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We investigated FRAX Canada calibration and discrimination according to income
quintile in 51,327 Canadian women, with and without a competing mortality framework.
Our data show that, under a competing mortality framework, FRAX provides robust

fracture prediction and calibration regardless of SES.
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Abstract (249 words)

Purpose: FRAX® predicts 10-year fracture risk. Social factors may independently affect
fracture risk. We investigated FRAX calibration and discrimination according to
socioeconomic status(SES).

Methods: Women aged >50yr with baseline femoral neck BMD were identified from the
Manitoba Bone Density Program, Canada(n=51,327), 1996-2011. Mean household
income, extracted from 2006 census files, was categorized into quintiles. 10-year fracture
probabilities were calculated using FRAX Canada. Incident non-traumatic fractures were
studied in relation to income quintile in adjusted Cox proportional hazards models. We
compared observed versus predicted fractures with and without a competing mortality
framework.

Results: During mean 6.2+3.7yr of follow up there were 6,392 deaths, 3,723 women with
>1 major osteoporotic fracture(MOF) and 1,027 with hip fractures. Lower income was
associated with higher risk for death, MOF and hip fracture in adjusted models(all
p<0.005). More women in income quintile 1(lowest) vs. quintile 5 experienced
death(19% vs. 8%), MOF(10% vs. 6%) or hip fracture(3.0% vs. 1.3%)(all p<0.001).
Adjustment for competing mortality mitigated the effect of SES on FRAX calibration,
and good calibration was observed. FRAX provided good fracture discrimination for
MOF and hip fracture within each income quintile(all p<0.001). Area under the
curve(AUC) was slightly lower for income quintiles 1 vs. 5 for FRAX with BMD to
predict MOF(0.68, 95%CI 0.66-0.70 vs. 0.71, 95%CI 0.69-0.74) and hip fracture(0.79,
95%CI 0.76-0.81 vs. 0.87, 95%CI 0.84-0.89).

Conclusion: Increased fracture risk in individuals of lower income is offset by increased
mortality. Under a competing mortality framework, FRAX provides robust fracture

prediction and calibration regardless of SES.
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Introduction

The World Health Organization (WHO) fracture risk tool (FRAX®) was developed to
evaluate the 10-year fracture probabilities based on individual patient models that
integrate the risks associated with clinical risk factors, with or without bone mineral
density (BMD) measured at the femoral neck (1). Canada FRAX was constructed using
national hip fracture and mortality data, and provides robust fracture prediction and

calibration for the Canadian population (2, 3).

Clinical risk factors for fracture are known to vary widely according to different levels of
socioeconomic status (SES), including body mass index (BMI) (4), smoking (5-8),
alcohol consumption (9), and other lifestyle choices including nutrition and physical
activity (10-13). Differences across socioeconomic groups have also been observed for
BMD (14-17) and mortality (18, 19) in different countries. Given this, it is plausible that
social factors may independently affect FRAX risk assessment. Therefore, we
investigated the performance of FRAX to determine whether the Canadian tool performs
equitably in the clinical setting across different levels of SES.

Materials and methods

Study population

The Province of Manitoba has a population of ~1.25 million according to the Statistics
Canada census, virtually all of whom are afforded comprehensive health care coverage
(20). From the Manitoba BMD Program database, which captures all clinical dual energy
x-ray absorptiometry (DXA) results for the Province of Manitoba, Canada, we identified
51,327 women aged >50 years with medical coverage and who had baseline BMD testing
at the femoral neck between 1996 and 2011. This study was reviewed and approved by
the Health Research Ethics Board for the University of Manitoba, and the Health
Information Privacy Committee (HIPC) of Manitoba Health (HIPC File Number
2012/2013-15).

Adverse socioeconomic position



Mean household income, based upon area of residence in the year of the DXA test, for
dissemination areas (DAs) was extracted from the public use files of the Statistics Canada
Census for 2006. As of 2001 Census, DAs replace enumeration areas as the basic unit for
data dissemination, and are the smallest geographic unit for which Census data are
released to the public. DAs are composed of one or more neighbouring blocks, and are
uniform in population size, ranging from 400 to 700 persons. Mean household income
was ranked from the lowest to highest, and then categorized into quintiles, with each

quintile containing ~20% of the population, as previously described (14).

Bone mineral density

Prior to 2000, BMD was measured by DXA using a pencil-beam instrument (Lunar DPX,
GE Healthcare, Madison, WI, USA), and in later years DXA was performed using fan-
beam instruments (Lunar Prodigy, GE Healthcare). All instruments were cross-calibrated
using anthropomorphic phantoms and volunteers. DXA scans of the femoral neck were
performed and analyzed in accordance with manufacturer recommendations.
Osteoporosis was determined as a BMD T-score at the femoral neck of >2.5SD below
the young adult mean, and calculated using the revised National Health and Nutrition

Examination Survey (NHANES) 111 white female reference values (21).

