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Purpose—FRAX® is calibrated using population-specific fracture and mortality data. The need
for FRAX to accommodate ethnic diversity within a country is uncertain. We addressed this
question using the population-based Manitoba Bone Mineral Density (BMD) Program registry and
self-reported ethnicity.
Methods—The study population was women age 40 years or older with baseline FRAX
assessments (Canadian and other ethnic calculators), fracture outcomes and self-reported ethnicity
(White N=68,907 [referent], Asian N=1,910, Black N=356). Adjusted hazard ratios (HR) with
95 % confidence intervals (CI) for time to MOF and hip fracture were estimated. We examined
candidate variables from DXA that might contribute to ethnic differences including skeletal size,
hip axis length (HAL), trabecular bone score (TBS), and estimated body composition.
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Results—Adjusted for baseline risk using the Canadian FRAX tool with BMD, Asian compared
with White women were at much lower risk for MOF (HR 0.46, 95% CI 0.35–0.59) and hip
fracture (0.16, 95% CI 0.08–0.34). Black women were also at lower MOF risk (HR 0.58, 95% CI
0.32–1.00); there were no hip fractures. The US ethnic-specific FRAX calculators accounted for
most of the between-ethnicity differences in MOF risk (86% for Asian, 92% for Black) but only
partially accounted for lower hip fracture risk in Asian women (40%). The candidate variables
explained only a minority of the effect of ethnicity. Gradient of risk in analyses was similar
(p-interactions ethnicity*FRAX non-significant).
Conclusions—We identified significant ethnic differences in performance of the Canadian
FRAX tool with fracture probability overestimated among Asian and Black women. The US
Ethnic calculators helped to address this discrepancy for MOF risk assessment, but not for hip
fracture risk among Asian women.
Keywords
Osteoporosis; Fractures; Ethnicity; FRAX; Dual-energy x-ray absorptiometry

Introduction
Accurate assessment of osteoporotic fracture risk is required to optimize therapeutic
decision making. Fracture risk algorithms that combine clinical risk factors and bone
mineral density (BMD) are now widely used in clinical practice to target high-risk
individuals for treatment (1). The fracture risk assessment tool (FRAX®) was developed
to predict an individual’s 10-year probability of major osteoporotic fracture (MOF; a
composite of hip, humerus, forearm and clinical vertebral fractures) and hip fracture from
readily assessed clinical risk factors (2).
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The FRAX tool is calibrated to the target population using fracture and mortality data.
Currently there are over 60 countries with FRAX tools worldwide. The need to further
accommodate ethnic diversity within a country is uncertain (3, 4). Currently, only two
countries have ethnic-specific FRAX calculators, Singapore (Chinese, Malay, Indian) and
the United States (White, Black, Asian, Hispanic). The US calculators assumed correction
factors relative to White: for Blacks, 0.43 for women and 0.53 for men; for Asians, 0.50 for
women and 0.64 for men; and for Hispanic: 0.53 for women and 0.58 for men (3). The UK
QFracture risk calculator considers nine ethnicity categories (5).
One study from Sweden suggested that immigrants to that country had fracture rates that
were overestimated using the Swedish FRAX tool (6). Like many countries, Canada has an
ethnoculturally diverse population with a large number of immigrants and visible minorities
which has been increasing in size. In 2016, 21.9% of the Canadian population were
foreign-born immigrants (top three India, China and Philippines) and 22.3% of the Canadian
population belonged to a visible minority group (three largest South Asian, Chinese and
Black) (7). Whether a single Canadian FRAX tool calibrated to the population at large
is applicable to all ethnic subgroups is uncertain. To address this question, we used the
population-based Manitoba Bone Mineral Density Program database, a large clinical registry
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of patients with BMD data for the Province of Manitoba, Canada, which collects limited
information on self-reported ethnicity.

