
Effect of abaloparatide on fracture incidence and bone
mineral density in postmenopausal women with

osteoporosis at highest risk for fracture
Kristi Tough DeSapri, MD, MSCP,1 Bart L. Clarke, MD,2 Paul Kostenuik, PhD,3

Yamei Wang, PhD,4 and Bruce H. Mitlak, MD4

Abstract

Objective: This post hoc analysis evaluated the efficacy of aba-
loparatide treatment in a subgroup of postmenopausal women
from the Abaloparatide Comparator Trial In Vertebral End-
points (ACTIVE; NCT01343004) study who met high fracture
risk criteria (defined in several professional society guidelines).

Methods: Women from ACTIVE meeting ≥ 1 of the following
fracture risk criteria were included: fracture within the past
12 months or prevalent vertebral fracture, baseline T score of
<−3.0 at any site, very high fracture risk probability by FRAX
(ie, 10-yr major osteoporotic fracture > 30% or hip fracture
> 4.5%), or multiple prior fractures at baseline since age
≥ 45 years.

Results: A total of 2,026 participants met ≥ 1 fracture risk cri-
teria defined in clinical guidelines (abaloparatide, n= 664; pla-
cebo, n= 677; teriparatide, n= 685). New vertebral fracture risk
was reduced in participants receiving abaloparatide (4 [0.72%])
and teriparatide (6 [0.99%]) versus placebo (28 [4.77%]; both
P < 0.0001). Estimated Kaplan-Meier cumulative incidence of
nonvertebral fracture was 3.0%, 5.3%, and 3.0% in the abalo-
paratide, placebo, and teriparatide groups, respectively; 4.0%,
9.0%, 4.3% for clinical fracture; 1.6%, 6.8%, 3.0% for major

osteoporotic fractures; and 1.1%, 2.1%, 2.1% for wrist fracture.
Abaloparatide was associated with bone mineral density gains
from baseline at the lumbar spine, total hip, and femoral neck at
all time points (6, 12, and 18 mo; P < 0.0001 for all). Common
adverse events reported in participants treated with abalopara-
tide were hypercalciuria (11.5%), dizziness (11.0%), and ar-
thralgia (8.9%).

Conclusions: Abaloparatide reduced fracture incidence and in-
creased bone mineral density in participants at highest fracture
risk, consistent with the overall ACTIVE study.

Key Words: Abaloparatide, Bone mineral density, Clinical fracture,
High fracture risk, Osteoporotic fracture, Vertebral fracture.
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Medicare claims data show that 10% of women aged
≥ 65 years with a clinical fracture will sustain an-

other fracture within the next year, and 31% will sustain
another fracture within 5 years.1 Following an initial
fracture, mortality rates were found to be 19% and 64%
within 1 and 5 years, respectively.1 These statistics high-
light the importance of identifying postmenopausal
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women at risk for fracture, and the critical need to pre-
scribe appropriate therapies that can rapidly improve bone
mineral density (BMD) and reduce fracture risk in these
individuals.2,3

Among different organizations, criteria for the iden-
tification and classification of women with osteoporosis at
high fracture risk are varied. The American Association of
Clinical Endocrinologists (AACE) and the American Col-
lege of Endocrinology (ACE) consider individuals to be at a
very high fracture risk if they meet any of the following
criteria: a recent fracture within the past 12months, mul-
tiple fractures, a history of injurious falls or a high risk for
falls, fracturing while on an approved osteoporosis treat-
ment or medications known for causing skeletal harm (eg,
long-term glucocorticoids), a very low T score (eg, less than
−3.0), or very high fracture risk probability (ie, major
osteoporotic fracture [MOF] > 30% or hip fracture > 4.5%)
by FRAX or another validated fracture risk algorithm.4
Other organizations (eg, American College of Obstetricians
and Gynecologists [ACOG], Endocrine Society [ES], and
The Menopause Society) utilize similar criterion.5-9 For
example, both The Menopause Society and ACOG criteria
for very high fracture risk classification include BMD loss
(vs experiencing a fracture for AACE/ACE) while on an-
tiresorptive treatment,8,9 while ES guidelines include severe
or multiple vertebral fractures or a low BMD T score at the
hip or spine of <−2.5 (vs < −3.0 for AACE/ACE) as part
of their high fracture risk criteria.5,7

