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Abstract
Recent studies indicate that obesity is not protective against fracture in postmenopausal women
and increases the risk of fracture at some sites. Risk factors for fracture in obese women may
differ from those in the non-obese. We aimed to compare the ability of FRAX® with and without
bone mineral density (BMD) to predict fractures in obese and non-obese older postmenopausal
women who were participants in the Study of Osteoporotic Fractures. Data for FRAX clinical risk
factors and femoral neck BMD were available in 6049 women, of whom 18.5% were obese. Hip
fractures, major osteoporotic fractures, and any clinical fractures were ascertained during a mean
follow-up period of 9.03 years. Receiving operator curve (ROC) analysis, model calibration and
decision curve analysis were used to compare fracture prediction in obese and non-obese women.

ROC analysis revealed no significant differences between obese and non-obese women in fracture
prediction by FRAX, with or without BMD. Predicted hip fracture risk was lower than observed
risk in both groups of women, particularly when FRAX + BMD was used, but there was good
calibration for FRAX + BMD in prediction of major osteoporotic fracture in both groups. Decision
curve analysis demonstrated that both FRAX models were useful for hip fracture prediction in
obese and non-obese women for threshold 10-yr fracture probabilities in the range of 4–10%,
although in obese women FRAX + BMD was superior to FRAX alone. For major osteoporotic
fracture, both FRAX models were useful in both groups of women for threshold probabilities in
the range of 10–30%. For all clinical fractures, the FRAX models were not useful at threshold
probabilities below 30%. We conclude that FRAX is of value in predicting hip and major
osteoporotic fractures in obese postmenopausal women, particularly when used with BMD.
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Introduction
Although obesity has been widely believed to be protective against fracture, recent studies
have challenged this perception. In an audit of postmenopausal women presenting with low
trauma fracture to a Fracture Liaison Service, the prevalence of obesity was 28% (1), whilst
in the Global Study of Osteoporosis in Women (GLOW) the incidence of low trauma
fractures was similar in obese and non-obese postmenopausal women.(2) The distribution of
fracture sites differs between obese and non-obese women, fractures of the leg, ankle, and
humerus being reported more commonly in obese women whereas fractures of the hip, wrist
and pelvis are less common. (2–6)

FRAX® is a computer based algorithm that is widely used in clinical practice to calculate
the 10-year probability of major osteoporotic fractures (hip, clinical spine, humerus or wrist
fracture) and hip fractures. (7,8) Clinical risk factors (age, body mass index (BMI), previous
fracture, parental history of hip fracture, glucocorticoid therapy, smoking, alcohol intake,
rheumatoid arthritis and secondary causes of osteoporosis) are used alone or with hip bone
mineral density (BMD) to predict 10-yr fracture probability. A number of studies have
investigated its use in populations of postmenopausal women and have generally shown
moderately good discrimination between fracture and non-fracture cases and reasonably
close agreement between predicted and observed fracture frequency, particularly for hip
fracture. (9–20) However, its utility in fracture prediction in obese women has not been
reported; higher BMI, BMD and a greater frequency of falls in obese women with fracture
(1,2) might be expected to affect its performance. In addition, the prevalence of obesity in
the populations used to develop FRAX was 18.3%, considerably lower than the current
prevalence in women of 34% and 23% in the US and Europe respectively (21,22). In this
study we have compared the prediction of low trauma clinical fractures using FRAX with
and without BMD in obese and non-obese older postmenopausal women.

Methods
Subjects

For this analysis we used data from The Study of Osteoporotic Fractures (SOF). SOF is a
multicentre study of risk factors for fracture in women aged 65 years and over. The
participants were community-based ambulatory women recruited between September 1986
through October 1988, from population-based listings at four clinical centres in Portland,
Oregon; Minneapolis, Minnesota; Baltimore, Maryland; and the Monongahela Valley near
Pittsburgh, Pennsylvania. (23) Women unable to walk without assistance, and women with
bilateral hip replacements, were excluded. Additionally, Black women were excluded due to
their low incidence of hip fracture. All participants provided informed consent and the
protocol was approved by the institutional review boards of the participating sites.

