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Abstract. Family and twin studies demonstrate a strong
genetic component to osteoporosis, suggesting that a
positive family history for this disease may be an
important clinical risk factor. We have therefore
explored the extent to which a history of wrist fracture
in a female first-degree relative was associated with an
increased risk of prevalent fracture at both appendicular
and vertebral sites in a cross-sectional study design. One
thousand and three Caucasian women (age range 45–64
years) were studied from a UK population cohort. Bone
mineral density (BMD) was measured at the lumbar
spine and femoral neck using dual-energy X-ray
absorptiometry. Appendicular fractures (wrist and hip)
were recorded by questionnaire and validated from
radiographs and hospital records. Vertebral fractures
were assessed using radiologic survey of the thoraco-
lumbar spine and semi-automated morphometric analy-
sis. A positive family history of osteoporotic fracture
(hip and/or wrist) in either a mother and/or sister was
reported in 138 of the 1003 women. When compared
with those with a negative family history of fracture,
BMD was significantly reduced in those with a positive
history at both the spine (p= 0.02) and the hip (p= 0.02).
In total, there were 63 validated fragility fractures found
in the 1003 women (16 wrist, 6 hip and 41 vertebral).
Family history of osteoporotic fracture was associated
with an increased total risk for osteoporotic fracture,
with an odds ratio (95% confidence interval) of 2.02
(1.02, 3.78). Site-specific analysis showed that a positive
family history of wrist fracture was associated with a
considerably elevated risk of wrist fracture, with an odds

ratio of 4.24 (1.44, 12.67). These increases in risk
remained after adjustment for BMD, suggesting that
other genetic factors account for the familial risk of
osteoporosis and fracture.
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Introduction

Osteoporosis is an increasing health care problem, with a
Caucasian woman having a 30% lifetime risk for
sustaining an osteoporotic-related fracture. Family and
twin studies have demonstrated that osteoporosis is
under strong genetic control, with female first-degree
relatives of women with osteoporosis having reduced
bone mineral density (BMD) at both the spine and hip
when compared with healthy controls [1–5]. Maternal
history of fracture at the hip and wrist has recently been
shown to be a positive risk factor for fracture in elderly
women [6,7], although the relationship between family
history and fracture occurring at earlier ages and at other
important sites such as the spine remains unclear. The
principal aim of this study was therefore to investigate
whether a history of fracture in female first-degree
relatives (i.e., mother and/or sisters) was associated with
both low BMD and prevalent fracture risk in women
aged 45–64 years from a UK general-practice-based
population, where validated information was available
on both peripheral and vertebral fractures.
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Subjectsand Methods

Subjects

The study design was a cross-sectionalcase–control
study. Women in the age range 45–64 years were
selected from a large single general practice in
Chingford, North-EastLondon (total of 11.000 regis-
teredpatients)to participatein a longitudinalepidemio-
logic studyof rheumaticdiseases[8,9]. A total of 1353
womenwerefound to be in theagerangespecified,and
of these78%(1003)agreedto participate[8]. Theareais
predominantly middle class, 98% are white and the
populationis similar to UK normalsin termsof height,
weight, smoking status,hysterectomyratesand use of
hormone replacementtherapy (HRT). The study was
approvedby the local ethicscommitteeand all women
gaveinformedconsentto participate.

Questionnaires

At their initial visit all women completed a nurse-
administeredquestionnairedetailing risk factors for
osteoporosis.Self-reportedpersonalhistory of fracture
was takenfor the 10-yearperiod precedingthe study’s
onset(1978–88),with osteoporoticfracturesdefinedas
fracturesat the wrist and hip that had occurredafter
minimal trauma and at age over 35 years. The
circumstancesunder which the fracture had occurred
were detailedin a postal traumaquestionnairethat had
beenpreviouslyvalidated[9]. Major traumaticfractures
wereclassifiedasthoseoccurringfollowing a roadtraffic
accident,a fall from theheightof a chairor greater,or a
fall down a flight of stairs.Reportedfamily history of
osteoporoticfracturesoccurringateitherhip or wrist in a
femalefirst-degreerelativeagedmorethan35 yearsand
after minimal trauma was also recordedby the study
nurse at the subject’s initial visit. These fractures
occurringin relativeswerenot able to be validated.

