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Background

Bisphosphonate therapy is the current standard of care for the prevention and treatment 
of glucocorticoid-induced osteoporosis. Studies of anabolic therapy in patients who 
are receiving long-term glucocorticoids and are at high risk for fracture are lacking.

Methods

In an 18-month randomized, double-blind, controlled trial, we compared teriparatide 
with alendronate in 428 women and men with osteoporosis (ages, 22 to 89 years) who 
had received glucocorticoids for at least 3 months (prednisone equivalent, 5 mg daily 
or more). A total of 214 patients received 20 μg of teriparatide once daily, and 214 
received 10 mg of alendronate once daily. The primary outcome was the change in bone 
mineral density at the lumbar spine. Secondary outcomes included changes in bone 
mineral density at the total hip and in markers of bone turnover, the time to changes 
in bone mineral density, the incidence of fractures, and safety.

Results

At the last measurement, the mean (±SE) bone mineral density at the lumbar spine had 
increased more in the teriparatide group than in the alendronate group (7.2±0.7% 
vs. 3.4±0.7%, P<0.001). A significant difference between the groups was reached by 
6 months (P<0.001). At 12 months, bone mineral density at the total hip had increased 
more in the teriparatide group. Fewer new vertebral fractures occurred in the teri
paratide group than in the alendronate group (0.6% vs. 6.1%, P = 0.004); the incidence 
of nonvertebral fractures was similar in the two groups (5.6% vs. 3.7%, P = 0.36). Sig-
nificantly more patients in the teriparatide group had at least one elevated measure 
of serum calcium.

Conclusions

Among patients with osteoporosis who were at high risk for fracture, bone mineral 
density increased more in patients receiving teriparatide than in those receiving alen-
dronate. (ClinicalTrials.gov number, NCT00051558.)
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Substantial progress has occurred 
in the understanding of the pathogenesis and 
prevention of glucocorticoid-induced osteo-

porosis, the most common cause of secondary 
osteoporosis.1-5 However, providing effective treat-
ment remains a challenge.6 International guide-
lines currently recommend bisphosphonates for 
patients who either already have or are at risk for 
glucocorticoid-induced osteoporosis.7-17

Once-daily recombinant human parathyroid 
hormone (1-34) (teriparatide) stimulates bone for-
mation, increases bone mass, and reduces the risk 
of vertebral and nonvertebral fractures.18,19 Teripar
atide may be a rational treatment for glucocorti-
coid-induced osteoporosis because it directly stim-
ulates osteoblastogenesis and inhibits osteoblast 
apoptosis, thereby counteracting two key mecha-
nisms through which glucocorticoid therapy pro-
motes bone loss.20,21 Patients with large deficits 
in bone mineral density are at high risk for frac-
ture and might preferentially benefit from such 
anabolic therapy.21 In a study of postmenopausal 
women with glucocorticoid-induced osteoporosis, 
treatment with synthetic teriparatide and estrogen 
significantly increased bone mineral density at the 
lumbar spine, as compared with estrogen alone.22 
However, no randomized, controlled trials involv-
ing patients with glucocorticoid-induced osteopo-
rosis have compared teriparatide with a bisphos-
phonate. We report the results of the first 18 
months of a 36-month prospective trial designed 
to directly compare the effects of recombinant 
teriparatide with those of alendronate for the treat-
ment of patients with osteoporosis who have had 
long-term exposure to glucocorticoids and are at 
high risk for fracture.

Me thods

Study Design and Patients

In this randomized, double-blind clinical trial, the 
primary outcome was the change from baseline to 
18 months in bone mineral density at the lumbar 
spine associated with the administration of daily 
teriparatide (at a dose of 20 μg), as compared 
with that of daily alendronate (at a dose of 10 mg), 
in patients with established glucocorticoid-induced 
osteoporosis. Prespecified secondary outcomes 
included changes in bone mineral density at the 
total hip and markers of bone turnover, the time 
to changes in bone mineral density at the lumbar 
spine and total hip, the incidence of vertebral 

and nonvertebral fractures, and adverse events. 
We report on the results of the first 18 months of 
the study (primary phase); the 18-month extension 
phase is in progress.