Methods
Study Population
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The Canadian Province of Manitoba, population 1.2 million in 2016, has an ethnically
diverse population similar to the rest of Canada, with 18.3% immigrants and 17.5% from a
visible minority (7). Health services are provided to virtually all residents through a public
healthcare system. DXA-based BMD testing has been managed as an integrated clinical
program since 1997; criteria for testing have been published and include screening at age
65 years for women and in men and younger women with additional risk factors (8). The
program maintains a database of all DXA results which can be linked with other provincial
population-based computerized health databases through an anonymous personal identifier.
The DXA database has completeness and accuracy in excess of 99% (9).
The study population consisted of all women age 40 years or older undergoing baseline
DXA assessment from January 1996 to March 2018, with at least one year of coverage prior
to the baseline assessment in order to assess covariates. We excluded those not registered for
health care in Manitoba, without 365 days of coverage before DXA assessment, without any
coverage after DXA assessment, or with missing baseline measurements required for FRAX.
For those with more than one qualifying examination, only the first was included. The study
was approved by the Health Research Ethics Board for the University of Manitoba.
Self-reported ethnicity
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Performing DXA requires selection of ethnicity from a limited range of choices (White,
Asian, Black, Hispanic, Other; GE/Lunar Healthcare, Madison WI) and this potentially
affects the age/sex-adjusted Z-score, but does not alter the actual BMD value. In order for
the DXA technologist to select an appropriate DXA reference database at the time of BMD
testing, individuals are asked to self-report ethnicity using this list. We used these values to
define ethnicity in the present analysis: Asian was limited to East and Southeast (top three
in Manitoba: Philippines, China, Hong Kong), and excluded South (India) and West (Middle
East) (10). We excluded from analysis those reporting ethnicity as Hispanic (N=10, 0.01%)
or “Other” (N=20, 0.3%). No additional details are collected from the individual in terms of
country of birth, ancestral country of origin, or duration of residency in Canada.
Bone Mineral Density Measurements and Fracture Probability
Hip DXA scans were performed and analyzed in accordance with manufacturer
recommendations. Femoral neck T-scores (number of SDs above or below young adult mean
BMD) were calculated from NHANES III white female reference values for all subjects
(11). The program’s quality assurance is under strict supervision by a medical physicist (8).
The six cross-calibrated instruments used for this study (3 Prodigy and 3 iDXA, GE/Lunar
Healthcare, Madison WI; between-scanner femur neck differences <0.1 T-score) exhibited
stable long-term performance (coefficient of variation <0.5%). All reporting physicians and

Osteoporos Int. Author manuscript; available in PMC 2021 September 03.

Leslie et al.

