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Abstract
Summary Osteoporosis, a chronic disease, requires long-term therapy. In Medicare-insured women, denosumab persistence was
higher than oral bisphosphonate persistence over up to 3 years of follow-up. Longer-term persistence was higher among women
who persisted in the first year of therapy.
Introduction Osteoporosis, a chronic, progressive disease, requires long-term therapy; this study assessed long-term persistence
with anti-resorptive therapies in postmenopausal women.
Methods This retrospective cohort study used administrative claims for women with data in the 100% Medicare osteoporosis
sample who initiated (index date) denosumab, oral/intravenous (IV) bisphosphonate, or raloxifene between 2011 and 2014 and
who had ≥ 1 year (zoledronic acid: 14 months) of pre-initiation medical/pharmacy coverage (baseline). Persistence was assessed
from index date through end of continuous coverage, post-index evidence of censoring events (e.g., incident cancer), death, or
end of study (December 31, 2015).
Results The study included 318,419 oral bisphosphonate users (78% alendronate), 145,056 denosumab users, 48,066 IV bis-
phosphonate users, and 31,400 raloxifene users; mean age ranged from 75.5 years (raloxifene) to 78.5 years (denosumab). In
women with at least 36 months of follow-up (denosumab N = 25,107; oral bisphosphonates N = 79,710), more denosumab than
oral bisphosphonate initiators were persistent at 1 year (73% vs. 39%), 2 years (50% vs. 25%), and 3 years (38% vs. 17%).
Persistence decreased over time for all treatment groups, with denosumab users having the highest persistence in every follow-up
time interval at or after 18 months. Women using denosumab, oral bisphosphonates, or raloxifene who persisted in a given year
were more likely to remain persistent through the subsequent year.
Conclusions Denosumab users persisted longer with therapy than women using other anti-resorptive medications, including oral
bisphosphonates. Early persistence may predict long-term persistence. Overall persistence with osteoporosis medications is
suboptimal and may impact fracture risk. Efforts to improve first year persistence are needed.
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Introduction

Osteoporosis is a chronic and progressive disease which oc-
curs disproportionately in postmenopausal women, with this

at-risk population growing rapidly as the US population ages
and life expectancy increases [1, 2]. Osteoporosis is largely
asymptomatic until a fragility fracture occurs, at which point
the consequences can be devastating andmay include ongoing
pain, loss of functionality and independence, impaired quality
of life, or even death [3–8]. Individuals and society overall
incur significant direct and indirect costs from these fragility
fractures [5, 9, 10].

Osteoporosis is generally underdiagnosed and undertreated
despite the wide availability of effective pharmacologic treat-
ments designed to reduce the risk of fracture [6, 11]. In the
USA, oral bisphosphonates are the most commonly prescribed
initial treatments for postmenopausal women with osteoporosis
[12], although intravenous (IV) bisphosphonates, raloxifene,
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denosumab, teriparatide, abaloparatide, and romosozumab are
also approved for this indication. Better persistence (i.e., con-
tinuing to use a medication for the prescribed duration [13]) is
generally associated with greater treatment benefit (fracture risk
reduction). Two early real-world studies reported a 26–29%
greater fracture risk reduction in persistent alendronate patients
compared to their non-persistent counterparts over 24 months
of follow-up [14, 15]. This association between persistence and
greater fracture reduction has more recently been documented
across a broad range of medications used in treating postmen-
opausal osteoporosis [16].

