Longterm Reduction of Back Pain Risk in Women with
Osteoporosis Treated with Teriparatide Compared with
Alendronate
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ABSTRACT. Objective. To compare the effects on back pain of teriparatide versus alendronate, we analyzed the
reporting of back pain in a head to head comparator trial and a followup study.
Methods. In the comparator trial, women were randomized to receive either daily self-injected teriparatide 40 µg plus an oral placebo (n = 73), or daily oral alendronate 10 mg plus self-injected placebo (n = 73). Treatment was for a median 14 months. After completion of the comparator trial, 72%
of these patients enrolled in a nontreatment followup study. Adverse events were recorded at each
comparator trial visit and followup study visit, and the incidence of new or worsening back pain in
each group was compared.
Results. During the comparator trial, compared with women randomized to alendronate 10 mg,
women randomized to teriparatide 40 µg had reduced risk for any back pain (relative risk 0.27, 95%
CI 0.09–0.82) and moderate or severe back pain (relative risk 0.19, 95% CI 0.04–0.86). The differences in the reporting of back pain between the teriparatide treated women and the alendronate treated women were sustained during an interval including the comparator trial plus 18 additional
months. During an interval including the comparator trial plus 30 additional months, teriparatide
treated patients had numerically fewer occurrences of back pain and moderate or severe back pain.
Conclusion. Compared with women randomized to alendronate 10 mg, women randomized to teriparatide 40 µg had reduced risk of back pain during the trial and 2.5 years of followup. (J Rheumatol
2005;32:1556–62)
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More than 75 million people in the United States, Europe,
and Japan are affected by osteoporosis1. The US National
Institutes of Health defines osteoporosis as a skeletal disorder characterized by compromised bone strength predisposing to an increased risk of fracture2. The World Health
Organization (WHO) operationally defines osteoporosis as a
bone density 2.5 standard deviations below the mean for
young Caucasian adult women3. Chronic back pain may
occur in patients with osteoporosis who have vertebral fractures4. Patients with vertebral fractures are more likely to
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have back pain, more back pain related days of bed rest,
diminished physical capabilities, kyphosis, and increased
mortality4-7. The consequences of osteoporotic vertebral
fractures — back pain, physical deformity, and functional
disability — may profoundly affect the psychological well
being and quality of life of the patient8-10. An estimated 8
million women and 2 million men in the US have osteoporosis. Less than half of those patients with osteoporotic
vertebral fractures have been diagnosed1,11. Of those
patients with clinically diagnosed vertebral deformities,
about one-quarter are hospitalized at an annual cost of about
$500 million in the US and E 377 million in Europe12-14.
Treatments with teriparatide, an anabolic agent, and with
alendronate, an antiresorptive agent, have proven efficacy in
reducing the risk of new vertebral fractures in large trials of
postmenopausal women with osteoporosis and previous vertebral fractures. Patients treated with teriparatide 20 or 40
µg/day also had a similarly reduced risk for new or worsening back pain compared with placebo treated patients (p =
0.007)15. In a head to head comparator trial, patients treated
with teriparatide 40 µg/day had reduced risk for new or
worsening back pain (p = 0.012) compared with patients
treated with alendronate 10 mg/day16. We report additional
back pain analyses from the comparator trial and a followup
study.
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MATERIALS AND METHODS
Patients. Postmenopausal women with osteoporosis (n = 146) participated
in a global, multicenter, double blind, parallel, randomized trial designed to
compare increases in vertebral bone mineral density (BMD) and differences in bone turnover following treatment with teriparatide [recombinant
human parathyroid hormone (1-34)] 40 µg once-daily injection, or treatment with alendronate sodium 10 mg oral capsule per day. All women
received once-daily oral supplementation with calcium (1000 mg) and vitamin D (400 to 1200 IU). Additional details of the methods for this comparator trial are published16.
After completing the comparator trial, 72% of patients elected to participate in a multicenter, multinational, post-therapy safety and efficacy followup study. This analysis includes data collected at visits during the comparator trial and during 30 months of additional observation. Study visits
were at baseline, 1, 3, 6 and 12 months, and endpoint. Followup study visits were scheduled for baseline and 6, 18, and 30 months after completion
of the comparator trial. Treatment and observation periods are depicted in
Figure 1. Participating investigators and patients in the followup study were
not blinded to the patient’s prior treatment with teriparatide or alendronate.
Patients who enrolled in the followup study were allowed to take treatments
for osteoporosis prescribed by their physicians. Table 1 presents osteoporosis drug use during the followup study; 46.7% of patients were treated
with bisphosphonates and 23.8% of patients were treated with selective
estrogen receptor modulators (SERM) during this period.
Assessment of adverse events. An adverse event was any undesirable experience or unanticipated benefit without regard to treatment group assignment, causality, or seriousness. At each study visit, patients were questioned regarding the occurrence of adverse events, and all adverse events
were recorded on the case report form. Women were not queried specifically regarding back pain. Women reporting new or worsening back pain
after starting study drug were defined as having back pain. The investigator assessed the severity of adverse events, including back pain, as mild,

