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Abstract. We conducted a population-based cohort
study in 7598 white healthy women, aged 75 years and
over, recruited from the voting lists. We measured at
baseline bone mineral density (BMD g/cm2) of the
proximal femur (neck, trochanter and Ward’s triangle)
and the whole body, as well as fat and lean body mass,
by dual-energy X-ray absorptiometry (DXA). One
hundred and fifty-four women underwent a hip fracture
during an average 2 years follow-up. Each standard
deviation decrease in BMD increased the risk of hip
fracture adjusted for age, weight and centre by 1.9 (95%
CL 1.5, 2.3) for the femoral neck, 2.6 times (2.0, 3.3) for
the trochanter, 1.8 times (1.4, 2.2) for Ward’s triangle,
1.6 times (1.2, 2.0) for the whole body, and 1.3 times
(1.0, 1.5) for the fat mass. The areas under the receiver
operating characteristic (ROC) curves were not sig-
nificantly different between trochanter and femoral neck
BMD, whereas ROC curves of femoral neck and
trochanter BMD were significantly better than those
for Ward’s triangle and whole-body BMD.

Women who sustained an intertrochanteric fracture
were older (84 ± 4.5 years) than women who had a
cervical fracture (81 ± 4.5 years) and trochanter BMD
seemed to be a stronger predictor of intertrochanteric
([RR = 4.5 (3.1, 6.5)] than cervical fractures ([RR = 1.8
(1.5, 2.3]).

In very elderly women aged 80 years and more, hip
BMD was still a significant predictor of hip fracture but
the relative risk was significantly lower than in women
younger than 80 years.

In the 48% of women who had a femoral neck BMD
T-score less than –2.5, the relative risk of hip fracture
was increased by 3, and the unadjusted incidence of hip
fracture was 16.4 per 1000 woman-years compared with
1.1 in the population with a femoral neck BMDT-score
5–1.

Keywords: Aging; Bone mineral density; Hip fracture;
Osteoporosis; Prospective study

Introduction

One of every six white women will have a hip fracture
during her lifetime and this event increases significantly
the mortality and the morbidity in the elderly population
[1,2]. A number of cross-sectional studies have shown
that subjects with osteoporotic hip fracture have a lower
bone density than controls. The relationship between
bone mineral density (BMD) and the risk of hip fracture
was confirmed by a prospective study conducted by
Cummings et al. [3] that showed that each standard
deviation (SD) decrease in femoral neck density,
increased the age-adjusted risk of hip fracture 2.6
times (95% CL 1.9, 3.6) in postmenopausal women in
general (aged 65 years and more). Two other prospective
studies reached the same conclusions [4,5]. Although
some recent studies also indicate that bone loss at several
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sites,including the hip, continuesinto the eighth,ninth
and tenth decades[6–10], several others have raised
doubtsaboutthe ability of bonedensitometryto predict
fracturesin very elderly women[11–13].

The EPIDOSstudy is original becauseit focuseson
a different population from that in the Study of
Osteoporotic Fractures [3]. Our study population is
composedof Europeanwomen and includes a larger
numberof very old women. The averageage is 80.5
years– about a decadeolder than the other studies–
and this age range is especially important when
studying hip fracturesbecausethe incidenceis higher
and the consequencesare more severeand expensive.
Additionally, our study paysattentionto the predictive
power of whole-body measurements,includes femur
region-basedanalyses,and has sufficient power to
allow the comparisonof cervical and intertrochanteric
fractures.

The first goal of the presentstudywasto define,in a
very large population, how BMD measurementsat
severalsitesof the proximal femur andthe whole body
predicthip fracturein elderlywomenliving athome,and
whether one site was clearly better than others at
predicting hip fractures.As a secondaryendpoint we
wanted to know whether different patterns were
observedbetween trochanteric and cervical fractures
andhow the WHO definition of osteoporosis[14] could
be usedin our elderly population.

Answeringthesequestionsshouldhelpto establishthe
appropriateuse of bone density measurementsin this
population for selecting a high-risk group, because
preventionof hip fractureis now possible,for example
by calcium and vitamin D3 supplements[15,16] or by
other treatmentssuch as inhibitors of bone resorption
[17]. Other preventive interventions, such as hip
protectors [18], could also be tested in a subsetof
elderly womenexposedto a high risk of hip fracture.

Materials and Methods

Subjects

Seven thousandfive hundred and ninety-eight white
healthywomen,aged75 yearsand older were enrolled
between April 1992 and December 1993 in an
epidemiological multicentre prospective study: the
EPIDOScohort study.They were recruitedthroughthe
voting lists and several health insurance company
registers, from five cities in France (Amiens, Lyon,
Montpellier, Paris,Toulouse).Most womenwere living
at home and only 10% were living in nursing homes.
Womenwho hadundergonebilateralhip replacementor
hada hip fracturepreviouslywereexcluded.The study
wasapprovedby the appropriatecommitteeson human
research,and all the womenprovidedwritten informed
consent.

