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Abstract. The aim of this study was to estimate the hip fracture patients had little effect on cost in the first
additional cost of medical care (the incremental costyear, but cost in the second year was doubled to almost
caused by incident hip and vertebral fractures, using 2000. For vertebral fractures, we did not detect
matched case cohort design within a longitudinal follow-important acute care costs, but these fractures were
up study. Incident hip fractures were recorded using thessociated with a yearly recurrent incremental cost of
regular follow-up system of the Rotterdam Study.over $1000. However, almost half this difference was
Incident vertebral fractures were recorded by morphoalready present before the occurrence of the fracture, and
metric comparison of spinal radiographs taken atwas attributable to hospital admissions. The remainder
intervals of 2.2 years on average. The matched contradf the incremental cost was mainly due to pharmaceu-
group was randomly selected from other participants ofical consumption and to a lesser extent to admissions to
the Rotterdam Study in whom no fracture occurredorthopedic surgery wards. We conclude that hip
during follow-up, but who were otherwise comparable atfractures cause excess mortality and an important
baseline. Cases were matched for age, gender, seificremental cost especially during the first year, and
perceived health, ability to perform activities of daily that these could probably be avoided by prevention of
life, living situation and general practitioner. Medical hip fractures. For vertebral fractures we found no
expenditure was assessed by retrieval of the generalvidence of important acute care costs but we observed
practice medical records and by recording all hospitan yearly returning incremental cost. Part of this
and nursing home admissions, and all general practiceicremental cost, however, was pre-existing and might
and outpatient visits. Pharmaceutical consumption watherefore by caused by co-morbidity.

recorded through the computerized records of the central

pharmacy. Valid results were obtained for 44 pairsKeywords: Aging; Cost; Hip fractures; Prospective
(91%) in the hip fracture and for 42 pairs (93%) in the studies; Vertebral fractures

vertebral fracture group. Cost of medical consumption in
the year before the hip fracture was similar in patients

and control subjects, but the incremental cost in the first

year after the hip fracture was almost US$10000. In thgntroduction
second year after hip fracture the incremental cost was

still about $1000. Accounting for the excess mortality N1 Western countries, osteoporotic fractures and espe-
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fracturesworldwide to increasefrom around1.7 million

in 1990 to over 6 million in 2050 [1] and, therefore,
medical expenditurewill increasein the decadesto
come. In The Netherlands,we estimatedthe cost of

osteoporoticfracturesat 420 million guilders (US$240
million) in 1993 [3], while hip fracturesaccountedfor

85% of this cost.In somestudiesit is argued,however,
that the importanceof non-hip fracturesin the cost of
osteoporoticfractures is underestimateda US study
estimatedthe health care expenditureattributable to

osteoporoticfracturesin the United Statesat US$13.8
billion in 1995[4]. Moreover,this study concludedthat
only 60% of the costwascausedby hip fractureswhile

the remainderwas due to fracturesat all other skeletal
sites,including vertebralfracturesthat cameto medical
attention.The differencebetweerthefindingsof thetwo

studieswas probably causedby the fact that while our
studyincludedonly hip, vertebralandwrist fracturesas
osteoporosis-relatefractures, the US study included,
basednexpertopinion,alargeproportionof all non-hip
fracturesas osteoporosiselated.

To assesghe cost of fracturesit is, however, not
sufficient to know the global health care expenditure.
Somecosts,suchasfor nursinghomeadmissionsmay
also occur without a fracture, and it is therefore
necessaryto estimate the difference in health care
expenditure between fracture patients and similar
individualsin which a fracturedid not occur.

Eventhougha hip fractureis easyto define,andcase
finding relatively easy the estimatedcostfor a singlehip
fracturevarieswidely from under$6000to over $40000
[5—13], dependingon countryandtimeframeof interest.
The costestimatealso dependson whetherthe medical
costs after fracture are simply summed, or whether
incrementaktostis calculatedoy comparinghe costwith
previous health care expenditure.A further source of
variationis the choicewhetherto include only medical
costor to takeinto accountindirect costsaswell.

