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Abstract
Summary Usingdata fromtheCanadianMulticentreOsteoporosisStudy, several risk factorspredictiveof imminent (2-year) riskof low-
trauma non-vertebral fracture among high-risk womenwere identified, including history of falls, history of low-trauma fracture, poorer
physical function, and lower T score. Careful consideration should be given to targeting this population for therapy.
Purpose Fracture risk assessment has focused on a long-term horizon and populationswith a broad risk range. For elderlywomenwith
osteoporosis or low bone mass, or a history of fragility fractures (“high-risk women”), risk prediction over a shorter horizon may have
greater clinical relevance.
Methods Arepeated-observationsdesignanddata fromtheCanadianMulticentreOsteoporosisStudywereemployed.Studypopulation
comprisedwomenaged≥ 65yearswithTscore (total hip, femoral neck, spine)≤ − 1.0or prior fracture.Hazard ratios (HR) for predictors
of low-trauma non-vertebral fracture during 2-year follow-up were estimated using multivariable shared frailty model.
Results The study population included 3228 women who contributed 5004 observations; 4.8% experienced low-trauma non-vertebral
fracture during the 2-year follow-up. In bivariate analyses, important risk factors included age, back pain, history of falls, history of low-
trauma fracture, physical function, health status, and total hip T score. In multivariable analyses, only four independent predictors were
identified: falls in past 12months (≥ 2 falls: HR= 1.9; 1 fall: HR= 1.5), low-trauma fracture in past 12months (≥ 1 fracture: HR= 1.7),
SF-36 physical component summary score (≤ 42.0: HR = 1.6), and total hip T score (≤ − 3.5: HR = 3.7; > − 3.5 to ≤ − 2.5:
HR = 2.5; > − 2.5 to ≤ − 1: HR = 1.3).
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Conclusions Imminent risk of low-trauma non-vertebral fracture is elevated among high-risk women with a history of falls or
low-trauma fracture, poorer physical function, and lower T score. Careful consideration should be given to identifying and
targeting this population for therapy.
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Introduction

Fractures among the elderly are a major cause of morbidity,
mortality, and healthcare costs, especially those involving
the hip [1, 2]. Loss of cortical and trabecular bone mass—
and resulting osteoporosis—with advancing age and en-
hanced bone fragility is widely considered to be the major
cause of fragility fractures occurring after minimal trauma
in older persons. A number of other risk factors (e.g., frac-
ture history, falls history, risk factors for falls) have been
identified via risk assessment equations such as the
Fracture Risk Assessment tool, the QFracture algorithm,
and Garvan’s fracture risk calculator, as well as other pub-
lished models [3–11]. With two exceptions [7, 10], how-
ever, evaluation of fracture risk has focused on a longer-
term horizon (e.g., 10 years), populations with a broad age
and risk range, or populations that are institutionalized.

For populations comprising women of advanced age
with established osteoporosis or low bone mass, or a his-
tory of fragility fractures (collectively, “high-risk wom-
en”), risk prediction over a shorter horizon (e.g., 1 year
or 2 years) may have greater clinical relevance and thus
may be more pertinent to patients, physicians, and payers.
Moreover, the relative importance of age, bone mineral
density (BMD), and other time-dependent risk factors
(e.g., fracture history or falls history) may be different in
the prediction of imminent fracture among this high-risk
population of women versus the prediction of long-term
fracture among a general population of women.

To date, only one published study has evaluated risk
factors for imminent fracture in elderly high-risk women
[7]. In this evaluation, data from the Study of Osteoporotic
Fractures (SOF) were used to identify factors contributing
to the 1-year risk of hip fracture and non-vertebral fracture,
respectively, among osteoporotic women aged ≥ 65 years.
Because results based on data from the SOF may not be
generalizable to other populations, additional evidence
from other data sources is needed to improve our under-
standing of the relationship between risk factors and frac-
ture risk among high-risk women. We therefore evaluated
important determinants of imminent low-trauma non-
vertebral fracture among elderly women with osteoporosis,
low bone mass, or a fracture history using data from the
Canadian Multicentre Osteoporosis Study (CaMos).

