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Abstract
OBJECTIVES—To determine the proportion of untreated women who reported receiving
treatment after incident fracture and to identify factors that predict treatment across an
international spectrum of individuals.

DESIGN—Prospective observational study. Self-administered questionnaires were mailed at
baseline and 1 year.

SETTING—Multinational cohort of noninstitutionalized women recruited from 723 primary
physician practices in 10 countries.

PARTICIPANTS—Sixty thousand three hundred ninety-three postmenopausal women aged 55
and older were recruited with a 2:1 oversampling of women aged 65 and older.

MEASUREMENTS—Data collected included participant demographics, medical history,
fracture occurrence, medications, and risk factors for fracture. Anti-osteoporosis medications
(AOMs) included estrogen, selective estrogen receptor modulators, bisphosphonates, calcitonin,
parathyroid hormone, and strontium.
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RESULTS—After the first year of follow-up, 1,075 women reported an incident fracture. Of
these, 17% had started AOM, including 15% of those with a single fracture and 35% with multiple
fractures. Predictors of treatment included baseline calcium use (P = .01), baseline diagnosis of
osteoporosis (P < .001), and fracture type (P < .001). In multivariable analysis, women taking
calcium supplements at baseline (odds ratio (OR) = 1.67) and with a baseline diagnosis of
osteoporosis (OR = 2.55) were more likely to be taking AOM. Hip fracture (OR = 2.61), spine
fracture (OR = 6.61), and multiple fractures (OR = 3.79) were associated with AOM treatment.
Age, global region, and use of high-risk medications were not associated with treatment.

CONCLUSION—More than 80% of older women with new fractures were not treated, despite
the availability of AOM. Important factors associated with treatment in this international cohort
included diagnosis of osteoporosis before the incident fracture, spine fracture, and to a lesser
degree, hip fracture.
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Osteoporosis is a common and costly problem. Approximately half of women aged 50 and
older will sustain a fragility fracture, and the greatest morbidity occurs in those aged 65 and
older.1 Mortality can reach 20% for a hip or vertebral fracture within the first year and
continues to rise for up to 10 years.2–4 Medications are available to reduce the risk of
fractures.5–8 Oral, intravenous, inhaled, and subcutaneous medications reduce the risk of
vertebral fractures 50% or more,5,6 and some medications also substantially reduce the risk
of nonvertebral and hip fractures.5,6

Despite the availability of a variety of medications, few recent data are available on factors
that determine whether individuals with new fragility fractures are treated. Previous studies
suggest that fewer than 5% of individuals admitted to hospital with hip fracture leave the
hospital with a diagnosis of osteoporosis and that fewer than 1% are treated.9 Similar studies
have documented poor treatment rates in individuals with vertebral fractures. Data from the
National Health and Nutrition Examination Survey (NHANES) suggest that fewer than 14%
of women with a diagnosis of osteoporosis are treated with an antiresorptive medication and
that the number of risk factors for fracture does not alter rates of medication use.10 Previous
studies have focused on a single community or country, often under the umbrella of a
national or insurance-based health care environment. Such local or national health
environments may limit or support osteoporosis medication use. Global data are needed to
better identify barriers to treatment across a range of practices, regions, and healthcare
systems. Such data with differing healthcare costs, guidelines, reimbursements, and access
to care may clarify obstacles to treatment after a fracture.

The Global Longitudinal Study of Osteoporosis in Women (GLOW) is a multinational,
observational, prospective study designed to provide information on patterns of management
of fracture and fracture risk in women aged 55 and older, with an oversampling of elderly
women over a 5-year period on an international basis. The goals of the present study were to
determine the proportion of women not receiving therapy at baseline who suffered an
incident fracture and were receiving treatment at 1-year follow-up and to understand the
factors that predict treatment. To examine this, GLOW participants who had sustained a
fragility fracture during their first year of follow-up were surveyed.