Page 4

supervising technologists are required to maintain DXA certification with the International
Society for Clinical Densitometry (ISCD).
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Ten-year probability of a major osteoporotic fracture was calculated using the World
Health Organization fracture risk assessment tool, Canadian version (FRAX® Desktop
Multi-Patient Entry, version 3.7) (12, 13). Briefly, age, body mass index (BMI), femoral
neck BMD and other data required for calculating fracture probability with FRAX were
assessed from measurements (height and weight) and information collected directly from
subjects through the intake questionnaire which is reviewed at the time of DXA scanning
(14). Questionnaire information was supplemented with population-based healthcare data
(hospital discharge abstracts, medical claims diagnoses, province-wide retail pharmacy
database) as previously described, thereby ensuring complete information in virtually all
subjects (15–17). The Canadian FRAX tool was calibrated using nationwide hip fracture and
mortality data as previously described, which would include individuals born in Canada and
immigrants (13). Predictions agree closely with observed fracture risk in our population (18,
19). In addition to using the Canadian FRAX tool, we also used the US Asian and US Black
tools, because they are possible alternatives for cohort members of self-reported Asian and
Black ethnicity (3, 4).
Additional covariates
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We considered candidate variables that might account for between-ethnicity differences.
These included previous osteoporosis treatment (identified as 6 months or greater dispensed
quantity of an osteoporosis medication or systemic estrogen product in the prior year
from the province-wide retail pharmacy system) (20); a comorbidity index (number of
ambulatory diagnostic groups from the Johns Hopkins Adjusted Clinical Group® [ACG®]
Case-Mix System, version 11) (21); diagnosed diabetes from hospital and medical claims
(22–24); area of residence (urban versus rural) and income (lower versus upper) defined
from neighborhood level data (25, 26); DXA-derived geometric measures of femur neck
area (cm2); total hip area; (cm2) and hip axis length (HAL, mm) (27–30); lumbar spine
trabecular bone score (TBS, unitless) (31, 32); and DXA-estimated total body lean mass
and fat mass divided by height squared to provide a size-adjusted index (kg/m2) (33). In the
subset of those undergoing assessment since September 1, 2012 we also collected number
of self-reported falls in the preceding year as previously described (34); the falls data are
reported cross-sectionally since the numbers and follow up were insufficient for assessment
of between-ethnicity differences in fracture outcomes.
Fracture Outcomes
Manitoba Health records were assessed for the presence of fracture diagnostic codes
following the BMD assessment. Fractures that were not associated with trauma codes
were assessed through a combination of hospital discharge abstracts (diagnoses and
procedures coded using the International Classification of Diseases, Ninth Revision, Clinical
Modification [ICD-9-CM] prior to 2004 and International Classification of Diseases, Tenth
Revision, Canadian Enhancements [ICD-10-CA] thereafter) and physician billing claims
(coded using ICD-9-CM). The primary analysis was based upon incident non-traumatic hip,
clinical vertebral, forearm, and humerus fracture diagnostic codes (collectively designated
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“major osteoporotic” fractures) using previously validated algorithms (35, 36). We required
that hip and forearm fractures codes be associated with site-specific fracture reduction,
fixation or casting codes to enhance specificity for an acute fracture event. Secondary
analyses examine hip fracture alone. To minimize potential misclassification of prior
incident fractures, we conservatively required that there be no hospitalization or physician
visit(s) with the same fracture type in the six months preceding an incident fracture
diagnosis.
Statistical Analysis
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Statistical analyses were performed with Statistica (Version 13.0, StatSoft Inc, Tulsa, OK).
Descriptive statistics for demographic and baseline characteristics are presented as mean
± SD for continuous variables or number (%) for categorical variables. Time to incident
fracture following the DXA scan (index date) was estimated using Cox proportional
hazards regression. Observations were censored for death (Vitals Statistics), migration out of
province (Manitoba Health registry file), or end of follow up (March 31, 2018). The primary
analysis examined incident MOF as the outcome of interest. Cox regression analysis was
performed to examine the effect of ethnicity (referent: White) after adjustment for FRAX
probability and then considering other candidate variables that might account for betweenethnicity differences on fracture incidence. Proportionality of hazards was confirmed by
testing scaled Schoenfeld residuals versus time. All FRAX scores were log-transformed due
to a skewed distribution. The base model (Model 1) was based upon the Canadian FRAX
tool. A sensitivity analysis was conducted, in which the following covariates were added to
Model 1: osteoporosis treatment, comorbidity index, diabetes, area of residence and income.
We then examined the potential usefulness of candidate approaches for between-ethnicity
differences: using the US ethnic calculators for Asian and Black women (Model 2), or
adjusting for femur neck area (Model 3), total hip area (Model 4), HAL (Model 5), lumbar
spine TBS (Model 6), or estimated total body lean mass and fat mass index (Model 7). In
addition to reporting adjusted HRs to assess the amount of attenuation from each candidate
variable, we estimated the percent of the ethnicity effect (i.e., percent change in model
χ2 for the ethnicity term) explained by including the candidate variable in the model.
Ethnicity-stratified analyses were also conducted to examine the gradient of risk for each
SD increase in FRAX score to identify interactions between ethnicity and FRAX output.
Finally, the cumulative fracture probability to 10 years was estimated in the presence of
competing mortality. Observed versus predicted fracture probability was computed, stratified
by ethnicity.