Methods

Study design and data source A retrospective repeated-
measures design and data from the CaMos, an ongoing
population-based prospective cohort study, were employed.
The original cohort, recruited from 1995 to 1997, included
9423men (31%) and women (69%) aged ≥ 25 years who were
non-institutionalized and lived within 50 km of a CaMos re-
search center in Vancouver, Calgary, Saskatoon, Toronto,
Hamilton, Kingston, Quebec, Halifax, or St. John’s. The sam-
pling framework consisted of randomly generated lists of non-
institutionalized residential telephone subscribers in the nine
study sites, who collectively represented 42% of all Canadian
residents. CaMos has served as the basis of a number of stud-
ies on risk factors for fractures and bone loss in women, as
well as many other studies concerning osteoporosis and aging,
and is described in detail elsewhere [12–25].

CaMos participants underwent detailed assessments at the
time of recruitment (i.e., baseline) and every 5 years thereafter
to collect information—via interviewer-administered ques-
tionnaires and examinations—on various measures including
socio-demographics, medical conditions, fracture history, falls
history, family history, medication use, dietary intake, lifestyle
data, quality of life, height and weight, and BMD (from cross-
calibrated dual x-ray absorptiometry scanners). For partici-
pants aged ≥ 50 years, radiographs of the lateral lumbar and
thoracic spine were also collected. In each of the intervening
years, participants completed a mailed questionnaire regard-
ing fractures, hospitalizations, and the use of medications for
bone health. Data from three completed exams—spanning
approximately 14 years—were available at initiation of this
study.

The current study employed data from the Year 5 and
the Year 10 Exams. Observations from the Baseline Exam
were not considered since in that questionnaire, data on
falls history were limited to the prior 1-month period, un-
like the Year 5 and Year 10 Exams, which captured falls
during the prior 1-year period. A schematic of the study
design is set forth in the supplementary material (Online
Supplement, Figure 1).

Study population The study population comprised women,
who at the Year 5 Exam or Year 10 Exam, were aged
≥ 65 years and had osteoporosis (T score ≤ − 2.5 at the total
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hip, femoral neck, or spine), low bone mass (T score > − 2.5 to
≤ − 1.0 at the total hip, femoral neck, or spine), or a history of
fracture. For each woman in the study population, each exam
with a qualifying T score or fracture history was considered as
a separate observation in analyses. Participants thus could
contribute up to two observations in total, one per qualifying
exam, and all observations were pooled for analyses. A de-
tailed description of CaMos methodology used to measure
BMD and derive T scores has been published previously [17].

Study outcome The study outcome was incident low-trauma
non-vertebral fracture of selected skeletal sites and was
ascertained beginning on the day after the date of each qualify-
ing exam and ending 730 days later, on the date of loss to
follow-up, or on the date of death, whichever occurred earlier.
Selected non-vertebral sites included the ankle, arm (forearm/
wrist, upper), clavicle, elbow, foot, hand, hip, leg (upper/lower),
knee, pelvis, and rib as well as other miscellaneous sites (e.g.,
shoulder blade). An alternative definition for low-trauma non-
vertebral fracture that excluded fractures of the hand and foot
was considered in sensitivity analyses.

Fractures were identified in the CaMos via yearly postal
questionnaires and/or questionnaires administered at sched-
uled interviews. Structured interview confirmation of postal
questionnaires determined the fracture-specific date, site, cir-
cumstances, trauma, and management. Independent medical
records were obtained for 78% of all incident fractures, and all
available x-ray reports were used to classify/confirm fractures
by body site. Only fractures that were confirmed were
employed in analyses described herein.