METHODS
GLOW is a prospective cohort study involving 723 physician practices at 17 sites in 10
countries. The study methods have been described previously, including a flow diagram that
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describes the recruitment and enrollment.11 In brief, study sites were selected on the basis of
geographic distribution and 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 were able to supply names and addresses of
their patients electronically. The composition of groups varied according to region and
included health system–owned practices, managed practices, independent practice
associations, and health maintenance organizations. Each site obtained local ethics
committee approval to participate in the study. The practices provided the names of women
aged 55 and older who had seen their physician in the past 24 months. Approximately 3,000
women were sought at each site, with a 2:1 over- sampling of women aged 65 and older.
Self-administered questionnaires (baseline surveys) were mailed to 140,416 individuals
between October 2006 and February 2008. Nonresponders were followed up with a series of
postcard reminders, a second questionnaire, and telephone interviews. After appropriate
exclusion, 60,393 women agreed to participate in the study. Follow-up questionnaires were
mailed 1 year later to women who had participated in the baseline survey.

Measures Analyzed
Information was gathered during the baseline survey on prior fracture since the age of 45
and during the 1-year follow-up survey on incident fracture. Both surveys included reports
of fracture location, including spine, hip, wrist, and other nonvertebral sites (clavicle, upper
arm, rib, pelvis, ankle, upper leg, lower leg, foot, hand, shoulder, knee, elbow, and sternum)
and occurrence of single or multiple fractures. Baseline medications consisted of any listed
bone medication taken at the time of the baseline survey. Anti-osteoporosis medications
(AOMs) included estrogen, selective estrogen receptor modulators, bisphosphonates (oral
and intravenous), calcitonin, parathyroid hormone, and strontium. To qualify for analysis,
women could not have been taking an AOM at baseline but could have reported AOM use
before the baseline survey, which is defined as prior use of AOM. One-year bone
medication is defined as current use of a bone medication at the 1-year survey date.
Information on age, height, and weight was collected to allow calculation of body mass
index. Questions were asked about the use of calcium or vitamin D supplements, alcohol
consumption, smoking status, baseline and 1-year diagnosis of osteopenia or osteoporosis,
whether the participant had had a bone density test at baseline or at 12 months, whether they
had a history of a parental fracture, and whether they were somewhat or very concerned
about osteoporosis. The women were also asked about visits to their doctor in the past year
and whether they had a fall during the past 12 months. The EuroQol EQ-5D instrument—a
five-question, three-response, option scale12,13—was used to assess health. The Medical
Outcomes Study 36-item Short Form Health Survey (SF-36)13–16 subscales were used to
determine physical function scores and vitality scores.

Statistical Analysis
Categorical variables are shown as unadjusted proportions; chi-square or Fisher exact tests
were used to test for differences. Tests of significance for fracture location use the “no
fracture” group as a reference; the AOM rate for women with a single fracture was
compared with that for women with more than one type of 1-year fracture. All comparisons
used the chi-square test. A multivariable logistic regression model predicting AOM use in
treatment-naïve women with an incident fracture was fit using backward selection based on
the variables that were significant (P < .05) in the univariate analysis. The final model
retained all factors for which P < .05, as well as controlling for region as a study design
factor. Reference categories in this model were as follows; current calcium use at baseline
was compared with past use or never having taken calcium at baseline. Baseline diagnosis of
osteoporosis and baseline diagnosis of osteopenia were compared with reporting neither
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diagnosis at baseline. Hip, spine, and multiple fractures were compared with a single-
incident, nonhip, nonvertebral fracture. All regions were compared with the United States.
All analyses were conducted using SAS version 9.1 (SAS Institute, Inc., Cary, NC).