Fracture ascertainment

Fractures diagnosed before and after BMD testing (1987-2011) were ascertained through
the combined use of hospital discharge records (diagnoses and procedures coded using
the International Classification of Diseases, Ninth Revision, Clinical Modification [ICD-
9-CM] prior to 2004, and ICD Tenth Revision, Canada [ICD-10-CA] after 2004) and
physician billing claims (coded using ICD-9-CM) (22). To code a prior fracture for
FRAX calculation, we included MOFs of the hip, clinical vertebra, forearm or humerus
that had been diagnosed before BMD testing and were not associated with a code for high
trauma. A similar definition was used for incident fractures (after BMD testing), with the
inclusion of a 6 month wash-out period where fractures affected the same site. To
enhance diagnostic and temporal specificity, a hip fracture was also required to have a

relevant orthopedic procedure code (e.g., open or closed reduction), and a forearm



fracture was required to have a site-specific orthopedic procedure (e.g., cast

immobilization or fracture reduction).

Clinical risk factors

Weight and height were recorded at the time of the DXA examination; prior to 2000 this
was self-reported, however from 2000 onward height was assessed with a wall-mounted
stadiometer and weight was assessed without shoes using a standard floor scale. BMI
(kg/m?) was calculated as weight divided by height squared in kg/m?. A diagnosis of
rheumatoid arthritis was defined from ICD-9-CM/ICD-10-CA codes identified from
physician records or hospitalizations in a three-year period prior to BMD testing (22).
Chronic obstructive pulmonary disease (COPD) diagnosis was used as a proxy for
smoking status, and diagnosis of alcohol or substance abuse was used as a proxy for high
alcohol intake. The proxy measures have been shown to give similar prevalence and risk
prediction as in other cohorts including the population-based Canadian Multicentre
Osteoporosis Study (2, 3). Prolonged corticosteroid use (>90 days dispensed in the year
prior to DXA testing) was obtained from the province-wide retail pharmacy system (22).
Adjustments were made for incomplete parental hip fracture information, using age- and
sex-specific adjustment factors based on 2006-7 parental hip fracture responses, as
previously published (3, 23). Osteoporotic drug treatment dispensed in the year prior to
DXA testing was used to calculate the medication possession ratio (MPR) (24) and

categorised as none <0.5. 0.5-0.8, or >0.8.

Calculation of FRAX probabilities
The 10-year probability of a MOF or hip fracture was calculated for each subject (FRAX
Canada, FRAX® Desktop Multi-Patient Entry, version 3.7) using the variables given

above, with and without femoral neck BMD.

Statistical analyses
Characteristics of the study population were descriptively analyzed. We determined a
priori to contrast the extreme ends of the socioeconomic continuum. The lowest income

quintile (quintile 1) and the highest income quintile (quintile 5) were compared using a x>



test of independence for categorical variables and analysis of variance (ANOVA) for
normally distributed continuous variables. We estimated the mean probabilities of MOF
and hip fracture, and calculated the crude fracture incidence for the lowest and highest
income quintiles. To assess calibration, we used a modified Kaplan-Meier method that
accounts for the competing risk of death and compared estimated 10-year fracture
probabilities with predicted probabilities for the lowest and highest income quintiles (25).
Accounting for competing mortality is imperative, as estimates of 10-year fracture
probability may be biased if analyses did not adjust for this effect (25). We have
previously shown that our modified Kaplan-Meier method (25) will produce estimates
that are consistent with semi-parametric (ie, Cox Proportional Hazards) and non-
parametric (two-step procedures for constructing the cumulative incidence function)
methods. For comparison, we also examined calibration in a model that did not account
for competing mortality risk. Receiver operating characteristics (ROC) curves for income
quintiles 1 and 5 were used to assess discriminative performance for each income
subgroup. Age-adjusted and multivariable-adjusted hazard ratios (HR) and 95%
confidence intervals (Cl) were computed for each income quintile (reference: quintile 5).
Finally, linear trend as a function of income quintile was assessed using a large-sample
chi-squared test. All statistical analyses were performed with Statistica (Version 10.0,
StatSoft Inc, Tulsa, OK), with the exception of ROC analyses which were performed with
IBM SPSS for Windows (Version 20.0, SPSS Inc., Chicago, IL).

Results

Clinical risk factors for the entire study population (n=51,327) are presented in Table 1.
Women in quintile 1 (lowest income) versus women in quintile 5 (highest income) were
older (68.7£10.3 vs. 63.5+£9.3), had greater mean BMI (27.3£5.8 vs. 26.5+5.1) and a
lower femoral neck T-score (-1.6£1.0 vs. -1.3+1.0) (all p<0.001). Greater prevalence of
all clinical risk factors were observed in women in quintile 1 compared to women in

quintile 5 (p<0.001) with the exception of parental hip fracture and rheumatoid arthritis.

