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Abstract. This population-based study documents anintroduction
increase in most types of fractures following the
occurrence of a clinically recognized vertebral fracturelt is increasingly recognized that the occurrence of one
among 820 Rochester, Minnesota, residents. Duringsteoporotic fracture may harbinger others. Best
4349 person-years of follow-up, 896 new fractures weralocumented is the increased risk for subsequent fractures
observed. Relative to incidence rates in the communityof the proximal femur and other skeletal sites that is
there was a 2.8-fold increase in the risk of any fracturepbserved among women and men who have experienced
which was greater in men (standardized incidence rati@a distal forearm fracture [1-4]. Less is known about the
(SIR), 4.2; 95% ClI, 3.2-5.3) than women (SIR, 2.7; 95%spectrum of fractures that may follow a vertebral
Cl, 2.4-3.0). The estimated cumulative incidence of anyfracture. Cohort studies have documented a 1.8- to 3.8-
fracture after 10 years was 70%. The greatest increase fold excess of later hip fractures among women with a
risk was for subsequent fractures of the axial skeleton, ivertebral fracture [5,6], accompanied by even greater
particular a 12.6-fold increase (95% CIl, 11-14) inincreases in the risk of additional vertebral fractures
additional vertebral fractures. There was a lesse[7,8]. However, the only study to evaluate associations
increase in most limb fractures, including a 2.3-foldwith a variety of later fractures was restricted to the
increase (95% Cl, 1.8-2.9) in hip fractures and a 1.6-foldsubset of 681 Rochester, Minnesota residents whose
increase (95% ClI, 1.01-2.4) in distal forearm fracturesinitial vertebral fracture in 1950-89 occurred before age
There was a slightly greater association with distal70 years; in this group, the risk of any subsequent limb
forearm fractures among those whose first vertebrafracture was increased 1.5-fold but detailed data were
fracture occurred before age 70 years but a similanot presented for each type of fracture separately [9].
relationship with hip fractures, including cervical and The purpose of the present report was to estimate the risk
intertrochanteric hip fractures separately, regardless aff further fractures at every skeletal site among
age at the initial vertebral fracture. There was also arRochester residents of all ages who experienced their
equivalent increase in subsequent fracture risk whethefirst vertebral fracture in 1985-94 compared with the
the initial vertebral fracture was attributed to severe offracture experience of the general population. Therefore,
moderate trauma. These data show that vertebrahis new analysis included not only the Rochester
fractures represent an important risk factor for fracturesesidents whose vertebral fracture occurred before age
in general, not just those of the spine and hip. 70 years but those whose initial vertebral fracture
occurred after that age as well.
Keywords: Cohort study; Epidemiology; Forearm
fracture; Hip fracture; Vertebral fracture
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provided by the Mayo Clinic, which has maintaineda

common medical record systemwith its two affiliated

hospitalsin the community (St Marys and Rochester
Methodist) for over 90 years[10]. The diagnosesand

surgical proceduresrecorded in these records are

indexed,asarethe medicalrecordsof the otherproviders
who serve the local population, most notably the

Olmsted Medical Group and its affiliated Olmsted
Community Hospital [11]. Following approval by

Mayo’s Institutional Review Board, we used this

unique databasgthe RochesterEpidemiology Project)
to updatea previousstudyof vertebralfractureincidence
in 1985-89[12] to include all Rochesterresidentswho

were first diagnosedas having one or more vertebral
fracturesin 1990through1994.As in the earlier study,

inpatientand outpatientmedical recordswere screened
of all patientswith any diagnosisrelating to vertebral
fracture, osteoporosior demineralizationof the spine.
Vertebral fractures were documentedby radiologist’s
report. Only compressiorfracturesof a vertebralbody

betweenT1 and L5 were included; fractures of the

posterior elementsand transverseprocessesof these
vertebraewere excluded. The date of diagnosiswas
either the date of radiologic diagnosisor, when clearly

linked to a specifictraumaticepisodethe dateof trauma.
Fracture etiology was attributed where possible to

trauma, categorizedas severe (traffic accidentsand

falls from greaterthanstandingheight)or moderatdless
thanor equivalentto afall from standingheight),or to a

specificpathologicprocesssuchas metastaticcancer.

