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ABSTRACT

Clinical risk factors are associated with increased probability of fracture in postmenopausal women. We sought to compare prediction
models using self-reported clinical risk factors, excluding BMD, to predict incident fracture among postmenopausal women. The GLOW
study enrolled women aged 55 years or older from 723 primary-care practices in 10 countries. The population comprised 19,586 women
aged 60 years or older who were not receiving antiosteoporosis medication and were followed annually for 2 years. Self-administered
questionnaires were used to collect data on characteristics, fracture risk factors, previous fractures, and health status. The main outcome
measure compares the C index for models using the WHO Fracture Risk (FRAX), the Garvan Fracture Risk Calculator (FRC), and a simple
model using age and prior fracture. Over 2 years, 880 women reported incident fractures including 69 hip fractures, 468 “major fractures”
(as defined by FRAX), and 583 “osteoporotic fractures” (as defined by FRC). Using baseline clinical risk factors, both FRAX and FRC showed
a moderate ability to correctly order hip fracture times (C index for hip fracture 0.78 and 0.76, respectively). C indices for “major” and
“osteoporotic” fractures showed lower values, at 0.61 and 0.64. Neither algorithm was better than the model based on age + fracture
history alone (C index for hip fracture 0.78). In conclusion, estimation of fracture risk in an international primary-care population of
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postmenopausal women can be made using clinical risk factors alone without BMD. However, more sophisticated models incorporating
multiple clinical risk factors including falls were not superior to more parsimonious models in predicting future fracture in this population.

© 2011 American Society for Bone and Mineral Research.
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Introduction

linical risk factors are associated with an increased

probability of osteoporosis-associated fractures in postmen-
opausal women, and several therapies have been shown to
lower fracture risk.""> BMD also has shown a strong association
with fracture risk. However, most fractures occur in subjects with
T-scores above -2.5, the threshold typically used to define
osteoporosis, which means that relying solely on BMD will miss
many patients at risk of fracture. Additionally, T-scores have been
used to describe the increasing relative risk of fracture as T-scores
decrease, but absolute fracture risk is increasingly recognized as
superior to relative risk as a clinical tool. A number of algorithms
using clinical risk factors, with or without BMD, have been
developed that produce absolute risk estimates, and these are
becoming widely available.

To compare two different validated algorithms for fracture risk,
in addition to a simpler model using age and prior fracture, we
assessed incident fractures in a large cohort of women aged
60 years or older treated in everyday practice. We compared
model discrimination using the Fracture Risk Assessment Tool
(FRAX)® and the Fracture Risk Calculator (FRC)® algorithms
using self-reported data from the Global Longitudinal Study of
Osteoporosis in Women (GLOW). Our goal was to assess the use
of these algorithms in an international cohort based on self-
reported clinical risk factors alone (ie, without BMD) and to
compare their performance in identifying women at increased
fracture risk who might benefit most from treatment with an
antiosteoporosis medication. In addition, we compared these
newer models with simple models such as age plus prior fracture
both overall and by region.

Materials and Methods

Design overview, setting, and participants

The GLOW study is being conducted in physician practices at
17 sites in 10 countries (ie, Australia, Belgium, Canada, France,
Germany, Italy, The Netherlands, Spain, the United Kingdom, and
the United States). These sites are located in major population
centers. Details of the study design and methods have been
described previously. Study sites were selected on the basis of
(1) geographic distribution and (2) the presence of lead
investigators with expertise in osteoporosis and access to a
clinical research team capable of managing a large cohort of
subjects. These lead investigators identified primary-care
practices in their region that were members of local research
or administrative networks and able to supply names and
addresses of their patients electronically. The composition of
groups varied by region and included health system-owned

practices, managed practices, independent practice associations,
and health maintenance organizations. Networks established for
the purpose of general medical research were used only if they
were not established exclusively for osteoporosis research and
did not consist primarily of physicians whose primary focus was
academic. Primary-care physicians were defined as doctors who
spent most of their time providing primary health care to
patients and included internists, family practitioners, and general
practitioners. Each practice provided a list of the names and
addresses of women aged 55 years or older who had been
attended by their physician in the past 24 months. Sampling was
stratified by age to ensure that two-thirds consisted of women
aged 65 years or older. Patients were excluded if they were
unable to complete the study survey owing to cognitive
impairment, language barriers, institutionalization, or illness.

