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Abstract. This prospective population-based cohortKeywords: Calcium; Forearm fracture; HRT; Osteo-
study investigated factors predicting distal forearmporosis; Risk factor

fracture (DFF) in perimenopausal women. The study
population consisted of 11 798 women from the Kuopio

Osteoporosis Risk Factor and Prevention (OSTPRE)

Study in Finland. Mean baseline age of these womeinntroduction

was 52.3 (SD 2.9) years (range 47-56 years) and 68%

were postmenopausal. Three hundred and sixty-eigibistal forearm fracture (DFF) is the most common
women (3.1%) had a validated DFF during the 5-yeafracture of perimenopausal women. Risk factors for DFF
follow-up. Previous wrist fracture, postmenopausal statehave recently been investigated in several epidemiologic
age and nulliparity were independent predictors of DFFstudies [1-7]. These studies have often been carried out
while hormone replacement therapy (HRT), dairyin elderly women [3,6]. Some have been retrospective
calcium and overweight protected against it in multi-[1,5,7] and some have combined hip and forearm
variate Cox regression analysis: previous wrist fracturdractures into a single endpoint [2]. There are no
increased the DFF risk by 158%<0.0001), menopause prospective population-based studies of risk factors for
by 69% = 0.002) and age by 6% per yeqr< 0.010), DFF in perimenopausal women. It is well known that
whereas the continuous use of HRT decreased the risk lgw bone mineral density (BMD) is associated with DFF
63% (p = 0.0001), the use of dairy calcium at 1000-1499[3,8-10], but other factors have not been found to be
mg/day (vs <500 mg/day) by 39%p (= 0.004), consistently related to it [1-7]. The risk factor profile of
overweight (BMI >25 kg/rf) by 36% @ = 0.0002) and forearm fracture seems to differ from those of humerus,
parity by 29% p=0.031). Combining dichotomous low hip or ankle fracture [3,6,7]. Risk factor profiles may
weight, low use of calcium, non-use of HRT andalso vary with age. Therefore, it is important to
previous wrist fracture into a risk score gave a dose-gletermine risk factors for DFF in women from different
response effect by score level: the presence (vs absencsje groups.

of all four risk factors resulted in a 12-fold DFF risk.  The purpose of this study was to examine prospec-
Nevertheless, the sensitivity and specificity of the scoraively which factors predict peri- and early postmeno-
for detecting DFF remained low. It was concluded thatpausal DFF.

HRT, high nutritional calcium intake and overweight

protect against but a history of wrist fracture predisposes

to perimenopausal distal forearm fracture. A simple fiSKSubjects and Methods

factor inquiry would help to identify perimenopausal

women at high risk of distal forearm fracture. Design and Study Population

This was a 5-year prospective population-based cohort
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162940.e-mail: risto.honkanen@fimnet.fi postal inquiry was sent to all 1220 women aged 47-56
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yearsand residentin Kuopio Province,Finlandin May
1989 [7]. A total of 13100 (92%) women responded.
The 5-year follow-up inquiry was carried out in May
1994. The presentstudy population consistedof the
11798 (83%) womenwho respondedo both inquiries.

Variables

The baseline inquiry included questions about risk
factorsand the 5-yearinquiry included information on
fracturesand HRT useduring the follow-up.

Fracture History. Fracture history was elicited at
baseline as follows: ‘Have you sustainedany bone
fractures since the age of 15?7’ The participant was
requestedo list all fractureswith bonesitesandyearsof
occurrence. The number of self-reported previous
fracturesat baselinewasdichotomized:noneversusl+.

Follow-up Fractures.Reportedfollow-up fractureswere
validated against radiographic reports in the patient
records Only a validatedfollow-up fracturewasusedas
an endpointevent.

HormoneReplacemenTherapy(HRT). At baseline the
lifetime useof HRT in yearswasaskedabout.In the 5-
year inquiry, the women were requestedto list the
numberof monthsof HRT usagegor eachfollow-up year
separatelyHRT was examinedwith threevariables:(1)
a dichotomousvariable for HRT before baseline,(2) a
dichotomousvariable for HRT at baseline,and (3) a
trichotomousvariablefor HRT during follow-up.

