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Abstract. A cross-national study of hip fracture (ICD9 821) in the discharge lists of every area except
incidence was carried out in five geographic areas Budapest, increasing the estimated number of hip
Beijing, China; Budapest, Hungary; Hong Kong; Portofractures by 1% to 30%. The final estimates of hip
Alegre, Brazil; and Reykjavik, Iceland — during the yearsfracture incidence taking into account all investigated
1990-1992. Cases of hip fracture among women andources of undercount and overcount ranged from 15%
men of age 20 years and older were identified usindower to 89% higher than an estimate based on the
hospital discharge data in conjunction with medicaldischarge diagnoses alone. Although these results
records, operating room logs, and radiology logs.indicate substantial limitations in relying on hospital
Estimated incidence rates varied widely, with Beijing discharge data alone to estimate hip fracture incidence
reporting the lowest rates (age-adjusted rate per 100 0Q@tes, the extent of errors found in the discharge lists is
population for men 20 years and older = 45.4; women =smaller than the large international variation found here
39.6) and Reykjavik the highest rates (men = 141.3and previously reported in incidence rates. The findings
women = 274.1). Rates were higher for women than fosupport the conclusion that the differences reported
men in every area except Beijing. In every area excepamong countries mainly reflect genuine variation in the
Budapest, review of the operating room or radiologyhip fracture incidence rates.

logs identified additional cases that were not reported in

the discharge list, increasing the estimated number of higeywords: Hip fracture; Hospital discharge data;
fractures by 11% to 62%, depending on the area. Reviewncidence rates; International comparison; Osteoporosis
of medical records identified miscoding of hip fractures
(ICD9 820) as ‘shaft of femur and other femur fractures’
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Hip Fracturelncidence:InternationalVariation

[1,2]. Incidenceratesappearto be highestin northern
Europe and the United Statesand lowestin Asia and
Africa. However,someof the variationin reportedhip
fractureincidenceratesmaybe dueto differencesn case
identification rather than to real differencesin 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 the dischargdist becausef clerical error
or becausehe patientwas treatedoutsidethe hospital,
resultingin an undercountof cases.In addition, there
may be miscodingof hip fracturesin the dischargdists.
A survey was therefore undertakento ascertainthe
incidenceratesof hip fracturein severalcountriesusing
methodsthat would addresgheselimitations.

Methods

The areasincludedin this study were Beijing, China;
BudapestHungary; Hong Kong; Porto Alegre, Brazil;
and Reykjavik, Iceland. Thesefive urban areaswere
selectedo representifferent geographiaegionswith a
range of reported incidence rates. The same general
approachto the data collection was usedin all areas.
First, all hospitalsthat providedinitial treatmentfor hip
fracturefor residentof the studyareawereidentifiedby
the principal investigatorof eachstudy site. Secondall
hospital dischargescoded ICD9 820 (hip fracture) or
ICD9 821 (shaftor otherfemur fracture)for patients20
yearsof ageand older were ascertainedor a specified
period of time during 1990-19921CD9 821 discharges
were included becauseof preliminary reportsfrom the
studyin Beijing that this was a commonmiscodingof
hip fracturesin the dischargdists. Femurfracturesdue
to pathologicconditionssuchasneoplasnwereincluded
sincethesefracturescould not reliably be distinguished
in all the dischargerecords. Previous studies of hip
fractureincidencerateshavevariedin their treatmeniof
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
unigue patient identifiers recorded in the discharge
lists. Thesewereassumedo 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 record was also
usedto confirm that the patientwas a residentof the
studyarea.The immediatecauseof the hip fracturewas
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abstractedrom the medicalrecord.Fifth, sampleof the
operatingroom (OR) or radiology logs for the hospitals
were searchedo find all operationsor radiographsor
the first treatmentof a hip fracture.The casesound by
the searchof the logs were comparedwith thoseon the
dischargdist to identify any caseghatwerenotreported
on the dischargelist. Exceptin Porto Alegre, further
review wasundertakerof the additionalidentified cases
to confirm the coding of hip fracture.