Despite the increased risk of fracture due to non-persis-
tence, more than half of patients with postmenopausal os-
teoporosis discontinued therapy within the first year of
initiating an oral bisphosphonate [17]. Non-persistent pa-
tients remain at elevated risk of fracture and related con-
sequences [8, 18, 19]. Medication characteristics including
dosing frequency and complexity of dosing instructions,
along with fear of side effects, and the degree to which
patients accurately understand fracture risk and the
benefits/risks of treatment, shape patients’ ability to persist
with osteoporosis therapies [20]. While less-frequent dos-
ing and electronic prescriptions have been shown to im-
prove persistence, patient education and monitoring efforts
have not [14, 20, 21]. A systematic review published in
2020 found that only a limited number of studies have
reported that patient education, monitoring and supervi-
sion, change in drug regimen combined with patient sup-
port, and interdisciplinary collaboration have a positive
effect on either adherence or persistence with osteoporosis
medications [22]. The more recent literature included in
this review suggests that patient involvement and shared
decision-making have become more common over time
and multicomponent interventions with active patient in-
volvement may have a more positive effect, although this
would need to be confirmed with future research. Some
physicians de-prioritize osteoporosis treatment relative to
other medical conditions [23–25] which, in turn, may con-
tribute to undertreatment and to patients’ beliefs that oste-
oporosis is of lesser importance.

Previous studies have demonstrated better persistence with
denosumab at 12 and 24 months in the USA, Canada, and
Europe [26–28] in comparison with reported persistence for
oral bisphosphonates [17]. In a recent single-center study in
the USA, denosumab demonstrated persistence of 51% over
36 months of follow-up and 64% of patients had 7 total injec-
tions with 1 administered every 6 months ±8 weeks during
follow-up [29]. Given that osteoporosis is a chronic, progres-
sive disease that requires ongoing therapy, the current study
was designed to expand upon these earlier findings by
assessing long-term persistence for anti-resorptive therapies
in a large population of postmenopausal women in the USA
with Medicare coverage.

Methods

Cohort selection

This retrospective cohort study relied on administrative
claims and enrollment data from 2010 through 2015 cap-
tured for the 100% Medicare osteoporosis sample. Female
Medicare beneficiaries who initiated an osteoporosis ther-
apy of interest (denosumab, oral/IV bisphosphonate, ral-
oxifene) between 2011 and 2014 were 66 years or older at
initiation (index date) and who had at least 1 year of
Medicare parts A (hospitalization, skilled nursing facility,
home health services), B (physician services, outpatient
care, injectable medications, durable medical equipment),
and D (patient-administered pharmaceuticals) coverage
(14 months required for zoledronic acid users) prior to
initiation were included in the study. Patients who were
treated with glucocorticoids or who had evidence of
Paget’s disease of the bone, osteogenesis imperfecta, hy-
percalcemia, or cancer during the year prior to the index
date were excluded. Patients who were enrolled in a
Medicare Advantage plan which was managed through a
Medicare-approved private insurance company were also
excluded as their medical claims may have been incom-
pletely captured. Patients were followed from the index
date through the end of their continuous Medicare cover-
age period, occurrence of a censoring event (e.g., post-
index events that parallel study exclusion criteria, such
as incident cancer diagnosis or diagnosis of Paget’s dis-
ease), death, or end of study (December 31, 2015). The
12 months before the index date was used as baseline
assessment period.

Persistence

Persistence was defined as the duration of continuous use of a
medication from initiation to end of follow-up as defined
above. Treatment non-persistence was indicated by an untreat-
ed period of 60 days or longer (discontinuation) or evidence of
a switch to a different class of osteoporosis medication
(denosumab, oral bisphosphonate, IV bisphosphonate, ralox-
ifene, teriparatide, calcitonin). For oral medications, non-
persistence is defined by the absence of a refill within 60 days
after the expected refill date which is based on fill date and the
days’ supply value for each pharmacy claim. For parenteral
medications, non-persistence is defined by the absence of drug
administration within 60 days after the date of the next expect-
ed injection based on the labeled dosing schedule. This gap
interval was chosen as it is commonly reported in published
studies of persistence with osteoporosis medications. In sen-
sitivity analysis, this gap threshold was replaced with a value
representing half of the “supply interval” which for injectable
medications is defined by the labeled dosing schedule interval
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which translates to 46 days for IV ibandronate, 3 months for
denosumab, and 6 months for zoledronate.

