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Abstract The aim of this study was to determine the
contribution of constitutional and lifestyle variables on
the subsequent risk of distal forearm (Colles’) fracture in a
multinational, multicenter, population-prospective
study. A total of 15,745 subjects from the European
Vertebral Osteoporosis Study, who had completed a
baseline questionnaire on lifestyle and constitutional
factors, were followed up annually using a validated
questionnaire to ascertain theoccurrence ofnew fractures.
Risks are expressed as hazard ratios (with 95%confidence
intervals) derived from a Cox proportional hazards re-
gression model. The incidence of Colles’ fracture was 1.7
and 7.3 per 1000 person years in men and women, re-
spectively. In women delayed menarche, over the age of
15 years, was associatedwith amodest increased risk [HR
1.5 (range 1.1–2.0)]. Regular walking in that group also
increased the risk [HR 1.6 (1.2–2.2)] perhaps reflecting the
increased exposure to risk of falling. None of the other
factors examined revealed any important influences. The
results are broadly in line with the few other published
prospective studies suggesting only amodest role for these
factors in influencing susceptibility to fracture.

Keywords Bone mineral density Æ Colles’ fracture Æ
Distal radius Æ European Prospective Osteoporosis
Study Æ Osteoporotic fractures

Introduction

Colles’ fracture (fracture of the distal radius) is one of
the most common sites of osteoporotic fracture and

contributes to significant morbidity. Future lifetime risk
in a woman is reported to be 15% at age 50 years [1] in
the U.S. and over 20% at age 45 years [2] in Sweden. By
contrast, the age-specific incidence in men is 25% of that
[2].

As with all osteoporotic fractures, the occurrence of
Colles’ fracture is explained by a fall in an individual
with low bone density; thus, risk factors for the fracture
might be anticipated to be those associated with these
two processes, including some such as frailty, that might
be common to both.

Retrospective data suggest that low bone mineral
density (BMD) may be of limited importance in pre-
dicting susceptibility in those aged over 65 years [3].
Decreased bone density has been shown in prospective
studies, however, to be an important predictor of fu-
ture Colles’ risk. In the Study of Osteoporotic Frac-
tures (SOF), women in lowest quintile of BMD had
four times the risk of fracture compared with those in
the highest quintile [4]. In the recently reported Dubbo
study there was a 50% increased fracture risk per
standard deviation reduction in BMD, which was ob-
served in both genders [5]. In addition, given the risks
of low BMD, it is perhaps surprising that few lifestyle
risk factors have been shown to be predictive of future
Colles’ fracture in either gender. The data are not
consistent, however, with some studies, for example,
Hemenway et al. [6], suggesting that lifestyle factors are
important, whereas recent studies have suggested only
a limited role for physical inactivity, smoking, body
mass, and co-morbidity [4, 7, 8, 9]. There are, however,
suggestions of a modest effect of female reproductive
variables on risk [10]. The data on physical activity are
indeed supportive that those who are the most active
are at greatest risk [3, 9, 11], suggesting that exercise
increases the likelihood of exposure to falls. The major
difference in incidence between the genders, however,
remains unexplained.

We therefore analyzed the data from the European
Prospective Osteoporosis Study (EPOS) to determine
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the role of host and lifestyle factors on the subsequent
risk of Colles’ fracture in both men and women.

Subjects and methods

Study design

A prospective population study was used based on questionnaire
follow-up to determine the occurrence of fractures in subjects who
had completed a baseline interview on potential risk factors.

