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Abstract
Summary Studies examining real-world effectiveness of osteoporosis therapies are beset by limitations due to confounding by
indication. By evaluating longitudinal changes in fracture incidence, we demonstrated that osteoporosis therapies are effective in
reducing fracture risk in real-world practice settings.
Introduction Osteoporosis therapies have been shown to reduce incidence of vertebral and non-vertebral fractures in placebo-
controlled randomized clinical trials. However, information on the real-world effectiveness of these therapies is limited.
Methods We examined fracture risk reduction in older, post-menopausal women treated with osteoporosis therapies. Using
Medicare claims, we identified 1,278,296 women age ≥ 65 years treated with zoledronic acid, oral bisphosphonates, denosumab,
teriparatide, or raloxifene. Fracture incidence rates before and after treatment initiation were described to understand patients’
fracture risk profile, and fracture reduction effectiveness of each therapy was evaluated as a longitudinal change in incidence rates.
Results Fracture incidence rates increased during the period leading up to treatment initiation and were highest in the 3-month
period most proximal to treatment initiation. Fracture incidence rates following treatment initiation were significantly lower than
before treatment initiation. Compared with the 12-month pre-index period, there were reductions in clinical vertebral fractures for
denosumab (45%; 95% confidence interval [CI] 39–51%), zoledronic acid (50%; 95% CI 47–52%), oral bisphosphonates (24%;
95% CI 22–26%), and teriparatide (72%; 95% CI 69–75%) during the subsequent 12 months. Relative to the first 3 months after
initiation, clinical vertebral fractures were reduced for denosumab (51%; 95% CI 42–59%), zoledronic acid (25%; 95% CI 17–
32%), oral bisphosphonates (23%; 95% CI 20–26%), and teriparatide (64%; 95% CI 58–69%) during the subsequent 12 months.
Conclusion In summary, reductions in fracture incidence over time were observed in cohorts of patients treated with osteoporosis
therapies.
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Introduction

Osteoporosis is a disease characterized by compromised bone
strength and increased risk of fractures. Prevalence of osteo-
porosis in the USA is estimated to increase to over 14 million
people by 2020 [1]. Osteoporosis-related fractures are associ-
ated with increased morbidity, mortality, functional debility,
health service utilization, health care costs, and loss of quality
of life [2–5]. Prevention of osteoporosis-related fractures is the
key goal of pharmacotherapy in osteoporosis patients.

Medications available for osteoporosis management in-
clude bisphosphonates, raloxifene, teriparatide, denosumab,
calcitonin, and abaloparatide. While these agents have dem-
onstrated increased bone mineral density and decreased frac-
ture risk in placebo-controlled trials [6–9], there are limited
data on their effectiveness in reducing fracture risk in real-
world clinical practice settings. Sub-optimal adherence to
medications, as well as heterogeneity in patient populations,
could lead to differences in treatment effectiveness observed
in clinical practice compared with randomized controlled
trials.

Several observational studies have examined the effective-
ness of osteoporosis medications using secondary data
[10–12]. However, these studies are limited to a few agents
and are subject to confounding by indication because of sys-
tematic differences in the fracture risk level of patients pre-
scribed different medications in clinical practice settings. The
objectives of this study include (1) examining the fracture risk
profile of patients treated with osteoporosis medications by
describing fracture incidence before and after treatment initi-
ation and (2) examining longitudinal changes in fracture inci-
dence as a measure of treatment effectiveness.

Methods

Methodological approach

Inherent differences in pre-treatment risk profiles in treated
patients pose a serious challenge when evaluating treatment
effectiveness in real-world settings. Evaluating longitudinal
changes in fracture incidence using a within-user design can
mitigate confounding in analysis of treatment effectiveness.
Bymeasuring the change in fracture incidence over time, each
treatment group can serve as its own control and the con-
founding effect of time-invariant factors are minimized. In this
study, we examined treatment effectiveness by assessing lon-
gitudinal change in fracture incidence. First, we compared
fracture incidence during the 12 months before treatment ini-
tiation with that in the subsequent 12-month period. Second,
we compared fracture incidence during the first 3 months on
treatment with that in the subsequent 12-month period. This

approach has been previously employed to assess fracture risk
reduction in patients treated with bisphosphonates [13].

Data and study population

The data for this study were from the US Centers for Medicare
and Medicaid Services’ Chronic Condition Warehouse.
Medicare is a US federal health insurance program that pro-
vides medical and pharmacy benefits to all citizens aged
65 years or older, as well as to individuals with certain dis-
abilities or with end-stage renal disease. The study population
was drawn from a data sample including 100% of Medicare
beneficiaries aged 65 years or older with evidence of osteopo-
rosis, indicated by at least one inpatient or outpatient record
for osteoporosis (International Classification of Diseases,
Ninth Revision, Clinical Modification [ICD-9-CM] diagnosis
code 733.0X) between 2008 and 2011.