The protocol committee included academic in-
vestigators and physicians employed by Lilly Re-
search Laboratories. Study data were collected by 
investigators and transmitted to the sponsor, 
which performed the analyses. All authors partici-
pated in the interpretation of the data and the 
decision to publish the findings, had unrestricted 
access to the data, were not limited by the spon-
sor with regard to statements made, and vouch 
for the veracity and completeness of the data. The 
first draft of the manuscript was written jointly 
by Drs. Saag and Marcus.

Ambulatory patients were eligible for enroll-
ment if they met the following criteria: an age of 
21 years or more, a history of sustained glucocor-
ticoid therapy, and a T score (the number of stan-
dard deviations above or below the mean value in 
normal adults) for bone mineral density at the 
lumbar spine or total hip of either −2.0 or less or 
−1.0 or less in addition to at least one fragility 
fracture during treatment with glucocorticoids. 
Sustained glucocorticoid therapy was defined as a 
mean daily dose of 5 mg or more of prednisone 
or its equivalent for 3 or more consecutive months 
immediately preceding the screening visit. Such 
exposure constitutes a reasonable threshold for 
long-term use on the basis of international guide-
lines.2,11-14,16,17 A fragility fracture was defined as 
a fracture associated with trauma equivalent to a 
fall from standing height or less. Men and women 
were enrolled in North America and South Amer-
ica, but only women were enrolled in Europe.

Patients were excluded if they had fewer than 
three lumbar vertebrae that could be evaluated on 
dual energy x-ray absorptiometry, abnormal labo-
ratory values, unresolved skeletal diseases other 
than glucocorticoid-induced osteoporosis, a histo-
ry of cancer within 5 years before screening (with 
the exception of superficial basal-cell or squa-
mous-cell carcinomas of the skin that had been 
definitively treated), an increased risk of osteosar-
coma, gastrointestinal disorders that would be 
likely to reduce tolerance of oral alendronate, or 
substantial renal impairment (on the basis of the 
Cockcroft–Gault formula). Patients were required 
to have normal thyroid function or to be taking a 
stable dose of thyroid hormone, with normal levels 
of thyrotropin. Patients were excluded if they had 
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received a bisphosphonate for more than 2 weeks 
within 6 months before enrollment or for more 
than 2 years within the previous 3 years and for 
nontrivial exposure to other osteoporosis thera-
pies. The institutional review board at each study 
site approved the study protocol, and all patients 
provided written informed consent.

Patients were randomly assigned to receive ei-
ther injectable teriparatide (Forteo, Eli Lilly) at a 
daily dose of 20 μg plus an oral placebo or oral 
alendronate (Fosamax, Merck) at a daily dose of 
10 mg plus an injectable placebo. Teriparatide or 
its placebo was administered by subcutaneous in-
jection by means of a prefilled pen. Alendronate 
tablets and placebo tablets were overencapsulated 
to look similar. Patients received the first dose of 
a study drug at the clinical site. They also received 
supplementation with calcium carbonate (at a dose 
of 1000 mg of elemental calcium) and vitamin D 
(at a dose of 800 IU) to be taken daily throughout 
the trial. Follow-up evaluations were scheduled at 
1, 3, 6, 12, and 18 months. Compliance with the 
study-drug regimen was assessed by interviewing 
the patients at each visit and by quantifying the 
oral and injectable medications that were returned 
to investigators. The first patient was assigned to 
receive therapy in December 2002, and the last 
patient completed the 18-month study period in 
July 2006.

Bone Mineral Density

Areal bone mineral density (in grams per square 
centimeter) of the lumbar spine and total hip was 
assessed by dual energy x-ray absorptiometry with 
the use of either Hologic (Hologic) or GE-Lunar 
(GE Medical Systems) densitometers. Quality as-
surance, cross-calibration adjustment, and data 
processing were done centrally by Bio-Imaging 
Technologies. Scan results were withheld from lo-
cal investigators unless a patient reached a pre-
specified safety value of a loss of more than 8% 
of bone. Lumbar vertebrae that were fractured dur-
ing the trial were excluded from the calculation 
of bone mineral density.

