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Abstract. Limited information is available on the effect of
bisphosphonates in men receiving corticosteroid therapy.
We studied 184 men among the patients enrolled in two,
double-blind, placebo-controlled, 1-year studies with simi-
lar protocols. The studies evaluated the effects of risedro-
nate in patients beginning corticosteroid treatment at a dose
of at least 7.5 mg per day of prednisone or equivalent (pre-
vention study) or continuing long-term treatment of corti-
costeroid at that dose (treatment study). The men received
either placebo or risedronate (2.5 mg or 5 mg) daily, along
with calcium supplementation (500–1000 mg). Endpoints
included differences in bone mineral density (BMD) at the
lumbar spine, femoral neck, and femoral trochanter, assess-
ment of vertebral fractures, changes in biochemical markers
of bone turnover, and overall safety. In the treatment study,
risedronate 5 mg significantly (P < 0.01) increased lumbar
spine BMD by 4.8% at the lumbar spine, 2.1% at the femo-
ral neck, and 2.6% at the femoral trochanter compared with
baseline values. In the prevention study, bone loss was pre-
vented with risedronate 5 mg; in the placebo group, BMD
decreased significantly (P < 0.01) by 3.4%, 3.3%, and 3.4%
in the lumbar spine, femoral neck, and trochanter, respec-
tively, at 1 year. The differences between risedronate 5 mg
and placebo groups were significant at all skeletal sites in
the prevention study (P < 0.01) and at the lumbar spine in
the treatment study (P < 0.001). The 2.5 mg dose also had
a positive effect on BMD, although of a lesser magnitude
than the 5 mg dose. When the data from the two studies
were combined, the incidence of vertebral fractures de-
creased 82.4% (95% confidence interval, 36.6%–95.1%) in
the pooled risedronate groups compared with placebo (P 4
0.008). Risedronate was well tolerated in men, with a simi-
lar incidence of upper gastrointestinal adverse events in the
placebo and treatment groups. Daily treatment with risedro-
nate increases bone density and decreases vertebral fracture
risk within 1 year in men receiving corticosteroid therapy.
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Long considered a disease of postmenopausal women, os-
teoporosis is increasingly being recognized among the
growing population of elderly men. The annual number of
hip fractures in men is expected to exceed 1.1 million by
2025 [1]. Although one of the most common causes of
secondary osteoporosis in men is corticosteroid treatment,
limited data are available concerning the prevention and
treatment of corticosteroid-induced osteoporosis (CIO) in
men.

Risedronate, a novel pyridinyl bisphosphonate, is effec-
tive in the treatment and prevention of postmenopausal os-
teoporosis in women and corticosteroid-induced osteoporo-
sis in men and women (CIO) [2–8]. In postmenopausal
osteoporosis trials, risedronate has been shown to reduce the
risk of vertebral fractures in the first year of treatment and
the risk of hip fractures over 3 years [2–4]. Risedronate also
reduced the risk of vertebral fracture by 70% in a mixed
population of men and women initiating or continuing cor-
ticosteroid treatment for chronic conditions [8]. Because
data on the efficacy of bisphosphonates in the management
of osteoporosis in men are limited, we evaluated the effi-
cacy and safety of risedronate in the male patients receiving
corticosteroids that were enrolled in two double-blind, pla-
cebo-controlled studies conducted in parallel under similar
protocols [5, 6].

Methods

Patients and Treatments

A total of 184 ambulatory men, 18–85 years of age and receiving
at least 7.5 mg oral prednisone daily or equivalent oral corticoste-
roid therapy, were enrolled in two parallel studies and received at
least one dose of study drug. Men were expected to continue on
corticosteroid therapy for at least 12 months. One study included
77 men who had been treated with corticosteroids for 3 months or
less (prevention study) [5]. The second study included 107 men
who had received corticosteroid therapy for at least 6 months
(treatment study) [6]. The underlying diseases requiring cortico-
steroid treatment included rheumatoid arthritis, lung disease, poly-
myositis, polymyalgia rheumatica, temporal arteritis, and vasculi-
tis. The exclusion criteria included evidence of metabolic bone
disease other than CIO, recent use of drugs known to affect boneCorrespondence to:D. M. Reid
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metabolism, and any significant organic or psychiatric disease that
could affect participation or interfere with the interpretation of the
data. Patients with a history of or an on-going upper gastrointes-
tinal disorder or use of nonsteroidal antiinflammatory drugs
(NSAIDs) or aspirin were not excluded. The protocol was ap-
proved by the respective ethics committees or institutional review
boards, and all patients gave written informed consent.