BoneMineral DensityMeasurements

Thetechniciansatall thecentresweretrainedtogetherto
use standardizedproceduresfor the acquisition and
analysisof thescans.An operatingmanualwasavailable
in eachcentrefor furthertrainingwhenneeded.Baseline
BMD (g/cm2) and bone mineral content(g/cm) of the
proximal femur and the whole body, aswell as fat and
lean body mass,were measuredwith Lunar DPX Plus
devices(Lunar,Madison,WI). This instrumentmeasures
threeregionsof thehip: femoralneck,trochanterandthe
Ward’s triangle.

A hip phantom was regularly circulating between
centresthroughoutthe study to assessthe inter-centre
reproducibility in vitro of hip BMD measurements.
AveragephantomBMD values,standarddeviationand
coefficient of variation for the femoral neck were,
respectively:Toulouse0.979± 0.011,1.11%;Montpel-
lier 0.979 ± 0.012, 1.23%; Amiens 0.984 ± 0.012,
1.20%;Paris0.977± 0.012,1.27%;Lyon 0.982± 0.011,
1.07%; for Ward’s triangle: Toulouse0.861 ± 0.015,
1.75%;Montpellier0.854± 0.014,1.69%;Amiens0.868
± 0.016,1.79%;Paris0.858± 0.014,1.66%;Lyon 0.871
± 0.016, 1.87% and for trochanter region: Toulouse
1.170 ± 0.011, 0.92%; Montpellier 1.170 ± 0.009,
0.80%; Amiens 1.174 ± 0.022, 1.84%; Paris 1.164 ±
0.026,2.24%;Lyon 1.177± 0.011,0.96%.

The averagecoefficientof variation in vivo assessed
in 40 volunteersaged40–80yearsmeasuredtwice was
1.8%(± 0.9) for BMD of thefemoralneck,3.1%(± 1.5)
for Ward’s triangle, and 2% (± 1.1) for the trochanter.
Reproducibility of whole-body measurementswas
assessedin 5 young volunteersmeasured3 times each
and the coefficient of variation was 1.1% (± 0.5) for
whole body BMD, 5% (± 1.7) for fat massand 1.5%
(± 0.6) for leanmass.Thepeakbonemassvaluethatwe
used for femoral neck BMD had been previously
measuredwith a Lunar DPX Plusdevicein a cohortof
73 healthy Frenchwomen aged20–29 years(personal
dataof Ribot, Fonteille,Pichot,Chaouat,de Vernejoul,
Rouat,Defour, Hareng).The peak bonemassis 0.998
and the standarddeviation is 0.12. Based on these
values,a T-scoreof –1 correspondsto a femoral neck
BMD of 0.878g/cm2 andT-scoreof –2.5to 0.698g/cm2.
This is closeto the Americanreferencecurve provided
by themanufacturer(basedon 376healthywomenaged
20–29years)in which 0.698g/cm2 correspondsto a T-
scoreof –2.45.To calculatetheBMD valuecorrespond-
ing to aT-scoreof –2.5for othersites,weusedAmerican
reference values of peak bone mass and standard
deviation publishedby the manufacturer.Thesevalues
are:BMD Ward’s triangle,0.939g/cm2 (± 0.12);BMD
trochanter,0.796 g/cm2 (± 0.12), BMD whole body,
1.117g/cm2 (± 0.08).

Assessmentof Hip Fractures

We contactedparticipantsevery 4 monthsby letter or
telephoneto enquire about fractures.When a patient
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could not be reached,we obtained information from
eithera relativeor their physician.Only 2% werelost to
follow-up. Reportedhip fractureswere confirmedand
classifiedby a rheumatologistfrom preoperativeradio-
graphsandsurgicalreports.

StatisticalAnalysis

The averagevaluesof explanatoryvariablesand their
standarddeviation were calculated for the group of
womenwho sustaineda hip fractureandfor thegroupof
women who did not. Cumulative incidence was
calculatedper 1000 woman-yearsand the confidence
interval calculationwasbasedon a Poissondistribution.

