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Abstract

Summary We describe the creation of a FRAX® model
for the assessment of fracture probability in Canadian
men and women, calibrated from national hip fracture
and mortality data. This FRAX tool was used to examine
possible thresholds for therapeutic intervention in Can-
ada in two large complementary cohorts of women and
men.
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Objective To evaluate a Canadian World Health Organiza-
tion (WHO) fracture risk assessment (FRAX®) tool for
computing 10-year probabilities of osteoporotic fracture.

Methods Fracture probabilities were computed from national
hip fracture data (2005) and death hazards (2004) for Canada.
Probabilities took account of age, sex, clinical risk factors
(CRFs), and femoral neck bone mineral density (BMD).
Treatment implications were studied in two large cohorts of
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individuals age 50 years and older: the population-based
Canadian Multicentre Osteoporosis Study (4,778 women and
1,919 men) and the clinically referred Manitoba BMD Cohort
(36,730 women and 2,873 men).

Results Fracture probabilities increased with age, decreasing
femoral neck T-score, and number of CRFs. Among women,
10.1-11.3% would be designated high risk based upon 10-
year major osteoporotic fracture probability exceeding 20%.
A much larger proportion would be designated high risk based
upon 10-year hip fracture probability exceeding 3% (25.7—
28.0%) or osteoporotic BMD (27.1-30.9%), and relatively
few from prior hip or clinical spine fracture (1.6-4.2%). One
or more criteria for intervention were met by 29.2-34.0% of
women excluding hip fracture probability (35.3-41.0%
including hip fracture probability). Lower intervention rates
were seen among CaMos (Canadian Multicentre Osteoporosis
Study) men (6.8-12.9%), but in clinically referred men from
the Manitoba BMD Cohort, one or more criteria for high risk
were seen for 26.4% excluding hip fracture probability
(42.4% including hip fracture probability).

Conclusions The FRAX tool can be used to identify
intervention thresholds in Canada. The FRAX model
supports a shift from a dual X-ray absorptiometry (DXA)-
based intervention strategy, towards a strategy based on
fracture probability for a major osteoporotic fracture.

Keywords Bone mineral density - Canada - Clinical risk
factors - Fracture - FRAX® - Osteoporosis

Introduction

Osteoporosis is a common condition, affecting a large number
of women and men over age 50 in Canada [1]. More than
30,000 new hip fractures occur in Canada each year, with
many more fractures affecting other skeletal sites [2]. The
consequences of fracture include increased mortality, mor-
bidity, institutionalization and economic costs [3, 4]. An
individual with a hip or vertebral fracture has an excess risk
of death that continues beyond the first year [5—7], and has
been attributed to underlying co-morbidity [8, 9]. Moreover,
all osteoporosis related fractures can lead to significant long-
term disability and decreased quality of life [10, 11].

In the absence of a defining fracture, the diagnosis of
osteoporosis is based on the measurement of bone mineral
density (BMD) by dual X-ray absorptiometry (DXA). The
World Health Organization has provided an operational
definition of osteoporosis given as a BMD that lies 2.5
standard deviations (SD) or more below the average mean
value for young healthy women (T-score < —2.5 SD) based
upon a standardised reference site (the femoral neck) and a
standard reference range for both men and women (the
NHANES III data for women aged 20-29 years) [12—-14].
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Although reduced bone mass is an important and easily
quantifiable measurement, studies have shown that most
fractures occur in individuals with a BMD T-score above the
operational threshold [15]. Recently, the use of clinical risk
factors (CRFs) has been shown to enhance the performance
of BMD in the prediction of hip and major osteoporotic
fractures in men and women [16]. In order to identify the
CRFs for osteoporotic fracture, data were analyzed from nine
prospective primary cohorts and 11 prospective validation
cohorts, including more than 275,000 persons corresponding
to 1.4 million person-years with more than 22,711 reported
fractures [16]. In addition to a prior fragility fracture, age,
sex, body mass index and additional risk factors for fractures
were identified including the prior use of glucocorticoids,
secondary osteoporosis, rheumatoid arthritis, a parental
history of hip fracture, current cigarette smoking, and alcohol
intake of 3 or more units/day. The fracture risk assessment
tool (FRAX®) allows for estimation of individual 10-year
osteoporotic and hip fracture probability [17]. Analyses have
confirmed that there is an improvement in fracture prediction
in the use of BMD and CRFs together when compared with
BMD alone or CRFs alone [15, 16]. This has led to
endorsement of FRAX and integration into clinical practice
guidelines by an increasing number of national bodies.