Fracture

Radiographs of the thoracolumbar spine were ob-
tained at entry, at 18 months or at early discontinu-
ation, and at unscheduled times if there were new 
or worsening symptoms suggestive of clinical ver-
tebral fracture. Radiographs were assessed in a 
blinded fashion by an independent reader at Bio-
Imaging Technologies for new vertebral fractures. 

Worsening of a preexisting deformity was not con-
sidered a new fracture. Vertebrae were graded in-
dividually for compression deformity with the use 
of semiquantitative criteria.23,24 Central adjudica-
tion of incident nonvertebral fractures was per-
formed through direct examination of radiographs 
or evaluation of a radiologist’s report.

Markers of Bone Remodeling

Markers of bone formation (intact N-terminal pro-
peptide of type I collagen, bone-specific alkaline 
phosphatase, and C-terminal propeptide of type I 
collagen) and bone resorption (C-telopeptide of 
type I collagen) were measured in serum obtained 
after an overnight fast in a subgroup of 199 pa-
tients at 1, 6, and 18 months. Frozen serum sam-
ples were shipped to a central laboratory for 
analysis (Covance Central Laboratory) and run in 
batches.

Adverse Events

Data on adverse events occurring or worsening af-
ter administration of the first dose of a study drug 
were collected throughout the study. Adverse events 
were coded with the use of the Medical Dictionary 
for Regulatory Activities, version 9.1. In addition to ad-
verse event reports of hypercalcemia and hyper-
uricemia, we examined total serum calcium con-
centrations of more than 10.5 mg per deciliter 
(2.62 mmol per liter) in a sample obtained more 
than 16 hours after the administration of a study 
drug; sustained elevated total serum calcium was 
defined as at least two elevated values at separate 
study visits. Elevated serum urate was defined as 
a concentration of more than 9.0 mg per deciliter 
(535 μmol per liter).

Statistical Analysis

The study had a power of 90% to detect a between-
treatment difference of 0.015 g per square centi-
meter (approximately 2%) in the absolute change 
in bone mineral density at the lumbar spine from 
baseline to the last measurement during the first 
18 months of therapy, assuming a standard devia-
tion of 0.04 and with the use of a two-sided t-test 
with an alpha level of 0.05. 

Block randomization that was stratified accord-
ing to sex, investigative site, and previous use of 
bisphosphonates was used to assign patients to the 
two study groups in a ratio of approximately 1:1. 
Analyses were conducted on data from patients 
who underwent randomization and who received 
at least one dose of the assigned study drug be-
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tween baseline and completion of the study at 18 
months or early discontinuation. For the primary 
outcome, the change from baseline to the last 
measurement of bone mineral density at the lum-
bar spine was examined. Models for continuous 
variables included fixed effects for the stratifica-
tion terms and treatment. Analysis of variance was 
used for continuous variables except for markers 
of bone turnover, which required nonparametric 
methods. Categorical variables were compared 

between study groups with the use of a Cochran–
Mantel–Haenszel test stratified according to geo-
graphic region or Fisher’s exact test.

The effects of treatment on the absolute change 
in bone mineral density from baseline to 3, 6, 12, 
and 18 months were assessed with mixed-model 
repeated measures. Covariates included in the 
models were the treatment assignment, stratifica-
tion variables, bone mineral density at the lumbar 
spine at baseline, time of the visit, and interaction 

33p9

428 Received study drug

429 Underwent randomization

1 Withdrew before receiving
study drug

712 Patients were screened

283 Were not eligible
219 Did not meet entry criteria

62 Had other reason
1 Had adverse event
1 Declined participation

214 Received teriparatide
(20 µg/day)

214 Received alendronate
(10 mg/day)

64 Discontinued
25 Had adverse event
16 Decided to withdraw
7 Died
3 Were lost to follow-up
3 Had protocol violation
1 Did not meet entry

criteria
3 Were withdrawn by

sponsor
1 Had other reason
2 Had significant lab-

oratory finding
3 Were withdrawn by

physician

70 Discontinued
13 Had adverse event
30 Decided to withdraw
12 Died
8 Were lost to follow-up
3 Had protocol violation
2 Did not meet entry

criteria
1 Was withdrawn by

sponsor
1 Had other reason

150 Completed treatment
with teriparatide

144 Completed treatment
with alendronate

AUTHOR:

FIGURE:

JOB: ISSUE:

4-C
H/T

RETAKE

SIZE

ICM

CASE

EMail Line
H/T
Combo

Revised

AUTHOR, PLEASE NOTE: 
Figure has been redrawn and type has been reset.