During mean 6.2 years of follow up incident MOF were observed in 3,723 (7.3%) women

(9.5% for income quintile 1 vs. 5.6% for income quintile 5, p<0.001) among whom 1,027



(2.0%) had incident hip fractures (3.0% for income quintile 1 vs. 1.3% for income
quintile 5, p<0.001). During the same period 6,392 women died (12.5%), of whom 1,619
(18.6%) were in quintile 1 and 847 (8.2%) in quintile 5 (p<0.001). Table 2 presents the
adjusted HRs for mortality, MOF and hip fracture according to income quintile. A linear
dose-response association was observed between lower and higher income quintiles and
increased likelihood of all events (all p-values for linear trend <0.01). After adjustment
for multiple covariates, the HRs and 95% confidence intervals (95%CI) for quintile 1 vs.
quintile 5 for mortality was 1.43 (95%CI 1.32-1.56), for MOF was 1.28 (95%CI 1.15-
1.42) and for hip fracture was 1.30 (95%CI 1.05-1.60).

Accounting for competing mortality, in all women combined the observed 10-year
fracture incidence for MOF was 11.0% (predicted 11.6% without BMD, 11.0% with
BMD), and for hip fracture was 3.2% (predicted 3.5% without BMD, 2.8% with BMD),
indicating good concordance (Figure 1). Mean predicted fracture probabilities were
higher for quintile 1 compared to quintile 5 for MOF (13.7% vs. 10.1% without BMD,
and 12.9% vs. 9.6% with BMD) and for hip fracture (4.8% vs. 2.7% without BMD, and
3.8% vs. 2.1% with BMD). All differences in fracture probabilities for quintiles 1 and 5
were statistically significant (p<0.001). Observed fracture incidence (accounting for
competing mortality) was higher for quintile 1 compared to quintile 5 (p<0.001) for MOF
(14.4% vs. 8.7%) and for hip fracture (4.8% vs. 2.1%), consistent with the predicted
differences. Models that did not account for competing mortality risk gave slightly higher
estimates of 10-year fracture incidence, with a larger difference for income quintile 1 (A
MOF 1.6%, A hip fracture 0.6%) compared with income quintile 5 (A MOF 0.4%, A hip
fracture 0.1%).

Figure 1: Mean fracture probability (measured with and without BMD) and observed
fracture incidence (estimated with and without adjustment for competing risk of
mortality) in the study population for income quintile 1 (lowest income) and quintile 5

(highest income).



Figure 2 shows good concordance between observed and predicted 10-year fracture
probabilities for income quintiles 1 and 5 in risk subgroups (low <10%, moderate 10-
19%, high >20%) after accounting for competing mortality risk. In particular, for the
highest risk subgroup, the 95% CI for observed 10-year MOF and hip fracture straddled
the line of identity indicating good calibration. Figure 3 presents the agreement between
observed and predicted 10-year fracture probabilities without accounting for the effects
of competing mortality which gave higher values as expected. For quintile 1, the highest
risk subgroup 95% CI for observed 10-year MOF and hip fracture fell above the line of
identity indicating miscalibration (underestimation in fracture risk) when competing

mortality was omitted from the analysis.

Figure 2: Predicted* vs. observed10-year fracture risk (%), with adjustment for
competing risk of mortality by risk category (low <10%, moderate 10-19%, high risk
>20%) for income quintiles 1 and 5, presented for (a) major osteoporotic fracture (MOF),

and (b) hip fracture. Error bars represent 95% confidence intervals.

Figure 3: Predicted* vs. observed10-year fracture risk (%), without adjustment for
competing risk of mortality by risk category (low <10%, moderate 10-19%, high risk
>20%) for income quintiles 1 and 5, presented for (a) major osteoporotic fracture (MOF),

and (b) hip fracture. Error bars represent 95% confidence intervals.

Discrimination for MOF as measured by area under the ROC curve (AUC) was
significantly better than chance overall and for each income subgroup (p<0.001), but
AUCs were slightly lower for quintile 1 versus quintile 5 for FRAX with BMD (0.68,
95%CI 0.66-0.70 vs. 0.71, 95%CI 0.69-0.74, respectively) and without BMD (0.65,
95%CI 0.63-0.67 vs. 0.68, 95%CI 0.66-0.70, respectively) (both p=0.04). For hip
fracture, AUC was again significantly lower for quintile 1 versus quintile 5 for FRAX
with BMD (0.79, 95%CI 0.76-0.81 vs. 0.87, 95%CI 0.84-0.89, respectively) and without
BMD (0.76, 05%CI 0.73-0.78 vs. 0.85, 95%CI 0.82-0.88, respectively) (both p<0.001).
No significant differences in the AUC for the income quintiles were observed for MOF or

hip fracture predicted from femoral neck T-score alone (both p>0.4).



Discussion

We provide the first data to investigate the performance of FRAX according to different
levels of SES. We found that adjustment for competing mortality mitigates the effect of
SES on FRAX calibration such that good calibration was observed regardless of income
level. Our data also suggest that FRAX provides slightly better discrimination for women

with the highest income compared to the lowest income.

Little discrepancy in calibration was observed between income quintiles 1 and 5 under a
competing mortality framework, however greater discrepancy was seen when not
accounting for mortality. It is most likely that the increased fracture risk for women with
the lowest income is offset by the increased mortality risk in the same population group.
Our women with the lowest income had the greatest proportion of incident fracture, an
association that is supported by studies from other developed countries including Sweden
(26), the US (27), Denmark (28) and Australia (29, 30). Furthermore, we observed an
inverse relationship between mortality and socioeconomic adversity; another association
that is well-documented (18, 19). In order to provide accurate 10-year fracture
probabilities across different levels of socioeconomic adversity, and to avoid the potential
for calibration differences between diverse socioeconomic groups, it is important that a
competing mortality framework be employed.

