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BSTRACT

 

Background

 

Osteoporosis is a common compli-
cation of long-term glucocorticoid therapy for which
there is no well-proved preventive or restorative
treatment.

 

Methods

 

We carried out two 48-week, random-
ized, placebo-controlled studies of two doses of
alendronate in 477 men and women, 17 to 83 years
of age, who were receiving glucocorticoid therapy.
The primary end point was the difference in the
mean percent change in lumbar-spine bone density
from base line to week 48 between the groups. Sec-
ondary outcomes included changes in bone density
of the hip, biochemical markers of bone turnover,
and the incidence of new vertebral fractures.

 

Results

 

The mean (±SE) bone density of the lum-
bar spine increased by 2.1±0.3 percent and 2.9±0.3
percent, respectively, in the groups that received
5 and 10 mg of alendronate per day (P<0.001) and
decreased by 0.4±0.3 percent in the placebo group.
The femoral-neck bone density increased by 1.2±0.4
percent and 1.0±0.4 percent in the respective alen-
dronate groups (P<0.01) and decreased by 1.2±0.4
percent in the placebo group (P<0.01). The bone den-
sity of the trochanter and total body also increased
significantly in the patients treated with alendronate.
There were proportionally fewer new vertebral frac-
tures in the alendronate groups (overall incidence,
2.3 percent) than in the placebo group (3.7 percent)
(relative risk, 0.6; 95 percent confidence interval, 0.1
to 4.4). Markers of bone turnover decreased signif-
icantly in the alendronate groups (P<0.001). There
were no differences in serious adverse effects among
the three groups, but there was a small increase in
nonserious upper gastrointestinal effects in the group
receiving 10 mg of alendronate.

 

Conclusions

 

Alendronate increases bone density
in patients receiving glucocorticoid therapy. (N Engl
J Med 1998;339:292-9.)
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STEOPOROSIS is perhaps the most
predictable and debilitating complication
of long-term glucocorticoid therapy,

 

1,2

 

with bone loss that ultimately leads to
fractures in up to 50 percent of patients.

 

3-5

 

 Estrogen,
vitamin D and its analogues, and calcitonin prevent-
ed bone loss in patients treated with glucocorticoids
in some

 

6-10

 

 but not all

 

11-13

 

 studies. Recently, bisphos-
phonates have generated interest as a potential therapy

O

 

for glucocorticoid-induced osteoporosis because of
their ability to inhibit bone resorption and their rel-
atively few side effects.

 

14 

 

In several studies of gluco-
corticoid-induced osteoporosis, pamidronate and eti-
dronate increased spinal

 

15-20

 

 and, to a lesser extent,
hip

 

17,18

 

 bone mineral density.
Alendronate is a potent bisphosphonate that in-

creases the bone mineral density of the hip, spine, and
total body

 

21,22

 

 and lowers the incidence of vertebral,
hip, and forearm fractures by approximately 50 per-
cent in postmenopausal women with osteoporosis.

 

21,23

 

We report here the combined results of two double-
blind, placebo-controlled, multicenter studies of the
prevention and treatment of glucocorticoid-induced
osteoporosis (one study in the United States and
one in several other countries) that were nearly iden-
tical in design.

 

METHODS

 

Patients

 

Men and women, 17 to 83 years of age, with underlying rheu-
matologic, pulmonary, dermatologic, gastrointestinal, or other
diseases requiring long-term (at least one year) oral glucocorti-
coid therapy at a daily dose of at least 7.5 mg of prednisone or its
equivalent were enrolled, irrespective of their base-line bone min-
eral density, in one of two parallel studies. One study involved 232
patients at 15 centers in the United States, and the other involved
328 patients at 22 centers in 15 other countries. The patients
were stratified according to the duration of previous glucocorti-
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coid therapy (less than 4 months, 4 to 12 months, or more than
12 months).