Anabolic medications (eg, abaloparatide, teripara-
tide, and romosozumab), which increase bone formation,
followed by antiresorptive treatments (eg, alendronate or
denosumab), which reduce bone resorption, have been
shown to be effective at decreasing fracture risk and in-
creasing BMD.10 For individuals at very high fracture
risk, the AACE/ACE guidelines recommend treatment
with anabolic therapies or antiresorptive agents.4,11 Other
guidelines (ie, ACOG, ES, and The Menopause Society)
also recommend initial treatment with an anabolic agent
for individuals at high or very high risk of fracture, such as
those with severe or multiple vertebral fractures.5,7-9

Abaloparatide is a synthetic, 34-amino acid peptide
that selectively binds to the G protein-coupled RG con-
formation of the parathyroid hormone type 1 receptor,
which favors increased bone formation while limiting ef-
fects on bone resorption markers.12,13 Abaloparatide is
indicated for the treatment of postmenopausal women
with osteoporosis at high risk of fracture and to increase
BMD in men with osteoporosis at high risk of fracture.14

In the randomized, double-blind, multicenter phase 3
Abaloparatide Comparator Trial In Vertebral Endpoints
(ACTIVE; ClinicalTrials.gov identifier: NCT01343004)
study, postmenopausal women with osteoporosis treated
with abaloparatide for 18months had a significantly re-
duced risk of new vertebral fracture (0.6% vs 4.2%), non-
vertebral fracture (2.7% vs 4.7%), clinical fracture (4.0% vs
8.3%), and MOF (1.5% vs 6.2%) compared to participants
who received placebo.12 At 18months, abaloparatide also
significantly decreased the risk of MOF compared to
teriparatide; however the ACTIVE study was not powered

to show superiority of abaloparatide versus teriparatide.12
Bone mineral density at 6, 12, and 18months increased
significantly at the lumbar spine, total hip, and femoral
neck in participants treated with abaloparatide versus
placebo.12 When compared with teriparatide, abalopara-
tide treatment significantly increased BMD at the total hip
and femoral neck at all study time points, and at the lumbar
spine at 6 and 12months.12

This post hoc analysis evaluated the efficacy of
abaloparatide compared to placebo and teriparatide in
reducing fractures in a subgroup of participants from the
ACTIVE study who were determined to be at the highest
risk of fracture based on a composite of criteria derived
from several clinical practice guidelines and data available
from the ACTIVE trial.

METHODS

Study design
In ACTIVE, postmenopausal women (N= 2,463)

were randomized 1:1:1 to either blinded daily subcutaneous
injections of abaloparatide 80 μg (n= 824) treatment or
placebo (n= 821), or open-label teriparatide 20 μg (n= 818)
for 18months.12 Eligibility criteria were previously de-
scribed in Miller et al.12 Briefly, participants were eligible if
they had a BMD T score ≤ −2.5 and > −5.0 at the lumbar
spine or femoral neck with at least 2 mild or 1 moderate
vertebral fracture, or a history of a low trauma fracture
within the past 5 years.12 Women aged > 65 years were el-
igible for study participation if they had a T score ≤ −2.0
and > −5.0 and met fracture criteria, or had a T score ≤
−3.0 and > −5.0 if they did not meet fracture criteria.12

The ACTIVE study was approved by the ethics com-
mittee at every participating institution and was conducted in
compliance with Good Clinical Practice and the Declaration
of Helsinki.12 All participants completed an extensive in-
formed consent evaluation to participate in the study.12
Participants provided written consent and the protocol was
approved by the respective institutional review boards.

