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Abstract. Estimates of lifetime risk of osteoporotic instances other osteoporotic fractures) has been well
fracture have assumed that mortality rates do not changeharacterized in many countries, estimates of hip
Since mortality in the elderly is decreasing in all regionsfracture risk using life expectancy have been less
of the world we assessed the effect of this on lifetimecritically evaluated.

risks for hip fracture using Sweden as a reference Several approaches have been taken to estimate
country. Lifetime risks of hip fracture at the age of 50 lifetime risk from life expectancy. A commonly used
years were 4.6% and 13.9% in men and womerstrategy is to use average life expectancy, usually from
respectively, assuming all survive to current averagehe age of 50 or 60 years, as a base calculation [3,5,6,8].
life expectancy. Estimates increased to 8.1% and 19.5% comparable approach, useful for comparing rates in
when based on present mortality and to 11.1% andlifferent communities, is to assess the risk to a given
22.7% respectively based on predicted mortality. Weage, for example the age of 80 years [9]. Both methods
conclude that lifetime risks of hip fracture have beenassume that all individuals live to the age of 80 years or

considerably underestimated. to the average life expectancy. An additional approach is
_ o _ _ to model cohorts from different ages [7,10]. This has the
Keywords: Hip fracture; Lifetime risk; Mortality advantage of taking into account the variations in

mortality for a given cohort.

All these methods make assumptions that mortality is
. not changing. In all regions of the world, however, life
Introduction expectancy is increasing [11]. Thus, the mortality rate of

. . . 80-year-olds today is likely to be greater than the

Estimates of the size of the problem of osteoporoticmortality of 50-year-olds when they become 80 years old
fracture Commonly utilize lifetime risks. These take in 30 years time. Increasing life expectancy is a
account of the incidence of fracture as well as Iifewor|dwide phenomenon_ It is particu|ar|y marked in
expectancy in specific communities. Such estimates argsia but more modest in Europe. The impact of secular
useful for descriptive purposes, but also are important ifrends in life expectancy on estimates of osteoporotic
the assessment of the health economic burden and facture risk has not been evaluated. In this paper we
designing intervention strategies [1,2]. Lifetime risks of gssess, using a conservative scenario, the impact of these
hip fracture in women vary markedly between commu-gifferent estimates of mortality on lifetime risks of hip

nities. In women aged 50 years or more they vary fromracture using Sweden as a reference country.
11% to 18% depending in part on differences in

incidence and differences in life expectancy [3-7].
Whereas the incidence of hip fracture (and in SOM&\1ethods
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1994.Informationin the years1987to 1993wasusedto

identify patientssustaininga hip fracturein 1994 who
had previously suffered a hip fracture. The annual
incidenceof a first hip fractureand of a secondfracture
was estimatedfrom the fracture history between1987
and 1994. The estimateassumedhat no hip fractures
occurred before 1987. This may have marginally
overestimatedhe incidenceof a first hip fracture.Only

hip fracturesthatweretreatedsurgicallyby nailing were
counted.This underestimatethe incidenceby 5% [12],

but avoids secondoperationsfrom failed surgery,and
theunderestimatés likely to offsetthe overestimatelue
to theinclusionof somesecondhip fractures.Incidence
rateswere computedin 5-yearintervalsusingthe mean
populationsizeof Swederin 1994.The meanpopulation
size was takenas the averageof the populationsizein

5-yearintervals at the beginningand at the end of the
year.Theincidenceof first fracturewas30% higherthan
thatdeterminedrom a surveyof the entire populationof

Malmo that involved a review of all radiographsand
hospitalrecords[13].

