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Abstract. In 1994 the WHO proposed guidelines for the widespread facilities for its diagnosis and assessment.
diagnosis of osteoporosis based on measurement of boiMeasurements of bone mineral are a central component
mineral density. They have been widely used forsince this forms an integral component of the definition
epidemiological studies, clinical research and forof osteoporosis.
treatment strategies. Despite the widespread acceptanceThe internationally agreed description of osteoporosis
of the diagnostic criteria, several problems remain withis ‘a systemic skeletal disease characterized by low bone
their use. Uncertainties concern the optimal site formass and microarchitectural deterioration of bone tissue,
assessment, thresholds for men and diagnostic inaccuraith a consequent increase in bone fragility and
cies at different sites. In addition, the development ofsusceptibility to fractures’ [1]. The definition captures
many new technologies to assess the amount or qualihe notion that low bone mineral density is an important
of bone poses problems in placing these new toolgomponent of the risk of fracture, but recognizes that
within a diagnostic and assessment setting. Thisther abnormalities in the skeleton contribute to skeletal
review considers the recent literature that has highfragility. In addition, a variety of nonskeletal factors
lighted the strengths and weaknesses of diagnostigontribute to fracture risk [2—4]. Thus, the diagnosis of
thresholds and their use in the assessment of fractuigsteoporosis by the use of bone mineral density
risk, and makes recommendations for actions to resolvgheasurements is at the same time an assessment of a
these difficulties. risk factor for the clinical outcome of fracture. There is a
o _ . useful analogy with hypertension since blood pressure is
Keywords: Definition of osteoporosis; Densitometry; ysed to diagnose hypertension which is in turn a major
Diagnosis; Risk assessment; Risk factors risk factor for stroke.

In 1994, an expert panel of the World Health
Organization recommended thresholds of bone mineral
] density in women to define osteoporosis [4,5] that have
Introduction been widely but not universally accepted by the

international scientific community and by regulatory
An increasing awareness of osteoporosis and thegencies [6-8]. Osteoporosis in postmenopausal Cauca-
development of treatments with proven efficacy issian women is defined as a value for bone mineral
likely to increase the demand for management ofdensity (BMD) or bone mineral content (BMC) more
patients with osteoporosis. This in turn will require than 2.5 standard deviations below the young average
_— value (Fig. 1). Severe osteoporosis (established osteo-
*For membersof the Committee of Scientific Advisors see the porosis) uses the same threshold, but in the presence of
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Fig. 1. Diagnosticthresholdsfor womenbasedon the distribution of
bonemineraldensityin the young healthyfemalepopulation.

Table 1. Proportion(%) of white womenwith osteoporosidy age
adjustedto 1990US white womendefinedasa bonemassbelow 2.5
SD of the youngadult referencerangeat the spine,hip or midradius.

Age range(years) Any site Hip alone
30-39 0 0

40-49 0 0

50-59 14.8 3.9
60-69 21.6 8.0
70-79 38.5 245

80+ 70.0 47.5

>50 30.3 16.2

when measurementssing dual-energyX-ray absorptio-
metry (DXA) aremadeat the spineor the hip (Table 1)
[5]. Given an approximatelylinear loss of BMD with
age,and becauseof the Gaussiardistribution of BMD
values theincidenceof osteoporosigncreasegxponen-
tially after the age of 50 years,asis also the casefor
many osteoporosis-relatedractures. When measure-
ments are made at the three sites most vulnerableto
fracture(the hip, spineandwrist) approximately30% of
postmenopausavomen would have osteoporosigsee
Table 1). This approximateghe averagdifetime risk of
thesefractures.

Since the introduction of working definitions of
osteoporosis,much attention has focused on their
applicationto epidemiology,clinical trials and patient
care.This paperreviewsbriefly the currentstrengthsand
in particular the limitations of diagnostic criteria. A
major concern has been the poor concordanceof
measurementsnade at one site with measurementsat
another site, either with the same or different
technologiesMany of theseproblemsare dueto errors
of accuracy.
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Errors of Accuracy

The objective of the diagnostic use of BMD is to
measureasaccuratelyaspossiblethe true valuewhich it
wasintendedto measureThe ‘true valuein termsof the
diagnosisof osteoporosidiasbeenvariously definedas
the amountof skeletalcalcium,bonedensityor BMD at
the site measuredor at another site. None of the
absorptiometrictechniquesmeasuretrue bone density,
but ratheran arealbonedensity,in partdueto the two-
dimensional nature of the scan [9]. It is uncertain
whetheralgorithmsto adjustfor this would improvethe
diagnosticor prognosticuse of measurement§l0,11].
Indeed,the two-dimensioml natureof the scancaptures
an element of bone size that has an independent
contributionto bonestrength A muchgreaterdimitation
relatesto othersystematicerrors.