RESULTS
Study Population

Of the 60,393 women who completed a baseline GLOW survey, 51,491 had 1-year follow-
up data (85% response rate); 35,911 of these did not report use of AOM at baseline, 1,115 of
those reported an incident fracture, and 40 of those did not provide current treatment data
and thus were removed from the analysis, leaving 1,075 for analysis of characteristics
associated with treatment. Of women with an incident fracture, 187 (17%) reported using
AOM after the first year of follow-up. When AOM use was examined according to the
skeletal location of the incident fracture, 14% of women with fractures at the wrist, 26%
with fractures of the hip, 17% with other nonvertebral fractures, and 42% with fractures at
the spine were using AOM at 1 year (Figure 1). Only 15% of participants with any single
fracture and 35% of those with multiple fractures were undergoing AOM treatment at 1
year. Eighty-three percent of those with a new fracture were not taking AOM. Of these 888
women not taking AOM, 14 had stopped medication in the past year because of side effects,
12 stopped at the request of their physicians, and two stopped for both reasons, for a total of
24 (2.7%) who discontinued AOM. Of the 34,668 women not undergoing treatment at
baseline, 33,593 did not have an incident fracture, 2,179 (6.5%) of whom reported current
use of AOM at year 1 (P < .001, 6.5% use in women with no fracture vs 17% use in women
with an incident fracture).

Variables Associated with Treatment
Baseline characteristics and current AOM status are shown in Table 1 for women who
sustained a fracture during their first year of follow-up. Women who had a previous fracture
since age 45 were more likely to be taking AOM (P = .003). Women taking AOM were
significantly older than those not taking AOM (P < .008). A significantly higher proportion
of women who reported problems with mobility and activity were taking AOM than of those
who did not have such problems (P = .002 and P = .004, respectively), although there were
no differences in the percentage of women reporting problems with pain and discomfort or
anxiety and depression between the group reporting AOM use and the group not taking
AOM. Women with physical function scores and vitality scores lower than the midpoint
(50) were also more likely than those with scores greater than the midpoint to be taking
AOM (P = .004 and P = .022, respectively).

A higher percentage of women who reported taking calcium supplements at baseline were
also more likely to be taking AOM (P = .010) than those not taking calcium. Women
reporting a baseline diagnosis of osteoporosis were also significantly more likely to be
taking AOM than those who did not report this diagnosis (P < .001), and those who were
somewhat or very concerned about osteoporosis were more likely to be taking AOM (P = .
004) than those who were not concerned about osteoporosis.

Having a bone mineral density test at baseline, history of parental fracture, and location of
the study site were not associated with a significant difference in AOM use. There were also
no differences between the treated and untreated groups in terms of body mass index.

Women who had used AOM in the past (prior use of AOM) but were not undergiong
treatment at baseline had greater use of AOMs after the incident fracture. A diagnosis of
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osteoporosis or a bone density test in the year of follow-up was associated with AOM use (P
< .001 for both). A history of falls during the follow-up year had no effect on AOM use.

At 1-year follow-up, women with a spine or hip fracture were more likely to be taking AOM
than those who did not have a fracture at these sites (P < .001 and P = .005, respectively),
but there was no difference in AOM use in those who had a wrist or other nonvertebral
fracture (Table 2). Women who had multiple fractures were more likely to be taking AOM
than those with single fractures (P < .001). Women taking calcium were more likely to be
taking AOM, but use of vitamin D, smoking, and alcohol misuse had no effect on AOM.

In multivariable analysis, significant predictors of current treatment included baseline
calcium use, report of baseline diagnosis of osteoporosis, and fracture type (Figure 2). Older
age and previous fractures were not predictors of treatment. Women taking calcium
supplements at baseline were 1.67 (95% confidence interval (CI) = 1.12–2.48, P = .01)
times as likely to be taking AOM after fracture as those who were not. Women with a
baseline diagnosis of osteoporosis were 2.55 (95% CI 1.69–3.86, P < .001) times as likely to
be taking AOM as those diagnosed with neither osteoporosis nor osteopenia (Figure 2).
Although significant on the univariate level, age and prior fracture at baseline were not
significant on the multivariable level and therefore were not included in the model results in
Figure 2.

Type of fracture was a significant predictor of AOM use; women with a hip fracture were
2.61 (95% CI 1.41– 4.82, P = .002) times as likely, those with a spine fracture 6.61 (95% CI
3.60–12.14, P < .001) times as likely, and those with multiple fractures 3.79 (95% CI 2.39–
6.00, P < .001) times as likely to be treated with AOM as women with a single-incident,
nonhip, nonvertebral fracture. Geographic region was not associated with AOM use (Figure
2).

