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Background: Clinical practice recommendations state that patients with fragility fractures should be evaluated for
osteoporosis and treated for the disease if it is present. The purpose of this study was to assess osteoporosis evaluation
and treatment patterns for patients with fragility fractures and assess whether anti-osteoporosis pharmacotherapy ini-
tiated immediately following a fragility fracture is associated with improved adherence to the treatment protocol.

Methods: This retrospective cohort study involved data from a large commercially insured population seen in the period
from 2001 through 2009. Patients were community-dwelling individuals aged fifty years or older who had a new low-energy
fracture at the hip, vertebra, wrist, or humerus with no evidence of a fragility fracture, osteoporosis treatment, malignant
disease, or Paget disease for twelve months preceding the fracture. Rates of diagnostic testing and pharmacotherapy for
osteoporosis within twelve months post-fracture were evaluated. Patients treated with oral bisphosphonates were eval-
uated to determine whether twelve-month adherence to the treatment protocol differed between those who had initiated
therapy sooner (at zero to ninety days) and those who initiated it later (at ninety-one to 365 days) following the fracture.

Results: The 88,571 women and 41,984 men had an average age of 72.3 years and 70.5 years, respectively. Nineteen
percent (16,464) of the women and 10% (4014) of the men initiated osteoporosis pharmacotherapy, and 30% (26,481) of
the women and 15% (6427) of the men underwent diagnostic testing and/or pharmacotherapy following fracture.
Treatment rates were highest following vertebral fracture and lowest following wrist or humeral fracture. Treatment rates
significantly decreased over time (from 2001 through 2009). The average twelve-month adherence (medication pos-
session ratio) was 56% and 61% among women and men, respectively. Adherence was similar between patients who had
initiated treatment sooner after the fracture and those who had initiated it later after the fracture.

Conclusions: Clinical guidelines for evaluation and treatment following fragility fracture were met for less than one-third
of women and less than one-sixth of men. While primary fracture prevention remains the ideal, secondary prevention is
critical and there is a need to reverse the downward trend in adherence to post-fracture guidelines.

Level of Evidence: Prognostic Level III. See Instructions for Authors for a complete description of levels of evidence.

F
ragility fractures are associated with prolonged disability
and increased risk of death. Mortality risk increases not
only following hip fracture, but also following other fra-

gility fractures1-3. Furthermore, a history of any fragility fracture is

among the strongest risk factors for subsequent fracture4-7. De-
spite the availability of several anti-osteoporosis medications that
effectively reduce fracture risk, most patients with fragility fracture
are not treated8,9. In addition, patients who use anti-osteoporosis
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medications exhibit suboptimal adherence with the therapy10,11,
which compromises treatment effectiveness12,13.

Numerous efforts have been made to focus on improving
post-fracture care. The 2004 U.S. Surgeon General’s report indi-
cated the need to recognize fracture as a sentinel event requiring
action14. The Healthcare Effectiveness Data and Information Set
(HEDIS), a set of measures designed to be used to evaluate the
performance of health-care plans, defines quality of care for older
women with a fracture as either obtaining a bone mineral density
test or providing a prescription for an anti-osteoporosis medica-
tion within six months following the fracture15. Recent clinical
guidelines emphasize both bone mineral density testing and
treatment with anti-osteoporosis medication following fragility
fracture16-19. Bone mineral density testing is recommended fol-
lowing any fragility fracture, and it is used to help guide treatment
decisions for patients with a non-hip non-vertebral fragility
fracture. Treatment is recommended following any hip or verte-
bral fracture. These guidelines also incorporate the recommen-
dations of the Fracture Risk Assessment Tool (FRAX) developed
by the World Health Organization (WHO)20 and include fracture
history as a key determinant of subsequent fracture risk. There has
also been a call to action within the orthopaedic community to
address post-fracture patient management through initiatives
such as the Own the Bone21 program and the establishment of
multidisciplinary fracture liaison services in health-care systems22.