ACTIVE highest risk subpopulation
Postmenopausal women included in this subgroup

post hoc analysis had to meet at least one of the four
following criteria at baseline to be considered at highest
fracture risk; 1) a fracture within the past 12 months or
≥ 1 prevalent vertebral fracture, 2) very low baseline T
score of <−3.0 at any site, 3) a very high fracture risk
probability (eg, MOF > 30% or hip fracture > 4.5%) as
assessed by FRAX (a fracture risk assessment tool), or 4)
multiple prior fractures at baseline since the age of
≥ 45 years. These criteria were selected based on data
available from the ACTIVE trial and criteria for very high
fracture risk from several clinical practice guidelines.

Study assessments
Overall, new incidence of vertebral, nonvertebral,

wrist, and MOFs in participants who met the highest
fracture risk criteria from the ACTIVE study was
evaluated at 19 months (18 mo of treatment plus 1 mo of
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follow-up) to compare the efficacy of abaloparatide versus
placebo and teriparatide. Vertebral fractures were assessed
by 2 blinded radiologists based on pretreatment and
postbaseline lumbar spine x-rays and graded according to
the Genant Severity Scale. Nonvertebral fractures (in-
cluding wrist, clinical, and MOF) were self-reported and
verified from source documents. In addition to examining
the overall fracture incidence of participants meeting at
least one of the highest risk study criteria, the incidence of
vertebral, nonvertebral, and clinical fracture was de-
termined by each study criteria individually. Clinical
fractures included all fractures that resulted in a partic-
ipant seeking medical care. A MOF included high or low
trauma fractures of the clinical spine, hip, upper arm, or
wrist. Change in BMD from baseline at the lumbar spine,
total hip, and femoral neck was analyzed at 6, 12, and
18 months during the treatment period in participants
treated with abaloparatide compared with placebo and
teriparatide.12 All efficacy endpoints except new vertebral
fractures were evaluated in the intention to treat (ITT)
population (all participants randomized into the study and
received a study medication kit on day 1).12 New vertebral
fractures were evaluated in the modified ITT (mITT)
population (all ITT participants who had both pretreat-
ment and postbaseline lumbar spine x-rays).12 The safety
population included all participants who had received at
least one dose of study medication.

Statistical analysis
The P value was derived from Fisher’s exact test, which

was used to evaluate the incidence of new vertebral fractures
in the mITT population when comparing abaloparatide to
placebo and teriparatide to placebo.12 The Kaplan-Meier
(KM) method was utilized to evaluate the event rate of
nonvertebral, clinical, major osteoporotic, and wrist fractures
in the ITT population. Cumulative KM estimates determined
event rates at 19months (the entire observational period in-
cluding 18mo of treatment and 1mo of follow-up). A Cox
proportional hazard model was used to calculate hazard ra-
tios, and P values were generated from the log-rank test. An
analysis of covariance model was used to assess change in
baseline BMD at the lumbar spine, total hip, and femoral
neck in the ITT population, and any missing data that was
imputed by the last observation was carried forward. The
dependent variable was BMD percent change from baseline.
The analysis covariance model included factors of treatment,
visit, treatment and visit interaction, DXA scanner model,
and baseline BMD as the covariate. All P values are pre-
sented without adjustment for multiple comparisons. Sta-
tistical analyses were performed using SAS version 9.4.12

RESULTS

Study population
Of the 2,463 participants included in the ACTIVE

study, 2,026 (abaloparatide, n= 664; placebo, n= 677;
teriparatide, n = 685) met the highest fracture risk criteria
and were included in the current analysis. Baseline mean
age was 69.3 years, with 28.9% of participants having ≥ 1

prevalent vertebral fracture(s) and 31.0% experiencing ≥ 1
nonvertebral fracture(s) within the past 5 years (Table 1).
Of the 2,026 participants, 1,747 (abaloparatide, n = 555;
placebo, n= 587; teriparatide, n= 605) and 2,023 (abalo-
paratide, n= 662; placebo, n = 676; teriparatide, n= 685)
met criteria for inclusion in the mITT and safety pop-
ulations, respectively. Baseline demographics, clinical
characteristics, and fracture history were balanced be-
tween the three study groups (abaloparatide, placebo, and
teriparatide) (Table 1).