Statistical analysis

Data on baseline patient characteristics were analyzed descrip-
tively using frequencies and percentages to summarize cate-
gorical data and means and standard deviations (SD) to sum-
marize continuous data. Patient demographic characteristics
(age, race, sex, ethnicity, and Medicare-Medicaid dual eligi-
bility status) were determined as of the index date. Clinical
characteristics including the Deyo adaptation of the Charlson
Comorbidity Index (CCI) and individual comorbidities of in-
terest (cerebrovascular accidents/transient ischemic attack,
congestive heart failure [CHF], other cardiovascular disease,
chronic obstructive pulmonary disease [COPD], anemia, de-
pression), number of other medications (excluding osteoporo-
sis medications) used, as well as fragility fracture and fall
history, were quantified during the 12 month baseline assess-
ment period.

Since the study included patients with differing lengths of
follow-up, the percentage of patients who remained persistent
with the index medication was determined at 6-month follow-
up intervals through 36 months of follow-up, with results
reported separately for different index treatments (denosumab,
oral bisphosphonates, IV bisphosphonates, raloxifene).
Subsequent year persistence was assessed for the subgroups
of patients who were (1) persistent in year 1 and (2) persistent
in years 1 and 2. Predictors of non-persistence were assessed
using a Cox’s proportional hazards regression model to adjust
for patient demographics, comorbidities, baseline medication
use, and prior fragility fracture. Treatment patterns (continued
index medication, switched to a different class of osteoporosis
medication, discontinued osteoporosis medication) over time
were examined descriptively and results are represented with a
flowchart.

Results

The final study population included 318,419 oral bisphospho-
nate users, 145,056 denosumab users, 48,066 IV bisphospho-
nate users, and 31,400 raloxifene users (Table 1), and the
character is t ics of these pat ients are provided in
Supplementary Table S1. Approximately 78% of women in
the oral bisphosphonate group used alendronate. The mean
age (SD) of patients in the treatment groups ranged from
75.5 (6.9) years in women who used raloxifene at index date
to 78.5 (7.4) years in denosumab users. White women com-
prised the majority in each treatment group (81–92%). The
mean CCI ranged from 0.49 in the raloxifene group to 0.71
in the denosumab group. At the index date, denosumab users
were more likely to have a history of fragility fracture in the

previous year than women in the other treatment groups
(denosumab, 8.7%; IV bisphosphonate, 7.7%; oral bisphos-
phonate, 7.1%; raloxifene, 4.3%).

Although persistence with the index medication varied
by medication class, within each assessment interval, per-
sistence levels by medication type were similar for patients
who had at least 3 years of follow-up and patients who
were censored or lost to follow-up prior to the 3-year mark
(Table 2). Among patients whose follow-up spanned the
entire 3-year assessment period (denosumab N = 25,107;
oral bisphosphonates N = 79,710; IV bisphosphonates
N = 17,454; raloxifene N = 8703), persistence with the in-
dex medication decreased over time for all treatment types,
with denosumab users having the highest persistence in
every time interval at or after 18 months (Fig. 1).
Approximately 38% of the denosumab users persisted for
at least 3 years. The corresponding percentages for the
other treatments were 17% for oral bisphosphonates, 6%
for IV bisphosphonates, and 23% for raloxifene. During
the first 6 and 12 months on treatment, persistence in
denosumab users was higher than persistence among pa-
tients using other medication classes except for IV
bisphosphonates. This pattern reflects the fact that the ma-
jority (94.4%) of patients in the IV bisphosphonate group
used zoledronic acid, for which a single injection provides
12 months of persistence. Despite this high level of first
year persistence, only approximately 40% of IV bisphos-
phonate users had received their second scheduled infusion
by the 18-month assessment. Among denosumab, oral bis-
phosphonate, and raloxifene patients who were persistent
in the first year or the first 2 years of therapy, 64% to 76%
were persistent in the next year (Table 3). In the IV bis-
phosphonate group, the percentage of previously persistent
patients who remained persistent in the third year of
follow-up was less than half that observed in the second
year of follow-up (16% versus 36%).