Results
Baseline characteristics summarized in Table 1 showed significant differences in all
measures. The final study population comprised 68,907 White women (mean age 64.7
± 10.9 years), 1,910 Asian women (mean age 62.8 ± 9.9 years) and 356 Black women
(mean age 63.0 ± 10.6 years). Previous fracture was greatest among White women (20.1%),
followed by Asian (11.7%) and Black (8.7%) women. A similar ordering was seen for
fracture probability from the Canadian FRAX tool when calculated without BMD. Femoral
neck T-score was significantly lower in Asian women (mean -1.8 ± 0.9) compared with
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White women (-1.4 ± 1.0) followed by Black women (-0.6 ± 1.1). When fracture probability
was calculated with BMD, results for Asian women were similar to White women, and
remained significantly lower for Black women. Femur neck area, total hip area and HAL
were greatest for White women, lowest for Asian women and intermediate for Black
women. Lumbar spine TBS was slightly lower for Asian women. Total body lean mass index
and fat mass index were greatest for Black women, least for Asian women, and intermediate
for White women. Asian women reported significantly fewer falls in the prior year than
White women (13.% vs 22.8%, p<0.001); falls were less common among Black women
(17.9%) but this was not statistically significant.
Observation time was greatest for White women (8.8 ± 5.1 years), shortest for Asian women
(6.5 ± 5.0 years) and intermediate for Black women (7.1 ± 5.0 years). Numbers of fractures
observed and fracture rates are summarized in Table 2. Unadjusted incident MOF rates were
significantly greater (p<0.001) for White women (11.4 per 1,000 person years) compared
with Black women (4.3) and Asian women (5.0). A similar pattern was seen for incident
hip fractures, again significantly greater (p<0.001) for White women (3.6 per 1,000 person
years) compared with Black women (0.0 with no hip fracture events observed) and Asian
women (0.6).
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Table 3 shows the HRs for incident fracture adjusted for baseline risk estimated using
the Canadian FRAX tool. For the base model (Model 1) that adjusted for baseline risk
using the Canadian FRAX tool (referent White women), Asian women were at much lower
risk for MOF (HR 0.52, 95% CI 0.41 – 0.66 FRAX without BMD, 0.47, 95% CI 0.37 –
0.60 FRAX with BMD) and incident hip fracture (HR 0.23, 95% CI 0.11 – 0.46 FRAX
without BMD, 0.017, 95% CI 0.08 – 0.34 FRAX with BMD). Black women were also at
significantly lower MOF risk (HR 0.48, 95% CI 0.28 – 0.83 without BMD, 0.57, 95% CI
0.33 – 0.99 FRAX with BMD). These results were essentially identical after adjustment for
osteoporosis treatment, comorbidity score, diagnosed diabetes, area of residence and income
level; therefore, these variables were not included in subsequent models.
When the FRAX probabilities for MOF and hip fracture were calculated using US ethnic
calculators and entered in Model 2, there was considerable attenuation in the HRs for MOF
risk though it was still significantly reduced for Asian women (HR 0.73, 95% CI 0.62 – 0.99
FRAX without BMD, 0.75, 95% CI 0.59 – 0.95 FRAX with BMD) but was not significant
for Black women (HR 0.88, 95% CI 0.51 – 1.51 FRAX without BMD, 1.17, 95% CI 0.68
– 2.03 FRAX with BMD). Hip fracture risk was still considerably lower for Asian women
even using the US Asian calculator (HR 0.34, 95% CI 0.17 – 0.68 FRAX without BMD,
0.25, (95% CI 0.13 – 0.50 FRAX with BMD). Adjustment for femur neck area (Model 3),
total hip area (Model 4), lumbar spine TBS (Model 6) and body lean mass index plus fat
mass index (Model 7) did not significantly attenuate the effect of ethnicity in the models.
HAL (Model 5) attenuated the effect of Black ethnicity on MOF (adjusted HR 0.71, 95% CI
0.37 – 1.36) but not Asian women ethnicity (HR 0.47, 95% CI 0.34 – 0.65).
The percent of ethnicity effect explained from the different candidate adjustments is shown
Figure 1. For MOF risk assessed with BMD, the US ethnic calculators accounted for the
majority of the between-ethnicity differences (86% for Asian, 92% for Black). The effect of
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Asian ethnicity was partially but incompletely explained by total hip area (32%); all other
candidate variables showed low explanatory potential (<20%). HAL explained almost half
(48%) of the effect of Black ethnicity with TBS (36%) and total hip area (32%) explaining
a slightly smaller amount; all other candidate variables showed low explanatory potential
(<20%). For hip fracture risk, all candidate variables explained only a minority of the effect
of Asian ethnicity, greatest for the US ethnic calculator (40%), followed by TBS (33%), total
hip area (31%) and HAL (28%) (insufficient numbers for analysis of hip fractures in Black
women). Findings were similar for FRAX without BMD (data not shown).
Stratified analyses shown in Table 4 demonstrated that FRAX showed a statistically
significant gradient of risk for MOF and hip fracture in both White women and Asian
women, whether evaluated without or with BMD. This was not statistically significant
for MOF prediction in Black women, but the confidence intervals were wide and
the p-interaction (ethnicity*FRAX) was not significant. Calibration plots in Figure 2
demonstrate observed versus predicted 10-year fracture probability. For White women,
there was reasonable concordance between observed and predicted MOF and hip fracture
events. Consistent with the Cox regression analysis, for Asian women predicted MOF
greatly exceeded observed MOF using the Canadian FRAX calculator, but 95% CI limits
overlapped when using the US ethnic calculator. For Black women, MOF prediction without
BMD exceeded the observed fracture probability, overlapped the 95% CI limit for the
Canadian FRAX tool with BMD and most closely agreed with FRAX predictions from the
US ethnic calculator. For hip fracture prediction, predictions from the Canadian and US
Asian calculators both substantially overestimated observed fracture probability.
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Supplemental Table1 and Supplemental Table 2 show calibration analyses for the Asian
women compared with all available Asian FRAX calculators. Although confidence intervals
are wide and often overlapping, for MOF prediction the FRAX tool for China most closely
approximated the observed fracture probability (calibration ratios 1.10 without BMD and
1.06 with BMD). For hip fracture prediction none of the tools showed good calibration; the
closest was the FRAX tool for Philippines (calibration ratios 0.47 without BMD and 0.46
with BMD).

