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Abstract
Summary We characterized patients initiating abaloparatide (ABL), teriparatide (TPTD), or denosumab (DMAB) in a real-world
clinical setting from a large medical and pharmacy claims database. Differences were noted in sex, age, pathologic fractures,
comorbidity index, and prior bisphosphonate use for patients initiating ABL and TPTD compared with those receiving DMAB.
Introduction To characterize patients initiating abaloparatide (ABL), teriparatide (TPTD), or denosumab (DMAB) treatment in a
real-world clinical setting.
Methods Patients aged ≥ 18 years initiating ABL, TPTD, or DMAB between May 1, 2017, and September 24, 2018 (without
receiving the same drug in the previous 12 months), were identified using the OM1 Data Cloud, which contains medical and
pharmacy claims from approximately 200 million US patients. The index date was the date of initial prescription or dispensing
for ABL, TPTD, or DMAB during the study period.
Results During the study period, 2666 patients initiated ABL, 9210 TPTD, and 116,718 DMAB. Mean age (standard deviation)
was 69.2 (10.6) years for the ABL cohort, 68.6 (11.3) for TPTD, and 72.1 (10.2) for DMAB (P < 0.001; ABL vs DMAB).
Proportionally more patients initiating ABL were female (95.2% ABL, 86.9% TPTD, and 91.3% DMAB, P < 0.001 ABL vs
TPTD or DMAB). Nearly twice as many patients initiating ABL (19.1%) and TPTD (18.8%) had a previous pathologic/fragility
fracture vs DMAB (9.6%; P < 0.001 ABL vs DMAB). Fewer patients initiating ABL (36.3%) or TPTD (39.7%) had Charlson
comorbidity index of ≥ 2 vs DMAB (48.4%; P < 0.001 ABL vs DMAB). Before initiating ABL, TPTD, or DMAB, 44.3%,
33.8%, and 33.9% of patients had prior osteoporosis treatment, respectively. Bisphosphonate use was more common before
initiating ABL (19.2%) or TPTD (19.6%), than before initiating DMAB (16.6%; P < 0.001 ABL vs DMAB).
Conclusions Patients initiating ABL and TPTD differed in sex, age, pathologic fractures, comorbidity index, and prior bisphos-
phonate use compared with those initiating DMAB.
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Introduction

Emerging evidence supports sequential therapy with an ana-
bolic agent followed by an antiresorptive agent as an effective
treatment option for postmenopausal women with osteoporo-
sis at high risk for fractures [1, 2]. However, payors often
dictate starting with less expensive agents and only advancing
to more expensive agents if there is a contraindication, intol-
erance, or failure of the less expensive agents. Antiresorptive
treatments, such as bisphosphonates and denosumab
(DMAB), are frequently used for the treatment of postmeno-
pausal osteoporosis. While antiresorptive agents improve
bone mineral density (BMD) by reducing bone remodeling
and increasing the degree of mineralization, anabolic agents
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increase BMD and bone quality, leading to improvements in
bone strength [3–6].

Teriparatide (TPTD) is a parathyroid hormone analog
(PTH1-34) and abaloparatide (ABL) is a parathyroid hormone
(PTH)–related peptide analog. Each increases BMD through
anabolic effects that increase bone formation [7–9]. Both ABL
and TPTD have evidence of fracture risk reduction in post-
menopausal osteoporosis [8, 9] and, like DMAB, are FDA
approved for treatment of postmenopausal osteoporosis with
high risk for fractures (TPTD approved November 26, 2002,
and ABL April 28, 2017) [10–12], defined as having a history
of osteoporosis-related fractures, multiple risk factors, or hav-
ing failed other osteoporosis therapies [2, 11]. DMAB has
been approved for the treatment of osteoporosis in men, and
both TPTD and DMAB are indicated for the treatment of
osteoporosis related to sustained systemic glucocorticoid ther-
apy in men and women. All three medications are adminis-
tered subcutaneously, once daily for ABL and TPTD and
every 6 months for DMAB. Use of ABL or TPTD for more
than 2 years during a patient’s lifetime is not recommended.