Fracture and mortality rates are known to vary widely
between countries [18]. Therefore, population-specific FRAX
tools can be customized based upon fracture and mortality
epidemiology in that specific region. [17] At present FRAX®
models are available for Argentina, Austria, Belgium, China,
Finland, France, Germany, Hong Kong, Italy, Japan, Leb-
anon, New Zealand, Spain, Sweden, Switzerland, Turkey, the
UK and the US [19-22], and several others are being
developed. Recent analyses have shown that mortality and
hip fracture epidemiology in Canada differs from that in the
United States, and this justifies creation of a Canadian
FRAX tool calibrated with Canadian fracture data [2].

Previous guidelines from Osteoporosis Canada have
endorsed absolute 10-year fracture probability for risk
assessment [23]. Specifically, a 10-year major osteoporotic
fracture probability of greater than 20% is considered high
risk, less than 10% is considered low risk, with intermediate
values considered moderate risk. The high risk threshold of
20% is consistent with the recommendation from the
National Osteoporosis Foundation (NOF) based upon cost-
effectiveness analyses for the United States [20, 24]. The
Canadian risk assessment system currently does not have a
recommendation for the use of hip fracture probability in
management, though the NOF recommends that a 10-year
hip fracture probability of 3% or greater be considered for
intervention. The NOF also recommends intervention in
individuals with prior fragility fractures of the hip or spine,
and individuals with osteoporotic BMD (T-score —2.5 or
lower), independent of the FRAX score.



Osteoporos Int (2011) 22:817-827

819

The current report details the construction of a Canadian
FRAX tool. Potential treatment implications based upon
this risk assessment system were evaluated in two comple-
mentary populations, namely the Canadian Multicentre
Osteoporosis Study (CaMos) and the Manitoba Bone
Density Program cohort. CaMos is a population-based
study and therefore provides information on potential
intervention rates for the general population. The Manitoba
Bone Density Program cohort is a large clinical referral
population and therefore provides information on implica-
tions for routine clinical practice.

Methods
Canadian fracture data

National hip fracture data for 2005 and national
mortality data for 2004 (the most recent available) were
used to construct the Canadian FRAX tool using
previously described data sources [2]. Ideally, detailed
fracture epidemiology for major non-hip fracture sites
(clinical spine, forearm, humerus) should be used in
FRAX tool construction but these were not available at a
national level. Therefore, non-hip fracture rates were
imputed based upon the assumption that the ratios would
be similar to those for the United States, as recently
described in the construction of the updated United States
FRAX tool [25-27].

Briefly, the Canadian Institute for Health Information
(CIHI) collects and analyzes information on health and
health care in Canada and makes this publicly available.
The Hospital Morbidity Database (HMDB), a database
housed at CIHI, includes administrative, clinical and
demographic information on hospital inpatient events and
provides national discharge statistics from Canadian health
care facilities by diagnoses and procedures. The HMDB is
comprised of a subset of the Discharge Abstract Database
(DAD) data and it appends data from provinces/territories
that are not participating in DAD in order to provide a
national database. Hospital discharges in the HMDB for
2005 were coded using the Tenth International Classifica-
tion of Diseases, Canadian Enhancement (ICD-10-CA)
system following standardized and mandatory coding
methods [28, 29]. CIHI ensures a high quality of informa-
tion in the HMDB through a data quality enhancement
program [28, 29]. We identified all 2005 hospitalizations
from the HMDB in which the most responsible diagnosis
was a hip (proximal femoral) fracture using the following
diagnosis codes: ICD-10-CA S72.0-S72.2. The annual
number of hip fractures was tabulated by sex and age (5-
year intervals). The denominator was stratified in the same
fashion using national census data.

