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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 bisphosphonate use compared with those initiating DMAB.
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Introduction
Electronic supplementary material The online version of this article
(https://doi.org/10.1007/s00198-020-05388-y) contains supplementary
material, which is available to authorized users.
* E.A. Imel
eimel@iu.edu
1

Department of Medicine, Endocrinology, Indiana University School
of Medicine, Gatch Hall, Suite 380 F, 1120 W. Michigan St.,
Indianapolis, IN 46202-5111, USA

2

OM1, Inc., 800 Boylston St, Boston, MA 02199, USA

3

Radius Health, Inc., 950 Winter St, Waltham, MA 02451, USA

Emerging evidence supports sequential therapy with an anabolic agent followed by an antiresorptive agent as an effective
treatment option for postmenopausal women with osteoporosis 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, intolerance, or failure of the less expensive agents. Antiresorptive
treatments, such as bisphosphonates and denosumab
(DMAB), are frequently used for the treatment of postmenopausal 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 postmenopausal 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 having 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 therapy in men and women. All three medications are administered 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 require 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 treated patients is the first step toward effectiveness evaluation especially 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 initiated TPTD versus bisphosphonates or other osteoporosis
therapies [13, 14]; however, no data are available in the current
literature regarding characteristics of patients initiating ABL versus 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 casemix adjustment for future real-world effectiveness and comparative 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 electronic medical and pharmacy claims databases, can track larger
numbers of patients and outcomes more efficiently over time.
This report examines the characteristics of patients initiating treatment with ABL compared with TPTD or DMAB in
the real-world clinical setting using a large national medical
and pharmacy claims database.

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 medication 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 analysis. Data checks for range and consistency are used to improve 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 included to augment diagnosis and procedure codes and to capture 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 cutoff to allow for inclusion of patients being treated for secondary osteoporosis. The index date was defined as the first occurrence of either a prescription or dispensing of medication
for ABL, TPTD, or DMAB. For evaluation of treatment patterns, the date when first dispensed was used. The identification 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 (except for nonmelanoma skin cancer).

Methods
Demographic data
Data source
The OM1 Data Cloud is a continuously updated, deterministically linked, multi-source US-based dataset that includes

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 outpatient 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 structured (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 oophorectomy or postprocedural ovarian failure, or were ≥ 55 years at
index date were considered postmenopausal.
The presence of procedure codes for osteoporosis diagnostic 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 tomography [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 patients, from structured data within the EMR, and included
codes for fracture, smoking history, alcohol use disorder, and
the most recent body mass 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 identified 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 comorbidity 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 medication 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 modulators (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 malignancies. As such, it was excluded using the National Drug Code
and the Common Procedure Coding system. Calcitonin exposure 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 defined 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 medication. Patient characteristics, treatments, and comorbidities 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 significant differences were detected among the groups based
on the global P values, pairwise comparisons were performed, including P values, differences between means
and associated 95% confidence intervals, or risk differences (i.e., difference between proportions) and associated 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
Between May 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 duration 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 majority 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 initiating DMAB (P < 0.001) (Table 1).

Osteoporosis and related codes
The mean 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 patients 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 compared 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 fracture (43.7%) than patients initiating DMAB (28.8%), including any vertebral fracture (22.2% vs 10.9%, P < 0.001), any
nonvertebral fracture (24.3% vs 18.1% P < 0.001), any pathologic or fragility fracture (19.1% vs 9.6%, P < 0.001), or
pathologic fracture in the year prior to index treatment initiation (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 included 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 disorders (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
OM1 Data Cloud

Fig. 1 Patient disposition. ABL,
abaloparatide; DMAB,
denosumab; TPTD, teriparatide

(Study period May 1, 2017 to September 24, 2018)
De-Idenﬁed, Healthcare and Pharmacy Claims Data

Claims data were linked to electronic medical

ABL

TPTD

DMAB

N = 2666
69.2 (10.6)
N = 2666
68 (2.6)
838 (31.4)
1760 (66.0)
N = 2666
2538 (95.2)
N = 1127
1023 (90.8)
57 (5.1)
46 (4.1)
1 (0.1)
N = 2542
1126 (44.3)
1372 (54.0)
32 (1.3)
12 (0.5)