MenopauseA womanwasregardedas postmenopausal
if 6 monthshadelapsedsinceherlastmenstruatioror if
her history of HRT usewas 6 monthsor more.

Anthropometry Body massindex (BMI) was computed
asthe ratio of weightin kilogramsto heightin meters
squared. BMI was categorized according to the
international obesity classification[11]: <18.5 = thin,

18.5-24.9= normal, 25.0-29.9= overweightand 30.0+
= obese Sincetherewere few thin women(0.5%), thin

and normal were combinedinto a single category.A

dichotomoudow-weight variablewith a cutoff point of

22 kg/n?, i.e., 1 SD below the study populationmean,
wasalsoused.

Calciumintake.Calciumintakefrom dairy productswas
usedasthe indicatorof calciumintake.Informationwas
obtainedfrom two questions{1) how manydecilitersof

milk and other liquid milk productsdo you consume
daily on averageand(2) How manyslicesof cheeselo

you usedaily on averagehe daily calciumintakewas
the sum of that from liquid milk products(120 mg/dl)

andcheesg87 mg/slice).

Physical Activity. Regular physical activity during
leisure time was treated as a trichotomous variable:
none,1-3 h perweek,or 4 h or more per week.
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Health Status. The number of self-reported chronic
healthdisorderdiagnosedy a physician,andlong-term
work disability, were the health statusvariables.They
weretreatedas dichotomousvariables.The cutoff point
in the formerwasnoneor oneversustwo or morehealth
disorders.

Useof Drugs. The numberof prescribeddrugsin useat
baselinewastreatedasa trichotomizedvariable:none,1
or 2 drugs,3 or moredrugs.

Risk Score.The risk scorewas computedasthe sum of
the four following dichotomousvariables:dairy calcium
intake<500mg = 1, else= 0; no HRT during follow-up
=1, else= 0; BMI <25 =1, else= 0; andwrist fracture
history positive = 1, else = 0. In an alternative
computationHRT during follow-up was replaced by
HRT useat baseline.

StatisticalMethods

The chi-squaredtest was usedto comparecategorical
variabledistributions,and ANOVA to comparemeansof

continuous variables. Relative risks (both uni- and
multivariate) were estimated as hazard ratios (HR)

with Cox regressionThe nonlineareffect of continuous
variableswas examinedby adding quadraticterms for

thosevariablesto the Cox model.

Results

A total of 382 validated distal forearm fractureswere
sustainedby 368 women (3.1%) during the 5-year
follow-up, correspondingo anannualincidenceof 6.48/
1000 persons.Ninety-three percentof these fractures
were sustainedn falls.

The meanbaselineagefor the entire studypopulation
was 52.3 (SD 2.9; range47-56) years.Womenwith a
DFF were older than thosewithout one (Table 1). The
menopausastatusof 1178(10.0%)womencould not be
defineddue to hysterectomybeforethe menopauseOf
the remaining 10620 women, 7217 (68.0%) were
postmenopausalt baseline.Table 1 showsthat women
with DFF had a lower body weight and calcium intake,
used HRT at baseline and during follow-up less
frequently but reported health disorders and past
fractures more often than women without DFF. Past
wrist fracturewasstronglyassociatedavith DFF, but past
nonwrist fracture was not. Regular physical activity
during leisure time showeda trend toward increasing
ratherthan decreasinghe risk of DFF.