The men received either placebo (60 patients), risedronate 2.5
mg (61 patients), or risedronate 5 mg (63 patients) daily for 1 year.
In the prevention study, all patients received 500 mg elemental
calcium daily. All patients in the treatment study received 1000 mg
elemental calcium and 400 IU vitamin D daily.

Measurements

Bone densitometry measurements were performed at baseline and
after 1 year by dual-energy X-ray absorptiometry (DXA), using
either Lunar (Madison, Wisconsin, U.S.A) or Hologic (Waltham,
Massachusetts, USA) instruments. Lumbar spine BMD values
were standardized to adjust for machine type [9]. All results were
analyzed centrally by the Osteoporosis and Arthritis Research
Group at the University of California at San Francisco, USA.
Dual-energy X-ray absorptiometry phantom data were analyzed
for consistency of instrument performance throughout the study
[10]. Longitudinal BMD correction factors were applied to com-
pensate for instrument variations, if necessary.

Lateral radiographs of the thoracic and lumbar spine (T4–L4)
were taken at baseline and at 12 months, and evaluated at a central
facility for prevalence and incidence of vertebral fractures. The
assessment of vertebral fractures was made using quantitative mor-
phometry, in accordance with the recommendations of the Work-
ing Group on Vertebral Fractures [11]. A vertebra was considered
to be fractured at baseline (prevalent fracture) if any of the verte-
bral height ratios fell below three standard deviations of the mean
for the study population, as described by Melton et al. [12]. A new
(incident) vertebral fracture was defined as a decrease of$15%
(for intact vertebrae at baseline) or a decrease of$4 mm (for
fractured vertebrae at baseline) in any of the measured vertebral
heights (anterior, middle, or posterior). In addition, all incident
vertebral fractures identified by morphometry were verified visu-
ally by a skeletal radiologist (Massachusetts General Hospital,
Boston, MA).

Measurements of biochemical markers of bone formation [se-
rum bone-specific alkaline phosphatase (BAP)] and bone resorp-
tion [urinary N-telopeptide (NTx), adjusted for creatinine excre-
tion] were performed at baseline and 1, 3, 6, and 12 months, using
the Tandem-R Ostase immunoradiometric assay (Hybritech, Inc.,
San Diego, California, USA) and an enzyme-linked immunosor-
bent assay (Ostex International, Seattle, Washington, USA), re-
spectively. The intra-and interassay coefficients of variation were
6.8% and 7.5%, respectively, for BAP, and 7.3% and 12.2%, re-
spectively, for NTx. Samples were analyzed by the Nichols Insti-
tute at Quest Diagnostics, San Juan Capistrano, California, USA.

Adverse events were recorded at all post baseline visits, and
their severity and relationship to study drug were evaluated by the
investigators.

Statistical Analysis

Results reported here are based on an intent-to-treat (ITT) popu-
lation, defined as randomized male patients who took at least 1
dose of study drug. The pooled analysis was possible because of
the similarity of the study designs and underlying diseases in the
prevention and treatment studies. The two study populations dif-
fered in the duration of corticosteroid therapy prior to enrollment
(3 months or less versus 6 months or more), and in the amount of
vitamin D and calcium supplementation. The statistical methodol-
ogy accounted for trial differences, and a stratified (by trial) analy-
sis was conducted, which averaged the treatment effect in the two
studies.

All statistical analyses were conducted at the 5% significance

level, two-sided. Within-treatment group comparisons were car-
ried out using the one-sample, pairedt-test. A two-way ANOVA
model (with trial and treatment as factors) was used for compari-
sons between treatment groups. A comparison of the incidence of
vertebral fractures between the combined risedronate (2.5 mg and
5 mg) and placebo groups was performed using the Cochran-
Mantel-Haenszel test, with trial as a stratification factor. Data are
shown as mean and standard error (SE) unless otherwise specified.