Costestimatef incidentvertebralfracturesareeven
lessreliable. Vertebral fracturesoften remain asympto-
matic, and it has been estimatedthat only a third of
vertebral fractures spontaneouslycome to clinical
attention [14-16]. The real incidence of vertebral
fracturedss thereforepoorly known, butthereis evidence
that it increaseswith agein muchthe sameway asthe
incidence of hip fractures [14]. Prevalencestudies
indeedshowanincreasebothin all vertebraldeformities
and in severedeformitieswith age[16—19]. Therefore,
estimates of the total cost depend heavily on the
definition of a vertebralfractureandon the case-finding
proceduresThereare, however,a few estimateswhich
range from $270 up to $2400 [6,20-22].In a recent
reviewthe costof vertebralfracturesvasestimatedo be
$1200[12].

In this study we estimatedthe incrementalcost of
direct medical care after hip and radiologically defined
incident first vertebral fracture in a Dutch elderly
population, by comparing the health expenditurein
fracture patientswith the costsgeneratedn a compar-
able control group. We excludedindirect costs.
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Patients and Methods
Setting

We estimatedthe cost of incident hip fracturesand
incidentfirst vertebralfracturesin a matchedcasecohort
design within the Rotterdam Study. The Rotterdam
Studyis a prospectivecohortstudyof theoccurrenceand
determinant®f diseaseanddisability in the elderly. The
designof this study hasbeendescribedpreviously[23].
The RotterdamStudy focuseson neurogeriatric,cardi-
ovascular]ocomotorand ophthalmologicdiseasesThe
study startedin 1990 and all 10275 men and women
aged55 yearsandover living in Ommoord,a district of
Rotterdam,were invited to participate.The study was
approvedby the Medical Ethics Committeeof Erasmus
University Medical School, and participantsprovided
written informed consent.By mid-1993the cohortwas
completely assembled,and from those eligible for
participation, 7983 did participate,bringing the overall
responseate of the studyto 78%.

The baselinesurveyincludeda homeinterviewfor all
participants.The participantswho were living indepen-
dently were subsequentlyinvited for two visits to the
research center for an extensive series of clinical
examinations and laboratory assessmentsBaseline
assessmentdn the home interview included self-
perceivedhealthand the assessmendf the impairment
of activitiesof daily living (ADL) usinga questionnaire
modified from the Stanford Health AssessmenfQues-
tionnaire[18,24]. During the visit to the researctcenter
we performeda lateral radiographof the spinefrom the
fourth thoracicto thefifth lumbarvertebra,asdescribed
previously [18]. Between mid-1993 and 1995, all
participantswho were living independentlywere again
invited for a follow-up visit to theresearctcenter,andat
this time we performeda secondateralradiograplof the
spineusingthe sameprotocol.

IncidentHip Fractures

Follow-up of hip fractureswas achievedthrougha link
with the computersystemf the generalpractitionersof
the district and throughhospitaladmissiondata, cover-
ing about 80% of the study population. For all
participantsnot coveredby this system,annualchecks
wereperformedon the completemedicalrecordsof their
generalpractitionersReportedractureswvereverified by
retrievalandreview of the appropriatedischargeeports
from the patientrecord.Participantswith anincidenthip
fracture betweenthe beginningof 1991 and the end of
1994 wereincludedascases.

Incident Vertebral Fractures
Vertebral deformitieswere diagnosedoy morphometry

on the second radiograph according to the Eastell
method [25], as modified by Black et al. [26]. As
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describedpreviously[18], deformitieswere categorized
as moderateor severe.Moderatedeformities (gradel)
were definedas a deviation of any ratio of the heights
betweenthe -3 and—4 SD threshold.Severedeformities
(grade Il) were defined as a ratio below the —4 SD
threshold.Thesethresholdswere obtainedin the same
study populationand have beenpublished[18]. For all
participantswith a prevalentvertebraldeformity on the
secondadiographthefirst radiographwvasalsodigitized
andvertebraldeformitieswerediagnosedisingthe same
method.We defineda first vertebralfracture as at least
oneseveredeformity on the secondradiographwithout
any vertebraldeformity on the first.