Risk factors Potential predictors of fracture were evaluated at
each qualifying exam, and included variables classified
within the following categories: demographics (age),
BMD, anthropometric measures (e.g., weight, height), his-
tory of falls (i.e., within 12 months of exam), history of low-
trauma non-vertebral/vertebral fracture (i.e., within 12
months of exam), lifestyle measures (e.g., smoking, alcohol
use), medical history (e.g., selected comorbidities), medica-
t i on use and dura t ion o f medica t ion use (e .g . ,
bisphosphonates, corticosteroids, hormone therapy), cogni-
tive function (e.g., MMSE score), physical activity (e.g.,
ADLs), and health-related quality of life (HRQL) (e.g., the
36-Item Short Form Survey [SF-36], self-rated health). The
SF-36 measures HRQL across eight domains (physical
functioning, role limitations due to physical health, role
limitations due to emotional problems, energy/fatigue, emo-
tional well-being, social functioning, pain, general health),
and includes summary measures for physical HRQL (phys-
ical component summary) and emotional HRQL (mental
component summary) [26]. Scores for each domain range
from 0 (lowest/worst possible level of functioning) to 100
(highest/best possible level of functioning).

Age, BMD, anthropometric measures, history of falls
during the prior 12 months (self-reported), history of frac-
tures during the prior 12 months (self-reported), cognitive
function, and HRQL were ascertained on the date of the
exam. Medical history was based on questions asked at the
exam: “Have you ever been told by a doctor that you have
any of the following conditions?” Medication use was
based on questions asked at the exam: “Since your last
interview, have you taken any of the following medications
regularly or daily?” Duration of medication use was based
on the follow-up question: “If yes, for approximately how
many months total have you taken it?” A list of candidate
predictors, and corresponding definitions, is set forth in the
supplementary material (Online Supplement, Table).

Statistical analyses Crude (unadjusted) risks of 2-year low-
trauma non-vertebral fracture were estimated for partici-
pants stratified by each potential predictor separately, as
were corresponding (unadjusted) hazard ratios using a
shared frailty/mixed-effects model (an extension of the
Cox proportional hazards model that accounts for intra-
cluster [i.e., intra-subject dependencies]). Potential predic-
tors that were continuous in nature were also evaluated in
a multi-level context; thresholds separating categories for
a given predictor were defined initially based on the quin-
tiles of their distributions, and some thresholds were sub-
sequently modified based on distributional properties of
the empirical data and thresholds previously employed in
published clinical research.

A multivariable shared frailty/mixed-effects model was
employed to identify independent predictors of low-trauma
non-vertebral fracture. All factors with a P value < 0.10 in unad-
justed analyses were initially included in themultivariable model,
except for those that were redundant (i.e., measured the same
attribute, such as physical function); grouped multi-level factors
were included if any level had a P value < 0.10. Variables that
were no longer important predictors in a multivariable context
were excluded from the final model. The presence of
multicollinearity, hazards assumptions, and model overfitting
were evaluated using published methods [27, 28]. SAS v9.4 for
Windows was used for all statistical analyses.

Results

The study population included 3228 women aged ≥ 65 years
with osteoporosis, low bone mass, or a history of fracture
who contributed 5004 observations; participants selected for
analyses described herein represented approximately 83% of
the total population of women aged ≥ 65 years in the
CaMos (Table 1). Among study participants (i.e., at the
time of the exams), 46% were aged 65–74 years, 44%
were aged 75–84 years, and 10% were aged ≥ 85 years;
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Table 1 Baseline characteristics
of women aged ≥ 65 years with
osteoporosis, low bone mass, or
history of fracture in CaMos

Variable Study populationa (N = 5004)

Age, %
65–74 46.3
75–84 43.7
≥85 10.0

Falls in past 12 months, %
0 70.3
1 19.2
≥2 10.5
Missing 0.1

Fractures (low-trauma) in past 12 months, %
Yes 3.8
No 96.2

Physical activity, %
Time spent walking in typical week in last 6 months
None/less than 1 h 18.4
Between 1 and 5 h/between 6 and 10 h 72.1
Between 11 and 20 h/more than 20 h 9.5
Missing 0.1