In the ITT population, evaluation by individual high-
risk criteria at baseline showed that 736 (36.3%) partici-
pants (abaloparatide, n= 227; placebo, n= 238; teripara-
tide, n= 271) had experienced a fracture within the prior
12months or had ≥ 1 prevalent vertebral fracture. Within
the ITT population, 1,470 (59.7%) participants (abalo-
paratide, n= 498; placebo, n= 493; teriparatide, n= 479)
had a baseline BMD T score of <−3.0 at any site; 611
(24.8%) participants (abaloparatide, n= 188; placebo,
n= 212; teriparatide, n= 211) experienced multiple frac-
tures since 45 years of age, and 950 (38.6%) participants
(abaloparatide, n= 310; placebo, n= 321; teriparatide,
n= 319) were considered at very high fracture risk by
FRAX (MOF > 30% or hip fracture > 4.5%).

Baseline characteristics for the 437 (17.7%) partici-
pants from the ACTIVE study that did not meet the criteria
for highest risk for fracture are available in Supplemental
Table 1 (http://links.lww.com/MENO/B350).

Efficacy
New vertebral fractures

In participants who met any of the four highest
fracture risk study criteria, the incidence of new vertebral
fracture was lower in the abaloparatide and teriparatide
groups when compared to placebo (abaloparatide, 4/555
[0.72%]; placebo, 28/587 [4.77%]; teriparatide, 6/605
[0.99%]). The absolute risk reduction (95% confidence in-
terval [CI]) was 4.05% (2.22-6.13) for abaloparatide and
3.78% (1.93-5.89) for teriparatide (Fig. 1). The relative risk
reduction was 85% for abaloparatide and 79% for ter-
iparatide versus placebo. These reductions were clinically
meaningful compared to placebo (P < 0.0001 for both
abaloparatide and teriparatide).

New vertebral fractures by fracture risk criteria
In participants with a prior fracture in the last

12months or vertebral fracture at baseline, those treated
with abaloparatide and teriparatide experienced vertebral
fracture at a lower rate compared to placebo (abalopara-
tide, 1/189 [0.53%]; placebo, 16/207 [7.73%]; teriparatide, 6/
242 [2.48%]) with absolute risk reductions of 7.20% (3.42-
11.68) and 5.25% (1.19-9.90) (abaloparatide P= 0.0003;
teriparatide P= 0.0144) (see Supplemental Fig. 1A, http://
links.lww.com/MENO/B350). In participants with a low T
score at any site, 3/411 (0.73%) participants treated with
abaloparatide, 17/431 (3.94%) receiving placebo, and 3/425
(0.71%) treated with teriparatide experienced a vertebral
fracture during the study. The absolute risk reduction in
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vertebral fracture was 3.21% (1.19-5.55) for participants
treated with abaloparatide and 3.24% (1.25-5.57) for par-
ticipants receiving teriparatide (abaloparatide, P= 0.0024;
teriparatide, P= 0.0023). Of the participants with multiple
fractures since 45 years of age, 0/157 participants treated
with abaloparatide had a vertebral fracture during the
study, and 16/175 (9.14%) participants receiving placebo
and 4/187 (2.14%) participants treated with teriparatide had

a vertebral fracture, with an absolute risk reduction of
9.14% (4.96-14.33) in the abaloparatide group and 7.00%
(2.29-0.36) in the teriparatide group when compared to
placebo (P < 0.0001 and P= 0.0047, respectively). Of the
participants with a high fracture risk as assessed by FRAX,
1/269 (0.37%), 18/285 (6.32%), and 2/290 (0.69%) partici-
pants in the abaloparatide, placebo, and teriparatide
groups, respectively, experienced a new vertebral fracture