Women who were aged 65 years or older and treated with
zoledronic acid, alendronate, risedronate, ibandronate, raloxi-
fene, teriparatide, or denosumab between January 1, 2009 and
June 30, 2012 were identified. The index date was the date of
treatment initiation. Eligible patients were required to be alive
and continuously enrolled in Medicare Parts A, B, and D
(without participation in a health maintenance organization)
for at least 12 months before and for 4 months after the treat-
ment index date. Patients with evidence of malignant neo-
plasm or carcinoma (excluding non-melanoma skin cancer),
those with Paget’s disease of bone, or chemotherapy or radi-
ation therapy for cancer in the 12 months before or 3 months
after the treatment index date, and those who switched from
the assigned medication group to another within 3 months
after the treatment index date were excluded.

A hierarchical approach was employed in assigning pa-
tients to one of five treatment groups (denosumab, zoledronic
acid, oral bisphosphonates, raloxifene, or teriparatide) to max-
imize the cohort size for newer therapies. The designed hier-
archy was based on the relative order of entry into the US
marketplace of the above treatments, with late entry receiving
higher priority.

Outcomes

Incident fractures at any skeletal site other than skull, face,
finger, or toe (defined as Bany^ fracture) were identified using
a combination of relevant ICD-9-CM diagnosis codes and
Healthcare Common Procedure Coding System (HCPCS)
procedure codes. In addition, we separately identified frac-
tures at the hip, vertebra, and wrist. The fracture identification
algorithm was designed to capture hospitalized fractures and
fractures diagnosed in outpatient settings that required surgical
repair, or evidence of spine imaging (for some clinical verte-
bral fractures) [14, 15]. Sequential claims for fractures occur-
ring at the same skeletal location had to be separated by 90 or
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more days, during which there was no fracture diagnosis code,
in order to represent distinct fracture events.

Covariate ascertainment

Patient demographic and clinical characteristics (including
age, race, hospitalizations, fragility fracture, bone density test-
ing, and comorbid conditions) were assessed at the time of
treatment initiation and during the 12-month pre-index period.
Baseline exposures to bone-altering medications, including
glucocorticosteroids and osteoporosis medications other than
the index medication, were also described (Table 1).

Statistical analysis

Fracture incidence (any, hip, clinical vertebral, and wrist) dur-
ing the 12-month pre-index period (overall and in 3-month
intervals) and during the post-index period was computed.
Fracture reduction effectiveness was estimated as the change
in fracture incidence using two approaches. First, change in
fracture incidence was estimated between the 12-month pre-
index period and the first 12 months following treatment ini-
tiation. Fracture reduction in the period immediately follow-
ing treatment initiation is expected to be minimal and can
serve as a baseline for estimating change in fracture incidence.
Thus, for the second approach, change in fracture incidence
was estimated between the first 3 months on treatment (early
period) and the subsequent 12-month on-treatment period. For
both approaches, patients were at risk for fracture outcomes
from the index date until occurrence of a censoring event
during the on-treatment period (death, discontinuation of
Medicare enrolment, switching from index medication to a
different study medication or calcitonin, diagnosis of cancer
[excluding non-melanoma skin cancer] or Paget’s disease,
chemotherapy or radiation therapy for cancer treatment).
Change in fracture incidence was estimated as incidence rate
ratios (with corresponding 95% confidence intervals) using
generalized estimating equations with a Poisson link function.

In addition, stratified analysis was conducted for those with
and without a history of osteoporosis medication use or prior
fracture [16, 17].

Results

Cohort characteristics

After application of the inclusion and exclusion criteria, 34,622
denosumab, 124,857 zoledronic acid, 997,686 oral bisphospho-
nate, 100,521 raloxifene, and 20,610 teriparatide patients were
included in the study cohort (Fig. 1). The average age of the
study cohort was approximately 78 years. Teriparatide and ral-
oxifene patients had the highest and lowest comorbidity burden,

respectively. The average risk of fracture during the 1-year
baseline period was highest among teriparatide patients
(25.0%) and lowest among raloxifene patients (4.4%) (Table 1).