N = 128,594
71.8 (10.4)
N = 128,594
2474 (1.9)
27,961 (21.7)
98,159 (76.3)
N = 128,594
117,143 (91.1)
N = 47,839
43,979 (91.9)
1752 (3.7)
2043 (4.3)
65 (0.1)
N = 124,079
68,332 (55.1)
53,244 (42.9)
1662 (1.3)
841 (0.7)

N = 9210
68.6 (11.3)
N = 9210
409 (4.4)
2783 (30.2)
6018 (65.3)
N = 9210
8008 (86.9)
N = 4328
4128 (95.4)
93 (2.1)
104 (2.4)
3.0 (0.1)
N = 8773
3458 (39.4)
4962 (56.6)
224 (2.6)
102 (1.2)

TPTD

N = 116,718
72.1 (10.2)
N = 116,718
1997 (1.7)
24,340 (20.9)
90,381 (77.4)
N = 116,718
106,597 (91.3)
N = 42,384
38,828 (91.6)
1602 (3.8)
1893 (4.5)
61 (0.1)
N = 112,764
63,721 (56.5)
46,910 (41.6)
1406 (1.2)
727 (0.6)

DMAB

< 0.001

< 0.001
< 0.001

< 0.001

< 0.001

< 0.001
< 0.001

< 0.001

< 0.001

0.146

< 0.001

< 0.001

< 0.001

ABL vs
DMAB

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

8.3 (7.2; 9.3)

0.6 (0.1; 1.0)

DMAB vs ABL vs
TPTD
TPTD

3.9 (3.0; 4.7)

− 2.9 (− 3.3; − 2.5)

ABL vs
DMAB

4.4 (3.7; 5.1)

3.4 (3.2; 3.7)

DMAB vs
TPTD

Difference between proportions (95% confidence interval)

ABL is only approved for postmenopausal women with osteoporosis. TPTD and DMAB are approved for both men and postmenopausal women with osteoporosis

0.009

< 0.001

Global P value
P valueb
ABL vs
TPTD

b

For categorical variables with two categories, if significant differences were detected among the groups based on the global P values, pairwise comparisons were performed. Difference in proportion was
calculated as the difference in the percentage of patients across treatment groups for each variable of interest

a

ABL, abaloparatide; DMAB, denosumab; SD, standard deviation; TPTD, teriparatide

ABLa

Total

Patient characteristics

Age, years
Mean (SD)
Age, n (%)
≤ 49
50 to 64
≥ 65
Sex, n (%)
Femalea
Race, n (%)
Caucasian
Asian
African American
Other
Insurance coverage, n (%)
Commercial
Medicare
Medicaid
Other

Table 1
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< 0.001
0.007
< 0.001
< 0.001

0.009

< 0.001 < 0.001
< 0.001
0.735
0.303
0.137
0.141
0.295
0.974
0.002
0.006
0.505
0.710
0.220
0.011
0.178
0.460
0.051

< 0.001

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

< 0.001

< 0.001
< 0.001

< 0.001

< 0.001

DMAB vs
TPTD

9.2 (7.8; 10.6)
− 1.8 (− 3.6; 0.0) 11.3 (9.7; 12.9)
− 1.2 (− 2.8; 0.4)
8.8 (7.3; 10.2)
− 0.8 (− 2.3; 0.7)
6.4 (5.1; 7.6)
− 0.0 (− 0.2; 0.2)
0.2 (0.0; 0.4)
− 3.0 (− 4.8; − 1.1) 6.2 (4.5; 7.8)
− 1.9 (− 3.2; − 0.6) 3.9 (2.8; 5.0)
− 0.3 (− 1.3; 0.6)
1.1 (0.3; 1.9)
− 0.2 (− 1.1; 0.8)
1.2 (0.4; 2.0)
− 0.5 (− 1.3; 0.3)
0.8 (0.1; 1.5)
− 1.0 (− 1.8; − 0.3) 0.3 (− 0.4; 0.9)
− 0.6 (− 1.3; 0.2)
0.9 (0.2; 1.5)
− 0.3 (− 1.0; 0.5)
0.7 (0.0; 1.4)
− 0.4 (− 0.8; − 0.1) 0.1 (− 0.3; 0.4)

0.8 (− 0.8; 2.4)