moderate, or severe. A mild adverse event was defined as one involving no
change in physical activity with occasional medication use for relief of pain
symptoms. Criteria for a moderate adverse event included mild disruptions
in daily physical activities and regular medication use for alleviation of
pain. Criteria for a severe adverse event included major disruption in normal daily activities, additional medication use and treatment for pain,
and/or hospitalization.
Statistical analysis. Treatment-emergent adverse back pain events were
stratified according to severity and analyzed for between-group differences.
All categorical data were analyzed using Pearson’s chi-square test and all
continuous data using Student’s t test. A multivariate Cox proportional hazard model was used to compute the relative risk of back pain after adjusting for baseline lumbar spine BMD. Analyses of back pain incidence compared the alendronate 10 mg and teriparatide 40 µg groups on the basis of
time to first new or worsening back pain using a log-rank test. The cumulative incidence of treatment-emergent back pain was calculated using the
Kaplan-Meier method. All statistical tests were 2 sided with a significance
level of 0.05 using SAS software, version 8.2 (SAS Institute, Cary, NC,
USA).

RESULTS
Baseline characteristics. Two hundred sixty-five women
were screened and 149 women were randomized to treatment. Three women withdrew before treatment. Seventythree women were randomized to teriparatide 40 µg/day
subcutaneous injection plus oral placebo. Seventy-three
women were randomized to alendronate sodium 10 mg/day
oral capsule plus placebo injection (Figure 2). The median
duration of observation during the comparator trial was 15.4
months. The median duration of observation during the

Figure 1. Comparator trial treatment and observation periods; trial plus additional observation
periods.
Table 1. Patients taking any osteoporosis drug for any duration from end of the comparator trial to the 30 month
followup visit.

Patients taking
Any osteoporosis treatment
Bisphosphonates
Calcitonin
Hormone replacement therapy
Progestin/androgen
Selective estrogen receptor modulators
Multiple osteoporosis treatment

Alendronate 10 mg
(N = 53), n (%)

Teriparatide 40 µg
(N = 52), n (%)

p

37 (69.8)
23 (43.4)
2 (3.8)
3 (5.7)
3 (5.7)
13 (24.5)
6 (11.3)

38 (73)
26 (50)
—
4 (7.7)
2 (3.9)
12 (23)
5 (9.6)

0.711
0.498
0.157
0.676
0.663
0.861
0.775
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Figure 2. Number of patients enrolled during the comparator trial (alendronate vs teriparatide)
and during the followup study.

comparator trial plus an additional 18 months’ observation
was 34.3 months. The median duration of observation during the comparator trial plus an additional 30 months’ observation was 46.2 months (Figure 1).
There were no significant differences between groups in
baseline characteristics (Table 2A). The majority of patients
were Caucasian (82%), followed by Hispanic origin (16%),
and Asian origin (1%). After the comparator trial, 53
patients previously treated with alendronate and 52 previously treated with teriparatide enrolled in the followup study
(Figure 2). There were no significant between-group differences in baseline characteristics among women who
enrolled in the followup study (Table 2B).
During the first 18 months of additional observation,
66% of the patients previously treated with alendronate and
69% of patients previously treated with teriparatide used an

osteoporosis treatment. Of the subjects who returned after
30 months of additional observation, 70% of those previously treated with alendronate and 73% of patients previously treated with teriparatide had used an osteoporosis
treatment. There were no significant between-group differences in the number of patients receiving any osteoporosis
treatments or any specific type of osteoporosis treatment at
any followup visit (Table 1).
Back pain. Back pain results during the comparator trial are
presented in Table 3. The results of back pain reported during the comparator trial plus 18 months and during the comparator trial plus 30 months of additional observation are
shown in Table 4. Compared with women treated with alendronate, fewer women randomized to teriparatide reported
back pain during the comparator trial (5.5% vs 19.2%; relative risk 0.27, 95% CI 0.09–0.82). During the comparator