TABLE 1. Demographics and baseline characteristics, ITT populationa

Characteristic
Abaloparatide

(n= 664)
Placebo
(n= 677)

Teriparatide
(n= 685)

Overall
(N= 2026)

Age, years
Mean (SD) 69.3 (6.6) 69.2 (6.3) 69.2 (6.6) 69.3 (6.5)
Median (range) 69 (49, 85) 69 (50, 86) 69 (50, 84) 69 (49, 86)

Body mass index, mean (SD) 24.7 (3.4) 24.8 (3.5) 24.9 (3.5) 24.8 (3.5)
Race category, n (%)
White 518 (78.0) 520 (76.8) 524 (76.5) 1,562 (77.1)
Asian 117 (17.6) 127 (18.8) 133 (19.4) 377 (18.6)
Black or African American 24 (3.6) 20 (3.0) 20 (2.9) 64 (3.2)
Otherb 5 (0.8) 10 (1.5) 8 (1.2) 23 (1.1)

Region, n (%)
Europe 354 (53.3) 366 (54.1) 364 (53.1) 1,084 (53.5)
South America 182 (27.4) 175 (25.8) 185 (27.0) 542 (26.8)
Asia 116 (17.5) 126 (18.6) 128 (18.7) 370 (18.3)
North America 12 (1.8) 10 (1.5) 8 (1.2) 30 (1.5)

Lumbar spine BMD T score
n 663 677 685 2,025
Mean (SD) −3.0 (0.9) −3.0 (0.8) −2.9 (0.9) −3.0 (0.9)

Total hip BMD T score
n 662 676 685 2,023
Mean (SD) −2.0 (0.7) −2.0 (0.8) −1.9 (0.7) −2.0 (0.7)

Femoral neck BMD T score
n 662 676 685 2,023
Mean (SD) −2.3 (0.6) −2.3 (0.7) −2.2 (0.7) −2.2 (0.6)

≥ 1 Prevalent vertebral fracture(s), n/N (%) 177/664 (26.7) 188/676 (27.8) 220/685 (32.1) 585/2,025 (28.9)
≥ 1 Nonvertebral fracture within 5 yr prior to randomization, n (%)c 207 (31.2) 219 (32.3) 203 (29.6) 629 (31.0)
No prior fracture, n (%) 221 (33.3) 229 (33.8) 240 (35.0) 690 (34.1)

BMD, bone mineral density; ITT, intent to treat; SD, standard deviation.
aITT population included participants who were randomized into the study and had received a study medication kit on day 1, if they had met at least one of the

predefined, high fracture risk criteria. Includes participants that have had a nonvertebral fracture within 5 years prior to randomization by very high combined risks or
prevalent vertebral fracture at baseline.

bInformation regarding what was included in the “other” category is not available.
cExcludes fractures of the spine, sternum, patella, toes, fingers, skull, and facial bones.

FIG. 1. Absolute risk reduction in new vertebral fracture in participants at highest risk for fracture at 18months, mITT Population.
ABL, abaloparatide; CI, confidence interval; ITT, intent to treat; mITT, modified ITT; PBO, placebo; TPTD, teriparatide. The mITT
population includes all participants from the ITT population with both baseline and post baseline spine x-rays. aP value from Fisher's
exact test.
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during the study. Participants with a high fracture proba-
bility by FRAX assessment had absolute risk reductions of
5.94% (3.09-9.40) in the abaloparatide group and 5.63%
(2.72-9.11) in the teriparatide group (P < 0.0001 and
P= 0.0002, respectively, vs placebo).

Only 136 participants met all 4 study criteria at
baseline, resulting in an inadequate sample size for treat-
ment comparison.