− 13.1 (− 14.0; − 12.2)
− 10.0 (− 10.8; − 9.2)
− 7.1 (− 7.9; − 6.4)
− 0.2 (− 0.3; − 0.1)
− 9.1 (− 10.1; − 8.2)
− 5.8 (− 6.4; − 5.1)
− 1.4 (− 1.9; − 1.0)
− 1.3 (− 1.8; − 0.9)
− 1.3 (− 1.7; − 0.9)
− 1.3 (− 1.7; − 0.9)
− 1.4 (− 1.8; − 1.0)
− 1.0 (− 1.4; − 0.6)
− 0.5 (− 0.7; − 0.3)

− 8.4 (− 9.1; − 7.6)

Difference between means (95% confidence interval)
0.4 (0.3; 0.5)
− 0.3 (− 0.4; − 0.2)
0.7 (0.7; 0.8)
Difference between proportions (95% confidence interval)
2.3 (0.5; 4.0)
− 4.7 (− 6.3; − 3.2)
7.0 (6.1; 7.8)
Risk difference (95% confidence interval)
− 3.0 (− 5.1; − 0.8) 15.1 (13.2; 17.0) − 18.1 (− 19.1; − 17.0)
0.3 (− 1.4; 2.0)
9.6 (8.1; 11.1)
− 9.3 (− 10.1; − 8.5)

ABL vs
DMAB

b

a

Included presence of at least 1 procedure code for BMD-DXA. Only 0.2% of patients in each treatment group had a procedure code for BMD-other (QCT, ultrasound, or unspecified)

If significant differences were detected among the groups based on the global P values, pairwise comparisons were performed. Difference in proportion was calculated as the difference in the percentage of
patients across treatment groups for each variable of interest

ABL, abaloparatide; BMD, bone mineral density; DMAB, denosumab; DXA, dual-energy X-ray absorptiometry; QCT, quantitative computed tomography; SD, standard deviation; TPTD, teriparatide

< 0.001
< 0.001
< 0.001
0.017
< 0.001
< 0.001
0.003
0.002
0.013
0.401
0.005
0.022
0.747

< 0.001

< 0.001 < 0.001

Total
ABL
TPTD
DMAB
Global P value
(N = 128,594) (N = 2666) (N = 9210) (N = 116,718) P valuea
ABL vs ABL vs DMAB vs ABL vs
TPTD DMAB TPTD
TPTD

Osteoporosis and Fracture History

Years from first osteoporosis diagnosis in dataset to initiation of the specific drug, mean (SD)
3.0 (1.6)
2.8 (1.8)
2.3 (1.8)
3.1 (1.6)
BMD by DXA (during prior 12 months)b, n (%)
32,069 (24.9) 555 (20.8) 1710 (18.6) 29,804 (25.5)
Fracture history, n (%)
Any fracture ever
36,261 (28.2) 1112 (41.7) 4113 (44.7) 31,036 (26.6)
Any pathologic or fragility
13,411 (10.4) 510 (19.1) 1735 (18.8) 11,166 (9.6)
fracture ever
Pathologic or fragility fracture in
9574 (7.4)
422 (15.8) 1383 (15.0) 7769 (6.7)
year prior to index date
Any vertebral fracture
15,578 (12.1) 592 (22.2) 2211 (24.0) 12,775 (10.9)
Traumatic vertebral fracture
11,029 (8.6)
438 (16.4) 1626 (17.7) 8965 (7.7)
Pathologic vertebral fracture
9452 (7.4)
348 (13.1) 1275 (13.8) 7829 (6.7)
Stress/fatigue vertebral fracture
187 (0.1)
8 (0.3)
28 (0.3)
151 (0.1)
Any nonvertebral fracture
24,323 (18.9) 648 (24.3) 2512 (27.3) 21,163 (18.1)
Hip fracture
7828 (6.1)
253 (9.5) 1047 (11.4) 6528 (5.6)
Radius/ulna fracture
5097 (4.0)
132 (5.0)
486 (5.3)
4479 (3.8)
Foot fracture
4785 (3.7)
127 (4.8)
455 (4.9)
4203 (3.6)
Lower leg fracture
3651 (2.8)
94 (3.5)
373 (4.0)
3184 (2.7)
Rib/sternal fracture
3318 (2.6)
73 (2.7)
348 (3.8)
2897 (2.5)
Humerus fracture
3253 (2.5)
87 (3.3)
352 (3.8)
2814 (2.4)
Wrist/hand fracture
3179 (2.5)
82 (3.1)
310 (3.4)
2787 (2.4)
Clavicle/scapula fracture
897 (0.7)
19 (0.7)
106 (1.2)
772 (0.7)