Fracture incidence rates prior to treatment initiation

There was substantial variation in the magnitude and trajecto-
ry of fracture incidence rates among treatment groups in the
12-month pre-index period (Fig. 2). Fracture incidence rates
were highest for teriparatide and lowest for raloxifene during
each of the four 3-month intervals in the pre-index period.
During the 3-month period leading up to treatment initiation,
teriparatide patients had an eightfold higher risk of fracture
compared with raloxifene patients. For all treatment groups,
fracture incidence rates tended to increase during the pre-
index period and then regress rather dramatically during the
3-month period following treatment initiation.

Baseline fracture incidence

During the 12-month pre-index period as well as during the 3-
month early treatment period, teriparatide-treated patients had
the highest fracture incidence whereas raloxifene-treated pa-
tients had the lowest risk for any, hip, clinical vertebral, and
wrist fracture (Figs. 3 and 4). Compared to rates among oral
bisphosphonate patients, incidence rates of any fracture in
teriparatide-treated patients were approximately fourfold
greater during the 12-month pre-index period and double dur-
ing the 3-month early treatment period (Table 2).

Fracture incidence rates following treatment
initiation

Compared with the 12-month pre-index period, incidence of
any, hip, clinical vertebral, or wrist fracture was significantly
lower in the subsequent 12-month on-treatment period among
denosumab-, zoledronic acid-, oral bisphosphonate-, and
teriparatide-treated patients. The incidence of clinical verte-
bral fractures was reduced with denosumab (45%; 95% con-
fidence interval [CI] 39–51%), zoledronic acid (50%; 95% CI
47–52%), oral bisphosphonates (24%; 95% CI 22–26%), and
teriparatide (72%; 95% CI 69–75%). Among raloxifene-
treated patients the incidence of clinical vertebral fracture
(10%; 95% CI 1–18%) and wrist fracture (16%; 95% CI 1–
29%) was reduced significantly between the 12-month pre-
index and 12-month post-index periods (Table 2, Fig. 3).

Compared with the 3-month early treatment period, the in-
cidence of any fracture or clinical vertebral fracture was signif-
icantly lower in the subsequent 12-month on-treatment period
among denosumab-, oral bisphosphonate-, and teriparatide-
treated patients. In addition, zoledronic acid-treated patients
had a significant reduction in the incidence of clinical vertebral
fractures in the 12-month subsequent on-treatment period
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relative to the 3-month early treatment period. The incidence of
clinical vertebral fractures was reduced with denosumab (51%;
95% CI 42–59%), zoledronic acid (25%; 95% CI 17–32%),
oral bisphosphonates (23%; 95% CI 20–26%), and teriparatide
(64%; 95% CI 58–69%) (Table 2, Fig. 4).

Stratified and sensitivity analyses

In all the treatment cohorts, greater reductions in fracture in-
cidence between the first 3 months on treatment and subse-
quent on-treatment periods were observed among treatment-

Table 1 Characteristic of female Medicare beneficiaries treated with osteoporosis therapies

Denosumab Zoledronic acid Oral bisphosphonates Raloxifene Teriparatide

Sample size 34,622 124,857 997,686 100,521 20,610
Agea, mean (SD), year 78.7 (7.4) 77.0 (7.0) 78.2 (7.5) 77.9 (7.4) 78.5 (7.6)
Race (%)

White 85.8 93.6 83.7 85.1 83.8
Black 2.4 2.4 4.5 3.0 2.3
Asian 6.6 1.4 5.4 7.3 4.6
Hispanic 2.9 1.5 4.0 2.3 7.2
Other 2.2 1.1 2.4 2.5 2.1

Index yearb (%)
2009 0.0 43.8 80.6 87.9 4.0
2010 13.2 29.1 10.6 6.2 19.0
2011 54.8 20.8 6.8 4.2 18.6
2012 32.1 6.4 2.0 1.7 8.4

Census region (%)
Northeast 12.5 14.3 20.4 21.6 15.5
Midwest 25.1 28.8 23.1 21.3 18.0
South 39.3 43.8 36.6 38.7 48.8
West 23.0 13.1 19.6 17.7 17.5