Baseline examinations took place from 1986 to 1988. From January 1989 to December
1990, all participants were invited to undergo a second evaluation. 9704 women attended the
first visit and 8098 women attended the second visit. 1241 women provided questionnaire
data by mail and telephone without attending the clinic. For the present analysis we used the
second visit for baseline data since measurement of hip BMD was first made at this time.

Measurements
The second visit included a self-administered questionnaire, questions administered by an
interviewer, and BMD measurement.

The self-reported questionnaire included demographics and risk factors for fractures
including age, smoking habits, alcohol consumption, family history of fractures, and
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personal history of fracture after the age of 50 years. Women were also asked about medical
conditions such as diabetes mellitus, rheumatoid arthritis, and glucocorticoid use.

Weight was measured in indoor clothing with shoes removed using a balance beam scale
and height was measured using a standard held-expiration technique with a wall-mounted
Harpenden stadiometer (Holtain Ltd., Dyved, UK). BMI was calculated by the formula
weight in kilograms divided by the square of height in metres. In addition, waist and hip
circumference were measured and waist to hip ratio was calculated.

BMD of the proximal femur (total hip and its subregions) was measured between 1988 and
1990 (Visit 2) using Hologic QDR 1000 scanners (Hologic, Bedford, MA). The coefficient
of variation was 1.2% for both sites. (24,25)This was performed on 84 % (7959) of the
initial cohort.

WHO and FRAX 10-year absolute fracture risk
10-year probability of hip fracture and major osteoporotic fracture (hip, clinical spine, wrist,
or humerus) was calculated for each SOF participant using the FRAX algorithm for US
white women (FRAX Version 3.0). For the calculated probabilities the risk factors included
were age, BMI, parental history of hip fracture, patient history of previous fracture, presence
of rheumatoid arthritis, smoking status, consumption of three or more alcoholic beverages
per day and current use of glucocorticoids. (26,27) The FRAX 10-year probabilities were
estimated both with and without femoral neck (FN) BMD.

Ascertainment of fractures
Women were contacted every 4 months to determine their fracture status; more than 98% of
these contacts were completed. All reported fractures were confirmed by radiographic
report. Women who reported fractures were interviewed to determine the circumstances.
Pathologic fractures (including peri-prosthetic) and fractures secondary to extreme trauma
were excluded. Incident fracture outcomes include hip fracture, major osteoporotic fracture
and any clinical fracture. As FRAX generates 10-year probabilities, for this analysis the
follow-up was truncated to ten years in women with ≥ 10 years follow-up.

Statistical analysis
Only women with data on risk factors for the calculation of FRAX 10-year probabilities and
FN BMD were included in this analysis. Obese and non-obese women were defined as
women with BMI ≥ 30 kg/m2 and < 30 kg/m2, respectively. Receiver operating
characteristic (ROC)curve analysis was used to evaluate the ability of FRAX to predict
fractures in obese and non-obese women. Further analysis was also performed to assess
model calibration (i.e. how close the observed rates agree with the predicted risks). This
involved comparing the predicted frequencies of fractures with overall observed frequencies
of fractures in both groups (obese and non-obese) and stratifying the data into categories
defined by quartiles of FRAX 10-year probabilities and comparing the observed and
predicted counts within each risk category. Ratios of observed to predicted counts were
calculated to aid comparisons. The utility of the FRAX models in clinical practice was also
assessed by calculating estimates of sensitivity, specificity, negative predictive value (NPV),
and positive predictive value (PPV) according to The National Osteoporosis Foundation
(NOF) recommended intervention thresholds of 3% for hip fracture and 20% for major
osteoporotic fracture. (28) Additionally, the Hosmer-Lemeshow goodness-of-fit statistic was
calculated for logistic regression models including all risk factors used to calculate FRAX
10-year probabilities. A p value <0.05 indicates a lack of good fit for the model.
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A decision curve analysis method was performed in order to evaluate the clinical usefulness
of the FRAX models.(29–31)Decision curves were constructed for the FRAX model with
and without BMD for the outcomes of (i) hip fracture (ii) major osteoporotic fracture and
(iii)all clinical fractures. This consisted of plotting the net benefit of the FRAX models
compared to the strategy of treating no women at various threshold probabilities. The
threshold probabilities are the predicted risks of fracture where the clinical consequences are
uncertain (i.e. there is uncertainty about whether the women would be classified as a high
risk of fracture or not).