DISCUSSION
The data from this multinational study involving postmenopausal women from 10 countries
demonstrated that only 17% of untreated women report using AOMs after a fracture. Of the
small percentage of women with an incident fracture who were treated, women with spine
fractures were far more likely to be treated than women with other types of fractures. The
group that was next most likely to be treated was women with more than one incident
fracture, followed by women with hip fractures. Other factors associated with the 17% of
women undergoing treatment included baseline calcium use and baseline diagnosis of
osteoporosis. A baseline diagnosis of osteoporosis was associated with 2.5 times the
likelihood of treatment as women with incident fractures who did not report an osteoporosis
diagnosis at baseline. Participant concern about osteoporosis, age, mobility, activity, and
physical function was not independently associated with greater likelihood of treatment after
controlling for other participant factors.

Previous studies have tried to examine why individuals newly diagnosed with a fracture are
not treated.17 One study examined 170 elderly adults admitted to an orthopedic unit with a
hip fracture to investigate whether they were prescribed calcium, vitamin D, or
bisphosphonate therapy. Only 3% of participants were given a diagnosis of osteoporosis, 3%
had a bone density assessment, 4% received calcium, 3% received vitamin D, and only 1%
received a bisphosphonate.9 Furthermore, there were no significant changes if a medical
consultant managed these patients in the hospital. However, this was a retrospective chart
review, and it is not known whether these measures changed after discharge. A cross-
sectional analysis examined NHANES data from 1999/2000 and 2001/2002 to identify risk
factors for fractures and use of antiresorptive prescription medication in women aged 65 and
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older. It found that only 17% of older women who sustained a prior fracture and 13% of
women in the highest risk group were receiving drugs to prevent bone loss.10 A longitudinal
study recently showed that a diagnosis of osteoporosis was associated with treatment in
high-risk women who met bone density criteria for treatment.18 A prospective cohort study
of 2,075 women from Quebec contacted 6 to 8 months after their fragility fracture reported
that only 15.4% had started pharmacological therapy.19 The women were more likely to
start treatment if they had a bone density measurement and if the test resulted in a diagnosis
of osteopenia or osteoporosis. They also found that women aged 65 and older were more
likely to start medication than a younger group. The current study concurs with the finding
concerning the low incidence of treatment and confirms this in several study sites in Europe,
the United States, Australia, and in one other site in Canada, although the results of the
current study differ in that having a bone density text or a diagnosis of osteopenia was not
associated with treatment in the incident fracture group. Only a baseline diagnosis of
osteoporosis was associated with greater likelihood of treatment. Smaller studies, from a
single medical center, community, practice, or database, suggest that the rate of treatment
has been historically low.17 When data from the present study are compared with those in
the literature, there has been little improvement in the past several years in the use of
treatment after an incident fracture. Furthermore, because this study includes practices from
North America, Europe, and Australia, with different healthcare systems, this provides the
first prospective data that, despite global differences in health care and access to medical
care and medications, treatment of fractures continues to be low on an international level.

In addition to an individual's perception of the diagnosis of osteoporosis and need for
therapy, the physician's decision regarding treatment is crucial. Because this study was a
self-report survey, information from physician and healthcare providers was not available
regarding their decision to treat. Other studies that have focused on various groups of
healthcare professionals have reported that the obstacles to treatment include the cost of
therapy, cost and time of response to make a diagnosis, concerns about medication side
effects, and lack of clarity about whose responsibility it is to initiate treatment (e.g.,
orthopedic surgeons, specialists, family physicians).17 In the current survey, few participants
discontinued medication because of side effects or at the request of their physicians.
Guidelines for many national groups, including the National Osteoporosis Foundation,
International Osteoporosis Foundation, and Osteoporosis Canada, promote the treatment of
people with fragility fractures.7,20,21 In addition, there are country-specific guidelines in
Europe. Many of these guidelines describe the significant reduction in fractures with
antiresorptive or anabolic therapy,7,20,21 but ultimately, it is the responsibility of the
healthcare professional to concur with the findings and follow these clinical guidelines.