Moderate activity
Never/0.5–1 h 7.2
2–3 h/4–6 h 32.7
7–10 h/11–20 h 38.1
21–30 h/31 h + 21.9
Missing 0.1

MMSE questionnaire, %
Severe (< 10) 0.1
Moderate (10–18) 0.6
Mild (19–23) 3.1
Normal (≥ 24) 73.2
Missing 23.0

SF-36, %
In general, rate health
Excellent 8.8
Very Good 39.6
Good 37.9
Fair/poor 13.5
Missing 0.2

Compared to 1 yr ago, rate health
Much better than one year ago/Somewhat better now than one year ago 14.5
About the same/Somewhat worse now than one year ago 84.1
Much worse now than one year ago 1.2
Missing 0.1

Physical
Quintile 1 (7.138 to 32.889) 19.9
Quintile 2 (32.903 to 42.012) 19.9
Quintile 3 (42.013 to 48.289) 19.9
Quintile 4 (48.300 to 53.087) 19.9
Quintile 5 (53.096 to 68.585) 19.9
Missing 0.6

Mental
Quintile 1 (13.241 to 49.434) 19.9
Quintile 2 (49.457 to 55.178) 19.9
Quintile 3 (55.179 to 58.207) 19.9
Quintile 4 (58.210 to 60.885) 19.9
Quintile 5 (60.890 to 73.853) 19.9
Missing 0.6

Total hip T score, %
≤ − 3.5 2.3
≤ − 2.5 to > − 3.5 12.3
≤ − 1 to > − 2.5 49.3
> − 1 19.9
Missing 16.2

MMSE, Mini–Mental State Examination
a Each examwas considered as a separate observation in analyses; 3228 women contributed 5004 observations by
meeting selection criteria at exams: osteoporosis, n = 2335; low bone mass, n = 2627; fracture history (no oste-
oporosis/low bone mass), n = 42
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30% had experienced ≥ 1 fall and 5% had experienced
≥ 1 low-trauma fracture during the prior 12-month period;
and 47% had osteoporosis based on T score ≤ − 2.5 at
the total hip, femoral neck, or spine. Participants were
generally involved in moderate activity, and most had a
normal cognitive status and were in good/excellent self-
reported health.

During the 2-year follow-up period, 4.8% of study partic-
ipants experienced a low-trauma non-vertebral fracture; the
forearm/wrist (19%), hip (17%), ribs (12%), and upper arm
(10%) were the most common sites of fracture (Fig. 1). In
bivariate analyses, many risk factors were found to be impor-
tant in predicting 2-year risk of low-trauma non-vertebral frac-
ture, including (but not limited to) age, back pain, history of
falls, history of low-trauma fracture, physical function/perfor-
mance, health status, and total hip T score (Online
Supplement, Table).

In multivariable analyses, only four risk factors were
found to be independent predictors of 2-year low-trauma
non-vertebral fracture: number of falls in the past
12 months (≥ 2 falls: HR = 1.9, P = 0.001; 1 fall: HR =
1.5, P = 0.014), low-trauma fracture in the past 12 months
(≥ 1 fracture: HR = 1.7, P = 0.055), SF-36 physical compo-
nent summary score (≤ 42.0: HR = 1.6, P < 0.001), and
total hip T score (≤ − 3.5: HR = 3.7, P < 0.001; > − 3.5 to
≤ − 2.5: HR = 2.5, P < 0.001; > − 2.5 to ≤ − 1: HR = 1.3,
P = 0.187). Model discrimination based on the c-statistic
was 0.65 (0.61–0.69) (Table 2). Multicollinearity between
independent variables, non-proportional hazards, and
overfitting were determined not to be significant. Results
were largely the same when considering the alternative
definition of low-trauma non-vertebral fracture (i.e., when
excluding fractures of the hand and foot).