Futuremortality rateswerecomputedor eachyearof
age from Poisson models (see Appendix) using the
SwedishPatientRegisterand the Statistical Year Book
(Table1). Excessmortality wascomputedseparatelyfor
a first and subsequenthip fracture. Excess mortality
estimateswere comparable(within a few percent)to
independentestimates computed for 1991/1992 (B.
Jonsson,personalcommunication1997). Calculations
of future mortality over the lifetime of the male and
female population (deaths/1000were assumedto be
reducedeachcalendaryearby the samerate, but with a
rate that was different for different ages.The rate of
changewasestimatedasa continuoudunction of ageby
use of the maximum likelihood methodfor the period
1987to 1993 (seeAppendix).After t yearsthe estimated
mortality rateat the ageof y yearsis equalto the present
mortality rateat the ageof y yearstimesExp [( — 0.0505
+0.00048)t] for menandExp [(—0.0351+ 0.00033)t]
for women. The official estimates of the future
populationusea somewhatsimpler model thanwe did,
namely a reductionin mortality for eachyear by the
same rate irrespective of age, but yield essentially
comparableresults. Actual and predictedmortality for
Swedenare shownin Fig. 1.

Table 1. Mortality by agein Sweden(1994) in the generalfemale

communityandin the yearfollowing hip fracture

Age Population Hip fracture Excess

(years) mortality mortality mortality
(/2000) (/2000) (risk ratio)

50 2.25 35.86 15.9

55 3.07 25.75 8.4

60 5.06 54.79 10.8

65 8.23 39.35 4.8

70 15.53 97.08 6.3

75 25.8 80.84 3.1

80 47.1 199.45 4.2

85 83.4 166.08 2.0
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Fig. 1. Deathsper 1000accordingto calendaryearin individualsaged
85-95yearsin SwedenThe continuoudines denoteobservedvalues
and the dottedlines the predicteddeathrate in accordancewith the
modelused.

In addition to seculartrendsin mortality, there is
evidencethat a seculartrend in hip fracture ratesis
occurringin many countries[2]. In most countriesthe
age-andsex-specifiancidenceappeardo beincreasing,
thoughthey appearto havelevelled off in Swedenthe
UK andthe USA [13-15]. We modeledanincreasingor
decreasingncidenceof hip fractureby 1% perannumin
orderto assesshe impactof seculartrendson lifetime
risks.

Results

In Swedenthe averagdife expectancy(1988)at the age
of 50 yearsin womenis 32.41years.If it is assumedhat
all womenat the ageof 50 yearslive to 82.41years the
remaininglifetime risk of hip fractureis 13.9% (Table
2). The lifetime risk at the age of 50 yearsin menin
4.6% due to a lower life expectancyand a lower age
incidencethan women. Lifetime risk remainsrelatively
stablewith age until the age of 70 yearsbecausethe

Table 2. Lifetime risks of hip fracture(%) in menandwomenby age
usingthree methodsof computinglife expectancy

Age A B C
(years)
Men Women Men Women Men Women

50 4.6 13.9 8.1 19.5 111 227
55 4.7 14.4 8.2 19.6 10.6 223
60 4.9 15.1 8.3 19.8 101 21.9
65 54 15.7 8.4 19.9 9.8 215
70 6.0 16.5 8.6 20.1 96 21.2
75 6.6 18.1 9. 20.2 9.6 20.9
80 8.1 18.7 9.7 19.6 10.1 20.0
85 9.0 18.7 10.5 187 10.7 18.9

A, all individuals survive to averagelife expectancyfor the age
shown; B, basedon current mortality rates; C, basedon predicted
mortality rates.
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influence of decreasinglife expectancywith age is
matchedby the increasingincidenceof fracture. There-
after, lifetime risksincreasedueto the dominatingeffect
of fractureincidencewith age(columnA, Table2).

Risks are markedly influenced by estimating the
mortality in cohorts,wherethe averageage of deathis
thesameasabovebutaccounts takenof thevariationin
mortality aroundthis averageln womenthelifetime risk
increasego 19.5% at the age of 50 years(column B,
Table 2), an incrementof 5.6% in lifetime risk. The
effect is more markedin men thanin womenand the
averagelifetime risk at the age of 50 yearsis nearly
doubled at 8.1% comparedwith the first method of
assessmentThe effect of using cohorts rather than
averagelife expectancyon lifetime risks is greaterthe
youngerthe age and, by the age of 80 years, lifetime
risks are comparablewith both methodsof analysis.