Nonvertebral, wrist, clinical, and MOF
Kaplan-Meier cumulative incidence of nonvertebral

fracture was 3.0%, 5.3%, and 3.0% in the abaloparatide,
placebo, and teriparatide groups, respectively. Kaplan-Meier
cumulative incidence of wrist fracture was 1.1%, 2.1%, and
2.1%, clinical fracture was 4.0%, 9.0%, and 4.3%, and MOF
was 1.6%, 6.8%, and 3.0% in the abaloparatide, placebo, and
teriparatide groups, respectively (Fig. 2). Reductions in the
number of participants with nonvertebral (16/664 vs 30/677)
or wrist fractures (6/664 vs 12/677) observed in participants
treated with abaloparatide compared to placebo over
18months were not significant. Likewise, the incidence of
nonvertebral fractures (19/685) and wrist fractures (13/685)
in participants treated with teriparatide were numerically
decreased, but not significant when compared to placebo.
The absolute risk reduction for nonvertebral fracture was
−2.28% (−4.62 to 0.05) and −2.21% (−4.49 to 0.06) for
participants treated with abaloparatide and teriparatide, re-
spectively, when compared to placebo. Treatment with
abaloparatide resulted in reductions (P < 0.05) in clinical
fractures (22/664 vs 43/677) and MOFs (9/664 vs 30/677)
when compared to placebo. Among participants treated with
teriparatide, clinical fractures were reduced (27/685, P <
0.05), and MOF incidence was numerically reduced (19/685)
when compared to placebo.

New nonvertebral fractures by fracture risk
criteria

For participants with a fracture within the past
12 months or ≥ 1 prevalent vertebral fracture at baseline,

estimated KM incidence for nonvertebral fracture was
4.3%, 6.5%, and 3.6% in the abaloparatide, placebo,
and teriparatide groups, respectively (see Supplemental
Fig. 1B, http://links.lww.com/MENO/B350). The esti-
mated KM incidence of nonvertebral fracture for partici-
pants with baseline low T score was 2.8%, 5.5%, and 3.0%
in the abaloparatide, placebo, and teriparatide groups,
respectively. In the low T score group, only participants
treated with abaloparatide had a reduction in non-
vertebral fracture when compared to placebo (P= 0.048).
Kaplan-Meier incidence of nonvertebral fracture was
3.9%, 6.4%, and 4.7% in participants who experienced
multiple fractures since 45 years of age, and 3.2%, 5.5%,
and 4.1% in participants with high fracture risk as assessed
by FRAX for the abaloparatide, placebo, and teriparatide
groups, respectively. The decreases in nonvertebral frac-
tures for participants with multiple fractures or high
fracture risk as assessed by FRAX were not significant for
participants treated with abaloparatide or teriparatide
when compared to placebo.

Clinical fractures by fracture risk criteria
Clinical fracture events categorized by treatment and

baseline study criteria for highest fracture risk are avail-
able in Supplemental Figure 1C (http://links.lww.com/
MENO/B350). Kaplan-Meier cumulative incidence of
clinical fracture was numerically lower for both abalo-
paratide and teriparatide versus placebo in the following
baseline subgroups: fracture within the past 12 months or
≥ 1 prevalent vertebral fracture at baseline (6.4%, 9.8%,
5.6%), multiple fractures since 45 years of age (6.5%,
10.2%, 6.8%), and MOF > 30% or hip fracture > 4.5% as
assessed by FRAX (4.4%, 8.3%, 5.4%) in the abalopara-
tide, placebo, and teriparatide groups, respectively. The
absolute risk reduction in clinical fracture incidence in
the low T score subgroup was 6.76 (1.12-12.40) for
abaloparatide (P= 0.006) and 6.61 (0.98-12.23) for ter-
iparatide (P= 0.012) when compared to placebo.