Discussion
In this large population-based registry with self-reported ethnicity categorized as White,
Asian or Black we identified significant between-ethnicity performance differences in
the Canadian FRAX tool. Although gradient of risk in stratified analyses was similar
(p-interaction ethnicity*FRAX non-significant), there were large calibration differences
such that the Canadian FRAX tool substantially overestimated MOF fracture risk in Asian
women and Black women, and overestimated hip fracture risk in Asian women (no observed
hip fracture events in Black women). Use of the US ethnic calculators for Asian and
Black women greatly attenuated the effect of ethnicity on MOF risk and gave results that
most closely agreed with the observed fracture probability. Other candidate adjustments
for ethnicity had weaker or no effect on MOF risk assessment. None of the candidate
adjustments for hip fracture risk assessment in Asian women was satisfactory.
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Our findings should probably come as no surprise, since Canada shares many of the
same immigration and ethnicity patterns as the US. Ethnic calculators for the US show
substantial differences from the US White calculator, and specifically generate much lower
risk calculations for Asian and Black women (3, 4). Interestingly, FRAX calculators for
Asian countries show much greater variability, with some generating very low and some
much higher fracture scores (37). Whether this relates to population differences, quality of
data used in model calibration, or a combination of factors is uncertain. Although we do
not have specific information on country or origin or duration of time resident in Canada
for our subjects, the predominant country of origin for Asian women in Manitoba is from
the Philippines (10). It is therefore instructive to note that the fracture risk calculator for
the Philippines generates much lower MOF and hip fracture probabilities than the Canadian
calculator or even the US Asian calculator.
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Our study complements previous work from Sweden suggesting that immigrants retain
fracture risk characteristics of their country of origin, such that the Swedish FRAX tool
overestimates fracture risk in foreign-born individuals living in Sweden. (6). Our study
extends these observations and demonstrates the potential value of ethnic calculators within
a country to more accurately reflect fracture risk among minority groups. Many challenges
could arise in trying to apply this to other countries, however. High quality fracture data
within ethnic groups is needed and may not be available at the population level. The number
of ethnic calculators is potentially open ended. Although there are four ethnic calculators
for the US and three for Singapore, ethnic diversity within these countries is considerably
more complex. Indeed, a single US Asian ethnic calculator exists whereas in Asia there are
thirteen FRAX calculators at the present time. A single calculator may not meet the needs
of all immigrant groups. Furthermore, this potentially creates much confusion on the part
of practitioners who must decide which calculator to use, how to deal with ethnic groups
that are not represented or where there is mixed ethnicity, and whether time of residency in
the new country gradually attenuates the effect from the foreign country of origin. Without
knowing whether individuals had lived their entire life in Canada or date of arrival for
immigrants, our study can not answer the important clinical question of whether to use the
FRAX tool specific to the country of birth, country of ancestral origin, or the new arrival
country.
Limitations to this analysis are acknowledged. The small number of ethnic categories
available to us is clearly a gross over-simplification of the complexity and richness of
societal diversity, which defies attempts at measurement or enumeration as noted by United
Nations (38). Within the broad and imprecise subgroups of White, Asian and Black ethnicity
we would expect enormous heterogeneity. Even within a single country, China, there are
56 officially recognized ethnic groups, and Black ethnicity encompasses individuals from
Africa, the Americas and the Caribbean. Ethnicity was crudely categorized based upon
self-report at the time of BMD testing and cannot be independently verified. Moreover,
we do not have any information regarding country of origin or duration of residence in
Canada. Our designation of Asian excluded those from South Asia (predominantly India)
and West Asian (Middle Eastern countries); therefore, individuals from these regions cannot
be identified. This contributes to the lower proportion of Asian women than expected from
the nationwide census data, since India, Pakistan and Iran are major sources of immigration
Osteoporos Int. Author manuscript; available in PMC 2021 September 03.
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to Canada (7). In addition, older individuals (age 65 years and above) make up a small
proportion recent immigrants (3.3% in 2006-2011 and 4.6% in 2011-2016 versus 19.1%
of the overall Canadian population). Non-White women may be less likely to undergo
referral for BMD testing, though this would likely select higher risk women which would
be contrary to our findings. Fracture events are identified from administrative data sources,
though the definitions used have been validated (35, 36). We did not have sufficient falls
data to examine this as an explanatory variable. Our findings are specific to the Canadian
FRAX tool and referred women from the Manitoba population. Whether our findings would
be applicable in other populations, with different ethnic mix or among men is uncertain.
In conclusion, we identified significant ethnic differences in the performance of Canadian
FRAX tool such that fracture probability was substantially overestimated among Asian and
Black women. The US ethnic calculators helped to address this discrepancy for MOF risk
assessment, but not for hip fracture risk among Asian women. Alternatively, downgrading
the Canadian FRAX output by a fixed fraction similar to that used in the US ethnic
calculators could be considered for those of Asian or Black ethnicity (3). Independent
validation of our findings and comparison of these approaches will be required before
developed a general recommendation for the Canadian population.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Mini-Abstract
We identified large between-ethnicity calibration differences in the Canadian FRAX®
tool which substantially overestimated major osteoporotic fracture (MOF) risk in Asian
women and Black women, and overestimated hip fracture risk in Asian women.
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Figure 1.