Differences were considered significant when the two-tailed p-value was less than 0.05. The
decision curve analysis was performed using R statistics software, version 2.14.1 (R
Development Core Team (2011). R: A language and environment for statistical computing.
R: Foundation for Statistical Computing, Vienna, Austria. ISBN 3-900051-07-0, URL http://
www.R-project.org/.) All other analyses were performed using version 18 of the SPSS
statistics package for Windows (SPSS/PASW for Windows, Rel. 18.0.3. 2010. Chicago:
SPSS Inc.).

Results
Data for FRAX scores and FN BMD were available in 6049 women. Of those, 18.5% were
obese. Incident clinical fractures occurred during the follow-up period in 26.9% and 32.7%
of obese and non-obese women respectively. Non-obese women with fracture had a
significantly lower FN BMD than obese women (Table 1). The mean (SD) duration of
follow-up was 9.03 (2.22) years (obese women 9.12 (2.09), non-obese women 9.0 (2.26)
years, p=0.121); 10 years follow-up was available in 72.5% of women. During the follow-up
period 252 (22.5%) of obese women died vs. 1215 (24.6%) of non-obese women (p=0.142).

FRAX-derived probabilities in women with incident hip or major osteoporotic fractures
were significantly lower in obese than in non-obese women (without BMD; 5.8 vs. 11.4%
for hip and 17.6 vs. 23.6% for major osteoporotic fracture p<0.0001); with BMD: 7.1 vs.
10.9% for hip and 18.2 vs. 23.3% for major osteoporotic fracture p<0.0001). Nevertheless,
ROC analysis showed no significant differences in the ability of FRAX models with or
without BMD to predict fractures in obese and non-obese women (Table 2).

The sensitivity and specificity of the FRAX scores according to the NOF risk thresholds are
displayed in Table 3. The sensitivity for hip fractures was lower in obese women but the
specificity was higher when compared to non-obese women. There was a lower sensitivity
in both obese and non-obese women for major osteoporotic fractures, particularly in obese
women; but the specificity was somewhat better in obese women. Interestingly, the NPVs
and PPVs for hip fracture were almost identical in obese and non-obese women and closely
similar for major osteoporotic fracture. In the stratified comparison of observed and
expected counts, the FRAX performance for hip fracture was less good in obese than non-
obese women in the lower two risk quartiles (Table 4). Both models performed well for
major osteoporotic fractures in obese and non-obese women, particularly in the three highest
quartiles of risk.

The Hosmer-Lemeshow goodness-of-fit analysis demonstrated insufficient evidence that the
logistic regression models fit poorly for obese women, apart from the model for hip fractures
not including BMD (p=0.03); and for non-obese women apart from the model for major
osteoporotic fracture not including BMD (p= 0.02).

Figure 1 shows the decision analysis curves for FRAX with and without BMD in obese and
non-obese women for hip fracture, major osteoporotic fracture and all clinical fractures. For
hip fracture, the FRAX models were useful in women for threshold probabilities in the range
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of 4–15%. For non-obese women, there was very little difference between the FRAX models
but for obese women, the net benefit of the FRAX model including BMD was clearly
superior. For major osteoporotic fracture the FRAX models were useful in women with
predicted probabilities in the range of 10–30%, with very little difference between the net
benefit of the two FRAX models in either obese or non-obese women. In the case of all
clinical fractures, the FRAX models were not useful at threshold probabilities below around
30%, with only a small net benefit at probabilities in the range of 30–40%.

Discussion
In this study we used several approaches to compare the performance of FRAX with and
without BMD in predicting fracture in obese and non-obese women. We hypothesised that
because of higher BMI and BMD in obese women, the predictive value of FRAX, with or
without BMD, might be inferior to that in non-obese women. However, ROC analysis and
calibration did not reveal any clear differences in the utility of the models between obese
and non-obese women, although decision curve analysis indicated a greater net benefit in
non-obese than obese women.