Please check carefully.

REG F

Enon

1st

2nd
3rd

Saag

1 of 3

11-15-07

ARTIST: ts

35720

Figure 1. Enrollment and Outcomes.

The four patients who were withdrawn by the sponsor either received less than 50% of a study drug in two consecu-
tive visits or had a decrease of more than 8% in bone mineral density at the lumbar spine or total hip.
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Table 1. Baseline Characteristics of the Patients.*

Variable
Alendronate  

(N = 214)
Teriparatide  

(N = 214)

Age — yr 57.3±14.0 56.1±13.4

White race — no. (%)† 148 (69.2) 153 (71.5)

Female sex — no. (%) 173 (80.8) 172 (80.4)

Postmenopausal women 143 (82.7) 134 (77.9)

Previous drug therapy — no. (%)

Bisphosphonate 20 (9.3) 20 (9.3)

Glucocorticoid

Prednisone equivalent daily dose — mg

Median 7.8 7.5

Interquartile range 5.0–10.0 5.0–10.0

Duration of therapy — yr‡

Median 1.2 1.5

Interquartile range 0.3–5.7 0.3–5.2

Previous fracture — no. (%)

Radiographically confirmed vertebral§ 53 (25.4) 62 (30.0)

Any nonvertebral 89 (41.6) 93 (43.5)

Nonvertebral fragility 43 (20.1) 42 (19.6)

Bone mineral density

Lumbar spine

Measurement — g/cm2 0.85±0.13 0.85±0.13

T score −2.6±0.89 −2.5±0.88

Total hip

Measurement — g/cm2 0.76±0.12 0.74±0.11

T score −1.9±0.91 −2.0±0.88

Markers of bone remodeling

No. of patients evaluated 100 99

N-terminal propeptide of type I collagen — µg/liter

Median 38.8 40.2

Interquartile range 28.6–50.8 28.8–56.8

C-terminal propeptide of type I collagen — µg/liter

Median 139.5 147.5

Interquartile range 110.5–176.5 122.0–183.0

Bone-specific alkaline phosphatase — µg/liter

Median 8.8 9.0

Interquartile range 6.8–11.7 6.1–11.4

C-telopeptide of type I collagen — pmol/liter

Median 3331 3265

Interquartile range 2388–5366 2070–4723
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between the visit and treatment. These models 
were used to analyze percent changes. A pre-
defined gatekeeping strategy controlled the over-
all type 1 error at an alpha level of 0.05 for testing 
of the primary objective and, subsequently, for 
determining the earliest time at which the increase 
in bone mineral density at the lumbar spine dif-
fered significantly between the study groups.25 
Testing of the remaining secondary outcomes was 
not adjusted for multiple comparisons, and no in-
terim analyses were conducted. All tests were two-
sided, and analyses were performed with the use 
of SAS statistical software, version 8 (SAS Insti-
tute).

R esult s

Patients

A total of 712 patients (564 women and 148 men) 
were screened in 12 countries. Of these patients, 
429 underwent randomization and 428 began treat-
ment (345 women and 83 men) (Fig. 1). A total of 
134 patients discontinued the study prematurely, 
70 in the alendronate group (32.7%) and 64 in the 
teriparatide group (29.9%) (P = 0.54). Of these pa-
tients, 30 in the alendronate group (14.0%) and 
16 in the teriparatide group (7.5%) discontinued 
participation in the study at their own request 
(P = 0.03); 13 patients in the alendronate group 

(6.1%) and 25 in the teriparatide group (11.7%) dis-
continued because of an adverse event (P = 0.04). 
There were no significant differences between the 
alendronate group and the teriparatide group with 
respect to the rate of adherence to treatment (93.2% 
and 94.3%, respectively, for oral administration 
and 97.6% and 98.7%, respectively, for injection).