MatchedControl Group

For every participant with an incident fracture, we
randomlychosea participantmatchecdat baselinefor age
(within the same 5-year age group), gender, self-
perceivedhealth, composite ADL activity score[18],
living situation (aloneor with a partner;independently
or in residential care) and general practitioner. This
matchingwas an attemptto make medicalconsumption
at baselineassimilar aspossible For the samereasonit
wasa prerequisitefor the matchedcontrol to be alive at
thetime of the hip fracture,or at the time of the second
radiographin the caseof vertebralfractures.

Medical Consumption

In The Netherlandghe generalpractitioner(GP) is the
gatekeepemnf the healthcaresystem.This meansthat
referralsneedto be done by the GP, and that the GP
recordis the central repositoryof medicalinformation
abouta patient. Medical consumptionwas assessethy
retrievalof thosemedicalrecordsin the generalpractice.
All hospital admissionsand their duration from 1990
until the end of 1996 were recorded. Admission to
nursinghomeswasrecordedsimilarly. We alsorecorded
all general practice and medical specialist visits.
Pharmaceuticatonsumptionwas assessedby retrieval
of the computerizedecordsof the centralpharmacyof
the district, coveringall participants.

Table 1. Overview of participants

C.E.D. H. De Laetetal.
Analysis

Unit pricesfor costof medicalconsumptionverebased
on the Dutch guidelinesfor cost calculationsin health
researchfor 1993 [27]. Those guidelinesuse compre-
hensiveperdiem pricesincluding medicalcareandhotel
costs:for hospital admissionsthesewere {773 (Dutch
guilders)perday and f 209for nursinghomes.The price
for a GPvisit was f 30,the price for a medicalspecialist
contact f200. For pharmaceuticatonsumption the net
cost to society was used. Costs in guilders were
convertednto US$,usinga conversiorrateof 2 guilders
to the dollar. For hip fracture we calculatedthe cost
duringthe yearprecedinghe hip fracture,andcompared
it with the costin the 2 yearsfollowing the hip fracture.
Forthe controlgroupwe did the same usingasreference
the date of hip fracture of the matchingcase.Survival
wasdescribedwith Kaplan—Meiersurvival analysis.

Since we did not know the exact date of incident
vertebralfractureswe comparedhe averageyearly cost
in the years precedingthe first radiographwith the
averageyearly costin the yearsfollowing the second
radiograph(until the end of 1996 or until death).To
accountfor the period betweenthe two radiographs,
whereimportantacutecarecostsmight be incurred,we
also calculatedthe averageyearly costfor this period.

Because the distribution of the cost data was
extremely skewed, we did not use conventional
parametric tests for assessingthe precision of the
estimates.As an alternative we used the bootstrap
methodto calculatethe averagesindthe 95%confidence
intervals(Cl) [28]. Casesand controlswere sampledas
pairs, and for every parameter100000 Monte Carlo
bootstrapsvere calculated.

Results

During the follow-up period 48 hip fracturesoccurred,
andan equalnumberof matchedcontrolswereselected.
In two casef hip fractureandin two controlswe were
not able to obtain all the necessaryinformation to
calculate medical costs. Therefore,those 4 pairs were
deletedfrom theanalysis giving usvalid informationon
44 pairs (91%).

We detectedd5 severedfirst vertebraldeformities,and
againselectednatchedcontrols.Here,we did not obtain

Hip fractures

Vertebralfractures

Cases Controls Cases Controls
Total no. 44 44 42 42
Women 34 34 32 32
Living independently 31 31 42 42
Meanagein years(SD) 81.6(7.9) 81.3(8.2) 73.1(7.3) 73.0(7.3)
Alive atendof 1996 22 30 38 40
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Table 2. Averageincrementalcostin (US $) after hip fracture (costdifferencebetweencasesand controls)

All subjectsin study

Surviving subjectsonly

Year before First year Secondyear First year Secondyear
Pharmacy 78 -135 51 —46 269
Hospitaladmissionqorthopedicsurgery) 35 7.528* 42 7.593* 111
Other hospitaladmissions -167 -360 -70 -348 100
Nursinghome 211 2.532* 1.029 2.955* 1.461
Physicianvisits =17 -25 -35 3 2
Total 140 9.540* 1.017 10.157* 1.943
(95%Cl) (-937t0 1220)  (7054to0 12343) (—717to 3254) (736910 13378) (—418to 5073)

*Significant within 95% confidencdimits.

all the informationon medicalconsumptiorfor 3 cases,
andthose3 pairsweredeletedfrom the analysisJeading
to valid informationon 42 pairs(93%). Table 1 presents
the baselinecharacteristicof the four groups.