Patients who were non-persistent with the index treatment
were followed to determine how many restarted treatment
(i.e., re-initiated the index treatment or switched to another
type of osteoporosis treatment), and how many remained un-
treated from that point through the end of follow-up. These
results are shown in Fig. 2a–d. Approximately 40% (57,988)
of all 145,056 denosumab users were non-persistent in the
follow-up period. Of these non-persistent patients, 25% re-
initiated denosumab after a mean gap of 167 days (i.e.,
107 days after the 60-day gap that defined discontinuation)
and 24% switched to a different class of osteoporosis medica-
tion (mean time to switch: 33 days after the 60-day gap that
defined discontinuation). The remaining 52% of non-
persistent patients remained off osteoporosis therapy through
the end of follow-up. More than half of switchers changed to
their new treatment within 60 days after discontinuing their
index treatment. Approximately 67% (n = 212,684) of oral
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Table 1 Patient selection
Number of patients

Criterion Denosumab Oral
bisphosphonates

IV
bisphosphonate

Raloxifene

Treatment initiation 2011–14 (index date) 532,041 1,998,726 234,024 229,395

Female 442,770 1,755,952 209,407 228,429

Age>66 and<110 years at index date 388,103 1,339,411 173,285 166,614

Continuous benefits coverage for 1 year
prior to index date

218,185 444,490 78,135 42,253

No history of cancer, Paget’s disease of
bone, osteogenesis imperfecta, or
hypercalcemia

167,550 393,739 65,277 36,662

No glucocorticoid use 145,685 347,445 55,121 33,878

No index drug reassignment 145,056 318,419 48,066 31,400

Final cohort 145,056 318,419 48,066 31,400

Table 2 Percent of patients remaining persistent by length of available follow-up (full study population)

Assessment Interval

Number of Parents 6-Month 12-Month 18-Month 24-Month 30-Month 36-Month

6+ Months Follow-up

Denosumab 123,833 93.9
Raloxifene 27,095 57.2

IV Bisphosphonates 40,712 94.7

Oral Bisphosphonates 272,470 56.3

12+ Months Follow-up

Denosumab 107,233 93.9 73.3
Raloxifene 23,882 57.6 43.0

IV Bisphosphonates 35,201 94.8 93.2

Oral Bisphosphonates 237,537 56.6 39.4

18+ Months Follow-up

Denosumab 78,026 93.8 72.9 60.4
Raloxifene 19,052 57.9 43.5 35.3

IV Bisphosphonates 30,444 94.9 93.4 33.7

Oral Bisphosphonates 184,983 56.7 39.4 30.2

24+ Months Follow-up

Denosumab 55,116 93.6 72.5 59.7 50.7
Raloxifene 14,861 57.7 43.5 35.5 30.8

IV Bisphosphonates 26,424 95.1 93.7 33.9 33.3

Oral Bisphosphonates 141,223 56.5 39.3 30.3 25.0

30+ Months Follow-up

Denosumab 37,381 93.6 72.6 59.5 50.3 43.1
Raloxifene 11,619 57.9 43.8 35.8 31.1 26.8

IV Bisphosphonates 23,015 95.4 94.1 34.3 33.7 9.0

Oral Bisphosphonates 108,307 56.3 39.0 30.1 24.9 20.4

36+ Months Follow-up

Denosumab (n=25,107) 25,107 93.6 72.7 59.6 50.3 43.2 38.0

Raloxifene (n=8,703) 8703 57.5 43.5 35.5 30.9 26.5 23.2

IV Bisphosphonates (n=17,454) 17,454 95.4 94.1 40.1 39.5 10.3 6.4

Oral Bisphosphonates (n=79,710) 79,710 56.1 38.8 29.8 24.7 20.3 17.2
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bisphosphonate users did not persist with their index medica-
tion, although 35% re-initiated oral bisphosphonates prior to the
end of follow-up. Nearly all others (62% of discontinuers) had
no further osteoporosis medication use, and aminority (< 4% of
discontinuers) switched to a different medication. On average,
151 days elapsed between the discontinuation date and treat-
ment re-initiation, and 127 days elapsed between the discontin-
uation and the switch. Among the 31,067 patients who were
non-persistent with IV bisphosphonates (65% of all 48,066 IV
bisphosphonate users), 84% remained untreated through the

