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Abstract. A cross-national study of hip fracture
incidence was carried out in five geographic areas –
Beijing, China; Budapest, Hungary; Hong Kong; Porto
Alegre, Brazil; and Reykjavik, Iceland – during the years
1990–1992. Cases of hip fracture among women and
men of age 20 years and older were identified using
hospital discharge data in conjunction with medical
records, operating room logs, and radiology logs.
Estimated incidence rates varied widely, with Beijing
reporting the lowest rates (age-adjusted rate per 100 000
population for men 20 years and older = 45.4; women =
39.6) and Reykjavik the highest rates (men = 141.3;
women = 274.1). Rates were higher for women than for
men in every area except Beijing. In every area except
Budapest, review of the operating room or radiology
logs identified additional cases that were not reported in
the discharge list, increasing the estimated number of hip
fractures by 11% to 62%, depending on the area. Review
of medical records identified miscoding of hip fractures
(ICD9 820) as ‘shaft of femur and other femur fractures’

(ICD9 821) in the discharge lists of every area except
Budapest, increasing the estimated number of hip
fractures by 1% to 30%. The final estimates of hip
fracture incidence taking into account all investigated
sources of undercount and overcount ranged from 15%
lower to 89% higher than an estimate based on the
discharge diagnoses alone. Although these results
indicate substantial limitations in relying on hospital
discharge data alone to estimate hip fracture incidence
rates, the extent of errors found in the discharge lists is
smaller than the large international variation found here
and previously reported in incidence rates. The findings
support the conclusion that the differences reported
among countries mainly reflect genuine variation in the
hip fracture incidence rates.
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Introduction

Hip fracture incidence rates based on hospital discharge
lists vary widely from one region of the world to another
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[1,2]. Incidenceratesappearto be highest in northern
Europeand the United Statesand lowest in Asia and
Africa. However,someof the variation in reportedhip
fractureincidenceratesmaybedueto differencesin case
identification rather than to real differences in the
incidence rates. One limitation of hospital discharge
datais that transfersbetweenand within hospitalsmay
be counted as separate discharges, leading to an
overestimationof cases.On the other hand,casesmay
not appearon thedischargelist becauseof clerical error
or becausethe patientwas treatedoutsidethe hospital,
resulting in an undercountof cases.In addition, there
maybemiscodingof hip fracturesin thedischargelists.
A survey was therefore undertakento ascertain the
incidenceratesof hip fracturein severalcountries,using
methodsthat would addresstheselimitations.

Methods

The areasincluded in this study were Beijing, China;
Budapest,Hungary;Hong Kong; Porto Alegre, Brazil;
and Reykjavik, Iceland. Thesefive urban areaswere
selectedto representdifferent geographicregionswith a
range of reported incidence rates. The same general
approachto the data collection was usedin all areas.
First, all hospitalsthat providedinitial treatmentfor hip
fracturefor residentsof thestudyareawereidentifiedby
the principal investigatorof eachstudysite. Second,all
hospital dischargescoded ICD9 820 (hip fracture) or
ICD9 821 (shaftor otherfemur fracture)for patients20
yearsof ageand older were ascertainedfor a specified
periodof time during 1990–1992.ICD9 821 discharges
were includedbecauseof preliminary reportsfrom the
study in Beijing that this was a commonmiscodingof
hip fracturesin the dischargelists. Femurfracturesdue
to pathologicconditionssuchasneoplasmwereincluded
sincethesefracturescould not reliably be distinguished
in all the dischargerecords.Previous studies of hip
fractureincidencerateshavevariedin their treatmentof
pathologic fractureswith most, but not all, reporting
resultsfor all hip fractures[1]. Patientsidentifiedin the
dischargelists as residing outsidethe study areawere
excluded.

Third, multiple dischargesfor hip fracture for the
same patient were identified. In Hong Kong and
Reykjavik, this was accomplished by comparing
unique patient identifiers recorded in the discharge
lists.Thesewereassumedto betransfersor readmissions
for the samefracturesincea secondhip fracturewithin
the study period of 1–3 yearsis a relatively rare event
[3]. In Beijing, Budapestand Porto Alegre, multiple
discharges were identified through the review of
individual patient records,describedin the next step.
Fourth, to verify the coding in the dischargelist, the
individual patient record was reviewed, using the
radiology report of the fracture, if available, as the
final diagnosticcriterion. The medical recordwas also
usedto confirm that the patient was a residentof the
studyarea.The immediatecauseof thehip fracturewas

abstractedfrom themedicalrecord.Fifth, samplesof the
operatingroom (OR) or radiology logs for the hospitals
were searchedto find all operationsor radiographsfor
the first treatmentof a hip fracture.The casesfound by
the searchof the logs werecomparedwith thoseon the
dischargelist to identify anycasesthatwerenot reported
on the dischargelist. Except in Porto Alegre, further
review wasundertakenof the additionalidentifiedcases
to confirm the codingof hip fracture.

Data from all sites exceptBeijing were sent to the
study Coordinating Center at Stanford University for
computerentryandanalysis.Hip fractureincidencerates
were estimatedby first correcting the reported count
from the discharge list to exclude transfers and
readmissions,and then correcting for errors in coding
thediagnosisandfor casesfoundin theradiologyor OR
logs that were not in the dischargelist. This corrected
estimatewas divided by the populationfigures for the
most recent censusin the area. Incidence rates were
calculatedseparatelyby genderand 5-yearagegroups.
The incidencerateswere age-adjustedto the 1990 US
non-Hispanicwhite populationusingdirect standardiza-
tion to facilitate comparisonacrosscountries.