Risk-sharing contracts between payors and manufacturers re-
quire data analysis to establish the relative benefits and risks of
various medications. Clinical treatment choices are impacted by
multiple factors. Understanding characteristics of real world treat-
ed patients is the first step toward effectiveness evaluation espe-
cially in this disease area where treatment history and fracture
history have an important impact on treatment response.
Previous studies reported pretreatment differences in patients
who initiatedTPTDversus bisphosphonates or other osteoporosis
therapies [13, 14]; however, no data are available in the current
literature regarding characteristics of patients initiating ABL ver-
sus other treatment options. Characterizing patients initiating
ABL vs those initiating TPTD or DMAB will enable a better
understanding of treatment selection and allow for proper case-
mix adjustment for future real-world effectiveness and compara-
tive effectiveness studies. Collecting enough meaningful data
through traditional disease registries can be time consuming,
and most importantly because enrollment is unpredictable, data
collection can be difficult; however, real-world data, such as elec-
tronic medical and pharmacy claims databases, can track larger
numbers of patients and outcomes more efficiently over time.

This report examines the characteristics of patients initiat-
ing treatment with ABL compared with TPTD or DMAB in
the real-world clinical setting using a large national medical
and pharmacy claims database.

Methods

Data source

The OM1 Data Cloud is a continuously updated, determinis-
tically linked, multi-source US-based dataset that includes

payor-agnostic medical claims that contain billing and coding
history on inpatient and outpatient encounters from acute care
facilities, ambulatory surgery centers and clinics, and problem
lists, and pharmacy claims for prescription filling or medica-
tion dispensing for over 200 million US-based patients
[15–17]. Data are ingested, cleaned, and normalized while
being updated to create longitudinal patient journeys for anal-
ysis. Data checks for range and consistency are used to im-
prove accuracy of the data. Data completeness is dependent on
the individual variable and how it is measured and recorded
either during routine practice or in administrative data sources.

For a subgroup of patients (over 35 million), linked clinical
details from electronic medical records (EMRs) were also in-
cluded to augment diagnosis and procedure codes and to cap-
ture variables not readily available from claims such as
smoking history, alcohol use disorder, and most recent body
mass index (BMI). As EMR data are only available for a
subgroup of patients, limited data are reported on variables
that are typically available only through EMRs.

Study population

Eligible patients were those ≥ 18 years of age initiating ABL,
TPTD, or DMAB. Although osteoporosis is most common in
postmenopausal women [2], 18 years was used as the age cut-
off to allow for inclusion of patients being treated for second-
ary osteoporosis. The index date was defined as the first oc-
currence of either a prescription or dispensing of medication
for ABL, TPTD, or DMAB. For evaluation of treatment pat-
terns, the date when first dispensed was used. The identifica-
tion period for patient characterization was between May 1,
2017 (coinciding with the FDA approval of ABL), and
September 24, 2018. An exploratory analysis of treatment
patterns was also conducted between May 1, 2017, and
May 7, 2018, for a subpopulation of patients with pharmacy
claims data available for pre-index exposure to TPTD or
DMAB.

Patients were required to have at least 12 months of data
available prior to the index date and were excluded from a
cohort (ABL, TPTD, or DMAB) if there was evidence of
treatment with the same drug in the 12 months prior to the
index date. Patients were not required to have diagnosis codes
for osteoporosis or osteopenia, so that we could capture the
full prescribing patterns. Additional exclusion criteria were
diagnosis codes for Paget’s disease and any malignancy (ex-
cept for nonmelanoma skin cancer).

Demographic data

Patient demographic characteristics, including age, sex, race,
and insurance type (commercial, Medicare, Medicaid, other)
were collected.
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Medical diagnoses

Medical diagnoses were assessed using the presence of ICD-9
and ICD-10 codes in diagnostic claims for inpatient or outpa-
tient services regardless of the priority level of the code for the
encounter. Osteoporosis disease history (i.e., diagnosis date
and documented fractures) and osteoporosis-related treatment
history (i.e., prior medication use) were assessed using struc-
tured (coded) data. Text-note-based clinical data was not
available. Fractures were determined based on the presence
of a diagnostic code for fracture at any position in the claim
(primary, secondary, etc.) (Supplemental Table 1). Female
patients who had a diagnosis code indicating menopause or
postmenopausal status, had a history of bilateral oophorecto-
my or postprocedural ovarian failure, or were ≥ 55 years at
index date were considered postmenopausal.

The presence of procedure codes for osteoporosis diagnos-
tic procedures within 12 months prior to or on the index date
were recorded (BMD-dual energy X-ray absorptiometry
[DXA] or BMD-other, e.g., quantitative computed tomogra-
phy [QCT], ultrasound, or unspecified). Patients may have
had codes for more than one procedure category. The resultant
numerical measurement values are not available as part of this
database.