Data from all sites exceptBeijing were sentto the
study Coordinating Center at Stanford University for
computerentryandanalysisHip fractureincidencerates
were estimatedby first correcting the reported count
from the discharge list to exclude transfers and
readmissionsand then correctingfor errorsin coding
the diagnosisandfor casedoundin the radiologyor OR
logs that were not in the dischargelist. This corrected
estimatewas divided by the populationfiguresfor the
most recent censusin the area. Incidence rates were
calculatedseparatelyby genderand 5-yearage groups.
The incidencerateswere age-adjustedo the 1990 US
non-Hispaniowhite populationusing direct standardiza-
tion to facilitate comparisoracrosscountries.

The doublingtime for hip fractureincidencerateswas
alsoestimatedn orderto comparehow rapidly the rates
increasewith agein the different areas.The increasen
hip fractureincidencerateswith agefor 50- to 89-year-
olds was estimated using an exponential regression
model. Doubling time for hip fracture incidencerates
was calculatedfrom the slope of the regressiormodel
[4]. Unlike the age-adjustedates,the doublingtime is
not influencedby under- or over-ascertainmenof the
total hip fractures,althoughit would be affected by
ascertainmenthat differed accordingto age.

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

Beijing, China

Themethoddor thehospitalsurveyin Beijing havebeen
previously reported [5]. Briefly, the 76 civilian and
military hospitalsthat servethe 10 urbanand suburban
districts of Beijing submittedreportson dischargedor
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
comparedwith the dischargelists. 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 and analysiswere conductedseparately.

In a separatestudy, the Beijing OsteoporosisStudy
[5], the 27 hospitalssurroundingBeijing were surveyed
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to ascertain whether Beijing residents were being
admitted to outlying hospitals for treatment of hip
fracture.Amongthe 1176 hip fracturecaseseportedby
thesehospitalsfor 1988—-92 nonewereBeijing residents.
To assestow oftentraditionalhealersvereusedinstead
of hospitals, the Beijing Osteoporosis Study 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 seemghat almostall hip fracture
casesamongBeijing residentsveretreatedin oneof the
urbanhospitals.

BudapestHungary

Discharge lists for the four acute care hospitals in
BudapesEastwerereviewedfor 1992.BudapesEastis
oneof four areasinto which emergencymedicalcarein
Budapest is divided for
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
dischargdists.

Hong Kong

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

For individual medicalrecordreview, the Coordinat-
ing Centerselecteda samplefrom the dischargéist by
taking every seventhdischargefrom thosecodedICD9
820.FromthosecodedICD9 821, everythird discharge
wasselectedat five hospitalsandeveryfourth discharge
at the remainingfour hospitals.

For eachpublic hospital,the OR logs were reviewed
and comparedwith the dischargdist for 2 or 3 months,

administrative purposes.
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selectedby the CoordinatingCentersothateachhospital
was sampledat more than one time of the year, during
the period JanuarythroughOctober,1991.

Porto Alegre, Brazil

Casesof hip fractureor shaftof femur fracturein 1990
through1992in Porto Alegre, Brazil, were ascertained
by two methods A surveyof the 20 acutecarehospitals
in Porto Alegre indicatedthat 11 hospitalsadmittedhip
fracturecasesAt 6 of thesell hospitalsdischargdists
were reviewed. Four hospitalsdid not have adequate
dischargdnformation;therefore the surgerydepartment
recordswere reviewed.(Caseddentified through either
methodarereferredto as‘discharges.’)One hospitalin
the region refused permission to review records.
Populationcensusdatafor Porto Alegre were available
for 1991.