Results

A total of 184 male patients received at least one dose of
study drug (ITT population). The baseline characteristics of
the 184 enrolled patients were similar between treatment
groups (Table 1). At baseline, the mean lumbar spine BMD
was similar in the risedronate and placebo groups. The mean
daily corticosteroid dose prior to enrollment was 19.4 mg
(SD, 16.4) and the mean corticosteroid dose during the
1-year study was 14.2 mg (SD, 15.7); the corticosteroid
doses were similar among the three treatment groups. Forty
percent of men had prevalent (baseline) vertebral fractures;
the prevalence was slightly higher in the risedronate 5 mg
group (46%) than in the other groups (Table 1).

Bone Mineral Density

At 1 year, a significant difference between the risedronate 5
mg and placebo groups in mean percent change from base-
line in BMD was noted at all skeletal sites in the treatment
study. The mean differences (SE) versus baseline at 1 year
in the risedronate 5 mg group were 4.8% (0.8), 2.1% (0.7),
and 2.6% (0.5) at the lumbar spine, femoral neck, and femo-
ral trochanter, respectively (P < 0.01) (Fig. 1a). At 1 year,
the difference between the risedronate 5 mg and placebo
groups was significant at the lumbar spine (P < 0.001) but
not at the femoral neck or femoral trochanter. In the pre-
vention study, significant losses of 3.4% (0.8), 3.3% (1.1),
and 3.4% (0.9) were observed at the lumbar spine, femoral
neck, and femoral trochanter, respectively, in the placebo
group (P < 0.01) whereas BMD was maintained in the rise-
dronate 5 mg group (Fig. 1b). The difference between the
risedronate 5 mg and placebo groups was significant at all
sites (P < 0.01). The risedronate 2.5 mg dose produced
smaller changes in BMD than the 5 mg dose in both the
prevention and treatment studies (Fig. 1).

Vertebral Fractures

In the placebo group, 9 of 38 (24%) patients sustained a
vertebral fracture compared with 0 of 25 in the risedronate
2.5 mg group and 3 of 33 (9%) in the risedronate 5 mg
group. The distribution of patients with vertebral fractures
was similar between the two studies: 5 patients in the pre-
vention study (4 placebo and 1 risedronate 5 mg) and 7
patients (5 placebo and 2 risedronate 5 mg) in the treatment
study. The number of vertebral fractures was 18 in the pla-
cebo group and 3 in the risedronate 5 mg group, indicating
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that placebo men had more multiple fractures than risedro-
nate-treated patients. When the risedronate groups were
combined for analysis, risedronate treatment produced a
significant reduction of 82.4% (95% confidence interval,
36.6%–95.1%,P 4 0.008) in vertebral fracture risk com-
pared with placebo (Fig. 2).

Bone Turnover Markers

At baseline, the mean values for urinary NTx and serum
BAP were similar in all treatment groups. A median de-
crease in urinary NTx of 54.0% (P < 0.001) was observed in
the risedronate 5 mg group after the first month of treat-
ment. At 1 year, the median decrease was 61.0% (P < 0.001)
compared with baseline. Corresponding decreases in the
risedronate 2.5 mg and placebo groups at 1 year were 46.5%
(P < 0.001) and −17.1% (not significant), respectively. Me-
dian decreases in serum levels of BAP were evident within
the first month of treatment in the risedronate 5 mg group
and were sustained throughout the 1-year study. At 1 year,
decreases in the risedronate 5 mg, risedronate 2.5 mg, and
placebo groups were 20.2% (P < 0.01), 4.0% (not signifi-
cant), and 11.0% (P 4 0.005), respectively.

At 1 year, the between-group difference for the placebo

and risedronate 5 mg groups was −48.6% (P < 0.001) for
urinary NTx and −33.1% (P < 0.001) for serum levels of
BAP.

Adverse Events

The incidence of serious adverse events and those leading to
withdrawal was similar in the risedronate and placebo
groups (Table 2). Upper gastrointestinal adverse events also
occurred at a similar incidence in all treatment groups. The
most common upper gastrointestinal adverse events were
abdominal pain, nausea, and diarrhea. There were no clini-
cally relevant changes in laboratory parameters including
hematology, liver, and kidney function tests.