Percent of self-reported ethnicity effect explained from candidate variables (decrease in
model χ2 from including the candidate variable). Analysis based upon FRAX with BMD.
Insufficient numbers for analysis of hip fractures in Black women.
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Figure 2.

Concordance between observed (with 95% confidence bars) cumulative fracture probability
to 10 years in the presence of competing mortality and mean predicted 10-year fracture
probability from Canadian and US ethnic FRAX calculators, without (-) and with (+)
bone mineral density (BMD), according to self-reported ethnicity. Insufficient numbers for
analysis of hip fractures in Black women.
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Table 1

Baseline characteristics of the study population stratified by self-reported ethnicity.
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Characteristic
N=

White women

Asian women

Black women

68,907

1,910

366

Age (years)

64.7 ± 10.9

BMI (kg/m2)

27.6 ± 6.1

Prior fracture

13,817 (20.1)

a

62.8 ± 9.9

224 (11.7)

Canadian FRAX MOF percent (without BMD)

11.6 ± 8.8

Canadian FRAX hip percent (without BMD)

3.4 ± 5.2

Canadian FRAX MOF percent (with BMD)

10.4 ± 7.3

10.2 ± 7.0

Canadian FRAX hip percent (with BMD)

2.4 ± 3.9

2.5 ± 3.6

US-ethnic FRAX MOF percent (without BMD)

N/A

US-ethnic FRAX hip percent (without BMD)

N/A

US-ethnic FRAX MOF percent (with BMD)

N/A

US-ethnic FRAX hip percent (with BMD)

N/A

Rural residence (vs urban)

23,568 (34.2)

Lower income (vs higher)

23,974 (34.8)

Europe PMC Funders Author Manuscripts

Comorbidity score

4.9 ± 2.7

Diabetes

7,424 (10.8)

Osteoporosis treatment

8,933 (13)

Femur neck area (cm2)

4.8 ± 0.4

Total hip area (cm2)

31.8 ± 2.4

HAL (mm)

105.1 ± 6.4

Lumbar spine TBS L1-4

1.270 ± 0.123

Total lean mass index (kg/m2)
Total fat mass index (kg/m2)
One or more falls in the prior year

15.4 ± 2
10.9 ± 4.3
3,765 (22.8)