Baseline interview

Subjects were recruited from the prospective phase (EPOS) of the
European Vertebral Osteoporosis Study. In brief, subjects aged 50–
79 years were recruited from population-based sampling frames
from 36 European centers, with the aim of recruiting 50 in each of
the 5-year age bands from 50–54 to 75–79 years. Details of re-
cruitment and the response rate (median center 54%) to the base-
line survey are described elsewhere [12]. Each subject was
interviewed using a validated risk factor questionnaire, shown to be
reproducible between centers [13]. Current physical activity level
was based on average time spent daily on walking and cycling.
Data was also collected on the exposure to heavy occupational and
related physical activity during three age periods. Subjects were
asked to self-rate their current health status. Women were asked to
recall their ages at menarche and at natural menopause and data
were collected on oral contraceptive and post-menopausal hor-
mone use. Current steroid use was also obtained. Height and
weight were measured in all subjects.

There were no important differences between questionnaire
responders and an intensively followed-up sample of nonrespond-
ers in the key factors investigated. In a subset of the original
population BMD measurements were also made, details of which
are described in elsewhere [14].

Follow-up

In all, 31 of the 36 originally participating centers agreed to follow
up the subjects studied. These centers provided 7604 men and 8141
women eligible for follow-up. Each subject was sent an annual
questionnaire, (every 6 months for the German Centers) asking
about fractures and falls in the intervening period. Self-reports of
fractures were validated by local review of medical records with the
aim of ascertaining if there was possible radiographic evidence of a
fracture. The sensitivity and specificity of the questionnaire has
been shown to be excellent, with both proportions over 0.9 for
Colles’ fracture in these populations [15]. For the purposes of
analysis, Colles’ fracture was defined by radiographic evidence of
fracture of the distal radius or self-reported by the subject on a
body manikin as occurring in the wrist. In all, only 15 (8%) of the
188 fractures reported were not verified by medical records.

Analysis

All risk factor variables were stratified into categories for sub-
sequent analysis. Body mass index was divided by quintile. Physical
activity was categorized into those reporting only light or moderate
activity vs those reporting heavy activity, at each of the three age
periods of life considered. Walking was categorized into those re-
porting more than 30 min per day. Smoking was categorized into
ever or never and alcohol into less than once per week or above
that level. Other stratifications for all these variables were also
investigated without any important impact on the results.

The date of Colles’ fracture was used in a Cox proportional
hazards regression model to determine the risk of fracture in re-
lation to the baseline variables considered. Subjects were followed

up to the date of last received follow-up questionnaire or death.
Analyses were undertaken stratified by gender and adjusted for age.
Analyses were also repeated after excluding the 8% of unverified
fracture cases. The risk factor results were identical and thus the
analyses presented includes all the fracture cases. Subsequent
analyses were adjusted for institution, but as this had little effect,
the institution unadjusted rates are presented. The analyses were
also repeated including all the risk factors using a multivariate
model. All analyses were undertaken using STATA version 6
(STATA Corp.)

Results

In all, there was a very low loss-to-follow-up rate. After
excluding the 284 men and 167 women who had died,
6451 (88%) and 6936 (87%) of the men and women,
respectively, were followed-up.

The mean (and the median) follow-up were approx-
imately 3.0 years in both genders, and the total person
years of follow-up was 19,662 in men and 21,072 in
women. There were 34 Colles’ fractures in men and 154
in women, equivalent to incidence rates of 1.7 per 1000
(95% CI 1.1–2.3) and 7.3 per 1000 (95% CI 6.1–8.5)
person years, respectively. Despite the large study size,
the number of fractures in men was small; thus, the
confidence intervals around the risk estimates of the
predictors examined were too wide for useful comment;
consequently, only the results from the risk factor data
in women are presented.

A comparison was undertaken of the baseline ques-
tionnaire data between those participating and not
participating in the follow-up (Table 1), and showed
that the nonparticipants were less likely to be regular
walkers, more likely to report poor health, and have a
slightly higher body mass index, a difference which was
statistically significant. In that gender, apart from a
greater use of oral contraceptives in the participants,
there were no other differences in the hormonal and
gynecological variables collected at baseline.