Interventions, outcomes, and follow-up

Questionnaires were designed to be self-administered and
covered domains that included patient characteristics and risk
factors, medication use (currently taking or ever taken), medical
diagnoses, health care use and access, physical activity, and
physical and emotional health status.

Self-reports of personal risk factors included current weight
and height, parental hip fracture, two or more falls in the past
12 months, current use of cortisone or prednisone, diagnosis of
rheumatoid arthritis, personal history of fracture (ie, clavicle, arm,
wrist, spine, rib, hip, pelvis, upper leg, lower leg, and ankle) since
age 45 years, current cigarette smoking, and consumption of
three or more units of alcohol daily. Subjects were considered to
be taking antiosteoporosis medications if they reported current
use of alendronate, calcitonin, estrogen, etidronate, ibandronate,
pamidronate, parathyroid hormone(1-84) [PTH(1-84)], raloxi-
fene, risedronate, strontium ranelate, teriparatide, tibolone, or
zoledronate.

Baseline questionnaires, along with invitations to participate in
the study signed by the local principal investigator, were
mailed to all potential subjects. Nonrespondents were followed
up with sequential postcard reminders, second questionnaires,
and telephone interviews. Questionnaires were mailed at 1 and
2 years to determine incident fractures.

Fracture risk algorithms

FRAX is a risk-assessment tool that calculates the 10-year
probability of hip fracture and major osteoporosis-related
fracture (ie, clinical spine, forearm, hip, or proximal humerus).””
FRAX comprises 11 variables: age, sex, weight and height (to give
BMI), previous fracture as an adult, parental hip fracture, current
cigarette smoking, current (or 3 months of past) use of
glucocorticoids, diagnosis of rheumatoid arthritis, consumption
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of three or more units of alcohol daily, and secondary
osteoporosis. Secondary osteoporosis is defined as use of
anastrozole, exemestane, or letrozole diagnosed with celiac
disease, colitis, type 1 diabetes, or early menopause (<45 years).
FRAX can be used with or without the addition of the BMD-
derived T-score at the femoral neck. While a majority of women
in GLOW reported having had a bone density test, precise
BMD data were not gathered because the study data were
collected through self-report. Country-specific FRAX estimates of
fracture risk were determined by the WHO Collaborating Centre
for Metabolic Bone Diseases, University of Sheffield, from
deidentified raw data. For major fractures, self-reported clinical
spine, forearm, hip, proximal humerus, or upper arm fractures
over 2 years of follow-up were included.

The Garvan FRC is a risk-assessment tool that calculates the 5-
to 10-year probability of hip fracture and osteoporotic fractures
using five variables: age, sex, number of falls in the previous
12 months, number of fractures since age 50 years, and lumbar
spine or femoral neck BMD.® As noted earlier, since BMD data
were not collected, height and weight were used in the
algorithm, which was calculated by researchers at the Garvan
Institute, again using deidentified raw data. The osteoporotic
fractures as defined by FRC include those of the hip, spine, wrist,
hand, upper arm, shoulder, clavicle, upper leg, lower leg, knee,
pelvis, and sternum. Because FRC was developed for subjects
aged at least 60 years, the analyses below are restricted to those
subjects in GLOW aged 60 or above.

The model that included only age and prior fracture is similar
to that described by Ensrud and colleagues.”” The model was
developed using three Cox proportional-hazards regression
models (or Cox models) for outcomes of incident hip, major, and
osteoporotic fractures during the 2 years of follow-up. The
models predicted probability of 2-year incident hip, major, and
osteoporotic fractures.