Variable soft tissuedensitiesare a particularproblem
with absorptiometridechniquesappliedto the spineand
hip. The correction for fat makes a number of
assumptiong12], particularly the assumptiorof homo-
genousdisposition of fat in the body. Estimatesof
accuracyerrorsrangefrom 2% for measurementat the
forearmto 10% or more at other sitessuchasthe spine
measuredaterally [13]. Absorptiometrictechniquesat
the spine (anteroposterigr and hip which are most
commonly usedfor diagnosis,incur accuracyerrors of
approximately5%.

The accuracy of various techniques should be
consideredalongsidethe varianceof measurementsn
the populationto be examinedwhich rangesfrom 10%
to 50% dependingon the techniqueand site usedfor
measuremenand any normalizationprocedureapplied.
Forabsorptiometricechniqueghevariance(CV%) is no
greaterthan20%. It is evident,therefore thattechniques
with high accuracyerrors,sayin theorderof 5%, stratify
individuals less certainly the smaller the population
variance.For this reasonit is expectedthat evenif in
reality therewere perfectcorrelationsbetweenBMD at
different sites, such errors of accuracywould resultin
large classificationerrorswherethresholdsof measured
BMD are utilized to dichotomizethe population.

Systematidnaccuracieslsooccur,particularly at the
spine since the vertebraeare irregular in shapeand
apparendensityandmineralcontentwill dependn part
upon the algorithm usedfor edgedetection.Moreover,
the underlyingassumptionsiboutthe averagefat to lean
body massratio differ betweermanufacturersTherefore
different machinesgvenat the samesite, give different
results. For example,values for BMD at the lumbar
spine using the Hologic device give values approxi-
mately1 SD lower thanvaluesusingthe Lunar machine
[14]. Notwithstanding there are close correlations
between the two methods at the spine [15]. A
considerableadvancehas been the standardizationof
hip and spine measurementbetweendifferent typesof
DXA equipment15,16].

A furthersourceof errorrelatesto biologic variability.
Boneis not a homogeneoustructureand different sites
have variable proportions of cancellousand cortical
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bone.The problemis compoundedy variable ratesof
bone loss at different sites with advancingage. This
representghe ‘biological’ inaccuracyin predictingBMD
at one site from measurementmadeat anothersite.

The size of the problemcanbe estimatecknowingthe
accuracyerrorsandthe correlationbetweensites.In the
caseof femoralneckandspinemeasurements typical
correlationcoefficientis about0.6 with a standarderror
of estimate(SEE)of 0.14g/cn? or 17%. Assumingthat
theaccuracyerrorfor the spineis 5.3%andfor the neck
IS 6.5%[13] the expectedSEEwould be about8.0%or a
correlation coefficient 0.85. Such calculationssuggest
thatabouthalf the classificatiorerrorsrelateto technical
errors of accuracy and the residual to biologic
variability.

Irrespectiveof the sourceof errors,both thesefactors
compoundthe problem that individuals deemedosteo-
porotic at one skeletal site may not be found to be
osteoporoticat another[17-22]. Correlationsbetween
sites or between technologiesat the same site are
sufficiently poor (r? less than 80% in young health
individualsandgenerallylessthan50%in patients}o be
of very low predictivevalue[18,23-25].Evenwithin the
hip, correlationcoefficientsbetweenregionsaretoo low
to be predictive.In oneseriescoefficientsof determina-
tion (r?) rangedfrom 29%to 94%][26]. In anotherstudy
10% of subjectscategorizedas having osteoporosisat
onesitewereclassifiedasnormalat anothef21], butthe
errorratein youngerindividualsis lower, in the orderof
3% [27]. The same holds true in principle for
hypertension,where measurementanade at the leg
may differ substantiallffrom measurementadeat the
arm.Onesolutionwould beto designatendividualswith
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Different Methodologiesof Assesment

The bonelossthat occurswith agein womenhasbeen
characterizeéh manypopulationstudiesThemagnitude
of premenopausdionelossis controversialandmay be
site-dependern28-30], but substantiabonelossoccurs
immediatelyafterthemenopausg31] andcontinueauntil
old age[32]. However,the magnitudeof the changewith
age in relation to the variance of the young adult
population differs according to site and technique
[20,33,34]. In terms of standard deviation units of
changewith age, highestrates of loss are seenwith
gquantitativecomputedtomography(QCT), lateral DXA
of the spine and phalangealultrasoundvelocity, and
lower rates of changewith some of the ultrasound
attenuatiormethodsattheheel.Intermediateatesof loss
areseenwith DXA of theforearm,anteroposteriospine
andhip. For example at the ageof 80 yearsthe average
T-scoreby lateral DXA of the spineis -5, whereasfor
some heel ultrasounddevicesit may be as low as -2
standarddeviation units [22]. In a large case—control
study of individuals with and without fracture[35], the
sensitivity of different techniquesto ‘detect’ fracture
casevariedmorethan4-fold at a thresholdof —2.5SD
(Table2). It is thusclearthatthe T-scorecannotbe used
interchangeablwith differenttechniquesndatdifferent
sites.Evenwithin thehip, thereis variationin thedegree
with which the T-scorechangeswith age(Fig. 2). Indeed