The univariate risk factors in women, adjusted only
for age, for the major lifestyle and related host factors,
are shown in Table 2. In brief, there were no risk factors
recorded on the questionnaire that were strong risk
factors of Colles’ fracture. Most of the hazard ratios in
women were around unity with relatively narrow confi-
dence intervals suggesting that the study did not miss a
major effect. Increased body mass index was not pro-
tective. Similarly, alcohol, smoking, and consumption of
calcium-containing foods had little effect. Perhaps sur-
prisingly, even those who self-reported their general
health to be below satisfactory did not have an impor-
tant subsequent increased risk (HR 1.1, 95% CI 0.8–
1.6). The level of physical activity at three periods of
adult life did not predict future fracture. Interestingly,
those who walked outdoors or cycled more than 1 h/day
had a 60% increased risk. The only ‘‘positive’’ finding
emerged from consideration of the data on hormonal
and reproductive factors; thus, women with a delayed
age at menarche (above the age of 15 years) had a 50%
increased risk of fracture. There was, however, no
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influence of age at menopause. On multivariate analysis
the findings remain broadly unaltered (Table 2), the in-
creased risk from walking still being apparent; however,
those who had a menarchal age of 15 years or over were
no longer at significantly increased risk. The number of
all participants who had had a baseline BMD [13] was
too small for useful analysis on the risk of Colles’ frac-
ture.

Discussion

This was a very large population-based prospective
study, across a number of populations in Europe with
high follow-up rates and utilizing a validated approach
to the detection of distal radius fracture. The main
finding is thus ‘‘disappointing’’ in revealing very little
evidence that lifestyle/host factors are linked to Colles’
fracture. As discussed below, however, our findings are
consistent with previous reports and other recently
published prospective studies.

There are some methodological issues that need to be
addressed before reaching conclusions on the role of
lifestyle factors in this fracture. Firstly, there is always
the possibility of selection bias introduced by the pop-
ulation sampling, nonresponse to initial baseline survey,
and loss to follow-up. These factors are unlikely to be
important in explaining the results observed. The sam-
ples in each center were derived from true population
sampling frames [11], and a detailed analysis of the
baseline nonresponders did not reveal any bias toward a
higher or lower risk of fracture [16]. More importantly,
the follow-up in those who participated in the baseline
was high and again, as shown in Table 2, the differences
that did emerge were not consistently in the direction of
either a presumed higher or lower risk of fracture, al-
though participants were less likely to report poor gen-
eral health and, in women, were less regular walkers.
Furthermore, such nonparticipation could have only
influenced the results if the relationship between risk
factors and participation was selectively different be-

tween those developing and not developing a fracture,
which seems unlikely.

A second concern is that the levels of inaccuracy in
the baseline assessment was such that random misclas-
sification achieved the level that reduced the likelihood
of finding real differences. The reproducibility of the
questionnaire had already been demonstrated to be good
[13]. Furthermore, the construct validity of some of the
items had already been proven in relation to vertebral
deformity; thus, we have already demonstrated that low
body mass, decreased walking, heavy activity in men,
regular alcohol use, and some of the gynecological
variables ascertained by this approach were associated
with vertebral deformity [17, 18, 19, 20].

These results also confirm findings from other studies
using different approaches, thereby supporting our con-
clusions; thus, in the U.S. Health Professionals Study of
men there were few risk factors for wrist fracture in-
cluding the absence of an effect for smoking, alcohol, and
body mass [8]. No influence was found for general health,
physical activity, or smoking in a case control study from
Sweden [10]; indeed, those authors concluded that ‘‘life-
style factors did not discriminate between fracture pa-
tients and controls.’’ More recently, the Dubbo
prospective study revealed very few risk factors for
fracture apart from low femoral neck bone density in
both genders, low dietary calcium in men, and a history
of falls in women [4]. Similarly, the Study of Osteopo-
rotic Fractures prospective study, restricted to women
over 65 years, identified recurrent falling as the most
important lifestyle factor [21]. The Blue Mountains Eye
Study [9] also found few lifestyle risk factors but no re-
cent vigorous activity was strongly protective. Interest-
ingly, a recent study from the Mayo Clinic failed to find
an important contribution from factors associated with
secondary osteoporosis to distal forearm fracture risk
[22], unlike their influence on hip and spinal fracture.