Incidenceratesfor vertebralfractureswere calculated
assumingheentirepopulationof Rochesteto beatrisk.
Age- andsex-specifidenominatorsvereestimatedrom
decennialcensusdata for the city, with interpolation
betweencensusyearsas describedelsewherg13]. The
populationof Rochestert the 1990 censusvas 70 745.
Incidencerateswere directly age-and sex-adjustedor
age-adjustedor comparison®f menandwomen,to the
population structure of United Stateswhites in 1990.
Ninety-five percent confidence intervals (95% CI)
around the rates were estimatedfrom the cumulative
Poissondistribution[13].

Thesesubjectswere then followed forward in time
throughtheir linked medicalrecordsin the community
(retrospectiveor historical cohort study) until deathor
the most recentclinical contact. For each subject, all
inpatient and outpatient medical recordsat any local
providerof healthcareweresearchedor the occurrence
of fractures.Mayo Clinic records,for example,contain
the details of every outpatientoffice or clinic visit, all
emergencyoomandnursinghomecareandall inpatient
care at its two affiliated hospitals, as well as all
laboratory results, radiographicreports and pathology
reports,includingautopsiesandall correspondenceith
each patient [10]. The records containedthe clinical
history andthe radiologist’sreportfor eachfracture,but
the original roentgenogramswere not available for
review. Ascertainmentis believedto be completefor
clinically diagnosedractures.
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The influenceof a vertebralfracture on the risk of a
subsequentracturewas evaluatedprimarily by calcula-
tion of the standardizedéhcidenceratio (SIR), comparing
the number of fractures that were observedat each
skeletalsite (basedon the first fracture of a given type
per person)with the number expectedin this cohort
during their follow-up in the community.In the caseof
subsequentertebralfracturesonly thefirst newfracture
in a different thoracicor lumbar vertebrawas counted.
Expectednumberswere derived by applying age-and
sex-specifigncidenceratesfrom thelocal populationfor
these fractures [14—-18] to the age- and sex-specific
person-yearsof follow-up in the cohort. Ninety-five
percentconfidencantervalsfor the SIRswerecalculated
assumingthat the expectedrates are fixed and the
observedracturesfollow a Poissondistribution[19].

In a second method of analysis, the cumulative
incidence of new fractures (1 minus survival-free-of-
fracture)was projectedfor up to 10 yearsfollowing the
initial vertebral fracture using product-limit life table
methods [20]. Cumulative incidence curves were
comparedwith the log-rankteststatistic[21].

Results

Over the 10-year period, 1985-94, 820 Rochester
residents(619 women and 201 men) were diagnosed
for thefirst time with oneor morevertebralfracturesfor
anoverallage-andsex-adjuste@nnualincidencerate of
133.3 per 100000 (95% CI, 124.0-142.7). Rates
increasedwith agein both menand women (Table 1),
whosemean(+ SD) ageatthetime of theirfirst vertebral
fracturewas 67.3+ 19.7 years(71.1 + 16.4 yearsfor
womenand55.5+ 24.1yearsfor men).Over97%of the
subjects were white, in keeping with the racial
composition of the community (96% white in 1990).
Vertebral fracture incidence was greater among the
women,in whom the age-adjusteénnualrate of 170.3
per 100000 (95% ClI, 156.3—184.2)was over twice as

Table 1. Incidenceof clinically diagrosedvertebralfracturesfrom all
causesamongRochesterMinnesota,residents,1985-94

Age group Women Men Both sexes
(years)
No. Raté No. Raté' No. Raté'

<35 30 15.0 50 26.1 80 20.4
35-44 15 28.1 28 56.1 43 41.6
45-54 38 110.8 17 53.3 55 83.1
55-64 82 316.2 15 64.7 97 197.5
65-74 147 666.5 27 170.5 174 459.2
75-84 187 1032.1 39 481.4 226 861.9
> 85 120 1264.5 25 947.0 145 1195.4
Total 619 170.3 201 82.2 820 133.%

3Age- and sex-specifidncidenceper 100000 person-years.
PAge-adjusted(directly to 1990 US whites) incidence per 100000
person-years.