Thedoublingtime for hip fractureincidencerateswas
alsoestimatedin orderto comparehow rapidly therates
increasewith agein the different areas.The increasein
hip fractureincidencerateswith agefor 50- to 89-year-
olds was estimated using an exponential regression
model. Doubling time for hip fracture incidencerates
was calculatedfrom the slopeof the regressionmodel
[4]. Unlike the age-adjustedrates,the doubling time is
not influencedby under- or over-ascertainmentof the
total hip fractures,although it would be affected by
ascertainmentthat differed accordingto age.

The following sectionsprovide specific details and
explain exceptionsto the five stepsof data collection
describedabove.

Beijing, China

Themethodsfor thehospitalsurveyin Beijing havebeen
previously reported [5]. Briefly, the 76 civilian and
military hospitalsthat servethe 10 urbanandsuburban
districts of Beijing submittedreportson dischargesfor
1988 through 1992. A secondreview of the discharge
lists was undertakenbecauseof problemsidentified in
the original reports.For 34 hospitals,the review was
conductedby the study investigators.In the remaining
42 hospitals, the second review was undertakenby
hospital staff who had attended a special training
session.In 11 hospitals OR logs for 1991–92 were
compared with the discharge lists. Censusdata for
Beijing were availablefor 1990. For Beijing the study
was carried out in consultationwith the Coordinating
Centerat StanfordUniversity to insurethat comparable
methods were employed. However, data collection,
review andanalysiswereconductedseparately.

In a separatestudy, the Beijing OsteoporosisStudy
[5], the 27 hospitalssurroundingBeijing weresurveyed
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to ascertain whether Beijing residents were being
admitted to outlying hospitals for treatment of hip
fracture.Among the1176hip fracturecasesreportedby
thesehospitalsfor 1988–92,nonewereBeijing residents.
To assesshowoftentraditionalhealerswereusedinstead
of hospitals, the Beijing OsteoporosisStudy also
included interviews regarding sources of care for
fractures with a random sample of women aged 50
years or more from Beijing. Of the 2113 women
interviewed, 381 reported a previous fracture; 365
(96%) of them indicated that the fracture had been
treated at a hospital. A previous hip fracture was
reportedby 7 women(0.3%), and all had beentreated
in a hospital.Thus,it seemsthat almostall hip fracture
casesamongBeijing residentsweretreatedin oneof the
urbanhospitals.

Budapest,Hungary

Discharge lists for the four acute care hospitals in
BudapestEastwerereviewedfor 1992.BudapestEastis
oneof four areasinto which emergencymedicalcarein
Budapest is divided for administrative purposes.
Ambulancestake BudapestEastresidentswith medical
emergenciessuch as hip fracture to one of the four
hospitals serving that area. Prior to 1992, the four
administrativeareasdid not exist so this survey was
limited to 1992. Population censusdata for the five
districts comprising BudapestEast were available for
1990.

Theradiologylogsfor 1992werereviewedto identify
any hip fracture casesthat were not included on the
dischargelists.

Hong Kong

Dischargeslists for 1991 were reviewedfrom the nine
public acutecarehospitalsin HongKong. An additional
four private hospitalsadmittedhip fracturepatientsbut
did not allow accessto their dischargelists. Two of the
private hospitalsdid, however,allow a review of OR
logs for 1991.Thesefigureswere usedto estimatethe
numberof hip fracture dischargesfor the four private
hospitals, by assuming the number of cases was
proportionalto the numberof beds.Populationcensus
datafor Hong Kong wereavailablefor 1991.Transfers
and readmissionswere identified by comparingHong
Kong identification numbers,medical record numbers
andnames.

For individual medicalrecordreview, the Coordinat-
ing Centerselecteda samplefrom the dischargelist by
taking every seventhdischargefrom thosecodedICD9
820.From thosecodedICD9 821,everythird discharge
wasselectedat five hospitalsandeveryfourth discharge
at the remainingfour hospitals.

For eachpublic hospital,the OR logs werereviewed
andcomparedwith the dischargelist for 2 or 3 months,

selectedby theCoordinatingCentersothateachhospital
wassampledat more thanone time of the year,during
the periodJanuarythroughOctober,1991.

Porto Alegre,Brazil

Casesof hip fractureor shaftof femur fracturein 1990
through1992 in Porto Alegre, Brazil, were ascertained
by two methods.A surveyof the20 acutecarehospitals
in PortoAlegre indicatedthat 11 hospitalsadmittedhip
fracturecases.At 6 of these11 hospitals,dischargelists
were reviewed. Four hospitalsdid not have adequate
dischargeinformation;therefore,thesurgerydepartment
recordswere reviewed.(Casesidentified througheither
methodarereferredto as ‘discharges.’)Onehospitalin
the region refused permission to review records.
Populationcensusdatafor Porto Alegre were available
for 1991.

Medical recordswerereviewedat the10 participating
hospitals for discharges in 1992 with the patient
identified as either a residentof Porto Alegre or with
unknownresidency.To confirmtheidentificationof non-
residentsin the dischargelist, 37 cases(19%) from the
197 identified in the 1992 dischargelists as residing
outsidePorto Alegre were also reviewed.For all these
casesthe medicalrecordconfirmedthat the patientwas
not a residentof Porto Alegre. No further review of
dischargesidentified as non-residentswas undertaken.
For three hospitals the OR logs were reviewed for
Januarythrough November,1992, and comparedwith
the discharge lists. Additional casesof hip fracture
identified from the OR logs were not confirmed by
reviewof otherrecords.Analysisof caseswasrestricted
to dischargesin 1992sincemore completeinformation
wasavailablefor this year thanfor 1990and1991.