Fracture Validation

To validate fractures, the general practitioner’s notes
were examinedfor all womenreportinga fractureand
for 50 randomlyselectedsubjectswho hadnot reported
fracture, as previously described[9]. A fracture was
confirmedif the notescontaineda radiologyreportor a
direct referenceto it in a letter from the casualtyor
orthopedicdepartments.Thepercentageof total reported
fracturesthat were validatedby this processhas been
reportedas 100% at the hip and 67% at the wrist [9].
Spine fractures,which are mostly asymptomatic,were
defined morphometricallyby radiologic survey of the
thoracic (T4–12) and lumbar (L1–4) vertebraeusing
standardizedprocedures.Morphometric analysis was
performed using a semi-automateddigitizer and a
validated algorithm that utilized standard deviation
(SD) cutoffs of anterior and posterior height [10]. A

fracturewasdefinedasat leasttwo 2 SD deformitiesor
one3 SD deformity, with thesecriteria beingshownto
be equivalentto more stringentcutoffs usedby other
groups[11,12].As themajority of vertebralfracturesare
asymptomatic,it was not possibleto perform a trauma
questionnaireaccurately.All vertebral fractures were
thereforeassumedto be nontraumatic.

BoneDensitometryMeasurement

BMD was measuredat the lumbar spine (L1–4) and
femoral neck using dual-energyX-ray absorptiometry
with a Hologic QDR-1000 (Hologic, Waltham, MA).
Reproducibility(CV%), assessedby duplicatemeasures
in healthyvolunteers,was0.8%at thespineand1.4%at
the hip. Subjects were classified as having definite
osteoporosisat either the spineor hip using the criteria
definedby the World Health Organization(i.e., BMD
morethan2.5SDbelowthemeanpeakyoungadulthood
valuefor that site) [13].

StatisticalAnalysis

Differencesin demographicvariablesbetweensubjects
with a positivefamily historyfor fractureandthosewith
a negativehistory werecomparedby an unpairedt-test
for normally distributed variables and by a Mann–
Whitney U-testfor nonparametricvariables.Categorical
variables were analyzedusing a w2 test. Multivariate
analysis was performed using logistic regressionto
estimatethe odds ratio and 95% test-basedconfidence
intervals for sustaining a fracture by family history
fracturestatuswith adjustmentfor potentialconfounders.
The sensitivity, specificity, and positive and negative
predictivevaluesfor family historyof fractureastoolsin
the assessmentof osteoporosisand fracture risk were
assessed.The positiveandnegativelikelihood ratiosfor
a positive family history were also calculated. All
analysiswasperformedusingthePCsoftwarestatistical
programSTATA.

Results

Cross-sectionaldata were available on 1003 women,
meanage(SD) 54.2(6.0)years.A historyof hip fracture
in femalefirst-degreerelativewasreportedin 44subjects
(39 maternaland 5 sibling fractures).At the wrist 107
fractureswere reported(83 maternaland 24 sibling),
with 6 subjectshavinga historyof fractureat this site in
both their motheranda sister.In total, a positivefamily
history of osteoporoticfracture at hip and/or wrist in
eithera motherand/orsisterwasreportedin 138 of the
1003women.

There were no significant differencesbetweenthe
family fracture history groups with regard to the
potential confoundersof age,body massindex (BMI),
menopauseageand duration,smokingstatusand HRT
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use (Table 1). When compared with those with a
negativefamily history of fracture, BMD was signifi-
cantlyreducedin thosewith apositivehistorybothat the
spine [mean difference(95% CI) of 0.04 g/cm2 (0.00,
0.08), p= 0.02] and at the hip [mean difference 0.03
g/cm2 (0.00,0.05),p= 0.02]. Within the total cohort of
1003womenthe prevalenceof establishedosteoporosis
was 9.9% at the lumbar spineand 2.5% at the femoral
neck. The risk of a subjecthaving spinal osteoporosis
was increasedin thosewith a positive family fracture
history when compared with those with a negative
history,with anoddsratio (95%CI) of 1.82(1.08,3.05),
p= 0.02. A similar trend was also seen at the hip,
althoughthis was nonsignificant,with an oddsratio of
1.72 (0.63,4.71),p= 0.29.