The exclusion criteria included evidence of metabolic bone
disease (other than glucocorticoid-induced or postmenopausal
osteoporosis), a low serum 25-hydroxyvitamin D concentration
(<10 ng [25 nmol] per liter), concomitant therapy with drugs
that affect bone turnover (e.g., a bisphosphonate, calcitonin, or
fluoride), pregnancy or lactation, renal insufficiency (creatinine
clearance rate, <35 ml per minute), severe cardiac disease, and a
history of recent (within one year) major upper gastrointestinal
disease. Patients with a history of gastrointestinal side effects from
nonsteroidal antiinflammatory drugs agreed not to take such
drugs during the study; otherwise their use was not restricted.
Women receiving estrogen-replacement therapy continued taking
the same dose throughout the study. The protocol was approved
by the institutional review boards of the participating institutions,
and all the patients provided informed consent.

 

Treatment

 

Eighty-three patients from countries other than the United
States were randomly assigned to receive 2.5 mg of oral alendro-
nate daily, and 477 patients (from the United States and other
countries) to receive 5 or 10 mg of oral alendronate or a matching
placebo daily. All the patients were treated for 48 weeks. Each
patient received 800 to 1000 mg of elemental calcium and 250
to 500 IU of vitamin D daily. The patients’ primary physicians
managed the glucocorticoid therapy during the study.

 

Risk-Factor and Outcome Measurements

 

The patients were seen at base line and at 4, 12, 24, 36, and
48 weeks. They recorded their glucocorticoid dosage on diary
cards, which were reviewed by the study staff at each visit. The
self-reported base-line dietary calcium intake was estimated from
a questionnaire that inquired about the consumption of various
foods. The bone mineral density of the lumbar spine, hip, and
total body was measured at base line and at 12, 24, 36, and 48
weeks by dual-energy x-ray absorptiometry with Hologic (Wal-
tham, Mass.) or Lunar (Madison, Wis.) machines, and the results
were analyzed by Medical Data Management (Waltham, Mass.).
A standard phantom was used at all sites for cross-calibration.
Serum and urine samples, obtained at base line and at 12, 24, 36,
and 48 weeks for measurement of biochemical markers of bone
turnover (serum bone-specific alkaline phosphatase concentrations
and urinary excretion of cross-linked N-telopeptides of type I col-
lagen corrected for the creatinine concentration), were analyzed
at a central reference laboratory (Mayo Medical Laboratories,
Rochester, Minn.).

Radiographs of the lateral lumbar and thoracic spine were tak-
en at base line and at 48 weeks according to current guidelines

 

24

 

and were evaluated at a central facility (University of California,
San Francisco). The measurement of changes in vertebral dimen-
sion by radiographic computerized digitization

 

25

 

 was the primary
method of assessing incident vertebral fractures, defined as de-
creases of »20 percent and »4 mm between base line and fol-
low-up in anterior, middle, or posterior vertebral-body height
(L1 to L5 and T4 to T12).

 

23,25

 

A binary, semiquantitative visual assessment of the fractures
was also performed.

 

26

 

 The semiquantitative grading scale was as
follows: grade 0, normal; grade 1, 20 to 25 percent reduction in
height and 10 to 20 percent reduction in area; grade 2, 25 to 40
percent reduction in height and 20 to 40 percent reduction in
area; and grade 3, 40 percent or greater reduction in height and
area. In the binary assessment, vertebral fractures with grades of
2 or higher were defined as prevalent fractures, and fractures that
increased in severity by at least one grade between base line and
follow-up were defined as incident fractures.

The primary efficacy end point was the difference between
groups in the percent change in lumbar-spine bone mineral density
in the patients receiving »7.5 mg of prednisone (or its equivalent)
daily at 48 weeks. Secondary efficacy end points were the percent

changes in hip and total-body bone mineral density, biochemical
markers of bone turnover, and the incidence of fractures.

 

Statistical Analysis

 

The combined results of the two studies were analyzed on an
intention-to-treat basis. The main efficacy analysis was the per-
cent change from base line to the last measurement of bone min-
eral density obtained while the patients were receiving at least 7.5
mg of prednisone (or its equivalent) per day. If no such measure-
ment was available, the measurement of bone mineral density
obtained at week 12 was used in the analysis. For analyses of bio-
chemical markers we used the log-transformed fraction of the
base-line value at week 48. The data from the patients who vio-
lated the protocol were excluded from these analyses.

