMJ suggested that hip
protectorswere effective in institutionalizedsubjectswhich is
the sectionof the agedpopulationat highestrisk of falls (126).
A shorttime previously,a paperin the samejournal concluded
that hip protectorswereineffective (127). A studypublishedin
August2007in JAMA andcarriedout in over 1 000 residents
in 37 nursing homes did not confirm a protective effect on
fracturerisk (128). Methodologicaldifferences(randomization
by cluster, by patient, by hip) account for these conflicting
results.It appearshoweverthat in institutionalizedsubjectsat
highest risk of falls hip protectors are a simple and useful
option, whose main drawback is mediocre adherence. In the
light of thesefindings, the frail elderly, mostof whom live at
homeand havea lower fall risk thanthosein institutions,are
probably not a target population which would beneft from
wearing hip protectors.

Pharmacological treatment

Vitamin D

Vitamin D insufficiency is defined as a level less than 25
nmol/l (or <10 ng/ml) and deficiencyaslessthan 12.5 nmol/|
(or <5 ng/ml) (25 (OH)D measurementith organicextraction
and high pressurdiquid chromatographyHPLC). Differences
in exposure to sunshine and in dietary intake of vitamin D,
which complete endogenous production, explain why the
prevalence of insufficiency and deficiency varies greatly
betweendifferent populations About 15% of the generaladult
populationhavevitamin D insufficiency (129,130).Vitamin D
insufficiency affects50% of womenaged65 or overin France
(131).1t is often complicatedby osteomalaciand concerns/O
to 100% of the institutionalized population (132). In spite of
these figures, few elderly persons have an adequate vitamin
intake, particularlyamongthe mostfrail elderly. Yet the value
of vitamin D supplementation could be even greater in a less
active population at high risk of falls (92). In an institutional
setting,vitamin D (700to 800 IU) in associatiorwith calcium
slightly reduces hip fracture risk according to most authors
(93,133). In a more independent elderly population, living at
home,the mostrecentstudieshavenot confirmedtheseresults,
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evenin associatiorwith calcium(134,135).Fracturerisk is the
result of more or less frequent falls and a decrease in BMD.
These divergent results could be explained by the preventive
effectof vitamin D on fall frequency .t hasin fact beenshown
thatvitamin D reducedall risk by about20% andby up to 65%
in women(92). As secondaryprevention,n patientswho have
presented a femoral fracture, the association of calcium and
vitamin D is no longer adequate, and specific treatment for
osteoporosis is required (bisphosphonates or strontium
ranelate).

The preventiveeffectof vitamin D on falls may berelatedto
its effect on muscle. Various observational studies have
reportedan associatiorbetweenlow vitamin D levelsandlow
musclemass muscleweaknessimpairedbalanceandincreased
fall risk (78,93,136-138). Visser et al. also showed in a
longitudinalstudythata low vitamin D level wasa predictorof
sarcopenig139). The effect of vitamin D supplementatioron
muscle strength and fall frequency in elderly women is
currently being evaluated in a randomized controlled study.

Low vitamin D is often associated with a high level of
parathyroid hormone (PTH). Some studies also suggest that
secondary hyperparathyroidism is a contributory factor of
sarcopeniaindependenthof vitamin D levels(139,140),andis
a risk factor for falls (141). Parathyroidhormonehashowever
rarely been studied in the frail elderly population (142).

Thedoseandmodalitiesof vitamin D administratiorarestill
debatedThe doseof 800 IU/day of cholecalciferolis certainly
more appropriate than the 400 IU previously recommended.
However, this supplementation does not take account of
individual disparities. The findings of the prospective OPRA
studysuggesthatbelow the thresholdserumlevel of 20 ng/ml
of 25-hydroxy vitamin D, the fall risk increases significantly
(143) and the optimal level to be reached is about 30 ng/ml.

Bisphosphonates and strontium ranelate

The value of bisphosphonates and strontium ranelate has
been demonstrated in cohorts of osteoporotic subjects. There
areno specificdataon frail subjectsWith regardto dependent
subjects, a symposium of experts concluded that
pharmacologicaireatmenbf osteoporosisvasjustified evenin
this population (95). Only one study of bisphosphonates has
been carried out in an institutional setting, where fall risk is
knownto be high. This work did not enablea conclusionto be
drawnbecausehe serieswastoo small (144).Only analysef
findings in the most aged subjects in existing cohorts, which
certainlycontainthelargestproportionof frail subjectsmakeit
possibleto studythe effect of pharmacologicalreatmenin the
frail elderly. In women aged 70 to 80 years with known
osteoporosisjsedronateeducechip fracturerisk by 40% (34).
In ananalysisof a subgroupof osteoporoticsubjectsagedover
80 yearsin the TROPOSand SOTI studies,strontiumranelate
also significantly reduced the risk of vertebral and non-
vertebralfractures(145). A yearly infusion of zoledronicacid
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within 90 daysafter an osteoporotichip fracturealso reduced
the incidence of new fractures and mortality (19). These few

datasuggesthatin frail subjectsfracturerisk canbe reduced
by pharmacologicainanagementrheseargumentsupportthe
value of primary or secondary therapeutic management.