Construction of the FRAX tool

Models were constructed to compute the 10-year probabil-
ity of hip fracture and a major osteoporosis related fracture
in Canada using the methodology previously described for
the development of FRAX in the UK [19]. A major
osteoporosis-related fracture was defined as a clinical spine,
hip, proximal humeral or forearm fracture. Poisson models
were used to calculate the hazard functions of fracture and
death. The relationship between the hazard functions was
used to calculate the 10-year probability or fracture for a
combination of given risk factors. Since the incidence of
other fractures was not known in Canada, we assumed that
the age- and sex-specific ratio of index fracture to hip
fracture in Canada was the same as found in the United
States [27]. The relationship of CRFs to fracture outcomes
and death was assumed to be the same as that determined in
a large meta-analysis of risk factors derived from prospec-
tively studied population-based cohorts from Europe,
Australia, North America and Asia. The independent
contribution of each risk factor was used to compute
probabilities of fracture in the absence of CRFs or in the
presence of any combination [16].

Canadian multicentre osteoporosis study

The CaMos is an ongoing population-based longitudinal
cohort study that began in 1996. The methodological details
have been described elsewhere [30]. For the present report,
we included all CaMos participants aged 50 years and over
at study entry for whom follow-up data and BMD
measurements were available. Briefly, eligible participants
were at least aged 25 years at the start of the study, lived
within a 50-km radius of one of nine recruitment cities.
Households were randomly selected from a list of residen-
tial phone numbers and participants were randomly selected
from eligible household members using a standard protocol.
Ethics approval was granted through McGill University and
the appropriate ethics review boards for each participating
center.

Participants completed a standardized interviewer-
administered questionnaire (CaMos questionnaire ©1995)
at baseline, which assessed demographics, general health,
nutrition, medication use, and medical history. The ques-
tionnaire was designed to capture detailed information
about risk factors for fractures, including information about
prior fractures (fracture site, date and circumstances) and
other CRFs required for FRAX. Participants had a baseline
clinical assessment that included measurement of height,
weight, and BMD. BMD was measured at the lumbar spine
(L1-L4) and proximal femur (femoral neck, trochanter and
total hip). Seven centers used Hologic densitometers and
two used GE Lunar densitometers. All Lunar measurements
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were converted to equivalent Hologic values using standard
reference formulas [31]. All densitometers were cross-
calibrated using a European spine phantom circulated
among study centers. A more detailed description of
BMD quality control appears elsewhere [32].

Manitoba BMD cohort

Bone density testing with DXA has been available in
Manitoba since 1990 and managed as an integrated program
since 1997 using targeted case-finding and standard criteria as
previously published [33, 34]. The program maintains a
database of all DXA results which can be linked with other
population-based computerized health databases through an
anonymous personal identifier as previously described [35].
The clinical study population consisted of all women and
men in the Province of Manitoba, Canada, 50 years or older
at the time of baseline DXA testing at the lumbar spine (L1-
L4) and proximal femur (femoral neck, trochanter and total
hip) between January 1990 and March 2007. Subjects were
required to have medical coverage from Manitoba Health
during the observation period ending March 2008 without
other exclusions. For those with more than one eligible set of
measurements, only the first record was included. The study
was approved by the Research Ethics Board for the
University of Manitoba.

Prior to 2000, DXA measurements were performed with
a pencil-beam instrument (Lunar DPX; GE Lunar, Madi-
son, WI) and after this date a fan-beam instrument was used
(Lunar Prodigy, GE Lunar). Instruments were cross-
calibrated using anthropomorphic phantoms and 59 volun-
teers. Densitometers showed stable long-term performance
(coefficient of variation [CV] <0.5%) and satisfactory in
vivo precision [36]. Fractures and other CRFs required for
FRAX were assessed through a combination of hospital
discharge abstracts (diagnoses and procedures coded using
the ICD-9-CM prior to 2004 and ICD-10-CA thereafter)
and physician billing claims (coded using ICD-9-CM) [37].
Use of systemic glucocorticoids (over 90 days dispensed in
the year prior to DXA testing at a mean prednisone-
equivalent dose of 7.5 mg/day or greater) was obtained
from the provincial pharmacy database. For purposes of the
FRAX calculation, prior fragility fracture was taken to be a
major fracture (hip, clinical vertebral, forearm, and humerus
fracture) prior to BMD testing [38]. A diagnosis of
rheumatoid arthritis testing was taken from physician office
visits and/or hospitalizations with a compatible ICD-9-CM/
ICD-10-CA code in a 3-year period prior to BMD testing.
Proxies were used for smoking (COPD diagnosis) and high
alcohol intake (alcohol or substance abuse diagnosis).
Parental hip fracture information was only collected in the
last 2 years (2005 and onwards) and was therefore missing
for earlier cases. To adjust for the effect of missing parental
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hip fracture information on FRAX estimates prior to 2005,
age- and sex-specific estimates of the effect of a positive
response was determined using the later years of data
(2005-2007) as previously described [39]. This averaged
effect incorporates both the prevalence of a positive
response as well as the relative change in risk. Weight
and height were recorded at the time of the DXA
examination. BMI (in kg/m?) was calculated as weight (in
kilograms) divided by height squared (in meters).