Given the emphasis in the last decade on post-fracture
care, we aimed to determine trends over a ten-year period in
evaluation of osteoporosis and treatment with anti-osteoporosis

pharmacotherapy following fragility fracture in a large popula-
tion cohort. Additionally, we evaluated whether anti-osteoporosis
pharmacotherapy initiated in the time period immediately
following a fragility fracture was associated with improved
adherence to treatment compared with adherence following
later initiation of pharmacotherapy.

Materials and Methods
Study Design and Data Source

We conducted this retrospective cohort study using the MarketScan
commercial health insurance database (Truven Health Analytics, Ann

Arbor, Michigan). MarketScan represents individuals receiving health insur-
ance coverage from large employers across the U.S. Individuals aged sixty-five
years and older in this database have supplemental employer-sponsored in-
surance in addition to Medicare. Data from Medicare and supplemental in-
surance claims were available for these individuals.

Study Subjects
Patients included men and women fifty years of age or older who had experi-
enced a new low-energy fracture at the hip, vertebra, distal parts of the radius or
ulna (will be referred to as ‘‘wrist’’), or humerus from January 1, 2001, through
December 31, 2009. We selected these four anatomical sites because they rep-
resent the four most common locations of fragility fractures in older individuals
in the U.S. and are the most strongly associated with increasing age

6
. We focused

on incident fractures by identifying the first occurrence of such a fracture within
the study period (‘‘index’’ fracture) and excluding individuals with evidence of
any other fragility fracture in the twelve months before the index fracture. We
excluded individuals with evidence of multiple index fractures as these fractures
would likely indicate high-energy trauma. The study focused on treatment ini-
tiation post-fracture; thus, we excluded patients with claims for anti-osteoporosis
pharmacotherapy (oral or injectable bisphosphonates, teriparatide, calcitonin, or

TABLE I Baseline Characteristics of Study Participants �

Women

Total*
(N = 88,571)

Hip Fracture
(N = 24,061)

Vertebral
Fracture

(N = 22,276)

Wrist
Fracture

(N = 26,093)

Humeral
Fracture

(N = 16,141)

Mean age (SD) (yr) 72.3 (12.4) 79.3 (10.2) 73.1 (12.0) 66.9 (11.7) 69.7 (11.8)

Age group (%)

50-54 yr 9.1 2.3 8.5 15.2 10.3
55-64 yr 23.9 9.4 20.6 36.1 30.1
65-74 yr 17.7 13.7 18.5 18.8 20.9
75-84 yr 30.6 40.3 33.9 21.1 27.0
‡85 yr 18.7 34.4 18.5 8.7 11.8

Charlson-Deyo comorbidity
index (%)

0 70.5 65.8 66.8 79.2 68.7
‡1 29.5 34.2 33.2 20.8 31.3

Median no. of concomitant
medications (IQR)

7 (8) 7 (8) 8 (9) 6 (8) 7 (9)

Hospitalization during 12 mo
preceding fracture (%)

21.8 27.6 27.8 13.1 18.6

DXA test during 12 mo
preceding fracture (%)

9.6 6.0 13.0 10.3 9.3

*Total = hip, vertebral, wrist, or humeral.
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raloxifene) within twelve months before the index fracture. Additionally, we
excluded patients with a diagnosis of malignant or Paget disease within twelve
months before the index fracture and those who were institutionalized at the time
of index fracture. Finally, we required that patients had been continuously en-
rolled in the database for at least twelve months preceding and twelve months
following their index fracture.

Measurement of Exposures and Outcomes
We identified fractures using algorithms based on identification of appropriate
diagnosis and procedure codes in the claims data. The major outcomes of
interest were (1) receipt of a central dual x-ray absorptiometry (DXA) test for
bone mineral density; (2) treatment with any of the following anti-osteoporosis
medications: oral alendronate, risedronate, or ibandronate or injectable
ibandronate, zoledronic acid, raloxifene, teriparatide, or calcitonin (referred
hereafter as ‘‘treatment’’); and (3) adherence to treatment. We used standard
drug and procedure codes to identify these outcomes. These codes, along with
our fracture identification algorithms, are available upon request.