“Age- and sex-adjusteddirectly to 1990 US whites) incidenceper
100000 person-years.
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Table 2. Distribution of subsequentracturesby skeletalsite and causeamongRochesterMinnesota residentsfollowing their initial vertebral

fracturein 1985-94

Fracturesite Fracturecause

Severetrauma  Fall from Spontaneous Pathologic Uncertain All causes

< standing

n (%)* n (%)* (%)* n (%)* n (%)* n (%)°
Skull/face 6 85.7 1 143 7 0.8
Hands/fingers 9 47.4 8 42.1 2 10.5 19 2.1
Distal forearm 3 8.8 30 88.2 1 2.9 34 3.8
Otherforearm 1 20.0 4 80.0 5 0.6
Shaft/distalhumerus 3 75.0 1 250 4 0.4
Proximalhumerus 2 6.5 25 80.6 2 6.5 2 6.5 31 35
Clavicle/scapula/sternum 8 267 11 36.7 3 10.0 2 6.7 6 20.0 30 3.3
Ribs 15 127 26 22.0 37 314 3 2.5 37 314 118 13.2
Thoracic/lumbarertebraé 26 6.6 52 13.3 264 67.3 21 5.4 29 7.4 392 438
Othervertebrae 1 16.7 2 33.3 2 33.3 1 16.7 6 0.7
Pelvis 5 7.1 40 57.1 16 229 2 29 7 10.0 70 7.8
Proximalfemur 5 5.2 82 85.4 8 8.3 1 1.0 96 10.7
Shaft/distalfemur 11 84.6 2 154 13 1.5
Patella 1 16.7 5 83.3 6 0.7
Tibia/fibula 5 250 9 45.0 2 10.0 2 10.0 2 10.0 20 2.2
Ankle 4 36.4 5 45.5 1 9.1 1 9.1 11 1.2
Feet/toes 11 324 9 26.5 8 235 6 17.6 34 3.8
All sites 96 10.7 328 36.6 43 38.3 34 3.8 95 10.6 896 100.0

@ percentag€%) of eachtype of fracture.
P Percentagé%) of total.
¢ Repeatvertebralfractures.

high asthe malerateof 82.2per100000(95%Cl, 70.3—
94.0). Fourteenpatients (2%; 5 men and 9 women)
sustained pathologicfracture,while theinitial vertebral
fracturewasrelatedto severetrauma(a traffic accident
in 65 casesafall from greatethanstandingheightin 83

and miscellaneousnjuries in 48) in 196 patients(24%;

104 men and 92 women). The remaining 610 patients
(74%; 92 men and 518 women) had vertebralfractures
dueto minimal or moderaterauma.Theseincluded125
fracturesdueto a fall from standingheightor less, 44

dueto lifting a heavyobject, 398 that were reportedto

have occurred spontaneouslyin the course of daily

activities and 43 that were diagnosedincidentally on

radiographstaken for another purpose without any
potentialetiology being notedin the record.Altogether,
587 subjects(72%) had symptomsof back pain that
could have beenrelated to the vertebral fracture, the

durationof whichwas1 day or lessin overthree-fourths
of the cases.Back pain was reportedby 97% of the

patientswho experiencedseveretrauma,98% of those
who fell from a standingheightor lessand 79% of those
with pathologic fractures,comparedwith just 54% of

those whose vertebral fracture occurred during daily

activities.

These 820 subjects were then observedfor 4349
person-years(mean, 5.3 = 3.0 years per subject)
following the initial vertebral fracture. During this
periodof observation432 patientssuffered987 different
fractures,but 91 of theseoccurredon the samedate as
the index vertebral fracture and were excluded from
further consideration.The distribution of causesof the

896 remainingfracturesis delineatedn Table2. Ninety-

six fractures were causedhby severe trauma (motor

vehicle accidentsn 11, falls from greaterthan standing
height in 44 and miscellaneousother causesin 41).

Howeverthe majority of subsequentmb fractureswere
dueto falls from standingheightor less,while most of

the additionalvertebralfracturesoccurredin the course
of everyday activities (‘spontaneous’). Thirty-four

fractures were due to a specific pathologic process
(e.g.,metastatianalignancy) while no etiology couldbe

determinedor the remaining95 fractures.

The cumulativeincidenceof any subsequentracture
increasedsteadilywith time in this cohort,reaching70%
by 10 years following the initial vertebral fracture.
Because349 of the women (56%) had one or more
subsequentractures,comparedwith only 62 of the men
(31%), the cumulativeincidencewas greateramongthe
women(Fig. 1). After 10 years the cumulativeincidence
was estimatedat 74% for the women comparedwith
59% for the men (p<0.001).