Table 2. A. Baseline characteristics of women enrolled in the comparator trial. B. Baseline characteristics of
women from the comparator trial subsequently enrolled in the followup study.

A
Age, yrs
Vertebral BMD, g/cm2
Body mass index, kg/m2
Years past menopause
Dietary calcium intake, g/day
PTH (1-34), pmol/l

B
Age, yrs
Vertebral BMD, g/cm2
Body mass index, kg/m2
Post menopause, yrs
Dietary calcium intake, g/day
PTH (1-34), pmol/l

Alendronate 10 mg,
N = 73

Teriparatide 40 µg,
N = 73

p

65 ± 9
0.795 ± 0.12
24.4 ± 3.5
19 ± 10
620 ± 340
3.3 ± 1.0

66 ± 8
0.797 ± 0.11
23.9 ± 4.5
18 ± 9
700 ± 380
3.1 ± 1.1

0.43
0.92
0.45
0.58
0.18
0.27

Alendronate 10 mg,
N = 53

Teriparatide 40 µg,
N = 52

p

65 ± 8
0.769 ± 0.10
24.5 ± 3.4
20 ± 10
620 ± 350
3.4 ± 1.0

66 ± 7
0.761 ± 0.11
23.8 ± 4.6
17 ± 8
670 ± 390
3.3 ± 1.2

0.52
0.78
0.36
0.15
0.48
0.64

BMD: bone mineral density; PTH (1-34): human recombinant parathyroid hormone.
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Table 3. Number of patients reporting back pain during the comparator trial.
Alendronate 10 mg
(N = 73), n (%)

Teriparatide 40 µg
(N = 73), n (%)

Relative Risk*
(95% CI)

14 (19.2)
10 (13.7)
2 (2.7)

4 (5.5)
2 (2.7)
1 (1.4)

0.27 (0.09–0.82)
0.19 (0.04–0.86)
0.51 (0.05–5.64)

Back pain
Moderate or severe back pain
Severe back pain

* Relative risk is based on the Cox proportional hazard model with treatment as a model effect after adjusting
for baseline lumbar spine BMD.
Table 4. Back pain during comparator trial plus 18 months additional observation and 30 months additional
observation.
Alendronate 10 mg
(N = 53), n (%)

Teriparatide 40 µg
(N = 52), n (%)

Relative Risk*
(95% CI)

15 (28.3)
10 (18.9)
3 (5.7)

5 (9.6)
2 (3.9)
1 (1.9)

0.31 (0.11–0.84)
0.19 (0.04–0.89)
0.34 (0.04–3.30)

15 (28.3)
10 (18.9)
3 (5.7)

8 (15.4)
3 (5.8)
1 (1.9)

0.49 (0.21–1.16)
0.30 (0.08–1.08)
0.34 (0.04–3.30)

Comparator trial plus 18 months
Back pain
Moderate or severe back pain
Severe back pain
Comparator trial plus 30 months
Back pain
Moderate or severe back pain
Severe back pain

* Relative risk is based on the Cox proportional hazard model with treatment as a model effect after adjusting for
baseline lumbar spine BMD.