Table 2. Proportionof womenwith spinefractureswith a T-scoreof
—2.5SD or lower (sensitivity) accordingto the techniqueandsite of
measurementSpecificity denotesthe proportion of women without
fractureabovethe T-scorethreshold

osteoporosisat the spine but not at the hip as having  Techrique Site Sensitivity (%) Specificity (%)
osteoporosisof the spine, rather than using the term
osteoporosisalone. This seemsunsatisfactoryfor a  DXA Spine 71.2 88.6
systemicdiseaseand confusesthe field still furtherin ~ DXA Femﬁra'”ed‘ 33.8 97.2
hthe sameway ashypertensiorof the leg would do pxA rochanter 249 8.2

muc y ashype g - QCT Spine 94.2 58.6
It appearsmore appropriate, therefore, to selecta QcT Radius 17.7 98.3
standardizedsite for the purposeof diagnosis— not
necessarilyfor risk assessment. From [35].
T-score (SDU)
0r —A— [TDXA

—&—  Total hip DXA
-1 |

—e— TrDXA
2k —8— FNDXA

—a&—  Spine DXA
M —+— WTDXA
-4 } —&— Spine QCT

Fig. 2. T-scoreby agein healthywomenaccording

Age (years)

to site and technique.IT, intertrochanteric;Tr,
trochanteric; FN, femoral neck; WT, Ward’s
triangle. After [26]
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Table 3. Estimatesof T-scoreandthe prevalenceof osteoporosigccordingto site andtechnique

Measuremensite Technique T-scoreat 60 years WHO classification Prevalenceof osteoporosig%)
Spine QCT -2.5 OP 50
Spine Lateral DXA 2.2 LBM 38
Spine DXA -1.3 LBM 14
Fprear, DXA -1.4 LBM 12
Heel Achilles -1.5 LBM 11
Total hip DXA -0.9 N 6
Heel Sahara -0.7 N 3

From [22] and manufacturer'dlata
OP, osteoporosist. BM, low bonemass;N, normal.

werethe T-scoreto be usedwith differenttechniquesthe
prevalenceof osteoporosisindproportionof individuals
allocatedto anydiagnosticcategorywould vary somuch
[22,36,37]asto devaluetotally the credibility of the field
of osteoporosi¢Table 3.)

Diagnostic criteria have been published by the
Japanesesociety of Bone and Mineral Research[7].
Vertebral osteoporosisis defined on the basis of
radiographicchangesand a given decrementin BMD
at a variety of skeletal sites and using different
technologiesThe approachusedwasto determinethe
measuremenvalue that discriminatedindividuals with
andwithout vertebralfracturewith maximumsensitivity
and specificity. A thresholdvalue of 70% of the young
adultmeanvaluewaschosen- a compromisevaluethat
accordsbestwith dataon lumbar BMD and leastwith
measurementat the femoral neck. The approachdoes
not resolve the underlying problemsthat relate to the
bone biology and the natural history of osteoporosis.
Moreover theapproactreduceghe specificityof thetest
comparedwith the WHO cut-offs. In the caseof hip
fracture,for example the WHO criteriafor osteoporosis
havehigh specificityfor lifetime fracturerisk (generally
80%) at the expenseof low sensitivity (generallyabout
30%). Whereas this makes BMD assessmentdess
suitableas a screeningtool, it optimizesthe identifica-
tion of individuals truly at high risk. The Japanese
approachmay increasethe sensitivity, but would expose
individuals unnecessarilyand erroneouslyto the con-
sequencesf a diagnosticlabel.

Other approachego standardizatiorare to equalize
the apparentprevalenceof osteoporosiswith different
techniquesat the ageof 65 years— midway throughthe
age rangewhere diagnosticassessmentare commonly
usedin the clinic. Thus, all techniqueswould yield an
identical estimateof the prevalenceof osteoporosisat
that age.However,techniqguesshowingthe lessmarked
age-dependenthangesin measurementsvould under-
estimateosteoporosig the elderlyandoverestimatéhis
at the time of the menopause.This would lead to
overtreatmenat the time of menopaus&vhentherisk is
low and undertreatmenin later life when the absolute
risks are high. In addition, such standardizatiorwould
not overcome the inherent misclassification errors
intrinsic to the useof different sitesandtechniques.

