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Abstract
We evaluated the performance of the Fracture Risk Calculator (FRC) in 5893 men who
participated in the baseline visit (March 2000 – April 2002) of the Osteoporotic Fractures in Men
Study (MrOS). FRC estimates for 10-year hip and major osteoporotic (hip, clinical spine, forearm,
and shoulder) fractures were calculated and compared to observed 10-year fracture probabilities.
Possible enhancement of the tool’s performance when bone mineral density (BMD) was included
was evaluated by comparing areas under receiver operating characteristic (AUC) curves and by
Net Reclassification Improvement (NRI). 5,893 men were followed for an average of 8.4 years.
For most quintiles of predicted fracture risk, the ratios of observed to predicted probabilities were
close to unity. AUC improved when BMD was included (P < .001; 0.79 vs. 0.71 for hip fracture
and 0.70 vs. 0.66 for major osteoporotic fracture, respectively). Using National Osteoporosis
Foundation clinical treatment thresholds, BMD inclusion increased NRI significantly, 8.5% (P < .
01) for hip and 4.0% (P =.01) for major osteoporotic fracture. We conclude that the FRC risk
calculator calibrates well with hip and major osteoporotic fractures observed among older men.
Further, addition of BMD to the FRC calculation improves the tool’s performance.
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INTRODUCTION
On-line fracture risk assessment tools such as Fracture Risk Calculator (FRC) (1) and
FRAX, (2) use clinical risk factors and bone mineral density (BMD) to estimate future
fracture risk. (3,4) FRAX results have been incorporated into evidence-based guidelines for
osteoporosis management and treatment in the US (5) and UK. (6)

Few have examined performance of fracture risk assessment tools in men, (7,8) highlighting
need for additional validation in this population that is under-diagnosed and under–treated
for osteoporosis. (9) We sought to validate the FRC tool in 5893 men, aged 65 years and
older, who participated in the Osteoporotic Fractures in Men Study (MrOS). (10,11) We
evaluated performance of FRC by comparing its predicted 10-year fracture probabilities
with those observed up to 10 years in this cohort. In addition, we examined the contribution
of BMD to the tool’s performance.

METHODS
PARTICIPANTS

The Osteoporotic Fractures in Men (MrOS) Study is a prospective cohort study designed to
identify predictors of fracture risk is older men. Design and recruitment have been
previously described. (10,11) From March 2000 to April 2002, 5,994 community-dwelling
men 65 years or older were enrolled at 6 clinical centers in the United States: Birmingham,
Alabama; Minneapolis, Minnesota; Palo Alto, California; the Monongahela Valley near
Pittsburgh, Pennsylvania; Portland, Oregon; and San Diego, California. Those 101 men who
had used a bisphosphonate within 30 days prior to the baseline visit were not included in the
current analyses.

The institutional review board at each clinical site approved the study protocol and written
informed consent was obtained for all participants.

FRACTURE RISK CALCULATOR (FRC) AND 10-YEAR FRACTURE RISK ESTIMATES
The Fracture Risk Calculator (FRC) is a modification of a fracture risk model originally
developed in 2000-2001at Division of Research, Kaiser Permanente Medical Care Program,
Northern California Region.(12) The choice of risk factors was originally based on the
NOF’s 1998 choice of key, independent risk factors (13) but later expanded to include
additional risk factors. (1) Since 2005, it has been available for public use on the Foundation
for Osteoporosis Research and Education (FORE) website. (4) Subsequently, in 2007, the
FRC tool was further modified by incorporating updated US fracture rates, (14) by changes
in some input variables (changing to either parent with hip fracture rather than mother and/
or sister; adding heavy alcohol use), and by being made accessible at no charge in batch
mode for large datasets.

The FRC tool uses 10-year fracture probabilities for age and gender derived from the 2006
U.S. National Inpatient Survey. (14) Specific patient characteristics (body mass index
(BMI), history of fracture, parental history of hip fracture, smoking and alcohol
consumption, use of corticosteroids, prevalence of rheumatoid arthritis, and secondary
osteoporosis) are compared to the base population and relative risks are applied to factors
that differ between the individual patient and the base population. Race/ethnicity offsets are
based on published fracture risk ratios relative to Caucasian. (15) Data on age, gender, race
and BMI are required. If data is missing on any of the other clinical characteristics the value
for that characteristic is set to null. The tool provides 10-year risk estimates of both hip
fracture and major osteoporotic fracture (hip, clinical spine, forearm, shoulder); risk
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estimates can be calculated with and without femoral neck bone mineral density (BMD) as
an input parameter.