Table 2
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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 burden among patients chosen for DMAB.
Approximately 58% of all patients had one or more conditions associated with increased risk of fall, with visual impairment being the most frequent (33.1%), followed by neuromuscular 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 patients 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 commonly used bisphosphonate, followed by zoledronic acid
and ibandronate.
Rates of documented prior bisphosphonate use were similar 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 patients 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 glucocorticoids was similar for patients initiating ABL and patients initiating TPTD; however, chronic oral glucocorticoid use and
current glucocorticoid use (any or chronic oral) were significantly 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 continuing 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 duration (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 medications during this interval was not collected. Of patients initiating 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 initiating 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 approved ABL. Overall, the patients included in this analysis
were diverse and representative of the US osteoporosis population. In this population, it appears that patients initiating
anabolic therapies (ABL and TPTD) have more similar demographics 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 regarding side effects. The higher proportion of females in patients 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 reserving anabolic therapy for patients perceived at higher fracture risk. The relatively low proportion of patients overall who
initiated treatment with a prior fracture in our study is consistent 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.

Comorbid conditions

1323 (49.6)
1137 (42.6)
790 (29.6)
383 (14.4)
352 (13.2)
192 (7.2)
131 (4.9)
139 (5.2)
107 (4.0)
46 (1.7)
29 (1.1)
511 (19.2)
533 (20.0)
363 (13.6)
354 (13.3)
128 (4.8)
1068 (40.1)
629 (23.6)
969 (36.3)
1.5 (2.0)
729 (27.3)
593 (22.2)
405 (15.2)
200 (7.5)
130 (4.9)
138 (5.2)
109 (4.1)
53 (2.0)
24 (0.9)

62,540 (48.6)
60,632 (47.1)
44,745 (34.8)
18,412 (14.3)
18,270 (14.2)
10,898 (8.5)
8081 (6.3)
7015 (5.5)
4393 (3.4)
2238 (1.7)
1463 (1.1)
26,424 (20.5)
26,244 (20.4)
16,476 (12.8)
12,627 (9.8)
7439 (5.8)

42,196 (32.8)
25,301 (19.7)
61,097 (47.5)
2.0 (2.2)

42,574 (33.1)
29,985 (23.3)
22,204 (17.3)
13,466 (10.5)
9563 (7.4)
8441 (6.6)
5427 (4.2)
2405 (1.9)
1614 (1.3)

2564 (27.8)
2332 (25.3)
1473 (16.0)
886 (9.6)
654 (7.1)
529 (5.7)
466 (5.1)
169 (1.8)
125 (1.4)

3351 (36.4)
2206 (24.0)
3653 (39.7)
1.6 (2.0)

4673 (50.7)
4323 (46.9)
3115 (33.8)
1445 (15.7)
1247 (13.5)
831 (9.0)
562 (6.1)
515 (5.6)
348 (3.8)
161 (1.7)
98 (1.1)
1823 (19.8)
2103 (22.8)
1308 (14.2)
1238 (13.4)
570 (6.2)

39,281 (33.7)
27,060 (23.2)
20,326 (17.4)
12,380 (10.6)
8779 (7.5)
7774 (6.7)
4852 (4.2)
2183 (1.9)
1465 (1.3)

37,777 (32.4)
22,466 (19.2)
56,475 (48.4)
2.0 (2.2)

56,544 (48.4)
55,172 (47.3)
40,840 (35.0)
16,584 (14.2)
16,671 (14.3)
9875 (8.5)
7388 (6.3)
6361 (5.4)
3938 (3.4)
2031 (1.7)
1336 (1.1)
24,090 (20.6)
23,608 (20.2)
14,805 (12.7)
11,035 (9.5)
6741 (5.8)

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
0.876
0.175

< 0.001
< 0.001
< 0.001
< 0.001

< 0.001
< 0.001
< 0.001
< 0.001
0.047
0.010
0.009
0.726
0.028
0.997
0.758
0.031
< 0.001
< 0.001
< 0.001
0.023
0.063
0.766
0.153
< 0.001
0.033