-1.8 ± 0.9

1.7 ± 2.7
6.7 ± 4.7
1.6 ± 2.5

4.5 ± 0.3

a

<0.001

b

<0.001

b

<0.001

b

<0.001

b

<0.001

18 (5.1)

a

b

<0.001

b

<0.001

b

<0.001

b

<0.001

b

<0.001

4.6 ± 0.3

30.3 ± 2.2
100 ± 6.2

a

0.034
<0.001

92 (25.8)

a

a

b

b

5.2 ± 2.7

a

a

116 (13.9)

b

145 (40.7)

a

1.262 ± 0.104

8.8 ± 2.8

<0.001

18 (5.1)

a

14.8 ± 1.5

b

0.5 ± 0.7

a

96.6 ± 5.4

<0.001

3.6 ± 2.1

a

28.2 ± 2.0

b

1.1 ± 1.7

a

143 (7.5)

<0.001

4.7 ± 3.3

a

393 (20.6)

b

0.9 ± 1.5

689 (36.1)
4.6 ± 2.5

<0.001

7.0 ± 4.3

a

<0.001

b

2.2 ± 3.4

a

192 (10.1)

<0.001

<0.001

9.0 ± 6.6

a

6.5 ± 4.6

b

b

-0.6 ± 1.1

a

10.0 ± 6.9

<0.001

b

31 (8.7)

a

-1.4 ± 1.0

2.6 ± 4

28.8 ± 6.0

a

Femoral neck T-score

b

63.0 ± 10.6

a

24.8 ± 4.1

p-value

1.280 ± 0.127
16.2 ± 2.0

b

0.021
<0.001

11.4 ± 4.2

<0.001

24 (17.9)

<0.001

Data expressed as mean (SD) or N (percent). Major osteoporotic fracture (MOF) and hip fracture probability computed without and with bone
mineral density (BMD). Hip axis length (HAL). Trabecular bone score (TBS). p-value by analysis of variance (ANOVA).

a

Post hoc P <0.05, Asian vs White.

b
*

Post hoc P <0.05, Black vs White.
Limited to September 1 2012 and later.
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Table 2

Unadjusted incident fracture rates (per 1,000 person-years) with 95% confidence interval
(CI) and number of fractures observed according to self-reported ethnicity.
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White women Rate per 1,000
person-years (95%CI)

a

Incident major
osteoporotic fracture

11.4 (11.2-11.7)
N=6,897

Incident hip fracture

3.6 (3.5-3.8)
N=2,192

Asian women Rate per 1,000
person-years (95%CI)

a

5.0 (3.8-6.2)
N=62

a

0.6 (0.2-1.0)
N=7

p-value <0.001, Asian vs White.

b

p-value <0.001, Black vs White.
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Black women Rate per 1,000
person-years (95%CI)

b

4.3 (1.8-6.9)
N=11

b

0.0 (0.0-1.3)
N=0
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Table 3

Hazard ratio (HR) with 95% confidence interval (CI) per standard deviation (SD)
increase in FRAX score for incident fracture according to self-reported ethnicity.
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Model 1: Canadian FRAX,
unadjusted
White women (referent)

Incident MOF from
FRAX without BMD

Incident MOF from
FRAX with BMD

Incident HIP from
FRAX without BMD

Incident HIP from
FRAX with BMD

HR per SD

HR per SD

HR per SD

HR per SD

1 (REF)

1 (REF)

1 (REF)

1 (REF)

Asian women

0.51 (0.40-0.65)

0.46 (0.35-0.59)

0.22 (0.11-0.47)

0.16 (0.08-0.34)

Black women

0.49 (0.27-0.88)

0.58 (0.32-1.00)

-

-

<0.001

<0.001

<0.001

<0.001

HR per SD

HR per SD

HR per SD

HR per SD

1 (REF)

1 (REF)

1 (REF)

1 (REF)

Asian women

0.49 (0.38-0.63)

0.44 (0.34-0.57)

0.21 (0.10-0.45)

0.16 (0.07-0.33)

Black women

0.45 (0.25-0.82)

0.54 (0.30-0.97)

-

-

<0.001

<0.001

<0.001

<0.001

HR per SD

HR per SD

HR per SD

HR per SD

1 (REF)

1 (REF)

1 (REF)

1 (REF)

Asian women

0.76 (0.59-0.97)

0.73 (0.57-0.93)

0.33 (0.16-0.7)

0.24 (0.12-0.51)

Black women

0.89 (0.49-1.60)

1.20 (0.66-2.18)