BONE MINERAL DENSITY
BMD (g/cm2) of the total hip and hip sub-regions was measured using dual-energy x-ray
absorptiometry (DXA) (QDR 4500W, Hologic, Inc., Waltham, MA). (10) T-scores and Z-
scores for the femoral neck were based on data for men obtained from the NHANES III.
(16)

OTHER RISK FACTORS
All participants completed questionnaires, which included items about demographics,
medical history, fracture history, parental fracture history, smoking status, and alcohol
consumption. Ethnicity was self-reported. The history of any fracture after age 45 years was
self-reported; excluded from these were fractures resulting from a motor vehicle accident or
a fall from greater than standing height. Prescription and nonprescription medications used
within the preceding 30 days were identified using the Iowa Drug Information Service
(IDIS) Drug Vocabulary (College of Pharmacy, University of Iowa, Iowa City, IA). (17)
Secondary osteoporosis was defined as the use of insulin or a self-report of a history of
hyperthyroidism.

Bisphosphonate use occurring after the baseline visit was gathered at the Interim visit (2.0 ±
0.2 years from baseline), the Sleep visit (3.4 ± 0.5 years from baseline), Visit 2 (4.6 ± 0.4
years from baseline), Visit 3 (6.9 ± 0.4 years from baseline) and Interim Visit 2 (8.9 ± 0.4
years from baseline). Use was defined as any bisphosphonate reported to be taken within 30
days prior to any visit.

INCIDENT FRACTURE
After the baseline exam, active, surviving participants completed a questionnaire about
incident fractures every four months; response rates exceeded 99%. Incident fractures were
confirmed by radiology reports or radiographic images when reports were not available.

Follow-up time for the fracture analyses was truncated to 10 years to correspond with the
10-year fracture risk estimates from FRC. Thus, follow-up time ended at the time of the first
fracture of that type, time of death or termination, at last contact, or after 10 years of follow-
up. For those 418 (7.1%) men who started use of a bisphosphonate after the baseline visit
the follow-up time was truncated to the midpoint between the last visit when they were
nonusers and the first visit noting bisphosphonate use.

The fracture outcomes of interest in this analysis were hip fracture and major osteoporotic
fracture (hip, wrist, shoulder, or clinical spine), excluding fractures caused by excessive
trauma. (18) Those fractures with missing information on trauma status were considered low
trauma, because it was assumed that if a participant had a fracture caused by excessive
trauma he would have remembered it. (19)

STATISTICAL ANALYSIS
Risk factors of participants were compared across incident fracture status category using
chi-square tests for categorical variables, t-tests for normally distributed continuous
variables, and Wilcoxon rank-sum tests for continuous variables with skewed distributions.

The rates of men meeting or exceeding the NOF’s cost-effectiveness 10-year fracture risk
thresholds of 3% for hip fracture and 20% for any one of four major osteoporotic fractures
(15) were compared across age categories, both with and without BMD as an input
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parameter in the risk calculator. Tests for trend across age categories were performed using
the Cochran-Armitage test.

Kaplan Meier product-limit estimates (PLE) were used to calculate 10-year fracture
probabilities for observed events over time. These PLEs were compared to the median
predicted 10-year fracture risk estimates across quintiles of predicted risk from the FRC,
both with and without BMD used as an input parameter.

Logistic regression models with fracture as the outcome and the corresponding FRC 10-year
fracture risk estimates as the predictor were performed. From these models, receiver
operating characteristic (ROC) curves were created and the area under the curves (AUC, c-
statistic) were calculated. The ROC curves for FRC fracture risk estimates with and without
BMD used in the risk calculation were compared to determine if addition of BMD to the risk
calculator improved the AUC.

Discrimination analyses can use the full range of data or, if available, can use clinical risk
categories. We chose clinical cut points based on the NOF cost-effective treatment analyses
(15) and also examined discrimination performance using a no-category approach. (20) For
both approaches, risk stratification tables were created to evaluate the incremental value of
adding BMD to the risk prediction calculator. (21) Reclassification after the addition of
BMD to the risk calculator was assessed using Net Reclassification Improvement (NRI).
(20,22,23) Comparing one model to another, the categorical NRI sums the proportions of
individuals who are appropriately moved between risk categories and subtracts those
moving inappropriately; these calculations are first performed separately by incident fracture
status and then combined. The range of the categorical NRI is -100% to 100%, positive
values indicating a net reclassification in the appropriate direction, negative values
indicating inappropriate reclassification. When estimating NRI without categories, one again
performs calculations separately among those fracturing and those not, evaluating the
proportions whose risk score moves inappropriately and subtracting these from the
proportions whose risk score moves appropriately; the overall NRI for no-category analyses
can range from −200% to +200% with higher values indicating better performance.