Statistical methods

Ten-year osteoporotic and hip fracture probabilities were
estimated for each individual in the study cohorts by the WHO
Collaborating Centre using the Canadian FRAX tool. For
comparative purposes, estimates from the Canadian FRAX
tool were compared for a hypothetical woman or man without
additional CRFs in which age was varied from 50 to 90 years
(femoral neck T-score fixed at —2.5 SD) and in which the
femoral neck T-score is varied from +1 to —4 SD (age fixed at
65 years). The numbers of individuals from the CaMos and
Manitoba BMD Program cohorts satisfying different high risk
criteria, individually and in combination, were tabulated
according to sex and age stratum (5-year increments). The
criteria that were considered were FRAX major osteoporotic
fracture probability greater than 20%, FRAX hip fracture
probability greater than 3%, prior hip or clinical spine fracture,
and osteoporotic BMD (minimum T-score —2.5 or lower using
NHANES III white female reference data for hip measure-
ments and manufacturer white female reference data for spine
measurements).

Results

Age-specific mortality and hip fracture data are summarized in
Table 1. Mortality rates showed the expected steep increase
with older age, and men had higher age-specific mortality
than women across the age spectrum. Hip fracture rates in
men and women showed a similar steep age-dependent
increase. Hip fractures were rare prior to age 65 years but
then increased sharply in both sexes. Men had higher hip
fracture rates than women prior to age 55 years, after which
women had substantially higher hip fracture risk.

The effects of age and femoral neck BMD on the FRAX
estimates for major osteoporotic and hip fractures were
assessed for a hypothetical individual without additional
CRFs (Figs. 1 and 2). The strong effect of declining femoral
neck T-score on major osteoporotic fracture risk was clearly
evident and consistent with an exponential risk relationship
in both men and women (Fig. 1a). At any given T-score, men
had lower 10-year major osteoporotic fracture probability
than women (9.2% vs. 11.0% respectively at age 65 years for
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Table 1 Age- and sex-specific mortality and hip fracture rates for Canada used in constructing the Canadian FRAX model

Mortality rate per 100,000 person-years (2004 data)

Hip fracture rate per 100,000 person-years (2005 data)

Age group Men ‘Women Men Women
40-44 172.0 97.5 12.7 4.1
45-49 269.8 172.3 17.8 9.9
50-54 428.7 273.6 23.5 19.8
55-59 678.4 4247 34.9 41.0
60-64 1,130.2 683.1 559 72.7
65-69 1,766.7 1,075.6 97.8 150.5
70-74 2,879.4 1,746.1 179.1 301.7
75-79 4,769.0 2,955.7 337.1 638.7
80-84 7,907.0 5,192.1 667.4 1,275.5
85-89 13,289.0 9,540.9 1,294.3 2,254.6
90+ 23,058.1 19,592.9 2,013.0 3,311.3