We report better discrimination for FRAX for women with the highest income compared
to the lowest income. The underlying mechanisms that may explain the observed
differences in discrimination are varied. First, it is plausible that different trauma
mechanisms may be involved. For instance, a greater propensity may exist for women
from adverse social positions to fall compared to other women (31, 32); reasons may
include an over-crowded environment (33), non-involvement in falls prevention clinics
when needed (34-36) or sedentary lifestyles that increase the likelihood of reduced
muscle strength (37-39). Furthermore, women from lower SES groups are more likely to
have co-morbid conditions than other women (9, 40-42). Co-morbid conditions may also

increase the likelihood of falling, and include those associated with low lean mass and



poor muscle function such as sarcopenia (43), gait disorders and balance disturbances
such as Parkinson’s disease (44), or poor sight (32, 45, 46). An alternate explanation for
the difference in fracture discrimination between the lowest and highest income quintiles
could be related to differences in the dose-response associations of clinical risk factors
and fracture risk. It is well-documented that individuals from lower SES groups have less
healthy lifestyles than their more advantaged counterparts including a greater likelihood
of smoking, lower levels of physical activity, poorer nutritional intake and greater levels
of obesity (4, 9, 10, 47). Even though the clinical risk factors included in FRAX tools
incorporate some lifestyle behaviours, it is feasible that the dose-response effect of
lifestyle behaviours on fracture risk may differ between individuals from different
socioeconomic backgrounds. This may be due to a cumulative effect of many factors on
bone (48, 49), the duration exposed to various factors, a life-course accumulation of
disadvantage or health capital (50), or a combination of factors—issues that add further
complexity to efforts aimed at disentangling the inverse associations between income and

fracture.

This study has several strengths. These are the first data to investigate whether FRAX
performed equally well for individuals from different SES groups. That we observed
robust calibration is in part due to FRAX Canada being well calibrated from national hip
fracture data (51). Our study size provided significant power to account for the
differences in clinical risk factors between women with the lowest and highest income.
Our study also has some limitations. Our sample population included women only. For
our analyses, we used income quintiles based on the Statistics Canada Census for 2006,
however, we have previously shown a strong correlation between area household income
from the 2006 Census and household income from the year of DXA (14). Given that we
investigated the performance of FRAX Canada, we are unable to comment on the
calibration or discrimination of other country-specific FRAX tools according to different
levels of socioeconomic status. We report on both the calibration and discrimination of
our model, however acknowledge that some limitations to ROC analysis exist (52). For
example, the ROC curve retains the full range of sensitivity and specificity values, not all

of which may have clinical relevance. Whilst our ROC analysis did not adjust for
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differences in follow up time, the mean follow up for income quintiles 1 and 5 were quite
similar (6.0 vs 6.3 years). Our sample showed a bias toward greater numbers in the
highest income quintile compared to the lowest income quintile; a factor plausibly
explained by our population being clinically referred and that individuals from lower SES
groups are less likely to utilize DXA (53-56) and more likely to experience geographical
or travel-related barriers that limit attendance to testing or treatment (57-60).
Furthermore, we were unable to account for ethnicity in these analyses as the study
cohort was almost exclusively White (97-98% for each income quintile). Finally, we
were unable to verify household income data, and there were no available income data
measured at the individual-level. However, a comparison of income measured at the
household and area-level showed that risk estimates from area-level income measures are

not attenuated relative to estimates obtained from household income (61).

In conclusion, socioeconomic adversity independently modulates risk for death and
fracture. Increased fracture risk in individuals of lower income is offset by increased
mortality. Our data show that FRAX Canada provides robust fracture prediction and
calibration regardless of socioeconomic position when accounting for the competing risk
of mortality. Further studies that examine the calibration of other country-specific FRAX
tools across socioeconomic groups are warranted to investigate the generalizability of our
findings. In view of the importance of competing mortality on fracture probability
estimation, country-specific FRAX tools may need to be periodically updated to adjust

for any intervening secular changes in mortality and/or fracture rates.

Acknowledgements

The authors are indebted to Manitoba Health for the provision of data (HIPC File No.
2012/2013-15). The results and conclusions are those of the authors, and no official
endorsement by Manitoba Health is intended or should be inferred. This article has been
reviewed and approved by the members of the Manitoba Bone Density Program
Committee. SL Brennan is supported by a National Health and Medical Research Council
(NHMRC) of Australia Early Career Fellowship (1012472), and a 2012 Dyason

11



Fellowship from The University of Melbourne. LM Lix is supported by a Manitoba
Health Research Chair.

Disclosures/Conflict of interest

Sharon L Brennan and Anders Oden have no disclosures/competing interests to declare.

William D Leslie has served on advisory boards for Novartis, Amgen, Genzyme,

received unrestricted research grants from Amgen, and received speaker fees from
Amgen, Novartis and Eli Lilly.
Helena Johansson is supported by ESCEO-AMGEN Osteoporosis Fellowship Award.