end of follow-up, 14% switched treatments (mean time from
discontinuation to switch: 191 days), and less than 2% re-
initiated IV bisphosphonate (mean time from discontinuation
to re-initiation: 79 days). The majority (64%) of raloxifene
users were non-persistent with their index medication with
48% of these 20,126 non-persistent raloxifene users failing to
resume treatment during the remaining follow-up time, 23%
switching to a new treatment (mean time from discontinuation
to switch: 88 days), and 29% re-initiating raloxifene (mean time
from discontinuation to re-initiation: 109 days).

Predictors of non-persistence with the index medication
were assessed in all study patients and in patients with
36 months of follow-up after initiating the index treatment
(Table 4). Compared with oral bisphosphonates, the risk of
non-persistence was 52 to 59% lower for denosumab, 17 to
32% lower for IV bisphosphonates, and 12 to 16% lower for
raloxifene (all p < 0.0001). The risk of non-persistence in-
creased by 3% with each 5-year increase in age after the age
of 69 years (p < 0.0001). Black and Hispanic women were
more likely to be non-persistent than White women
(p < 0.0001). Among women with 36 months of follow-up,
Asian race was associated with a 4% reduction in risk of non-
persistence (p = 0.0025). A history of hip fracture at baseline
was associated with a 10 to 12% lower risk of non-persistence
(versus no historical hip fracture, p < 0.0001). Similarly, a his-
tory of non-hip, non-vertebral fracture at baseline was associat-
ed with a 3% to 5% lower risk of non-persistence (versus no
prior non-hip, non-vertebral fracture, p 0.003 and p 0.02,

Table 3 Next year persistence in previously persistent patients

Treatment Number of patients Percent of total1

Year 2 persistence in patients who persisted in year 1

Denosumab 27,914 69.9

Raloxifene 4574 70.7

IV bisphosphonates 8805 35.6

Oral bisphosphonates 35,304 63.7

Year 3 persistence in patients who persisted in years 1 and 2

Denosumab 9547 75.7

Raloxifene 2022 75.1

IV bisphosphonates 1115 16.2

Oral bisphosphonates 13,742 69.8

1Denominator is the number of patients who were persistent with each
specific treatment during the previous year

*Pa�ents with 36 months follow-up
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All Denosumab Users 
(n=145,056)

Non-persistent 
(n=57,988, pct=40.0)

Stop all Treatment 
(n=29,963, pct=51.7)

Switch 
(n=13,816, pct=23.8)

Teripara�de 
(n=781, pct=5.7)

Raloxifene 
(n=2,713, pct=19.6)

Calcitonin 
(n=1,379, pct=10.0)

IV Bisphosphonates 
(n=412, pct=3.0)

Oral 
Bisphosphonates 

(n=8,531, pct=61.7)

Reini�ate 
Denosumab 

(n=14,209, pct=24.5)

Persistent
(n=87,068, pct=60.0)

Oral 
Bisphosphonates

(n=318,419)

Non-Persistent 
(n=212,684, 

pct=66.8)

Stop all Treatment 
(n=131,253, 

pct=61.7)

Switch 
(n=7,535, pct=3.5)

Denosumab 
(n=2,203, pct=29.2)
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(n=227, pct=3.0)
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(n=3,585, pct=47.6)

Calcitonin
(n=1,125, pct=14.9)
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(n=395, pct=5.2)

Reini�ate Oral 
Bisphosphonates

(n=73,896, pct=34.7)

Persistent
(n=105,735, 

pct=33.2)

Fig. 2 Disposition through first treatment non-persistence. a. Denosumab users; b. Oral bisphosphonate users; c. IV bisphosphonate users; d. Raloxifene
users
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(n=3,564, pct=77.6)

Reini�ate Raloxifene
(n=5,817, pct=28.9)

Persistent
(n=11,274, pct=35.9)

Fig. 2 (continued).
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respectively). By contrast, prior vertebral fracture was associat-
ed with a 7 to 8% increase in the risk of non-persistence (versus
no historical vertebral fracture, p < 0.0001).