The estimatedhip fractureratesfor PortoAlegre are
reportedas a range becauseof the limitations in the
recordsavailablefor review. Medical recordscould be
reviewed for only 486 (88%) of the 553 hip fracture
discharges.This medicalrecordreview, combinedwith
the medical record review of shaft of femur fracture
discharges,forms the basisfor the low estimatethat we
report,sincewe aremostcertainaboutthe hip fractures
identified through this review. We believe that this
estimateis probablytoo low, however,for two reasons.
First, someof the 12% of hip fracture dischargesfor
which a medicalrecordcouldnot bereviewedarelikely
to havebeenhip fractures.Second,our reviewof theOR
logs indicatesthat a substantialnumberof hip fractures
werenot reportedon thedischargelist. Wereportthehip
fractureincidencethat includesa correctionfor the OR
log review as a high estimatebecauseof limitations in
the OR logs. Theselimitations are that the diagnosis
listed in the OR logs was not always sufficient to
distinguishhip andshaftof femur fractures,theplaceof
residencewasnotdirectly identified,andtheinformation
wasnot confirmedby review of other records.
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Reykjavik,Iceland

The hospital dischargelists for the three acute care
facilities serving the greater Reykjavik area were
reviewed for 1990 through 1992. Transfers and
discharges for treatment of an old fracture were
identified by the investigatorsin Iceland using social
securitynumbersin thedischargelist andwereexcluded
from thereportsentto theCoordinatingCenter.Patients
residing outside the greaterReykjavik area were also
identified and excluded from the report. Population
censusdatawereavailablefor thegreaterReykjavikarea
for 1991.

To confirm the coding of the diagnosis in the
discharge list, the individual medical record was
reviewed for half the dischargesand the individual
radiography files were reviewed for the remaining
discharges.The CoordinatingCenterselecteda sample
of every other dischargefrom the dischargelist for the
medical record review. For 8 discharges(1.5%), the
medicalrecordor radiographyfile could not be located
for review. To confirm the coding for discharges
identified as ICD9 821, the log for each hospital’s
department of orthopedics was reviewed. If the
orthopedic log was not available for a discharge,the
radiologyor OR logs wereconsulted.

The radiology logs at the three hospitals were
reviewed for a sampleof 6–15 months in the 3-year
period 1990 through 1992. During this review of the
radiology logs, hip fractureswere found that had been
recordedon the dischargelist but weremissedbecause
of clerical errorsin the first review of the dischargelist.
A secondreview of the dischargelist was therefore
undertakento obtaina moreaccuratecount.In addition,
hip fractureswerefound throughthe radiologylogs that
werenot on the dischargelist.

Results

The results of the review of dischargelists, medical
records, OR logs and radiology logs for the five
geographicareasarepresentedin Table1.

Beijing, China

In Beijing [5] the first review of the dischargelists,
provided by hospital staff, identified 3136 discharges
codedICD9 820 for 1988–92.In the secondreview of
thedischargelists, recordsin 34 hospitalswerereviewed
by thestudyinvestigators.In theremaining42 hospitals,
thesecondreviewwasconductedby hospitalstaff aftera
training sessionwith the study investigators.In the 34
hospitals reviewed by the study investigators,1741
dischargeshadbeeninitially reportedas ICD9 820. An
additional178hip fracturedischargeswerefound in the
second review. The medical records identified 12
discharges(0.6%) as treatmentsfor previously treated
hip fracturesand17 discharges(0.9%) asmisclassified.

Medicalrecordreviewof theICD9 821dischargesfound
622 casesthat shouldhavebeencodedaship fractures.
In the42hospitalsthatwerereviewedby trainedhospital
staff, 1395 dischargeshad originally beenreportedas
ICD9 820. The second review from these hospitals
included an additional 697 dischargesthat had been
missedand587casesthathadbeenincorrectlycodedas
ICD9 821.In all 76hospitals,thereviewsidentified3109
dischargescodedICD9 821, of which 1209were found
to be hip fractures, increasing the number of hip
fracturesby 30%. In addition, the review of a sample
of OR logs in 11 hospitalsindicated that 13% of hip
fracturesin the logs were not included in the revised
dischargelist.

When analyzedseparatelyby year, the rate of hip
fracture increasedacrossthe 5 yearsof the study. The
rise in rates might reflect less accuratecapture and
codingof fracturesin 1988and1989,thefirst yearsthat
the ICD9 codes were introduced in the hospitals.
Therefore,incidencerateswerecalculatedbasedon the
3269 confirmed casesfor 1990–92, adjustedupward
basedon the OR log review by 13.3%for an estimated
incidenceof 3704.

Immediate cause of the hip fracture was not
determinedin the medicalrecordreviews.

Budapest,Hungary

In 1992therewere411 dischargescodedICD9 820 and
15 codedICD9 821identifiedthroughthedischargelists
as residentsof BudapestEast. Medical records were
locatedand reviewedfor all discharges.In the medical
record review, four patients were found with two
dischargesfor the samehip fracture in 1992.For each
patient the later dischargewas deletedfrom the list of
hip fracturedischarges.The total numberof hip fracture
dischargeswasreducedto 407(99%).Thecodingin the
dischargelist for all dischargeswas confirmedby the
medicalrecordreview.Thereviewof theradiologylogs
did not reveal any hip fractures that were not also
included in the dischargelist. Even hip fracture cases
that were treatedconservativelywere initially admitted
to theemergencyunit of a hospital,andno hip fractures
occurredin hospitalduring the studyperiod.

An additional23 hip fracturepatientswere admitted
to the Budapest East hospitals in 1992 who were
residentsof one of the other administrativeareasof
Budapest.Assumingthat a similar numberof Budapest
East patientswere treatedat other Budapesthospitals,
about6% of the hip fracturecasesamongarearesidents
would not have been found in the Budapest East
dischargelists. For 1992,dischargesfor 166hip fracture
patientsresiding in other areasof Hungary or abroad
werefound.However,thenumberof Budapestresidents
treatedoutsidethecity is likely muchsmallersincemore
completemedicalfacilities areavailablein Budapest.