Becauseexpectedratesfor many fracture sites were
not available for age groups below 35 years, the
remainder of the analysis was restrictedto the 759
patientswith follow-up atage35 yearsor beyond.In this
group, the 411 patientswith any new fracture over the
study period was almost 3 times higher than the 146.4
patients expected relative to incidence rates in the
generalpopulation(SIR, 2.8;95%Cl, 2.5-3.1).Therisk
of any subsequenfracture was elevatedamong men
(SIR, 4.2;95%Cl, 3.2-5.3)aswell aswomen(SIR, 2.7;
95%Cl, 2.4-3.0).Therewasanincreasean almostevery
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Fig. 1. Cumulativeincidenceof any subsequerfracturefollowing the
initial vertebral fracture among Rochester Minnesota,women and
menin 1985-94.

type of fracture in both sexes,and the SIRs were
statistically significantly increasedfor 4 of the 17
individual fracture sites in men and for 8 of 17 in
women (Table 3). The greatestincreasesvere seenfor
fracturesof the axial skeleton.The risk of fracturein
anotherthoracicor lumbar vertebraefor example,was
elevated almost 13-fold. There was a much less
impressiveincreasein hip fracture risk. The overall
SIR for hip fracturewas 2.3 (95% ClI, 1.8-2.9),but the
relative elevationin hip fracturerisk wasgreaterin men
(SIR, 4.7;95%Cl, 2.3-8.7)thanwomen(SIR, 2.1; 95%
Cl, 1.6-2.7).For both sexescombined the increasewas
almostidentical for subsequentracturesof the femoral
neck (SIR, 2.4; 95% CI, 1.7-3.2)and for subsequent
intertrochanterichip fractures(SIR, 2.2; 95% ClI, 1.6—
3.0). Theoverallcumulativeincidenceof anysubsequent
hip fracture was 22% at 10 years comparedwith an
expectedl0% (p< 0.001),asshownin Fig. 2. Therewas
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Fig. 2. Observedand expectedcumulativeincidenceof a subsequent
hip fracturefollowing the initial vertebralfractureamongRochester,
Minnesota,residentsn 1985-94.

asimilarly modestincreasen therisk of a distalforearm

fracturein thesepatients(SIR, 1.6; 95% ClI, 1.01-2.4).
Again therewas a relatively greaterexcessamongmen

(SIR, 3.3;95% ClI, 0.4-12)thanwomen(SIR, 1.5; 95%

Cl, 0.9-2.3), although neither of the sex-specific
comparisonseachedstatisticalsignificance . The cumu-

lative incidenceof a distal forearmfractureat 10 years
was 6% comparedwith an expected figure of 5%

(p=0.01),asshownin Fig. 3.

Somewhatsurprisingly, perhaps,the risk of subse-
guentfractureswas similar whetherthe initial vertebral
fracture was due to severetraumaor to minimal or
moderate trauma (Table 4). The lower numbers of
fracturesobservedn thosewhosefirst vertebralfracture
resultedfrom severetraumawasdueto the smallersize
of this subsebf the cohortandto their youngeraverage
age at baseline(45 vs 76 years)comparedwith those
with fractures resulting from moderate trauma

Table 3. ObservedObs)fracturesfollowing theinitial vertebralfracturein 1985—-94comparedvith the expectechumbergExp) andstandardized

incidenceratios (SIRs)amongRochesterMinnesota,residents

Fracturesite Men Women Both sexes

Obs Exp SIR 95% ClI Obs Exp SIR 95% Cl Obs Exp SIR 95%CI
Skull/face 0 085 O 0-4.4 6 288 2.1 0.8-45 6 373 16 0.6-35
Hands/fingers 2 1.85 1.1 0.1-3.9 14 823 1.7 0.9-2.8 16 10.09 1.6 0.9-2.6
Distal forearm 2 060 3.3 04-12 22 1460 15 0.9-23 24 1520 16 1.01-24
Otherforearm 1 0.48 2.1 0.1-12 4 398 1.0 0.3-2.6 5 446 1.1 04-26
Shaft/distalhumerus 1 035 29 0.1-16 3 283 11 0.2-3.1 4 3.18 1.3 0.3-3.2
Proximalhumerus 1 0.40 25 0.1-14 23 1021 23 14-34 24 1061 23 1.4-34
Clavicle/scapula/staum 2 09 21 0.3-75 24 455 53 34-7.8 26 551 47 3.1-6.9
Ribs 9 231 39 18-74 61 1755 35 2.7-45 70 1986 35 2.8-45
Thoracic/lumbawertebraé 49 149 33 24-43 233 20.96 111 9.7-13 282 2245 126 11-14
Othervertebrae 1 0.33 3.0 0.1-17 4 1.20 3.3 0.9-85 5 153 33 1.1-76
Pelvis 3 040 74 15-22 55 6.65 8.3 6.2-11 58 7.05 8.2 6.2-11
Proximalfemur 10 212 47 2.3-8.7 65 3083 21 1.6-27 75 3295 23 1.8-29
Shaft/distalfemur 1 0.17 59 0.2-33 10 585 1.7 0.8-3.2 11 6.02 1.8 0.9-3.3
Patella 0 040 O 0-9.3 4 329 12 0.3-3.1 4 369 1.1 0.3-28
Tibia/fibula 2 1.09 1.8 0.2-6.6 14 735 1.9 1.04-3.2 16 845 19 1.1-31
Ankle 0 0.84 0 0-4.4 11 782 1.4 0.7-2.5 11 8.66 1.3 0.6-2.3
Feet/toes 0 1.06 O 0-3.5 25 1193 21 14-3.1 25 1299 19 1.2-28