An analysis was conducted to compare observed with
predicted fractures (both major and osteoporotic) within each
study site. Owing to the low incidence of fracture data at
individual sites outside the United States, for those site
comparisons, only two risk groups could be formed based on
a cutpoint at the median predicted risk. For the US data, the
number of subjects was sufficient to permit analysis according to
quintiles of risk. The number of hip fractures was not large
enough to perform an analysis of hip fracture by study site.

Statistical analysis

Since not all women had 2 complete years of follow-up, our main
analyses used Kaplan-Meier estimation to obtain fracture
incidence rates and the Cox time-to-event model to predict
cumulative fracture probabilities. We considered Cox models
including prior falls and weight, but these factors did not add
significantly to a simple model of age and prior fracture. For the
age and prior fracture models, there was no significant
interaction of age with country or prior fracture with country.
Since coefficients for FRAX model variables were not available,
both FRAX and FRC model-predicted probabilities were
computed by sending GLOW data for the relevant variables
to the developers of each model, who then returned to us the

10-year predicted fracture rates for each woman. We verified a
small random sample of these results by computing the 10-year
risks using the FRAX and FRC Web sites. To estimate 2-year rates
from the 10-year rates, we assumed a linear (ie, unchanging)
fracture rate over the 10-year period.

Let F=cumulative 10-year fracture rate and p =fracture rate
per year. Then p=1 - exp[In(1 - F)/10]. The 2-year predicted
fracture rate then is 1 - (1 - p)@.

Based on Cox models for our three outcomes, we divided
women into risk quartiles and compared Kaplan-Meier observed
fracture rates for the different risk factor models across the
quartiles. Agreement as to how well pairs of models assigned
women to risk quartiles was tested using the weighted kappa
statistic. Since 2-year fracture incidence rates are dichotomous,
95% Cls for the rates were computed using the variance of a
binomial variable. We assessed Cox model discrimination
using Harrell's C index, an extension of the logistic regression
C-statistic. To compare our models with articles where logistic
regression was used, we calculated logistic regression C-statistics
for women who completed both years of follow-up. All analyses
were conducted using SAS software package (Version 9.2; SAS
Institute, Cary, NC, USA).

Results

Between October 2006 and February 2008, 60,393 women
from the practices of 723 physicians were enrolled in GLOW.
Approximately 25,000 women were from eight sites and
274 physician practices in Europe, 28,000 women were from
255 practices in the United States, and almost 7000 women were
from 86 practices in Canada and Australia.

After excluding subjects aged younger than 60 years, those on
antiosteoporosis medication, and those with incomplete data
(Fig. 1), the study population comprised 19,586 women.
Approximately 91% of women who completed at least one
follow-up survey had complete 2-year follow-up. A total of
69 women sustained an incident hip fracture, 468 sustained an
incident FRAX-defined major fracture, and 583 sustained an FRC-
defined osteoporotic fracture over 2 years of follow-up. Clinical
risk factors and 2-year fracture incidence rates are shown in
Table 1. As expected, women sustaining fractures were older,
lighter, shorter, had fallen more often in the previous 12 months,
had a higher prevalence of fractures after age 45 years, had
higher use of corticosteroids, and had a higher parental history of
hip fracture (data not shown).

Table 2 provides hazard ratios (HRs) and 95% Cls for the age and
prior fracture model for hip fracture, major fracture, and
osteoporotic fracture. C indices were similar in the three models.
For hip fracture, the age and prior fracture model Cindex was 0.78,
compared with 0.78 for FRAX and 0.76 for FRC. For major fracture,
the C index for the age and prior fracture model was 0.63,
compared with 0.61 for FRAX. For osteoporotic fracture, the age
and prior fracture model was 0.62, compared with 0.64 for FRC.
Logistic regression C-statistics (also known as areas under the
receiveroperating curve or AUCs) for these models were 0.75, 0.65,
and 0.61 for hip fracture in the age and prior fracture, FRAX, and
FRC models,; 0.62 and 0.60 for major fracture in the age and prior
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Women enrolled in GLOW
from baseline
n=60,393

Exclusions:

e Missing 1 year data (n=8902)