The immediatecauseof thehip fracturewasrecorded
in 98% of the medicalrecords.
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Hong Kong

Review of the discharge lists for the nine public
hospitals identified 3002 dischargescoded ICD9 820
and 764 dischargescoded ICD9 821. Age was not
availablefor 10 hip fracturedischargesandgenderwas
not available for 2 discharges.Since thosecaseswith
unknownageor genderrepresenteda very smallportion
of the hip fractures, they were excluded from the
analysis,leaving 2990hip fracturedischarges.Through
comparisonof recordsin the dischargelist, 279 (9%)
recordsof hip fracture were identified as transfersor
readmissionsandexcludedfrom the list.

Medical recordswere reviewedon a sampleof 420
dischargescodedICD9 820.Two caseswerefoundto be
too young or non-residentsand were excluded.Of the
remaining 418 discharges,a total of 381 (91%) were
confirmedaship fracturesin themedicalrecord.Thirty-
one were found to haveother diagnoses,and 6 did not
havesufficient information to specify a diagnosis.This
proportion varied by hospital. We thereforeused the
proportion for each hospital to calculate a corrected
estimateof thenumberof hip fracturedischargesfor that
hospital, giving a total of 2475 hip fractures. For
dischargescodedICD9 821, 195 medical recordswere
reviewed.Five caseswerefoundto betoo youngor non-
residentsand were excluded. Of the remaining 190
discharges,the correct coding was found to be hip
fracture for 108 (57%) discharges,and for 5 therewas
insufficient information in the medical record to
determine a diagnosis.The proportion of discharges
coded ICD9 821 that were found to be hip fractures
varied by hospital.We usedtheseproportionsand the
number of ICD9 821 dischargesfor each hospital to
estimatethenumberof additionaldischargesthatshould
havebeencodedaship fractures,giving a correctedhip
fractureestimateof 2837,an increaseof 15%.

The placeof residenceprovidedin the dischargelist
was comparedwith the information in the medical
recordfor 609cases.Of the541caseslistedasresidents
in the dischargelist, only 2 (0.4%) were identified as
non-residentsin the medical records.For the 68 cases
without residenceavailablein the dischargelist, all 68
were found to be residentsaccording to the medical
records.

In each of the public hospitals, the OR logs were
reviewedfor 2–3monthsin 1991for a total of 22months
in the nine hospitalstogether.In the logs, 518 records
werefoundfor hip fracturein patients20 yearsof ageor
older. A matchwas found in the dischargelist for 434;
84werenot located.Of these84,10werefoundto beold
fracturesor other fracturesafter further review. Thus,
there were 74 OR recordsof hip fracture that did not
appearon the dischargelist. The extent of undercount
variedby hospital.Adjustingthis undercountby hospital
andfor thetotal yearincreasedtheestimatedhip fracture
incidenceby 13%, for a total of 3199.

In the two private hospitals where OR logs were
reviewedfor the entire year,we found 38 casesof hip
fracture.Basedon thenumberof beds,we estimatedthat

theothertwo privatehospitalstreated29 hip fracturesin
1991.This increasedtheestimatedhip fractureincidence
to 3266, with private hospitals accounting for an
estimated2% of hip fracturedischarges.

The immediatecauseof thehip fracturewasrecorded
in 98% of the medical recordsreviewedin the public
hospitals.

Porto Alegre,Brazil

Among those listed as residentsof Porto Alegre, 201
dischargeswerecodedasICD9 820. An additional113
dischargeswere codedas ICD9 820 but did not have
information on place of residence. Another 239
dischargesdid nothaveanICD9 codebutwereidentified
from the descriptionasprobablehip fractures.We were
not able to identify transfersandreadmissionsfrom the
discharge list alone. Medical record review was
attemptedon all 553 discharges.Medical recordswere
located for 486 (88%) of the discharges.Of those
located,329(68%)werefoundto residein PortoAlegre.
Of these,250 (76%) were confirmedas hip fractures.
Two transfers or readmissionswere identified and
excluded,leaving a total of 248 confirmedhip fracture
discharges.

A total of 103 dischargescodedas ICD9 821 were
identified. In the medical recordreview, 59 caseswere
residentsof Porto Alegre and also had a diagnosis
availablein the medicalrecord.Of these,22 discharges
were found to be hip fracturesin the medical record
review,giving a total of 270confirmedhip fractures,an
increaseof 9%.

Thereviewof OR logsfounda total of 457operations
identifiedaship fracturesor as‘femur fractures’without
a morespecificsite,excludingsecondoperationson the
same patient. When these operationswere compared
with the discharges,a matching dischargerecord was
foundfor 309casesbutnomatchwasfoundfor 148.The
OR log did not include information on place of
residence.The proportion of residents found in the
medicalrecordreviewswasusedto imputeresidencyfor
the 148 cases,giving an estimated114.5 hip fracture
casesat thesethreehospitalsthatwerenot foundthrough
review of the dischargelists. This was a 62% increase
over the 186 casesestimatedfrom review of discharge
lists andmedicalrecordsfor the threehospitals.For the
estimateof hip fracturesin PortoAlegre asa whole,an
increaseof 62%overthecasesfoundfrom thedischarge
lists andmedicalrecordreview gavea total of 437 hip
fracturesfor 1992.

The hospitalthat refusedto discloseinformation had
about8% of thetotal hospitaladmissionsin thegroupof
12 hospitalsthatadmittedhip fractures.Whentheresults
of medical record review were adjusted upward
accordingly,therewere472hip fracturecasesestimated
for 1992.