Comorbid conditionsc (%)
Chronic kidney disease 14.7 6.2 7.4 7.2 11.7
Atherosclerotic heart disease 20.5 17.9 17.9 15.6 24.8
Congestive heart failure 11.7 8.5 10.1 8.2 16.1
Cerebrovascular disease 11.4 9.7 9.9 7.9 13.6
Dysrhythmia 19.4 16.3 15.9 13.2 20.6
Peripheral arterial disease 16.4 13.6 14.7 11.7 20.5
Other cardiac disease 18.0 15.3 14.2 13.0 19.6
Chronic obstructive pulmonary disease 20.7 20.3 17.1 15.4 26.9
Liver disease 1.3 1.1 1.0 0.9 1.5
Gastrointestinal disorders 4.3 4.1 2.9 3.1 4.9
Anemia 27.2 21.4 19.7 18.2 33.0
Diabetes 21.4 16.9 21.3 19.9 22.5
Thyroid disease 29.7 27.6 23.7 22.9 28.9
Rheumatoid arthritis 7.2 8.0 4.4 2.9 8.9
Ankylosing spondylitis 1.4 1.4 0.8 0.7 1.8
Osteoporosis 88.2 90.5 46.2 37.6 83.2
Osteoarthritis 34.8 32.6 28.4 26.1 41.9
Charlson comorbidity indexd, mean (SD) 0.90 (1.3) 0.70 (1.1) 0.72 (1.2) 0.61 (1.1) 1.13 (1.5)

Hospitalization c

Any hospitalization (%) 22.3 21.9 20.3 17.0 34.9
Cumulative hospital days, mean (SD) 1.47 (4.7) 1.39 (4.5) 1.43 (5.3) 1.10 (4.3) 2.98 (7.3)
Patients with bone density testc (%) 61.3 60.3 37.5 30.7 60.9
Patients with prior fracture c (%) 10.2 9.3 7.0 4.4 25.0
Patients with incident medication usee (%) 34.9 30.8 65.9 79.6 56.7
Glucocorticoid usec (%) 29.8 31.5 19.9 18.2 31.0

SD standard deviation
a On the index date
b Year of index date
c During the 12 months preceding the index date
d Computed from claims during the 12 months preceding the index date and based on Quan’s modification
e Defined as absence of claims for osteoporosis medications (including calcitonin) in the 6 months preceding the index date
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naïve patients than among those with prior exposure to oste-
oporosis medications. Among patients with prior exposure to
osteoporosis medications, only denosumab- and teriparatide-

treated patients showed significant reductions in clinical ver-
tebral fracture and any fracture endpoints. Similar reductions
were not observed among previously treated patients in the
oral bisphosphonate, zoledronic acid, or raloxifene cohorts
(Supplemental Table 1). Across all treatment cohorts, the
magnitude of reductions in fracture incidence during the on-
treatment period was greater among patients with a history of
prior fracture (Supplemental Table 2).

Discussion

This study focused on the real-world effectiveness of osteo-
porosis therapies in a large, population-based cohort of post-
menopausal women. Our results show substantial variation in
fracture risk in the period preceding treatment initiation
among patients treated with different osteoporosis medica-
tions. Significant reductions in hip, clinical vertebral, and
wrist fractures among patients treated with denosumab, zole-
dronic acid, oral bisphosphonates, and teriparatide were ob-
served following treatment initiation.

Female Medicare beneficiaries with osteoporosis 

medication claims between 01/01/2009 and

06/30/2012 

(N=2,607,680)

Aged ≥ 65 years on treatment index date 

(n=2,414,289)

Alive and continuously enrolled in  Medicare Parts 

A, B, and D 12 months before and 4 months after 

treatment index date 

(n=1,514,390)

Did not switch osteoporosis medication in the 3 

months period after treatment index date 

(n=1,476,501)

No evidence of cancer or Paget’s disease in the 12 

months before and 3 months after treatment index 

date

(n=1,309,125)

No receipt of chemotherapy or radiation therapy in 

the 12 months before and 3 months after treatment 

index date 

(n=1,278,296)

Final Study Cohort

Denosumab, n=34,622

Zoledronic acid, n= 124,857

Oral bisphosphonates, n= 997,686

Raloxifene, n=100,521

Teriparatide, n=20,610

Fig. 1 Cohort creation flow chart
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skeletal site other than skull, face, finger, or toe)
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Evidence from randomized clinical trials and network
meta-analyses has shown that osteoporosis medications
are effective in reducing the incidence of vertebral and
non-vertebral fractures in post-menopausal women [6–9,
18–21]. However, because of the differences in patient
characteristics and non-adherence in the general popula-
tion of treated patients, the demonstrated efficacy in clini-
cal trials may not correlate with effectiveness in routine
clinical settings. The most recent systematic review of the
effectiveness of osteoporosis medications reported that
bisphosphonates, denosumab, teriparatide, and raloxifene
reduced clinical vertebral fracture risk relative to placebo
[22]. Despite a shorter follow-up duration relative to
registrational clinical trials, the findings of this study were
largely consistent with evidence from randomized clinical
trials of osteoporosis treatments in showing effective frac-
ture incidence reduction.