We measured patient characteristics, including burden of comorbid-
ities, concomitant medications, and hospitalizations, during the twelve-month
period before the index fracture. We also estimated the Charlson-Deyo co-
morbidity index

23
.

We identified the patients who had initiated oral bisphosphonate treat-
ment within twelve months post-fracture, and we measured their adherence to
treatment by estimating the medication possession ratio, which provides an
indication of refill compliance in claims databases. We calculated the twelve-
month medication possession ratio by dividing the number of days of supply
(over a twelve-month period) of any oral bisphosphonate by 365 days of follow-
up. We limited this analysis to patients who had had twelve months of continuous
enrollment in the database following therapy initiation. We restricted it to those
treated with oral bisphosphonates since calculating the medication possession
ratio is less meaningful for longer-acting medications such as injectable bis-
phosphonates. We measured the medication possession ratio as a continuous
variable and as a binary variable (£80% or >80%). The cut-point of 80% is

typically used in osteoporosis studies as oral bisphosphonates have been shown to
substantially lose effectiveness at adherence levels of <80%

12
.

The patient data used in this analysis were de-identified in compliance
with Health Insurance Portability and Accountability Act (HIPAA) regulations
and, therefore, the study was exempt from institutional review board approval.
The MarketScan databases are considered statistically de-identified under
Section 164.514 (b)(1)(i-ii) of the HIPAA privacy rule.

Statistical Analysis
We assessed the mean (and standard deviation [SD]) and median (and inter-
quartile range [IQR]) for continuous variables and the frequency distributions
for categorical variables. We used the Pearson chi-square test to assess differ-
ences between categorical variables and the Cochran-Armitage test to assess
significance of trends seen in categorical data.

We compared adherence to treatment (medication possession ratio)
between subjects who had initiated therapy sooner (at zero to ninety days) and
those who had initiated it later (at ninety-one to 365 days) following the index
fracture. We repeated analyses using quartiles of time from fracture to therapy
initiation to evaluate sooner and later treatment initiation.

Source of Funding
This study was funded by Amgen Inc. (One Amgen Center Drive, Thousand
Oaks, California). Three of the authors (A.B., C.D.O’M., and P.-R.H.) are
employed by Amgen. The manuscript was reviewed by other colleagues within
Amgen. Yeshi Mikyas, who was employed by Amgen at the time of preparation
of this manuscript but is no longer an Amgen employee, provided support in
formatting figures and tables.

Results

We identified 88,571 women and 41,984 men who had a
study-defined fracture and met the study selection cri-

teria. The mean age was 72.3 years for women and 70.5 years

TABLE I (continued)

Men

Total*
Fracture

(N = 41,984)

Hip
Fracture

(N = 12,435)

Vertebral
Fracture

(N = 15,857)

Wrist
Fracture

(N = 8277)

Humeral
Fracture

(N = 5415)

70.5 (12.2) 76.6 (10.6) 69.8 (12.0) 64.3 (10.7) 68.2 (11.7)

11.5 3.6 12.5 20.4 13.2
26.5 13.5 27.7 39.9 32.5
18.8 17.6 19.1 19.1 19.7
29.1 40.8 28.4 15.6 25.0
14.2 24.4 12.4 5.1 9.7

64.6 58.7 64.1 75.5 62.9
35.4 41.3 35.9 24.5 37.1

7 (8) 7 (7) 7 (7) 5 (7) 6 (8)

25.4 30.4 28.2 14.4 22.4

2.8 1.3 5.2 1.3 1.3
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for men (Table I). Patients with a hip fracture tended to be
older and those with a wrist fracture tended to be younger than
patients with a vertebral or humeral fracture. Patients with a
wrist fracture had a relatively lower burden of illness compared
with the others. During the twelve-month period before the
index fracture, 9.6% of the women and 2.8% of the men had
undergone DXA testing.