trial plus 18 months of additional observation, fewer women
in the teriparatide group reported back pain compared with
women in the alendronate group (9.6% vs 28.3%; relative
risk 0.31, 95% CI 0.11–0.84). During the comparator trial
plus 30 months of additional observation, back pain
occurred in fewer teriparatide treated patients (15.4% vs
28.3%; relative risk 0.49, 95% CI 0.21–1.16). The cumulative incidence of reported back pain across all observation
periods separated after about 3 months of treatment (Figure
3A). The cumulative incidence of back pain was significantly lower in the teriparatide treated women during the
comparator trial (p = 0.022), and during the comparator trial
plus 18 months of additional observation (p = 0.014); however, this difference showed a trend away from significance
during the comparator trial plus 30 months of additional
observation (p = 0.09).
Moderate or severe back pain. Moderate or severe back pain
results during the comparator trial are presented in Table 3,
and the results of moderate or severe back pain reported during the comparator trial plus 18 months of additional observation and during the comparator trial plus 30 months of
additional observation are shown in Table 4. Compared with
women treated with alendronate, fewer women randomized
to teriparatide reported moderate or severe back pain during
the comparator trial (2.7% vs 13.7%; relative risk 0.19, 95%
CI 0.04–0.86). During the trial plus 18 months of additional
observation, fewer women in the teriparatide group reported
moderate or severe back pain compared with women in the
alendronate group (3.9% vs 18.9%; relative risk 0.19, 95%

CI 0.04–0.89). During the comparator trial plus 30 months
of additional observation, fewer women in the teriparatide
group reported moderate or severe back pain compared with
women in the alendronate group (5.8% vs 18.9%; relative
risk 0.30, 95% CI 0.08–1.08).
The cumulative incidence of reported moderate or severe
back pain across all observation periods shows an initial
separation after about 3 months of treatment (Figure 3B).
The cumulative incidence of moderate or severe back pain
was significantly lower in teriparatide treated women during
the comparator trial (p = 0.018), during the comparator trial
plus 18 months of additional observation (p = 0.015), and
during the comparator trial plus 30 months of additional
observation (p = 0.04). The number of women reporting
severe back pain was small during all observation periods
(Table 3, Table 4) and did not show significant differences.
DISCUSSION
In this trial, significantly fewer women treated with teriparatide compared with alendronate reported back pain or
moderate or severe back pain. The difference in reported
back pain between the groups was sustained during
longterm additional observation. The mechanism for the
back pain reduction in teriparatide treated compared with
alendronate treated women is unknown. The 2 agents have
essentially opposite effects on bone turnover. Teriparatide
increases bone remodeling and stimulates bone formation,
while alendronate suppresses bone remodeling and prevents
bone loss17. Both teriparatide and alendronate reduce the
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Figure 3. A. Back pain during the comparator trial and at 18 and 30 month followup. B.
Moderate or severe back pain during the comparator trial and at 18 and 30 month followup
visits. *Log-rank p values at the end of the comparator trial, and at 18 and 30 month followup
visits (median 15.4, 34.3, and 46.2 months after randomization).

risk for new vertebral fractures. Women with prevalent vertebral fractures treated with teriparatide 20 µg/day for a
median 19 months had a 65% reduced risk for new vertebral
fractures, compared with placebo; women treated with teriparatide 40 µg/day had a 69% reduced risk for new vertebral
fractures, compared with placebo. The risk of new vertebral
fractures graded as moderate or severe was reduced by 90%
for the teriparatide 20 µg group and by 78% for the teriparatide 40 µg group15. Treatment with alendronate 5
mg/day for 2 years and then alendronate 10 mg/day for one
year reduced the risk of new vertebral fractures by 47%11,