The quarterly incidence analysis showed an increasing
fracture risk in the period leading up to treatment initia-
tion, and fracture incidence was highest in the 3-month
period most proximal to therapy initiation for all treatment
groups. This suggests that occurrence of fracture likely
triggers the initiation of therapy in many patients. Given
the very high pre-index fracture risk of teriparatide-treated

patients relative to the other treatment groups, it appears
that teriparatide is used as a rescue therapy in this popu-
lation. In observational studies of treatment effectiveness,
differences in risk profile and other pre-treatment charac-
teristics can lead to biased effectiveness estimates. In this
study, we employed an approach that can mitigate against
bias by measuring changes in fracture incidence over time
within the same user cohort. The trends in fracture inci-
dence (as shown in Fig. 2) strongly suggest a regression
to the mean effect that is differential by treatments.
Between 12 months before and 3 months after treatment
initiation, fracture risk for raloxifene users showed little
variance whereas that for teriparatide users showed sub-
stantial variance. Thus, it is likely that the true treatment
effect lies somewhere in between the estimates provided
by the two analytic approaches. The most consistent treat-
ment effects irrespective of analytic technique, fracture
site, or treatment history were observed for denosumab
and teriparatide. An alternative analysis that might be
conducted in a future research investigation will be to
assess the first 3 months after treatment initiation as a
Bwash-out^ period and evaluate change in fracture rates
between the pre-index period and the post-index period
excluding the first 3 months.
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The findings of this study showed substantial differ-
ences in the pre-treatment fracture risk across the different
treatment options which are highly suggestive of con-
founding by indication. Thus, investigators should be
aware of this issue and offer appropriate technique to
minimize bias due to confounding by indication when
they design studies to examine comparative effectiveness
of osteoporosis therapies.

A few observational studies have examined longitudi-
nal changes in fracture incidence among patients treated
with osteoporosis medications by comparing fracture in-
cidence in the first 3 months after start of treatment to the
subsequent 12 months on treatment. Abelson et al. report-
ed a vertebral fracture incidence reduction ranging from
31 t o 5 7% among women t r e a t e d w i t h o r a l
bisphosphonates [13]. Ferrari et al. estimated a hip frac-
ture incidence reduction of 17% among women treated
with risedronate, but found no change in fracture inci-
dence among those treated with raloxifene [23]. Thomas
et al. reported a 59 and 54% vertebral fracture incidence
reduction among women treated with alendronate and
risedronate, respectively [24]. Our fracture reduction esti-
mates are lower than those reported in these studies and
the explanation for this finding may be attributable to the

different populations studied and secular trends, as our
study population is older and may be at a higher risk of
fractures and we analyzed more recent data.

The analysis comparing fracture rates in the
12 months pre-index period to the fracture rates in the
post-index period showed substantial reduction in hip
fracture risk among patients treated with denosumab,
zoledronic acid, oral bisphosphonates, and teriparatide.
However, there was minimal evidence of fracture risk
reduction when fracture risk in the initial 3-month
post-index was compared to the subsequent 12-month
on-treatment period. While the exact reasons for the
apparent lack of evidence for hip fracture reduction in
the latter analysis are unclear, it is possible that the
follow-up period was too short to identify a reduction
in hip fracture rates.

Despite our approach of evaluating changes in fracture in-
cidence over time within the same user cohort, threats to in-
ternal validity may be present. Fracture risk is highest imme-
diately after a prior fracture and falls gradually over time [25,
26]; hence, it can be expected that for those individuals who
had a prior fracture within the last few years before starting the
index medication that fracture rates would have continue to
fall over the first year of therapy even in the absence of
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therapy. Thus, bias due to regression to the mean likely exists
for the comparison of pre-index and post-index fracture
incidence.

Definitive identification of denosumab users in the
Medicare population in the early period of its introduction
is challenging because of the use of non-specific codes for
billing. Although denosumab users were identified using a
validated algorithm [27], the possibility of exposure mis-
classification cannot be ruled out. The hierarchical treat-
ment assignment approach may have created some bias,
possibly via misclassification, and patients assigned to
treatments that received higher priority were more likely
to be at a more advanced stage of their disease course.
The direction of this potential bias is unclear. In addition,
morphometric vertebral fractures that represent the major-
ity of vertebral fractures in clinical trials cannot be iden-
tified in claim databases. Finally, Medicare Part D bene-
ficiaries who do not receive the low-income subsidy are
subject to cost sharing for prescriptions filled through
Medicare Part D and they may fall into the coverage
gap [28]. Hence, they may obtain some prescriptions out-
side of the Medicare Part D system and their osteoporosis
medication use may thus be misclassified.

In summary, this large population-based study showed that
clinical fracture incidence decreased after initiation of osteo-
porosis therapies.
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