Medical recordswerereviewedat the 10 participating
hospitals for dischargesin 1992 with the patient
identified as either a residentof Porto Alegre or with
unknownresidencyTo confirmtheidentificationof non-
residentsin the dischargdist, 37 caseq19%) from the
197 identified in the 1992 dischargelists as residing
outsidePorto Alegre were also reviewed.For all these
caseghe medicalrecordconfirmedthat the patientwas
not a residentof Porto Alegre. No further review of
dischargesdentified as non-residentsvas undertaken.
For three hospitals the OR logs were reviewed for
Januarythrough November,1992, and comparedwith
the dischargelists. Additional casesof hip fracture
identified from the OR logs were not confirmed by
review of otherrecords Analysisof casesvasrestricted
to dischargesn 1992 since more completeinformation
was availablefor this yearthanfor 1990and 1991.

The estimatedhip fractureratesfor Porto Alegre are
reportedas a range becauseof the limitations in the
recordsavailablefor review. Medical recordscould be
reviewed for only 486 (88%) of the 553 hip fracture
dischargesThis medicalrecordreview, combinedwith
the medical record review of shaft of femur fracture
dischargesforms the basisfor the low estimatethat we
report,sincewe are mostcertainaboutthe hip fractures
identified through this review. We believe that this
estimateis probablytoo low, however,for two reasons.
First, some of the 12% of hip fracture dischargesfor
which a medicalrecordcould not be reviewedarelikely
to havebeenhip fractures.Secondpur reviewof the OR
logs indicatesthat a substantiahumberof hip fractures
werenotreportedon the dischargdist. We reportthe hip
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 femurfracturesthe placeof
residencevasnotdirectly identified,andtheinformation
was not confirmedby review of otherrecords.
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Reykjavik,lceland

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
securitynumbersn the dischargdist andwereexcluded
from the reportsentto the CoordinatingCenter.Patients
residing outside the greater Reykjavik areawere also
identified and excluded from the report. Population
censuslatawereavailablefor thegreateReykjavikarea
for 1991.

To confirm the coding of the diagnosisin the
discharge list, the individual medical record was
reviewed for half the dischargesand the individual
radiography files were reviewed for the remaining
dischargesThe CoordinatingCenterselecteda sample
of every otherdischargefrom the dischargdist 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
orthopediclog was not available for a discharge,the
radiology or OR logs were consulted.

The radiology logs at the three hospitals were
reviewed for a sampleof 6-15 monthsin the 3-year
period 1990 through 1992. During this review of the
radiology logs, hip fractureswere found that had been
recordedon the dischargelist but were missedbecause
of clerical errorsin the first review of the dischargdist.
A secondreview of the dischargelist was therefore
undertakerto obtaina moreaccuratecount.In addition,
hip fractureswere found throughthe radiologylogs that
were not on the dischargdist.

Results

The results of the review of dischargelists, medical
records, OR logs and radiology logs for the five
geographicareasare presentedn Table 1.

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
thedischargdists, recordsin 34 hospitalswerereviewed
by the studyinvestigatorsin theremaining42 hospitals,
thesecondeviewwasconductedy hospitalstaff aftera
training sessionwith the study investigators.n the 34
hospitals reviewed by the study investigators, 1741
dischargeshad beeninitially reportedas|CD9 820. An
additional178 hip fracturedischargesverefoundin the
second review. The medical records identified 12
discharges0.6%) as treatmentsfor previously treated
hip fracturesand 17 dischargeg0.9%) as misclassified.
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Medicalrecordreviewof theICD9 821 dischargesound
622 caseghat shouldhavebeencodedas hip fractures.
In the42 hospitalshatwerereviewedby trainedhospital
staff, 1395 dischargeshad originally beenreportedas
ICD9 820. The secondreview from these hospitals
included an additional 697 dischargesthat had been
missedand587 caseghathadbeenincorrectlycodedas
ICD9 821.In all 76 hospitalsthereviewsidentified3109
dischargesodedICD9 821, of which 1209 were 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
dischargdist.