0.474
0.002
0.444
0.827
0.007

0.615
0.001
0.318
< 0.001
< 0.001
0.262
0.040

< 0.001
0.255
0.003
< 0.001
< 0.001
0.002
0.861

< 0.001
< 0.001
< 0.001
< 0.001

0.071

0.578

< 0.001
0.702
0.002
0.015

0.228
< 0.001
< 0.001
0.818
0.115
0.021
0.003

0.311
< 0.001
< 0.001
0.095
0.654
0.003
0.021

< 0.001
< 0.001
< 0.001
0.003
0.140
< 0.001
< 0.001

< 0.001
< 0.001
< 0.001
< 0.001

0.053
< 0.001
< 0.001
< 0.001
0.102

0.039

< 0.001
0.540
0.024
< 0.001
0.049
0.063
0.387

ABL vs ABL vs DMAB vs
TPTD DMAB TPTD

P value
Total
ABL
TPTD
DMAB
Global
(N = 128,594) (N = 2666) (N = 9210) (N = 116,718) P valuea

5.8 (4.9; 6.8)
− 2.1 (− 3.1; − 1.2)
1.4 (0.6; 2.2)
1.0 (0.4; 1.6)
0.4 (− 0.1; 1.0)
0.9 (0.4; 1.4)
− 0.9 (− 1.4; − 0.4)

− 6.3 (− 8.0; − 4.6)
− 0.9 (− 2.5; 0.7)
− 2.2 (− 3.6; − 0.8)
− 3.1 (− 4.1; − 2.1)
− 2.7 (− 3.5; − 1.8)
− 1.5 (− 2.3; − 0.6)
− 0.1 (− 0.8; 0.7)

− 0.5 (− 2.4; 1.4)
− 3.1 (− 4.9; − 1.3)
− 0.8 (− 2.4; 0.8)
− 2.1 (− 3.3; − 1.0)
− 2.2 (− 3.2; − 1.3)
− 0.6 (− 1.5; 0.4)
− 1.0 (− 1.9; − 0.1)

0.9 (0.0; 1.7)
− 2.6 (− 3.5; − 1.7)
− 1.5 (− 2.3; − 0.8)
− 4.0 (− 4.7; − 3.3)
− 0.4 (− 0.9; 0.1)
− 4.0 (− 5.0; − 3.0)
− 4.7 (− 5.6; − 3.8)
8.7 (7.7; 9.8)
0.3 (0.3; 0.4)

− 1.5 (− 3.0; 0.0)
− 0.2 (− 1.8; 1.3)
0.9 (− 0.4; 2.3)
3.8 (2.5; 5.1)
− 1.0 (− 1.8; − 0.2)

− 0.6 (− 2.3; 1.1)
− 2.8 (− 4.6; − 1.1)
− 0.6 (− 2.1; 0.9)
− 0.2 (− 1.6; 1.3)
− 1.4 (− 2.3; − 0.4)

− 0.4 (− 0.8; 0.0)

− 2.3 (− 3.4; − 1.2)
0.3 (− 0.7; 1.4)
1.2 (0.2; 2.2)
− 1.5 (− 2.3; − 0.7)
0.7 (0.0; 1.5)
− 0.6 (− 1.2; 0.0)
0.2 (− 0.3; 0.7)

DMAB vs
TPTD

3.7 (1.6; 5.8)
7.7 (5.8; 9.6)
− 0.4 (− 2.2; 1.5)
4.4 (2.7; 6.0)
− 3.3 (− 5.4; − 1.2) − 12.0 (− 13.9; − 10.2)
− 0.1 (− 0.2; 0.0)
− 0.5 (− 0.5; − 0.4)

0.6 (− 0.1; 1.4)

1.2 (− 0.7; 3.1)
− 4.6 (− 6.5; − 2.7)
− 5.4 (− 7.1; − 3.6)
0.2 (− 1.2; 1.5)
− 1.1 (− 2.4; 0.2)
− 1.3 (− 2.3; − 0.3)
− 1.4 (− 2.3; − 0.6)

ABL vs
DMAB

0.2 (− 0.6; 1.1)

− 1.1 (− 3.3; 1.0)
− 4.3 (− 6.4; − 2.2)
− 4.2 (− 6.2; − 2.2)
− 1.3 (− 2.9; 0.2)
− 0.3 (− 1.8; 1.1)
− 1.8 (− 3.0; − 0.7)
− 1.2 (− 2.1; − 0.2)

ABL vs
TPTD

Difference between proportions
(95% Confidence Interval)

c

b

These percentages are of the total treatment cohort and not a subset of GI conditions