Theraceof thepatientwasidentifiedfrom themedical
record as white, black, mulatto (black/white), Indian
(native),Indian/white,Indian/blackor unknown.For the
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270 recordswith a diagnosisof hip fracture,95.0% of
the caseswere white, 2.7% were black and 2.3% were
mulatto (black/white).Becauseof the small numberof
black and mulatto cases,results were not analyzed
separatelyby race.

Theimmediatecauseof thehip fracturewasavailable
in 79% of the medicalrecords.

Reykjavik,Iceland

In the first review of the dischargelists, 517 discharges
for ICD9 820wereidentified.Thesecondreviewfounda
total of 527 casesin the dischargelist. The codingwas
confirmedby medicalrecordor radiologyreviewfor 515
(98%)of thedischarges;8 medicalrecordscould not be
locatedand 4 were found to havediagnosesother than
hip fracture.For the83 dischargesfor ICD9 821,5 were
found to be hip fracturesafter further record review,
representingabout1% of the total hip fractures.For the
252 discharges that had medical record review,
residencyin greaterReykjavik was confirmed in 250
of themedicalrecords.Theremaining2 medicalrecords
did not havesufficient information to identify placeof
residence.

In the review of radiology logs, 20 casesof hip
fracturewerefound thatdid not appearon thedischarge
list. In general, these casesfailed to appearon the
dischargelist becausethey were being treatedon an
outpatientbasisor becausethe fracturehadoccurredin
an inpatient after admissionfor a different diagnosis.
Adjusting for the review period at each hospital, we
estimatedthat an additional59 hip fracturesoccurredin
1990–92beyondthe 520 confirmedfrom the discharge
list.

The immediatecauseof thehip fracturewasrecorded
in 96% of the medicalrecords.

IncidenceRatesand Doubling Times

Age- andgender-specificincidenceratesfor hip fracture
for eacharea,correctedfor codingerrors,transfersand
undercountsin thedischargelists,arepresentedin Table
2. Becauseof small numbersof casesin Porto Alegre,
the ratesare presentedin 10-yearage groups.For all
areas,mentendedto havehigherratesof hip fractureat
youngeragesthan women. Except in Beijing, women
hadhigherratesthanmenafter the ageof 65 years.

Age-adjustedrates for men and women are also
presentedin Table 2. For men and women, the age-
adjustedincidenceratesof hip fracturefor those20years
of ageandolderwerehighestin Reykjavikandlowestin
Beijing. Theage-adjustedincidenceratesfor HongKong
and Budapest were intermediate, with Hong Kong
having slightly higher rates.For Porto Alegre, the low
and high estimatesof the age-adjustedincidencerates
werebetweenthe ratesfor Beijing andHongKong. The
ratio of ratesfor womenversusmen,50 yearsandolder,
wasgenerallyhigherin thosecountrieswith higherage-

adjustedrates.Theratio in Reykjavikwas2.0 compared
with 0.9 for Beijing. However, Porto Alegre had a
female-to-maleratio of 1.9 although the age-adjusted
rateswererelatively low.

For the agerangeof 50–89years,the increasein hip
fractureincidencewith agewasfoundto beexponential.
Thecoefficientof determination(R2) for theexponential
regressionmodelswasgreaterthan0.90for all theareas,
indicatingthat this modelprovidesa gooddescriptionof
thedata.Beijing hadthe longestdoublingtimesandhad
a longertime for womenthanfor men.In otherareas,the
doubling time waslonger for men.

ImmediateCauseof Hip Fracture

Theproportionsof hip fracturesreportedto becausedby
a fall arepresentedby ageandgenderin Table3. Beijing
is excludedbecauseinformation on causeof the hip
fracturewasnot obtainedin the medicalrecordreview.
For all four areas,a fall (from any height)wasreported
as the immediate cause of hip fracture in a higher
proportionof those50 yearsand older than at younger
ages.For menandwomen50 andolder, the proportion
of hip fracturescausedby a fall did not differ widely
acrosscountries,ranging from a low of 91% among
womenin PortoAlegre to a high of 99%amongwomen
in Reykjavik. For men in the 20- to 49-year-oldgroup,
the proportionof fracturesdue to a fall rangedfrom a
low of 38% in Porto Alegre to a high of 76% in Hong
Kong.

Thenumberof hip fracturesattributedto causesother
than a fall was small. However, it appearsthat motor
vehicle accidentswere the secondleadingcauseof hip
fractureamongmenin both agegroups,exceptin Porto
Alegre where they were the leading cause among
youngermen.Otherreportedcausesincludedneoplasm,
Paget’sdisease,bicycle accidents,fights and domestic
abuse.

Discussion

Hip fractureincidenceratesvariedwidely acrossthefive
areasincludedin our study.With theexceptionof Porto
Alegre, the femaleto male ratio of rateswasgreaterin
thoseareaswith higherratesof hip fracture.In the four
areasfor which we haddataon thecauseof thefracture,
falls accountedfor the majority of hip fracturesexcept
for men 20–49 years old in Porto Alegre, where the
leadingcausewasmotor vehicleaccidents.Amongmen
andwomen50 yearsandolder, falls accountedfor over
90% of the hip fracturesin all four areas.

ForBrazil andHungary,thisstudyis thefirst available
on hip fracture incidencerates.The rangeof ratesthat
we estimatedfor PortoAlegrewasintermediatebetween
thosefound for Beijing and Hong Kong. In contrastto
theotherareasin thestudy,PortoAlegrehada relatively
high female-to-maleratio of 1.9, althoughthe rate for
womenwas relatively low. Our ratesfor Porto Alegre
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are higher than previouslyreportedratesfor Chile and
Venezuela[2] basedon hospital dischargerecordsfor
1988. However,the female-to-maleratios were similar
for Chile, Venezuelaand Brazil (1.7 for Chile and
Venezuela).Our high estimatedrate for men in Porto
Alegreis similar to theratereportedfor menin La Plata,
Argentina,in 1988–89,but the ratereportedfor women
in Argentinawashigherthantherangewefoundin Porto
Alegre [6]. The variation in reported hip fracture
incidenceratesfor theseLatin Americancountriesmay
reflect differencesin availablerecords,the inclusion of
both urbanand rural areasin the reportsfor Chile and

Venezuelabut only urbanareasfor Argentinaand this
study, and the underlying heterogeneityof the Latin
American countries [7]. Within the United States,
Hispanicshave beenfound to have lower hip fracture
ratesthannon-HispanicCaucasiansandAsians[8,9].