Because the 2.5-mg dose of alendronate was used only in the
multinational study, we discuss the results for this dose briefly in
this report but analyze data only on the 477 patients assigned to 5
or 10 mg of alendronate or placebo. For the end points of clinical
and biochemical efficacy, comparisons of placebo with the 5- and
10-mg doses of alendronate were made with the step-down Tukey
trend test adjusted for multiplicity.

 

27,28

 

 The analysis-of-variance
model included as variables the treatment group, center, and stra-
tum of previous glucocorticoid therapy. We assessed the possible
differential treatment effects according to subgroups of interest
(classified according to previous and current glucocorticoid thera-
py, underlying disease, age, sex, estrogen use, and base-line bone
density) by testing the interactions between subgroup and treat-
ment group in the analysis-of-variance model. All statistical tests
were two-sided.

We tested for the presence of a treatment effect on the inci-
dence of vertebral fractures using Fisher’s exact test after combin-
ing the alendronate groups. The relative risk was calculated with
a two-by-two contingency table.

We compared the percentages of patients having one or more ad-
verse effects in the treatment groups by sequentially performing the
Cochran–Armitage trend test with no adjustment for multiplicity.

 

RESULTS

 

The characteristics of the 477 patients are shown
in Table 1. Although the indications for and dura-
tion of glucocorticoid therapy varied, as did the pa-
tients’ age, sex, and menopausal status, there were
no significant differences in base-line characteristics
among the treatment groups. Thirty-four percent of
the postmenopausal women were taking estrogen-
replacement therapy.

At base line, 34 percent of the patients had been
treated with glucocorticoids for less than 4 months,
21 percent for 4 to 12 months, and the remaining
45 percent for more than 12 months. The median
daily dose of glucocorticoid at base line was approx-
imately 10 mg of prednisone (or its equivalent), and
it did not differ significantly among the treatment
groups. For the patients who remained in the study
for 48 weeks (85 percent), the median daily gluco-
corticoid dose declined by week 48 to 9.0 mg of
prednisone in the placebo group, 8.8 mg in the group
receiving 5 mg of alendronate, and 8.7 mg in the
group receiving 10 mg of alendronate; 67 percent of
the patients were still receiving at least 7.5 mg of pred-
nisone daily. During the study, the patients received
a median cumulative dose of 3.3 g of prednisone (or
its equivalent), a value that did not differ significantly
among the treatment groups.

At base line, 43 percent of the patients had lum-
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*Plus–minus values are means ±SD. There were no significant differences between treatment
groups. Because of rounding, not all percentages total 100.

†Data for 156 of the 157 patients receiving 10 mg of alendronate were available for analysis.

‡Data for 158 of the 159 patients receiving placebo were available for analysis.

§The normal range is 0 to 131 pmol of bone collagen equivalents per micromole of creatinine.

¶Data for 155 of the 159 patients receiving placebo were available for analysis.

¿Data for 160 of the 161 patients receiving 5 mg of alendronate were available for analysis.

**The normal ranges are 4 to 17 ng per milliliter for men and 2 to 17 ng per milliliter for women.

††Data for 154 of the 159 patients receiving placebo, 154 of the 161 patients receiving 5 mg of
alendronate, and 153 of the 157 patients receiving 10 mg of alendronate were available for analysis.
According to the two systems used to measure lumbar-spine bone mineral density, 1 SD below the
mean for young adults was as follows: for the Hologic system, 0.98 g per square centimeter for men
and 0.94 g per square centimeter for women; for the Lunar system, 1.10 g per square centimeter for
men and 1.06 g per square centimeter for women.
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C

 

HARACTERISTIC

 

P

 

LACEBO

 

(N=159)

5 mg 

 

OF

 

 
A

 

LENDRONATE

 

(N=161)

10 mg 

 

OF

 

A

 

LENDRONATE

 

(N=157)

 