@ Repeatvertebralfractures.
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251 (p<0.001). Likewise there was little differencein the
relative risk of subsequenfractureswhetherthe initial

20 vertebralfracture occurredbefore or after age 70 years

(Table 5). In particular, there was a somewhatgreater

15 relative increasein subsequentistal forearm fractures
among the younger patients comparedwith the older
10 1 ones (SIR, 1.8 vs 1.5), but this difference was not
statistically significant (p=0.605). There was an

R identical increasein hip fracture risk in the two age
———— groups.In thoseunderage 70 yearsat the time of the
initial vertebral fracture, compared with the older
o 1 2 3 4 5 6 7 8 9 10 patients, there were similar increasesin the risk of

Years following vertebral fracture subsequentfemoral neck fractures (SIR, 2.5 vs 2.4;

) S p=0.892)aswell asintertrochanteridip fractures(SIR,
Fig. 3. Observedand expectedcumulativeincidenceof a subsequent 2 gyg 2.2:p=0.908).If theage-specificomparisorwas
B o e g 4 criebralitactureamong  confinecto thosewhoseinitial vertebralfracturewasdue
to minimal or moderatetrauma, there was a much

Observed

Cumulative incidence (%)

Table 4. ObservedObs)fracturesfollowing theinitial vertebralfracturein 1985—-94comparedwith the expectechumbergExp) andstandardized
incidenceratios (SIRs)amongRochesterMinnesota,residentsby causeof the index vertebralfracture

Fracturesite Men Women Both sexes

Obs Exp SIR 95% Cl Obs Exp SIR 95% Cl Obs Exp SIR 95%CI
Initial vertebralfracture dueto severetrauma
Distal forearm 1 0.27 3.7 0.1-20 1 1.54 0.6 0.02-3.6 2 1.81 1.1 0.140
Proximal humerus 1 0.17 6.0 0.2-33 1 0.83 1.2 0.03-6.7 2 1.00 2.0 0.2-7.2
Vertebraé 12 0.53 22.6 12-39 19 1.46 13.0 7.8-20 31 1.99 156 11-22
Pelvis 0 014 O 0-26 4 0.46 8.6 2.3-22 4 061 6.6 1.8-17
Proximal femur 1 072 1.4 0.04-7.7 4 1.89 21 0.6-54 5 261 19 0.6-45
All othersites 5 279 18 0.6-4.2 7 454 15 0.6-3.2 12 732 16 0.9-2.9
Initial vertebralfracture dueto minimal/moderatdérauma
Distal forearm 1 029 34 0.1-19 15 1226 1.2 0.7-2.0 16 1255 1.3 0.7-2.1
Proximalhumerus 0 0.21 0 0-18 21 8.75 2.4 1.5-37 21 895 24 14-36
Vertebraé 33 0.85 38.7 27-54 196 18.29 10.7 9.3-12 229 19.14 12.0 11-14
Pelvis 3 0.24 125 2.6-36 49 576 85 6.3-11 52 6.00 8.7 6.5-11
Proximalfemur 9 1.26 7.1 3.2-14 57 2716 21 1.6-27 66 2843 23 1.8-3.0
All othersites 10 3.47 2.9 1.4-5.3 69 36.72 1.9 15-2.4 79 40.19 2.0 1.6-25

& Repeatvertebralfractures.