The foregoing considerations suggest that ‘gold
standard’ should be adopted in terms of site and
technologyfor diagnosticpurposesNo one technique
or site subservesll the demandf densitometryput if
one technique is to be chosen for diagnosis and
prognosticpurposesthe total hip or femoral neck are
strong candidates.Measurementsat the hip have the
highestpredictive value for hip fracture that has been
well establishedin many prospective studies [38].
Moreover, it is the site of greatestbiologic relevance,
since hip fracture is the dominant complication of
osteoporosisn terms of morbidity and cost. Several
studieshave shownthat BMD of the femoral neck best
predictscervical fractureswhereasthe trochantericsite
bestpredictstrochantericfractures but the total hip best
reflectsthe risk of any hip fracture[39,40].

An argumentanbe madefor usingspinalBMD since
this predictstherisk of anyfractureaswell or betterthan
hip BMD in the perimenopausapopulationwhere hip
fracture risk is low. In later life, however, spine
measurementareconfoundedy osteoarthrosigvhereas
the hip is very muchlessaffected[41,42]. At the end of
the day, other techniqueswill continueto be usedfor
diagnostic purposes.The individual with a fragility
fractureandlow BMD atthe spineor othersiteis rightly
characterizedas osteoporaoticirrespectiveof the value
measuredat the hip.

The WHO criteria were establishedlargely with
DXA in mind since this was the dominanttechnology
at the time. The available evidencesuggeststhat the
diagnosticuseof T-scoresshouldbe reservedfor DXA
at the hip. In the caseof other sitesand techniquesit
may be preferableto expressdeviations of measure-
ments from normal in units of measuremenbr units
of risk. Examples of the latter include 5 or 10
year fracture risk (see later), or an age-standardized
relative risk equivalentto a T-score,of say,—2.5 (e.qg.
RR = 22° = 5.7 for hip fractureor 1.5° = 2.8 for any
fracture). This enfranchiseghe useof othertechniques
and sitesfor risk assessmentndeed,wheretechniques
give information on the likelihood of fracture, they
can all be usedin combination perhapswith other
risk factors, to determine further investigation or
treatment.
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Choice of ReferenceRanges

Referencerangesare commonly expressedn standard
deviation units, in part becauseof the multiplicity of
techniguesandthe systematidifferencesn BMD, even
at the same site with different equipment. Recent
attemptsto standardizesomesites, particularly the hip,
may decreasé¢he complexity of usingcriteria otherthan
T-scores, but individuals will still be characterized
differently according to the site measuredand the
technique used, the equipment and the reference
population [43]. Population standard deviations of
younghealthywomenvary from 10%to 20% depending
on the techniqueused[22], sothat anindividual with a
T-scoreof —2.5canlie anywherebetweer25% and50%
belowthe averageyoungnormalvalue.Discrepancien
the populationstandarddeviationat different sites(and
with different equipment)thus contributeto discrepan-
ciesin the T-score[23,34]. In onestudywherethe same
populationbasewasused the prevalencef osteoporosis
in women aged50 yearsor more rangedfrom 10.9%
usingDXA at the hip to 52.2%with DXA at the distal
radius[7], largely due to differencesin the population
variance for these measurementsThe apparentpre-
valenceof osteoporosisilso dependson the mannerof
expressind XA results.The prevalenceof osteoporosis
at the lumbar spineis approximately30% in womenat
theageof 70years but half thatvaluewhenBMC rather
thanBMD is used[44].

The choice of a referencerangeis importantfor the
accuratecategorizatiorof patients,astoo is the estimate
of thevariancearoundthe meanvalue.In choosinga cut-
off valueof —2.5standardleviationstheintentionof the
WHO groupwasto makeosteoporosiararity in healthy
women before the menopauseAssuming a Gaussian
distributionof BMD, 0.7%o0f theyoungadultpopulation
would be characterizedis having osteoporosis.

In applying theseconceptsin practicea number of
problems have arisen. Firstly, young adults used to
calculatemeanvaluesand standarddeviationsmay or
may not include populationghat arerandomlyselected,
giving biasedresults.Also, referencedatamay exclude
individuals with risk factorsfor bonediseaseThis will
artifactually increasethe mean value and reduce the
standarddeviationusedto computethresholdvalues.In
practice, referencerangeshave been chosenvariously
from adultsaged20-29years,20—39years,at the ageof
50 years, etc., and thesetoo have an impact on the
apparent prevalence of osteoporosis[17,36,45]. Re-
cently,USreferencalatafor thehip havebeengenerated
from the NHANES IIl study and could serve as a
standardizatiorplatform [46]. The use of NHANES Il
referencerangesderived from women aged 20 to 29
yearsandappliedto the total hip decreasethe apparent
prevalenceof osteoporosisn a referencepopulationin
the US from 49% usingthe femoralneckandlaboratory
referencerangesof Hologic to 28% [47], morein line
with the thresholdsenvisagedoy the WHO.