We usedproportional-hazardanalysisto identify the
predictive valuesof the different parametersmeasured
by DXA: hip andwhole-bodyBMD, fat massand lean
mass[19]. Cruderelativerisksof hip fractureassociated
with each site of BMD measuredwere estimatedin
simple proportionalhazardmodels.Relativerisks were
standardizedto expressthe risk of fracture associated
with a 1 standard deviation decrease(RRsd). The
adjustedrelative risks wereestimatedfrom multivariate
proportionalhazardmodelsto control for the effect of
ageandweight becausethesevariableswereassociated
with hip fracturein simpleproportionalhazardmodels.
Centrewas systematicallyincluded as an independent
variablein themodel,althoughthis wasnot significantly
associatedwith fracture rate, becausethis is a usual
potential confounder. Models were not adjusted for
height becausethis variable was not associatedwith
fracturein simplemodels.Receiveroperatingcharacter-
istic (ROC) curveswere constructedfor femoral neck,
trochanter, Ward’s triangle and whole-body BMD
measurements.The areasunder the ROC curveswere
calculatedand comparedaccording to the method of
HanleyandMcNeil [20]. Therelativerisk of hip fracture
associated with a BMD decrease was estimated
separatelyfor eachtype of hip fracture(trochantericor
cervical) comparedwith women with no hip fracture.
We also classifiedthe women into three categoriesof
BMD, according to the definition of osteoporosis
proposedby the World Health Organization(WHO).
This definition,basedon T-scores,expressesthenumber
of standarddeviationscomparedwith the youngnormal
mean(i.e. 4 –2.5, > –2.5 and < –1, 5 –1) [14]. The
incidenceof hip fracture per 1000 woman-yearswas
calculatedfor eachcategorydefinedby the WHO. We

alsocalculatedthe incidenceof hip fracturefor two age
groups acrosstwo femoral neck BMD strata (T-score
4–2.5 and age5 80 years;T-score4 –2.5 and age
< 80 years;T-score> –2.5 and age580 years;and T-
score> –2.5andage< 80 years).

Analyseswere performedwith the useof Statistical
AnalysisSoftware(SAS,Cary,NC).

Results

Seventhousandfive hundredand ninety-eight women
were enrolled in the cohort. Baselinecharacteristicsof
the 154 womenwho suffereda hip fractureduring the
courseof thestudyandof the7544womenwho did not
areshownin Table1. During anaverage2 yearsfollow-
up (representing14140 woman-years),154 women
suffered their first non-traumatic hip fracture (79
intertrochantericfractures,75 cervical fractures),corre-
spondingto an incidencerateof 10.9per 1000woman-
years(ICC = 10.8,11.0).Thevaluesof averageBMD at
eachsite,stratifiedby 5-yearagestrata,aredisplayedin
Table2.

Crude and adjusted relative risks of hip fracture
associatedwith each measuredparameterwere esti-
mated. Results are given in Table 3. In simple
proportional hazard models, relative risks associated
with bonedensityparameterswereall significant,aswas
the relative risk associatedwith fat body mass,but lean
bodymasswasnot a significantpredictorof hip fracture.

In multivariate models, the relative risks associated
with bone measurementswere still significant and

Table 1. Baseline characteristicsof the 7598 women studied to
determineprospectivelythe risk of hip fractures(mean± SD)

Womenwithout hip
fractureduring a
2-yearfollow-up
(n = 7544)

Womenwith hip
fracture(n = 154)

Age (years) 80.5 (3.8) 82.8 (4.6)
Weight (kg) 59.9 (10.5) 57.5 (10.5)
Height (cm) 153.5 (6.0) 152.6 (6.6)
BMD (g/cm2)

Femoralneck 0.72 (0.11) 0.65 (0.10)
Trochanter 0.64 (0.12) 0.56 (0.10)
Ward’s triangle 0.58 (0.13) 0.51 (0.12)
Whole-body 0.97 (0.10) 0.92 (0.09)

Fat body mass(kg) 22.0 (7.8) 19.6 (7.5)
Leanbody mass(kg) 35.2 (4.0) 34.9 (3.9)

;Table 2. AverageBMD andstandarddeviationstratifiedby 5-yearagestrata

Age No. BMD (g/cm2), mean± SD
group
(years) Femoralneck Trochanter Ward’s triangle Whole-body

75–80 3982 0.73 ± 0.11 0.65 ± 0.12 0.60± 0.13 0.98± 0.09
80–85 2639 0.71 ± 0.11 0.63 ± 0.12 0.58± 0.13 0.96± 0.09
85–90 841 0.68 ± 0.11 0.61 ± 0.11 0.55± 0.13 0.94± 0.09
90 + 136 0.67 ± 0.11 0.59 ± 0.11 0.53± 0.12 0.92± 0.09
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basically unchangedafter adjustmentfor the potential
confoundingeffect of age,weight andcentre.EachSD
decreasein bone density increasedthe risk of hip
fractureadjustedfor age,weightandcentreby 1.9 (95%
CL 1.5,2.3) for thefemoralneck,2.6 times(2.0,3.3) for
the trochanter,1.8 times (1.4, 2.2) for Ward’s triangle,
and 1.6 times (1.2, 2.0) for the whole body. Using the
bonemineral contentinsteadof the BMD of the whole
body wasnot different: RRsd= 2.0 (1.4, 2.7). EachSD
decreasein fat body massincreasedthe adjustedrisk of
hip fracture by 1.3 times (1.0, 1.5). No significant
increasein the risk of hip fracturewas associatedwith
leanbody mass