When analyzedseparatelyby year, the rate of hip
fracture increasedacrossthe 5 yearsof the study. The
rise in rates might reflect less accurate capture and
codingof fracturesin 1988and 1989, the first yearsthat
the ICD9 codes were introduced in the hospitals.
Therefore,incidencerateswere calculatedbasedon the
3269 confirmed casesfor 1990-92, adjusted upward
basedon the OR log review by 13.3%for an estimated
incidenceof 3704.

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

BudapestHungary

In 1992therewere411 dischargesodedICD9 820 and
15 codedICD9 821 identifiedthroughthe dischargdists
as residentsof BudapestEast. Medical records were
locatedand reviewedfor all dischargesin the medical
record review, four patients were found with two
dischargedor the samehip fracturein 1992. For each
patientthe later dischargewas deletedfrom the list of
hip fracturedischargesThe total numberof hip fracture
dischargesvasreducedo 407 (99%). The codingin the
dischargelist for all dischargeswvas confirmedby the
medicalrecordreview. The review of the radiologylogs
did not reveal any hip fracturesthat were not also
includedin the dischargelist. Even hip fracture cases
that were treatedconservativelywere initially admitted
to the emergencyunit of a hospital,andno hip fractures
occurredin hospitalduring the study period.

An additional 23 hip fracture patientswere admitted
to the BudapestEast hospitals in 1992 who were
residentsof one of the other administrative areas of
BudapestAssumingthat a similar numberof Budapest
East patientswere treatedat other Budapesthospitals,
about6% of the hip fracturecasesamongarearesidents
would not have been found in the BudapestEast
dischargdists. For 1992,dischargedor 166 hip fracture
patientsresiding in other areasof Hungary or abroad
werefound. However,the numberof Budapestesidents
treatedoutsidethecity is likely muchsmallersincemore
completemedicalfacilities are availablein Budapest.

Theimmediatecauseof the hip fracturewasrecorded
in 98% of the medicalrecords.
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Hong Kong

Review of the discharge lists for the nine public
hospitalsidentified 3002 dischargescoded ICD9 820
and 764 dischargescoded ICD9 821. Age was not
availablefor 10 hip fracturedischargesand genderwas
not available for 2 dischargesSince those caseswith
unknownageor gendermrepresentea very small portion
of the hip fractures, they were excluded from the
analysis,leaving 2990 hip fracturedischargesThrough
comparisonof recordsin the dischargelist, 279 (9%)
recordsof hip fracture were identified as transfersor
readmissiongnd excludedfrom the list.

Medical recordswere reviewed on a sampleof 420
dischargesodedlCD9 820. Two casesverefoundto be
too young or non-residentsand were excluded.Of the
remaining 418 dischargesa total of 381 (91%) were
confirmedaship fracturesin the medicalrecord.Thirty-
one were found to have other diagnosesand 6 did not
have sufficientinformation to specify a diagnosis.This
proportion varied by hospital. We therefore used the
proportion for each hospital to calculate a corrected
estimateof the numberof hip fracturedischargegor that
hospital, giving a total of 2475 hip fractures. For
dischargeodedICD9 821, 195 medical recordswere
reviewed.Five casesverefoundto betoo youngor non-
residentsand were excluded. Of the remaining 190
discharges,the correct coding was found to be hip
fracturefor 108 (57%) dischargesand 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
estimatethe numberof additionaldischargeshatshould
havebeencodedaship fracturesgiving a correctedhip
fractureestimateof 2837,an increaseof 15%.

The place of residenceprovidedin the dischargelist
was comparedwith the information in the medical
recordfor 609 casesOf the 541 casedisted asresidents
in the dischargelist, only 2 (0.4%) were identified as
non-residentsn the medical records.For the 68 cases
without residenceavailablein the dischargelist, all 68
were found to be residentsaccordingto the medical
records.