* Missing fractures and falls
(n=64)

* Missing fractures only
(n=1094)

e Missing falls only (n=476)

e Missing weight only (n=1039)

Exclusions:

¢ Missing parental hip fracture,
smoker, steroids, rheumatoid
arthritis, secondary
osteoporosis, alcohol or prior
fracture (n=18,482)

* Missing race only (USA}
(n=156)

o Missing BMI only (n=1441)

* Missing race and BMI (n=86)

Total women with Garvan
scores at 1 year
n=48,818

Total women with FRAX
scores at baseline
n=40,228

Exclusions:

* Women with Garvan
scores only (n=8851) \

Women with Garvan
and FRAX scores
n=39,967

Exclusions:

e Missing incident fracture or
fracture index (n=1585)

Women with complete
fracture information
n=38,382

Exclusions:

& Women <60 years old
{n=7467)

Women 60 years or older
n=30,915

Exclusions:

& Women on bone medication
or estrogen (n=11,329)

Women in final dataset
n=19,586

Fig. 1. Patient flowchart.

fracture and FRAX models; and 0.62 and 0.64 for osteoporotic
fracture in the age and prior fracture and FRC models.

The proportion of women in each quartile of predicted risk
who fractured was similar for comparisons between each of the
models (Fig. 2). For hip fractures, all models showed similar
proportions of women who actually experienced a hip fracture
(age and prior fracture model 0.95% [95% Cl 0.68-1.22%)], FRAX
model 0.94% [95% Cl 0.67-1.21%], FRC 0.86% [95% Cl 0.60-
1.12%]. The percentage of women in the highest-risk quartile for
major osteoporotic fracture who had a fracture in the age and
prior fracture model was 4.5% (95% Cl 3.9-5.1%) and in the FRAX
model was 4.2% (95% Cl 3.6-4.8%; Fig. 3). Similarly, for
osteoporotic fractures, percentages in the age and prior fracture
and FRC models were 5.6% (95% Cl 4.9-6.3%) and 5.8% (95%
Cl 5.1-6.5%), respectively (Fig. 4).

Agreement between the models when assessed using a
weighted kappa statistic was modest for quartiles of predicted
risk. For hip fracture, the weighted kappas were 0.67 for
age and prior fracture versus FRAX, 0.55 for age and prior
fracture versus FRC, and 0.64 for FRAX versus FRC. For quartiles
of predicted risk of major fracture, the weighted kappa
was 0.60 for age and prior fracture versus FRAX, and for
osteoporotic fracture, it was 0.76 for age and prior fracture
versus FRC.

For hip fracture, the proportion of women in the highest-risk
quartile of FRAX who also were in the highest quartile for the
other models was 76% for the age and prior fracture model and
74% for FRC. Also, for hip fracture, 75% of those in the highest
quartile of FRC were in the highest quartile of the age and prior
fracture model. For major fracture, 73% of those in the highest
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Table 1. Two-Year Fracture Incidence Rates as Percentages by Clinical Risk Factors (n=19,586)

Hip fracture Major fracture® Osteoporotic fracture®

Risk factors n (n=69) (n=468) (n=583)
All women 19,586 04 2.6 3.2
Age
60-64 years 5639 5(0.1) 2 (1.8) 118 (2.3)
65-74 years 8897 15 (0.2) 189 (2.3) 240 (2.9)
75-84 years 4253 31 (0.8) 144 (3.7) 174 (4.5)
>85 years 797 16 (2.3) 3 (6.3) 51 (7.5)
Body mass index
Low (<22 kg/mz) 2605 16 (0.7) 6 (3.1) 88 (3.7)
Normal (22-24.9 kg/mz) 4612 16 (0.4) 109 (2.5) 140 (3.3)
Overweight (25-29.9 kg/mz) 7088 22 (0.3) 175 (2.7) 216 (3.3)
Obese (>30 kg/m2) 5281 13 (0.3) 108 (2.2) 139 (2.9)
Low weight (<56.7 kg) 2462 15 (0.6) 9 (3.5) 94 (4.2)
Fallen at least once in past 12 months 6920 35 (0.5) 219 (3.4) 277 (4.3)
Any fracture after age 45 years 4008 27 (0.7) 0 (4.4) 199 (5.5)
Currently taking corticosteroids 385 4 (1.1) 3 (3.8) 17 (4.9)
Parental hip fracture 3169 7 (0.6) 7 (2.6) 102 (3.5)
Current smoker 1539 2 (0.1) 3(24) 40 (2.9)
Alcohol use (>21 drinks/week) 103 1 (1.0) 5 (5.1) 5(5.1)
Secondary osteoporosis® 4029 5 (0.4) 104 (2.8) 129 (3.5)
Rheumatoid arthritis 103 2 (2.0) 4 (4.0) 5 (5.0