ROCcurveswereconstructedfor BMD measurements
of femoral neck, trochanter,Ward’s triangle and whole
body (Fig. 1). The areasunder the ROC curveswere
estimatedfor eachparameterandwerecomparedusinga
methoddescribedby HanleyandMcNeil [20]. Theareas
under the ROC curvesand their associated95% con-
fidence limits are shown in Table 4. The p values in
Table 4 indicate whether the difference betweenthe
areasundertwo ROC curvesis statisticallysignificant.
The differencebetweenthe areasunderthe curveswas
not statistically significant between trochanter and
femoral neck whereasboth ROC curvesobtainedwith

femoral neck and trochanterdensity were significantly
better than Ward’s triangle and whole-body bone
density.

We analysed trochanteric and cervical fractures
separatelyto assesswhether the risk associatedwith
eachsite showeda different trendaccordingto the type
of hip fracture.Table5 showstheaveragevaluesof age
and bone densitometryin eachfracture group and the
relativerisksstandardizedfor 1 SD. The averageageof
the women with an intertrochanteric fracture was
significantly higher than that of womenwho sustained
a cervicalfracture(84 vs 81 years,p = 0.0005).Relative
risks associatedwith BMD were similar for the two
typesof fractureexceptfor the trochantericregion.For
this site, the relative risk seemedto be significantly
higher for intertrochanteric[RRsd= 4.5 (3.1, 6.5)] than

Table 3. Relativerisk (95%confidencelimits) of hip fractureperSD
decreasein bone mineral density (BMD), bone mineral content
(BMC), fat andleanbodymassestimatedby simpleandmultivariate
proportionalhazardsmodels

Relativerisk (95% CL)

Unadjusted Adjusteda

FemoralneckBMD 2.0 (1.7, 2.5) 1.9 (1.5, 2.3)
Ward’s triangleBMD 2.0 (1.5, 2.6) 1.8 (1.4, 2.2)
TrochanterBMD 2.4 (1.9, 3.0) 2.6 (2.0, 3.3)
Whole-bodyBMD 1.7 (1.4, 2.0) 1.6 (1.2, 2.0)
Whole-bodyBMC 1.7 (1.4, 2.1) 2.0 (1.4, 2.7)
Fat body mass 1.4 (1.1, 1.7) 1.3 (1.0, 1.5)
Leanbody mass 1.0 (0.8, 1.3) 1.0 (0.9, 1.2)

aAdjustedfor age,weight andcentre

Table 4. Comparisonof areasunderROCcurvesobtainedwith measurementsof femoralneck,trochanterandwhole-
body BMD

AreasunderROC curves
(95% CL)

Differencebetweentwo ROC curves
(95% CL)

p value

Femoralneck 0.70 (0.69,0.71) Femoralneck/trochanter 0.1
0.022(–0.007,0.05)

Trochanter 0.72 (0.71,0.73) Trochanter/whole-body 0.0001
0.072(0.034,0.111)

Whole-body 0.65 (0.64,0.66) Whole-body/femoralneck 0.02
0.047(0.009,0.085)

Ward’s triangle 0.68 (0.67,0.69) Ward’s triangle/femoralneck 0.02
0.02 (0.003,0.035)
Ward’s triangle/trochanter 0.007
0.041(0.011,0.071)
Ward’s triangle/whole-body 0.09
0.034(–0.005,0.072)

Fig1. ROC curves for femoral neck, trochanter,Ward’s triangle and
whole-bodyBMD.
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for cervical fractures [RRsd = 1.8 (1.5, 2.3)]. In the
intertrochanteric fracture group, the relative risk
associatedwith the trochantericdensity [4.5 (3.1, 6.5)]
wassignificantlyhigherthanthatof theothersites[from
2.1 (1.7, 2.7) to 2.3 (1.8, 3.0)], whereasin the cervical
fracture group, the relative risk associatedwith the
trochantericdensitywasnot significantlydifferent from
the other sites.The decreaseof 1 SD in fat body mass
increasedthe risk of cervical fractureby 1.4 (1.1, 1.8)
but had no significant influence on the risk of
intertrochantericfracture.Leanbody massdid not have
any influenceon the risk of either type of fracture.