After validation, there were 23 reportedfracturesat
the wrist and 6 at the hip. After exclusionof fractures
dueto major trauma,16 wrist fractureswereassumedto
be fragility fracturesrelatedto osteoporosis.All 6 hip
fractures occurred after minimal trauma. From the
radiologic survey of the thoracolumbar spine, 41
prevalentvertebraldeformitiesconsistentwith fracture
were identified. In total, therefore, 60 subjectswere
found to have validated evidenceof prevalentosteo-
porotic fracturesat either the spine,hip or wrist, with 1
womanhaving fracturesat both hip and spinewhilst a
further 2 women had fracturesat both the spine and
wrist.

Family historyof osteoporoticfracturewasassociated
with anincreasedfracturerisk, with anoddsratio of 2.02
(1.02, 3.78). This increase in risk was virtually

unchangedafteradjustmentfor BMD andotherpotential
confoundingvariables(Table 2). The increasein risk
associatedwith the positive family history appeared
related to appendicularfracturesrather than vertebral
deformity/fracture,andsite-specificanalysisshowedthat
a positivefamily historyof wrist fracturewasassociated
with a 4-fold increasedrisk of wrist fracture(Table 3).
Again, this increasein risk remainedsignificant after
adjustmentfor BMD. Therewas,however,no significant
relationshipbetweena positive family history of wrist
fractureandprevalentfracturestatusat either the spine
or hip. Therewasalsono apparentrelationshipbetween

Table 1. Characteristicsof 1003womenaccordingto thepresenceor absenceof a family history for osteoporoticfracture(hip and/orwrist) in a
femalefirst-degreerelative

Variable Positivefamily history Negativefamily history p-value
(n = 138) (n = 865)

Age (years) 54.2 (6.2) 54.2 (6.0) 0.99
No. of postmenopausalsubjects(%) 102 (74%) 622 (72%) 0.64
Time sincemenopause(years) 8.0 (5.4) 8.6 (6.0) 0.29
BMI (kg/m2) 25.4 (4.5) 25.6 (4.3) 0.54
No. everuseof HRT (%) 31 (22%) 207 (24%) 0.70
No. eversmoking(%) 61 (44%) 402 (46%) 0.63
LumbarspineBMD (g/cm2) 0.94 (0.16) 0.98 (0.16) 0.02
FemoralneckBMD (g/cm2) 0.74 (0.12) 0.77 (0.12) 0.02
No. of subjectswith osteoporoticfractures(%) 14 (10%) 46 (5%) 0.03

Valuesarethe mean+ SD unlessindicated.
BMI, body massindex.

Table 2. Fracturerisk associatedwith a positive family history for
osteoporoticfractureat wrist and/orhip

Fracturesite in studysubjects Oddsratio

Crude Adjusteda

Any fracture(n = 60 subjects) (2.02
(1.02,3.78)

(2.00
(1.04,3.83)

Spine(n = 41 subjects) (1.20
(0.52,2.74)

(1.11b

(0.48,2.59)
Appendicular(n = 22 subjects) (3.04

(1.21,7.59)
(2.70
(1.05,6.92)

Wrist (n = 16 subjects) (2.91
(0.99,8.50)

(2.54
(0.85,7.65)

Hip (n = 6 subjects) (3.17
(0.57,17.45)

(2.72
(0.48,15.26)

Valuesarethe oddsratio (95% CI).
a.Adjustedfor age,hip BMD, BMI.
b.Adjustedfor age,spineBMD, BMI.