Additional data on factors contributing to future fracture
risk were collected from claims data and, for a subset of pa-
tients, from structured data within the EMR, and included
codes for fracture, smoking history, alcohol use disorder, and
the most recent bodymass index (BMI) prior to the index date.
Standard BMI categories for adults were utilized: underweight
(< 18.5 kg/m2), normal (18.5–24.9 kg/m2), overweight (25.0–
29.9 kg/m2), and obese (≥ 30 kg/m2). Tobacco use was iden-
tified by diagnosis codes indicating a history of tobacco use at
any time prior to or including the index date including both
current and former users. Alcohol use was only captured when
codes for an alcohol use disorder occurred.

Additional comorbid conditions were detected using the
presence of ICD-9 and ICD-10 codes, especially indicators
supporting future fracture risk (Supplemental Table 2).
Comorbidity burden was estimated using the Charlson comor-
bidity index (CCI) based on diagnosis codes documented on
or prior to the index date [18].

Treatment history

Medical and pharmacy claims available for all patients in the
OM1 database (either prescription documentation or medica-
tion dispensed) were used to assess cumulative duration of
pre-index exposure for each cohort. Osteoporosis medication
history included exposure to selected medications at any time
prior to the index date. Patients could have been counted in
multiple medication categories. Bisphosphonates included
alendronate, zoledronic acid, ibandronate, risedronate,

pamidronate, and etidronate. Selective estrogen receptor mod-
ulators (SERMs) included ospemifene and raloxifene. Other
osteoporosis medications included ABL, TPTD, DMAB, and
estrogen containing hormone replacement therapy. Xgeva,
denosumab given every 4 weeks, is indicated for malignan-
cies. As such, it was excluded using the National Drug Code
and the Common Procedure Coding system. Calcitonin expo-
sure was not included. Evidence of glucocorticoid use was
assessed, stratified by route of administration (oral, inhaled,
and nasal), at any time prior to the index date. Chronic oral
glucocorticoid use was determined by evidence of at least 90
consecutive days of oral glucocorticoid use at any time prior to
the index date.

Sub-analysis: pre-index exposure to DMAB or TPTD

In a subpopulation of patients, pharmacy claims data between
May 1, 2017, and May 7, 2018, was used to quantify the
extent of prior (pre-index) exposure to DMAB or TPTD in
the treatment groups. For this sub-analysis, exposure was de-
fined as having filled a prescription (medication dispensed).
For purposes of calculating duration of DMAB exposure, a
single injection of DMAB represented 6 months of exposure
and discontinuation of DMAB was counted when a patient
initiated another osteoporosis-specific medication or if they
did not have a subsequent DMAB exposure within 60 days
following the end of the prior exposure, whichever was earlier.
This allowed for a grace period in assessing discontinuation
for delays due to missed appointments, insurance approval
issues, or other situations where drug treatment was actually
being continued. Mean duration of therapy and the duration
between pre-index treatment discontinuation and the start of
index treatment were calculated in months.

Statistical analyses

Analyses were provided overall and by index medica-
tion. Patient characteristics, treatments, and comorbidi-
ties were summarized with descriptive statistics.
Missing values were not imputed, as is typical for
claims-based studies [19]. Statistical tests comparing
groups of interest were based on analysis of variance
(ANOVA) or chi-square test as appropriate. If signifi-
cant differences were detected among the groups based
on the global P values, pairwise comparisons were per-
formed, including P values, differences between means
and associated 95% confidence intervals, or risk differ-
ences (i.e., difference between proportions) and associ-
ated 95% confidence intervals.

P value was considered significant if < 0.05. Statistical
analyses were performed with SAS (version 9.4, Cary, NC).
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Results

Demographic data

BetweenMay 1, 2017, and September 24, 2018, 2666 patients
initiated ABL therapy, 9210 initiated TPTD therapy, and
116,718 initiated DMAB therapy (Fig. 1). The median dura-
tion of pre-index historical data per patient was 4.59 years
(minimum 4.07, maximum 5.02), and the majority of patients
were female (91.1%) with a mean age (standard deviation
[SD]) of 71.8 (10.4) years. Most patients (76.3%) were
≥ 65 years of age, 21.7% were 50–64 years, and 1.9% were
≤ 49 years. The majority of patients (98.1%) were ≥ 50 years
of age and postmenopausal women (86.8%).