Accordingto theWHO definitionof osteoporosis,low
bonemass(or osteopenia)is definedasBMD morethan
1 SDbut lessthan2.5SD belowtheyoungnormalmean
(i.e. T-score< –1 and> –2.5).Womenwith BMD levels
more than 2.5 SD below the young normal mean(i.e.
T-score4 –2.5) are consideredto have osteoporosis.
When we applied this definition of osteoporosisto the
femoral neck BMD of our elderly women,only 6.5%
were consideredas normal whereas46% were con-
sidered as having low bone mass and 48% as
osteoporotic,i.e. with a femoral neck BMD lower than
0.698g/cm2. Fig. 2 representsthe observedunadjusted
incidenceof hip fracture in our populationacrossthe
three groups of femoral neck BMD according to the
WHO classification.We combinedthe normal and the
low bone mass women into a single group for the
following analyses,in an attemptto definea high-risk
group consistingof women with femoral neck BMD
underT-score–2.5 (the ‘osteoporotic’group).Globally,
being classifiedas osteoporoticincreasedthe relative
risk of hip fracture3-fold comparedwith the combined
groupof normaland low bonemasswomen[RR = 3.4
(2.4, 4.9)].

Theobservedincidenceof hip fractureacrosstwo age
groups(5 80 yearsor < 80 years)andtwo categoriesof
femoralneckBMD (T-score4 –2.5 andT-score> –2.5)
expressedper1000woman-years,andthecorresponding

relative risks, are summarizedin Table 6. This table
shows that the relative risk of hip fracture of the
osteoporoticgroup versusthe group of low bonemass
and normal women was 4.4 (3.6, 5.5) for women
between75 and79 yearsof agecomparedwith 2.5 (2.0,

Table 5. BaselineBMD values(mean± SD) and standardizedrelative risks for the intertrochantericand the
cervical fracturesgroup(79 intertrochanteric,75 cervical)

Intertrochantericfractures Cervical fractures
(n = 79) (n = 75)

Meanage(years) 84 (4.5) 81 (4.5)

MeanBMD (SD) MeanBMD (SD)

FemoralneckBMD (g/cm2) 0.63 (0.09) 0.65 (0.10)
Whole-bodyBMD (g/cm2) 0.89 (0.10) 0.95 (0.10)
TrochanterBMD (g/cm2) 0.53 (0.09) 0.57 (0.11)
Ward’s triangleBMD (g/cm2) 0.48 (0.14) 0.53 (0.13)

Relativerisk for 1 SD Relativerisk for 1 SD

FemoralneckBMD (g/cm2) 2.2 (1.7, 3.0) 2.1 (1.6, 2.7)
Whole-bodyBMD (g/cm2) 2.3 (1.8, 3.0) 2.9 (1.3, 6.8)
TrochanterBMD (g/cm2) 4.5 (3.1, 6.5) 1.8 (1.5, 2.3)
Ward’s triangleBMD (g/cm2) 2.1 (1.7, 2.7) 1.7 (1.3, 2.1)

Fig. 2. Hip fracture incidence(I) per 1000 woman-years(95% CL)
acrossthreegroupsof femoralneckBMD. Fx numberof hip fractures;
N, numberof subjects.

Table 6. Observedincidenceratesof hip fractureper 1000 woman-
yearsandrelativerisk associatedwith a femoralneckBMD T-scoreof
–2.5acrosstwo agegroups

Incidencerate/1000woman-years
(95% CL)

Osteoporotic Non-osteoporotic Relativerisk
T-score4 –2.5 T-score> –2.5 (95% CL)

< 80 years 12.5 (12.4,12.6) 2.8 (2.7, 2.9) 4.4 (3.6, 5.5)
5 80 years 20.0 (19.9,20.2) 7.6 (7.5, 7.7) 2.5 (2.0, 3.1)
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3.1) for women who were 80 years and more. The
correspondingexcessriskscalculatedasthedifferencein
fractureratesbetweenwomenwith femoral neck BMD
T-scorebelow –2.5 in their age group comparedwith
women with a T-scoreabove–2.5 in the samegroup
were9.7 (9.6,9.8) in womenaged75–79yearsand12.4
(12.3,12.5) in the older group.

We also analysedthe values of BMD in the very
oldestgroupof our population– thoseoverage85 years.
Therewere977 womenaged85 yearsandmore.Their
averagefemoralneckBMD was0.68g/cm2,trochanter
BMD 0.61g/cm2,Ward’striangleBMD 0.55g/cm2and
whole-bodyBMD 0.94g/cm2.In this agegroup,47 hip
fracturesoccurred.The standardizedrelative risk for 1
SD of femoralneckBMD was1.6 (1.3, 2.2) in this age
group.

We then considereda group of women who had a
T-scoreof lessthan–2.5 at oneor moremeasuredsite.
Amongthewholestudypopulationof 7598women,446
hadat leastonemissingvaluefor BMD at anysite; thus
the analysiswasperformedin the 7152womenwith no
missingvalues.In this group,5188(72.5%)hadat least
one femoral site and/orwhole body BMD T-scoreless
than –2.5 and 136 hip fracturesoccurred.The relative
risk of sustaininga hip fracturefor womenin this group
comparedwith the othergroupwas4.3 (2.3, 8.0).