In each of the public hospitals,the OR logs were
reviewedfor 2-3monthsin 1991for atotal of 22 months
in the nine hospitalstogether.In the logs, 518 records
werefoundfor hip fracturein patients20 yearsof ageor
older. A matchwasfoundin the dischargelist for 434;
84 werenotlocated.Of theseB84, 10 werefoundto beold
fracturesor other fracturesafter further review. Thus,
there were 74 OR recordsof hip fracture that did not
appearon the dischargelist. The extentof undercount
variedby hospital.Adjusting this undercounby hospital
andfor thetotal yearincreasedhe estimatechip 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 the numberof beds,we estimatedhat
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the othertwo privatehospitalstreated29 hip fracturesin
1991.Thisincreasedheestimatechip fractureincidence
to 3266, with private hospitals accounting for an
estimated2% of hip fracturedischarges.

Theimmediatecauseof the hip fracturewasrecorded
in 98% of the medical recordsreviewedin the public
hospitals.

Porto Alegre, Brazil

Among thoselisted as residentsof Porto Alegre, 201
dischargesvere codedas|ICD9 820. An additional113
dischargeswere codedas ICD9 820 but did not have
information on place of residence. Another 239
dischargeslid nothaveanICD9 codebutwereidentified
from the descriptionas probablehip fractures.We were
not able to identify transfersand readmissiongrom the
discharge list alone. Medical record review was
attemptedon all 553 dischargesMedical 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 medicalrecordreview, 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 270 confirmedhip fractures,an
increaseof 9%.

Thereviewof OR logsfoundatotal of 457 operations
identifiedaship fracturesor as‘femur fractures’without
a more specificsite, excludingsecondoperationson the
same patient. When these operationswere compared
with the dischargesa matching dischargerecord was
foundfor 309 casedutno matchwasfoundfor 148.The
OR log did not include information on place of
residence.The proportion of residentsfound in the
medicalrecordreviewswasusedto imputeresidencyfor
the 148 cases,giving an estimated114.5 hip fracture
casestthesethreehospitalshatwerenotfoundthrough
review of the dischargelists. This was a 62% increase
over the 186 casesestimatedfrom review of discharge
lists and medicalrecordsfor the threehospitals.For the
estimateof hip fracturesin Porto Alegre asa whole, an
increaseof 62% overthe casedound from the discharge
lists and medicalrecordreview gavea total of 437 hip
fracturesfor 1992.

The hospitalthat refusedto discloseinformation had
about8% of thetotal hospitaladmissionsn the groupof
12 hospitalsthatadmittedhip fractures Whentheresults
of medical record review were adjusted upward
accordingly therewere472 hip fracturecasesstimated
for 1992.

Theraceof the patientwasidentifiedfrom 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 the hip fracturewasavailable
in 79% of the medicalrecords.

Reykjavik,Iceland

In the first review of the dischargdlists, 517 discharges
for ICD9 820wereidentified. The secondeviewfounda
total of 527 casesn the dischargelist. The codingwas
confirmedby medicalrecordor radiologyreviewfor 515
(98%) of the discharges8 medicalrecordscould not be
locatedand 4 were found to have diagnosestherthan
hip fracture.For the 83 dischargegor 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 confirmedin 250
of the medicalrecords.Theremaining2 medicalrecords
did not have sufficientinformation to identify place of
residence.

In the review of radiology logs, 20 casesof hip
fracturewerefoundthatdid not appearon the discharge
list. In general, these casesfailed to appearon the
dischargelist becausethey were being treatedon an
outpatientbasisor becausehe fracturehad occurredin
an inpatient after admissionfor a different diagnosis.
Adjusting for the review period at each hospital, we
estimatedhat an additional59 hip fracturesoccurredin
1990-92beyondthe 520 confirmedfrom the discharge
list.

Theimmediatecauseof the hip fracturewasrecorded
in 96% of the medicalrecords.