Discussion

The 100% Medicare osteoporosis sample includes data for a
large, diverse population of postmenopausal women residing

across the USA and is a unique data source from which to
assess long-term persistence with osteoporosis medications in
the real-world setting. In women with at least 36 months of
follow-up, 73% of those who initiated denosumab for osteo-
porosis treatment were persistent with denosumab at 1 year,
50% at 2 years, and 38% at 3 years. The only other study, to
our knowledge, that has looked at denosumab persistence over
a 3-year period reported fairly similar persistence at 1 year
(77%) and higher persistence at 2 years and 3 years (60%

Table 4 Predictors of non-persistence*

All patients Patients with 3 years follow-up

Baseline characteristic HR (95% CI) p Value HR (95% CI) p Value

Medication class

Oral 1.00 (ref) 1.00 (ref)

Denosumab 0.41 (0.40, 0.41) <.0001 0.48 (0.47, 0.48) <.0001

Raloxifene 0.88 (0.87, 0.90) <.0001 0.84 (0.82, 0.86) <.0001

IV bisphosphonates 0.68 (0.67, 0.69) <.0001 0.83 (0.81, 0.84) <.0001

Age group

66–69 1.00 (ref) 1.00 (ref)

70–74 1.04 (1.03, 1.05) <.0001 1.03 (1.01, 1.05) 0.0013

75–79 1.07 (1.06, 1.08) <.0001 1.05 (1.03, 1.06) <.0001

80–84 1.10 (1.09, 1.11) <.0001 1.07 (1.05, 1.09) <.0001

85 + 1.13 (1.12, 1.14) <.0001 1.12 (1.09, 1.14) <.0001

Race

White 1.00 (ref) 1.00 (ref)

Black 1.12 (1.10, 1.13) <.0001 1.11 (1.08, 1.14) <.0001

Asian 1.01 (1.00, 1.03) 0.0767 0.96 (0.94, 0.99) 0.0025

Hispanic 1.18 (1.16, 1.20) <.0001 1.19 (1.16, 1.23) <.0001

Other 1.02 (1.00, 1.04) 0.0811 1.04 (1.00, 1.08) 0.0251

Medicare-Medicaid dual eligible 1.03 (1.02, 1.04) <.0001 1.02 (1.00, 1.03) 0.041

Inpatient hospital days

0 1.00 (ref) 1.00 (ref)

1–4 0.99 (0.98, 1.01) 0.3163 0.99 (0.98, 1.01) 0.5817

5 + 1.02 (1.00, 1.04) 0.0398 1.00 (0.97, 1.03) 0.9925

Transient ischemic attack 0.98 (0.97, 0.99) 0.0005 0.99 (0.97, 1.01) 0.4852

Chronic heart failure 1.06 (1.04, 1.08) <.0001 1.05 (1.02, 1.09) 0.0013

CVD 1.03 (1.02, 1.04) <.0001 1.04 (1.02, 1.05) <.0001

COPD 1.09 (1.08, 1.11) <.0001 1.09 (1.06, 1.11) <.0001

Anemia 1.01 (1.00, 1.02) 0.1111 1.01 (0.99, 1.02) 0.5189

Depression 1.02 (1.01, 1.03) 0.0027 1.02 (1.00, 1.04) 0.0547

Falls 1.03 (1.02, 1.04) <.0001 1.04 (1.02, 1.06) <.0001

Medication classes group

<5 1.00 (ref) 1.00 (ref)