The findings of the current study highlight that the diagnosis of osteoporosis is important in
an individual receiving pharmacological therapy after a fracture. The skeletal location of the
fracture—spine or hip—is also strongly associated with initiation of treatment. This is in
agreement with the finding of a previous study22 that found a higher likelihood of treatment
in women with spine fractures than with hip fractures. One hypothesis for this difference is
that the primary care physician may be more frequently involved in the diagnosis of a spine
fracture than a hip fracture, which is more likely to be diagnosed by orthopedists, who are
reluctant to treat osteoporosis medically.23 In addition, although a previous fracture was a
predictor of treatment in the univariate analysis, neither age nor previous fracture–two of the
strongest predictors of fracture risk–was significant in the multivariable analysis.

During data collection for this study, the risk assessment tool developed by the World
Health Organization (FRAX) became available.24 This tool uses history of fracture in
addition to other risk factors to predict a patient's individual 10-year risk of a major fracture
or hip fracture. Recommendations for treatment based on the FRAX score have been
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implemented in some of the countries involved in this study. Implementation of FRAX may
increase treatment in women who have experienced a fracture, depending on the timing and
the treatment thresholds that health insurance companies and national health plans in each of
the countries studied advocate. If practice guidance reflecting an individual's risk for fracture
was being followed, it would be expected that people with major risk factors for fracture
would be more likely to receive treatment to prevent fractures.

This study has several limitations. Because GLOW is based on a mail and telephone survey,
it relies on self-report of data that were not confirmed using other means. Nevertheless, in
practice and research studies, self-report of many factors (e.g., smoking, alcohol, medication
use) cannot be verified. A diagnosis of osteoporosis (or need for treatment) may be difficult
to verify because it can be established according to either a clinical fracture, a silent
nonvertebral fracture, or bone mineral density, along with self reported clinical risk factor
assessment. Participants’ acceptance or interpretation of their diagnosis in their self-report
was ascertained because it would be relevant to acceptance of therapy. Additionally, self-
report of prescription anti-osteoporosis medication compares well with pharmacy data as a
method of ascertaining medication use.25 Self-report of fractures has been demonstrated to
be accurate for hip, distal forearm, and humerus but may be less accurate for other types of
fractures,26,27 although error in the self-report of any risk factor, diagnosis, or fracture
would tend to reduce any relationship between that characteristic and likelihood of treatment
observed in this study. The use of self-report also has the advantage of allowing data from
multiple countries to be compared using the same method of data collection. This means that
differences between countries are unlikely to be due to differences in the method of
reporting AOM use. Because of sample size, there was not sufficient power to detect a
clinically meaningful difference in treatment rates between all study regions, although with
less than 20% of the population treated in each region, it is doubtful that any regional
differences would be clinically significant. Finally, fractures were not excluded based on
how the fracture occurred. Although information was collected about activity during
fracture, and it is known that 20 (1.9%) fractures occurred after a motor vehicle accident, it
is possible that some of the fractures may have been pathological in nature, but some
clinicians may elect not to treat these fractures.

In summary, the largest cohort study of a multinational group of postmenopausal women
found that more than 80% of women with new fractures were not treated, despite the
availability of medications for osteoporosis. Of the small percentage of women with incident
fractures who were treated, the diagnosis of osteoporosis appears to be important for
initiating therapy, as well as fracture in the spine and, to a lesser degree, the hip. Medication
use may depend on whether a healthcare system provides medication and services or
whether access to medications is more limited. It will be important in future studies to
investigate the effect of fracture risk assessment tools for physicians, such as FRAX, on the
treatment of those at highest risk of future fracture. The effect of patient education and
private and government health insurance policies on better targeting of treatment should also
be examined.
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Figure 1.
Rate of anti-osteoporosis medication (estrogen, selective estrogen receptor modulators,
bisphosphonates, calcitonin, parathyroid hormone, and strontium) use at 1-year follow-up in
treatment-naive participants at baseline with 1-year incident fractures according to skeletal
location (N = 1,075).
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Figure 2.
Predictors of current anti-osteoporosis medication (estrogen, selective estrogen receptor
modulators, bisphosphonates, calcitonin, parathyroid hormone, and strontium) use at 1 year
in treatment-naive women with incident fracture (N = 1,075; c statistic = 0.73).
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Table 1