GI disorders were defined as “Evidence of presence of gastrointestinal disorders (esophagitis, gastroesophageal reflux disease, ulcer; stricture, perforation, or hemorrhage of the esophagus; gastric,
duodenal, or peptic ulcer; acute gastritis, duodenitis, GI hemorrhage, nausea/vomiting, dysphagia, and malabsorption syndrome)”

a

If significant differences were detected among the groups based on the global P values, pairwise comparisons were performed. Difference in proportion was calculated as the difference in the percentage of
patients across treatment groups for each variable of interest

ABL, abaloparatide; COPD, chronic obstructive pulmonary disease; DMAB, denosumab; GERD, gastroesophageal reflux disease; GI, gastrointestinal; SD, standard deviation; T2DM, type 2 diabetes
mellitus; TPTD, teriparatide

Comorbid conditions, n (%)
Osteoarthritis
GI disordersb
GERDc
Nausea and/or vomitingc
Gastritisc
Dysphagiac
Esophagitisc
GI hemorrhagec
Gastric, duodenal, or peptic ulcerc
Esophageal ulcerc
Duodenitisc
T2DM
COPD
Asthma
Rheumatoid arthritis
Nephrolithiasis/urolithiasis
Charlson comorbidity index, n (%)
0
1
≥2
Mean (SD)
Fall risk conditions, n (%)
Visual impairment
Neuromuscular conditions
Dizziness/vertigo
Polyuria
Ischemic stroke
Cognitive impairment/dementia
Acute confusion
Orthostatic hypotension
Parkinson’s disease

Table 3
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Treatment History

394 (14.8)
392 (14.7)
75 (2.8)
216 (8.1)

1402 (52.6)
259 (9.7)
453 (17.0)
15 (0.6)

17,689 (13.8)
2862 (2.2)
2385 (1.9)
7729 (6.0)

60,947 (47.4)
9104 (7.1)
24,770 (19.2)
887 (0.7)

6668 (5.7)

−
2167 (1.9)
2078 (1.8)

< 0.001
< 0.001

< 0.001
< 0.001

< 0.001

< 0.001
< 0.001
< 0.001

< 0.001
< 0.001
0.050
0.693
0.086

< 0.001
< 0.001

< 0.001

< 0.001
< 0.001

0.161
< 0.001

0.087

< 0.001
−
0.399

0.057
0.976
0.133

0.595
0.114

< 0.001

0.022
0.711

< 0.001
< 0.001

< 0.001

−
< 0.001
< 0.001

0.224
0.053
0.021

< 0.001
< 0.001

< 0.001

< 0.001
< 0.001

< 0.001
< 0.001

< 0.001

−
−
< 0.001

< 0.001
< 0.001
0.343

< 0.001
< 0.001

0.937

2.4 (1.3; 3.4)

5.8 (3.9; 7.8)
3.2 (2.0; 4.3)

−1.1 (2.3; 0.1)
−1.5 (−3.7; 0.6)
−3.2 (−4.5; −1.9)

−7.4 (−8.4; −6.3)
−6.4 (−7.1; −5.7)

−3.5 (−4.1; −2.9)

−9.2 (−10.8; −7.5) −1.8 (−3.2; −0.3) −7.4 (−8.3; −6.5)
−1.1 (−1.4; −0.7) −0.1 (−0.3; 0.2)
−1.0 (−1.3; −0.7)

−
12.9 (11.5; 14.2)
1.0 (0.4; 1.7)
7.7 (6.3; 9.2)
−
0.3 (−0.4; 1.0)

−
−
−0.7 (−1.1; −0.4)

1.2 (0.9; 1.6)
−0.6 (−1.0; −0.3)
−0.2 (−0.5; 0.2)

−0.5 (−1.2; 0.3)
0.6 (−0.1; 1.3)
0.6 (0.0; 1.3)
0.8 (−0.1; 1.6)
0.0 (−0.8; 0.8)
0.5 (−0.2; 1.2)

−3.0 (−3.9; −2.2)
−3.8 (−4.5; −3.1)
2.6 (1.1; 4.1)
2.7 (1.4; 3.9)

−0.5 (−2.2; 1.2)
−1.1 (−2.6; 0.2)

0.1 (−1.0; 1.1)

10.4 (8.5; 12.3)

10.5 (8.4; 12.6)