Sensitivity analyses were performed removing those men from the analyses missing data on
the any of the characteristics used by the risk calculator.

All significance levels reported were two-sided and all analyses were conducted using SAS
version 9.2 (SAS Institute Inc, Cary, NC).

RESULTS
Of the 5,893 men included in this analysis, 156 (2.6%) had an incident hip fracture and 335
(5.7%) had an incident major osteoporotic fracture. The men were followed for an average
(±SD) of 8.4 (2.3) years. Of those 4673 men with less than 10 years of follow-up, 1650 died
and 221 terminated. Those who did not reach 10 years of follow-up had and average (±SD)
follow-up time of 9.2 (0.4) years, ranging from 7.3-9.99 years. The men were predominately
white (89.4%) with an average (±SD) age at enrollment of 73.6 (5.9) years. The overall
BMD Z-score was +0.2, indicating a higher than expected BMD for age than the NHANES
III reference range used for Hologic densitometers. (20)

Data was complete for all risk factors passed to the risk calculator for 4,297 (72.9%) men.
The factors most commonly missing data were information on parental history of hip
fracture (23.9%) and information on medications used for the definition of corticosteroid use
and secondary osteoporosis (4.1% missing).
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Table 1 shows baseline characteristics of the cohort by incident fracture status. Compared to
those without an incident fracture, those fracturing were older, had lower BMD for age, and
had about 50% greater likelihood of a prior fracture history (P < .05). Figures 1A and 1B
show the proportions of men meeting or exceeding the NOF thresholds for cost-effective
treatment (19) by age, with and without BMD being used in the FRC calculation; the
proportions increase substantially with age (P trend < .001) but addition of BMD changed
the proportions minimally. At all ages, many more men qualified for treatment under the 3%
hip criterion than under the 20% major osteoporotic fracture criterion.

The median predicted FRC 10-year fracture probabilities (using BMD) for the middle
quintiles were 2.4% and 6.0% for hip and major osteoporotic fracture, respectively; while
observed fracture probabilities (PLE) for the middle quintiles were 2.1% and 5.5%. The
tool’s predictive accuracy is further shown in Figures 2A and 2B. For most quintiles of hip
and major osteoporotic fracture risk, the observed probabilities and the FRC median risk
predictions were close to the line of agreement, regardless of whether or not BMD was
included in the tool’s risk calculations; of the 20 quintiles examined, observed to predicted
ratios for 17 were within 20% of the ideal 1.0 ratio.

Figures 3A and 3B show the ROC curves for hip and major osteoporotic fracture; the c-
statistics were statistically significantly higher (P < .001) when BMD was included in the
risk calculator (hip fracture, 0.71 versus 0.79; major osteoporotic fracture, 0.66 versus 0.70,
for BMD excluded versus included, respectively).

Without including BMD in the calculations, the NOF cut points correspond to sensitivities
and specificities of 0.74/0.57 for hip fracture and 0.10/0.95 for major osteoporotic fracture,
respectively. Using the NOF 3% hip threshold to calculate NRI, we found BMD addition
improved the tool’s performance for hip fracture (overall NRI 8.5%; P < .01) and using the
NOF 20% major osteoporotic fracture threshold BMD also improved the tool’s performance
(overall NRI 4.0%; P = .01) (Tables 2A and 2B). The majority of improvement in
classification of both hip and major osteoporotic fracture came from moving those destined
to fracture from the lower risk to the higher risk category.

Using the no-category approach, addition of BMD resulted in NRI’s of 62.9% (p<.001) and
38.2% (p<.001) for hip and for major osteoporotic fracture, respectively; both appropriate
movement upward among those destined to fracture and appropriate movement downward
among those not fracturing contributed to these outcomes. (Table 3)

Results were similar after sub-setting the analyses to those with complete risk factor data
(data not shown).

DISCUSSION
We found that the FRC risk calculator calibrated well with both hip and major osteoporotic
fractures observed among older men. Addition of BMD to the FRC calculation improved the
tool’s performance assessed both by greater area under ROC curves and by increased
proportions of men correctly being reclassified to either appropriate high or low risk
categories or being moved in the direction of appropriate risk score.

Assessing the performance of a risk tool involves several assumptions. Tests of calibration
involve grouping individuals into risk categories (e.g. quintiles or clinical value categories)
and observing the fit between the median of each predicted risk category and the probability
of fracture within that category. Conversely, tests of discrimination examine individuals and
the correctness of risk categorization based on subsequent fracture versus no fracture status;
this approach should use clinically meaningful cut points for categorization, if available--- if
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not, then a no-category approach can be used. Finally, area under the ROC curve examines
the relationships between sensitivity and specificity across all levels of risk.