Mean age (SD) for the ABL, TPTD, and DMAB cohorts,
respectively, was 69.2 (10.6), 68.6 (11.3), and 72.1 (10.2)
(P < 0.001 for ABL vs DMAB) (Table 1). Although the ma-
jority of patients were female in all groups (95.2% ABL,
86.9% TPTD, and 91.3% DMAB), the proportion of female
patients was higher for patients initiating ABL vs both TPTD
and DMAB (each P < 0.001). Proportionally fewer patients
initiating ABL or TPTD had commercial insurance and a
higher proportion had Medicare compared with those initiat-
ing DMAB (P < 0.001) (Table 1).

Osteoporosis and related codes

Themean duration in years from earliest detected osteoporosis
diagnosis code to the index date was 3.0 (1.6) years overall
and 2.8 (1.8), 2.3 (1.8), and 3.1 (1.6) for the ABL, TPTD, and
DMAB cohorts, respectively (Table 2). Overall, 24.9% of pa-
tients had procedure codes for BMD-DXA detectable in the
12 months prior to the index date. Of patients initiating ABL,
fewer had BMD-DXA codes compared with patients initiating
DMAB (20.8% vs 25.5%, P < 0.001), but more had BMD-

DXA performed within 12 months prior to index date com-
pared with patients initiating TPTD (20.8% vs. 18.6%,
P = 0.009). Only 0.2% of patients in each treatment group
had a procedure code for other types of BMD measurements
(QCT, ultrasound, or unspecified).

Overall, 28.2% of patients had any prior fracture. Patients
initiating ABL were more likely to have a history of any frac-
ture (43.7%) than patients initiating DMAB (28.8%), includ-
ing any vertebral fracture (22.2% vs 10.9%, P < 0.001), any
nonvertebral fracture (24.3% vs 18.1% P < 0.001), any path-
ologic or fragility fracture (19.1% vs 9.6%, P < 0.001), or
pathologic fracture in the year prior to index treatment initia-
tion (15.8% vs 6.7%, P < 0.001) (Table 2). Fracture history
was similar for patients initiating ABL and patients initiating
TPTD, except patients initiating TPTD had more nonvertebral
fractures (27.3% vs 24.3%, P = 0.002), including more hip
(11.4% vs 9.5%, P = 0.006) and rib/sternal (3.8% vs 2.7%,
P = 0.011) fractures. Additional risk factors for fracture in-
cluded tobacco use codes in 16.8% of patients (18.7% ABL,
20.4% TPTD, 16.4% DMAB) and alcohol use disorder codes
in 1.8% of patients (2.1% ABL, 2.6% TPTD, 1.7% DMAB).
In patients for whom BMI data was available (N = 54,332),
5.1% were underweight (6.4% ABL, 6.3% TPTD, 4.9%
DMAB), 45.2% had normal BMI (46.8% ABL, 44.6%
TPTD, 45.3% DMAB), 29.1% were overweight (26.5%
ABL, 26.6% TPTD, 29.4% DMAB), and 20.6% were obese
(20.3% ABL, 22.5% TPTD, 20.4% DMAB).

Overall, the most prevalent comorbid conditions detected
were osteoarthritis (48.6%), gastrointestinal (GI) disorders
(47.1%), type 2 diabetes (20.5%), and respiratory diseases
(chronic obstructive pulmonary disease 20.4% and asthma
12.8%) (Table 3). Patients initiating ABL had fewer GI disor-
ders (42.6%) than patients initiating TPTD (46.9%) or DMAB
(47.3%) (P < 0.001). Both ABL- and TPTD-treated patients
had lower mean Charlson comorbidity index compared with

De-Iden�fied, Healthcare and Pharmacy Claims Data 
 

Claims data were linked to electronic medical 

OM1 Data Cloud
(Study period May 1, 2017 to September 24, 2018)

ABLABL TPTDTPTD DMABDMAB

Fig. 1 Patient disposition. ABL,
abaloparatide; DMAB,
denosumab; TPTD, teriparatide
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DMAB-treated patients, with 36.3%, 39.7%, and 48.4% of
ABL, TPTD, and DMAB patients, respectively, having a
score of ≥ 2 (P < 0.001), suggesting greater comorbidity bur-
den among patients chosen for DMAB.