TPTD vs
DMAB

d

c

b

a

Long−term oral steroid includes evidence of at least 90 consecutive days of oral steroid use

Includes evidence of glucocorticoid use at any time prior to the index date. Medical treatment history was variable with a median duration of 4.59 years

Percentage is of those taking a bisphosphonate

If significant differences were detected among the groups based on the global P values, pairwise comparisons were performed. Difference in proportion was calculated as the difference in the percentage of
patients across treatment groups for each variable of interest

2408 (26.1) 21,879 (18.7)
149 (1.6)
723 (0.6)

4985 (54.1) 54,560 (46.7)
1192 (12.9) 7653 (6.6)

845 (9.2)

651 (7.1)
−
232 (2.5)

287 (3.1)
312 (3.4)
203 (2.2)
2 (< 1)
2 (< 1)

103 (3.9)
90 (3.4)
72 (2.7)
0 (0)
0 (0)

ABL, abaloparatide; DMAB, denosumab; TPTD, teriparatide

Denosumab, n (%)
Teriparatide, n (%)
Selective estrogen receptor
modulators, n (%)
Hormone replacement
therapy, n (%)
Glucocorticoids, n (%)
Any exposurec
Long−term oral
glucocorticoidsd
Current usec
Long−term oral
glucocorticoidsd

1808 (19.6) 19,375 (16.6)
1177 (12.8) 10,490 (9.0)

511 (19.2)
310 (11.6)
5076 (4.3)
3214 (2.8)
2402 (2.1)
30 (< 1)
5 (< 1)

3116 (33.8) 39,536 (33.9)

1181 (44.3)

ABL vs
DMAB

Difference Between Proportions
(95% Confidence Interval)

ABL vs ABL vs TPTD vs ABL vs
TPTD DMAB DMAB
TPTD

P value
Total
ABL
TPTD
DMAB
Global
(N = 128,594) (N = 2666) (N = 9210) (N = 116,718) P valuea

Any osteoporosis
43,833 (34.1)
medication, n (%)
Bisphosphonates, n (%)
Any
21,694 (16.9)
Alendronate (including alendronate/ 11,977 (9.3)
cholecalciferol)
5466 (4.3)
Zoledronic acidb
Ibandronateb
3616 (2.8)
Risedronate
2677 (2.1)
Pamidronate
32 (0)
Etidronate
7 (0)
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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 studies compared TPTD with bisphosphonates, raloxifene, nasal calcitonin, 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 current 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 (minimum 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 increased bone loss after discontinuing either agent and the high
risk of vertebral fractures following DMAB treatment discontinuation [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 (including misunderstanding of the drug mechanisms), patient tolerability issues, treatment costs, treatment failure, lack of adequate monitoring/follow-up, fear of side effects, or onset of
new diseases. It is not known whether patients were prescribed 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 availability 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 receiving 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 pretreatment 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 patients 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 underestimation 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 how many 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 location 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 system 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 studies. 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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Table 5

Pre-index exposure to TPTD and DMABa

Pre-index exposures

ABL
N = 1814

TPTD
N = 5945

DMAB
N = 71,030

TPTD, n
Duration of therapy, months
Mean (SD)
Interval between TPTD cessation and initiation of drug of interest, monthsb
Mean (SD)

204

766

3.6 (4.4)

6.8 (7.4)

6.5 (11.4)

26.5 (15.1)

DMAB, n
Duration of therapy, months
Mean (SD)
Interval between DMAB cessation and initiation of drug of interest, months
Mean (SD)

166

255

12.9 (10.4)

12.4 (9.7)

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

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
DMAB without comparing cohorts initiating other osteoporosis 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 realworld data are available for the more recently approved ABL.
Notably, prior to 2019, ABL and TPTD were the only anabolic 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 characteristics between groups. Future studies will allow us to
compare real-world treatment effects on fractures, which are
the most important outcomes for osteoporosis.

Conclusions

sequential treatment [1, 2], though further studies are required. Evaluations of treatment patterns and treatment order are of high importance in identification of factors contributing 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 realworld treatment patterns, treatment persistence, and clinical outcomes during therapy which can be used to address
stakeholders’ need for comparative evidence.
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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 characteristics for patients initiating the anabolic agents ABL and
TPTD, and notable differences compared with patients receiving DMAB. Data on treatment history suggest possible
gaps in treatment following anabolic agents or DMAB,
inconsistent with general recommendations regarding
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