Table 3. Fracturerisk associatedwith a positive family history for osteoporoticfractureat wrist

Prevalentvertebralfracture:oddsratio Prevalentwrist fracture:oddsratio Prevalenthip fracture:oddsratio

Family fracturehistory Crude Adjustedb Crude Adjusteda Crude Adjusteda

Wrist (1.79
(0.77,4.13)

(1.87
(0.79,4.41)

(4.24
(1.44,12.67)

(4.74
(1.55,14.51)

(1.79
(0.21,15.51)

(1.81
(0.21,15.95)

Valuesare the oddsratio (95% CI).
a.Adjustedfor age,hip BMD, BMI.
b.Adjustedfor age,spineBMD, BMI.
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a positive family history of hip fracture and risk of
prevalentfractureat spine,hip or wrist. Specifically,the
risk of prevalenthip fracture in thosewith a positive
family history of hip fracture was not significantly
increased[crude OR = 3.83 (0.44, 33.49)]. The wide
confidenceintervalsof this estimatereflect the fact that
the numberof hip fracturesin subjectsand their first-
degreerelativeswassmall and the model is potentially
unstable.Theresultsrelatingfamily historyof fractureto
risk of fracture were also essentiallyunalteredif all
reportedosteoporoticfractureswereincludedratherthan
only thosethat hadbeenvalidated(datanot shown).

The sensitivities,specificities,andpositivepredictive
andnegativepredictivevaluesof family fracturehistory
for assessmentof spinal and hip osteoporosis,and for
any osteoporoticfractureat the wrist, hip andspine,are
shown in Table 4. Site-specificanalysis at the wrist
showedthatfor apositivefamily historyof wrist fracture
thesensitivityto predictprevalentwrist fracturewas5%,
the specificity 98.8%, the positive predictive value
31.3% and the negativepredictive value 90.3%. The
correspondingpositive likelihood ratio for a positive
family history of wrist fracture and risk of prevalent
wrist fracturewas4.17,with thenegativelikelihood ratio
being0.96.

Discussion

In this cohortof women,history of fracturein a female
first-degree relative was associated with a 2-fold
increasedrisk of osteoporoticfracture.This increasein
risk appearedsite-specific,asa 4-fold increasedrisk of
wrist fracture was observedin subjectswith a mother
and/orsisterwho had previouslysustainedfracturesat
this site.Thesedatasupporta stronggeneticcomponent
to factorsassociatedwith osteoporoticfracture,particu-
larly at the wrist. Epidemiologic data show forearm
fractureincidenceratesin womenincreaselinearly from
age40to 65yearsandthenplateau[14]. Wrist fractureis
therefore one of the earliest signs of skeletal failure
secondaryto osteoporosis,and fracture at this site has
been shown to be associatedwith the more serious
increasedrisk of vertebraland hip fracture in later life
[15]. Our findings therefore suggest that a positive
family history of wrist fracturemay identify womenat
increasedrisk of skeletalfragility in later life.

In this study we havebeenable to uniquely address
theissueof sitespecificityfor family historyandfracture
as we have validated data on both appendicularand
vertebralfractures.Family historywasobtainedonly for
appendicular fractures (hip and/or wrist) as most
vertebral fractures are asymptomatic,and to identify
theseaccuratelyin female first-degreerelativeswould
haverequiredradiologicscreening.Ourdatasuggestthat
family historyis site-specific,asapositivefamily history
for appendicularfracturewasassociatedwith wrist and/
or hip fracturesbut not with spinalfractures.Thefinding
that the increase in fracture risk associatedwith a
positive family history was unalteredafter adjustment
for BMD suggeststhat common,within-family factors
(both geneticandenvironmental)other thanBMD may
becontributingto this familial clusteringof fracturerisk.
Bone structureand architecturehavebeenshownto be
undergeneticcontrol independentof BMD [1], andhave
alsobeendemonstratedto be independentpredictorsof
hip fracture in elderly populations[16,17]. The finding
that the increasein risk was independentof BMD may
alsoindicatea possiblefamilial componentto therisk of
falling, with the geneticeffect being mediatedthrough
factorssuchasmusclestrengthandproprioception[18].
The finding that that a positive family history for wrist
fracture was associatedwith a 4-fold increasedrisk of
wrist fracture although no increasefracture risk was
observedat the hip would supportthe conceptof a site-
specificpredispositionto fractureassociatedwith family
history ratherthanit beingrelatedto the risk of falling.