Eugene McCloskey: Speaker fees and/or unrestricted research grants from Novartis,

Amgen, AstraZeneca, Pfizer, Bayer, Warner-Chilcott / Procter & Gamble, Lilly, Roche,
Servier and Hologic.

John A Kanis: Industry: Amgen, USA, Switzerland and Belgium; D3A, France; Gador,
Argentina; General Electric, USA; GSK, UK, USA; Hologic, Belgium and USA; Kisseli,
Japan; Lilly, USA, Canada, Japan, Australia and UK; Merck Research Labs, USA;
Merlin Ventures, UK; Novartis, Switzerland and USA; Novo Nordisk, Denmark;
Nycomed, Norway; Ono, UK and Japan;; Pfizer USA; Pharmexa, Denmark; ProStrakan,
UK; Roche, Germany, Australia, Switzerland and USA; Rotta Research, Italy; Sanofi-
Aventis, USA; Servier, France and UK; Shire, UK; Solvay, France and Germany; Tethys,
USA; Teijan, Japan; Teva, Israel; UBS, Belgium; Unigene, USA; Warburg-Pincus, UK.
Governmental and non-Government Organisations: National Institute for Health and
Clinical Excellence (NICE), UK; International Osteoporosis Foundation; National
Osteoporosis Guideline Group (NOGG), UK; INSERM, France; Ministry of Public
Health, China; Ministry of Health, Australia; National Osteoporosis Society, UK; World
Health Organization.

Lisa M Lix has received an unrestricted research grant from Amgen.

12



References

1. Kanis JA, Oden A, Johansson H, Borgstrom F, Strom O, McCloskey E (2009)
FRAX and its applications to clinical practice. Bone 44:734-743.

2. Fraser LA, Langsetmo L, Berge C, lonnidis G, Gotzman D, Adachi JD,
Papaoiannou A, Josse R, Kovacs CS, Olszynski WP, Towheed T, Hanley DA, Kaiser
SM, Prior J, Jamal S, Kreiger N, Brown JP, Johansson H, Oden A, McClosely E, Kanis
JA, Leslie WD, CaMOS Research Group (2011) Fracture prediction and calibration of a
Canadian FRAX tool: a population-based report from CaMQOS. Osteoporos Int 22:829-
837.

3. Leslie WD, Lix LM, Johansson H, Oden A, McCloskey E, Kanis JA, Manitoba
Bone Density Program (2010) Independent clinical validation of a Canadian FRAX tool:
Fracture prediction and model calibration. J Bone Miner Res 25:2350-2358.

4. Ball K, Mishra G, Crawford D (2002) Which aspects of socioeconomic status are
related to obesity among men and women? Int J Obes 26:559-565.

5. Siegel D, Faigeles B (1996) Smoking and socioeconomic status in a population-
based inner city samply of African-Americans, Latinos and whites. J Cardiovasc Risk
3:295-300.

6. Gilman SE (2008) Educational attainment and cigarette smoking: A causal
association? Int J Epidemiol 37:615-624.

7. Shohaimi S, Luben R, Wareham N, et al (2003) Residential area deprivation
predicts smoking habit independently of individual education level and occupational
social class. A cross sectional study in the Norfolk cohort of the European Investigation
into Cancer (EPIC-Norfolk). J Epidemiol Comm Health 57:270-276.

8. Schaap M, van Agt H, Kunst A (2008) Identification of socioeconomic groups at
increased risk for smoking in European countries: Looking beyond education level.
Nicotine and Tobacco Research 10:359-369.

9. Brennan SL, Henry MJ, Nicholson GC, Kotowicz MA, Pasco JA (2009)
Socioeconomic status and risk factors for obesity and metabolic disorders in a

population-based sample of adult females. Prev Med 49:165-171.

13



10.  Ward H, Tarasuk V, Mendelson R, McKeown-Eyssen G (2007) An exploration of
socioeconomic variation in lifestyle factors and adiposity in the Ontario Food Survey
through structural equation modeling. Int J Behav Nutr Physical Activity 4:5868-5864-
5868.

11. Darmon N, Drewnowski A (2008) Does social class predict diet quality? Am J
Clin Nutr 87:1107-1117.

12. Milligan R, Burke V, Beilin U, Dunbar DL (1998) Influence of gender and
socioeconomic status on dietary patterns and nutrient intakes in 18-year old Australians.
Aust NZ J Public Health 22:485-493.

13.  Crespo CJ, Ainsworth BE, Keteyian SH, Heath GW, et al (1999) Prevalence of
physical inactivity and its relation to social class in US adults: results from the Third
National Health and Nutrition Examination Survey, 1988-1994. Med Sci Sports Exerc
31:1821-1827.

14. Brennan SL, Leslie WD, Lix LM (2012) Associations between adverse social
position and bone mineral density in women aged 50 years or older: Data from the
Manitoba Bone Density Program. Osteoporos Int 24:2405-12.