Table 5. ObservedObs)fracturesfollowing theinitial vertebralfracturein 1985-94comparedwith the expectechumbergExp) andstandardized
incidenceratios (SIRs)amongRochesterMinnesota,residentsby ageat the index vertebralfracture

Fracturesite Men Women Both sexes

Obs Exp SIR 95% Cl Obs Exp SIR 95% Cl Obs Exp SIR 95%CI
Initial vertebralfracture beforeage 70 years
Distal forearm 0 032 0 0-11 10 526 19 0.9-35 10 558 1.8 0.9-3.3
Proximal humerus 1 020 49 0.1-27 6 242 25 09-54 7 262 27 1155
Vertebraé 13 0.27 477 25-82 63 5.12 12.3 9.5-16 76 539 141 11-18
Pelvis 0 009 O 0-40 9 1.08 83 3.8-16 9 117 7.7 3.5-15
Proximal femur 1 022 45 0.1-25 7 326 22 0944 8 3.48 2.3 0.99-45
All othersites 6 3.50 1.7 0.6-3.7 29 1396 21 1.4-3.0 35 1746 20 14-28
Initial vertebralfracture at age 70 yearsor older
Distal forearm 2 028 7.1 0.9-26 12 9.34 13 0.7-22 14 9.62 15 0.8-24
Proximal humerus 0 020 O 0-18 17 779 22 1.3-35 17 799 21 12-34
Vertebraé 36 1.22 296 21-41 170 15.84 10.7 9.2-12 206 17.06 12.1 10-14
Pelvis 3 031 96 2.0-28 46 557 83 6.0-11 49 5.88 83 6.2-11
Proximal femur 9 189 48 2290 58 2758 21 1.6-27 67 2947 23 1.8-29
All othersites 9 3.04 3.0 1.4-5.6 55 2958 1.9 1.4-2.4 64 3263 20 15-25

& Repeatvertebralfractures.
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stronger relationship with subsequentdistal forearm
fracturesamongthe youngerindividualsthanthoseat 70
yearsand over (SIR, 2.2 vs 0.8; p=0.052). The other
relationshipsvereunchangedhowever.Specifically the
risk of a subsequenhip fracturewasstill similar for the
younger and older age groups (SIR, 2.2 vs 2.3;
p=0.887).

Discusson

This study providesstrongevidencethat the occurrence
of avertebralfractureis animportantpredictorof future
fracturerisk. Therewere morefracturesof almostevery
type amongmenaswell aswomen,but mostimpressive
was the overall 12.6-fold increasein the risk of a
subsequenvertebralfracture. While thereis consider-
abledebateaboutthe decremenin vertebralbody height
neededto distinguisha new vertebralfracture[22], the
present analysis was basedon clinically recognized
vertebralfracturesthat were confirmedby a radiologist
in the courseof routineclinical care.Theextentto which
this estimatemight be inflated by closer follow-up is
uncertain.It is possible,for example,that radiographic
studiesfor back pain are more likely to be undertaken
when the patient has a history of vertebral fractures.
Neverthelessour finding of an 11-fold increasedisk of
additional vertebralfracturesin womenis in line with
the results of two separate studies by Ross and
colleagues. In their first investigation, among 897
Japanese-Americawomen, the presenceof a single
vertebral fracture at baseline increasedthe risk of
additional vertebralfracturesover 4.7 yearsof follow-
up by a factor of 4.1 (wedge fracture) or 5.3 (crush
fracture);the presencef two or morevertebralfractures
at baselineincreasedherisk 11.8-fold[7]. In the second
study, the presenceof one or two vertebralfracturesat
baseline among 380 mostly white postmenopausal
womenwas associatedvith a 7.4-fold increasein new
vertebralfractureg[8]. In both analysesthe influenceof
baselinevertebralfractureson subsequenfracture risk
wasindependenbf ageandbaselinebonedensity.