Baseline Characteristics and Current Anti-Osteoporosis Medication (AOM)
*
 Use in Women with Incident

Fracture (N = 1,075)

Characteristic N n (%) P-Value

No Current AOM (n = 888) Current AOM (n = 187)

Prior fracture 392 306 (35) 86 (47) .003

Age

    55–64 376 327 (37) 49 (26) .008

    65–74 345 284 (32) 61 (33)

    ≥ 75 354 277 (31) 77 (41)

Body mass index, kg/m2

    <18.5 (underweight) 22 19 (2.3) 3 (1.7) .33

    18.5–24.9 (normal) 391 315 (38) 76 (42)

    25.0–29.9 (overweight) 351 285 (34) 66 (37)

    ≥ 30 (obese) 247 212 (26) 35 (19)

EQ-5D “No problems”

    Mobility 639 549 (65) 90 (52) .002

    Self-care 967 807 (91) 160 (87) .07

    Activity 695 592 (67) 103 (56) .004

    Pain or discomfort 276 232 (27) 44 (24) .49

    Anxiety or depression 529 442 (51) 87 (47) .38

Medical Outcomes Study 36-item Short-Form Survey score <50

    Physical function 292 226 (26) 66 (36) .004

    Vitality 291 229 (26) 62 (35) .02

Prior use of AOM 502 403 (45) 99 (53) .06

Calcium use 398 314 (36) 84 (46) .01

Vitamin D use 403 326 (37) 77 (42) .24

Current smoker 97 82 (9.3) 15 (8.1) .60

Alcohol (≥ 21 drinks/week) 11 10 (1.1) 1 (0.6)
.70

†

Diagnosis

    Osteoporosis 196 140 (17) 56 (33) <.001

    Osteopenia 169 135 (16) 34 (20)

    Neither 643 563 (67) 80 (47)

Bone density test done 666 543 (66) 123 (72) .11

Number of falls

    0 526 437 (50) 89 (49) .95

    1 268 222 (25) 46 (25)

    ≥2 270 222 (25) 48 (26)

Parental fracture 186 150 (19) 36 (23) .29

Somewhat or very concerned about osteoporosis 852 691 (79) 161 (88) .004

Location

    Canada or Australia 123 108 (12) 15 (8.0) .16
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Characteristic N n (%) P-Value

No Current AOM (n = 888) Current AOM (n = 187)

    Europe 454 378 (43) 76 (41)

    United States 498 402 (45) 96 (51)

*
Estrogen, selective estrogen receptor modulators, bisphosphonates, calcitonin, parathyroid hormone, and strontium.

†
Fisher exact test used because of small cell values.
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Table 2

Anti-Osteoporosis Medication (AOM)
*
 Use in Women with Incident Fracture According to Fracture Location

(N = 1,075)

Fracture Location n n (%) P-Value

No Current AOM (n = 888) Current AOM (n = 187)

Spine 55 32 (4.0) 23 (16) <.001

Hip 76 56 (6.9) 20 (14) .005

Wrist 230 198 (24) 32 (22) .56

Other nonvertebral
† 749 622 (70) 127 (68) .56

Single 953 809 (91) 144 (77) <.001

Multiple 122 79 (8.9) 43 (23)

*
Estrogen, selective estrogen receptor modulators, bisphosphonates, calcitonin, parathyroid hormone, and strontium.

†
Clavicle, upper arm, rib, pelvis, ankle, upper leg, lower leg, foot, hand, shoulder, knee, elbow, sternum, or multiple fractures of unknown type.
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