Approximately 58% of all patients had one or more condi-
tions associated with increased risk of fall, with visual impair-
ment being the most frequent (33.1%), followed by neuromus-
cular conditions (23.3%), and dizziness/vertigo (17.3%). The
frequency was similar for all treatment groups (Table 3).

Treatment history

Pre-index data for treatment history are presented for all pa-
tients with any prescribing or claims data. Pre-index, 44.3%,
33.8%, and 33.9% of patients initiating ABL, TPTD, or
DMAB had prior osteoporosis treatment, respectively.
Specifically regarding pre-index therapy, 16.9% of patients
received bisphosphonate(s), 1.9% SERMs, and 20.3% other
osteoporosis medications. Alendronate was the most com-
monly used bisphosphonate, followed by zoledronic acid
and ibandronate.

Rates of documented prior bisphosphonate use were simi-
lar in patients initiating ABL and TPTD and lower for patients
initiating DMAB (19.2%, 19.6%, and 16.6%, respectively;
P < 0.001 for ABL vs DMAB) (Table 4). Less than 5% of
patients initiating ABL, TPTD, or DMAB were exposed to
SERMs and < 10% had prior HRT. Prior DMAB use was
more common for patients initiating ABL compared with pa-
tients initiating TPTD (14.8% vs 7.1%, P < 0.001). Prior
TPTD use was more common for patients initiating ABL
compared with patients initiating DMAB (14.7% vs 1.9%,
P < 0.001).

Additionally, 47.4% of all patients had any exposure to
glucocorticoids and 7.1% to long-term oral glucocorticoids
(at least 90 consecutive days) prior to their index date, with
19.2% currently on glucocorticoids and 0.7% currently on
long-term oral glucocorticoids. Exposure to any glucocorti-
coids was similar for patients initiating ABL and patients ini-
tiating TPTD; however, chronic oral glucocorticoid use and
current glucocorticoid use (any or chronic oral) were signifi-
cantly higher in patients initiating TPTD (P < 0.001)
(Table 4).

Pre-index exposure to TPTD and DMAB in patients
with pharmacy claims data available

As pharmacy claims (medication dispensing) data provide
more confident assessments of patients starting and continu-
ing a medication, the subset of patients having pharmacy
claims data with index dates between May 1, 2017, and
May 7, 2018, were included in a subanalysis. Overall,
78,789 patients initiating ABL, TPTD, or DMAB had

pharmacy claims data available (in addition to healthcare
claims data).

Of patients initiating ABL, 204 and 166 had pre-index
exposure to TPTD and DMAB, respectively. The mean dura-
tion (SD) of pre-index TPTD therapy was 3.6 (4.4) months
and of pre-index DMAB therapy was 12.9 (10.4) months
(Table 5). The mean time between TPTD discontinuation
and ABL initiation was 6.5 (11.4) months and between
DMAB discontinuation and ABL initiation was 11.4 (13.2)
months. Data regarding the use of other osteoporosis medica-
tions during this interval was not collected. Of patients initi-
ating TPTD, 255 had pre-index exposure to DMAB. The
mean duration of pre-index DMAB therapy was 12.4 (9.7)
months, and the mean time between DMAB discontinuation
and TPTD start was 17.1 (14.3) months (Table 5). Of patients
initiating DMAB, 766 had pre-index TPTD utilization. The
mean duration (SD) of pre-index TPTD therapy was 6.8 (7.4)
months, and the mean time between TPTD discontinuation
and DMAB start was 26.5 (15.1) months.

Discussion

The current study is the first to our knowledge to compare
clinical characteristics of patients initiating ABL to those ini-
tiating TPTD or DMAB in the real-world setting following the
FDA approval of ABL in May 2017. Real-world data for
TPTD and DMAB have been previously reported [13, 14,
20], while less data are available for the more recently ap-
proved ABL. Overall, the patients included in this analysis
were diverse and representative of the US osteoporosis popu-
lation. In this population, it appears that patients initiating
anabolic therapies (ABL and TPTD) have more similar demo-
graphics and clinical characteristics, compared with patients
initiating antiresorptive therapy with DMAB. The reasons for
these differences are not known but may be due to access to
therapy through payors, clinician interpretation of available
evidence on safety or efficacy, patient willingness to take a
daily injectable therapy, or patient or physician concerns re-
garding side effects. The higher proportion of females in pa-
tients initiating ABL likely reflects lack of an FDA indication
for ABL for treatment of osteoporosis in men.

