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Abstract

Summary—A new Canadian WHO fracture risk assessment (FRAX®) tool to predict 10-year
fracture probability was compared with observed 10-year fracture outcomes in a large Canadian
population-based study (CaMos). The Canadian FRAX tool showed good calibration and
discrimination for both hip and major osteoporotic fractures.

Introduction—The purpose of this study was to validate a new Canadian WHO fracture risk
assessment (FRAX®) tool in a prospective, population-based cohort, the Canadian Multi-centre
Osteoporosis Study (CaMos).

Methods—A FRAX tool calibrated to the Canadian population was developed by the WHO
Collaborating Centre for Metabolic Bone Diseases using national hip fracture and mortality data.
Ten-year FRAX probabilities with and without bone mineral density (BMD) were derived for
CaMos women (A=4,778) and men (A=1,919) and compared with observed fracture outcomes to
10 years (Kaplan—Meier method). Cox proportional hazard models were used to investigate the
contribution of individual FRAX variables.

Results—Mean overall 10-year FRAX probability with BMD for major osteoporotic fractures
was not significantly different from the observed value in men [predicted 5.4% vs. observed 6.4%
(95%CI1 5.2-7.5%)] and only slightly lower in women [predicted 10.8% vs. observed 12.0%
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(95%CI 11.0-12.9%)]. FRAX was well calibrated for hip fracture assessment in women [predicted
2.7% vs. observed 2.7% (95%CI 2.2-3.2%)] but underestimated risk in men [predicted 1.3% vs.
observed 2.4% (95%CI 1.7-3.1%)]. FRAX with BMD showed better fracture discrimination than
FRAX without BMD or BMD alone. Age, body mass index, prior fragility fracture and femoral
neck BMD were significant independent predictors of major osteoporaotic fractures; sex, age, prior
fragility fracture and femoral neck BMD were significant independent predictors of hip fractures.

Conclusion—The Canadian FRAX tool provides predictions consistent with observed fracture
rates in Canadian women and men, thereby providing a valuable tool for Canadian clinicians
assessing patients at risk of fracture.

Keywords
Canada; Fracture; Fracture prediction; FRAX; Osteoporosis

Introduction

Osteoporosis is common in Canada, affecting up to 21% of Canadian women and 5% of
Canadian men over 50 years of age [1]. These numbers are expected to rise as the population
ages [2]. It is projected that the burden on the Canadian health care system will be
substantial, with increased rates of death in the acute care setting and increased lengths of
fracture-related hospital stay [3, 4]. Furthermore, osteoporotic fractures have been found to
be a source of significant morbidity and mortality [5, 6], and they contribute to long-term
disability and decreased quality of life [7, 8]. Effective treatments for osteoporosis are now
well established. Bisphosphonate therapy decreases vertebral and nonvertebral fracture risk
by up to 50% and has been found to be cost-effective for the treatment of osteoporosis in
Canada [9-11]. Therefore, identifying patients at risk for fracture in order to facilitate the
introduction of appropriate medical therapy is of the utmost importance. Many clinicians use
bone mineral density (BMD) alone to diagnose osteoporosis and predict fracture risk, with
each standard deviation decrease in BMD being associated with at least a 50% increase in
overall fracture risk and at least double the site concordant fracture risk [12]. However, using
BMD alone will only identify the minority of patients who are destined to fracture and may
result in the treatment of those who would not fracture [13, 14].

The World Health Organization (WHO) fracture risk assessment tool (FRAX®), introduced
in 2008, uses country-specific fracture and mortality rates to predict an individual’s 10-year
probability of major osteoporotic fracture (clinical spine, forearm, shoulder or hip) and hip
fracture alone by combining multiple clinical risk factors (CRFs: age, sex, body mass index,
parental history of hip fracture, current cigarette smoking, alcohol intake, rheumatoid
arthritis, glucocorticoid use and previous fragility fracture) with or without femoral neck
BMD measurement [15]. FRAX was found to have a high predictive ability for fractures
when validated in independent cohorts from multiple countries [16]. The use of another
country’s FRAX calculator is inappropriate for Canada given differences in Canadian
fracture rates and mortality [17]. A Canadian FRAX model was recently developed using
national hip fracture and mortality data (reference: “Construction of a FRAX® model for the
assessment of fracture probability in Canada and implications for treatment”, Osteoporos
Int). The Canadian Institute for Health Information provided the hip fracture and mortality
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data, and major osteoporotic fracture rates were imputed using major osteoporotic-to-hip
fracture ratios from the U.S. FRAX tool (version 3.0) since there were no comprehensive
national non-hip fracture data for Canada [18]. Thus, the calibration procedure was
completely independent from the Canadian Multicentre Osteoporosis Study (CaMos). The
risk factor weights in the generic FRAX model are based on nine prospective cohorts
including 5-year data from the CaMos. Thus, the construction of the Canadian FRAX model
is largely but not completely independent of the CaMos cohort. The purpose of this study
was to validate the Canadian FRAX tool in a large, randomly selected, prospective
population-based Canadian cohort using 10-year fracture data.