Should different countriesor different races utilize
their own referencerangesor would a common gold
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standardbe sufficient? Normal rangesfor DXA are
availablefrom many countriesincluding Holland [48],
UK [44,49], Germany[50], France[21] and USA [46]
and several other Europeancountries[51] where the
differencein mean BMD and the standarddeviations
usedarerelatively small. The useof referencerangesin
whitesin the USA accommodatethe higherbonemass
and lower fracturerisk in blacks[52].

Variationsin BMD betweenpopulationsappearto be
substantiallylessthan variationsin fracture risk. Age-
andsex-specifigisk of hip fracturediffers morethan10-
fold, evenin Europe[53-55]. Thesedifferencesarevery
much larger than can be accounted for by any
differences in BMD between these communities.
Indeed, in Asia, hip fracture risk is lower than in
NorthernEuropeor the USA but BMD is lower [45,56].
In view of the disparitybetweerpopulationfracturerisks
and BMD, it is uncertain whether reference ranges
shouldbe drawnfrom local populationsThereis a case,
therefore, particularly for simplicity, for adopting an
international referencerange and standarddeviations,
such as the NHANES material, until further work
tempers this view. The same holds true for other
diagnosticmethods,in that referencerangesshouldbe
derived from large population basesappropriate for
internationaluse.

The referencerangesutilized for the diagnosis of
osteoporosiaresuggestedor women.Cut-off valuesfor
menhavevariouslyusedvaluesderivedfrom thefemale
or from male populations.Not surprisingly the pre-
valence of osteoporosids greaterusing male-specific
rangesat the hip [52]. In men, the risk of fractureis
substantially lower for a bone mineral measurement
within their own referenceaange sothatamorestringent
criterion is appropriateto yield the samerisk as in
women [3,52]. The use of the sameabsolutevalue of
BMD as a cut-off men as that usedin women gives
approximatelythe sameabsoluterisk of vertebralandof
hip fracture [57-59]. For this reason it may be
appropriatefrom both a scientific and pragmaticview
to utilize the sameabsolutethresholdin both menand
women,but it is importantto recognizethat the dataon
men are scanty and not all studiesshow comparable
gradientsof fracturerisk with BMD in men[60].

Risk Assessment

If diagnosticcriteria for osteoporosisare confined to
DXA at the hip, then how shouldwe utilize measure-
mentsmadeat other sites or measurementmadewith
other techniques?Several considerationsindicate that
these alternative methods of assessmenthave an
importantrole in risk assessmenif not for diagnosis.
The performancecharacteristicsof many measure-
menttechniqueshavebeenwell characterized3,38,61].
For the purposeof risk assessmerhe characteristiof
centralimportances the ability of atechniqueto predict
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fractures.This is traditionally expressedisthe increase
in relative risk per standarddeviation unit decreasen
bonemineral measurement.

Therearesignificantdifferencesn the performancef
different techniquesat different sites. In addition, the
performancedependson the type of fracture[38]. For
example, BMD assessmentdy DXA to predict hip
fractureare betterwheremeasurementare madeat the
hip ratherthan at the spine or forearm (Table 4). An
individual with a T-scoreof —3 SD at the hip would have
a 2.6° or greater than 15-fold higher risk than an
individual with a T-scoreof 0 SD. Wheretheintentionis
to predictany osteoporotidracture,the commonlyused
techniquesrecomparableTherisk of fractureincreases
approximately 1.5-fold for each 1 SD decrementin
measuremeniThus,anindividual with a measuremers
SD belowthe averagevaluefor agewould havea 1.5° or
greaterthan3-fold higherrisk thananindividual with an
averageBMD. Althoughthetotalrisk is lessthanfor hip
fracture,it would exceedreatmenthresholdsnvisaged
by most [62—64]. Thus, thesetechniqueshave a utility
independenobf any diagnostictestbut they alsohavethe
potentialto be useddiagnostically,since they measure
an aspect of bone captured by the definition of
osteoporosis.The challenge is how to expressthe
clinical information they derive in a manneruseful to
the clinician.

The consideratiorof otherrisk factorsin conjunction
with BMD assessmentalso improves the predictive
valueof thetest[2,65]. Examplesaregivenin Table5 of
factorsthat contributesignificantly to fracturerisk over
and abovethat providedby bonedensitymeasurements
or age.Thus,the presencef multiple risk factorscanbe
usedto enhancea case-findingstrategyin osteoporosis
[66]. Indeed this generalstrategyhasbeenincorporated
into practiceguidelinesaroundthe world [62—64]. Thus,
the presencesay of low ultrasound attenuation or
velocity, togetherwith independentisk factors, might
qualify individuals for treatment,without the need for
BMD assessmerat the hip. In otherwords, it is the risk
of fracturethatis importantratherthanthe fulfilment of
a diagnosticcriterion. A caveatis that somerisk factors
are not amenableto particular treatmentsso that the
relationship betweentotal risk and reversible risk is
important. Liability to falls is an appropriateexample
where the risk of fracture is high but treatmentwith