a T-score of —2.5 SD) (Fig. 2). For a man at the osteoporosis
threshold (femoral neck T-score —2.5 SD), the 10-year
probability of a major osteoporotic fracture increased from
5.4% at age 50 years to a maximum of 11% at age 80 years,
and then declined reflecting the effect of competing
mortality. For a woman the corresponding values were
5.3% at age 50 and 21% at age 85 years (Fig. 1b).
Ten-year hip fracture probability estimated by FRAX
showed a slightly different pattern (Fig. 2). For a given
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Fig. 1 Predicted 10-year probability for major osteoporotic fractures
in women and men according to a femoral neck T-score (assumes age
65 years and no additional risk factors) and b age (assumes T-score
—2.5 SD and no additional risk factors)

femoral neck BMD, a 65-year-old man had equal or slightly
greater fracture probability than a 65-year-old woman without
additional CRFs (3.1% vs. 2.5% respectively at a T-score of
—2.5 SD). Ten-year hip risk (for femoral neck T-score —2.5
SD) increased from 1.8% at age 50 years to 5.1% at age
80 years for a man, and from 1.8% at age 50 years to 7.2% at
age 85 years for a woman. There was a transition point around
age 70-75 years below which hip fracture probability was
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Fig. 2 Predicted 10-year probability for hip fractures in women and
men according to a femoral neck T-score (assumes age 65 years and
no additional risk factors) and b age (assumes T-score —2.5 SD and no
additional risk factors)
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greater for a man at the osteoporotic threshold, and above
which hip fracture probability was greater for a woman.

The presence of additional CRFs increased fracture
probabilities in a dose-dependent fashion. For the CaMos
cohort, average probability of major osteoporotic fracture
calculated with BMD was 7.6% for those with no additional
risk factors, 11.8% for one additional risk factor, 16.4% for
two additional risk factors, and 34.1% for three or more
additional risk factor (1.6%, 3.4%, 5.5% and 17.9% respec-
tively for hip fracture probability calculated with BMD).
There was a similar monotonic increase in the Manitoba Bone
Density Program cohort for average probability of major
osteoporotic fracture calculated with BMD (8.8%, 14.8%,
19.2% and 27.0%) and hip fracture calculated with BMD
(1.9%, 4.3%, 7.6%, 13.0%). Multiple regression confirmed a
significant positive correlation between FRAX probabilities
and number of CRFs adjusted for sex, age, BMD and BMI (all
P for trend <0.001). Similar results were seen using FRAX
without BMD (data not shown).

Risk categorization with the Canadian FRAX tool was
assessed in 4,766 women and 1,916 men from the CaMos
cohort. Prior to the age of 60 years, the 10-year probability
of a major osteoporotic fracture rarely exceeded 20% (less
than 1%). After age 85 years, 63.6% of the women
exceeded the high risk threshold. A higher prevalence of
hip fracture probability greater than the 3% threshold was
seen across the age spectrum and peaked at 96.6% for
women age 85 years and older. Overall, 10.1% of women
would be considered high risk based upon major osteopo-
rotic FRAX probability and 25.7% would be considered
high risk based upon the hip FRAX probability (Table 2).
Osteoporotic BMD (minimum T-score —2.5 SD or lower)
was seen in 8.1% of women age 50-54 years and this
showed a progressive increase to 59.1% after age 85 years
(overall 27.1%). The prevalence of prior spine or hip
fracture was only 0.2% in women age 50-54 years and
increased to 8.0% in those age 85 years and older (overall
1.6%). The effect of combining these criteria was evaluat-
ed. Based upon major osteoporotic fracture probability (but
not hip fracture probability) in addition to osteoporotic
BMD or prior fragility fracture (hip or clinical spine), one
or more of these criteria was satisfied by 8.1% of women
age 50-54 years and 71.6% of women age 85 years and
older (overall 29.2%). Inclusion of the hip fracture
probability criterion increased the overall high risk desig-
nation to 8.4% in women age 50-54 years and 96.6% in
women age 85 years and older (overall 35.3%). Interven-
tion rates weighted for the 2006 Canadian population
structure were also estimated and were virtually identical.

All of the high risk criteria for therapeutic intervention
showed lower prevalence among CaMos men than CaMos
women, but the same age-related increase was evident. The
criterion with the greatest prevalence was 10-year hip fracture

@ Springer

probability greater than 3% (overall 10.2%), which contrasted
sharply with 10-year probability of a major osteoporotic
fracture greater than 20% (overall 0.8%). Prevalence of
osteoporotic BMD was intermediate (overall 6.4%) and prior
fragility fracture was infrequent (overall 0.4%). If the hip
fracture criterion was excluded then 6.8% of all men satisfied
one or more of the high risk criteria; this increased to 12.9% if
hip fracture probability was also included.