The suggestion from our data that a delayed age at
menarche is interesting and consistent with the results of
the possible protective effect of a late menopause found
in the Swedish Study [10]. We also found a relationship

Table 1 Baseline characteristics
of the female eligible
population. OCP oral
contraceptive pill, HRT
hormone replacement therapy

*p<0.05
aExcludes subjects who had
died
bSum of no. of days on which
milk products are consumed
(range0–35)

Variable Participated Mean or
percentage

Yes Noa Difference

Age at interview (years) 63.1 63.9 )0.8 years*

Body mass index (kg/m2) 27.2 27.5 )0.3 kg/m2*

Walking or cycling an hour or more daily (%) 45.7 38.3 7.4%*

Heavy/very heavy activity from age 50 years(%) 18.7 20.6 )1.9%
Poor/not so good general health (%) 25.9 35.8 )9.9%*

Ever smoked (%) 31.3 29.6 1.7%
Alcohol consumption ‡1 day/week (%) 26.5 23.8 2.7%
Total no. of calcium daysb 12.7 12.5 0.2
Age at menarche (years) 13.7 13.8 )0.1 years
Age at last period (years) 49.0 48.4 0.6 years*

Fertile years 35.3 34.6 0.7 years*

Taken OCP for more than 3 months (%) 18.1 15.6 2.5%
Taken female sex hormones around/after menopause (%) 20.5 20.1 0.4%
Taken HRT continuously for more than 1 year (%) 11.0 10.5 0.5%
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Table 2 Risk factors for distal
forearm fracture in women. RR
relative risk, CI confidence
interval

aUnivariate model adjusted for
age (*p<0.05)
bMultivariate model
aSum of no. of days on which
milk products are consumed
(range 0–35)

Total no.
of fractures

Total no. of
person years

RR
(95% CI)a

RR
(95% CI)b

Age (years)
50–54 16 4194 Referent Referent
55–59 33 4538 1.9 (1.0, 3.5)* 1.3 (0.6, 2.9)
60–64 28 4123 1.8 (0.9, 3.3) 1.3 (0.6, 2.8)
65–69 34 3617 2.5 (1.4, 4.5) 2.0 (0.9, 4.3)
70–74 24 2891 2.2 (1.1,4.1)* 1.9 (0.8, 4.3)
75–79 19 1708 2.9 (1.5, 5.6)* 2.4 (1.0, 5.8)

Body mass index (quintiles)
Lowest 28 4199 Referent Referent

2 37 4052 1.4 (0.8, 2.2) 1.7 (0.9, 3.1)
3 32 4058 1.1 (0.7, 1.9) 1.4 (0.7, 2.7)
4 23 4111 0.8 (0.5, 1.4) 1.0 (0.5, 1.9)

Highest 31 4171 1.1 (0.7, 1.8) 1.5 (0.8, 2.9)
Activity(age 15–25 years)

Light/moderate 105 13,263 Referent Referent
Heavy 47 7119 0.8 (0.6, 1.1) 0.8 (0.5, 1.3)

Activity(age 25–50 years)
Light/moderate 95 12,473 Referent Referent

Heavy 57 7909 0.9 (0.7, 1.3) 1.2 (0.7, 2.0)
Activity (age 50+ years)

Light/moderate 130 16,595 Referent Referent
Heavy 22 3692 0.8 (0.5, 1.2) 0.6 (0.3, 1.2)

Walking/cycling outdoors
£ 1 h 63 10,797 Referent Referent
>1 h 89 9726 1.6 (1.2, 2.2)* 1.5 (1.0, 2.3)*