Table 4. Relativerisk (with 95% confidenceinterval) of fracturein
womenfor a1 SD decreasén bonemineraldensity(absorptiometry)
below the age-adjustedanean

Site of Forearm Hip Vertebral  All
measurement fracture fracture fracture fractures
Distal radius 1.7 1.8 1.7 1.4
(1.4-2.0) (1.4-22) (1.4-2.1) (1.3-1.6)
Femoralneck 1.4 2.6 1.8 1.6
(1.4-16) (2.0-35) (1.1-2.7) (1.4-1.8)
Lumbarspine 1.5 1.6 2.3 1.5
(1.3-1.8) (1.2-2.2) (1.9-2.8) (1.4-1.7)

From [38].
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Table 5. Examplesof relativerisks of hip fracturein womenwith and
without adjustmentfor BMD

Risk assessment Relativerisk

Crude Adjusted

Hip BMD 1 SD below meanpopulationvalue

Non-carboxylatedsteocalcinabovenormal

Biochemicalindex of boneresorption(CTX)
abovepremenopausakhnge

Prior fragility fractureafter the ageof 50 years

Body weight below 57.8 kg

First-degreeaelative with a history of fracility
fracturesaged50 yearsor more

Maternalfamily history of hip fracture

Currentcigarettesmoking

Poorvisual capacity(< 2/10)

Low gait speed(per 1 SD decrease)

Increasein body sway (per 1 SD)

) PR NN
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From [65].
#Adjustedfor BMD.

agentsaffectingbonemetabolismmay havelittle effect
on risk [67]. Other risk factors such as prior fragility
fractures contribute to a risk that is responsiveto
interventions. The principle of assessingisk is well
demonstrateth the case-findingstrategyof the National
Osteoporosis Foundation [63], where intervention
thresholdsbhasedon BMD assessmentith DXA at the
hip are modified according to the presenceof risk
factors.

In othercountriesa moreconservativeview is takenin
that patients with osteoporosisare offered treatment
[62]. The presence of risk factors provides the
opportunity to direct individuals for assessmenby
DXA. Whereasclinical risk factors are traditionally
used(e.g.,low body massindex, prematuremenopause,
corticosteroiduse), the wide availability and prolifera-
tion of peripheraldensitometryand quantitative ultra-
sound(QUS) devicessuggesthat, wherelow valuesare
found, thesemight be usedto trigger the more formal
assessmentith DXA atthehip. A middleroadbetween
these approachesis a strategy of triage in which
individualsat very high risk would qualify for treatment,
thoseat very low risk would not be further evaluated,
and only thoseat intermediaterisk would have further
assessmertty DXA at the hip [68].

Assessmentind Treatment Thresholds

Thresholdsusedto characterizemultifactorial diseases
are often arbitrarily defined.In the caseof osteoporosis,
fracture risk increasescontinuously with decreasing
BMD (Fig. 3) [69] so that thereis no biologic break-
point to characterizeabsolutelyan individual who will

fracturefrom onewho will not. Neverthelesshresholds
are useful in a clinical perspective,where they give
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Fig. 3. Remaininglife-time risk (LTR) of hip fracturein Swedish
womenaged50 yearsaccordingto BMD at the femoral neck.

information on prognosisor treatment.In the caseof
BMD assessmentoth types of information are given,
but needto be interpretedcautiously[70,71].

In the caseof diagnosticthresholdsit is relevantto
recall that a positive (or negative)testmay be spurious.
The finding of a low BMD shouldraisethe questionof
why this is so,andothercauseof low BMD (technical,
confoundingandclinical) shouldbe excludedto fulfill a
diagnosticcriterion. Also, becausehe samediagnostic
thresholdin one country will not identify individuals
with the samefracturerisk in anothercountry with an
identical T-score, it is important not to confuse
diagnostic thresholdswith treatmentthresholds. This
was not the intention of the WHO, but the diagnostic
criterion is interpreted by many practitioners and
healthcareagenciesas an intervention threshold. But
interventionthresholdsdependnot only on risk which
varies with age, but also on the benefitsand costs of
interventions.

The notion that intervention thresholdsmay differ
from diagnosticthresholdsrequiresthe elucidation of
intervention thresholdsfor osteoporosisin much the
same way as cardiovasculardisease[72]. This will
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demandthe conversionof relative risks into absolute
risks.An exampleof absoluteisksis givenin Table6. If
aninterventionthresholdwereset(for example)asa 10-
year risk of hip fracture that exceeded10%, this
thresholdwould be attainedin womenwith osteoporosis
at the age of 65 yearsor more. The samethresholdof
risk is attainedin anaveragepopulationof womenaged
75 yearsor more. If multiple risk factorsareto be used
to maximum advantagethe interdependencef all risk
assessmentwill require elucidation. Such approaches
will preservehe utility of the T-scorefor diagnosiswith
DXA atthehip andenhancehevalueof all technologies
in enfranchisingthe populations most at risk from
fractures.