When accountis taken of trendsin life expectancy,
even higher estimatesof lifetime risk are obtainedin
both menandwomen,an effectthatis moremarkedthe
youngerthe age(columnC, Table 2; Fig. 1). Thetrend
for increasindifetime risks afterthe ageof 70 yearswas
not apparentusing this assumptiorsinceimprovements
in life expectancywill affectthe youngerindividuals of
the cohortsmore markedly than thosewho are elderly
today.

The burden of hip fracture to communities is
underestimatedby thesecalculationsirrespectiveof the
modelused sincethereis a significantincreasen risk of
a secondhip fracture. The number of hip fractures
expectedin 100 individuals during their lifetime is
shownin Table 3.

Thereis a markedeffect of seculartrendson lifetime
risks in men and women. Assuming that mortality
continuesto decreaseén the sameway asit did between
1987and1997 lifetime risksof hip fractureat the ageof
50 yearsincreasdrom 11.1%to 17.0%in menandfrom
22.7%to 34.9%in womenif anincreasdan age-specific
risk is assumedTable 4). As might be predicted,the
effects are less marked in the elderly. Conversely
lifetime risks would be markedlydecreasedf age-and
sex-specifiaisks decreasedh the future.

Table 3. Expectednumbersof hip fractures(per 100 individuals) by
ageto the endof life, usingtwo methodsto comparelife expectancy

Age B C
(years)
Men Women Men Women

50 9.6 23.6 13.1 27.3
55 9.7 23.7 125 26.9
60 9.8 24.0 11.8 26.4
65 9.8 24.0 11.4 25.8
70 10.0 24.1 11.1 25.4
75 10.4 24.1 11.0 24.9
80 11.2 23.0 11.6 235
85 12.1 21.6 12.3 21.8

B, basedon currentmortality rates;C, basedon predictedmortality
rates.
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Table 4. Lifetime risk of hip fracture(%) in menandwomenby age,
usingtwo methodsof computinglife expectancy

Age Increasingage-and
(years)sex-specifiaisk

Decreasingage-and
sex-specifiaisk

B C B C

Men Women Men Women Men Women Men Women

50 12.4 30.0 17.0 34.9 6.3 15.0 8.4 174
55 11.9 29.1 15.4 32.9 6.6 15.8 8.4 17.8
60 11.6 28.4 14.2 31.2 6.9 16.5 8.4 18.2
65 11.3 27.6 13.3 29.8 7.3 17.3 8.4 18.6
70 11.1 26.9 12.5 28.4 7.7 18.0 8.5 19.0
75 11.3 25.9 12.1 26.8 8.3 18.6 8.8 19.3
80 11.9 24.3 12.3 24.9 9.1 185 9.5 18.9
85 12.5 22.3 12.9 22.5 10.1 18.0 10.3 18.2

B, basedon currentmortality rates;C, basedon predictedmortality
rates.

Hip fractureincidenceis assumeaitherto increaseby 1% perannum
in bothmenandwomen(left-handcolumns)or to decreasdy 1% per
annumin both menandwomen (right-handcolumns).

Table 5. Predictednumber of hip fractures by calendaryear in
Sweden

Year A B C
Men Women Men Women Men Women

1990 3821 10433 3821 10433 3821 10433
1995 4042 11105 4248 11671 3844 10561
2000 4196 12063 4635 13325 3794 10910
2005 4270 12396 4957 14391 3673 10661
2010 4323 12481 5274 15229 3535 10208
2015 4432 12513 5683 16047 3447 9733
2020 4623 12732 6232 17160 3420 9418
2025 4866 13320 6893 18869 3423 9370

A, basedon predictedmortality rates;B, asabovewith anincreasan
age- and sex-specificrisk of 1% per annum; C, as above with a
decreasen age-andsex-specifiaisk of 1% perannum.