IncidentHip Fractures

In the year precedingthe hip fracture,the total cost of
medical consumptionwas similar in the two groups:
averagecost was $1805in the hip fracture group and
$1665in the controlgroup.In thefirst yearfollowing the
hip fracturethe averagecostincreasedo $11172in the
hip fracturegroupandremainedat the samelevel in the
control group ($1632).

Table 2 presentsthe estimated incremental cost
between the hip fracture and control group broken
down by areaof healthcareexpenditure The increased
costsweremainly incurredduringthefirst 3 monthsafter
the hip fracture, the main componentbeing the initial
hospitalstayon the orthopedicward. The costdifference
in thosefirst 3 monthswas$8022(95% Cl: 6483-9630).
During the remainderof the first year there was an
additional cost of $1518 (27—3352)mainly associated
with nursinghomestays.In the secondyearthe average
cost in caseswas $2580 compared with $1563 in
controls.Again, this additionalcostwasassociatedvith
nursinghomeadmissions.
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Fig. 1. Distribution of the costof medicalcarein the year after hip
fracture.

Figure 1 indicatesthe distribution of yearly direct
medicalcostsin casesand controlsduring the first year
following thehip fracture.lt showsthatabout60%of the
controls had a yearly cost below $1000 while cost
exceeded $5000in only 10%. In caseshowever,cost
exceeded$5000in almost90%.

In this cost calculationwe disregardedhe important
extramortality after a hip fracture.Therewasindeedan
obviousincreasein the deathratesin the hip fracture
patientsin the 6 monthsfollowing the event. Figure 2
gives the Kaplan—Meiersurvival curvescomparingthe
survival of hip fracture caseswith controls. When we
excluded participants from the time they died, the
averageincrementalcost during the first yearroseonly
slightly to $10157. The main reasonfor this modest
increasewas that the majority of costswere incurred
immediatelyafter the hip fracture,alsoin peopledying
subsequently.In the secondyear, however, the cost
differencealmostdoubled,from $1017to $1943,mainly
causedby nursinghomeand pharmacycosts.
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Fig. 2. Survival after hip fracture (casesvs controls).
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Incident Vertebral Fractures

For vertebral fracturesthe cost differenceswere less
pronouncedasshownin Table 3. In this populationthe
averagecost of medical consumptionbefore the first
radiographwas $1178for casesand $670 for controls.
During the period betweenthe two radiographsthe
averageyearly costwas $1629for casesand $1198for
controls.The secondadiographvastakenan averageof
2.2 years after the first, and the averageyearly cost
afterwardswas$3125for casesversus$2068for control
subjects.In the GP recordswe could find evidenceof
vertebral deformitiesin only 14 of the cases(33%).
Moreover 4 of thosewereonly detectechfterthe second
radiographin our study, indicating that thesevertebral
deformities were not detectedat the time of their
occurrence.

Table 3 presentsthe estimated incremental cost
betweencasesand controls broken down by area of
health care expenditure.The cost differencebefore the
vertebral fracture was almost entirely due to hospital
admissionsAfter the secondradiographthis difference
in hospital costs persisted,while the remainderof the
increasevasmainly associateavith pharmacycostsand,
to a lesserextent,with admissiongo orthopedicsurgery
wards.

The $353 incremental pharmacy cost was not
attributable to specific medication, and the cost
difference was presentin almost every drug category.
The mostmarkedincreasein yearly cost($150)wasin
the category of anti-ulcer drugs, and the use of
omeprazoleand ranitidine was responsiblefor most of
this difference,althoughthis was not dueto volume but
to the price levels of those products.Incrementalcost
wasalsorecordedin severalotherdrug categoriesuch
as the cardiovascularhormonaland respiratorydrugs,
and also in the non-steroidalanti-inflammatorydrugs
without, however, presentinga clear pattern. For the
period between the two radiographs we saw no
indication of any acute phase costs, apart from a
significantly increased cost of physician visits, but
theserepresentlow costs. However, since we do not
know the exacttiming of the vertebraldeformity these
costsare moredifficult to interpret.