Evolution of Diagnostic Guidelines

The field of osteoporosiss enrichedwith respectto
technologies and potential sites for diagnosis and
assessmenf he price to be paid is the knowledgethat
onetestat onesite canneverbe exactlypredictiveof the
other.Two approacheareworthy of considerationThe
first is to acknowledgeDXA at the hip as the ‘gold-
standard’of todayfor providing a diagnostictestandto
maintainthe WHO classificationfor this usealone.In
this context the performancecharacteristicsof other
techniques or sites (sensitivity, specificity, positive
predictivevalue)to identify individualswith osteoporo-
sis or low bone massat the hip shouldbe determined.
This would provide a basisfor assessinglinical utility.
For example,most clinicians would accepta result for
clinical decision-makinghatshowedan 80% probability
that an individual had osteoporosis.

Ultimately it is desirableto havemeasurementsf all
techniqgueexpressedn units of risk. Absoluterisks are
appropriateandpreferableto relativerisks.Forexample,
a relative risk of hip fractureof 1.0 (i.e., averagerisk)
equateswith a 10-year probability of 0.4% in women
aged45 yearsbut to 16% at the age of 85 years.Such
approacheswill ultimately enfranchiseall technologies

Table 6. Ten-yearprobability of hip fracturein Swedishmenandwomenaccordingto ageandBMD at the femoral neck

Men Women
Age Population  T-score T-score T-score Population  T-score T-score T-score
(years) -1 -2.5 <-25 -1 -2.5 <-25
45 0.5 0.7 2.2 34 0.4 0.4 14 2.2
50 0.8 11 34 5.1 0.6 0.5 1.7 2.9
55 0.8 0.9 3.1 4.9 1.2 0.7 2.9 4.9
60 1.2 1.2 3.7 6.0 23 11 4.4 7.8
65 2.1 1.9 5.3 8.8 3.9 15 5.9 11.3
70 34 2.7 8.5 14.3 7.3 2.0 8.8 18.3
75 5.9 4.1 14.2 24.2 11.7 2.3 11.1 24.6
80 7.6 4.6 13.7 24.3 15.5 2.5 11.5 27.9
85 7.1 7.6 10.5 19.9 16.1 2.1 10.0 25.8

J. A. Kanis, O. Johnelland A. Oden,unpublisheddata.
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of predictive value including clinical risk factors. This
will demandan examinationof the independencef all

thesefactorsinto suitablemodels.It will also demand
that clinicians andregulatoryagenciesacceptthe notion
that a given risk of osteoporoticfracture provides a
diagnosticor interventionthreshold.Sincethesedevel-
opmentswill take time, manufacturershould consider
the necessityin the interim to expresameasurementas
probabilitiesof diseasecategoryandwherepossiblerisk

of fracture comparedto averagerisk with or without
recourseto the T-score.

Condusions

The strengthof the WHO criteria lies in the uniformity
of approachlt is importantthatdifferentsegmentsf the
communityare given the samemessageoncerningthe
prevalenceincidenceandepidemiologyof osteoporosis.

Variationsin skeletalcompositionand limitations in
the diagnostic accuracy of techniquesindicate that
measurementsnade at one site have only limited
predictive value for measurementsat another. The
same holds true for different technigues,even when
takenat the samesite. Thereis, thus, a strong casefor
standardization.The site that appearsoptimal in this
regardis the total hip sinceit hasthe highestpredictive
value of all currenttechniquesassessegrospectively.
Moreover, the hip is less adverselyaffected than the
spine by osteoarthrosiend osteoarthritiswith age[38]
and, despite the disparity between DXA techniques,
absolutevalueshavebeenstandardizedor the hip. If the
hip is to be usedas a referencesite, the sameabsolute
valuefor BMD canbe appliedto menasis the casefor
womenfor diagnosticcriteria. The developmenbf new
techniquesith higherpredictivevaluethanDXA atthe
hip would clearly temperthis view.

It is important to re-emphasizethat diagnostic
thresholdsare not necessarilyintervention thresholds.
Clinical medicineis perfectly usedto having different
interventionthresholdsdependingon otherrisk factors.
A good exampleis the managemenof hyperlipidemia,
where intervention thresholds depend on other risk
factorssuchasblood pressureandage[72].

The foregoingconsiderationglo not precludethe use
of other technologiesin risk assessmentintervention
thresholdswill dependuponrisk, life expectancyand
the benefitsandside effectsof interventionsWithin this
frameworkall risk assessmentsavetheir use.DXA at
the forearm, spine and hip have the same predictive
value for any fracture (seeTable 3) andin this context
haveequalvalidity. Also, thereis intuitively no specific
reasonwhy diagnosis(using DXA at the hip) must be
madein order to direct interventions.Good examples
would be the presenceof fragility fractures,or the
combinationof low ultrasoundvalueswith clinical risk
factors.
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Summary and Recanmendations

1.