There were no significant differences between 
study groups in baseline characteristics (Table 1). 
In both study groups combined, 115 patients 
(26.9%) had radiologic evidence of previous ver-
tebral fractures and 182 patients (42.5%) had ra-
diologic evidence of previous nonvertebral frac-
tures.

Bone Mineral Density

Similar patterns of response to the treatments were 
observed in analyses of absolute and relative chang-
es in bone mineral density; only relative changes 
are presented here. (For absolute changes, see Table 
1 of the Supplementary Appendix, available with 
the full text of this article at www.nejm.org.)

Lumbar Spine
Patients in the teriparatide group had an increase 
in the baseline value for bone mineral density at the 
lumbar spine that was significantly greater than 
the increase in the alendronate group (Fig. 2A). 
At the last measurement, patients in the teripara-

Table 1. (Continued.)

Variable
Alendronate  

(N = 214)
Teriparatide  

(N = 214)

Underlying glucocorticoid-requiring disorders — no. (%)

Rheumatologic disorders 161 (75.2) 161 (75.2)

Rheumatoid arthritis 111 (51.9) 98 (45.8)

Systemic lupus erythematosus 21 (9.8) 28 (13.1)

Polymyalgia rheumatica 8 (3.7) 10 (4.7)

Vasculitis 3 (1.4) 5 (2.3)

Other rheumatic disorders 18 (8.4) 20 (9.3)

Respiratory disorders 31 (14.5) 29 (13.6)

Inflammatory bowel disease 4 (1.9) 3 (1.4)

Other conditions 18 (8.4) 21 (9.8)

*	Plus–minus values are means ±SD. There were no significant differences between the two study groups. The T score is 
the number of standard deviations below the mean value for bone mineral density in young adults.

†	Race was determined by the investigators.
‡	The duration of glucocorticoid therapy was derived on the basis of the time that the patient received the current dose at 

screening and may thus underestimate the cumulative duration.
§	Values could be determined only for 209 patients in the alendronate group and 207 patients in the teriparatide group 

who underwent radiography at baseline.
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tide group had an increase in mean (±SE) bone 
mineral density at the lumbar spine from baseline 
that was significantly greater than that of patients 
in the alendronate group (7.2±0.7% vs. 3.4±0.7%, 
P<0.001).

Total Hip
Changes from baseline in bone mineral density at 
the total hip differed significantly between the 
study groups by 12 months (P = 0.01), when the 
first post-baseline measurement was performed 
(Fig. 2B). At 18 months, the change from base-

line was 3.8±0.6% in the teriparatide group and 
2.4±0.6% in the alendronate group, with a between-
group difference of 1.4 percentage points (95% 
confidence interval [CI], 0.4 to 2.4; P = 0.005).

Markers of Bone Turnover

In the teriparatide group, N-terminal propeptide 
of type I collagen, a marker of bone formation, 
and C-telopeptide of type I collagen, a marker of 
resorption, were increased at 1 month and peaked 
at 6 months (an increase of 69.8% and 44.8% from 
baseline, respectively). In the alendronate group, 
these markers decreased at 1 month and remained 
suppressed at 18 months (Fig. 3). Levels of C-ter-
minal propeptide of type I collagen and bone-spe-
cific alkaline phosphatase significantly increased 
in the teriparatide group and decreased in the alen-
dronate group (data not shown).

Fractures

Eleven patients in the two study groups combined 
had radiographic evidence of a new vertebral 
fracture (Table 2). The 10 fractures in the alendro-
nate group involved a mild deformity in four pa-
tients, a moderate deformity in two patients, and 
a severe deformity in four patients; the single 
fracture in the teriparatide group involved a mod-
erate deformity. On the basis of semiquantitative 
grading, there was no progression of preexisting 
vertebral fractures. The number of patients with 
new nonvertebral fractures did not differ signifi-
cantly between groups (Table 2).