Study sample

The performance characteristics of the Canadian FRAX tool were studied in a sample
selected from participants in an ongoing population-based longitudinal cohort study, the
CaMos. We included all CaMos participants, with follow-up data, aged =50 years at study
entry. The methodological details of CaMos have been described elsewhere [19]. Briefly,
eligible participants were at least 25 years old at the start of the study, lived within a 50-km
radius of one of nine Canadian cities (St John’s, Halifax, Quebec City, Toronto, Hamilton,
Kingston, Saskatoon, Calgary and Vancouver) and were able to converse in English, French
or Chinese (Toronto and Vancouver). Households were randomly selected from a list of
residential phone numbers and participants were randomly selected from eligible household
members using a standard protocol. Of those selected, 43% agreed to participate and had a
baseline interview. All study participants gave written informed consent in accordance with
the Helsinki declaration. Ethics approval was granted through McGill University and the
appropriate ethics review boards for each participating centre.

Data collection

Participants completed a standardized interviewer-administered questionnaire (CaMos
questionnaire© 1995) at baseline, with assessment of demographics, general health,
nutrition, medication use and medical history. The questionnaire was designed to capture
detailed information about risk factors for fractures, including information about prior
fractures, and as such assessed: all previous fractures (fracture site, date and circumstances),
family history of osteoporosis/fracture and falls in the past month. Participants had a
baseline clinical assessment that included measurement of height, weight and BMD.

Bone mineral density measurements

BMD was measured at the lumbar spine (L1-L4) and proximal femur. Seven centres used
Hologic densitometers and two used GE Lunar densitometers. All Lunar measurements were
converted to equivalent Hologic values using standard reference formulae [20, 21].

All densitometers were cross-calibrated using a European spine phantom circulated between
study centres. A more detailed description of BMD quality control appears elsewhere [22].
Femoral neck T-scores were calculated in both men and women using the NHANES |11
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white female reference values as recommended by the WHO Collaborating Centre. Lumbar
spine T-scores were calculated using the manufacturer white female reference values.

Other FRAX variables

Self-reports of rheumatoid arthritis may not be reliable due to confusion with osteoarthritis;
therefore, we derived a variable for rheumatoid arthritis based on self-report diagnosis plus
treatment using the drug codes for methotrexate, hydroxychloroquine or corticosteroids.
Corticosteroid use was based on the drug codes for oral or intravenous glucocorticoids.
History of osteoporotic fracture after the age of 50 was assessed using the baseline
questionnaire and excluded fractures of the head, hands, ankle, or feet and those due to high
trauma. All FRAX estimates were based on baseline CRFs with the exception of parental hip
fracture which was a composite; history of parental hip fracture was used for everyone with
year 5 data, whereas history of any parental osteoporotic fracture was used from the baseline
questionnaire for those without year 5 data.

Fracture probability

The WHO Coordinating Centre used the Canadian FRAX tool calibrated using national hip
fracture and mortality data along with the FRAX predictor variables from CaMos to
calculate 10-year fracture probability. Fracture probabilities for hip and major osteoporotic
sites were calculated using femoral neck BMD combined with CRFs and using CRFs alone.
The WHO Coordinating Centre was blinded to fracture outcomes in CaMos.

Fracture assessment

Self-reported incident clinical fractures were identified by yearly postal questionnaire or at
the scheduled interval for in-person reassessment (third, fifth and tenth year after study
entry). When fractures were identified by yearly postal questionnaire, confirmation and
further information concerning the fracture was gathered using a structured interview that
included date, fracture site, circumstances leading to fracture, and medical treatment.
Participants who reported fractures were asked for consent to contact the treating physician
or hospital for verification and for acquisition of further details. For the current analysis, we
included all-cause incident fractures and used the FRAX definition of major osteoporotic
fractures (hip, clinical spine, humerus, forearm/wrist} occurring before the year 10 annual
follow-up.