Our results for Budapest are lower than those
generally reported for northern Europe and the USA
[1,2,10]. A study basedon national registersourcesby
Johnellet al. [11] that includedthreeeasternEuropean
countries (the former German Democratic Republic,
former Yugoslavia and Poland) also found lower
incidence rates in these countries compared with

Table 2. Hip fractureincidenceratesa anddoublingtimesby age,genderandstudysite

Beijingb Budapestb Hong Kongc Reykjavik PortoAlegreb

Low High
estimatedd estimatedd

Age group(yr) Age-specificincidencerates Age group(yr) Age-specificincidencerates

Men
20–29 2.2 0.0 9.6 9.2 20–29 11.4 18.5
30–39 6.0 5.8 11.8 3.0 30–39 5.5 8.9
40–49 11.1 41.5 13.6 23.8 40–49 12.7 20.5
50–54 18.7 53.7 31.3 48.6 50–59 16.2 26.3
55–59 32.8 72.3 38.3 38.1
60–64 84.3 128.6 93.1 100.4 60–69 65.6 106.3
65–69 88.2 158.3 126.5 132.7
70–74 132.5 240.0 254.2 287.2 70–79 97.9 158.5
75–79 160.5 280.2 494.3 563.5
80–84 281.9 728.3 1014.2 1495.7 80–89 381.5 618.1
85–89 327.8 1498.9 1473.2 1263.8
90–94 445.2 1872.7 3091.9 90+ 705.9 1143.5
95+ 6397.0
20 andolder, age-adjustede 45.4 105.6 111.1 141.3 46.3 75.0
50 andolder, age-adjustede 107.0 251.0 269.6 348.7 104.7 169.6
Doubling time (yr)f 8.8 7.7 5.9 6.2 6.7

Women
20–29 1.0 3.4 2.5 6.0 20–29 1.9 3.1
30–39 3.1 5.7 3.8 0.0 30–39 0.0 0.0
40–49 7.6 24.5 9.0 24.1 40–49 7.8 12.6
50–54 17.9 38.7 27.9 36.1 50–59 21.4 34.7
55–59 32.4 46.1 49.2 186.0
60–64 56.2 84.4 75.0 199.1 60–69 51.7 83.8
65–69 91.2 193.0 194.0 402.5
70–74 164.1 288.1 438.8 838.0 70–79 327.9 531.2
75–79 141.0 564.8 823.6 1311.1
80–84 224.2 1100.5 1588.1 1945.3 80–89 779.5 1262.7
85–89 219.2 1652.6 2572.9 3791.9
90–94 401.0 2217.3 3732.9 90+ 1390.2 2252.1
95+ 5300.4
20 andolder, age-adjustede 39.6 128.2 168.3 274.1 79.6 129.0
50 andolder, age-adjustede 96.0 316.0 428.3 696.6 202.0 327.2
Doubling time (yr)f 9.5 6.0 5.1 5.7 5.4
Ratio women:men,50
yearsandolder

0.9 1.3 1.6 2.0 1.9

aPer100000 population.Correctedfor codingerrors,transfersandundercountsin the dischargelists.
bCensusdataavailableonly for agegroup90+ years.
cCensusdataavailableonly for agegroup85+ years.
dLow estimatebasedon 270hip fracturesconfirmedby medicalrecordreview,with 8% increasefor hospitalwithout any review.High estimate
includesinformation from review of the OR logs.
eStandardizedto 1990US non-Hispanicwhite population.
fBasedon regressionof log incidencerateon agefor those50–89yearsold.

Hip FractureIncidence:InternationalVariation 249



T
ab

le
3.

Im
m

ed
ia

te
ca

us
ea

of
hi

p
fr

ac
tu

re
by

ag
e,

ge
nd

er
an

d
st

ud
y

si
te

b

C
au

se
S

tu
dy

si
te

/a
ge

gr
ou

p

B
ud

ap
es

t
H

on
g

K
on

g
P

or
to

A
le

gr
e

R
ey

kj
av

ik

20
–4

9
ye

ar
s

50
+

ye
ar

s
20

–4
9

ye
ar

s
50

+
ye

ar
s

20
-4

9
ye

ar
s

50
+

ye
ar

s
20

-4
9

ye
ar

s
50

+
ye

ar
s

N
o.

P
ro

po
rt

io
nc

N
o.

P
ro

po
rt

io
nc

N
o.

P
ro

po
rt

io
nc

N
o.

P
ro

po
rt

io
nc

N
o.

P
ro

po
rt

io
nc

N
o.

P
ro

po
rt

io
nc

N
o.

P
ro

po
rt

io
nc

N
o.