To date,evidencefor site specificity in fracture risk
has been observed in the Study of Osteoporotic
Fractures,where the risk of incident hip fracture was
increased2-fold in thosewith a positivematernalhistory
of hip fracture,althoughothertypesof maternalfracture
associatedwith falling did not increasethe risk of hip
fracture[6]. In addition,furtherwork from thisgrouphas
recently shown that parental(both mother and father)
historyof wrist fracturewasassociatedwith anincreased
risk of incident wrist fracture,whereasa family history
of hip fracturewasnotassociatedwith anyincreasedrisk
[7]. Theseincreaseswerealsoindependentof a subject’s
BMD at both the radius and hip, for wrist and hip
fracturerespectively[6,7]. History of wrist fracturein a
sister or brother was also not associatedwith any
increasein incident wrist fracturerisk. Torgersonet al.
[19] have also shown in a 2-year study of 1857

Table 4. Sensitivity,specificity,positivepredictivevalue(PPV),negativepredictivevalue(NPV), andpositiveandnegativelikelihood ratiosfor
family fracturehistory for risk of osteoporosisandosteoporoticfracture

Sensitivity (%) Specificity (%) PPV (%) NPV (%) +ve likelihood
ratio

7ve likelihood
ratio

Spinalosteoporosis 15.2 91.0 21.2 87.1 1.7 0.93
Hip osteoporosis 20.3 84.2 17.0 86.9 1.3 0.95
Any osteoporoticfracture 10.1 94.7 23.3 86.8 1.9 0.95
Spinefracture 16.3 86.3 54.3 50.8 1.2 0.97
Hip fracture 33.3 86.4 14.6 99.5 2.4 0.77
Wrist fracture 31.3 86.5 3.6 55.3 2.3 0.79
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perimenopausalwomen(agerange47–51years)that the
risk of any self-reported appendicular fracture was
increased3-fold in thosewith a history of hip fracture
in a maternalgrandmother.This increasein risk also
appearedindependentof a subject’sBMD. Due to the
younger age of this cohort no hip fractures were
observedduring the study period. Site specificity in
fracturerisk may alsoexplain the resultsobtainedfrom
the European Vertebral OsteoporosisStudy (EVOS)
[20]. In this study,a parentalhistoryof hip fracturewas
not associatedwith an increased risk of prevalent
vertebral deformity in women, although a modest
associationwas observedbetweenmaternalhistory of
hip fractureandvertebraldeformity in men.Otherwork
from this study hassuggestedthat thesedeformitiesin
menaremorelikely to be traumaticin etiology,andthe
importanceof family history in this instanceis therefore
unclear[21,22]. Two further studieshaveexaminedthe
relationshipbetweenfamily history of osteoporosisand
wrist fracture. In a population study of 877 women
(mean age 74 + 7 years), Soroko et al. [23] have
demonstratedthat paternal,but not maternal,history of
osteoporosis and/or fracture was associated with
personal history of any fracture (spine, hip, wrist,
forearm and pelvis) after the age of 50 years.In this
study, family history included any fracture sustained
after the age of 50 years with no assessmentof the
circumstancesregardingtrauma.In addition, therewas
no record of fracture validation in either the casesor
relatives. In a population-based case–controlstudy of
302 women(meanage63 + 10 years),Mallmin et al.
[24] havedemonstrateda 48% increasedrisk for wrist
fracturein womenreportingapositiveparentalhistoryof
fractureat either the hip and/orwrist, with this increase
in risk again appearingto be predominantly due to
paternalhistory. Fractureswere again not validatedin
therelativesandresultswerenot subdividedto showthe
direct relationship betweena family history of wrist
fractureandwrist fracturein the cases.