I

10.

The WHO has provided diagnostic criteria for

osteoporosisand low bone mass (osteopenia)
basedon bone mineral density (BMD) measure-
ments.

. Osteoporosiss definedasa BMD 2.5 SD or more

below the young averagevalue in women. Severe
osteoporosis (established osteoporosis) uses the
same threshold, but in the presenceof fragility

fractures. We recommendthat these diagnostic
criteria are maintained.

. Diagnostic thresholdshave been best validated at

the hip with dual-energy X-ray absorptiometry
(DXA). BMD measurementat this site predicthip

fracturesas well as blood pressurepredicts stroke
and significantly better than serum cholesterol
predicts myocardial infarction. Hip BMD predicts
other osteoporoticfracturesas well or better than

measurementat othersiteswith DXA or the useof

otherdensitometridechniques.

. The useof the T-scorerequiresa comparisorof the

measurementwith measurementsin a young
referencepopulation. Although fracturerisk varies
betweenpopulationsthereis insufficientknowledge
at presento recommendadhat local referenceranges
be used.It is recommendedhat the NHANES IlI
databasebe usedasan internationalreferenceuntil
further researctchangeshis view.

. Using the age 20—-29yearsasthe ageof the young

healthypopulationyields prevalence®f osteoporo-
sissimilar to thosepublishedby the WHO andis in

keepingwith the recommendationsf the Interna-
tional Committeefor Standardsn Bone Measure-
ment.We recommendhat thesethresholdse used.

. TherelationshipbetweerBMD andhip fracturerisk

is similar in men and women though the data are
scanty. We recommendthat the same diagnostic
thresholdsbe usedin men— namelya BMD at the
hip that lies 2.5 SD or more below the reference
range for young women — until further research
changeghis view.

. Measurementat othersitescorrelatewith hip BMD

but not sufficiently closelythatthey canbe usedfor
predictive purposes. This is due to biological
variability betweensitesand errorsof accuracy.

. Comparedwith DXA at the hip, measurementat

other sites and particularly with other techniques
givesdifferencesin the variancearoundpopulation
meansand in apparentrates of bone loss. These
differencesmeanthat the useof the T-scoreyields
differentinformationon risk and populationsat risk
comparedwith DXA at the hip. T-scorescannotbe
usedinterchangeablytherefore,betweensites and
techniques.

. We recommendhat the diagnosticuse of T-scores

be reservedior DXA at the hip.

Many validatedtechniquesn additionto DXA have
giveninformationon fracturepredictionfrom cross-
sectionalor prospectivestudies.They also provide
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relevantinformation on bone density statusat the

measuremensite. Due to the lack of established
diagnostic criteria they should be used for risk

assessmerntr in combinationwith otherrisk factors

to directinterventionsto thoseat high risk. Indeed,
decisionsto treatshouldbe basedon a comprehen-
siveassessmermdf therisk of fractureratherthanthe

fulfilment of a single diagnostic criterion — an

approachacknowledgedn current practice guide-

lines.

11. Thus, all validated densitometric(and ultrasonic)
techniquescan be usedastools for assessmerdand
to aid treatmentdecisions.To this end their utility
lies in providing information on risk. We recom-
mendthatnumericaloutputof densitometriaevices
is expresseds fracturerisk irrespectiveof whether
this is alongsidedensitometriozalues(e.g.g/cn?, T-
scoresor Z-scores.

12. The risk of fracture at different sites can be
computedfrom the gradientof risk for fracturefor
each 1 SD decrementin measurement.Risk
estimatedrom well-designedccross-sectionatudies
might produce comparableresults for short-term
predictionfor sometypes of fracturesand may be
adequatetherefore for this purpose.

13. Absoluterisk is preferableto relative risks but if
relativerisks areto be usedthey shouldbe adjusted
to populationrisks. Lifetime risks areinappropriate
for decisionson treatmentsincelifetime treatments
are not envisagedor practicable. Ten-year risk
accommodatethe anticipateddurationof treatment
(3-5years)andthe slow offsettime documentedor
several interventions when treatmentis stopped
(e.g., gonadalsteroidsand bisphosphonatesy.ife-
time risks may be suitablefor counsellingpatients.

14. Ideally, therisk of all osteoporotidracturesshould
be evaluated, but there are large gaps in our
knowledgeof theserisks worldwide. Hip fracture
probabilitiesare well documentedn many regions
of theworld and10-yearrisksfor hip fracturearean
appropriateinterim measure.

15. Improvementsn risk assessmermanbe achievecdy
the useof multiple risk factors.Thereis, however,a
need to examinethe interrelationshipof all risk
factors and their applicability on an international
basis.
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