Patients initiating anabolic therapy were more likely to
have a history of fractures, suggesting physicians may be re-
serving anabolic therapy for patients perceived at higher frac-
ture risk. The relatively low proportion of patients overall who
initiated treatment with a prior fracture in our study is consis-
tent with previous studies indicating that 70 to 80% of patients
who sustain a fracture are neither diagnosed nor treated for
osteoporosis [21, 22]. In addition some patients who had a
fracture history may be initiating other osteoporosis therapies
instead of those in this study.
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Two previous studies found that patients initiating an anabolic
therapy (TPTD) had poorer health status and were more likely to
have a history of fracture than patients initiating bisphosphonates
or other osteoporosis treatments [13, 14]. Patients initiating
TPTD in prior studies were older than patients initiating other
therapies, while patients initiating ABL or TPTD in our study
were younger than those initiating DMAB. However, prior stud-
ies compared TPTD with bisphosphonates, raloxifene, nasal cal-
citonin, or HRT, whereas our study only compared ABL, TPTD,
and DMAB. In our study patients receiving DMAB had worse
health status suggested by higher Charlson comorbidity index
than patients receiving ABL or TPTD.

The most prevalent comorbidities in our study included
osteoarthritis and conditions often associated with poor bone
quality or bone loss (i.e., diabetes and respiratory disorders)
[23, 24]. GI disorders were also highly prevalent (47.1%)
among patients selected for these injectable therapies, which
may be due to concerns regarding reported GI side effects
associated with oral bisphosphonate [23]. In a recent study
of US managed care enrollees, patients with post-treatment
GI diagnoses were 35.6% more likely to discontinue oral
bisphosphonates or switch treatment (HR = 1.356, 95% CI =
1.318–1.396) during the 12-month follow-up compared with
those without post-treatment GI diagnoses [23]. Further, the
high rate of glucocorticoid use in our population may warrant
further evaluation due to potential impact on future fracture
risk and to inform choice of treatment.

Also, of note, there were higher percentages of patients
with rheumatoid arthritis in the ABL and TPTD treatment
groups compared with the DMAB group. Although the cur-
rent study did not collect provider specialty data, previous
studies have shown that a higher proportion of patients treated
by specialists are on anabolic agents compared with patients
treated by primary care physicians [25].

A large portion of our population had no documentation of
prior osteoporosis therapies during a median of 4.59 (mini-
mum 4.07, maximum 5.02) years within this database prior to
index date. Emerging evidence supports sequential therapy
starting with anabolics in patients at high risk for fractures
[1, 2]. However, the current study suggests that in practice,
the vast majority of patients are treated with antiresorptive
agents first (counting bisphosphonates and DMAB, etc.) and
anabolics are presumably reserved for those with perceived
treatment failures or increasing risk factors, which may not
be optimal. Our data also suggest that there may be a large
delay (with means ranging from 6.5 to 26.5 months) after
discontinuing DMAB or TPTD before initiation of subsequent
therapy. This duration is concerning given the notable in-
creased bone loss after discontinuing either agent and the high
risk of vertebral fractures following DMAB treatment discon-
tinuation [26]. Reasons for this delay in treatment are unclear
but may be due to lack of proper documentation (e.g.,
uncaptured prescriptions) or healthcare provider knowledge

of treatment guidelines, physician-led drug holidays (includ-
ing misunderstanding of the drug mechanisms), patient toler-
ability issues, treatment costs, treatment failure, lack of ade-
quate monitoring/follow-up, fear of side effects, or onset of
new diseases. It is not known whether patients were pre-
scribed other uncaptured osteoporosis treatments (apart from
ABL, TPTD, DMAB) during this interval.

The results of the current study must be interpreted within
the context of some limitations. First, one of the limitations of
using secondary data in research is the lack of uniform avail-
ability of data components for all patients. In the current study,
patients had a variable duration of health plan enrollment so
complete treatment and medical codes were not available for
all patients, which could alter the proportions of patients re-
ceiving any medical therapy. Nevertheless, there is no known
imbalance regarding duration of health plan enrollment for
patients by treatment cohort, and the median duration of pre-
treatment medical data available was similar between groups
(4–5 years). Socio-economic data including patient co-pay
and out-of-pocket costs were lacking, which could impact
access to expensive treatments. Furthermore, we did not have
the ability to differentiate type of Medicare coverage.