IncidenceRatesand Doubling Times

Age- andgender-specifiincidenceratesfor hip fracture
for eacharea,correctedfor coding errors,transfersand
undercountsn thedischargdists, arepresentedn Table
2. Becauseof small numbersof casesin Porto Alegre,
the ratesare presentedn 10-yearage groups. For all
areasmentendedto havehigherratesof hip fractureat
youngeragesthan women. Exceptin Beijing, women
had higherratesthan men after the ageof 65 years.
Age-adjustedrates for men and women are also
presentedin Table 2. For men and women, the age-
adjustedncidenceratesof hip fracturefor those20years
of ageandolderwerehighestin Reykjavikandlowestin
Beijing. The age-adjustethcidenceratesfor HongKong
and Budapestwere intermediate, with Hong Kong
having slightly higher rates.For Porto Alegre, the low
and high estimatesof the age-adjustedncidencerates
werebetweenthe ratesfor Beijing andHong Kong. The
ratio of ratesfor womenversusmen,50 yearsandolder,
wasgenerallyhigherin thosecountrieswith higherage-
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adjustedrates.Theratio in Reykjavikwas2.0 compared
with 0.9 for Beijing. However, Porto Alegre had a
female-to-maleratio of 1.9 althoughthe age-adjusted
rateswere relatively low.

For the agerangeof 50—89years,the increasen hip
fractureincidencewith agewasfoundto be exponential.
The coefficientof determinatior(R) for the exponential
regressiomodelswasgreaterthan0.90for all the areas,
indicatingthatthis modelprovidesa gooddescriptionof
the data.Beijing hadthe longestdoublingtimesandhad
alongertime for womenthanfor men.In otherareasthe
doublingtime waslongerfor men.

ImmediateCauseof Hip Fracture

The proportionsof hip fracturesreportedto be causedy
afall arepresentedby ageandgendetin Table3. Beijing
is excludedbecauseinformation on causeof the hip
fracturewasnot obtainedin the medicalrecordreview.
For all four areasa 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 and older, the proportion
of hip fracturescausedby a fall did not differ widely
acrosscountries,ranging from a low of 91% among
womenin PortoAlegreto a high of 99% amongwomen
in Reykjavik. For menin the 20- to 49-year-oldgroup,
the proportion of fracturesdue to a fall rangedfrom a
low of 38% in Porto Alegre to a high of 76% in Hong
Kong.

The numberof hip fracturesattributedto causether
than a fall was small. However, it appearsthat motor
vehicle accidentswere the secondleading causeof hip
fractureamongmenin both agegroups,exceptin Porto
Alegre where they were the leading cause among
youngermen. Otherreportedcausesncludedneoplasm,
Paget'sdisease bicycle accidents fights and domestic
abuse.

Discusson

Hip fractureincidenceratesvariedwidely acrosghefive
areasincludedin our study.With the exceptionof Porto
Alegre, the femaleto male ratio of rateswas greaterin
thoseareaswith higherratesof hip fracture.In the four
areador which we haddataon the causeof the fracture,
falls accountedor the majority of hip fracturesexcept
for men 20-49 yearsold in Porto Alegre, where the
leadingcausewas motor vehicleaccidentsAmong men
andwomen50 yearsandolder, falls accountedor over
90% of the hip fracturesin all four areas.

ForBrazil andHungary this studyis thefirst available
on hip fractureincidencerates.The rangeof ratesthat
we estimatedor PortoAlegre wasintermediatebetween
thosefound for Beijing and Hong Kong. In contrastto
theotherareadn the study,PortoAlegre hadarelatively
high female-to-maleratio of 1.9, althoughthe rate for
womenwas relatively low. Our ratesfor Porto Alegre
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Table 2. Hip fractureincidencerate$ and doublingtimes by age,genderand study site
Beijing® Budapest HongKong® Reykjavik Porto Alegré®
Low High
estimatef estimated
Age group (yr) Age-specificincidencerates Age group (yr) Age-specificincidencerates
Men
20-29 2.2 0.0 9.6 9.2 20-29 11.4 185
30-39 6.0 5.8 11.8 3.0 30-39 55 8.9
40-49 111 415 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 11435
95+ 6397.0
20 andolder, age-adjusted ~ 45.4 105.6 111.1 141.3 46.3 75.0
50 andolder, age-adjusted  107.0 251.0 269.6 348.7 104.7 169.6
Doubling time (yr)' 8.8 7.7 5.9 6.2 6.7
Women
20-29 1.0 3.4 25 6.0 20-29 1.9 31
30-39 3.1 5.7 3.8 0.0 30-39 0.0 0.0
40-49 7.6 245 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
55-59 324 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 13111
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-adjusted  39.6 128.2 168.3 274.1 79.6 129.0
50 andolder, age-adjusted  96.0 316.0 428.3 696.6 202.0 327.2
Doubling time (yr)' 9.5 6.0 5.1 5.7 5.4
Ratio women:men, 50 0.9 1.3 1.6 2.0 1.9