Our study being retrospectivein design makes it
subject to several potential limitations. Prevalent
appendicular fractures were determined by reported
history and subsequently validated from patients’
medical records.The main reasonthat fracturescould
not be validated was that subjectshad either died or
movedaway from the areaand we were thereforenot
able to accesstheir medical records.The proportionof
reportedfracturesthat were not subsequentlyvalidated
did not differ betweenthe family history groups. In
addition, our results were essentiallyunaltered if all
reported fractures rather than verified fractures were
analyzed.Our resultsarealsosimilar to thosethat have
recentlybeenreportedwith incidentwrist fracturesin a
moreelderly population[7]. We werenot ableto define
clinically apparentvertebralfracturesandit wasalsonot
possible accurately to assesstrauma details in these
instances.We thereforecannotexclude the possibility
that we have included vertebral deformities and
traumatic,nonosteoporotic-relatedvertebralfracturesin
our analysis.Our definition for vertebral fracture was,

however,stringentandhasbeenshownto be associated
with low BMD andreducedheight[25]. At presentthere
is no agreedgold standardfor thedefinitionof vertebral
fractures,although the prevalenceof vertebral defor-
mitiesconsistentwith fracturein our populationwas4%
andwassimilar to that observedin womenof a similar
meanagein the EVOS study[22].

As with all thequotedfamily-basedstudiesabove,our
estimatesof family historywerebasedonrecallonly and
we were unable to validate thesefracturesdirectly in
relatives.Reporting of osteoporoticfracture in family
membersmay also have beenbiasedby the subjects’
awarenessof their own fracture status,with fracture
caseshavingbetterrecall.This is particularlyvalid given
that prevalent rather than incident fractures were
assessed.If the rate of misclassificationin reporting
family information were the samebetweencasesand
controls (i.e., nondifferential) the estimatedodds ratio
would be underestimated.When, however, there is
differential recall betweencasesand controls then the
estimatedodds ratio will differ. If casesover-reported
positive family history then the estimatedodds ratio
would be falsely elevated, whereas if they under-
reportedpositivefamily history comparedwith controls
thentheestimatedoddsratiowouldbelower thanits true
value. In the absenceof definite information about the
true fracture statusof relativeswe cannotexcludethe
possibility of differential recall. At the time of
assessmentmostof thesubjectswere,however,unaware
of their osteoporosisstatusandwe found no significant
differencesin the use of either HRT or calcium and
vitamin D supplementsbetween the family history
groups. Unfortunately we did not record information
on eitherfathersor brothers,andwerethereforenot able
to confirm reports that paternal history may be an
important,althoughlessfrequent,risk factor [7,23,24].
We havealsoassumedthat any increasein fracturerisk
would be similar for mothers’ and sisters’ fracture
history,asa subjectshareson average50%of hergenes
with parentsandsiblings.Ourdatapresentpooledresults
andwe cannotconfirmthata maternalhistoryof fracture
appearsmoreimportantthana sibling history for risk of
wrist fracture [7]. Another concernwith case–control
studies is the possibility of selection bias. This was
minimized by usingdatafrom all 1003subjectsfrom a
normal populationcohort with a good responserate of
78% [8]. A nonresponsesurvey has also shown the
respondersto be similar to nonrespondersfor a rangeof
key variables.

Our finding that a positive family history of wrist
fracture is associatedwith a 4-fold increasedrisk of
fractureat this siteis of major importance,andcompares
favorablywith otherstudiesthathaveexaminedthe risk
of fracture associatedwith previous fracture in an
individual [6]. Such a family history may allow
identification of women at increasedrisk of fracture
earlier in life, prior to the onsetof significantdisease.
This would allow targeting of preventive treatments
prior to the onsetof bone loss to maintain BMD and
therebyreducethepossibilityof fracture.Family history
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aloneis, however,probablytoo insensitiveto beusedas
a sole indicator for measurementof BMD, althoughit
appearsto have high specificity and a good negative
predictive power. Thesefindings regarding the sensi-
tivity and specificity of family fracture history are
similar to those observedby Soroko et al. [23]. The
demonstration that the increase in fracture risk
associatedwith a positivefamily history is still apparent
after adjustmentfor BMD also suggeststhat family
history of fractureshouldbe viewed in its own right as
an important tool for determiningfuture fracture risk
ratherthanasa direct indicatorof or surrogatefor BMD
measurement.The importance of taking a full and
specificclinical historyfor family fracturehistoryshould
be emphasizedin the diagnosisand managementof
osteoporoticpatients.
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