Table 2 presents univariate analyses using Cox
regressionand Table 3 presentsthe final multivariate
model with all independentvariables simultaneously
enteredinto the Cox regressiormodel. Five percentof
womenreporteda pastwrist fracture which wasa strong
predictor of subsequenDFF. Current HRT was the
strongestpreventivefactor: the continuoususe of HRT
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Table 1. Baselinecharacteristicof the study population(n =11798) accordingto the distal
forearmfracturestatusithe Kuopio OsteoporosiRisk FactorandPreventionOSTPRE)Study

Characteristic Fracture No fracture  Total
(n = 368) (n=11430) (n=11798)

Meanage,years 53.2(2.9)*** 52.3(2.9) 52.3(2.9)
Mean height,mm 1610(54) 1612 (53) 1612 (53)
Meanweight, kg 66.3(11.2)** 68.3(11.7) 68.2(11.7)
MeanBMI, kg/m? 25.6(3.9)** 26.3(4.3) 26.2(4.3)
Meandairy calciumintake, mg/day 750 (359)*** 833(397) 830 (396)
Postmenopaus#?6) 80.7*** 67.5 68.0
Nulliparous (%) 16.2%* 10.9 11.1
Bilateral oophorectomy(%o) 3.9 5.8 5.7
Hysterectomy(%)? 10.9 10.9 10.9
HRT

By baseline(%) 33.2 33.0 33.0

At baseline(%) 14.0** 211 20.9

During follow-up (%) 30.0%** 41.4 41.0
Smoking (%) 9.5 11.1 11.0
Physicalactivity, regularleisure-time(%) 56.4 51.8 52.0
No. of healthdisorders 2+ (%) 38.0** 31.3 315
Long-termwork disability (%) 20.4 17.8 17.9
Fracturehistory

Any (%) 26.9%** 16.7 17.1

Wrist (%) 13.0%** 4.8 5.1

Nonwrist (%) 13.9 11.9 12.0

Difference betweenfractureversusnonfracturecases*p<0.05; ** p<0.01; *** p<0.001.

2Without bilateral oophorectomy.

throughoutthe follow-up decreasedhe risk by 57%,
while baselineuse of HRT decreasedhe risk by 38%
(Table 2). However, pastuse of HRT did not protect
from DFF (Table 1). ReplacingHRT during follow-up
with HRT at baselindn the multivariatemodel(Table3)
did not affect therisksrelatedto othervariables Higher
calciumintakeandoverweightalsoprotectedrom DFF.
Low weight (BMI either<18.50r <22.0kg/n") did not
predict DFF. The relationsof DFF to HRT, BMI and
calcium showeda dose-responseffect or at least a
trend. Baselineheight, physical activity during leisure
time, smoking, HRT before baseline, hysterectomy,
bilateral oophorectomy,long-term work disability or
number of prescribeddrugs were not associatedwith
DFF. Thenumberof healthdisordersasathree-category
variablewasassociateavith DFF in univariatebutnotin
multivariate analysis.

The effect of parity on DFF wasslightly curvilinear:
in the Cox model,whichincludedafive-category(0, 1 or
2,3 o0r 4,5 or 6 and7+ children)parity andits quadratic
term, the quadratic term was statistically significant
(p=0.01).Thecorrespondindnazardratios(HRs)without
a quadraticterm were: 1.0 (referent),0.69 (0.51-0.93),
0.58(0.42—-0.79)0.64(0.41-1.01)pnd0.71(0.30-1.63),
respectively. After adjustingfor independenpredictors
of DFF, the parity categoryof 3 or 4 children still
showeda lower DFF risk thanthe nulliparouscategory,
with a HR of 0.69(0.49-0.96).

The joint effectsof the principal risk factors were
additive (Table 4). The proportion of women with all
four risk factors (no HRT during follow-up, calcium
intake <500 mg/day,BMI <25 kg/m? and previouswrist

fracture)in the total study populationwassmall (0.6%).

Replacingthe HRT during follow-up with the HRT at

baselinevariablein the scoreresultedin slight (3—7%)

decrease the valuesof risk factor scorecategoriesl—

3, but decreasedhe category4 value from 11.7t0 5.6

(Table 4). The sensitivity and specificity of the risk

factor score for detecting DFF were 93% and 16%,

respectively,if the cutoff point was betweencategories
NoneandOne(Table4), but 15% and94%if the cutoff

point was setbetweencategoriesTwo and Three.