15. Navarro MC, Saavedra P, Jodar E, de Tejada MJ, Miralleve A, Sosa M (2013)
Osteoporosis and metabolic syndrom according to socioeconomic status, contribution of
PTH, vitamin D and body weight: The Canarian Osteoporosis Poverty Study (COPS).
Clin Endocrinol 78:681-686.

16. Brennan SL, Winzenberg TM, Pasco JA, Wluka AE, Dobbins AG, Jones G
(2012) Social disadvantage, bone mineral density and vertebral wedge deformities in the
Tasmanian Older Adult Cohort. Osteoporos Int 24:1909-16.

17. Crandall CJ, Merkin SS, Seeman TE, Greendale GA, Binkley N, Karlamangla AS
(2012) Socioeconomic status over the life-course and adult bone mineral density: The
Midlife in the U.S. Study. Bone 51:107-113.

18.  Wilkinson R, Pickett K (2009) The Spirit Level: Why more equal societies almost
always do better. Allen Lane, London, UK.

19.  Wilkinson RG, Marmot MG (eds) (1998) Social determinants of health: the solid
facts. WHO European Region, Copenhagen.

14



20. Leslie WD, Metge C (2003) Establishing a regional bone density program:
Lessons from the Manitoba experience. J Clinic Densitom 6:275-282.

21. Kanis JA, McCloskey EV, Johansson H, Oden A, Melton LJ, 111, Khaltaev N
(2008) A reference standard for the description of osteoporosis. Bone 42:467-475.

22. Roos NP, Shapiro E (1999) Revisiting the Manitoba Centre for Health Policy and
Evaluation and its population-based health information system. Med Care 37:JS10-JS14.
23.  Leslie WD, Majumdar SR, Lix LM, Johansson H, Oden A, McCloskey E, Kanis
JA, Manitoba Bone Density Program (2012) High fracture probability with FRAX
usually indicates densitometric osteoporosis: implications for clinical practice.
Osteoporos Int 23:391-397.

24, Hamilton R, Briceland L (1992) Use of prescription-refill records to assess patient
compliance. Am J Hosp Pharm 49:1691-1696.

25. Leslie WD, Lix LM, Wu X (2013) Competing mortality and fracture risk
assessment. Osteoporos Int 24:681-688.

26. Farahmand BY, Persson PG, Michaelsson K, Baron JA, Parker MG, Ljunghall S
(2000) Socioeconomic status, marital status and hip fracture risk: A population-based
case-control study. Osteoporos Int 11:803-808.

27.  Zingmond DS, Soohoo NF, Silverman SL (2006) The role of socioeconomic
status on hip fracture. Osteoporos Int 17:1562-1568.

28.  Vestergaard P, Rejnmark L, Mosekilde L (2006) Socioeconomic aspects of
fractures within universal public healthcare: a nationwide case-control study from
Denmark. Scand J Public Health 34:371-377.

29.  Brennan SL, Henry MJ, Kotowicz MA, Nicholson GC, Zhang Y, Pasco JA (2011)
Incident hip fracture and social disadvantage in an Australian population aged 50 years or
greater. Bone 48:607-610.

30. Peel NM, McClure RJ, Hendrikz JK (2007) Psychosocial factors associated with
fall-related hip fractures. Age Ageing 36:145-151.

31.  Pearson D, Taylor R, Masud T (2004) The relationship between social

deprivation, osteoporosis, and falls. Osteoporos Int 15:132-138.

15



32.  West J, Hippisley-Cox J, Coupland CA, Price GM, Groom LM, Kendrick D,
Webber E (2004) Do rates of hospital admission for falls and hip fracture in elderly
people vary by socio-economic status? Public Health 118:576-581.

33. Fuller-Thomson E, Hulchanski JD, Hwang S (2000) The housing/health
relationship: what do we know? Review Environ Health 15:109-133.

34.  Yardley L, Bishop FL, Beyer N, et al (2006) Older people's views of falls-
prevention interventions in six European countries. Gerontologist 46:650-660.

35. Bunn F, Dickinson A, Barnett-Page E, Mclnnes E, Horton K (2008) A systematic
review of older people's perceptions of facilitators and barriers to participation in falls-
prevention interventions. Ageing Society 28:449-472.

36.  Evron L, Schultz-Larsen K, Fristrup T (2009) Barriers to participation in a
hospital-based falls assessment clinic programme: an interview study with older people.
Scand J Public Health 37:728-735.

37. Bunout D, Barrera G, De La Maza P, Avendano M, Gattas V, Petermann M,
Hirsch S (2004) Lean and fat mass as determinants of muscle strength and insulin
sensitivity in Chilean elderly subjects. J Nutr, Health and Aging 8:374-378.

38.  Skrzek A, Bolanowski M (2006) Strength of trunk and thigh musculature and
bone mineral density in women aged 40-79 years. Isokinetics and Exercise Science
14:341-347.

39. Kohrt WM, Bloomfield SA, Little KD, Nelson ME, Yingling VR (2004) Physical
activity and bone health. Med Sci Sports Exercise 36:1985-1996.

40.  CSDH (2008) Closing the gap in a generation: health equity through action on the
social determinants of health. Final report of the Commission on Social Determinants of
Health. In. World Health Organization, Geneva.