Statistical methods

Descriptive statistics for demographic and baseline characteristics are presented as mean
+SD for continuous variables or percentages for categorical variables. Univariate
comparisons of women and men were performed with the chi-square test (for categorical
data) and the ztest (for continuous data). To control for incomplete follow-up (18.7% of the
study population), survival methods were used. Ten-year estimates of observed major
osteoporotic and hip fracture probability were derived using the Kaplan—-Meier method with
incomplete observations censored and death treated as a competing risk. Separate analyses
were performed for women and men. For calibration of the Canadian FRAX tool, overall
predicted vs. observed fracture rates were calculated. Individuals were also grouped into
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quintiles based on their hip and major osteoporotic FRAX probabilities (using BMD), with
men and women categorized separately. Within each subgroup, the average predicted 10-
year probability was then compared with the observed 10-year fracture probability using
graphical methods. In a well-calibrated risk prediction system, predicted and observed rates
should track the line of identity. Areas under the receiver operator curve (ROC) were
calculated to explore the incremental gain in fracture risk stratification using FRAX (with
and without BMD) vs. BMD alone (femoral neck T-score or minimum site). Cox
proportional hazards models were constructed for major osteoporotic and hip fracture
prediction to determine the contributions of the individual FRAX variables. Statistical
analyses were performed with Statistica (version 6.1, StatSoft Inc, Tulsa, OK, USA) and
SPSS for Windows (version 16.0, SPSS Inc., Chicago, IL, USA).

Population 10-year probability of fracture

The final study sample consisted of 4,778 women and 1,919 men (combined 6,697).
Baseline characteristics are presented in Table 1. In the study sample, Canadian FRAX
probability estimates for major osteoporaotic fracture and hip fracture were greater for
women than men (FRAX with BMD or CRF only, all p<0.001; Table 2). As shown in Fig. 1,
the 10-year observed probability of major osteoporaotic fracture in women was 12.0%
(95%CI 11.0-12.9%), which was slightly higher than the mean predicted probability of
10.8% by FRAX with BMD or 10.6% by FRAX with CRF only. The 10-year observed
probability of major osteoporotic fracture in men (estimated by the Kaplan—Meier method
with censoring for incomplete follow-up except in the case of death) was 6.4% (95%Cl 5.2—
7.5%), which was close to the mean predicted probability of 5.4% by FRAX with BMD. The
10-year observed probability of hip fracture in men was 2.4% (95%CI 1.7-3.1%), whilst the
mean predicted probability was 1.3% by FRAX with BMD. Finally, the 10-year observed
probability of hip fractures for all women was 2.7% (95%CI 2.2-3.2%), with point estimate
equal to the mean predicted probability of 2.7% by FRAX with BMD.

Fracture probability by quintile

Figure 2 shows the predicted vs. observed fracture probability when women and men were
stratified by major osteoporotic fracture and hip fracture probability quintile. For major
osteoporotic fracture probability in women, the Canadian FRAX tool gave probability
predictions that were within the 95%CI for the observed probability in all quintiles, except
for the middle probability quintile in which the observed probability [10.92% (95%CI 8.85—
12.99%)] was slightly higher than the predicted probability (8.48%). The regression slope
for women was 1.07. In men, the Canadian FRAX tool gave probability predictions for
major osteoporotic fracture probability that were within the 95%CI for the observed
probability in all quintiles, except the second lowest quintile where the observed probability
1.94% (95%CI 0.51-3.37) was slightly lower than the predicted probability (3.72%). The
regression slope for men was 1.26.

When women were stratified by hip fracture probability quintile, the Canadian FRAX tool
gave probability predictions that were within the 95%CI for the observed probability in all
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quintiles. The regression slope for women was 0.93. An unexpectedly high number of men
with hip fractures was observed in the highest two quintiles. This is evident in Fig. 2(b) and
is reflected by a regression slope for men of 1.83.

ROC analyses

As seen in Table 3, the FRAX estimates using BMD and CRFs were superior to BMD alone
or CRFs alone for both major osteoporaotic fractures and hip fractures. For major
osteoporotic fractures, FRAX with BMD gave area under the curve of 0.69 (95%Cl 0.67—
0.71) vs. FRAX without BMD 0.66 (95%CI 0.63-0.68) and femoral neck T-score alone 0.66
(95%CI 0.64-69). For hip fractures, FRAX with BMD gave area under the curve of 0.80
(95%Cl 0.77-0.83) vs. FRAX without BMD 0.77 (95%CI 0.73-0.80) and femoral neck T-
score alone 0.76 (95%CI 0.72-0.79).

Cox proportional hazards models

Hazard ratios (HR) for the contribution of individual CRFs and BMD to observed fracture
outcomes are shown in Table 4. For major osteoporotic fractures, age, BMI, prior fragility
fracture and femoral neck BMD were significant independent predictors. Male sex, age,
prior fragility fracture and femoral neck BMD were significant independent predictors of hip
fracture. Despite the important weight given to parental hip fracture in the FRAX
calculations, this variable was not a significant independent risk factor for major
osteoporotic fracture [HR 0.92 (95%CI 0.69-1.20)] or hip fracture [HR 1.14 (95%CI 0.67-
1.96)].