Sub-analyses

Analysesof the 7217women(with 268 DFF) who were
postmenopausaht baselineshowedslight but statisti-
cally nonsignificantstrengtheningf the HRT, BMI and
wrist fracture effects comparedwith the entire study
population(datanot shown).Therisk factorscore(Table
4) gavethe following HR valuesfor categoriesOne to
Four,respectively3.19(95%ClI 1.66-6.11)5.35(2.79—
10.3);10.5(5.3-21.2)and 31.0(9.7-98.9).

An analysisof the 5874 women(with 202 DFF) who
had neverusedHRT producedthe following univariate
HR valuesfor dichotomousvariables:history of wrist
fracture,2.62(95%ClI 1.72-3.98) postmenopausatate,
2.27(1.60-3.21)dairy calcium>499mg/day,0.66 (95%
Cl 0.47-0.92)and BMI >24.9kg/n?, 0.74(0.56—0.98).
The 2032womenwho usedHRT for >2.5 yearsduring
follow-up (36 DFF) showeda strongercalcium effect
than the 3226 postmenopausaivomen who had never
usedHRT (141 DFF), with HRsof 0.44(0.22—-0.88)and
0.72 (0.48-1.10),respectively.No statistically signifi-
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Table 2. Distal forearm fracture (DFF) risk related to selected
baselinevariables:univariateanalysis

Variable (no. of women) DFF HR  95%CI p value
Age, peryear (11 798) 368 1.11 1.08-1.16 <0.0001
Menopausaktatus

Pre (3403) 64 1.0

Post(7217) 268 2.00 1.52-2.62 <0.0001
Dairy calciumintake, mg/day

<500(1997) 88 1.0

500-999(5877) 174 0.67 0.52-0.86 0.002
1000-14992593) 66 0.57 0.42-0.79  0.0006
1500+ (586) 12 046 0.25-0.84 0.012
HRT at baseline

No (9229) 312 1.0

Yes (2433) 51 0.62 0.46-0.83 0.001
HRT during follow-up

None (6880) 254 1.0

Partly (3529) 89 0.68 0.53-0.86 0.0016
Throughout(1252) 20 0.43 0.27-0.67  0.0003
Body massindex, kg/m?

<25.0(5213) 192 1.0

25.0-29.9(4510) 131 0.79 0.63-0.98 0.033
30.0+(1968) 43 0.59 0.42-0.82 0.002
Low weight

No (BMI 22+)(10183) 314 1.0

Yes (BMI <22) (1508) 52 1.12 0.83-1.50 0.450
Chronichealthdisorder

Noneor one (8084) 140 1.0

Two or more(3714) 228 1.35 1.09-1.66 0.006
Wrist fracture history

No (11201) 320 1.0

Yes (597) 48 2.89 2.13-391 <0.0001
Nonwrist fracture history

No (10383) 317 1.0

Yes (1415) 51 1.18 0.88-1.59 0.266
Parity

Nulliparous(1304) 59 1.0

Parous(10434) 305 0.64 0.49-0.85 0.002

HR, hazardratio.

cantdifferencesin risk factor effectsbetweernsubgroups
were detected.

Discussion

The mainfindingsof this studywerethat HRT, calcium
and overweight protect from distal forearm fracture
(DFF) and that a history of previous wrist fracture
considerablyelevatests risk.

This wasa large-samplestudy with 368 womenwith
endpointevents.Our target populationconsistedof all
women aged 47-56 years resident in a defined
geographicarea.Since 83% of them respondedo both
baselineand5-yearinquiries (our study population),we
canassumehatour resultsrepresentvell the Caucasian
Finnish population. According to our validation study,
the sensitivity of self-reportfor detectingdistal forearm
fractureis 95% [12]. The proportion (5%) of fractures
whichremainedunreporteds too smallto haveseriously
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Table 3. Independenpredictorsof distal forearmfracture: the final
multivariate Cox model with all the variables in the table
simultaneouslyin the model

Predictor HR 95% Cl p value
Age, years 1.06 1.01-1.11 0.010
Postmenopasal 1.69 1.22-2.35 0.002
Body massindex, kg/m?