Adverse Events

Safety profiles in the two study groups were sim-
ilar, with no significant differences in the overall 
incidence of adverse events, the incidence of seri-
ous adverse events, or the incidence of events either 
leading to withdrawal from the study or consid-
ered to be possibly related to a study drug (Table 
2). Nineteen subjects died during the study (12 in 
the alendronate group and 7 in the teriparatide 
group); 1 patient in the teriparatide group died the 
day after being withdrawn from the study because 
of an adverse event. Causes of death included cor-
onary heart disease, congestive heart failure, and 
systemic infection. Investigators attributed more 
adverse events to injections in the teriparatide 
group, including injection-site reactions, headache, 
and dizziness.

There were some significant differences in spe-
cific adverse events between the groups. More pa-
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Figure 2. Percent Change in Mean Bone Mineral Density at the Lumbar 
Spine and Total Hip from Baseline to 18 Months or the Last Measurement.

The asterisk denotes P<0.05, the single dagger P<0.01, and the double dag-
ger P<0.001 for between-group comparisons. Within-group changes from 
baseline at the lumbar spine (Panel A) and total hip (Panel B) were signifi-
cant at all time points (P<0.001). The I bars represent standard errors.
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tients in the teriparatide group reported having 
nausea, insomnia, pharyngitis, and viral infection; 
more patients in the alendronate group reported 
having rash, a decrease in weight, sciatica, and 
asthma. In the teriparatide group, hyperuricemia 
was reported as an adverse event for three pa-
tients, and gout was reported as an adverse event 
for one patient; no adverse events of hyperuricemia 
or gout were reported in the alendronate group. 
More patients in the teriparatide group had a 
serum urate value of more than 9.0 mg per deci-
liter (Table 2).

Within-group changes in the serum calcium 
concentration, as measured before the administra-
tion of a study drug, were significant at 1 and 
6 months in the alendronate group, with reduc-
tions of 0.2 mg per deciliter (0.06 mmol per liter) 
at 1 month (P<0.001) and of 0.1 mg per deciliter 
(0.03 mmol per liter) at 6 months (P = 0.01); at 18 
months, an increase of 0.1 mg per deciliter (0.03 
mmol per liter) was significant in the teriparatide 
group (P = 0.03). In the teriparatide group, hyper-
calcemia was reported as an adverse event for one 
patient, and no adverse events of hypercalcemia 
were reported in the alendronate group. A signifi-
cantly higher proportion of patients in the teri
paratide group had at least one serum calcium 
value of more than 10.5 mg per deciliter (2.62 
mmol per liter) before drug administration, but 
the difference in proportions between the study 
groups was not significant for sustained eleva-
tions (Table 2). There was no significant differ-
ence between the study groups in the proportion 
of patients with a calcium level of more than 
11.0 mg per deciliter (2.76 mmol per liter). No 
patient in either group had a sustained calcium 
level of 11.0 mg per deciliter or more (data not 
shown).

Discussion

In this active-comparator trial, the anabolic agent 
teriparatide appeared to show significant skeletal 
benefits in patients with glucocorticoid-induced 
osteoporosis, as compared with the bisphospho-
nate alendronate. At 18 months, teriparatide treat-
ment was significantly less likely to be associated 
with radiographic evidence of new vertebral frac-
tures.

Bisphosphonates are the current standard of care 
for glucocorticoid-induced osteoporosis.11‑17,26,27 
In a recent trial comparing a bisphosphonate with 

teriparatide in postmenopausal women with os-
teoporosis, teriparatide therapy was associated 
with increased areal and volumetric bone mineral 
density and estimates of bone strength at the 
lumbar spine, as compared with alendronate.28,29 
Although the time course of changes in mark-
ers of bone turnover in our trial resembled that 
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Figure 3. Percent Change in Markers of Bone Formation and Resorption.