Discussion

In this analysis, we tested a Canadian version of the WHO FRAX tool in a prospective
population-based Canadian cohort derived from CaMos. When the 10-year estimates of
major osteoporotic fracture and hip fracture probability were calculated by FRAX and
compared with the observed 10-year fracture outcomes from CaMos, FRAX was found to be
an accurate predictor of fracture risk in both men and women. FRAX probabilities based on
both CRFs and BMD were more accurate predictors of 10-year fracture outcomes than BMD
alone or FRAX estimates based on CRFs alone. Age, femoral neck BMD and several CRFs
were found to independently predict major osteoporotic fractures and hip fractures and
thereby contribute to the predictive ability of the Canadian FRAX tool.

Published in 2008, FRAX was created as a quantitative fracture risk tool and is available free
of charge on the Internet at www.shef.ac.uk/FRAX [15]. FRAX was derived from nine
prospective cohorts (which included 5-year data from CaMos) and was validated in 11
different population-based prospective cohorts from Europe, the USA, Australia and Japan
[16]. More recently, the Canadian FRAX tool was validated in Manitoba, a Canadian
province that did not participate in CaMos or the initial development of FRAX [23]. These
two separate and independent validations are complementary in that they cover different
geographic regions within Canada and show good concordance despite differences in study
design. Fracture rates vary significantly between countries; therefore, FRAX can be
calibrated to the fracture rates and mortality of a country and used to calculate country-
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specific fracture probability for individuals [24, 25]. Such models have been developed for
multiple countries including the UK, Japan, Switzerland and the USA [15, 26-28]. In the
absence of a Canadian-specific FRAX tool, Swedish fracture data have been used by
Canadians when estimating fracture risk [29]. This is not optimal because of possible
miscalibration due to known variations in fracture risk between countries [17, 24]. Our study
further validates calibration and discrimination of the Canadian FRAX tool in a population-
based Canadian cohort and supports its clinical role as a useful fracture prediction tool
across Canada.

FRAX considers the interaction of multiple CRFs, either alone or together with BMD, to
give a more accurate prediction of fracture risk than would be obtained by any of these
variables alone [15]. The FRAX model has not been previously validated in a population-
based Canadian cohort; however, previous Canadian studies have shown incremental benefit
in osteoporosis and fracture prediction when certain CRFs are combined with BMD
measurements [30, 31]. A further study found that vertebral fracture status also enhances the
estimate of fracture risk [32]. Our study findings are consistent with these and other studies
showing that FRAX (using CRFs and BMD) is more predictive of fractures than using CRFs
or BMD alone [16, 33].

Although BMD is an important risk factor for fracture [12, 34], all fractures cannot be
explained by low BMD [35]. In a study examining a large cohort of Canadian
postmenopausal women and in a previous CaMos study, most factures occurred in subjects
who had BMD values above the osteoporotic range [13, 14]. This finding has been seen in
other studies in both women and men [36-38]. The CRFs included in FRAX have all been
found to be related to fracture risk independent of BMD [39-44]. Furthermore, a model
including these CRFs has been shown to increase sensitivity when identifying individuals at
risk of fracture [16]. CaMos was one of the nine prospective population-based cohort studies
used to identify CRFs for the original FRAX tool development; therefore, it is not surprising
that many of the CRFs used in FRAX were found to be independent predictors of fracture in
the present study. We found age, BMI and prior fragility fracture to be independently
predictive of major osteoporotic fracture, and sex, age and prior fragility fracture to be
independently predictive of hip fracture. In the original FRAX tool development studies,
each CRF contributed independently to fracture probability [15]. Possible reasons why some
risk factors were not independently predictive of fracture in CaMos could be their low
prevalence (resulting in wide Cls), potential misclassification in CRFs that are difficult to
assess in epidemiologic studies (such as parental hip fracture, rheumatoid arthritis and
alcohol intake which might dilute any effect), or other population characteristics. The
question of whether these CRFs should be included in the Canadian FRAX model is not
answered by this study.

The FRAX tool is able to capture the independent contribution of multiple different CRFs
and combine these with BMD. The ability of FRAX to estimate risk with and without BMD
is a major advantage of the tool as BMD measurements are not always readily available to
clinicians when assessing patients, especially for men. FRAX gives these clinicians the
ability to assess risk and consider treatment options without delay or additional clinical
assessment. We found the combination of CRFs and BMD to be the most predictive of
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fracture; however, using FRAX with CRFs alone still provided accurate 10-year fracture
estimates (and, in the case of hip fracture, better than BMD alone).