Note: Data are number (%).

“Defined as an incident fracture of the hip, spine, wrist, shoulder, or upper arm.
PDefined as an incident fracture of the hip, spine, wrist, shoulder, upper arm, hand, clavicle, upper leg, lower leg, knee, pelvis, or sternum.

‘FRAX definition.

FRAX quartile were in the highest quartile of the age and prior
fracture model. For osteoporotic fracture, 82% of those in the
highest quartile of FRC also were in the highest quartile of the
age and prior fracture model.

Discussion

In this large international study, three models were used to study
absolute risk prediction of fracture in postmenopausal women
for whom BMD results were not available. Using self-reported
clinical risk factors, all models were moderately effective in
predicting risk of future hip fracture and less effective in
predicting major and osteoporotic fractures. The performance
of the prediction models was similar for each fracture type
based on the C indices derived from Cox regression models.
Additionally, consistent with previous research,” all models
categorized nearly identical proportions of women in the highest
quartiles of risk for the different fracture types. The addition of
BMD data may have improved the utility of these algorithms for
assessing fracture risk, but such data were not available in this
study.

The kappa results show that agreement in categorization of
women according to quartiles of risk is moderate. However, with
regard to identifying women at the highest risk, approximately
three-quarters of women classified in the top quartiles by FRAX
also were categorized as highest risk by the FRC and the age and
prior fracture models for hip and major fracture (age and prior
fracture only). Similar results were found for the concordance of
those classified as high risk by FRC with the age and prior fracture
model for osteoporotic fracture. If women were selected for
treatment based on being in the highest quartile of risk, the same
women would meet the threshold for treatment at least three-
quarters of the time regardless of the model used.

These results are of interest given that the two algorithms use
quite different clinical risk factors to estimate risk. For example,
unlike the FRC algorithm, the FRAX algorithm includes a history
of chronic glucocorticoid use. The FRC algorithm includes
number of falls in the previous 12 months and the total number
of fractures since age 50 years, whereas the FRAX algorithm does
not include falls and treats previous fractures as a simple yes or
no category. In the GLOW cohort, in the absence of BMD data,
the inclusion of additional risk factors does not appear to alter
fracture risk estimation substantially. This finding would be best

Table 2. Hazard Ratios and 95% Cls in the Age and Prior Fracture Risk Model

Hip fracture

Major fracture Osteoporotic fracture

3.27 (246, 4.34)
1.80 (1.10, 2.96)

Age per 10-year increase
Prior fracture

1.51 (1.34, 1.69)
1.82 (1.50, 2.21)

1.46 (1.32, 1.62)
1.85 (1.55, 2.20)
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501 802 =03 w04
1.40

1.20 T

1.00

0.80

0.60

0.40

Women with hip fracture (%)

020 T

0.0o
Aga and prior fracture FRAX FRC

Risk models for hip fracture

Fig. 2. Percentages of women in GLOW with incident hip fractures
according to the quartiles of predicted risk of hip fractures based on
the GLOW model with age and prior fracture, the FRAX model, and the
FRC model.

confirmed by testing the addition of risk factors beyond age and
prior fracture using the coefficients from each of the models, but
the FRAX and FRC coefficients were not available for this study.