Risk categorization was also assessed in 36,730 women
and 2,873 men from the Manitoba Bone Density Program
cohort (Table 2 and Fig. 3). The most common single
criterion leading to a designation of high risk was
osteoporotic BMD (overall 30.9%), followed by hip
fracture probability greater than 3% (28.0%), major
osteoporotic fracture probability greater than 20% (overall
11.3%) and finally prior hip or clinical spine fracture
(overall 4.2%). When the hip fracture probability criterion
was not included, 34.0% of the women satisfied one or
more high risk criteria; with inclusion of hip fracture
probability this increased to 41.0%. Rates were slightly but
not markedly higher among the clinically referred Manitoba
women when compared with the randomly selected CaMos
women. On the other hand, men from the Manitoba cohort
showed a higher prevalence of high risk criteria (individ-
ually and in combination) than in the CaMos cohort,
consistent with greater referral bias among men. A marked
discordance was again seen in designation of high risk in
men based upon hip fracture probability (overall 33.3%)
compared with major osteoporotic fracture probability
(overall 2.0%). Osteoporotic BMD (overall 19.3%) and
prior hip or clinical spine fracture (10.0%) showed
intermediate prevalence. One or more criterion for high
risk were seen for 26.4% of the men if hip fracture
probability was not included, and 42.4% if hip fracture
probability was included.

To directly compare the relative contributions of major
osteoporotic fracture probability greater than 20% versus
hip fracture probability greater than 3%, we assessed these
criteria among all individuals (women and men combined)
designated as high risk by either of these FRAX criteria.
Overall, 64.0% of the CaMos cohort with a high risk FRAX
probability were identified from only the hip fracture
criterion (with major osteoporotic fracture probability less
than 20%) versus 2.7% identified solely from major
osteoporotic fracture criterion (with hip fracture probability
less than 3%). Similar results were seen in the Manitoba
cohort among individuals with a high risk FRAX probabil-
ity, with 61.6% identified solely on the basis of hip fracture
probability greater than 3% (with major osteoporotic
fracture probability less than 20%) and only 1.0% identified
solely on the basis of major osteoporotic fracture probabil-
ity greater than 20% (with hip fracture probability less than
3%). After age 70 years, no individual met the major
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Table 2 Percentage of women and men qualifying for intervention according to different criteria

CaMos CaMos—population weighted® Manitoba Cohort
Female Male Female Male Female Male
(N=4,766) (N=1,916) (N=4,766) (N=1,916) (N=36,730) (N=2,873)

Minimum T-score
—2.5 or lower
Prior hip or clinical
spine fracture
FRAX major
osteoporotic >20%
FRAX hip >3%
Any of the above
(except hip >3%)
Any of the above

27.1% (25.8-28.3%)
1.6% (1.2-1.9%)
10.1% (9.2-10.9%)

25.7% (24.5-27.0%)
29.2% (27.9-30.5%)

35.3% (33.9-36.6%)

6.4% (5.3-7.5%)
0.4% (0.1-0.7%)
0.8% (0.4-1.2%)

10.2% (8.8-11.5%)
6.8% (5.7-7.9%)

12.9% (11.4-14.4%)

25.9% (24.6-27.2%)
1.7% (1.2-2.2%)
12.4% (11.4-13.3%)

26.4% (25.5-27.2%)
23.3% (27.0-29.6%)

34.8% (33.7-35.9%)

6.6% (5.4-7.7%)
0.4% (0.1-0.6%)
0.8% (0.3-1.2%)

9.6% (8.4-10.8%)
6.9% (5.7-8.1%)

12.9% (12.6-13.2%)

30.9% (30.4-31.3%)
4.2% (4.0-4.4%)
11.3% (10.9-11.6%)

28.0% (27.6-28.5%)
34.0% (33.5-34.5%)

41.0% (40.5-41.5%)

19.3% (17.9-20.8%)
10.0% (8.9-11.1%)
2.9% (2.3-3.5%)

33.3% (31.6-35.0%)
26.4% (24.8-28%)

42.4% (40.6-44.2%)

(with hip >3%)

? Weighted for the 2006 Canadian population structure

osteoporotic fracture criterion who did not also have hip
fracture criterion.