This study is limited by the relatively small number of fractures, especially in men.
However, the men in CaMos had an unexpectedly high hip fracture rate (Fig. 2). Possible
reasons include: sample size issues (too few hip fractures for robust estimates), selection
bias (men at higher fracture risk more likely to stay in the CaMos study) or poor
identification of high-risk men by FRAX CRFs. Based on the population studied, findings
cannot be extrapolated to individuals aged <50, though the FRAX model was developed to
be applicable from ages 40 to 90. Additionally, CaMos consists of community-dwelling
ambulatory subjects; therefore, results cannot be extrapolated to individuals living in long-
term care facilities. There are no reports to date of FRAX validation in any long-term care
population. We also note that there was both loss to follow-up and death within the cohort,
and those who remained in the cohort were healthier than those with incomplete follow-up.
We used survival analysis with death treated as a competing risk, but it is still possible that
those lost for reasons other than death may have differed from the cohort in risk factors not
included in the FRAX model. There were too few participants of non-European ancestry for
subgroup analysis, and this may limit the generalizability of our study findings to these
ethnic groups. Finally, the study does not examine or make recommendations for
intervention thresholds. Further cost effectiveness analyses need to be performed in the
Canadian population to determine appropriate treatment thresholds [45].

In summary, by comparing 10-year fracture probability as predicted by the Canadian FRAX
tool with observed fracture outcomes in CaMos, we found that the Canadian FRAX tool was
a good predictor of fractures for Canadian men and women. This validates the Canadian
FRAX model in a cohort representative of the Canadian population. The Canadian FRAX
model is a useful clinical tool to assess fracture risk in Canadian women and men.
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Fig. 1.
Mean 10-year fracture probabilities from the Canadian FRAX tool with clinical risk factors

(CRF) alone, FRAX with bone mineral density (BMD) and observed 10-year fracture
outcomes (Kaplan—Meier estimate). Error bars are 95% confidence intervals
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Comparison of mean 10-year fracture probabilities from the Canadian FRAX tool with
BMD by quintile subgroups (X-axis) vs. Kaplan—Meier estimates of observed 10-year
fracture outcomes ( Y-axis). a Major osteoporotic fractures. b Hip fractures. Error bars are

95% confidence intervals
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Table 1

Baseline characteristics of the CaMos sample (aged 50 and older)

Women (N=4,778) Men (N=1,919) pvalue
Age 65.8+8.8 65.3£9.1 0.040
BMI 27.1+4.9 27.3+3.8 0.274
Prior fragility fracture 540 (11.3) 94 (4.9) <0.001
Parental hip fracture 397 (8.3) 111 (5.8) <0.001
Rheumatoid arthritis 43 (0.9) 6 (0.3) 0.003
Current or recent corticosteroid use 67 (1.4) 27 (1.4) 0.830
Current smoking 635 (13.3) 342 (17.8) <0.001
Alcohol >2 U/day 43 (0.9) 130 (6.8) <0.001
Femoral neck T-score (white female) -1.5+1.1 -0.5£1.2 <0.001
Minimum T-score (white female) -1.8+1.1 -0.8+1.2 <0.001

Data are mean = standard deviation or N (%)
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Table 2

Canadian FRAX estimates of 10-year fracture probability

Women (%) Men pvalue

Hip (with BMD)4 2.7¢48 1.3x2.0 <0.001
Major osteoporotic (with BMD)@ 108+7.8 5432 <0.001
Hip (with CRF only)? 29442 14+18 <0.001
10.6x7.1 5.4+27 <0.001

Major osteoporotic (with CRF only)b

Data are mean = standard deviation

aCaIcuIated with FRAX tool that includes BMD measurement

bCaIcuIated with FRAX tool that uses CRF excluding BMD
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Area under the receiver operator curve using Canadian FRAX 10-year fracture probability to predict fracture

outcomes
Major osteoporotic fractures Hip fractures
ROC area 95%CI ROCarea 95%CI
FRAX with BMD? 0.69 0.67-0.71 0.80 0.77-0.83
FRAX with CRF only? 0.66 0.64-0.68 0.77 0.73-0.79
Femoral neck T-score 0.66 0.64-0.69 0.76 0.72-0.79
Minimum T-score 0.67 0.65-0.70 0.75 0.71-0.78

aCaIcuIated with the Canadian FRAX tool that includes BMD measurement

bCaIcuIated with the Canadian FRAX tool that uses CRF excluding BMD
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