Differences in the results obtained by the various approaches used in this study are not
unexpected, since they provide different information about prediction models. ROC analysis
is widely used in evaluating prediction models as a test of discrimination, with comparison
of the area under the curve AUC expressed as the c statistic or c index. This compares how
well models separate cases and non-cases but does not provide information about whether a
case has an accurate risk probability or about the value of the model in clinical practice. On
its own, the c statistic does not consider the range of cut-point values used to compute the
ROC curve, or the clinical usefulness of these cut points. In the present study AUC values
ranged between 0.66 and 0.76 for hip fracture and 0.63 to 0.70 for major osteoporotic
fracture, indicating only modest discrimination between fracture and non-fracture cases in
both non-obese and obese women. Furthermore, the substantial differences in sensitivity and
specificity shown in Table 3 were not captured by AUC data. Calibration provides
information about the agreement between predicted and observed risk, but not about the
clinical relevance of miscalibration. A test of statistical significance can be applied, the
Hosmer-Lemeshow test, but this tests whether there is adequate evidence for miscalibration
rather than if there is good calibration. Classification and reclassification are useful in the
comparison of two models in the same group of patients, but not in assessing the utility of an
individual model in clinical practice. Decision analytic methods are based on the different
weighting of false positives and false negatives and aim to determine the net benefit of
implementing prediction models in clinical practice. (29–31)

Comparison of the performance of FRAX with and without BMD in the different analyses
did not reveal any consistent differences in either obese or non-obese women. ROC analysis
indicated slightly better discrimination using FRAX + BMD rather than FRAX alone but the
calibration data showed a closer agreement between predicted and observed frequencies of
fractures when FRAX without BMD was used. Decision curve analysis demonstrated a
higher net benefit associated with use of FRAX with BMD than FRAX alone in obese
women for prediction of hip fracture at clinically relevant thresholds, and a smaller
advantage of FRAX with BMD for prediction of major osteoporotic fracture in both obese
and non-obese women. We have recently reported that obese women with fracture have
significantly lower BMD than obese women without fracture, despite closely similar BMI in
the two groups, indicating that BMI may be a poor surrogate for BMD in obese women with
fracture. (32)
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The finding that both discrimination and calibration measures were generally worse for all
clinical fractures than for hip and major osteoporotic fractures is not unexpected, given that
FRAX was developed to predict hip, wrist, humerus and spine fractures only. The results of
the decision curve analysis also indicated that the FRAX models were not useful in
predicting all clinical fractures over clinically relevant thresholds. However, although the
sites at which fracture is predicted are clearly stated on the FRAX website, it may be
wrongly assumed by some that the results can be extrapolated to low trauma fracture at any
site. Our results suggest that this is not the case, although we did not have high enough
numbers of the other fractures to analyse individual sites separately.

Strengths of our study include the prospective design and inclusion of community-based,
ambulatory women. In addition, all fractures were adjudicated and BMD measurements
were subjected to rigorous quality control. Although SOF is not a population-based sample,
characteristics of the SOF participants are similar to, or healthier than, those of the
population-based NHANES III. The prevalence of obesity in SOF (18.3%) was somewhat
lower than that of White women in the general population (22.4%), although closely similar
to that of women and men studied in the cohorts from which FRAX is derived (18%). (9,33)
Limitations are that only White postmenopausal women aged 65 yr and older were included
in this analysis, and it remains to be established whether our results can be generalized to
men, younger women, and individuals of different races. Secondly, morphometric vertebral
fractures were not included in the analyses. Thirdly, not all women in this study had 10
years of follow-up. Finally, fracture probability computed by FRAX incorporates death
hazard whereas the estimation of fracture incidence in the SOF cohort did not take into
account the fracture status of women who did not survive. However the mean duration of
follow-up and the mortality were similar in obese and non-obese women.