-

-

0.089

0.037

0.004

<0.001

HR per SD

HR per SD

HR per SD

HR per SD

p-value for ethnicity
Model 1 sensitivity: Canadian
FRAX, adjusted for osteoporosis
treatment, comorbidities, diabetes,
residence, income
White women (referent)

p-value for ethnicity
Model 2: US ethnic calculators,
unadjusted
White women (referent)
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p-value for ethnicity
Model 3: Canadian FRAX, adjusted
for Femur Neck Area
White women (referent)

1 (REF)

1 (REF)

1 (REF)

1 (REF)

Asian women

0.55 (0.43-0.71)

0.48 (0.38-0.62)

0.25 (0.12-0.53)

0.18 (0.08-0.37)

Black women

0.51 (0.28-0.92)

0.60 (0.33-1.09)

-

-

<0.001

<0.001

<0.001

<0.001

HR per SD

HR per SD

HR per SD

HR per SD

p-value for ethnicity
Model 4: Canadian FRAX, adjusted
for Total Hip Area
White women (referent)

1 (REF)

1 (REF)

1 (REF)

1 (REF)

Asian women

0.59 (0.46-0.76)

0.54 (0.42-0.7)

0.29 (0.14-0.61)

0.22 (0.11-0.47)

Black women

0.52 (0.29-0.93)

0.63 (0.35-1.13)

-

-

<0.001

<0.001

0.001

<0.001

HR per SD

HR per SD

HR per SD

HR per SD

1 (REF)

1 (REF)

1 (REF)

1 (REF)

Asian women

0.52 (0.39-0.70)

0.48 (0.36-0.64)

0.35 (0.16-0.73)

0.27 (0.13-0.57)

Black women

0.55 (0.30-1.02)

0.67 (0.36-1.25)

-

-

<0.001

<0.001

0.005

<0.001

p-value for ethnicity
Model 5: Canadian FRAX, adjusted
for HAL
White women (referent)

p-value for ethnicity
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Incident MOF from
FRAX without BMD

Incident MOF from
FRAX with BMD

Incident HIP from
FRAX without BMD

Incident HIP from
FRAX with BMD

HR per SD

HR per SD

HR per SD

HR per SD

1 (REF)

1 (REF)

1 (REF)

1 (REF)

Asian women

0.47 (0.34-0.64)

0.42 (0.31-0.58)

0.35 (0.17-0.74)

0.26 (0.12-0.54)

Black women

0.51 (0.27-0.99)

0.62 (0.32-1.18)

-

-

<0.001

<0.001

0.006

<0.001

HR per SD

HR per SD

HR per SD

HR per SD

Model 6: Canadian FRAX, adjusted
for TBS
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White women (referent)

p-value for ethnicity
Model 7: Canadian FRAX, adjusted
for Lean mass and Fat mass Index
White women (referent)

1 (REF)

1 (REF)

1 (REF)

1 (REF)

Asian women

0.47 (0.36-0.61)

0.42 (0.32-0.55)

0.25 (0.12-0.53)

0.18 (0.09-0.39)

Black women

0.47 (0.25-0.88)

0.57 (0.31-1.07)

-

-

<0.001

<0.001

<0.001

<0.001

p-value for ethnicity

Results from Cox regression models. Major osteoporotic fracture (MOF) and HIP fracture probability computed without and with femoral neck
bone mineral density (BMD), FRAX tools. Black ethnicity not included in the hip fracture models as there were no observed events.
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Table 4

Hazard ratio (HR) with 95% confidence interval (CI) per standard deviation (SD)
increase in FRAX score for incident fracture according to self-reported ethnicity.
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Incident MOF from
FRAX without BMD

Incident MOF from
FRAX with BMD

Incident HIP from
FRAX without BMD

Incident HIP from
FRAX with BMD

HR per SD

HR per SD

HR per SD

HR per SD

White women (referent)

1.98 (1.93-2.04)

2.10 (2.04-2.15)

3.69 (3.51-3.87)

4.32 (4.10-4.56)

Asian women

1.55 (1.16-2.07)

1.73 (1.33-2.26)

6.42 (2.34-17.6)

10.7 (3.03-38.0)

Black women

1.89 (0.93-3.86)

1.78 (0.85-3.70)

-

-

0.439

0.534

0.251

0.139

p-interaction
(ethnicity*FRAX)

Results from Cox regression models. Major osteoporotic fracture (MOF) and HIP fracture probability computed without and with femoral neck
bone mineral density (BMD), Canadian FRAX tool. Black ethnicity not included in the hip fracture models as there were no observed events.
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