5–10 1.02 (1.02, 1.03) <.0001 1.00 (0.99, 1.01) 0.8246

11 + 1.03 (1.02, 1.05) <.0001 1.00 (0.98, 1.02) 0.7908

NHNV fracture 0.97 (0.94, 0.99) 0.0029 0.95 (0.91, 0.99) 0.0217

Hip fracture 0.90 (0.88, 0.92) <.0001 0.88 (0.85, 0.92) <.0001

Vertebral fracture 1.08 (1.06, 1.10) <.0001 1.07 (1.04, 1.10) <.0001

*CMS region and Charlson Comorbidity Index were also included in the models as covariates, but are not shown for space considerations
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and 51%, respectively) [29]. This difference may be partially
explained by the fact that this earlier study was conducted
within a single specialty community private practice where
each patient had a 6-month follow-up appointment scheduled
proactively at the time of each denosumab administration. In
addition, the importance of treatment adherence (i.e., taking
medication at the prescribed dose and dosing interval [13])
was discussed at each denosumab-related office visit, and pa-
tients received a reminder call just prior to each scheduled
administration visit. Unfortunately, in the current study, data
were not available to determine whether or not similar patient
support activities were provided.

In our study, index medication persistence among women
who initiated oral bisphosphonates (39% at 1 year, 25% at 2
years, 17% at 3 years) was substantially lower than that ob-
served for women who initiated on denosumab. This finding
is consistent with a large body of literature documenting sub-
optimal persistence with oral bisphosphonates among post-
menopausal women, a utilization pattern which leaves patients
at elevated risk of fracture [14, 16, 17, 30]. Medication char-
acteristics and patients’ understanding of the consequences of
osteoporosis along with their perceptions of the risk/benefit
trade-offs of pharmacologic osteoporosis therapies shape real-
world persistence [13, 17, 18]. In addition, some physicians
believe osteoporosis to be a “benign” or “inevitable” condi-
tion and/or that fragility fractures are rare with only a limited
effect on patients [19–21]. Such attitudes likely contribute to
undertreatment of osteoporosis and to patients’ failure to ini-
tiate or persist with treatment, although the current study does
not provide any information on how often primary non-
adherence occurs.

Importantly, our examination of treatment patterns demon-
strated that with the exception of raloxifene, the majority of
patients who discontinued their index medications failed to
either re-initiate the index agent or switch to another type of
osteoporosis medication during their remaining follow-up.
Among the denosumab patients who became non-persistent,
52% remained off treatment through the end of follow-up. The
corresponding proportions for patients who were non-
persistent with their index oral bisphosphonates and index
IV bisphosphonates and failed to resume osteoporosis treat-
ment before the end of follow-up were 62% and 84%,
respectively.

Associations between better persistence and greater
treatment benefit have been documented in the usual care
setting, with claims-based studies showing persistent pa-
tients achieving up to a 29% greater fracture risk reduction
than their less persistent counterparts [14, 15]. It is, there-
fore, likely that the treatment effect was substantially
blunted in the vast majority (83 to 94%) of the patients in
our study who initiated bisphosphonates, although this
study was not designed to quantify the impact of persis-
tence on fracture outcomes.

Results from the current study demonstrate the likely im-
portance of persistence early in the patient’s journey, since a
substantial proportion of patients who were persistent in the
first year or two on treatment were persistent in the second and
third years, respectively. This trend was evident for all treat-
ment classes except IV bisphosphonates and was strongest for
denosumab and raloxifene. Although reasons for early discon-
tinuation were unknown, touchpoints between healthcare pro-
viders and their postmenopausal patients who have recently
initiated osteoporosis treatment may help uncover barriers to
their patients’ ability to comply with dosing instructions and
frequency [31]. Such patient-provider interactions may be es-
pecially important in the early months, while the patient is
adapting to a new medication regimen, and when side effects
and issues with dosing instruction compliance are most likely
to arise and potentially dissuade the patient from continuing
therapy.

Managing non-persistence is especially important in pa-
tients initially treated with non-bisphosphonate osteoporosis
medications such as denosumab and raloxifene as discontinu-
ation without follow-on therapy results in rapid decreases in
BMD, increased bone-turnover marker activity, and may ulti-
mately increase fracture risk [32–36]. Timely re-initiation or
switching to an alternative anti-resorptive therapy may reduce
the risks of these potential adverse effects of discontinuing
reversible drugs [28, 31].