yearsand older

#Per 100000 population.Correctedfor coding errors,transfersand undercountsn the dischargdists.

bCensusdataavailableonly for agegroup 90+ years.
“Censugdataavailableonly for agegroup 85+ years.

dLow estimatebasedon 270 hip fracturesconfirmedby medicalrecordreview, with 8% increasefor hospitalwithout any review. High estimate

includesinformation from review of the OR logs.
°Standardizedo 1990 US non-Hispanicwhite population.

'Basedon regressiorof log incidencerate on agefor those50-89yearsold.

are higherthan previously reportedratesfor 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 menin Porto
Alegreis similar to theratereportedfor menin La Plata,
Argentina,in 1988-89 but the rate reportedfor women
in Argentinawashigherthantherangewe foundin Porto
Alegre [6]. The variation in reported hip fracture
incidenceratesfor theselLatin Americancountriesmay
reflect differencesin availablerecords,the inclusion of
both urbanandrural 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
ratesthan non-HispanicCaucasiangnd Asians[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 includedthree easternEuropean
countries (the former German Democratic Republic,
former Yugoslavia and Poland) also found lower
incidence rates in these countries compared with
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countries in northern and western Europe. Results
reported for rural Yugoslavia [12] during 1968-73
were somewhatlower than the rates we found for
Budapest.

Johnellet al. [11] reportedresultsfor Iceland (1974—
84) basedon nationalregistersourceshat were similar
to our findings. Our results for Reykjavik are also
comparableo 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
beenreportedrecently for rural Turkey [15] and for
Korea[16] aswell asfor Hong Kong in 1965-67[17].
Theresultsfor Beijing arealsodistinguishecdy the low
female-to-maleratio for hip fracture incidencerates,a
phenomenotthat hasbeenreportedpreviouslyfor other
areaswith low ratesof hip fracture[1,15,16].

For men in Hong Kong the age-adjustedncidence
ratesare over twice the ratesfor Beijing; for womenin
Hong Kong the ratesare over 4 timesthosefor Beijing.
Althoughbothareurbanareaswith Chinesepopulations,
Hong Kong has experiencecextensiveindustrialization
over the past severaldecadeswhile this processhas
startedmore recentlyin Beijing.

The age-adjustedincidence rates for Hong Kong
foundin this studyare higherthanthosepublishedmost
recently.For 1988—89Ho et al. [18] reportedincidence
rates for those 50 years and older that give an age-
adjustedrateof 226 per 100000 peryearfor 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 fracture over a spanof a few yearsseemsunlikely.
There are severaldifferencesin methodologyin these
studies that could have influenced the results. This
surveyof dischargesvasbasedon lists obtaineddirectly
from the hospitals which may havebeenmorecomplete
thanthe lists from the Hong Kong Medical and Health
Departmentusedin the previous survey. Our figures
include an estimateof the hip fracture casesseenat
privatehospitals a review of the dischargediagnosegor
miscoding, and a review of the OR logs. These
differencessuggesthat the higherratesobtainedin the
1991 surveymainly reflecta betterability to identify and
include all hip fracturesoccurringin the population.

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

251

and acutecare hospitalswere routine in Reykjavik but
patient identifiers in the discharge lists allowed
investigatorgo identify them.