41.  Panagiotakos DB, Pitsavos C, Chrysohoou C, Vlismas K, Skoumas Y, Palliou K,
Stefanadis C (2008) Dietary habits mediate the relationship between socioeconomic
status and CVD factors among healthy adults: the ATTICA study. Public Health Nutr
11:1342-1349.

42. Luepker RV, Rosamond WD, Murphy R, Sprafka JM, Folsom AR, McGovern
PG, Blackburn H (1993) Socio-economic status and coronary heart disease risk factor
trends. The Minnesota Heart Study Survey. Circulation 88:2172-2179.

16



43.  Walsh MC, Hunter GR, Livingstone MB (2006) Sarcopenia in premenopausal and
postmenopausal women with osteopenia, osteoporosis and normal bone mineral density.
Osteoporos Int 17:61-67.

44, Boonstra TA, van der Kooij H, Munneke M, Bloem BR (2008) Gait disorders and
balance disturbances in Parkinson's disease: clinical update and pathophysiology. Curr
Opin Neurol 21:461-471.

45, Nguyen TV, Eisman JA, Kelly PJ, Sambrook PN (1996) Risk factors for
osteoporotic fractures in elderly men. Amer J Epidemiol 144:255-263.

46.  Schurch MA, Rizzoli R, Mermillod B, Vasey H, Michel JP, Bonjour J P (1996) A
prospective study on socioeconomic aspects of fracture of the proximal femur. J Bone
Miner Res 11:1935-1942.

47.  Ball K, Crawford D (2005) Socioeconomic status and weight change in adults: a
review. Soc Sci Med 60:1987-2010.

48.  Vicente-Rodriguez G, Ara |, Perez-Gomez J, Dorado C, Calbet JAL (2005)
Muscular development and physical activity as major determinants of femoral bone mass
acquisition during growth. Brit J Sports Med 39:611-616.

49.  Clark EM, Ness A, Tobias JH, ALSPAC Study Team (2005) Social position
affects bone mass in childhood through opposing actions on height and weight. J Bone
Miner Res 20:2082-2089.

50.  Guimaraes RM (2007) Health capital, life course and ageing. Gerontol 53:96-101.
51. Leslie WD, O'Donnell S, Lagace C, Walsh P, Bancej C, Jean S, Siminoski K,
Kaiser S, Kendler DL, Jaglal S (2009) Population based Canadian hip fracture rates with
international comparisons. Osteoporos Int 21:1317-1322.

52. Kanis JA, Oden A, Johansson H, McCloskey E (2011) Pitfalls in the external
validation of FRAX. Osteoporos Int Online 26 November.

53. Neuner JM, Zhang X, Sparapani R, Laud PW, Nattinger AB (2007) Racial and
socioeconomic disparities in bone density testing before and after hip fracture. J Gen Int
Med 22:1239-1245.

54, Demeter S, Leslie WD, Lix L, MacWilliam L, Finlayson GS, Reed M (2007) The
effect of socioeconomic status on bone density testing in a public health-care system.
Osteoporos Int 18:153-158.

17



55. Demeter S, Reed M, Lix L, MacWilliam L, Leslie WD (2005) Socioeconomic
status and the utilization of diagnostic imaging in an urban setting. CMAJ 173:1173-
1177.

56. Brennan SL, Wluka AE, Gould H, Nicholson GC, Leslie WD, Ebeling PR,
Oldenburg B, Kotowicz MA, Pasco JA (2012) Social determinants of bone densitometry
utilization for osteoporosis risk in patients aged 50 years and over: A systematic review. J
Clin Densitom 15:165-175.

57.  Vanasse A, Dagenais P, Niyonsenga T, Gregoire JP, Courteau J, Hemiari A
(2005) Bone mineral density measurement and osteoporosis treatment after a fragility
fracture in older adults: regional variation and determinants of use in Quebec. BMC
musculoskeletal disorders [electronic resource] 6:33%N -.

58.  Pickney CS, Arnason JA (2005) Correlation between patient recall of bone
densitometry results and subsequent treatment adherence. Osteoporos Int 16:1156-1160.
59.  Solomon DH, Connelly MT, Rosen CJ, Dawson-Hughes B, Kiel DP, Greenspan
SL, Leib ES, Holick M, Miguel AH, Finkelstein JS (2003) Factors related to the use of
bone densitometry: Survey responses of 494 primary care physicians in New England.
Osteoporos Int 14:123-129.

60. Rubin KH, Abrahamsen B, Hermann AP, Bech M, Gram J, Brixen K (2011)
Prevalence of risk factors for fractures and use of DXA scanning in danish women. A
regional population-based study. Osteoporos Int 22:1401-1409.

61. Mustard CA, Derksen S, Berthelot JM, Wolfson M (1999) Assessing ecologic
proxies for household income: a comparison of household and neighbourhood level

income measures in the study of population health status. Health Place 5:157-171.

18



Table 1: Characteristics of the female study population (n=51,327), presented as mean + SD or n (%0).

N=
Clinical risk factors

Age (years)

BMI (kg/m?)