The effectsof differentassumption®n the burdenof
hip fracturesin Swedenare shownin Table 5. It is
estimatedthat therewere 14254 hip fracturein Sweden
in 1990. Assuming no changein the age- and sex-
specificincidenceof hip fractures,the numberof hip
fracturesin 2025will riseto 18186,anincreaseof 28%.
Thereis a markedeffect of changesn the seculartrend.
If age-and sex-specificincidenceincreasesy 1% per
annumthe expectednumber of hip fracturesin 2025
would increaseby 42%. A 1% decreasever this term
would decreaséhe burdenby 30%.

Discusson

A common methodfor estimatinglifetime risk of hip
fractureassumeshatall deathsoccuratagivenage.Our
resultssuggesthat the lifetime risks of hip fractureare
very considerablyunderestimatedusing this method.
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Moreover, even where current mortality figures are
utilized considerableunderestimatestill occur. On the
reasonablassumptiorthatlife expectancywill continue
to improve,asit hasdoneoverthe pastseverakenturies,
the future burdenof hip fracturein all communitiesis
grosslyunderestimatedn Swederthe expectechumber
of hip fractureswill increaseby 28% between1990and
2025 based on predicted mortality (Table 5). It is
relevantto note that theseestimateshave beenunder-
takenutilizing datafrom SwedenThis hastheadvantage
of robustinformationon both hip fractureandmortality,
but Swedens a countrywhereexpectedncreasesn life
expectancyare averagefor the developedworld but
modestcomparedwith many otherregionsof the world
[16]. Thus, the underestimateutilizing current models
will be more markedin the developingworld.

Assumptions concerning the secular trend in hip
fracture rates have a markedimpact on lifetime risks
and hence the future burden of hip fracturesin the
community. The sensitivity analysis that we chose
(£+1% changein age-and sex-specificrates)is never-
thelessvery conservativeon a worldwide basis.Indeed,
in mostcommunitiesestimatesangefrom 1.0%to 3.3%
perannum[17]. If annualincrease®f 2.5% areapplied
to worldwide estimatesof future fracture excluding
North America and Northern Europe,whererateshave
stabilized, then the lifetime risks worldwide would be
comparableto the presentrisk in Sweden[16]. On this
basisthe numberof hip fracturesin 2025 would be 16
million comparedwith a currentestimate(1990)of 1.2
million.

The underestimatef mortality and its consequences
on hip fracture risk have important consequence$or
screeningand treatmentstrategiesin osteoporosisThe
ability of bonemineraldensityto identify individuals at
risk from osteoporosislependsn parton the gradientof
risk for hip fractureassociatedvith decrementsn bone
density,but also the lifetime risk of fracture[2]. High-
risk strategieswill be undervaluedwhere the lifetime
risks of fractureare artifactually low. Additionally, the
long-termimpact of interventionsin the communityis
likely to be underestimatedyhich in turn hasits health
economicconsequence3hesedatasuggesthatthe size
of the problemof hip fractureandto someextentother
osteoporoticfractureshasbeengrossly underestimated,
and account needsto be taken of this in strategic
development.
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Appendix. Statistical Methods

Theaim of the presenstudywasto calculatethelifetime
risks and the expectednumbersof hip fracture from a
certainageto the endof thelife. In orderto performthe
calculationswe neededchazardfunctionsof hip fracture
and of deathunderdifferent conditions.The estimation
of those functions was also an important aim of the
article.