Shown are median changes in levels of serum N-terminal propeptide of 
type I collagen, a marker of bone formation (Panel A), and C-telopeptide of 
type I collagen, a marker of bone resorption (Panel B). P<0.001 for all com-
parisons between study groups at 1, 6, and 18 months. Within-group 
changes from baseline for N-terminal propeptide of type I collagen were 
significant (P<0.001) at each time point in both the alendronate and teri
paratide groups. Within-group changes from baseline for C-telopeptide of 
type I collagen were significant (P<0.001) for alendronate at each time 
point; for teriparatide, changes were significant at months 1 and 6 (P<0.001). 
The I bars represent interquartile ranges.
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observed in postmenopausal women, the magni-
tude of gains in bone mineral density in the 
teriparatide group was less than that seen previ-
ously.18,28 This differential response may reflect 
the characteristic ability of glucocorticoids to in-
hibit osteoblast and osteocyte function pro-
foundly by several mechanisms, including the 
stimulation of apoptosis.30

In our study, patients in the teriparatide group 
had fewer new vertebral fractures than did patients 
in the alendronate group, although the overall 
number of fractures was small. Bisphosphonates 

have been associated with a reduced incidence of 
vertebral fractures in this patient population in 
randomized trials of alendronate,31,32 in pooled 
studies of risedronate,33 and in a nonrandomized, 
open-label study of ibandronate.34 Although there 
were more nonvertebral fractures in the teripara-
tide group than in the alendronate group in our 
study, the difference was not significant. In pre-
vious studies of teriparatide, there was a reduction 
in nonvertebral fractures in postmenopausal wom-
en with osteoporosis.18,35

The strengths of our study included the ran-

Table 2. Summary of New Fractures and Clinically Relevant Adverse Events.

Variable
Alendronate 

(N = 214)
Teriparatide 

(N = 214) P Value

Fractures

Vertebral — no./total no. (%)*

Radiographic evidence 10/165 (6.1) 1/171 (0.6) 0.004

Clinical evidence† 3/165 (1.8) 0 0.07

Nonvertebral — no. (%)‡

Any 8 (3.7) 12 (5.6) 0.36

Nonvertebral fragility 3 (1.4) 5 (2.3) 0.46

Adverse events§

Adverse event — no. (%)

Any 170 (79.4) 182 (85.0) 0.11

Possibly related to treatment¶ 28 (13.1) 38 (17.8) 0.19

Serious adverse event — no. (%)

Any 39 (18.2) 45 (21.0) 0.44

Possibly related to treatment¶ 2 (0.9) 3 (1.4) 0.66

Event related to injection — no. (%) 14 (6.5) 24 (11.2) 0.09

Gastrointestinal event — no. (%) 70 (32.7) 84 (39.3) 0.15

Nausea 15 (7.0) 30 (14.0) 0.02

Upper abdominal pain 13 (6.1) 11 (5.1) 0.67

Dyspepsia 15 (7.0) 7 (3.3) 0.07

Abdominal pain 9 (4.2) 9 (4.2) 0.96

Gastritis 6 (2.8) 14 (6.5) 0.06

Gastroesophageal reflux disease 6 (2.8) 5 (2.3) 0.81

Dysphagia 3 (1.4) 5 (2.3) 0.44

Musculoskeletal event — no. (%) 77 (36.0) 75 (35.0) 0.89

Back pain 22 (10.3) 18 (8.4) 0.53

Arthralgia 16 (7.5) 17 (7.9) 0.81

Muscle spasm 7 (3.3) 8 (3.7) 0.77

Pain in a limb 7 (3.3) 8 (3.7) 0.75

Musculoskeletal pain 3 (1.4) 6 (2.8) 0.29

Myalgia 5 (2.3) 3 (1.4) 0.49
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domized study design, large sample, and repre-
sentation of various underlying disorders requir-
ing long-term glucocorticoid therapy.36,37 However, 
there were certain limitations. The severity of un-
derlying illnesses contributed to a high discontinu-
ation rate (31.3%), with a resultant rate of radio-
graphic assessment of approximately 80%. The 
alendronate group used an overencapsulated study 
drug; nevertheless, the response in bone mineral 
density was similar to that in previous studies of 
alendronate.28,35,38,39 These results suggest that the 
alendronate used in our study had the expected 
pharmacodynamics. Although weekly administra-
tion of bisphosphonates is now the most com-
monly used regimen, the fracture rates associated 
with bisphosphonate therapy were obtained with 
daily therapy in the previously cited studies. Thus, 
the daily alendronate used in our study was rep-
resentative of previous fracture studies. Although 
our fracture finding was a unique outcome for a 

randomized study involving patients with gluco-
corticoid-induced osteoporosis, the study was not 
statistically powered to assess a reduction in the 
risk of vertebral fracture and was further limited 
because paired radiographs (baseline and post-
baseline) for the assessment of new vertebral frac-
tures were missing for 92 patients. Finally, we 
would not have detected transient hypercalcemia 
after the administration of a study drug, as de-
scribed in the Fracture Prevention Trial.18