<25.0 1.0

25.0-29.9 0.73 0.57-0.93 0.012

30+ 0.44 0.30-0.66 <0.0001
Dairy calciumintake, mg/day

<500 1.0

500-999 0.70 0.53-0.92 0.012

1000-1499 0.61 0.43-0.85 0.004

1500+ 0.48 0.25-0.92 0.028
HRT during follow-up

None 1.0

Partof the time 0.64 0.48-0.84 0.002

Throughout 0.37 0.23-0.61 0.0001
Wrist fracturehistory

None 1.0

Oneor more 2.58 1.84-3.62 <0.0001
Parity

Nulliparous 1.0

Parous 0.71 0.52-0.97 0.031

HR, hazardratio.

Table 4. Distal forearmfracture (DFF) risk relatedto the risk factor
scoré in perimenopausalvomen

No. of risk factors DFF HR 95% Cl p value
(no. of women)

None (1729) 23 1.0

One (5202) 135 1.96 1.26-3.06 0.003
Two (3280) 128 297 1.91-4.63 <0.0001
Three(622) 45 5.67 3.40-9.27 <0.0001
Four (28) 4 11.7 4.05-33.8 <0.0001

HR, hazardratio.

&Sum of four dichotomousrisk factors: calcium <500 mg/day, no
HRT during follow-up, BMI <25 kg/m? positive wrist fracture
history.

biased the results. About 5% of self-reportedwrist
fractureswere in fact soft tissueinjuries which were
reclassifiedinto the non-DFFgroup during the fracture
validation process.

The limitations of this study are that risk factor
information was self-reported HRT useduring follow-
up was retrospectively inquired about, and bone
densitometry data were not available. It can be
guestionedwhether differential recall of HRT biased
the associationbetweenHRT and DFF. Fractureand
HRT informationwereindeedcollectedwith the sames-
yearquestionnairealthoughtheywereaskedn different
sectionsof the large form. Therefore,we believe that
recall biaswas minimal.

We choseto use follow-up HRT as the main HRT
indicator in this study, sinceit protectedfrom fracture
more effectively than did pastor baselineuse. Similar
findingshavebeenreportedin the literaturewith regard
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to both early postmenopausabone loss [13] or hip
fracture [14]. The distal end of the radius is mostly
trabeculabonewhich showsrapidearly postmenopausal
bonelosswithout HRT [15]. Therefore,using informa-
tion solely on baselineHRT use could not have been
regardecasadequatdor evaluatingthe effectof HRT on
fracturerisk.

Menopauseand age were strongly associatedwith
DFF in theseperimenopausavomenaged48-61years
(meanage55 years)atthe midpointof the 5-yearfollow-
up period. This agreeswell with the female incidence
curvesof DFF, which usually show a rapid increaseat
this age[16]. The DFF incidencein our study (6.5/1000
per year) was alsothe sameasthat of the womenaged
50-59 years in that Swedish study [16]. Menopause
remaineda significantpredictorafteradjustingfor age.lt
has beenshownthat DFF is a bone-density-depeecit
fractureandthatthe associatiorbetweerDFF andBMD
is possibly even stronger than that between other
fracturesand BMD [8—10]. The distal end of the radius
experiencesrapid bone loss around menopausg15],
which probably explains the major part of the
menopauseffect on the DFF risk.

Parity wasrelatedto DFF, nulliparouswomenbeing
at a slightly increasedrisk. Similar findings have
previously beenreportedfor distal forearm[5] and hip
fractureq17]. In their recenthip fracturestudy,Fujiwara
et al. [17] found also that multiparous (>4 children)
womenwere at a higher risk than womenwith 1 or 2
children.We noticedonly a trendin this direction. It is
not knownwhetherthe highrisk in the nulliparousis due
to geneticfactors,low premenopausastrogerevelsor
behavioralfactors.