Overall, our results indicate that FRAX with and without BMD is of similar value in
predicting hip and major osteoporotic fractures in obese women vs. non-obese women.
However, the net benefit values for both FRAX models are lower over clinically relevant
thresholds than in non-obese women, in part, most likely because of the lower number of
true positives for obese women relative to the total sample size. The lower fracture
probabilities in obese women make them more likely to be below a given intervention
threshold and the lower sensitivities suggest that these women are less likely to receive
treatment, a contention supported by our recent finding of significantly lower rates of
treatment in obese women than non-obese women with fracture. (2) However, the positive
and negative predictive values, which are more clinically meaningful quantities, are very
similar between obese and non-obese women. The negative predictive values for obese
women are at least as high as the corresponding values for non-obese women; which means
that obese women below the NOF thresholds are no more likely to have a fracture than non-
obese women.

The significantly lower rates of treatment in obese women than non-obese women may
reflect the perception that obese women do not suffer “osteoporotic” fractures because of
their higher BMD. (2) However, the lower BMD in obese women with fractures when
compared to women of a similar BMI without fracture indicates that BMD may be
inappropriately low in those who fracture, and the better performance of FRAX with than
without BMD in the decision curve analysis, particularly for hip fracture, supports this
contention. Whether bone protective therapy is effective in obese individuals at increased
risk of fracture has not been rigorously tested, and further randomized trials are required to
evaluate efficacy of treatments among obese women selected by level of BMD and/or
FRAX in view of the growing prevalence of obesity and the substantial contribution of
obese individuals to the overall burden of fractures in the ageing population.

Premaor et al. Page 6

J Bone Miner Res. Author manuscript; available in PMC 2014 January 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Acknowledgments
JEC is supported by the National Health Service National Institute of Health Research and the Cambridge
Biomedical Research Centre. The Study of Osteoporotic Fractures (SOF) is supported by National Institutes of
Health funding. The National Institute on Aging (NIA) provides support under the following grant numbers: R01
AG005407, R01 AR35582, R01 AR35583, R01 AR35584, R01 AG005394, R01 AG027574, and R01 AG027576.’

References
1. Premaor MO, Pilbrow L, Tonkin C, Parker RA, Compston J. Obesity and fractures in

postmenopausal women. J Bone Miner Res. 2010; 25:292–7. [PubMed: 19821769]

2. Compston JE, Watts NB, Chapurlat R, Cooper C, Boonen S, Greenspan S, Pfeilschifter J, Silverman
S, Díez-Pérez A, Lindsay R, Saag KG, Netelenbos JC, Gehlbach S, Hooven FH, Flahive J, Adachi
JD, Rossini M, Lacroix AZ, Roux C, Sambrook PN, Siris ES. Glow Investigators. Obesity is not
protective against fracture in postmenopausal women: GLOW. Am J Med. 2011; 124:1043–50.
[PubMed: 22017783]

3. Gnudi S, Sitta E, Lisi L. Relationship of body mass index with main limb fragility fractures in
postmenopausal women. J Bone Miner Metab. 2009; 27:479–84. [PubMed: 19277453]

4. Bergkvist D, Hekmat K, Svensson T, Dahlberg L. Obesity in orthopedic patients. Surg Obes Relat
Dis. 2009; 5:670–2. [PubMed: 19656741]

5. Pirro M, Fabbriciani G, Leli C, Callarelli L, Manfredelli MR, Fioroni C, Mannarino MR, Scarponi
AM, Mannarino E. High weight or body mass index increase the risk of vertebral fractures in
postmenopausal osteoporotic women. J Bone Miner Metab. 2010; 228:88–93. [PubMed: 19578807]

6. Prieto-Alhambra D, Premaor MO, Fina Avilés F, Hermosilla E, Martinez-Laguna D, Carbonell-
Abella C, Nogués X, Compston JE, Díez-Pérez A. The association between fracture and obesity is
site-dependent: a population-based study in postmenopausal women. J Bone Miner Res. 2012;
27:294–300. [PubMed: 22095911]

7. Kanis, JA. on behalf of the World Health Organization Scientific Group. Technical Report, WHO
Collaborating Centre for metabolic Bone Disease. University of Sheffield; UK: 2008. Assessment
of osteoporosis at the primary healthcare level. Available at http://www.shef.ac.uk/FRAX