Discussion

Despitethe resultsof severalcross-sectionalstudiesand
prospectivestudiesthat show BMD measurementsby
DXA are significant predictors of hip fracture, these
measuresarenot alwaysrecognizedby healthinsurance
and policy makers as a necessarytool for screening
elderly subjectsat risk of hip fracture. Indeed,several
reportson the appropriateuse of BMD measurements
have been published in various countries by either
private organizationsor governmentalagencies,and
their conclusionsarequite controversial.

Thereare someuniqueaspectsof our EPIDOSdata
set.Theaverageageof thesubjectsis 80.5years,which
is abouta decadeolder than the other studies,and this
age range is especially important when studying hip
fractures.Most important is the very large numberof
very old women:3616womenaged80 yearsandmore
sustained101 hip fractures and within this subgroup
almost1000 womenwere more than 85 yearsold and
had46hip fractures.Additionally, ourstudyfocusesona
Europeanpopulation,which is expectedto be different
from American women observed in the Study of
Osteoporosis[3]. Otheroriginal resultsareprovidedby
the measurementsof different femoral sites and of
whole-bodyBMD aswell asfat and leanbody mass.

Our data confirm that hip BMD is a significant
predictor of hip fracture,even in very elderly women.
For example,eachSD decreasein hip BMD increased
the unadjustedfracture risk 2–2.4 times and 1.8–2.6

times after adjustmentfor age,weight and centre.Our
results show that whole-body bone density is also a
significantpredictorof hip fracture.

Observationof the ROC curves suggestedthat the
trochantericregion could be the best predictor of hip
fracture among all the bone density measurements.
However,the statisticalcomparisonof the areasunder
thecurveswasnot significantbetweenfemoralneckand
trochanterfor predictinghip fracturesin general.On the
contrary,both femoralneckandtrochanterbonedensity
weresignificantlybetterthanWard’s triangle (p = 0.02
for femoral neck and p = 0.007 for trochanter).and
whole-bodybonedensity(p = 0.02for femoralneckand
p = 0.0001 for trochanter).Whole-body bone density
was a significantpredictorof hip fracturein regression
analysesandthis supportsthe fact that osteoporosisis a
generalizeddisease.However,the ROC curve analyses
suggestthat the generalizedprocessexplainsthe risk of
hip fractureto a lesserextent than doesthe local bone
density.

In very elderly womenaged80 yearsand more,our
resultsconfirmthedatapublishedby Hui et al. [12] and
by Nevitt et al. [10]. The latter found that the
standardizedrelative risk of hip fracture associated
with femoral neck BMD was 2.9 (2.2, 3.9) in women
aged65–79yearsand 2.1 (1.4, 3.2) in womenaged80
years and more. The large number of elderly women
enrolledin our cohort increasesthe statisticalpowerof
our resultsandshowsthat the RR associatedwith a low
femoral neck density is significantly higher for women
youngerthan80 yearsthanfor themoreelderly:RRsd=
4.4 (3.6, 5.5) and 2.5 (2.0, 3.1) respectively.Thus in
womenaged80 yearsandmore,femoralneckdensityis
a significant predictor of hip fracture; however, this
measurehas less predictive power than in younger
women. We found the same trend for the very old
womenaged85 yearsandmore,whosestandardizedRR
associatedwith femoralneckBMD was1.6 (1.3, 2.2).