Figure 3 showsthe distributionof averageyearly cost
in casesand controls after the secondradiograph.For

C.E.D. H. De Laetetal.
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Fig. 3. Distribution of the yearly cost of medical care after just
vertebral fracture.

controls this distribution is similar to that in the hip
fracturecontrol patients.In caseshowever the majority
hadayearly costof over$1000,and20%hadanaverage
yearly costexceedings5000.

Discusson
Main Findings

We estimatedthat, in this population, a hip fracture
causedan extra cost of almost$10000 during the first
year and $1000in the subsequenyear. There was an
importantextra mortality in the 6 monthsafter the hip
fracture as other studies have reported previously
[29,30]. Taking this excessmortality into accountand
calculatingthe averagecost for surviving patientsand
controlsdid not dramaticallychangeour estimateduring
the first year, since most of the costs were incurred
directly after the fracture.However,assessingurviving
participantsonly, incrementalcost in the secondyear
went up to almost$2000, mainly due to nursinghome
admissionsandpharmacycosts.In two otherstudiesthat
also compared costs before and after the event,
incrementalcost during the first year was estimatedat
between $16000 and $19000 for the US [13] and
$22000 for Sweden[11]. Thesecostsare higher than
thosein our Dutch population.The main reasonfor this
difference appearsto be the cost per day for hospital
admissionswhich is substantialljower in The Nether-

Table 3. Averageincrementalcost(in US $) after first vertebralfracture(costifferencebetweencasesand controls)

Yearsbeforefirst radiograph  Yearsbetweenradiographs Yearsafter secondradiograph

Pharmacy 28
Hospital admissionqorthopedicsurgery) -41
Other hospitaladmissions 476*
Nursinghome -14
Physicianvisits 59
Total 508

(95% Cl) (-184t0 1337)

178 353*
—49 150
230 498
0 12
73* 44

431 1057

(-229t0 1173) (=712to 2920)

*Significant within 95% confidencdimits.
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lands. Estimatesfrom UK studiesare generally lower
[8-10], but thesestudiesfocusedonly ontheacutephase
costs. The UK estimates,however, correspondto our
resultsfor the first 3 monthsafter the event.

Costsof vertebralfracturesare largely unknown,and
costestimatedasedon prevalentfracturesare boundto
be biasedsince,in practice thesefracturesoftenremain
undiagnosedTherefore,estimatesvary widely. In our
study we determinedvertebralfracturesby comparing
radiographamadein a population-basedohort, thereby
also detecting vertebral fractures that never came to
clinical attention.In this populationwe foundthat, even
beforethe occurrenceof the fracture,the averageyearly
costwasover $500higherin casescomparedwith their
matched controls. This incremental cost was largely
causedyy hospitaladmissionsndthis seemso pointto
pre-existingco-morbidity that was not avoided by the
matchingprocedureused.

Most of the vertebral deformities in our study
remainedundiagnosedTherefore,it is no surprisethat
the observedncrementalcostis only modestWhile the
higher cost for admissiongo orthopedicsurgerywards
after the occurrenceof a vertebral deformitiesis not
surprising,the observatiorof a higher pharmacycostis,
and in particular the lack of a specific drug category
causingthis. The single categorycausingmost of this
costdifferencewasthatof anti-ulcerdrugs,althoughthis
was not due to volume but to the price levels of those
products.Other extra consumptiorwas recordedin the
groups of cardiovascular,hormonal and respiratory
drugsandin the non-steroidalanti-inflammatorydrugs.
This cost for vertebral fractures becomesimportant,
however sinceit appeargo beayearlyrecurrentcost,at
leastduring the first few yearsfollowing the vertebral
fracture.

The finding of this pre-existingincrementalhospital
cost and the nonspecificdrug usagein patients with
incidentvertebralfracturesmay haveimportantimplica-
tions. Whenconfirmedby additionalresearctthis would
meanthat the cost-effectivenessf strategiedo prevent
vertebralfracturesmight be overestimatedsinceat least
part of the costappeardo be pre-existingandtherefore,
probably,not avoidable.