FIG. 2. Kaplan-Meier cumulative incidence rate of nonvertebral, clinical, major osteoporotic, and wrist fracture in participants at
highest risk for fracture at 19months, ITT population. The ITT population was used for the cumulative KM estimates to determine
the percentage of nonvertebral fractures, clinical fractures, MOF, and wrist fractures at 19months (the entire observational period
including 18mo of treatment and 1mo of follow-up). Differences were not significant for ABL vs TPTD. ABL, abaloparatide; ITT,
intent to treat; KM, Kaplan-Meier; MOF, major osteoporotic fracture; NVF, nonvertebral fracture; PBO, placebo; TPTD, teriparatide.
aP < 0.05. bNVF were fractures that excluded those of the spine, sternum, patella, toes, fingers, skull, and face and those associated
with high trauma. cClinical fractures included all fractures causing a participant to seek medical care. P values were P < 0.05 for ABL
vs PBO, and P < 0.05 for TPTD vs PBO. dMOF included high or low trauma fractures of the upper arm, wrist, hip, or clinical spine.
P value was P < 0.01 for ABL vs PBO.
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Fracture risk reduction in participants at lower
fracture risk

Of the participants from ACTIVE who were ex-
cluded from the highest fracture risk analysis for not
meeting the criteria for highest fracture risk, no partici-
pants treated with abaloparatide or teriparatide experi-
enced a new vertebral fracture, compared to 2/124 (1.61%)
participants in the placebo group. The absolute risk re-
duction was not significant for the abaloparatide (1.61
[−1.39 to 5.69]) or teriparatide (1.61% [−1.90 to 5.69])
treatment groups when compared to placebo (P= 0.228
and P= 0.499, respectively). Only numerical reductions in
nonvertebral (2/160 [1.3%] vs 3/144 [2.3%]), clinical frac-
tures (5/160 [3.1%] vs 6/144 [1.2%]), MOF (1/160 [0.6%] vs
4/144 [2.8%]), or wrist fractures (1/160 [0.6%] vs 3/144
[2.1%]) were observed in participants treated with abalo-
paratide compared to placebo, respectively.

Change in BMD
In the participants from ACTIVE meeting ≥ 1 of the

criteria for highest fracture risk, BMD gains from baseline
were observed at the lumbar spine, total hip, and femoral
neck of participants treated with abaloparatide or ter-
iparatide compared with participants receiving placebo at
all time points (6, 12, and 18 mo) (P < 0.0001 for all;
Fig. 3). Bone mineral density gains were greater with
abaloparatide treatment when compared with teriparatide
at the lumbar spine (at 6 and 12 mo; P < 0.05), total hip,
and femoral neck (at all time points; P < 0.005 for both).

Changes in BMD in participants at lower fracture
risk were also greater with abaloparatide and teriparatide
compared with placebo at the total hip, femoral neck, and
lumbar spine at all time points (P < 0.0001 for abalo-
paratide; P < 0.005 for teriparatide). BMD changes with
abaloparatide compared to teriparatide were greater
(P < 0.05) at the total hip at 12 and 18 months and at the
femoral neck at 12 months, but not at the lumbar spine at
any time point.

Safety
In participants from ACTIVE with the highest

fracture risk, rates of adverse events (AEs) were similar
between treatment groups (Table 2). The most common
treatment-emergent adverse events (TEAEs) were hyper-
calciuria (76 [11.5%]; 66 [9.8%]; 89 [13.0%]), dizziness (73
[11.0%]; 45 [6.7%]; 53 [7.7%]), and arthralgia (59 [8.9%];
64 [9.5%]; 63 [9.2%]) for participants receiving abalo-
paratide, placebo, or teriparatide, respectively (Table 2).
Safety findings were consistent with the overall study
cohort.12

DISCUSSION
In a subpopulation of postmenopausal women in

ACTIVE at highest risk for fracture based on criteria
derived from professional society guidelines, 18 months of
abaloparatide treatment resulted in a reduction in the risk
of new vertebral fracture, clinical fracture, and MOF in-
cidence compared to placebo. Additionally, gains in BMD
from baseline were observed. Upon examination of new