P
ro

po
rt

io
nc

M
e

n
F

al
l

11
(0

.7
3)

97
(0

.9
2)

13
(0

.7
6)

12
7

(0
.9

4)
8

(0
.3

8)
43

(0
.9

3)
6

(0
.7

5)
44

(0
.9

4)
M

ot
or

ve
hi

cl
e

ac
ci

de
nt

1
(0

.0
7)

3
(0

.0
3)

3
(0

.1
8)

7
(0

.0
5)

9
(0

.4
3)

1
(0

.0
2)

2
(0

.2
5)

3
(0

.0
6)

O
th

er
d

3
(0

.2
0)

6
(0

.0
6)

1
(0

.0
6)

1
(0

.0
1)

4
(0

.1
9)

2
(0

.0
4)

0
(0

.0
0)

0
(0

.0
0)

C
au

se
un

kn
ow

n
0

2
1

11
3

6
0

1
T

ot
al

15
10

8
18

14
6

24
52

8
48

W
o

m
e

n
F

al
l

9
(0

.8
2)

25
7

(0
.9

5)
5

(0
.7

1)
29

0
(0

.9
6)

4
(0

.6
7)

12
9

(0
.9

1)
3

(0
.6

0)
18

1
(0

.9
9)

M
ot

or
ve

hi
cl

e
ac

ci
de

nt
1

(0
.0

9)
3

(0
.0

1)
0

(0
.0

0)
3

(0
.0

1)
0

(0
.0

0)
1

(0
.0

1)
1

(0
.2

0)
1

(0
.0

1)
O

th
er

d
1

(0
.0

9)
10

(0
.0

4)
2

(0
.2

9)
9

(0
.0

3)
2

(0
.3

3)
11

(0
.0

8)
1

(0
.2

0)
0

(0
.0

0)
C

au
se

un
kn

ow
n

0
3

1
15

2
45

0
9

T
ot

al
11

27
3

8
31

7
8

18
6

5
19

1

a R
ep

or
te

di
n

m
ed

ic
al

re
co

rd
s.

b
F

or
B

ei
jin

g,
im

m
ed

ia
te

ca
us

eo
f

th
e

hi
p

fr
ac

tu
re

w
as

no
td

et
er

m
in

ed
in

th
e

m
ed

ic
al

re
co

rd
re

vi
ew

s.
c P

ro
po

rt
io

no
f

re
co

rd
sw

ith
kn

ow
n

ca
us

e.
d
In

cl
ud

es
pa

th
ol

og
ic

fr
ac

tu
re

s,
bi

cy
cl

e
ac

ci
de

nt
s,

fig
ht

s,
do

m
es

tic
ab

us
e,

et
c.

250 A. V. Schwartzet al.



countries in northern and western Europe. Results
reported for rural Yugoslavia [12] during 1968–73
were somewhat lower than the rates we found for
Budapest.

Johnellet al. [11] reportedresultsfor Iceland(1974–
84) basedon nationalregistersourcesthat weresimilar
to our findings. Our results for Reykjavik are also
comparableto ratesreportedin othernorthernEuropean
countries[1,2,13,14].

The incidenceratesfor Beijing, reportedpreviously
by Xu et al. [5], aremuchlower thanthosein the other
areas,including Hong Kong. Similarly low rateshave
been reported recently for rural Turkey [15] and for
Korea [16] aswell as for Hong Kong in 1965–67[17].
The resultsfor Beijing arealsodistinguishedby the low
female-to-maleratio for hip fracture incidencerates,a
phenomenonthat hasbeenreportedpreviouslyfor other
areaswith low ratesof hip fracture[1,15,16].

For men in Hong Kong the age-adjustedincidence
ratesareover twice the ratesfor Beijing; for womenin
Hong Kong the ratesareover 4 timesthosefor Beijing.
Althoughbothareurbanareaswith Chinesepopulations,
Hong Kong hasexperiencedextensiveindustrialization
over the past several decadeswhile this processhas
startedmorerecentlyin Beijing.

The age-adjustedincidence rates for Hong Kong
found in this studyarehigherthanthosepublishedmost
recently.For 1988–89,Ho et al. [18] reportedincidence
rates for those 50 years and older that give an age-
adjustedrateof 226per100000peryearfor womenand
125 per 100000 per year for men, using the 1990 US
non-Hispanicwhite populationas the standardpopula-
tion. An increaseof this magnitudein the incidenceof
hip fractureover a spanof a few yearsseemsunlikely.
There are severaldifferencesin methodologyin these
studies that could have influenced the results. This
surveyof dischargeswasbasedon lists obtaineddirectly
from thehospitals,which mayhavebeenmorecomplete
than the lists from the Hong Kong Medical and Health
Departmentused in the previous survey. Our figures
include an estimateof the hip fracture casesseenat
privatehospitals,a reviewof thedischargediagnosesfor
miscoding, and a review of the OR logs. These
differencessuggestthat the higher ratesobtainedin the
1991surveymainly reflectabetterability to identify and
includeall hip fracturesoccurringin the population.

Theuseof multiple sourcesfor recordsof hip fracture
casesin eacharearevealedlimitations in the hospital
discharge records that varied substantially across
countries.Theselimitations affect the ability to make
comparisons in hip fracture incidence rates across
countriesusing dischargerecordsas well as the ability
to determine absolute incidence rates for each area.
Previous investigators have noted the problem of
transfers[2]. The extent of transfersand their coding
in the dischargelists variesacrossareas.We found that
transferswere relatively rare in the dischargelists for
Budapestand Porto Alegre but were more commonin
Hong Kong. Transfersbetweenthe emergencyhospital

and acutecarehospitalswere routine in Reykjavik but
patient identifiers in the discharge lists allowed
investigatorsto identify them.

A commoncoding error for hip fracturesin Beijing
andHongKong wastheassignmentof an ICD9 codeof
821 ratherthan the appropriatecodeof 820. Before the
use of ICD9 codes in Beijing and Hong Kong,
intertrochanterichip fractureswere called ‘tuberosity’
fractures. ICD9 codes did not have a term for
‘tuberosity’ fractures. When the ICD9 system was
introduced,thesefractureswere often codedas ‘ICD9
821: other femoral fracture.’ Porto Alegre also had a
relatively high proportion of hip fractures that were
incorrectlycodedas821 in the dischargelist.