In 1992, a study group convened by the WHO
proposedan operationaldefinition of osteoporosisthat
wasdesignedto bemorecomprehensive[14]. Whenwe
appliedthis definition to the femoralneckdensityof our
elderly women,only 6.5% wereconsideredas ‘normal’
whereas46% were consideredas having ‘low bone
mass’and48%as‘osteoporotic’.This is consistentwith
data obtained from an age-stratifiedsample of the
Rochester population extrapolated nationally, where
the percentageof women with femoral neck BMD
more than 2.5 SD below the mean of normal
premenopausalwomen was 24.5% in the age-group
70–79years,and 47.5% in the agegroup5 80 years
[21]. This is also consistentwith NHANES datawhich
show that in a population basedsampleof 218 non-
Hispanicwhite womenaged80+ years,morethan50%
hada femoralneckBMD T-scorelower than–2.5 [22].
Another importantissuefor the useof WHO definition,
or anydefinitionof osteoporosisbasedon T-score,is the
choice of peak bone massvalue. The referencepeak
bonemassvaluescurrentlyusedweremeasuredrecently
in young healthy women. The BMD of those young
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women might be very different from the BMD that
current elderly women had when they were young
adults.The thresholdT-scoreof –2.5 is also influenced
by the value of the standarddeviation used. In our
cohort,the groupof womenwho hadat leastoneBMD
measurewith a T-scoreof less than –2.5, represented
72%of thestudypopulationandtheir risk of hip fracture
was4.3 times(2.3, 8.0) the risk of womenwhoseBMD
measuresall had a T-scorehigher than –2.5. However,
the percentageof womenwith a T-scorelessthan –2.5
wasveryheterogeneousacrossBMD sites:46.9%for the
femoralneckBMD, 70.4%for the trochanter,30.3%for
Ward’s triangle and 70.4% for the whole body. This
suggeststhat the osteoporoticprocessis heterogeneous
and/or that peak bone mass and standarddeviation
values calculated from one population might not be
appropriatefor all populations.At presentthere is no
evidencethatonesite is a betterpredictorandshouldbe
preferred.However,theseparateanalysisof cervicaland
trochantericfracturessuggestedthat trochantericdensity
is a strongerpredictorfor intertrochantericfractures[RR
= 4.5 (3.1, 6.5)] than for cervical fractures[RR = 1.8
(1.5, 2.3)]. For intertrochantericfractures,trochanteric
BMD wassignificantlybetterthanthedensitymeasured
at the other sites.Theseresultsare consistentwith the
fact that the trochantericregion, mainly composedof
trabecularbone,mostly reflectstrabecularosteoporosis
[23]. Theseresultssuggestthat in addition to femoral
neck BMD, trochanteric BMD should be carefully
considered,especiallyin very elderly women who are
at higherrisk of trochantericfractures.

Theanalysesof bodymassmeasurementsshowedthat
whole-bodyfat masswas a significantpredictorof hip
fracture but that whole-body lean masswas not. The
preventiveeffectof fat masson therisk of hip fractureis
known. Hypothesesfor this preventive effect are the
increasedoestrogenlevel and/or the local protection
againstthe impact of a fall. Studieson the respective
influenceof fat and leanmasson BMD areconflicting.
Somesuggestthat fat massis the major determinantof
whole-bodyBMD [24,25], whereasotherssuggestthat
leanmassis themajordeterminantof whole-bodyBMD
[26]. Thesestudiesare mostly cross-sectionaland their
outcomeof interestis the BMD but not the risk of hip
fracture. Our study has a prospective design and
thereforeis lessexposedto biasesthan cross-sectional
studies.Additionally, we usedhip fractureas outcome,
which makes more clinical sensethan using BMD.
However,thecurrentaveragefollow-up of 2 yearsmight
betoo shortto detecteffectsthatneedmoretime to have
a significant clinical influence, especially in elderly
women.It is alsopossiblethatour methodfor measuring
fat and lean body massis too global and not precise
enough.

Theprincipal interestof this work hasbeento studya
large sampleof very elderly womenand variousBMD
sites. Our data suggestthat it might not be valid to
extrapolateresultsfrom 70-year-oldwomen to women
older than80 years.In very elderlywomentheability of
BMD measurementsto predict hip fracturesdecreases

probably becauseof the increasedimportanceof fall-
related factors [27]. However, the incidence of hip
fractureincreaseswith ageandthis explainswhy having
a low femoralneckBMD is associatedwith the greater
excessrisk of hip fracturein womenaged80 yearsand
over.Theexcessrisk is ameasurethattakesinto account
both the relative risk and the absoluterisk of fracture.
Even though femoral neck BMD has less predictive
power in very old women becauseof the increased
weight of other risk factors, it is still worthwhile
measuringfemoralneckBMD becauseof the increasing
fracture rate with age. However, the treatment for
increasingbonemassshouldalwaysbe associatedwith
other manoeuvresto prevent falls. Additionally, in
women aged 80 years and more trochanteric BMD
should be taken into accountbecausethis is a strong
predictorof intertrochantericfractures,which occurat a
later agethancervical fractures.
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Acknowledgements. We are grateful to M. Rabilloud, MD, MsH,
who providedvery useful assistancefor the statisticalanalysiswith
SAS. We also thank Mrs C. Casalini, G. Genolet and P. Roy for
excellenttechnicalassistance.TheEPIDOSstudywassupportedby a
contractINSERM/MSD-Chibret.

References

1. CummingsSR, Black DM, Rubin SM. Lifetime risks of hip,
Colles’, or vertebralfractureand coronaryheartdiseaseamong
white postmenopausalwomen.Arch Intern Med 1989;149:2445–
8.

2. BaudoinC, FardelloneP, PotardV, SebertJL. Fracturesof the
proximal femur in PicardyFrance.OsteoporosInt 1993;3:43–9.

3. CummingsSR, Black DM, Nevitt MC, et al. Bone density at
varioussitesfor predictionof hip fractures.Lancet1993;341:72–
5.