In our previousretrospectiveanalysison this same
study population[7], we found that height was slightly
relatedto premenopausdFF. In this study,mostof the
fractureswere postmenopausand such a relationship
was no longer detected. Some previous studies on
osteoporoticfractures (hip and/or forearm) have in-
dicatedthat low weightis alsoa risk factor for forearm
fracture.In our study,low weightwasnot a risk factor,
whereasoverweightwasa protectingfactor.

The present finding that previous wrist fracture
history strongly predictsDFF accordswith observations
that previousfragility fracturespredictfuture ones[18—
20]. The relationshipis probably due to low (peak)
BMD, since DFF is bone-density-dpendent][3,8—10].
Wrist fracturein perimenopausavomenappeargo be
stronglyrelatedto low BMD, whereasonwristfractures
may have a more diversebackgroundincluding higher
traumapropensity[20].

This is oneof the very few studiesto showaninverse
relationship betweencalcium intake and fracture risk
[21], and the first to demonstratét in perimenopausal
women.Previousrandomizectlinical trials haveusually
failed to observean associatiorbetweencalciumintake
andearly postmenopausdloneloss[22]. Our finding is
thusimportantand supportsthe hypothesighat calcium
may partially protect againstbone loss evenin acute
estrogendeficiencyof early postmenopausalears.This
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accordswith our hypothesig23] thatthe calcium effect
canmosteasilybe demonstratedh metabolicallyactive
bone sites such as the distal end of the radiusin this

phaseof life [15]. Interestingly fracturerisk in this study
showed a decreasingtrend even when moving from

sufficient intake (dairy milk 500-1499mg/day)to the

highest intake category of above 1499 mg/day. In

Finland about 80% of calcium is obtainedfrom milk

products[24]. This suggestghat a total calcium intake
well in excessof 1000 mg/daymay be beneficialin the

prevention of early postmenopausalDFF. This is

congruentwith a recentfinding that high daily calcium
intake levels of 1500-2000mg/day might give some
additional protection againstsecondaryhyperparathyr-
oidism and bone loss in postmenopausalwomen
comparedwith mean intakes of about 800-1000mg/

day [25].

However,it is possiblethatthe full calciumeffectcan
be achievedonly with simultaneouddRT [26]. Accord-
ingly, the calcium effect in our study lost part of its
strengthwhenHRT userswvereexcludedwhich suggests
that HRT strengthensthe calcium effect in early
postmenopausatomen.

The use of HRT during the follow-up was strongly
associatedwith DFF. This supports the results of
previous observational studies suggestingthat HRT
preventship and forearmfractures[14,27]. In addition,
we have recently shown experimentally that HRT
preventsearly postmenopausdfacturesin general[28].

Smokingand self-reportedregular physical activity
duringleisuretime werenot relatedto DFF. Poorhealth
status or use of prescribeddrugs seemednot to be
predictorsof DFF either. Thesenegativefindingsarein
line with most previous studies and also with our
retrospectiveanalysison thesesamewomen[1-7].

Combiningseveralrisk factorsinto a scoreimproved
the specificityof DFF prediction.However,sinceonly a
fraction of the populationhadthreeor four of the most
potentrisk factors,the sensitivity of sucha combination
to detect DFF was low. Previous attemptsto use a
different risk factor combinationas a diagnostictestto
detect osteoporoticfracturesalso producedunsatisfac-
tory results[29]. However,the gradientof relative risk
accordingto scorelevel confirmsthe independencef
risk factorsandimplies that calciumand/orHRT would
benefitall, but particularlythosewho arenot overweight
and presenta history of wrist fracture.

In conclusion, previous wrist fracture predicts and
overweightprotectsagainstperimenopausadlistal fore-
arm fracture, whereascalcium and HRT seemto be
effective in its prevention. Combining several risk
factors into a risk score may help to identify
perimenopausalvomen at high risk of distal forearm
fracture.
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