Only a few other studies have compared these algorithms.
Pluskiewicz and colleagues® reported data in 2012 postmeno-
pausal Polish women in whom information on clinical risk factors
and BMD was available. The AUCs for total fractures obtained
with FRAX and FRC were higher (0.833 and 0.879, respectively)
than in our study. However, the authors included BMD data, and
fractures were not measured prospectively because the study
was cross-sectional. Sandhu and colleagues® also performed a
comparative case-control study of 144 women and 56 men
attending a fracture clinic. Of the 144 women, 69 had sustained
fractures. The average 10-year probability of major fracture was
higher in the fracture group than in the nonfracture group for
both algorithms, although the AUC obtained was higher using
the FRC model (AUC = 0.84 versus 0.77 for FRAX-US and 0.78 for
FRAX-UK). However, the authors acknowledged that their sample
size was small and that the findings deserved reexamination in
larger clinical data sets.” Bolland and colleagues’® reported a

B0 202 B03 mOd
6.0

50
4.0
a0

20

Women with major fractures (%)

0.0
Age & prior fracture FRA&X

Risk models for major fracture

Fig. 3. Percentages of women in GLOW with major incident fractures
according to the quartiles of 2-year probability of major fractures
based on the GLOW model with age and prior fracture and the FRAX
model.

501 202 =03 w4
10

8.0

5.0

4.0

30

20

‘Women with osteoporotic fracture (%)

0.0
Age & prior fracture FRC

Risk models for osteoporotic fracture

Fig. 4. Percentages of women in GLOW with 2-year osteoporotic frac-
tures according to the quartiles of 2-year probability of osteoporotic
fracture based on the GLOW model with age and prior fracture and the
FRC model.

comparison of FRAX versus the Garvan FRC based on 1422 New
Zealand women enrolled in a 5-year trial of calcium who were
followed up after the trial. Both algorithms produced similar
AUCs to those we observed (0.67-0.70 for hip fractures), and the
authors observed the FRC-overestimated hip fractures, whereas
FRAX, with or without BMD, underestimated osteoporotic
and hip fractures. However, only 57 hip fractures and 279
osteoporotic fractures occurred over the 8.8 years of follow-up,
so although the study had longer follow-up, it was relatively
underpowered, especially with regard to hip fractures.

A number of other studies have examined the utility of FRAX in
predicting fracture. In our study, the C-statistic for the age and
prior fracture hip fracture model (0.75) exceeded that reported
in the FRAX validation studies by Kanis and colleagues® for hip
fractures (0.67) but was lower for the FRAX and FRC models
without BMD (0.65 and 0.61, respectively). The C-statistics for
the age and prior fracture and FRAX models for major fracture
(0.62 and 0.60, respectively) were similar to that reported by
Kanis and colleagues (0.62) when FRAX was calculated without
BMD.

Ensrud and colleagues”’ compared FRAX models that
included BMD with simple models based on BMD and age or
fracture history in a prospective cohort study of 6252 women
aged 65 years or older. C-statistics from logistic regression
showed no differences between the FRAX models without BMD
and the simple models based on age and previous fracture in
discriminating major fracture (0.64 for both models). Our AUC
analysis for major fracture (0.60 for FRAX and 0.62 for age and
prior fracture) and osteoporotic fracture (0.64 for FRC and 0.62 for
age and prior fracture) also gave virtually identical AUCs. With
regard to hip fracture prediction, our age and fracture model
had a higher AUC than FRAX or FRC (0.75 for age and prior
fracture model, 0.65 for FRAX, and 0.61 for FRC), whereas the age
and prior fracture model presented by Ensrud and colleagues
and FRAX showed identical AUCs for hip fracture. Trémollieres
and colleagues"" assessed the discriminatory capacity of FRAX
and BMD in 2651 perimenopausal and early postmenopausal
women (mean age 54 years) with a mean follow-up of 13.4 years.
During follow-up, 415 women sustained a first low-energy
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fracture, including 145 major fractures (108 wrist, 44 spine,
20 proximal humerus, and 13 hip). In the subsample of women
who had a hip BMD measurement and were not receiving
antiosteoporosis medication (including hormone-replacement
therapy) at baseline, the overall discriminative value for fractures,
as measured by the AUC, was 0.63 (95% Cl 0.56-0.69) for FRAX
and 0.66 (95% Cl 0.60-0.73) for hip BMD.