The ratio of NOF thresholds (i.e. 20% and 3%) is 6.7:1, and reflects the rate ratios of these
fracture types observed in US women ages 60-65 years (14). In contrast, the ratio of these
fracture categories in the MrOS cohort is 2.2 close to the ratio observed in US women after
age 75 years. (14) This marked lowering of the fracture type ratios observed with increasing
age is a likely explanation of the discordance we observed between the large proportion of
MrOS subjects qualifying under the NOF 3% hip fracture threshold yet relatively few
qualifying under the 20% NOF major osteoporotic fracture threshold.

A similar validation study of FRC was performed among women aged 50-80 years who had
BMD testing in a large integrated healthcare delivery system. (1) Based on data from 94,489
women of whom 1,579 had a hip fracture, that study found FRC underestimated by 30-40%
observed 10-year hip fracture probabilities, possibly due to greater likelihood of incomplete
or missing input data being set to null (alcohol intake, BMI, prior fractures, family history).
In the current analyses we found observed to expected fracture ratios close to 1.0 and found
little difference in results when subsetting to those with complete characteristic data.

Fracture risk models have shown area under ROC curves in the range of 0.54-0.89.
(1,24--31) Adding or subtracting BMD from fracture risk predictive models has been shown
to change31 or not change (1,25) various model’s performance. We found adding BMD to
FRC risk prediction increased the area under the ROC curves. In contrast, Lo et al, (1) using
FRC in women, found that area under ROC curve was high whether or not BMD was
included in the model (0.85) or when it was not used (0.83). These differences in FRC
performance could be gender-related, but are more likely age-related, given that the majority
of women in the Lo et al study were aged <65 years.

As shown in Table 4, relative risks used in FRC differ little from those used in FRAX. Both
tools provide 10-year probabilities of both hip fracture and of any one of 4 major
osteoporotic fractures (clinical spine, wrist, proximal humerus, and hip). FRC differs from
FRAX in that FRAX uses more complex calculations that account for interactions of risk
variables with age and also calculates fracture probability offset by expected mortality. The
FRAX mortality offset becomes increasingly important in the elderly, substantially reducing
fracture risk estimates obtained in those beyond age 75 years.

The FRC tool has the advantages of transparency and being relatively easy to incorporate
into population management programs that have electronic medial records. On the other
hand, FRAX has achieved world-wide acceptance and has been incorporated into bone
densitometer reporting in the US. Furthermore, as FRAX gains popularity, health
administrators may adapt to electronic medical record systems to accept FRAX’s input and
output data.

Our study has several strengths. The baseline input data are fairly complete on a large
number (nearly 6,000) of men. The follow-up for incident fracture is 99% complete and self-
reported fractures were validated by review of radiograph reports; the majority of subjects
had length of follow-up close to the 10-year value used by the risk calculator, thus obviating
the need to extrapolate.

MrOS is an epidemiological observational study and a healthy volunteer bias could be
present. The fact that the group’s mean BMD Z-score was +0.2 suggests that they are at
substantially less risk for fracture (assuming RR 2.0 per SD BMD, the +0.2 Z-score
translates into 40% lower fracture risk).
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Limitations include drug exposure information based only on the 30 days prior to baseline
and no information on glucocorticoid dosage. Further limitations in medical history and drug
exposure also reduced our ability to accurately determine multiple causes of secondary bone
loss. We assumed that absence of degree of fracture trauma was equivalent to low trauma;
however, few subjects were missing the degree of trauma (3.2% of hip fractures and 8.1% of
major osteoporotic fractures). We excluded nearly 2% of the cohort at baseline because they
reported taking bisphosphonates – thus making the remaining cohort less prone to fracture
than the original cohort, but those remaining also had lower FRC scores as a result of the
winnowing.

As use of the electronic medical record expands, more health care organizations should be
capable of inputting risk information into batch risk calculators and using the information
obtained for population management. Allowing providers to obtain automated patient
fracture risk estimates could help overcome the usual barriers that prevent many from
performing these risk calculations. Institutions considering adoption of fracture risk tools
should consider the tool’s performance based on its calibration and discrimination in the
population being served.