4. Melton LJ, AtkinsonEJ,O’Fallon WM, WahnerHW, RiggsBL.
Long-term fracture prediction by bone mineral assessedat
different sites.J BoneMiner Res1993;10:1227–33.

5. WasnichRD, Ross,PD,Heilbrun LK, Vogel JM. Predictionof
postmenopausalfracturerisk with useof bonemineralmeasure-
ments.Am J ObstetGynecol1985;153:745–51.

6. SteigerP, CummingsSR, Black DM, SpencerNE, GenantHK.
Age-relateddecrementsin bonemineral density in womenover
65. J BoneMiner Res1992;7:625–32.

The EPIDOSProspectiveStudy 253



7. HannanM, FelsonD, AndersonJ.Bonemineraldensityin elderly
men and women: results from the Framinghamosteoporosis
study.J BoneMiner Res1992;7:547–53.

8. Dawson-HughesB, ShippC, SadowskiL, Dallal G. Bonedensity
of the radius,spine,andhip in relation to percentof ideal body
weight in postmenopausal women. Calcif Tissue Int
1987;40:310–4.

9. JohanssonC, Mellström D, Milsom I. Reproductivefactors as
predictorsof bonedensityand fracturesin womenat the ageof
70. Maturitas1993;17:39–50.

10. Nevitt MC, Johnell O, Black DM, Ensrud K, Genant HK,
CummingsSR for the Studyof OsteoporoticFracturesResearch
Group.Bonemineraldensitypredictsnon-spinefracturesin very
elderly women.OsteoporosInt 1994;4:325–31.

11. GardsellP, JohnellO, NilssonBE. Predictingfracturesin women
by using forearm bone densitometry.Calcif Tissue Int 1989;
44:235–42.

12. Hui SL, SlemendaCW, JohnstonCC. Baselinemeasurementsof
bone masspredict fracture in white women. Ann Intern Med
1989;111:355–61.

13. CooperC, BarkerD, Morris J, Briggs R. Osteoporosis,falls and
agein fractureof the proximal femur. BMJ 1987;295:13–5.

14. WHO. Assessmentof fracturerisk andits applicationto screening
for post-menopausalosteoporosis.WHO technical report 843.
Geneva:World HealthOrganization,1994.

15. ChapuyMC, Arlot ME, DuboeufF, etal. Vitamin D3 andcalcium
to prevent hip fracture in elderly women. N Engl J Med
1992;327:1637–42.

16. ChapuyMC, Arlot ME, DuboeufF, et al. Effect of calciumand
cholecalciferoltreatmentfor threeyearson hip fracturein elderly
women.BMJ 1994;308:1081–2.

17. Black DM, CummingsSR,Karpf DB, et al. Randomizedtrial of
effect of alendronateon risk of fracturein womenwith existing
vertebralfractures.Lancet1996;348:1535–41.

18. Lauritzen JB, PetersenMM, Lund B. Effect of external hip
protectorson hip fractures.Lancet1993;34:11–3.

19. Cox DR. Regressionmodelsandlife tables(with discussion).J R
StatSoc1972;B34:187–220.

20. HanleyJA, McNeil BJ. A methodof comparingthe areasunder
receiver operatingcharacteristiccurvesderived from the same
cases.Radiology1983;148:839–43.

21. Melton LJ III. Perspectives:How manywomenhaveosteoporosis
now?J BoneMiner Res1995;10:175–7.

22. Looker AC, WahnerHW, Dunn WL, et al. Proximalfemur bone
mineral levelsof US adults.OsteoporosInt 1995;5:389–409.

23. VegaE, MautalenC, GomezH, GarridoA, Melo L, SahoresAO.
Bone mineral density in patientswith cervical and trochanteric
fracturesof the proximal femur. OsteoporosInt 1991;1:81–6.

24. Cormier C, HausherrE, Ruiz JC, Breart G, Menkès CJ. Masse
osseuseet compositioncorporellede la femmeagée. Rev Rhum
1993;10:390.

25. Reid IR, Plank LD, Evans MC. Fat mass is an important
determinant of whole body bone density in premenopausal
womenbut not in men.JClin EndocrinolMetab1992;75:779–82.

26. Arlot ME. Changesof bodycomposition(fat andleanmass)with
age and menopause:the OFELY Cohort. World Congresson
Osteoporosis,May 18–22,1996,Amsterdam.

27. DargentP, FavierF, GrandjeanH, et al. Fall-relatedfactorsand
risk of hip fracture: the EPIDOS prospectivestudy. Lancet
1996;348:145–9.

Receivedfor publication19 May 1997
Acceptedin revisedform 16 October1997

254 A. M. Schottet al.