Ever smoked
No 104 14,454 Referent Referent
Yes 50 6609 1.1 (0.8, 1.5) 1.4 (0.9, 2.0)

Alcohol consumption
<1 day/week 108 15,105 Referent Referent
‡1 day/week 44 5434 1.2 (0.8, 1.7) 1.0 (0.6, 1.5)

Consumed milk
None 37 5272 Referent Referent

1+ days/week 114 15,238 1.0 (0.7,1.5) 1.1 (0.7, 1.7)
Total calcium intake: tertilea

Low 57 8288 Referent Referent
Middle 50 6082 1.2 (0.8, 1.7) 1.0 (0.6, 1.6)
High 47 6702 1.0 (0.7, 1.5) 0.8 (0.5, 1.3)

Steroid treatment
No 142 18,728 Referent Referent
Yes 7 1253 0.7 (0.3, 1.6) 0.6 (0.2, 1.7)

General health
Satisfactory or better 108 15,324 Referent Referent
Less than satisfactory 46 5699 1.1 (0.8, 1.6) 1.0 (0.6, 1.5)

Age at menarche (years)
<15 91 14,557 Referent Referent
‡15 59 6299 1.5 (1.1, 2.0)* 1.3 (0.8, 2.1)

Age at menopause: tertile
Low 36 5090 Referent Referent

Middle 27 5274 0.8 (0.5, 1.3) 1.0 (0.4, 2.1)
High 54 5228 1.5 (0.9, 2.3) 1.6 (0.6, 4.4)

Fertile years: tertile
Low 38 5131 Referent Referent

Middle 28 5238 0.8 (0.5, 1.2) 0.7 (0.3, 1.5)
High 48 5073 1.3 (0.9, 2.1) 0.9 (0.3, 2.5)

Oral contraceptive pill over 3 months
£ 3 months 133 16,626 Referent Referent
>3 months 19 3866 0.8 (0.5, 1.3) 1.0 (0.5, 1.8)

Hormone replacement therapy
Never 117 16,044 Referent Referent
Ever 33 4386 1.2 (0.8, 1.7) 1.2 (0.6, 2.4)

Hormone replacement therapy
£ 1 year 135 17,864 Referent Referent
>1 year 14 2331 0.9 (0.5, 1.6) 0.7 (0.3, 1.9)
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of similar strength with age at menopause, but the
confidence interval did not exclude unity; the latter is
possibly more difficult to define accurately given varia-
tions in definition and the impact of artificial meno-
pause. We had previously demonstrated good
reproducibility of recalled menopausal age in this pop-
ulation [12].

The BMD was only assessed in a modest subsample
of these subjects at baseline [14], mainly for resource
reasons, and thus there were insufficient data to examine
the role of BMD in predicting fracture. Distal forearm
fracture is related to low bone mass, although the
strength of the association is variable and may be
modest [4, 5, 23]. In particular, BMD is less predictive of
postmenopausal fracture [5]. These data suggest that this
fracture is more related to peak bone mass rather than
subsequent loss; hence, it is perhaps not surprising that
‘‘current’’ lifestyle factors have little effect.

Finally, wrist fracture results from a fall and there are
several subject characteristics that predict falling in-
cluding poor eyesight, postural instability, and general
frailty [9, 24, 25]. Most of these factors were not assessed
in the current study, although we were surprised that
poor self-reported general health did not emerge as a
risk factor. Our data did show that those who walk the
most were at greatest risk. This is consistent with a
previous case control study [11] and suggests that any
beneficial effect of this exercise on bone and muscle mass
is attenuated by the increased exposure to the potential
for falling.

The conclusion from the existing literature, confirmed
by the present study, is that the typical ‘‘osteoporotic’’
lifestyle factors assessed do not suggest areas for pre-
vention of distal radius fracture; thus, greater emphasis
needs to be focused on factors such as poor vision [9]
which increase the risk of falling.
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