We conclude, based on calibration and discrimination that among older men the FRC
fracture risk calculator performs well and that performance of this tool may be enhanced by
adding BMD to the calculations.
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Figure 1. Proportion of MrOS Cohort Meeting or Exceeding the NOF Cutpoint for Treatment
Based on FRC 10-Year Fracture Probability
The gray bars represent the FRC risk estimates without BMD in the risk calculator, white
bars with BMD included in the calculator.
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Figure 2. Observed Versus Predicted Fracture Probability (%), With and Without BMD, by
Quintiles of Fracture Risk
Squares represent the predicted fracture probability without BMD used in the risk calculator,
circles with BMD used in the calculator.
Ten-year fracture risk quintiles:

Hip fracture: Major osteoporotic fracture:

Without BMD: Quintile 1: <1.3% Without BMD: Quintile 1: <4.1%

 Quintile 2: 1.3 to <2.0%  Quintile 2: 4.1 to <5.6%

 Quintile 3: 2.0 to <3.2%  Quintile 3: 5.6 to <7.1%

 Quintile 4: 3.2 to <6.0%  Quintile 4: 7.1 to <11.3%

 Quintile 5: ≥6.0%  Quintile 5: ≥11.3%

With BMD: Quintile 1: <0.9% With BMD: Quintile 1: <3.5%

 Quintile 2: 0.9 to <1.8%  Quintile 2: 3.5 to <5.1%

 Quintile 3: 1.8 to <3.3%  Quintile 3: 5.1 to <7.3%

 Quintile 4: 3.3 to <6.7%  Quintile 4: 7.3 to <11.3%

 Quintile 5: ≥6.7%  Quintile 5: ≥11.3%
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Figure 3. Receiver Operating Characteristic (ROC) Curves for FRC-Predicted Fracture Risk
The solid line represents the FRC estimates without BMD used in the risk calculator, dashed
lines with BMD used in the calculator. The thick solid line is the line of no discrimination.
The circles represent the NOF treatment cutpoints.
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Table 2

A. Assignments to Risk Categories Based on FRC 10-Year Hip Fracture Probability

Fracture Risk With BMD

Fracture Risk Without BMD <3% ≥3% Total

<3%

 Men, n 2765 545 3310

 Events, n 24 17 41

 Nonevents, n 2741 528 3269

 Percentage of men with events 0.87 3.12 1.24

≥3%

 Men, n 539 2043 2582

 Events, n 4 110 114

 Nonevents, n 535 1933 2468

 Proportion of men with events 0.74 5.38 4.42

Total

 Men, n 3304 2588 5892

 Events, n 28 127 155

 Nonevents, n 3276 2461 5737

 Percentage of men with events 0.85 4.91 2.63

B. Assignments to Risk Categories Based on FRC 10-Year Major Osteoporotic Fracture Probability.

Fracture Risk With BMD

Fracture Risk Without BMD <20% ≥20% Total

<20%

 Men, n 5479 123 5602

 Events, n 280 22 302

 Nonevents, n 5199 101 5300

 Proportion of men with events 5.11 17.89 5.39

≥20%

 Men, n 79 211 290

 Events, n 7 25 32

 Nonevents, n 72 186 258

 Proportion of men with events 8.86 11.85 11.03

Total

 Men, n 5558 334 5892

 Events, n 287 47 334

 Nonevents, n 5271 287 5558

 Percentage of men with events 5.16 14.07 5.67
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Table 4

Comparison of Fracture Risk Calculator (FRC) hazard ratios and approximate FRAX hazard ratios (reverse
calculated from the FRAX tool) for the average MrOS participant (age 74 years, BMI 27.4, and femoral neck
bone mineral density [BMD] T-score -1.1).

FRC FRAX

Fracture estimate type Hip 1 Any Major 2 Hip 1 Any Major 2

Age range, years 45-90 45-90

Race/ethnicity2

 Black 0.43 0.43

 Asian 0.50 0.50

 Hispanic 0.53 0.53

Body Mass Index (BMI) 1.6 if <21 (1.7) 4,5 (1.2) 4,5

BMD per unit T- or Z-score 1.6 1.6 2.2 1.5

Smoking (current) 1.7 1.7 1.5 1.0

Fracture after age 45 yr 1.8 1.8 1.5 1.5

Parent with hip fracture 1.8 1.8 3.8 1.8

Alcohol >3 units/day 1.7 1.7 1.5 1.3

Glucocortioid exposure 2.3 2.3 1.7 1.5

Rheumatoid arthritis 1.8 1.8 1.4 1.3

Secondary osteoporosis (1.8)4 (1.8)4 (1.8)4 (1.4)4

1
Hip fracture

2
Major osteoporotic fracture

3
Relative to white- (ref 19)

4
This factor is not considered in risk calculation when BMD is included

5
Per 5 unit BMI decrease
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