but the effects of alendronate on new moderate or severe
vertebral fractures have not been published. A possible
mechanism for the differences in back pain between the 2
groups may be differences in vertebral fracture efficacy of
the 2 drugs, but because our study did not include radiographs of the spine, this hypothesis is not testable.
However, in indirect support of this hypothesis, significantly fewer (p = 0.042) nonvertebral fractures occurred in the
teriparatide group (4.1%) than in the alendronate group
(13.7%) during the comparator trial16.
Published trials of antiresorptive drugs do not consistent-
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ly include observations of reductions in back pain. The primary publications of the alendronate fracture trials did not
include any mention of back pain11,18,19. However, Nevitt, et
al20 reported an analysis of back pain data in patients taking
alendronate compared with placebo, collected using a back
pain questionnaire in the FIT-1 trial11. There were no statistically significant differences between treatment groups in
the number of patients with back pain or increases in back
related disability between baseline and study end. However,
significantly fewer women treated with alendronate required
bed rest for back pain, and there was a trend for fewer
women treated with alendronate to limit their activity
because of back pain. The primary publications reporting
the results of the risedronate fracture trials do not contain any mention of back pain21-23. The primary publication of the raloxifene fracture trial results does not
include any reference to back pain24. Nasal calcitonin is
commonly believed to have an analgesic effect after
acute vertebral fracture25, but the primary publication of
the fracture data for this drug does not contain any mention of back pain26.
Limitations and strengths. The absence of vertebral radiographs during the study limits the ability to determine the
relationship between episodes of back pain and the occurrence of vertebral fractures. The collection of back pain data
during monitoring of adverse events requires additional
comment. Randomization, blinding, and standard directions
for recording adverse events during the comparator trial
should have prevented systematic bias in favor of either
treatment group. The followup study was not blinded,
patients were no longer taking study drug, and it is unlikely
that investigators would have a bias toward reporting back
pain in either the previously alendronate treated or previously teriparatide treated groups. Notably, use of other bone
drugs during the followup study was similar between the 2
groups. Nevertheless, a prospective trial of teriparatide in
women at risk of back pain with back pain ascertainment as
the endpoint is needed. This trial should include assessments
of quality of life and analgesic consumption.
The teriparatide 40 µg/day dose administered during the
comparator trial is higher than the approved 20 µg/day dose.
However, a similarly reduced incidence of back pain compared with placebo was observed in both 20 and 40 µg
groups in a large placebo controlled trial15. Also, another
recent comparator trial showed reduced back pain incidence
in patients randomized to teriparatide 20 µg/day compared
with women randomized to alendronate 10 mg/day27.
In conclusion, fewer women randomized to teriparatide
40 µg/day experienced back pain and moderate or severe
back pain compared with women randomized to alendronate 10 mg/day during the comparator trial. After stopping study drug, the differences in back pain incidence
between the groups were sustained during a longterm followup study.

ACKNOWLEDGMENT
We acknowledge the contributions of the investigators and women who
participated in the comparator and followup studies. Additionally, the
authors acknowledge the statistical contributions of Anwar Hossain and
David Donley. We are grateful to Bonnie Ross for preparation of the figures.

REFERENCES
1. Haczynski J, Jakimiuk A. Vertebral fractures: a hidden problem of
osteoporosis. Med Sci Monit 2001;7:1108-17.
2. Osteoporosis prevention, diagnosis, and therapy. NIH Consens
Statement 2000;17:1-45. Available from: http://odp.od.nih.gov/consensus/cons/111/111_intro.htm. Accessed April 28, 2005.
3. World Health Organization. Assessment of fracture risk and its
application to screening for postmenopausal osteoporosis. Report of
a WHO Study Group. World Health Organ Tech Rep Ser
1994;843:1-129.
4. Mazanec DJ, Podichetty VK, Mompoint A, Potnis A. Vertebral
compression fractures: manage aggressively to prevent sequelae.
Cleve Clin J Med 2003;70:147-56.
5. Kado DM, Browner WS, Palermo L, Nevitt MC, Genant HK,
Cummings SR. Vertebral fractures and mortality in older women: a
prospective study. Study of Osteoporotic Fractures Research Group.
Arch Intern Med 1999;159:1215-20.
6. Nevitt MC, Ettinger B, Black DM, et al. The association of
radiographically detected vertebral fractures with back pain and
function: a prospective study. Ann Intern Med 1998;128:793-800.
7. Ross PD, Davis JW, Epstein RS, Wasnich RD. Pain and disability
associated with new vertebral fractures and other spinal conditions.
J Clin Epidemiol 1994;47:231-9.
8. Gold DT. The nonskeletal consequences of osteoporotic fractures.
Psychologic and social outcomes. Rheum Dis Clin North Am
2001;27:255-62.
9. Oleksik A, Lips P, Dawson A, et al. Health-related quality of life in
postmenopausal women with low BMD with or without prevalent
vertebral fractures. J Bone Miner Res 2000;15:1384-92.
10. Silverman SL, Minshall ME, Shen W, Harper KD, Xie S. The
relationship of health-related quality of life to prevalent and
incident vertebral fractures in postmenopausal women with
osteoporosis: results from the Multiple Outcomes of Raloxifene
Evaluation Study. Arthritis Rheum 2001;44:2611-9.
11. Black DM, Cummings SR, Karpf DB, et al. Randomised trial of
effect of alendronate on risk of fracture in women with existing
vertebral fractures. Fracture Intervention Trial Research Group.
Lancet 1996;348:1535-41.
12. Johnell O, Gullberg B, Kanis JA. The hospital burden of vertebral
fracture in Europe: a study of national register sources. Osteoporos
Int 1997;7:138-44.
13. Gehlbach SH, Burge RT, Puleo E, Klar J. Hospital care of
osteoporosis-related vertebral fractures. Osteoporos Int 2003;
14:53-60.
14. Dennison E, Cooper C. Epidemiology of osteoporotic fractures.
Horm Res 2000;54 Suppl 1:58-63.
15. Neer RM, Arnaud CD, Zanchetta JR, et al. Effect of parathyroid
hormone (1-34) on fractures and bone mineral density in postmenopausal women with osteoporosis. N Engl J Med
2001;344:1434-41.
16. Body JJ, Gaich GA, Scheele WH, et al. A randomized double-blind
trial to compare the efficacy of teriparatide [recombinant human
parathyroid hormone (1-34)] with alendronate in postmenopausal
women with osteoporosis. J Clin Endocrinol Metab 2002;
87:4528-35.
17. Arlot M, Meunier PJ, Boivin G, et al. Differential effects of
teriparatide and alendronate on bone remodeling in postmenopausal