Discussion

This study demonstrates that risedronate is effective and
well tolerated in the prevention and treatment of CIO in
men. After 1 year of treatment, risedronate significantly
increased BMD at the lumbar spine, femoral neck, and
femoral trochanter compared with baseline in men who had
been on at least 7.5 mg oral prednisone daily or the equiva-
lent for at least 6 months. In the prevention study, signifi-

Table 1. Baseline characteristics of the study population

Placebo
2.5 MG
Risedronate

5 MG
Risedronate

Characteristic
Total enrolled (N) 60 61 63

Prevention study 25 25 27
Treatment study 35 36 36

Age (years) - mean (SD) 54.9 (13.07) 59.2 (12.94) 58.8 (13.30)
Underlying disease - n (%)

Rheumatoid arthritis 25 (41.0) 21 (33.9) 25 (39.7)
Lung disease 14 (23.0) 12 (19.4) 15 (23.8)
Polymyositis 3 (4.9) 2 (3.2) 2 (3.2)
Polymyalgia rheumatica 4 (6.6) 10 (16.1) 10 (15.9)
Temporal arteritis 4 (6.6) 5 (8.1) 2 (3.2)
Vasculitis 5 (8.2) 3 (4.8) 3 (4.8)

Duration of prior corticosteroid therapy - n (%)
#3 months 24 (40.0) 25 (41.0) 24 (38.1)
3–6 months 1 (1.7) 2 (3.3) 4 (6.4)
>6 months 35 (58.3) 34 (55.7) 35 (55.5)

Lumbar spine bone mineral density (standardized) -
mg/cm2 mean (SE)

Prevention study 1123 (36.5) 1097 (45.9) 1194 (36.2)
Treatment study 984 (27.7) 1002 (19.7) 959 (30.5)

T-score for the lumbar spine - mean (SE)
Prevention study −0.47 (0.34) −0.89 (0.40) 0.15 (0.30)
Treatment study −1.67 (0.29) −1.42 (0.20) −1.89 (0.30)
Prevalent vertebral fractures - n (%) 22(36.7) 23 (38.3) 29 (46.8)
Biochemical markers of bone turnover - mean

Urinary N-telopeptide (nmol BCE/mmol creatinine) 59.2 (5.7) 65.0 (8.6) 53.3 (3.9)
Serum bone-specific alkaline phosphatase (mg/l) 10.8 (0.61) 10.3 (0.62) 10.7 (0.53)
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cant decreases in BMD were observed at all sites in the
placebo patients, despite calcium supplementation, demon-
strating that men on corticosteroids lose substantial bone
mass during the first year of corticosteroid treatment. In the
risedronate group, BMD was maintained at all sites.

Men in the risedronate group experienced a significant
82% reduction in vertebral fractures within 1 year compared
with men in the placebo group (P 4 0.008). Importantly,

24% of the men in the placebo group sustained a vertebral
fracture during the year, demonstrating that men are at a
substantial risk for fracture during corticosteroid treatment,
which is similar or somewhat higher than that observed in
postmenopausal women receiving corticosteroid therapy [8,
13, 14]. In addition, 40–46% of the men had a baseline
prevalent vertebral fracture despite a mean baseline BMD
T-score which would not have been in the osteoporotic

Fig. 1. (a). Effect of risedronate on BMD of
the lumbar spine, femoral neck, and femoral
trochanter in men receiving 7.5 mg or more of
oral prednisone daily or equivalent for 6
months or longer (treatment study). (b) Effect
of risedronate on BMD of the lumbar spine,
femoral neck, and femoral trochanter in men
receiving 7.5 mg or more of oral prednisone
daily or equivalent for 3 months or less (pre-
vention study).*Significant difference versus
baseline,P < 0.01;1 difference versus control,
P<0.01.

Fig. 2. Incidence of vertebral fractures in pa-
tients receiving placebo and risedronate 2.5
mg and 5 mg daily for 1 year.
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range for women, suggesting that men receiving corticoste-
roids sustain fractures at higher BMD levels. The 82% re-
duction in vertebral fracture risk in men that we report is
consistent with the 1-year fracture vertebral reductions ob-
served with risedronate in the postmenopausal women re-
ceiving corticosteroids (73% reduction) [8] and in women
with postmenopausal osteoporosis (61–65% reduction in 1
year) [3, 4].

There are limited treatment data available in males with
primary or corticosteroid-induced osteoporosis. Saag et al.
[14] recently reported that alendronate increased BMD at
the lumbar spine compared with baseline values, but did not
significantly reduce the incidence of vertebral fractures in
the first year of treatment in men receiving corticosteroids,
although the number of men with vertebral fractures was
small. The latter study was extended up to 2 years but was
unable to examine the effect of alendronate on vertebral
fractures in men since, suprisingly, no fractures were ob-
served in either placebo or alendronate arms [15].