8. Kanis JA, Johnell O, Oden A, Johansson H, McCloskey E. FRAX and the assessment of fracture
probability in men and women from the UK. Osteoporos Int. 2008; 19:385–97. [PubMed:
18292978]

9. Donaldson MG, Palermo L, Schousboe JT, Ensrud KE, Hochberg MC, Cummings SR. FRAX and
risk of vertebral fractures: the fracture intervention trial. J Bone Miner Res. 2009; 24:1793–9.
[PubMed: 19419318]

10. Ensrud KE, Lui LY, Taylor BC, Schousboe JT, Donaldson MG, Fink HA, Cauley JA, Hillier TA,
Browner WS, Cummings SR. Study of Osteoporotic Fractures Research Group. A comparison of
prediction models for fractures in older women: is more better? Arch Intern Med. 2009; 169:2087–
94. [PubMed: 20008691]

11. Hippisley-Cox J, Coupland C. Predicting risk of osteoporotic fracture in men and women in
England and Wales: prospective derivation and validation of QFractureScores. BMJ. 2009;
339:1291–5.

12. Leslie WD, Lix LM, Johansson H, Oden A, McCloskey E, Kanis JA. Independent clinical
validation of a Canadian FRAX tool: fracture prediction and model calibration. J Bone Miner Res.
2009; 25:2350–8. [PubMed: 20499367]

13. Pluskiewicz W, Adamczyk P, Franek E, Leszczynski P, Sewerynek E, Wichrowska H,
Napiorkowska L, Kostyk T, Stuss M, Stepien-Klos W, Golba KS, Drozdzowska B. Ten-year
probability of osteoporotic fracture in 2012 Polish women assessed by FRAX and nomogram by
Nguyen et al.-Conformity between methods and their clinical utility. Bone. 2010; 46:1661–7.
[PubMed: 20156606]

14. Sandhu SK, Nguyen ND, Center JR, Pocock NA, Eisman JA, Nguyen TV. Prognosis of fracture:
evaluation of predictive accuracy of the FRAX algorithm and Garvan nomogram. Osteoporos Int.
2010; 21:863–71. [PubMed: 19633880]

Premaor et al. Page 7

J Bone Miner Res. Author manuscript; available in PMC 2014 January 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://www.shef.ac.uk/FRAX


15. Tremollieres FA, Pouilles JM, Drewniak N, Laparra J, Ribot CA, Dargent-Molina P. Fracture risk
prediction using BMD and clinical risk factors in early postmenopausal women: sensitivity of the
WHO FRAX tool. J Bone Miner Res. 2010; 25:1002–9. [PubMed: 20200927]

16. Tanaka S, Yoshimura N, Kuroda T, Hosoi T, Saito M, Shiraki M. The Fracture and Immobilization
Score (FRISC) for risk assessment of osteoporotic fracture and immobilization in postmenopausal
women--A joint analysis of the Nagano, Miyama, and Taiji Cohorts. Bone. 2010; 47:1064–70.
[PubMed: 20832514]

17. Cummins NM, Poku EK, Towler MR, O’Driscoll OM, Ralston SH. Clinical Risk Factors for
Osteoporosis in Ireland and the UK: A Comparison of FRAX and QFractureScores. Calcif Tissue
Int. 2011; 89:172–7. [PubMed: 21647704]

18. Fraser LA, Langsetmo L, Berger C, Ioannidis G, Goltzman D, Adachi JD, Papaioannou 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, McCloskey E, Kanis JA, Leslie WD. CaMos Research Group.
Fracture prediction and calibration of a Canadian FRAX tool: a population-based report from
CaMos. Osteoporos Int. 2011; 22:829–37. [PubMed: 21161508]

19. Bolland MJ, Siu AT, Mason BH, Horne AM, Ames RW, Grey AB, Gamble GD, Reid IR.
Evaluation of the FRAX and Garvan fracture risk calculators in older women. J Bone Miner Res.
2011; 26:420–7. [PubMed: 20721930]