The hazardfunctions of the first fracture and of the
secondfracture are denotedf,(t) and f,(t, v), respec-
tively, wheret is the currentageandyv is the ageat the
firstfracture(t < v). Thehazardfunctionof deathbefore
thefirst fractureis denotedd, (t) andthe hazardfunction
of deathafter thefirst fracturebut beforethe secondone
is denotedd,(t, v), wheret andv havethe samemeaning
as before. The probability of escapingthe first fracture
from theageSTARTto theageT or to the deathis given
by the following expressionlt assumeshat no fracture
hasoccurredbeforethe ageSTART
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/ dy()exp(— /(fl(u) + cy () du)dit + exp(— /(fl(z) +di(2)d2)

START START START

The last term of the expressionis the probability of

beingalive without fractureat ageT andthefirst termis
the probability of dying at different agest without a
previousfracture.

The probability of exactlyonefractureduringthe age
interval (START T), providedthereis no fracturebefore
the ageSTART s

T t

/fl(t)exp(f/(fl(u) + dy(u))du)x
START START

{ / (v, t)exp(—/(fz(zt) + (2 1)) dDdv+ exp(—/(fz(y, t) + da(y, 1))dy) }dt

The partof theexpressioron thefirst line correspondso
the eventthat the individual hasa fracture at the aget
and neitherdies nor hasa fracturebeforethat. The first
part of the secondine correspondso the eventthat the
individual dies at the agev without any event(second
fracturebeforedeath)beforethe agev, andthe last part
of the secondline correspondsto the event that the
individual is alive attheageT without a secondracture.

For somecalculationsit was assumedhat the death
hazardandthefracturehazardchangeby calendaryears,
and that generalizationgoes somewhat further than
indicatedby the expressionabove.

Let p, i = 0, 1, 2, denote the probability of an
individual having exactly i fracturesduring their life.
Only in rarecaseaill anindividual havemorethantwo
hip fracturesduring their life. Thus,in this article the
probability of havingthreeor more fractureswas setat
zero. That assumptionimplied thatp, =1 — pg — ps1.
The expectechumberof fractureswasp; + 2p, = 2(1 —
Po) — P, Which could be calculatedby useof the two
given expressions.
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Using the Swedish Patient Register the following
numberswere calculatedfor each5-yearagecohortand
sex:

A Mean populationsize of Sweden1994. The mean
populationsize is the meanbetweenthe numberat
the beginningand at the end of the year (approxi-
mately equal to the numberin the middle of the
year).

Numberof individuals alive at the middle of 1994
with exactlyonehip fracturesincethe startof 1987.
Numberof individuals alive at the middle of 1994
with morethanone hip fracture.

Number of individuals with a first hip fracture
during 1994.

Number of individuals with a secondhip fracture
during 1994.

m O O @

The first fracturerate fi(t) per 1000 was approximately
determinedas1000 x D/(A — B — C).

A simplification: In the calculationswe haveassumed
that f,(t, v), the hazardof a new fracture providedthat
therewasa previousoneat the agev, did not dependon
v. The rate of the secondfracture was approximately
estimatedas100 x E/B.

As the deathrated, (t) beforethefirst fracturewe used
as an approximation the death rate of the normal
population.For someof the calculationswe neededan
estimationof the future deathrate. By useof a Poisson
model (Breslow and Day) the changein the deathrate
wasestimatedy the determinatiorof a factorexp[(fo +
p1 t)s] with which theratewill be changedThe variable
t is the ageandsis the numberof yearsfrom nowto the
time in the future. The changein the deathrate was,
accordingto the model, different at different ages.

The deathrateafter thefirst fracturewasestimatedoy
useof a Poissormodelasa function of currentage,time
since fracture and calendaryear. The death rate was
exp[fo + f1 Min(Age, 65) + 5, Max(0,Age—65) + 3
Min(Period since last fracture, 1) + p, Max (O,
Min(Period ... —1, 3—1)) + fs Max(Period . . .
—3,0) + s (Calendaryear — 1986)].

Receivedor publication 15 Septembef 997
Acceptedn revisedform 17 March 1998