Another limitation is incomplete availability of data indicating
disease severity or future fracture risk. While information on
smoking and alcohol use disorders were included in the analyses,
these data were based on available claims and EMR data and
likely are under-representative of actual smoking and alcohol use
disorder in the population studied. Further, only a subset of pa-
tients had integrated claims and EMR data, which would provide
additional indicators of disease severity (i.e., BMI, race, etc.).
Additionally, we do not have access to data on actual BMD
results. Thus, we were unable to assess differences or changes
in bone density as predictors of treatment choices.

Missing medical and treatment codes may lead to an un-
derestimation of the reported diagnostic procedures (i.e.,
DXA). Notably reimbursements for these diagnostic tests are
often every 2 years and osteoporosis diagnostic procedures
were recorded only within 12 months prior to index date,
which may limit howmany patients were measured proximate
to their initiation of our drugs of interest. It is possible that for
some patients, bone density was assessed in a facility or loca-
tion that was not captured in our data, or that the decision to
start treatment was based on other risk factors such as fracture
risk assessment tool (FRAX) score. While missing data due to
administrative errors or encounters occurring outside the sys-
tem are inherent to the secondary use of EMR data, there is no
evidence that systematic bias between cohorts affected our
results, which are generally consistent with other recent stud-
ies. In a previous study, of 8339 adherent patients on an oral
bisphosphonate, only 3110 (37.3%) had available DXA data
within the 2-year pre-index period, and only 620 had pre- and
post-index (13 to 36 months from the index date) DXA data
[27]. In addition, Gillespie et al. reported that within 6 months
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of hip fracture, 13% of women underwent bone mass testing,
7% initiated pharmacotherapy, and only 3% did both [28].

Finally, this study only compared ABL, TPTD, and
DMABwithout comparing cohorts initiating other osteoporo-
sis treatments. Comparisons of ABL vs TPTD and ABL vs
DMAB were selected because real-world evidence on TPTD
and DMAB have been previously reported, while less real-
world data are available for the more recently approved ABL.
Notably, prior to 2019, ABL and TPTDwere the only anabol-
ic agents FDA approved for postmenopausal osteoporosis at
high risk for fragility fractures [10, 11, 29]; thus, we were not
able to incorporate prescribing of other anabolic therapies
(i.e., romosozumab) in our analysis.

Strengths of this study include the large sample size of
patients initiating therapy identified based on claims data,
suggesting the drug was actually obtained by patients. This
large sample size allowed us to compare various clinical char-
acteristics between groups. Future studies will allow us to
compare real-world treatment effects on fractures, which are
the most important outcomes for osteoporosis.

Conclusions

From this prospective registry we characterized patients
initiating ABL, TPTD, and DMAB. The current study is
the first to characterize patients initiating ABL in the USA
in the year following FDA approval. The findings reflect
similarities in patients’ demographic and clinical character-
istics for patients initiating the anabolic agents ABL and
TPTD, and notable differences compared with patients re-
ceiving DMAB. Data on treatment history suggest possible
gaps in treatment following anabolic agents or DMAB,
inconsistent with general recommendations regarding

sequential treatment [1, 2], though further studies are re-
quired. Evaluations of treatment patterns and treatment or-
der are of high importance in identification of factors con-
tributing to health variations in health outcomes and costs
of care. As data accumulate on real-world use of these
treatments, future studies will pursue analysis of real-
world treatment patterns, treatment persistence, and clini-
cal outcomes during therapy which can be used to address
stakeholders’ need for comparative evidence.
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Table 5 Pre-index exposure to TPTD and DMABa

Pre-index exposures ABL
N = 1814

TPTD
N = 5945

DMAB
N = 71,030

TPTD, n 204 766

Duration of therapy, months
Mean (SD) 3.6 (4.4) 6.8 (7.4)

Interval between TPTD cessation and initiation of drug of interest, monthsb

Mean (SD) 6.5 (11.4) 26.5 (15.1)

DMAB, n 166 255

Duration of therapy, months
Mean (SD) 12.9 (10.4) 12.4 (9.7)
Interval between DMAB cessation and initiation of drug of interest, months
Mean (SD) 11.4 (13.2) 17.1 (14.3)

ABL, abaloparatide; DMAB, denosumab; SD, standard deviation; TPTD, teriparatide
a Includes a subpopulation of patients between May 1, 2017, and May 7, 2018, for whom pharmacy claims data was available
b Duration in months between pre-index treatment discontinuation and start of index treatment
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