Age — yr 54±15 56±15 55±15
Estimated dietary calcium intake — mg/day 698±478 732±495 731±563†
Sex and menopausal status — no. (%)

Men
Premenopausal women
Postmenopausal women

52 (33)
40 (25)
67 (42)

45 (28)
34 (21)
82 (51)

44 (28)
30 (19)
83 (53)

Race — no. (%)
White
Other

142 (89)
17 (11)

144 (89)
17 (11)

138 (88)
19 (12)

Duration of prior glucocorticoid therapy — no. (%)
<4 mo
4–12 mo
>12 mo

52 (33)
34 (21)
73 (46)

54 (34)
34 (21)
73 (45)

54 (34)
31 (20)
72 (46)

Underlying illness — no. (%)
Rheumatoid arthritis
Polymyalgia rheumatica
Systemic lupus erythematosus
Pemphigus
Asthma
Inflammatory myopathy
Inflammatory bowel disease
Giant-cell arteritis
Sarcoidosis
Myasthenia gravis
Chronic obstructive pulmonary disease
Nephrotic syndrome

43 (27)
24 (15)
19 (12)
12 (8)
15 (9)
10 (6)
8 (5)
6 (4)
5 (3)

12 (8)
3 (2)
2 (1)

48 (30)
37 (23)
17 (11)
15 (9)
9 (6)
8 (5)
6 (4)
6 (4)
3 (2)
2 (1)
6 (4)
4 (2)

52 (33)
30 (19)
12 (8)
10 (6)
12 (8)
7 (4)

10 (6)
5 (3)
7 (4)
1 (1)
4 (3)
7 (4)

Daily glucocorticoid dose — mg of prednisone 
or equivalent

Median
Range

11‡
5–120‡

10
8–135

10†
7–95†

Biochemical markers of bone turnover
Mean urinary N-telopeptides of type I collagen — 

pmol of bone collagen equivalents/µmol 
of creatinine§

Serum bone-specific alkaline phosphatase — ng/ml**

41±26¶

10±5‡

42±25¿

10±5

41±30†

10±4
Lumbar-spine bone mineral density — g/cm

 

2

 

††
Hologic system
Lunar system

0.95±0.16
1.03±0.21

0.92±0.17
1.02±0.15

0.93±0.16
1.06±0.20

 

bar-spine bone mineral density within 1 SD of the
peak value for sex-matched healthy young adults, and
32 percent had osteoporosis, as defined by a lumbar-
spine bone mineral density more than 2 SD below
the peak value for healthy young adults. The propor-
tions did not differ significantly between the placebo
and alendronate groups.

Overall, the base-line mean dietary calcium intake
was 720 mg per day, and more than 96 percent of

the patients maintained a daily calcium intake (in-
cluding supplements) of at least 1000 mg (median,
1584) during the study.

 

Bone Mineral Density

 

At 48 weeks, the mean (±SE) bone mineral den-
sity in the groups receiving 5 or 10 mg of alendro-
nate was significantly increased at the lumbar spine,
trochanter, and femoral neck, and total-body bone
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Figure 1.

 

 Effects of Alendronate on Bone Mineral Density in All Patients Receiving an Average Daily Dose of at Least 7.5 mg of
Prednisone (or Its Equivalent).
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mineral density was significantly increased in the
group receiving 10 mg (Fig. 1 and Table 2). The pa-
tients taking 2.5 mg of alendronate had a small,
nonsignificant increase in lumbar-spine bone miner-
al density (0.7±0.4 percent). The increases in bone
mineral density did not differ according to the glu-
cocorticoid dose or the lumbar-spine bone mineral
density at base line. Approximately 80 percent of the
patients in the alendronate groups had increases in
lumbar-spine bone mineral density, as compared with
45 percent of those in the placebo group.