During the twelve months following the fracture, 19.0%
(16,864) of the women and 10.2% (4284) of the men under-
went DXA testing, 18.6% (16,464) of the women and 9.6%
(4014) of the men initiated treatment, and 29.9% (26,481) of
the women and 15.3% (6427) of the men underwent DXA and/

or treatment (Table II). Treatment rates were highest following
vertebral fracture, intermediate following hip fracture, and
lowest following wrist or humeral fracture (p < 0.001). Patients
with a vertebral fracture initiated treatment sooner than other
patients. In the group that initiated treatment within twelve
months following fracture, the median times to treatment
initiation were forty-five, eighty-eight, 110, and 112 days fol-
lowing vertebral, hip, wrist, and humeral fractures, respectively.
DXA testing rates followed a similar trend across fracture sites
for men, but the rates for women were higher following wrist
or humeral fracture than they were following hip fracture
(Table II).

TABLE II Percentages of Study Participants Who Initiated Treatment with Anti-Osteoporosis Pharmacotherapy or Underwent
DXA Screening within Twelve Months Following Fracture Assessed by Fracture Type �

Women (%)

Total*
(N = 88,571)

Hip
Fracture

(N = 24,061)

Vertebral
Fracture

(N = 22,276)

Wrist
Fracture

(N = 26,093)

Humeral
Fracture

(N = 16,141)

Treatment† 18.6 19.5 32.3 11.0 10.7

DXA screening† 19.0 13.7 24.6 20.6 16.8

Treatment and DXA screening 7.7 6.7 12.1 6.4 5.3

Treatment or DXA screening 29.9 26.5 44.8 25.2 22.1

*Total = hip, vertebral, wrist, or humeral. †The reported percentages of treatment and of DXA screening are independent of each other—i.e., the
reported percentages in these rows refer to anti-osteoporosis treatment in the twelve months following fracture regardless of DXA screening or
DXA screening in the twelve months following fracture regardless of anti-osteoporosis treatment. Thus, the patients represented in these rows are
not mutually exclusive, and the values do not sum to the values in the ‘‘Treatment or DXA screening’’ row.

Fig. 1

Age-group-specific rates of treatment with anti-osteoporosis pharmacotherapy during the twelve months following fracture among women and men,

by fracture site.
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Regardless of DXA testing, post-fracture treatment rates
increased significantly with increasing age from fifty to eighty-
four years (p < 0.001, Fig. 1). This pattern was observed among
both men and women and was consistent across fracture sites;
it differed only among women with a hip fracture, in whom
treatment rates were consistently 20% to 22% across these age
groups. Treatment rates for women declined in the ‘‘oldest old’’
age group of eighty-five years or more for all fracture sites
except the humerus.

Overall, treatment rates decreased significantly over time,
decreasing steadily from 23.8% during 2001-2002 to 15.9%
during 2007-2009 (p < 0.001) among women and from 10.6%
during 2001-2002 to 8.5% during 2007-2009 (p < 0.001)
among men (Fig. 2). This trend was significant for women of all
age groups and for men less than sixty-five years old (data not
shown). When fracture sites were assessed individually, this
trend was significant for all four fracture sites in women. In
men, treatment rates tended to decrease over time, but this

trend was inconsistent across fracture sites. Treatment rates
following vertebral and humeral fractures in men showed a
significant decreasing trend over time, from 21.2% and 4.0%,
respectively, during 2001-2002 to 13.7% and 2.2%, respec-
tively, during 2007-2009. Following hip and wrist fractures, the
decreasing rates of treatment were either not consistent
throughout the time period or not significant.