A commoncoding error for hip fracturesin Beijing
andHong Kong wasthe assignmenbf an ICD9 codeof
821 ratherthanthe appropriatecode of 820. Beforethe
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
incorrectly codedas 821 in the dischargeist.

In everyareaexceptBudapestye foundthatsomehip
fractureswerereportedin the OR or radiologylogs that
did notappeaionthedischargdist, resultingin increases
of 11-62%in the estimatedcasesPossiblereasondor
the discrepanciesinclude clerical errors, patients
suffering a hip fracturein 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 were not admitted
to oneof the hospitalsdefinedasservingthe studyarea.
Casescould be missedif they were not admittedto an
acutecarehospitalfor treatmentor if they weretreated
outsidethe study area.For our study areas,exceptfor
Beijing, we are not awareof reportson how often hip
fracturecasesarenotadmittedto a hospital.Caseof hip
fracturemight be treatedby a traditionalhealeror given
nonsurgical treatment outside of a hospital by a
physician.A surveyof Beijing residentg5] found that
all reportedhip fracturesweretreatedin a hospital.In a
study of hip fracturesin Great Britain in the 1950s,
Knoweldenetal. [19] foundthat5% weretreatedoutside
of a hospital.Lyritis and Johnell[20] reportedthat the
useof nonsurgicakreatmentor hip fracturein 1988—89
varied considerably across southern Europe, ranging
from 2% in Toulouse Franceto 49%in Porto,Portugal,
although their report does not include information on
how manypatientsreceivingnonsurgicatreatmentvere
hospitalized. The selection of acute care hospitalsto
review at eachstudysite wasbasedon theinvestigators’
knowledgeof hospital admissionpatternsin their area
andreportsfrom the hospitalsregardingthe admissiorof
hip fracturecases.

Casesof hip fracture would also be missedin our
surveyif patientswere treatedin hospitalsoutsidethe
area. We believe that this was a rare occurrencein
Beijing, Hong Kong, Porto Alegre and Reykjavik. The
bettermedicalfacilities for theseregionsarein the study
area so patients are not likely to go elsewherefor
treatment,unlessthe fracture occurredwhile traveling
outside the region. This assessmentvas confirmedin
Beijing by a survey of the surroundinghospitalsthat
found no hip fracture admissionsfor Beijing residents
during 1988-92[5]. The annual hospital reports for
Icelandindicatethatit is rarefor Reykjavik residentso
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be admitted elsewherefor any disorder (Dr Pdmi
Jnsson,personalcommunication).For BudapestEast,
however, there was likely some undercountdue 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 medicalrecord review
for at leasta sampleof dischargesin all areasexcept
PortoAlegre, additionalcasesdentifiedthroughthe OR
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
wasnotedpreviouslyasonereasorfor providingarange
of estimatedncidenceratesfor Porto Alegre ratherthan
a point estimate.

This studyhasseveralotherlimitations that affect the
ability to makecomparisonsacrossthesefive countries.
Therecordsin eachcountryvariedin the level of detalil
available to identify old fracturesand to check for
transfers.Also, eachsite was separatelyresponsibleor
training the reviewersof the dischargdists, radiographs,
and other records. There was no central review of
recordsto confirmthe 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
soundemethodologicbasis.

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

These results also support the conclusionthat 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-standardizedates amongwomen and a 4-fold
difference among men. The magnitude of these
differencesis too greatto be explainedby the amount
of error that we found in the hospital dischargelists at
our variousstudy sites.

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
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incidencerates.Thereviewof individual patientrecords,
operatingroom logs and radiology logs found errorsin
the coding of the dischargediagnosis,often as shaft of
femurfractureinsteadof femoralneckfracture,andalso
identified casesthat were not includedin the discharge
lists. With the correctedestimatesthe study still found
largedifferencesn hip fractureincidencerates,with the
age-adjustedncidenceratesin women being 6 times
higher and in men over 3 times higher in Reykjavik
comparedwith Beijing.
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