The increase in lumbar-spine bone mineral densi-
ty was higher in the postmenopausal women not
taking estrogen who received 10 mg of alendronate
than in the other subgroups (Table 2). However, the
duration of previous glucocorticoid therapy did not
affect the response to alendronate (Table 2), nor did
the underlying disease (data not shown). The lum-
bar-spine bone mineral density in the patients treat-
ed with either 5 or 10 mg of alendronate who were
receiving high daily doses of glucocorticoids (mean,
23.5 mg of prednisone or its equivalent) for bullous
skin diseases increased by 2 percent from base line,
as compared with a decrease of 3 percent in the pa-
tients receiving placebo, for a total difference of 5 per-
cent (data not shown).

 

Biochemical Markers of Bone Turnover

 

Urinary excretion of N-telopeptides of type I col-
lagen decreased by 60 percent and serum bone-spe-
cific alkaline phosphatase concentrations decreased by
27 percent in the alendronate groups (Fig. 2). Among
the patients in the alendronate groups there were no
significant differences in these changes in biochemi-
cal markers of bone turnover according to sex, men-
opausal status, or estrogen therapy.

 

Fractures

 

Seventeen percent of the patients in the placebo
group and 15 percent of those in the alendronate
groups had vertebral fractures at base line. New frac-
tures during the study were uncommon (Table 3),
and the incidence of morphometrically defined verte-
bral fractures in the alendronate groups (5 and 10
mg combined) was not significantly lower than that
in the placebo group (relative risk, 0.6; 95 percent
confidence interval, 0.1 to 4.4). A post hoc analysis
of semiquantitatively determined incident vertebral
fractures revealed no significant difference in overall
incidence between the alendronate and placebo
groups (P=0.18). The majority of the vertebral frac-
tures occurred in postmenopausal women, in whom
there was a difference of borderline significance be-
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tween those receiving alendronate and those receiv-
ing placebo (P=0.05).

The incidence of nonvertebral fractures was iden-
tical in the alendronate and placebo groups (4.4
percent); the most common sites were the ribs and
forearm.

 

Adverse Effects

 

The incidence of adverse effects that were consid-
ered serious or that led to withdrawal from the study
was similar in the alendronate and placebo groups
(Table 4). The most common adverse effects were
musculoskeletal pain (16 percent in the placebo
group vs. 14 percent and 16 percent in the groups
receiving 5 and 10 mg of alendronate, respectively),
upper respiratory infection (9 percent vs. 12 and 13
percent), headache (6 percent vs. 8 and 8 percent),
and urinary tract infection (8 percent vs. 10 and 6 per-
cent). Upper gastrointestinal adverse effects (mainly
abdominal pain) were more common in the patients
who received 10 mg of alendronate than in the other
two groups, but they rarely resulted in study discon-
tinuation. Despite concurrent therapy with gluco-
corticoids, nonsteroidal antiinflammatory drugs, or as-
pirin (in 45 percent of all patients), there was no
increase in esophageal adverse effects or peptic ulcers
in the alendronate groups.

 

DISCUSSION

 

We found that alendronate significantly increased
lumbar-spine, hip, and total-body bone mineral den-
sity in patients receiving glucocorticoid therapy. The
efficacy of alendronate did not vary significantly ac-
cording to the previous duration or current dose of
glucocorticoid therapy, a finding that supports its
use for both preventing and treating glucocorticoid-
induced osteoporosis. We studied patients taking
glucocorticoids for a variety of underlying disorders,
a fact that suggests that our results can be general-
ized to the overall population of patients receiving
long-term glucocorticoid therapy.

 

31

 

An unexpected finding was the minimal loss of
lumbar-spine bone mass among the patients in the
placebo group. However, these patients received am-
ple calcium and vitamin D supplementation and had
a relatively high base-line dietary calcium intake. The
small loss in bone mineral density in this group may
be indicative of the potential beneficial effects of cal-
cium and vitamin D in patients with glucocorticoid-
induced osteoporosis.

 

10

 

The reduction in bone turnover in our studies is
consistent with the findings of other alendronate
trials

 

21,22

 

 and provides further evidence that alendro-
nate slows osteoclastic bone resorption. 

We studied too few patients to detect effects on

 

*Plus–minus values are means ±SE.

†P«0.001 for the comparison with the base-line values.

‡P«0.001 for the comparison with placebo.