Adherence to Therapy Following Fracture
Oral bisphosphonates were the most common therapy (75.8%),
followed by calcitonin (14.6%), teriparatide (4.0%), raloxifene
(3.7%), and injectable bisphosphonates (2.0%). Among patients
treated with oral bisphosphonates, the mean and median twelve-
month medication possession ratios were 56.1% and 62.6%,
respectively, for women and 61.4% and 73.8%, respectively, for
men. A high twelve-month medication possession ratio (>80%)
was found for 36.7% of women and 44.6% of men. There was
no meaningful difference in the medication possession ratio

Men (%)

Total*
(N = 41,984)

Hip
Fracture

(N = 12,435)

Vertebral
Fracture

(N = 15,857)

Wrist
Fracture

(N = 8277)

Humeral
Fracture

(N = 5415)

9.6 8.6 16.6 2.0 2.9

10.2 8.1 16.7 4.3 4.8

4.5 3.7 7.7 1.3 1.6

15.3 13.0 25.6 5.0 6.1

TABLE II (continued)

Fig. 2

Time trends in rates of treatment with anti-osteoporosis pharmacotherapy during the twelve months following fracture among women and men, by fracture site.
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between patients who had initiated treatment within zero to
ninety days following fracture compared with those who had
initiated it between ninety-one and 365 days following fracture
(Table III). Results were similar when we evaluated the medi-
cation possession ratio by the specific fracture site and by using
quartiles of time to therapy initiation to evaluate sooner and later
treatment (data not shown).

Discussion

In this large population-based study of commercially insured
individuals, the majority of patients with a new low-energy

fracture at the hip, vertebra, wrist, or humerus did not undergo
evaluation for osteoporosis or treatment with anti-osteoporosis
pharmacotherapy within twelve months following the fracture,
and the rates of treatment declined over the last decade. Ap-
proximately one-fifth of women and one-tenth of men un-
derwent treatment in the year following the fracture. The
treatment rates were even lower for patients with a wrist or
humeral fracture. Approximately 20% of women and <5% of
men with a wrist or humeral fracture underwent DXA evalu-
ation in the year following the fracture. Thus, current clinical
guidelines for evaluation and treatment following a fragility
fracture were met for only a minority of patients in this study.
To our knowledge, recently published data on osteoporosis
diagnosis and treatment rates in this high-risk group of fracture
patients in the U.S. are very limited. Given the aging of the
population and the increased emphasis on bone health, par-
ticularly following fragility fracture, our study contributes
important current population-level information in the context
of trends over the last decade.

We also observed trends in specific subgroups. Post-
fracture treatment rates were highest following vertebral frac-
ture and lowest following wrist or humeral fracture. Patients
with vertebral fracture also initiated therapy sooner than
others. While the reasons for these trends are unknown, it may
be that orthopaedists are less likely to address osteoporosis than

are primary care practitioners, who would be more likely to
manage vertebral fractures24. These differences may also reflect
the perceived association of fractures with osteoporosis. Wrist
and humeral fractures tend to be less commonly perceived
to be osteoporotic despite epidemiologic evidence to the con-
trary7,25 and despite the emphasis in clinical guidelines to
evaluate and treat any fragility fracture16-19. The need for
pharmacotherapy for these patients should not be overlooked,
particularly as having experienced one fracture places them at
increased risk of future fractures, including more debilitating
ones such as those at the hip4,5,7. The low rates of DXA testing
in this group are also troubling because DXA is important in
guiding treatment of patients with a non-hip, non-vertebral
fracture. Our observation of declining treatment rates in the
‘‘oldest old’’ group of women (eighty-five years of age or older)
is a cause of concern given that the risk of fragility fracture
increases substantially with increasing age26.