The 2.1-fold increasein the risk of a subsequenhip
fracture amongthe womenin this study is consistent
with our previousfinding of a 1.8-fold increasein the
risk of a subsequenhip fractureamong336 Rochester,
Minnesotawomenwho were35-69yearsold atthetime
of their first vertebralfracture[5]. The presentanalysis
extendshe earlierresultby consideringolderwomenas
well, buttherewasa similar increasdan hip fracturerisk
whetherwomenwere underor over 70 yearsof ageat
the time of their initial vertebralfracture.Lauritzenand
Lund [6] reporteda 3.8-fold increasein subsequenhip
fracturesamonga small groupof 70 women60 yearsof
age and over who were hospitalizedfor a vertebral
fracture in CopenhagenDenmark, but such patients
represent small and no doubthighly selectedsubseif
all vertebral fractures [12]. Numerous retrospective
studies confirm that prior vertebral fracture is a risk
factor for hip fractures [23-31]. For example, self-
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reportedspinefractureswere associatedvith a 1.9-fold
increasedisk of hip fractureamong9516womenin the
Study of OsteoporotidFractureqg31]. However,we did
not seethe closerassociatiorof vertebralfractureswith
intertrochanterichip fracturesthanwith fracturesof the
femoral neck that we previously observed among
youngerwomen[5], andwhich hasbeenwidely reported
by others [26,32—-37], nor did we find the strong
concordance between hip and vertebral fractures
amongolder womenandbetweenforearmand vertebral
fracturesamong younger women as predictedby our
formulation of the Type | and Type Il osteoporosis
syndromeq38].

There have beenfew studiesof the associationof
vertebralfractureswith fracturesotherthanthoseof the
spine or hip. We recently reportedthat the risk of a
subsequentvertebral fracture was elevated 5.9-fold
among Rochestermen and women with a first distal
forearmfracture [4]. Converselytherewasonly a 1.6-
fold increasein the risk of a distal forearm fracture
following an initial vertebralfracture in this analysis.
This may relate to the fact that forearm fractures
typically antedatevertebral fractures with respectto
the increasein incidencerateswith ageamongwomen
[18]. The discrepancycould also be due to better
ascertainmenof vertebralfracturesamongpatientswith
a distal forearmfractureif they were closely monitored
but, since relatively few of them were treated for
osteoporosi$4], this seemsan unlikely explanation.ln
the only related reports, there appearedto be an
increasedprevalenceof vertebralfracturesamongwrist
fracturepatientsin Leeds[27]. Therewasalsoa 1.4-fold
increasein the risk of a subsequentdistal forearm
fracture among 681 Rochestermen and women who
were first diagnosedwith a vertebralfracture between
the ages of 35 and 69 years [9]. That study also
documenteda 1.5-fold increasein the risk of limb
fracturesgenerally.In the presentinalysisjt canbeseen
that this increaserelatesto almostevery type of limb
fracture. However, evengreaterincreasesvere seenin
therisk of variousfracturesof the axial skeletonFinally,
clinically diagnosedvertebralfractureswere associated
with a 2.1- to 3.1-fold aggregaténcreasein subsequent
fractures of the spine, hip, proximal humerus,distal
forearm, pelvis or proximal tibia [39], while ‘severe’
vertebral deformities were associatedwith a 4.1-fold
increasean nonspinefracturesamongelderlyindividuals
in the Netherlandg40].

Strengthsof the presentinvestigationinclude the use
of apopulation-basethceptioncohortthatincludedboth
institutionalized and community-dwelling individuals
registeredat the time that their first vertebralfracture
wasrecognized Becauseof the uniqguemedicalrecords
linkage systemin Rochesterwhich providesaccessto
the inpatientand outpatientmedicalrecordsof an entire
community [11], there should be nearly complete
ascertainmenbf initial vertebralfracturesto the extent
that they cameto clinical attention[12]. Likewise, with
the exceptionof vertebralfracturesand possibly some
rib fractures, ascertainmentof the fracture outcomes
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should be completewhetherthey were attendedon an

inpatient or outpatientbasis. This is evidencedby the

fact thatfractureincidenceratesin this communityare3

times higher [18] than reportedfrom the only compar-
able study [41]. Indeed, even the vertebral fracture
incidenceratesin this communityare muchgreaterthan
thosefrom other populations[41-46]. Also, there was
considerablefollow-up and a large number of subse-
quent fractures, which provided adequate statistical
power. A limitation of the study is the generalizability
of thesedatafrom a smallMidwesterncommunitythatis

predominantlywhite and bettereducatedhanthe white

population of the United States[11]. However, the

incidenceof hip fracturesamonglocal residentsage 50

yearsand older (385 per 100000 persons-years} very

closeto the comparablyadjustedrate (394 per 100000
per year) reported for United State whites generally
[16,47]sothe Rochestedataareprobablyrelevantto the

United Stateswhite populationat least.
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