20. Sambrook PN, Flahive J, Hooven FH, Boonen S, Chapurlat R, Lindsay R, Nguyen TV, Díez-Perez
A, Pfeilschifter J, Greenspan SL, Hosmer D, Netelenbos JC, Adachi JD, Watts NB, Cooper C,
Roux C, Rossini M, Siris ES, Silverman S, Saag KG, Compston JE, LaCroix A, Gehlbach S.
Predicting fractures in an international cohort using risk factor algorithms, without bone mineral
density. J Bone Miner Res. 2011; 26:2770–7. [PubMed: 21887705]

21. Flegal KM, Carroll MD, Ogden CL, Curtin LR. Prevalence and trends in obesity among US adults,
1999–2008. JAMA. 2010; 303(3):235–41. [PubMed: 20071471]

22. Finucane MM, Stevens GA, Cowan MJ, et al. National, regional, and global trends in body-mass
index since 1980: systematic analysis of health examination surveys and epidemiological studies
with 960 country-years and 9. 1 million participants. Lancet. 2011; 377(9765):557–67. [PubMed:
21295846]

23. Cummings SR, Black DM, Nevitt MC, Browner WS, Cauley JA, Genant HK, Mascioli SR, Scott
JC, Seeley DG, Steiger P. The Study of Osteoporotic Fractures Research Group. Appendicular
bone density and age predict hip fracture in women. JAMA. 1990; 263:665–8. [PubMed: 2404146]

24. Steiger P, Cummings SR, Black DM, Spencer NE, Genant HK. Age-related decrements in bone
mineral density in women over 65. J Bone Miner Res. 1992; 7:625–32. [PubMed: 1414480]

25. Ensrud KE, Palermo L, Black DM, Cauley J, Jergas M, Orwoll ES, Nevitt MC, Fox KM,
Cummings SR. Hip and calcaneal bone loss increase with advancing age: longitudinal results from
the study of osteoporotic fractures. J Bone Miner Res. 1995; 10:1778–87. [PubMed: 8592956]

26. Hillier TA, Cauley JA, Rizzo JH, Pedula KL, Ensrud KE, Bauer DC, Lui LY, Vesco KK, Black
DM, Donaldson MG, Leblanc ES, Cummings SR. WHO absolute fracture risk models (FRAX): do
clinical risk factors improve fracture prediction in older women without osteoporosis? J Bone
Miner Res. 2011; 26:1774–82. [PubMed: 21351144]

27. Donaldson MG, Cawthon PM, Schousboe JT, Ensrud KE, Lui LY, Cauley JA, Hillier TA, Taylor
BC, Hochberg MC, Bauer DC, Cummings SR. Study of Osteoporotic Fractures (SOF). Novel
methods to evaluate fracture risk models. J Bone Miner Res. 2011; 26:1767–73. [PubMed:
21351143]

28. Physician’s Guide to Prevention and Treatment of Osteoporosis. National Osteoporosis
Foundation; Washington D.C: 2008.

29. Vickers AJ, Elkin EB. Decision curve analysis: a novel method for evaluating prediction models.
Med Decis Making. 2006; 26:565–74. [PubMed: 17099194]

30. Steyerberg EW, Vickers AJ. Decision curve analysis: a discussion. Medical Decis Making. 2008;
28:146–9.

31. Vickers AJ. Decision analysis for the evaluation of diagnostic tests, prediction models and
molecular markers. Am Stat. 2008; 62:314–20. [PubMed: 19132141]

Premaor et al. Page 8

J Bone Miner Res. Author manuscript; available in PMC 2014 January 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



32. Premaor MO, Ensrud K, Lui L, Parker RA, Cauley J, Hillier TA, Cummings S, Compston JE.
Study of Osteoporotic Fractures. Risk factors for nonvertebral fracture in obese older women. J
Clin Endocrinol Metab. 2011; 96:2414–21. [PubMed: 21677038]

33. Johansson H, Kanis JA, Oden A, McCloskey EV, Chapurlat R, Christiansen C, Cummings S, Diez-
Perez A, Eisman J, Fujiwara S, Gluer CC, Hans D, Khaw KT, Krieg MA, Kroger H, La Croix A,
Lau E, Leslie W, Mellstrom D, Melton LJ, O’Neill T, Pasco J, Prior J, Reid D, Rivadeneira F,
Torgerson D, vanStaa T, Yoshimura N, Zillikens M. High body mass index, adjusted for BMD, is
a risk factor for fracture in women. ASBMR. 2011:Abstract no 1026.