Discussion

The present study describes the FRAX® model for the
assessment of fracture probability in Canadian men and
women. The model has been calibrated to the epidemiology
of hip fractures which has recently been characterised for
Canada [2]. The Canadian FRAX tool was calibrated based
upon national hip fracture data (for 2005) and national
mortality data (for 2004) according to the procedure
established by the WHO Collaborating Centre. National data
on non-hip fracture epidemiology is not available, and was
therefore assumed to show the same relationship with hip
fractures as in construction of the US white FRAX tool [27].
The strengths and limitations of FRAX have been exten-
sively reported [17, 40]. The technology permits an estimate
of fracture probability that integrates in a quantitative manner
the information from multiple risk factors, with or without
information on BMD. The inclusion of the risk factors
improves the performance of assessment by increasing
sensitivity (detection rate of who will fracture) without
sacrificing specificity [16, 41]. The model described in this
study has been validated in 11 independent prospectively
studied cohorts with in excess of 1 million patient years [16].

The contribution of FRAX for identifying high-risk
women and men was assessed in two complementary
cohorts, one based upon the general population (CaMos)
and the other from a clinical referral population (Manitoba).
High risk thresholds were taken from Osteoporosis Canada
and the National Osteoporosis Foundation as 10-year major
osteoporotic fractures greater than 20% and 10-year hip
fracture probability greater than 3%. Based upon these

thresholds, hip fracture probability was responsible for
virtually all of the high risk designation with minimal
contribution of major osteoporotic fracture probability. Of
course, this relationship could be very different if other
thresholds were used. It is notable that virtually all women
(greater than 90%) in the oldest subgroup age 85 years and
older have a high hip fracture probability designation, as do
the majority (greater than 70%) of clinically referred men.
The intervention criterion based upon hip fracture proba-
bility may be overly sensitive given the near universal
categorization of high risk in older individuals, and
suggests that the primary designation of risk should be
based upon the global assessment of major osteoporotic
fracture probability as has been suggested for the UK [42].

Importance of age in the risk assessment process has
previously been highlighted for women. It was found that
prior to age 65 years, osteoporotic BMD categorized more
women at high risk than did the 10-year fracture probability
with a reversal in this relationship after age 65 years
[43, 44]. These previous analyses were based upon
estimates of 10-year probability of major osteoporotic
fracture for Swedish women and did not use the finalized
FRAX model. The current analysis updates these studies by
examining the newly created Canadian FRAX tool in men
as well as women. Under the current Canadian FRAX tool,
osteoporotic BMD results in the highest yield of women
identified in need of treatment. Before the age of 65 years,
very few women (less than 5%) would be designated high
risk based upon major osteoporotic fracture probability
greater than 20%. Even after age 65, using major
osteoporotic fracture probability greater than 20% as a
treatment criterion identified very few additional women
who were not already identified from an osteoporotic BMD
or prior hip/spine fracture. These findings were even more
evident among men, in whom very few met the criterion of
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Fig. 3 Proportion of women and men from the Manitoba Cohort qualifying for intervention according to age and different criteria a without
inclusion of 10-year hip fracture probability >3% and b with inclusion of 10-year hip fracture probability >3%

high major osteoporotic fracture probability (0.8% of the
CaMos cohort and 2.9% of the Manitoba cohort).

The major challenge is to integrate these findings into a
management paradigm. Treatment would be relatively easy if
all risk assessment criteria were concordant, but this is clearly
not the case. Where clinical trial evidence exists, such as for
the treatment of individuals following hip fracture or vertebral
fracture [45, 46], then this can guide treatment initiation.
There is evidence from two clinical trials of greater fracture
reduction at higher fracture probabilities [47, 48]. Where
there is discordance, such as the younger patient with
osteoporotic BMD but relatively low 10-year fracture
probability, or the non-osteoporotic elderly with high fracture
probability, more research is required to better define the
magnitude of the absolute risk reduction (the frequently
overlooked counterpoint to absolute fracture risk). In the
absence of definitive data, patients and their health care
providers must use best judgment and attempt to integrate the
information provided from these various sources. Individual
preferences need to be given particular weight where firm
evidence-based recommendations cannot be made.