In everyareaexceptBudapest,wefoundthatsomehip
fractureswerereportedin the OR or radiologylogs that
did notappearon thedischargelist, resultingin increases
of 11–62%in the estimatedcases.Possiblereasonsfor
the discrepancies include clerical errors, patients
suffering a hip fracture in hospital after admissionfor
a different diagnosis,and hip fracture casesreceiving
nonsurgical(conservative)treatmenton an outpatient
basis.

One limitation of our study is the difficulty of
identifying casesof hip fracturethat werenot admitted
to oneof thehospitalsdefinedasservingthestudyarea.
Casescould be missedif they were not admittedto an
acutecarehospitalfor treatmentor if they were treated
outsidethe study area.For our study areas,exceptfor
Beijing, we are not awareof reportson how often hip
fracturecasesarenotadmittedto a hospital.Casesof hip
fracturemight be treatedby a traditionalhealeror given
nonsurgical treatment outside of a hospital by a
physician.A surveyof Beijing residents[5] found that
all reportedhip fracturesweretreatedin a hospital.In a
study of hip fractures in Great Britain in the 1950s,
Knoweldenetal. [19] foundthat5%weretreatedoutside
of a hospital.Lyritis and Johnell [20] reportedthat the
useof nonsurgicaltreatmentfor hip fracturein 1988–89
varied considerablyacross southern Europe, ranging
from 2% in Toulouse,France,to 49%in Porto,Portugal,
although their report doesnot include information on
how manypatientsreceivingnonsurgicaltreatmentwere
hospitalized.The selection of acute care hospitals to
reviewat eachstudysitewasbasedon the investigators’
knowledgeof hospital admissionpatternsin their area
andreportsfrom thehospitalsregardingtheadmissionof
hip fracturecases.

Casesof hip fracture would also be missedin our
survey if patientswere treatedin hospitalsoutsidethe
area. We believe that this was a rare occurrencein
Beijing, Hong Kong, Porto Alegre and Reykjavik. The
bettermedicalfacilities for theseregionsarein thestudy
area so patients are not likely to go elsewherefor
treatment,unlessthe fracture occurredwhile traveling
outside the region. This assessmentwas confirmed in
Beijing by a survey of the surroundinghospitalsthat
found no hip fracture admissionsfor Beijing residents
during 1988–92 [5]. The annual hospital reports for
Icelandindicatethat it is rarefor Reykjavik residentsto
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be admitted elsewhere for any disorder (Dr Pálmi
Jónsson,personalcommunication).For BudapestEast,
however, there was likely some undercount due to
residentsof that areausing hospitalsin other areasof
Budapest.

The other difficulty in defining the catchmentareas
was the possibleinclusion of patientsfrom outsidethe
study area. Information on residencyprovided in the
dischargelist was confirmedby medical recordreview
for at leasta sampleof discharges.In all areasexcept
PortoAlegre,additionalcasesidentifiedthroughtheOR
or radiology logs were also reviewed.In Porto Alegre,
however, the OR lists did not include residency
information and further review of cases identified
through theselists was not attempted.This limitation
wasnotedpreviouslyasonereasonfor providinga range
of estimatedincidenceratesfor PortoAlegreratherthan
a point estimate.

This studyhasseveralotherlimitations thataffect the
ability to makecomparisonsacrossthesefive countries.
The recordsin eachcountryvariedin the level of detail
available to identify old fractures and to check for
transfers.Also, eachsite wasseparatelyresponsiblefor
trainingthereviewersof thedischargelists, radiographs,
and other records. There was no central review of
recordsto confirm the diagnosisof hip fracture.Despite
these concerns,the current study allowed for more
correctionsto the estimatesof hip fracture incidence
thanhavepreviousinternationalstudies.As a result,the
comparisonsof hip fracture rates acrosssites have a
soundermethodologicbasis.

Our findings underscore the difficulty of using
hospital dischargedata alone to estimatehip fracture
incidencerates. The type and extent of errors in the
dischargelists canvary substantiallyacrosscountries.In
this study, correction for transfers and readmissions
rangedfrom 1% to 9% acrossthe sites; correctionfor
codingerrorsrangedfrom –55%to 30%; correctionfor
undercountsrangedfrom 0 to 62%. Cumulatively, the
final estimatesof hip fracture incidence taking into
account all investigated sources of undercount and
overcountrangedfrom 15% lower to 89% higher than
an estimatebasedon the dischargediagnoseswithout
any corrections.

These results also support the conclusion that the
differencespreviouslyreportedamongcountriesmainly
reflect genuinevariation in the hip fracture incidence
rates.For studiesin the 1980s,Maggi et al. [1] found a
7-fold difference in age-standardizedrates among
womenanda 6-fold differenceamongmen.In southern
Europe,Ellfors et al. [15] reporteda 13-fold difference
in age-standardizedrates among women and a 4-fold
difference among men. The magnitude of these
differencesis too great to be explainedby the amount
of error that we found in the hospitaldischargelists at
our variousstudysites.

In summary,this study of hip fracture incidencein
Beijing, Budapest, Hong Kong, Porto Alegre and
Reykjavik found substantiallimitations in relying on
hospital dischargedata alone to estimatehip fracture

incidencerates.Thereviewof individual patientrecords,
operatingroom logs and radiology logs found errorsin
the coding of the dischargediagnosis,often as shaft of
femur fractureinsteadof femoralneckfracture,andalso
identified casesthat were not includedin the discharge
lists. With the correctedestimates,the studystill found
largedifferencesin hip fractureincidencerates,with the
age-adjustedincidencerates in women being 6 times
higher and in men over 3 times higher in Reykjavik
comparedwith Beijing.
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