Estrogens

The WomenOBglealth Initiative (WHI) hasdemonstratethe
benefits and the limitations of hormone replacement therapy
(HRT) (146). Estrogens are thus not usually envisaged as a
treatment of osteoporosis in the frail elderly population. Very
few studies have observed the effect of estrogens on bone
mineral density in frail elderly subjects. The existing studies
have however reported increased BMD of the lumbar spine
(+4%) andhip (+2%) (147). This effectmay be enhancedf the
subjects follow an exercise program, whether they are
postmenopausal women (148) or women who already present
criteria of frailty (114). This additive effect of exercise and
HRT seemshowever,to affect only trabecularvertebralbone
(114, 148).

Otherworks havealsodemonstratedhe beneficialeffect of
estrogenn musclemassand strength(114). A review of the
literature has recently been published on the effects of
estrogens on body composition and strength (149). Estrogens
mayincreasemusclestrengthbut may haveno effecton muscle
mass.Hormonereplacementherapymay havea direct action
on nuclear receptors of muscle fiber and increase vitamin D
levels (150,151). However, these results relate to menopausal
women and are not confirmed in subjects aged over 60 (149).

Selectiveestrogerreceptormodulatory SERMs)areanother
alternativetreatmentwhich hasbeenvery little studiedin frail
subjectsA studyusing SERMsin institutionalizedpatientsdid
not however report a decreased number of hip fractures in
treated subjects even though their BMD increased (152).
Moreover little is known of the safetyof SERMsin the elderly
population.

Androgens

Various anabolic molecules can be envisaged to increase
muscle mass in frail subjects.

About 20% of menagedover 60 and50% of menagedover
80 are considered to be hypogonadal. Testosterone
concentratiordeclinesby 110ng/dL on averageevery 10 years
(153). At the presentiime, studiesof the effectsof testosterone
on muscle mass and strength in elderly subjects have yielded
divergent results. Muscle mass increases in young subjects
taking supraphysiologic doses and carrying out resistance
exercises (154). Such doses cannot however be envisaged in
elderly subjectsbecausef the adverseeffects,in particularthe
risk of prostate cancer. Some studies have reported a modest
increasein musclemassbut the majority found no increasen
strength (see 124 for references). The increase in strength
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reportedin somestudiesis markedlylower thantheincreasdan
strengthwhich may be expectedthrougha resistanceexercise

program. In view of this, use of testosterone is not 1
recommendedh the elderly at the presenttime. The DHEAge
study also reported no beneficial effect on muscle mass or 2.
strength(155). Othermoleculeswith ananaboliceffect suchas

7 alpha-methyl-19-nortesterone (MENT or trestolone), .
selective androgen receptor modulators (SARMs) or 4
teriparatide, but which do not have the adverse effects of .
testosterone, are being experimented.

Numerougjuestiongemainasto the valueandsafetyof GH
in elderly subjectsin subjectswith GH deficiencysecondaryo 6.
hypopituitarism, GH supplementation increases muscle mass
(84) throughincreasedroductionof IGF-I andof form 3 of its 7.
carrier protein (IGFBP-3). This effect is dependent on the
subjectOsutritional status Critically ill patientshavelow IGF-I
levels in spite of high GH levels (156). GH supplementation 8
after hip fracture in elderly subjects induces an elevation in
serum levels of the hormone but the elevation is less as the
severityof ilinessis greater(157). This peripheralresistanceo
GH is not observed in well subjects (158). As frail subjects
would be those most likely to benefit from GH 10
supplementationthis observationimits the potentialscopeof '
suchtreatmentln anothemrespectGH supplementatiomesults 11
in a higher mortality rate in malnourished elderly subjects ,
(159). Numerousadverseeffectshavebeenreportedin treated
subjectgarthralgiasedemaadversecardiovasculaeffectsand 1%
increased insulin resistance), leading to numerous dropouts  14.
(89). At the presentime, the dataof the literaturedo not allow 15
us to envisage this treatment in frail subjects. '

16.
Conclusion
17.

Thefrail patientis at high risk of hip fracture.However,he
has little access to organized fall prevention measures, nor to  1s.
the diagnostic and therapeutic approach to osteoporosis. The
conceptof frailty opensup a differentapproacho hip fracture g,
risk in the elderly. Preventionand care organizationappearas
pertinentperspectivesn this population.The classicmodelin
which eachdisorderis treatedindividually is poorly adaptedo
management of the frail subject. The therapeutic approach to 2%
osteoporosis directed at increasing BMD is necessary but
probably inadequate in this population (160). The aim of 2%
treatmentannotbe restrictedto obtaininganincreasen BMD.

Fall prevention by improving muscle strength, balance, 22
nutritional status and cognition are therapeutic means which
should limit the incidence of fractures.

Further studies including frail subjects would improve our
understanding of how management of frailty can have an
impact on fractures. In parallel, more systematic management 2+
of osteoporosishouldreducethe risk of becomingfrail or of
hastening the transition from frailty to disability in the elderly.25.
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