@ Springer

The NOF for the US and the National Osteoporosis
Guideline Group (NOGG) for the UK describe treatment
intervention thresholds using fracture probability estimates
from FRAX. Both are supported by health economic analyses,
though the approaches differ. In the US, the thresholds are set
by cost-effectiveness analyses. In the UK, practice guidelines
are translated to probabilities which are shown to be cost-
effective. The NOF Clinician’s Guide states that postmeno-
pausal women or men older than 50 years with a T-score
of<-2.5 SD at the hip or spine, should be treated, regardless of
prior fracture status. [49, 50] Similarly, patients with a prior
hip or spine fracture should be treated regardless of BMD. In
addition, based on risk calculations from the US FRAX tool,
patients with low bone mass (T-score between —1.0 and —2.5
SD at the femoral neck, total hip or spine) should be treated
when there is a 10-year probability of hip fracture that
is>3% or a 10-year probability of a major osteoporosis
related fracture that is>20%.

NOGG suggests an age-dependent intervention threshold
(equivalent to the probability of a woman with no risk
factors other than a prior fragility fracture) which varies
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from a 10-year probability of a major osteoporotic fracture
of 7.5% at age 50 years to 30% at the age of 80 years [42].
Assessment thresholds for testing individuals with BMD
are also proposed by NOGG and would apply to 6-9% of
the population at the age of 50 years, rising to 18-36% at
the age of 80 years. The overall use of the NOGG
thresholds in a case-finding strategy was projected to
identify 6-20% women as eligible for BMD testing and
23-46% as eligible for treatment, depending on age [42].
The NOF approach would treat a much larger proportion of
the population than under the NOGG guidelines, even after the
recent downwards re-calibration in the US FRAX tool risk
estimates; thus NOF guidelines are estimated to treat 40.5% of
white women over age 50, rising to 67.9-90.8% after age 70
[25, 51]. For comparison, a women age 68 years or older with
femoral neck T-score —2.4 SD and no other risk factors would
be recommended for treatment under the NOF guidelines but
not under the NOGG guidelines. It is unclear which approach
would be better suited to the Canadian context. Cost-
effectiveness studies using Canadian cost data and the
currently Canadian FRAX tool are required. The choice of
an intervention threshold of 20% risk of major osteoporotic
fractures is therefore an evolving target that may change as
additional information emerges. National cohorts, such as
CaMos, and the rich administrative data collection systems
that exist across Canada offer the opportunity to assess the
impact of FRAX on clinically relevant outcomes, and thereby
inform future iterations of the Canadian FRAX tool.
Strengths of this analysis include the use of two large,
independent and complementary cohorts. Similar findings in
both population-based and clinical referral populations in-
creased confidence in the robustness of the findings. Limi-
tations are acknowledged. This report does not examine
fracture outcomes in relation to FRAX. Confirmation that there
is agreement between the predicted and observed fracture rates
is a critically important step before widespread clinical
application and these analyses are reported elsewhere [52,
53]. The relatively small number of men in both cohorts,
particularly among the oldest age categories, limits the
analysis. There were also differences in the way that CRFs
were defined for purposes of the FRAX calculations reflecting
the nature of the data sources. The definition of prior fragility
fracture was more inclusive with CaMos, whereas the
Manitoba cohort restricted this to the fracture types that the
NOF considers for empirical treatment initiation. Conversely,
the administrative data sources for the Manitoba cohort used
proxy measurements for smoking and alcohol intake, and had
incomplete parental hip fracture information. Despite these
limitations, the overall consistency in the observed for the two
cohorts suggests that conclusions are robust and generalizable.
In conclusion, the Canadian FRAX tool provides an
important assessment of fracture risk that complements
other indicators such as prior fragility fracture and

osteoporotic BMD. Integrating the Canadian FRAX tool
into a management paradigm will require careful consider-
ation since discordance between the various indicators is
common.
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