The standard of care for patients at risk for 
glucocorticoid-associated bone loss and osteopo-
rosis includes a choice of antiresorptive agents. 
However, for patients with established osteoporo-
sis who are at high risk for fracture, more ag-
gressive and expensive therapy may be warrant-
ed. Patients in our trial had lower bone mineral 
density and more prevalent fractures than those 
in previous trials involving patients with gluco-
corticoid-induced osteoporosis, which suggests 

Table 2. (Continued.)

Variable
Alendronate 

(N = 214)
Teriparatide 

(N = 214) P Value

Nervous system event — no. (%) 38 (17.8) 44 (20.6) 0.43

Dizziness 12 (5.6) 15 (7.0) 0.53

Headache 12 (5.6) 16 (7.5) 0.47

Other — no. (%) 

Rash 10 (4.7) 3 (1.4) 0.05

Insomnia 2 (0.9) 11 (5.1) 0.01

Hypercalcemia — no./total no. (%)‖

At least one serum calcium level >10.5 mg/dl 12/209 (5.7) 38/211 (18.0) <0.001

Two or more serum calcium levels >10.5 mg/dl 4/196 (2.0) 10/195 (5.1) 0.10

At least one serum calcium level ≥11.0 mg/dl 2/209 (1.0) 8/211 (3.8) 0.06

At least one serum urate level >9.0 mg/dl —  
no./total no. (%)‖

10/208 (4.8) 17/212 (8.0) 0.18

*	Vertebral fractures were defined as deformities in vertebrae that had been seen as normal (grade 0) on baseline radio-
graphs. These deformities included a reduction in anterior, middle, or posterior vertebral height on post-baseline radio-
graphs. Fractures were defined as mild (grade 1, a 20 to 25% reduction), moderate (grade 2, a >25 to 40% reduction), 
or severe (grade 3, a >40% reduction). Baseline spinal radiographs could not be evaluated for 5 patients in the alendro-
nate group and 7 in the teriparatide group; post-baseline spinal radiographs could not be evaluated for 44 patients in 
the alendronate group and 36 patients in the teriparatide group.

†	Clinical vertebral fractures were recorded when a patient reported having suggestive symptoms; radiographic evidence 
of a new fracture was validated at the central reading facility. Clinical vertebral fractures are a subgroup of vertebral 
fractures as seen on radiography.

‡	Nonvertebral fractures were recorded separately from adverse events, unless the fracture met one of the criteria for a 
serious adverse event. One patient in the alendronate group (whose data are not listed in the table) reported a hip frac-
ture only as an adverse event.

§	Comparisons between the two groups were calculated with the use of a region-stratified Cochran–Mantel–Haenszel test.
¶	The local investigator determined whether the event was related to therapy.
‖	Values refer to patients’ laboratory data and not to reports of clinical adverse events. To convert the values for calcium 

to millimoles per liter, multiply by 0.250. To convert the values for urate to micromoles per liter, multiply by 59.48.
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an even greater need for an efficacious interven-
tion.7‑10,26,31,33

In our study, teriparatide was associated with 
greater increases in bone mineral density at the 
spine and hip and with significantly fewer new 
vertebral fractures, with no significant differences 
between groups in the incidence of nonvertebral 
fractures or serious adverse events. The occurrence 
of sporadic hypercalcemia was more frequent in 
the teriparatide group than in the alendronate 
group. On the basis of the known pathophysiol-
ogy of glucocorticoid-induced osteoporosis, teri
paratide might be considered as a therapeutic 
strategy for patients at high risk for fracture.
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