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2005. All rights reserved.
Miller, et al: Reduction of back pain, teriparatide versus alendronate

1561

Downloaded on September 20, 2021 from www.jrheum.org

18.

19.

20.

21.

22.

women assessed by histomorphometric parameters. J Bone Miner
Res 2005; (in press).
Liberman UA, Weiss SR, Broll J, et al. Effect of oral alendronate
on bone mineral density and the incidence of fractures in postmenopausal osteoporosis. The Alendronate Phase III Osteoporosis
Treatment Study Group. N Engl J Med 1995;333:1437-43.
Cummings SR, Black DM, Thompson DE, et al. Effect of
alendronate on risk of fracture in women with low bone density but
without vertebral fractures: results from the Fracture Intervention
Trial. JAMA 1998;280:2077-82.
Nevitt MC, Thompson DE, Black DM, et al. Effect of alendronate
on limited-activity days and bed-disability days caused by back
pain in postmenopausal women with existing vertebral fractures.
Fracture Intervention Trial Research Group. Arch Intern Med
2000;160:77-85.
McClung MR, Geusens P, Miller PD, et al. Effect of risedronate on
the risk of hip fracture in elderly women. Hip Intervention Program
Study Group. N Engl J Med 2001;344:333-40.
Reginster J, Minne HW, Sorensen OH, et al. Randomized trial of
the effects of risedronate on vertebral fractures in women with
established postmenopausal osteoporosis. Vertebral Efficacy with

23.

24.

25.
26.
27.

Risedronate Therapy (VERT) Study Group. Osteoporos Int
2000;11:83-91.
Harris ST, Watts NB, Genant HK, et al. Effects of risedronate
treatment on vertebral and nonvertebral fractures in women with
postmenopausal osteoporosis: a randomized controlled trial.
Vertebral Efficacy With Risedronate Therapy (VERT) Study Group.
JAMA 1999;282:1344-52.
Ettinger B, Black DM, Mitlak BH, et al. Reduction of vertebral
fracture risk in postmenopausal women with osteoporosis treated
with raloxifene: results from a 3-year randomized clinical trial.
Multiple Outcomes of Raloxifene Evaluation (MORE)
Investigators. JAMA 1999;282:637-45.
Lyritis GP, Trovas G. Analgesic effects of calcitonin. Bone 2002;30
Suppl:71S-74S.
Cummings SR, Chapurlat RD. What PROOF proves about
calcitonin and clinical trials. Am J Med 2000;109:330-1.
McClung M, San Martin J, Miller P, et al. Teriparatide and
alendronate increase bone mass by opposite effects on bone
remodeling. Arch Intern Med 2005;165: (in press).

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2005. All rights reserved.
1562

The Journal of Rheumatology 2005; 32:8

Downloaded on September 20, 2021 from www.jrheum.org