FIG. 3. Percent change in BMD at the (A) lumbar spine, (B) total
hip, and (C) femoral neck in participants at highest risk for frac-
ture at study months 6, 12, and 18, ITT Population. ITT pop-
ulation included all participants who were randomized into the
study and received a study medication kit. Baseline change in
BMD y-axes have different scales for lumbar spine versus total hip
and femoral neck. P values were derived from contrast tests based
on ANCOVA model fitted using only the data of the two treat-
ment groups to be compared. Missing BMD data were imputed
using the method of last observation carried forward. ABL, aba-
loparatide; ANCOVA, analysis of covariance; BMD, bone mineral
density; CI, confidence interval; ITT, intent to treat; PBO, placebo;
TPTD, teriparatide. aP < 0.0001 ABL vs PBO. bP < 0.0001 ABL vs
TPTD. cP < 0.05 ABL vs TPTD. dP < 0.0001 TPTD vs PBO.
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vertebral fracture incidence by baseline criteria subgroup
(ie, recent fracture in the last 12 months or prevalent
vertebral fracture, low T score, multiple fractures, or very
high fracture probability by FRAX), both abaloparatide
and teriparatide were associated with a reduction in frac-
ture risk. Nonvertebral and clinical fracture risk reduc-
tions were only seen in the low T score (<−3.0) subgroup
and were numerically lower for all other subgroups;
however, the study was not sufficiently powered to assess
these events in the high-risk subgroups.

Absolute fracture risk reduction is dependent on
baseline risk, so individuals with high or very high fracture
risk are expected to have more significant reductions with
effective treatment than those with a lower baseline frac-
ture risk. This is supported by a post hoc analysis of the
ACTIVE study, which demonstrated a trend for greater
risk reduction for MOF (69% [95% CI 38-85]) and clinical
fractures (43% [9-64]; P = 0.019) among participants with
higher baseline FRAX score treated with abaloparatide
treatment compared to placebo.15 Similar findings of
greater efficacy among individuals with higher fracture
risk probabilities have been reported for other osteopo-
rosis treatments.15

In the ACTIVE study, participants treated with
abaloparatide had an absolute risk reduction in new ver-
tebral and nonvertebral fractures of 3.64% and 2.01%,
respectively, when compared with placebo.12 In the cur-
rent study, the absolute risk reduction in new vertebral
and nonvertebral fractures was 4.05% and 2.28%, re-
spectively, in the participants with highest fracture risk
treated with abaloparatide compared to placebo. For

participants who did not meet highest fracture risk cri-
teria, efficacy was better for those treated with abalo-
paratide when compared with placebo but was not
statistically significant because of the small sample size.

Treatment-emergent AEs observed with abalopara-
tide were consistent with those observed in the overall
ACTIVE population. In prior analyses, although abalo-
paratide treatment was associated with a transient increase
in heart rate when compared to placebo, it did not increase
the risk of serious cardiac AEs.16

There are some considerations for the study. Approx-
imately 80% of the ACTIVE population met guideline cri-
teria for being at very high risk for fractures. An indicator of
high risk for future fractures is the occurrence of a vertebral
fracture, even in the absence of a T score meeting the
threshold for osteoporosis classification.4 However, unless
deliberate efforts are made to identify vertebral fractures
through the utilization of imaging such as x-rays or vertebral
fracture assessment, most will go undetected.4 Although the
AACE/ACE 2020 guidelines require a fracture to be recent
for an individual to be considered at very high fracture risk
and do not include prevalent vertebral fractures, this crite-
rion was included in this study because morphometric ver-
tebral fractures at baseline were accurately ascertained even
though their recency could not be established. Additionally,
The American Society for Bone and Mineral Research
guidelines specify vertebral fractures as criteria to be con-
sidered at high risk of fracture when determining treatment
for secondary fracture risk reduction.5 Regardless of the
definition, abaloparatide therapy reduces fracture risk across
a range of fracture probabilities.

CONCLUSIONS
The findings of this subgroup analysis demonstrate

that abaloparatide is effective in women from ACTIVE at
highest fracture risk as defined based on criteria from
several clinical practice guidelines.
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