There are some limitations to our report. Our analysis
was conducted on a subgroup of men from two CIO studies
combining two doses of risedronate. However, the two stud-
ies had similar protocols and both doses of risedronate had
a favorable effect on BMD relative to placebo. In both
studies risedronate-treated men had fewer vertebral frac-
tures compared with men in the placebo group, supporting
the consistency of risedronate’s therapeutic effect. Another
limitation is that the effect of risedronate beyond 1 year was
not studied in men on corticosteroid therapy, and therefore
the treatment duration for a long-term prevention of frac-
tures remains to be determined.

In conclusion, treatment with risedronate prevents bone
loss or increases bone mass in men initiating or continuing
long-term corticosteroid therapy. Approximately 24% of the
placebo patients experienced a vertebral fracture, indicating
that these men are at substantial risk for vertebral fractures
during 1 year. Risedronate significantly reduced this risk of
vertebral fractures. Risedronate is well tolerated in this com-

promised population of men receiving concomitant cortico-
steroid therapy.
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Appendix

Other investigators participating in the Prevention and
Treatment studies were:Prevention Study:Eugene Boling,
Rancho Cucamonga, CA - Walter Briney, Denver, CO - J.
Brown, Quebec, Canada - Selwyn A. Cohen, Trumbull, CT
- Ronald D. Emkey, Reading, PA - Susan C. English, Bill-
ings, MT - Maria Greenwald, Palm Springs, CA - Thomas
N. Hangartner, Dayton, OH - Hunter Heath, Salt Lake City,
UT - Matthew Heller, Peabody, MA - Rebecca D. Jackson,
Columbus, OH - Michael Keller, San Diego, CA - M.
Maricic, Tucson, AZ - Robert M. Levy, Olympia, WA -
Harris H. McIlwain, Tampa, FL - C. Rosen, Bangor, Maine
- Sanford Roth, Phoenix, AZ - Marshall Sack, Austin, TX -
Elliott Schwartz, Oakland, CA - Kathryn L. Sewell, Boston,
MA - Daniel Small, Sarasota, FL - Stanley Wallach, New
York, NY - John L. Stock, Worcester, MA - Kyle Strader,
Raleigh, NC - Nathan Wei, Frederick, MD - Thomas M.
Zizic, Baltimore, MD. Treatment Study: C. Benhamou,
Orléans, France - B. Bresnihan, Dublin, Eire - A. Crisp,
Cambridge, U.K. - J. Davies, Bath, U.K. - B. Devulder,
Lille, France - S.M. Doherty, Hull, U.K. - A. Fairney, Lon-
don, U.K. - P. Godard, Montpellier, France - G. Huchon,
Boulogne, France - David J. Hosking, Nottingham U.K. -
R.A. Hughes, Chertsey, U.K. - J.M. Kaufman, Gent, Bel-
gium - R.F. Laan, Nijmegen, Netherlands - M. Molloy,
Cork, Eire - P. Ryan, Gillingham, U.K. - T.D. Spector,
London, U.K. - H. Taggart, Belfast, Northern Ireland - P.
Thompson, Poole, U.K. - G. Weryha, Vandoeuvre, France -
T. Wilkin, Plymouth, U.K. - A. Woolf, Truro, U.K.

Table 2. Summary of selected adverse events

Adverse event (AE)
Placebo
(n 4 60)

2.5 mg Risedronate
(n 4 61)

5 mg Risedronate
(n 4 63)

Patients with AEs 58 (96.7) 55 (90.2) 59 (93.7)
Patients with drug-related AEsa 20 (33.3) 16 (26.2) 17 (27.0)
Patients with upper GI AEs 13 (21.7) 6 (9.8) 11 (17.5)
All upper gastrointestinal AEs

Abdominal pain 6 (10) 1 (1.6) 5 (7.9)
Nausea 3 (5) 4 (6.6) 4 (6.3)
Diarrhea 6 (10) 3 (4.9) 5 (7.9)
Esophagitis 1 (1.7) 0 (0) 0 (0)
Duodenitis, gastritis 0 (0) 1 (1.6) 1 (1.6)
Esophageal ulcer 0 (0) 1 (1.6) 0 (0)
Moderate-to-severe upper 6 (10.0) 1 (1.6) 3 (4.8)

gastrointestinal AEs

Values are number (%) of patients
aThose events with a possible or probable relationship to the study drug as assessed by the investigator.
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