Leslie and colleagues''® assessed the performance of a
Canadian model of FRAX in 36,730 women followed for up to
10 years in the Manitoba Bone Density Program database. Over
10 years, 549 patients with incident hip fractures were seen,
and the AUC for hip fractures with FRAX was 0.83 with BMD and
0.79 without BMD.

The intention in GLOW was to include subjects who were
broadly representative of postmenopausal women by attempt-
ing to enlist all such women who were active patients in each
physician’s practice. However, as a nonrandomized, observa-
tional, practice-based study, GLOW is subject to biases in both
the selection of physicians and the sampling and recruitment of
patients. Physicians who agreed to participate may not be
representative of all physicians in a given area with respect to
osteoporosis recognition and management. It is possible that the
participants have greater interest in bone health issues and seek
information, screening, and treatment more actively than
nonparticipants. A comparison of the US sample with women
of the same age in the Third National Health and Nutrition
Examination Survey (NHANES Ill) showed minimal differences
between GLOW and a representative sample of US women.®
More women in GLOW, however, had greater than a high school
education (67%) than those in NHANES Il (47%), and more were
non-Hispanic white (86% versus 80%, respectively). Race data
were consistently available only for US study sites. Possible
confusion among subjects between rheumatoid arthritis and
other types of arthritis may have increased self-reports of this
FRAX risk factor, although we attempted to reduce such potential
misclassification by examining the subject’s use of antirheumatic
medication. We also considered only current use of the
corticosteroids prednisone and cortisone as risk factors, whereas
FRAX considers “ever use” a risk. FRAX and FRC provide 10-year
estimates of fracture risk, and we have assumed a linear fracture
rate over 10 years to estimate 2-year rates, whereas the
competing risk of death over 10 years included in FRAX, but not
FRC, may influence this assumption. Our fractures were self-
reported and not validated by X-ray reports. Evidence supports a
high degree of accuracy for patient report of hip fractures,
although other factures may be less accurately reported.""® The
simple model of age and prior fracture that we examined used
the same data from which it was developed. An internally
derived model, especially when derived from a single cohort,
almost invariably will provide good discrimination because it is
constructed to best fit the data from which it was derived.
However, our model was applied separately to each regional
GLOW sample, and a statistically significant difference between
observed and expected fracture incidence was found for only
2 of the 10 countries in the study. The hip fracture incidence
among GLOW subjects is lower than reported in cohorts
recruited from the 1990 s through early 2000, but those studies
included subjects in nursing homes, and there is evidence that

hip fracture incidence has declined in the West over that
period.""® The GLOW hip fracture incidence is similar to that of a
more recently recruited cohort."

Our results could differ from those of other studies with longer
follow-up if time-dependent risk factors have more impact on
fracture risk when fracture outcomes are assessed over a shorter
time period. However, it is difficult to assess the possible effect of
shorter follow-up time given the lack of data on the effect of time
on the contribution to risk for all the risk factors included in the
models. A final limitation is that our age and prior fracture model
was not validated on external data.

It must be noted that while these calculators may predict
those who are at high risk of future fracture, they are not
designed to be diagnostic tools and do not necessarily identify
how best to treat such subjects. A major strength of this article is
that, unlike many other publications in which the performance of
fracture risk models is compared in one sample from a single
country, the GLOW subjects in this article are from several
different regions throughout the world.

Conclusions

Our data—derived from 19,586 postmenopausal women from
10 countries on three continents—indicate that the use of self-
reported clinical risk factors predicted risk of fracture with
moderate ability, better for hip than for all other fractures, and
that estimation of fracture risk can be made in everyday clinical
practice. A simple model that consists of age and prior fracture
performs as well as more complex models when BMD is
unknown.
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