Prior major fragility fracture

Parental hip fracture’

COPD (proxy for smoking)

Recent glucocorticoid use

Rheumatoid arthritis

Substance abuse (proxy for high alcohol consumption)

Recent osteoporosis treatment

BMD/Osteoporosis

All

51,327

65.9+9.8
27.0+5.4
6,562 (12.8)
2848 (12.7)
4,232 (8.2)
2056 (4.0)
1,759 (3.4)

951 (1.9)

20,605 (40.1)

Quintile 1

8,699

68.7 +10.3
273+58
1,399 (16.1)
430 (11.7)
1,014 (11.7)
446 (5.1)
332 (3.8)
227 (2.6)

3,654 (42.0)

Quintile 5

(lowest income) (highest income)

10,360

63.5+9.3
26.5+5.1
1,077 (10.4)
621 (13.5)
594 (5.7)
342 (3.3)
351 (3.4)
162 (1.6)

4,039 (39.0)

P value*

<0.001

<0.001

<0.001

0.002

<0.001

<0.001

0.11

<0.001

<0.001
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Femoral neck T-score

Osteoporosis (T-score -2.5 SD or lower)
Fracture probability

MOF without BMD

Hip fracture without BMD

MOF with BMD

Hip fracture with BMD

-1.5+1.0

6,936 (13.5)

11.6+8.0
3.545.2
11.0+£7.3

2.8+4.4

-1.6+1.0

1,612 (18.5)

13.7£9.1
4.8+6.0
12.9+8.3

3.845.3

-1.3+1.0

1,048 (10.1)

10.1+7.2
2.7+4.6
9.6+6.5

2.1+3.8

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

*P value for income quintile 1 vs. quintile 5. A bold value indicates a P value that is statistically significant at o = 0.05

"Based on 2006-11 parental hip fracture responses

BMI=body mass index, COPD=chronic obstructive pulmonary disease, BMD=bone mineral density, MOF=major osteoporotic

fracture
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Table 2: Adjusted hazard ratios (HR, 95%CI) for mortality, major osteoporotic fracture (MOF) and hip fracture according to

income quintile.

Adjustments

Mortality

Age only

FRAX

covariates*

Age only

Major osteoporotic fracture

FRAX, without

BMD**

FRAX, with

BMD*

Age only

Hip fracture

FRAX, without

BMD**

FRAX, with

BMD*

Income

quintile

1 (lowest)

5 (highest)

P-trend

1.34 (1.21-1.50)
1.13 (1.01-1.25)
1.13 (1.01-1.25)
1.11 (0.99-1.24)
1 (REFERENT)

<0.001

1.43 (1.32-1.56)
1.21 (1.11-1.32)
1.18 (1.09-1.29)
1.12 (1.03-1.23)
1 (REFERENT)

0.003

1.34 (1.21-1.50) 1.33 (1.19-1.48)
113 (1.01-1.25) 1.12 (1.01-1.25)

1.13(1.01-1.25) 1.11 (1.00-1.24)

1.11(0.99-1.24) 1.1(0.99-1.23)

1 (REFERENT) 1 (REFERENT)

<0.001

<0.001

1.28 (1.15-1.42)
1.08 (0.97-1.2)
1.09 (0.98-1.21)
1.09 (0.98-1.22)
1 (REFERENT)

<0.001

1.34 (1.09-1.65)
1.25 (1.02-1.54)
1.1 (0.89-1.36)
1.07 (0.85-1.34)
1 (REFERENT)

0.001

1.35 (1.09-1.66)
1.23 (1.00-1.51)
1.07 (0.87-1.33)
1.04 (0.83-1.31)
1 (REFERENT)

0.001

1.30 (1.05-1.60)
1.17 (0.95-1.44)
1.06 (0.85-1.31)
1.04 (0.83-1.31)
1 (REFERENT)

0.004

* Also adjusted for recent osteoporosis treatment.

** Including adjustment for the FRAX covariates of body mass index, rheumatoid arthritis, chronic obstructive pulmonary disease,

alcohol abuse, corticosteroid use, previous fracture, and parental hip fracture, and for recent osteoporosis treatment.

Significant effects (p<0.05) in bold. BMD=bone mineral density
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Figure 1: Mean fracture probability (measured with and without BMD) and observed fracture incidence (estimmated with and
without adjustment for competing risk of moirtality) in the study population for income quintile 1 (lowest ncome) and quintile

S (highest mcome).
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Figure 2: Predicted™ vs. observed 10-vear fracture risk (%0), with adjustment for competing risk of mortality by risk category (low
=10%, moderate 10-19%, high risk =20%) for income quintiles 1 and 5, presented for (a) major osteoporotic fracture (MOF), and (b)
hip fracture. Error bars represent 95% confidence intervals.
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Figure 3: Predicted™ vs. observed 10-vear fracture risk (%), without adjustment for competing risk of mortality by risk categoryv
(low «<10%, moderate 10-19%, high risk =20%) for income quintiles 1 and 5, presented for (a) major osteoporotic fracture (MOF),
and (b) hip fracture. Error bars represent 95% confidence intervals.
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