Discussion

using data from women aged ≥ 65 years with osteoporosis,
low bone mass, or history of fracture in the population-based
CaMos, we identified several clinical characteristics predic-
tive of low-trauma non-vertebral fracture within a 2-year fol-
low-up period. In bivariate analyses, risk factors that were
found to be important in predicting 2-year risk of low-
trauma non-vertebral fracture included (but were not limited
to) age, back pain, history of falls, history of low-trauma frac-
ture, physical function/performance, health status, and total
hip T score. In multivariable analyses, however, only falls
history, fracture (low-trauma) history, poorer physical func-
tion/performance, and lower BMD (i.e., indicating osteoporo-
sis) were found to be important independent predictors of
imminent fracture in this population. We note that although
three of the four predictors (falls history, fracture history, and
BMD) may be easily employed in clinical practice to assess
imminent fracture risk for an individual, the use of the SF-36
physical component summary score is more challenging.
Although not formally evaluated, we would anticipate that
other measures of physical function/performance (e.g., timed
up and go test, chair stand, walking speed) would be highly
correlated with the SF-36 physical component summary score
and might serve as a reasonable replacement for use in clinical
practice.

In the aforementioned SOF-based evaluation, which
focused on 1-year non-vertebral fracture in women aged
≥ 65 years with osteoporosis, risk factors found to be inde-
pendent predictors and their relative importance (i.e., their
hazard ratios) in predicting risk were largely comparable with
those found in the current study [7]. History of falls, history of
fracture, poorer physical function/performance, and low total

Fig. 1 Distribution of low-trauma non-vertebral fractures during 2-year follow-up period among women aged ≥ 65 years with osteoporosis, low bone
mass, or history of fracture in CaMos, by site of fracture
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hip T score (i.e., ≤ − 2.5 and ≤ − 3.0 in the current study and
SOF study, respectively) were associated with higher future
fracture risk in both studies. Predictors common to both ana-
lytic files that were found to be important in the SOF study but
not the current CaMos study were age, smoking status, and a
composite for Parkinson’s/stroke. However, in the SOF study,
fracture risk was elevated only among those aged ≥ 85 years
(HR = 1.4 [vs. 65–74 years], P = 0.095), and the hazard ratio
for smoking status (per 10 pack-years) was relatively small
(HR = 1.1). Moreover, when forcing neuromuscular disease/
stroke into the CaMos model, the corresponding hazard ratio
(HR = 1.4, P = 0.150) was similar to that in the SOF model
(HR = 1.3, P = 0.033). We suspect the lack of statistical sig-
nificance in the CaMos study is due to the relatively small
numbers of participants with a history of neuromuscular
disease/stroke and the importance of physical function/
performance as a predictor of low-trauma non-vertebral frac-
ture. We note that the results of the present evaluation are also
largely comparable with those based on analyses of data from
the Framingham Osteoporosis Study (FOS)—poster presenta-
tion at American Society for Bone and Mineral Research—
which included 2778 women aged ≥ 65 years with osteoporo-
sis, low bone mass, or a fracture history [29]. In analyses of
data from the FOS, history of fracture (HR = 1.4, P = 0.05)
and T score (≤ − 2.5 [vs. > − 1.0]: HR = 2.0, P < 0.001) were
reported to be significant predictors of non-vertebral fracture
over the 2-year follow-up period.

As in the prior evaluation using SOF data, the c-statistic in
the current study was low (0.65 [0.61–0.69] vs. 0.62 [0.59–

0.65] in the SOF-based study) and thus model discrimination
was poor, although model discrimination is not the only indi-
cator of the clinical utility of a model [30–34]. It is likely that
the low c-statistic is due to the heterogeneous definition of
non-vertebral fractures and the fact that risk factors for various
types of osteoporotic fractures may differ [35–38]. For exam-
ple, more active women appear to be at higher risk of wrist
fracture, as compared with frail, inactive women, who are at
higher risk of hip fracture [37]. Thus, combining the various
types of low-trauma non-vertebral fracture into a single out-
come measure for a predictive model would be expected to
lower its discriminatory power.