Strengthsand Limitations

Internationalcomparisonof cost are difficult, because
healthcareis organizedifferentlyin differentcountries.
The averageinitial stay in the orthopedic ward, for
instance,is only 11 daysin Sweden[11] while it is 26
daysin The Netherlandq3]. However,in Swedenit is
followed by a longerstayin a geriatricward. Moreover,
the definition of whatis includedin healthcarecostsand
what is not differs from one country to another.While
the severity of hip fracturesis probably comparable
betweenstudies, the severity of vertebral deformities
dependsheavily upon the definition. Here we choseto
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include all severeincident deformitieswhetheror not
they causedcomplaints.

In this study we investigatedthe incremental cost
causedby fractures by comparing health care costs
directly betweenindividualswith andwithout a fracture,
matching for potential determinantsof health care
consumption, while previous studies on incremental
costsutilized healthcareuseby the patientin the months
beforethe hip fractureratherthanusing control patients
[11,13]. This method allowed us to compare cost
directly, but also to take into account the excess
mortality in the hip fracture group comparedwith the
controlgroup.For hip fracturesthe matchingappeargo
haveachievedits purpose sincethe averagecostbefore
fracturewas roughly equalbetweencasesand controls.
For vertebralfractureshowever,therewas, evenbefore
any fracture, a cost difference of over $500 between
cases and controls. This was possibly caused by
underlying co-morbidity that was not avoided by the
matching,andit clearly underlineghe needfor a control
group when assessinghe cost of vertebral fractures.
Since the exact date of the vertebral deformity was
impossibleto determinewe accountedor thosecostshy
analyzingthe completeperiod betweenthe two radio-
graphs.

In this study we included only direct medical costs,
and the averagecost was small comparedwith the
averagehealthcarecostsfor individualsof the sameage
in The Netherlandg[31]. This is becausewe included
only relatively healthy individuals who were mostly
living independently.We also investigatedonly the
incrementalcostafter a first severevertebraldeformity,
and this study gives no information on the cost
consequencesf multiple vertebralfractures.Moreover,
we includeda large proportionof vertebraldeformities
that nevercameto clinical attention,andthis hasto be
consideredwhen extrapolating these results to other
populations.n calculatingthe medicalconsumptionve
did not include healthcarecostssuchashomecareand
homehelp, paramedicatare,ambulatoryphysiotherapy,
equipmentcosts and transportationcosts. From Dutch
health expendituredata [31] we estimatedthat these
costsaccountfor about15% of all healthcare costsin
theseage groups.Indirect costsdue to lost production
werenotincludedaswe felt thesewereirrelevantin this
elderly population,but this is an importantreasonwhy
our estimatesare low.

The mostimportantlimitation, however,is that this
studyfor assessinthe costof incidentfracturesby direct
comparison of patients with a control group was
relatively small, and although the approachappears
feasibletheresultsshouldbeinterpretedwith caution,as
is obviousfrom the relatively wide confidencentervals.
Furtherinvestigations neededgespeciallyto validateour
finding that co-morbidity might be an important
determinantin the cost of vertebral fractures. The
observation of the increased and nonspecific drug
consumptionis intriguing, and to our knowledge no
other study hasincludedthis individual pharmaceutical
consumptionn a costanalysisof fractures.
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Conclusions

In this studywe useda novel approachfor assessinghe
cost of incident fractures by direct comparison of
medical expenditurein fracturespatientswith thatin a
matched control group. While, for hip fractures, our
resultslargely confirm previouscost estimatesboth in
The Netherlandsand in other countries,the resultsfor
vertebralfracturesare surprising.Hip fracturescausean
importantcost and excessmortality, and preventionof
hip fractureswould probablyavoid those.For vertebral
fractureswe could not detectimportantacutecarecosts,
but we did observea higher medical expenditureeven
beforethe occurrenceof the fracture,while animportant
partof the additionalincrementakostafter fracturewas
causeddy nonspecifiacuseof pharmaceuticatirugs.This
appearsto point to co-morbidity, and it is therefore
unlikely that prevention of vertebral fractures will
eliminate all the incrementalcost. If confirmed, this
finding would have important implications for the
evaluation of the cost-effectivenessof preventive
strategies.
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