Premaor et al. Page 9

J Bone Miner Res. Author manuscript; available in PMC 2014 January 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 1.
Decision analysis curves for FRAX with and without BMD in obese and non-obese women
for a). hip fracture b). major osteoporotic fracture c). all clinical fractures. The curves show
the net benefit of using the FRAX model compared to a strategy of treating no one across a
range of threshold probabilities. The threshold probabilities show the (theoretical) predicted
risks of fracture where there is uncertainty about whether to classify a patient as high risk of
fracture or not.
In all plots,
(i) The solid grey line represents the situation when everyone is considered to be at high risk
of fracture and treated accordingly.
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(ii) The horizontal solid line at y=0 represents the situation when no one is considered to be
in the high risk group and no one is treated.
(iii) The solid black line shows how the benefit curve of the FRAX model changes with
different threshold probabilities.
(iv) The dotted line shows the benefit curve of the FRAX model including BMD.
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Table 1

Characteristics of obese and non-obese women with incident fracture.

Obese women n=285 Non-obese women n=1509 p value

Age [yr: mean(SD)] 71.0 (4.8) 72.3 (5.3) 0.340

Previous fracture 45.6% 45.3% 0.948

Oral glucocorticoid therapy 3.5% 6.6% 0.057

Rheumatoid arthritis 7.0% 6.9% 0.899

Parental history of hip fracture 14.1% 17.93% 0.948

Current smoker 5.7% 9.1% 0.063

Alcohol intake ≥ units/d 1.4% 2.9% 0.166

Femoral neck BMD [g/cm2; mean(SD)] 0.666 (0.10) 0.609 (0.10) 0.007
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Table 2

Comparison of the area under the curve [AUC (95% CI)] from receiver operating characteristic curve (ROC)
for the FRAX algorithm between obese and non-obese women

Obese women Non-obese women P value

FRAX algorithm including BMD

Women with hip fractures 0.76 (0.70,0.81) 0.73 (0.71,0.76) 0.48

Women with any major osteoporotic fracture (hip, clinical vertebral, wrist, and humerus) 0.70 (0.66,0.74) 0.68 (0.66,0.70) 0.18

Women with any clinical fracture (non-vertebral and clinical vertebral) 0.64 (0.60,0.67) 0.63 (0.61,0.65) 0.34

FRAX algorithm not including BMD

Women with hip fractures 0.66 (0.59,0.73) 0.69 (0.67,0.71) 0.19

Women with any major osteoporotic fracture (hip, clinical vertebral, wrist, and humerus) 0.63 (0.59,0.68) 0.63 (0.61,0.65) 0.13

Women with any clinical fracture (non-vertebral and clinical vertebral) 0.59 (0.55,0.62) 0.60 (0.59,0.62) 0.21
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Table 3

Comparison of expected and observed frequencies of fractures according to NOF thresholds.

Hip fracture MOP fracture

FRAX+BMD FRAX-BMD FRAX+BMD FRAX-BMD

Obese

 High risk 24/38 32/43 51/51 58/54

 Low risk 9/22 11/19 107/106 115/113

PPV 0.12 0.09 0.26 0.30

NPV 0.97 0.97 0.88 0.87

Sensitivity 0.63 0.69 0.32 0.31

Specificity 0.72 0.59 0.88 0.87

Non-obese

 High risk 258/341 350/374 495/445 617/492

 Low risk 33/59 30/44 419/398 411/386

PPV 0.13 0.10 0.30 0.26

NPV 0.97 0.97 0.87 0.86

Sensitivity 0.85 0.89 0.53 0.56

Specificity 0.47 0.31 0.71 0.63

The figures are shown as predicted counts/observed counts

For hip fracture high risk is classified as a 10-yr fracture probability ≥ 3%

For MOP fracture high risk is classified as a 10-yr fracture probability ≥ 20%

NPV – negative predictive value; PPV – positive predictive value
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