This study has numerous strengths. The CaMos participants
were selected at random from the population and represent an
age-, sex-, and region-specific sample of the Canadian popula-
tion. For the majority of the CaMos participants, data on impor-
tant risk factors for fracture were available at multiple exams,
thereby increasing the size of the denominator population and
the number of events that could be considered in analyses. The
CaMos participants were followed prospectively for fractures
after each exam, and quality control was routinely performed to
confirm/classify fractures and to ensure longitudinal reliability of
risk factors (including BMDmeasurements). This study also has
a few limitations. While the CaMos participants are representa-
tive of their respective regions, caution should be exercised in
generalizing study results to other populations and settings.
Although the CaMos participants underwent exams every 3–
5 years to collect information on various measures, not all risk
factors were ascertained at each exam. Moreover, it is not

Table 2 Multivariate analyses of 2-year low-trauma non-vertebral fracture risk among women aged ≥ 65 years with osteoporosis, low bone mass, or
history of fracture in CaMos c-statistic (95% CI): 0.65 (0.61–0.69)

95% CI

Risk Factors
No.

of Obs.
No.

of Fx % Fx HR LL UL P-value Hazard Ra�os and 95% CIs

Falls in Past 12 Months

≥2 524 41 7.8 1.9 1.3 2.9 0.001

1 959 59 6.2 1.5 1.1 2.2 0.014

0 3,518 139 4.0 REF

Fractures (low-trauma) in Past 12 Months

≥1 190 22 11.6 1.7 1.0 3.0 0.055

0 4,814 218 4.5 REF

SF-36 Physical Component Summary

Quin�le 1 - Quin�le 2 (7.138 to 42.012) 1,989 131 6.6 1.6 1.2 2.2 <0.001

Quin�le 3 - Quin�le 5 (42.013 to 68.585) 2,984 106 3.6 REF

Total Hip T-Score

≤ -3.5 116 14 12.1 3.7 1.9 7.0 <0.001

≤ -2.5 to > -3.5 616 51 8.3 2.5 1.6 4.0 <0.001

≤ -1 to > -2.5 2,467 100 4.1 1.3 0.9 2.0 0.187

> -1 996 31 3.1 REF

Risk Lower vs. 
Referent Group

Risk Higher vs.
Referent Group

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5

CI, confidence interval; Fx, fracture; HR, hazard ratio; LL, lower limit; REF, referent group; UL, upper limit

Candidate risk factors (Online Supplement - Table) with a p-value <0.10 in unadjusted analyses, except for those that were redundant (i.e., measured the
same attribute), were considered initially for inclusion in the multivariable model. Variables that were no longer important predictors in a multivariable
context were excluded from the final model
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possible to capture potentially important changes in time-
dependent risk factors that occurred between exams or prior to
the occurrence of fracture during a given interval. Practice pat-
terns (e.g., use of menopausal hormone therapy and
bisphosphonates), technology, and other largely unobservable/
unquantifiable factors may have changed over the period of ob-
servation in the CaMos, which could impact measurements of
risk factors over time and estimated relationships with fracture.
Although the 2-year timeframe gives our model several advan-
tages over those with longer timeframes, it does have the disad-
vantage of permitting a greater role for chance in determining the
occurrence of fractures, which may have detracted somewhat
from the discriminatory power of ourmodels. For thosewho died
while participating in CaMos, specific dates of death were not
available; thus, death was not treated as a competing risk in base-
case analyses [39]. However, in a sensitivity analysis in which
year of death was employed to define a competing risk, results
were largely the same.

In conclusion, imminent fracture risk among elderly women
with osteoporosis, low bone mass, or a history of fracture is
higher among those with a history of falls, history of low-
trauma fracture, poorer physical function/performance by SF-
36, and/or lower total hip BMD. Careful consideration should
be given to this population and frequently evaluating their frac-
ture risk, and targeting those at elevated risk for appropriate ther-
apy based on the benefits and risks associated with such therapy.
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