Certain limitations should be considered in interpreting the
results of this study. The claims data used in this study docu-
ments oral medication fills, but these data do not provide any
information on whether or not the patient actually took the
medications that were dispensed. It is likely, however, that
patients who refilled the medication took the medication on
hand prior to and thus necessitating a refill. Evaluation of
persistence is complicated for zoledronic acid given its longer
dosing interval, which dictates even longer-term follow-up
studies to adequately assess persistence. These labeled dosing
intervals reflect the long duration of anti-resorptive action for
this agent, including evidence that bone-turnover markers
may be suppressed by half for up to 5 years after a single
infusion and trial data suggesting that a single baseline infu-
sion and annual administrations over a 2-year period may
have similar effects on bone mineral density and bone-
turnover markers [32–35]. Fracture risk reduction has also
been shown to persist for more than 1 year after a single 5-
mg dose of zoledronic acid in osteoporotic men and women
[34], and in women with osteopenia, dosing every 18 months
has been associated with reduced fracture risk during a 6-year
interval [35]. The alternate persistence definition used in our
sensitivity analysis was designed in consideration of this char-
acteristic of zoledronic acid. It is reassuring that the patterns of
persistence observed for denosumab and the comparator drugs
with this alternate definition were consistent with results ob-
tained with the primary persistence definition. It is also

2481Osteoporos Int (2021) 32:2473–2484



important to note that the potential for adverse effects if
denosumab discontinuation occurs in the absence of follow-
on anti-resorptive therapy (e.g., risk of multiple vertebral frac-
tures) was not understood during the study period, and infor-
mation related to this issue may influence treatment patterns in
the future.

The standard limitations of claims data such as incomplete,
inaccurate, or missing data are likely present in the source
data, but these issues would not be expected to occur differ-
entially by osteoporosis treatment class. Confounding by in-
dication, such as differential disease severity among patients
using different osteoporosis medications, is also possible and
could impact patterns of osteoporosis medication use.
Treatment non-persistence may be over-estimated in this
study as our primary persistence definition included treatment
discontinuations without further therapy as well as treatment
discontinuations that occurred in conjunction with a switch to
a different class of medication. This definition, however, is
presented transparently, and in order to provide a more com-
plete view of the patient journey, we have also provided data
on patients’ treatment disposition following initial treatment
non-persistence. Reasons for treatment interruption could not
be assessed within the current study scope, but this is an im-
portant topic for future research. The current study was de-
signed to assess real-world persistence, but the clinical impact
of non-persistence on fracture risk or biomarker change was
not assessed. In addition, gender differences in medication
persistence were not assessed since this study focused exclu-
sively on postmenopausal women who initiated osteoporosis
treatment. Finally, data analyzed covered 2010 to 2015, and it
is possible that treatment patterns as well as persistence may
have changed over the years. Future research could provide
insights using more recent data and potentially be designed to
assess the clinical impact of non-persistence on fracture risk
and biomarker change.

Study strengths include a rigorous assessment of long-term
persistence across a broad range of common osteoporosis thera-
pies in a large and diverse population of postmenopausal women.
Results based on this broad population should generalize well to
the national population of similarly aged women. In addition, the
3-year follow-up period in this study provides unique informa-
tion on long-term persistence with anti-resorptive osteoporosis
medications; this type of information is critical for building an
understanding of the likely treatment benefit from real-world use
since osteoporosis is a chronic disease that requires ongoing
therapy. These results document better long-term persistence
among patients who initiated osteoporosis treatment with
denosumab, compared with patients who initiated other com-
monly used osteoporosis medications, including oral
bisphosphonates; however, the observed level of medication per-
sistence overall, even after considering treatment re-initiations
and switches, indicates that there is a critical need for improve-
ment. Further research is needed to better understand barriers to

long-term persistence. Efforts to enhance physicians’ and pa-
tients’ understanding of the significance of osteoporosis and the
role of persistence with pharmacologic therapy in fracture risk
reduction will likely provide an important avenue for improving
outcomes for patients with osteoporosis.
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