Our finding that approximately 20% of women sixty-five
years or older initiated treatment following fracture is similar to
the 20.7% rate for female Medicare patients cited in the State of
Health Care Quality 2011 Report15. Similarly, U.S. studies using
data from the 1990s and early 2000s showed that <5% of female
patients who sustained a fracture underwent DXA testing and
20% to 45% started or initiated osteoporosis treatment following
the fracture27-30. A recent multinational study demonstrated that
17% of 1075 postmenopausal women initiated treatment fol-
lowing an incident fracture31. A recent study of men revealed
treatment rates of 7% to 9% following any fracture and 7% fol-
lowing hip fracture32, with older studies showing lower rates33.
Consistent with our findings, previous investigators observed
higher treatment rates among women than among men30,33 and
among those with a vertebral fracture than among those with
another type of fracture31,33. Similar to our study, systematic re-
views of adherence to bisphosphonate therapy have shown that
the average twelve-month medication possession ratio is typically
60% to 70%, and ‡43% of patients achieve a ‘‘high’’ twelve-month

TABLE III Adherence to Oral Bisphosphonate Therapy During the Twelve Months Following Fracture Among Patients Initiating
Treatment Sooner (Zero to Ninety Days) Versus Later (Ninety-one to 365 Days) Following Fracture

Women (%) Men (%)

0-365 Days
(N = 11,055)

0-90 Days
(N = 6214)

91-365 Days
(N = 4841) P Value*

0-365 Days
(N = 2785)

0-90 Days
(N = 1722)

91-365 Days
(N = 1063) P Value*

Median 12-mo
medication
possession
ratio (IQR)†

62.6 (65.5) 60.5 (65.6) 65.3 (65.3) 73.8 (65.6) 74.3 (66.9) 71.3 (63.7)

Patients
with 12-mo
medication
possession
ratio >80%

36.7 35.9 37.8 0.043 44.6 45.7 42.9 0.148

*Difference in medication possession ratio between patients initiating oral bisphosphonate treatment at zero to ninety days and those initiating it
at ninety-one to 365 days following fracture. †As the medication possession ratio is not normally distributed, medians and interquartile ranges are
provided. The mean medication possession ratio (standard deviation) was 56.1 (33.1) among women and 61.4 (33.3) among men.
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adherence of >80%10,11,13. One Belgian study showed a mean
twelve-month medication possession ratio of 67% for women
who had sustained a hip fracture34. We found that the twelve-
month adherence was similar between patients who had initiated
therapy sooner and those who had initiated it later following the
fracture event. Delaying treatment for a few months, which a
clinician may do to delay treatment until fracture-healing has
occurred, does not appear to adversely affect adherence rates.

Our use of administrative claims data provided several
strengths, including access to a large, real-world population and
recent treatment data, which allowed us to examine trends over
the last decade. A key limitation of administrative data is that
claims lack the detail of a medical record. To address this, we
used algorithms for identifying fragility fractures that were
similar to those previously published for claims data35, and we
excluded fractures associated with trauma codes. Administrative
claims data are frequently used to estimate medication adher-
ence, as they can be used with large study samples without the
biases of self-report. Using filled prescription claims as a proxy
for medication possession results in reliable estimates of ad-
herence36, but we are aware that refilling prescriptions may not
correlate perfectly with actual medication use and it does not
capture medication samples. We were also not able to make
inferences about physicians initiating DXA testing or treatment
as the database is limited with regard to reliably linking proce-
dures and prescriptions to the provider. Finally, our study was
conducted in a population covered by Medicare supplemental or
commercial insurance plans, and as such our results may not
be generalizable to those insured by closed systems or to an
uninsured population. However, this large database represents a
broad spectrum of the U.S. insured population.

The medical community is increasingly recognizing the
urgent need for fracture prevention among our elderly popu-
lation. While primary fracture prevention remains the ideal,
secondary prevention is critical. As the ‘‘oldest old’’ are the
fastest growing segment of the U.S. population, there is a

genuine need to reverse the current downward trend in ad-
herence to post-fracture guidelines. n
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and text.
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