§P=0.02 for the interaction between treatment and subgroup. 

¶Estrogen was taken orally or transdermally for at least 50 percent of the time the women were participating in the
study.

¿P>0.10 for the interaction between treatment and subgroup.

**P«0.01 for the comparison with the base-line values.

††P«0.01 for the comparison with placebo.
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S

 

ITE

 

P

 

LACEBO

 

5 mg 

 

OF

 

 A

 

LENDRONATE

 

10 mg OF ALENDRONATE

NO. OF

PATIENTS

PERCENT

CHANGE

NO. OF

PATIENTS

PERCENT

CHANGE

NO. OF

PATIENTS

PERCENT

CHANGE

Lumbar spine 142 ¡0.4±0.3 146 +2.1±0.3†‡ 145 +2.9±0.3†‡
Sex and menopausal status§

Men
Premenopausal women
Postmenopausal women 

receiving estrogen¶
Postmenopausal women 

not receiving estrogen

49
35
18

40

¡0.7±0.4
¡0.3±0.7
¡0.6±0.9

¡0.1±0.6

40
30
27

49

+3.4±0.6
+2.0±0.6
+1.6±0.7

+1.5±0.5

41
29
25

50

+2.9±0.5
+2.0±0.6
+1.5±0.6

+4.0±0.6

Duration of prior glucocor-
ticoid therapy¿

<4 mo
4–12 mo
>12 mo

47
29
66

¡1.0±0.6
¡0.6±0.6
+0.2±0.4

51
30
65

+1.4±0.6
+2.4±0.5
+2.5±0.4

53
29
63

+3.0±0.6
+2.8±0.6
+2.8±0.4

Femoral neck 142 ¡1.2±0.4** 146 +1.2±0.4‡** 145 +1.0±0.4‡**
Trochanter 142 ¡0.7±0.4 146 +1.1±0.3**†† 145 +2.7±0.4†‡
Total body 109 ¡0.03±0.2 110 +0.4±0.2 113 +0.7±0.2†††
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the incidence of fracture. Nonetheless, there was a
slight reduction in radiographically proved vertebral
fractures in the patients treated with alendronate.
Although not significant, the relative risk of verte-
bral fracture in this 48-week study lies within the 95
percent confidence intervals for the relative risks
after 3 years in the Phase III Osteoporosis Treatment
Study21 and the Fracture Intervention Trial.23 The
majority of vertebral fractures (82 percent) were in
postmenopausal women.

In a double-blind, placebo-controlled, randomized,
multicenter trial, intermittent etidronate therapy pre-
vented bone loss in patients treated with glucocorti-

coids.19 Although a direct comparison is not possible,
the percent increase in lumbar-spine bone mineral
density at 52 weeks in the patients receiving etidro-
nate was 0.6 percent, which is less than the increases
in the patients treated with alendronate in our 48-
week study. However, the loss was greater in the pla-
cebo group in the etidronate study (3.2 percent) than
in the placebo group in our study (0.4 percent), so
the differences between study drug and placebo were
similar in the two studies. Although alendronate in-
creased femoral-neck and trochanter bone density,
etidronate had a protective effect only at the trochan-
ter (but did not increase bone mineral density).19 It is
worth noting that new fractures developed in 15 per-
cent of the patients in the placebo group in the eti-
dronate study, as compared with only 3.7 percent in
our study. This finding is consistent with the fact that
the prevalence of vertebral fractures at base line was
three times as high in the etidronate study and may
also reflect the effects of higher doses of calcium and
vitamin D in our study (the patients in the etidronate
study received only 500 mg of calcium per day and
no vitamin D supplement). A second, similarly de-
signed multicenter trial of etidronate for the preven-
tion of glucocorticoid-induced osteoporosis recently
showed a significant protective effect at the lumbar
spine but not at the trochanter or femoral neck, and
there was no significant protection against fracture.20

In our study, alendronate caused few adverse ef-
fects. Upper gastrointestinal symptoms (mainly ab-
dominal pain) were more common in the patients
receiving 10 mg of alendronate, and were slightly
more common in the patients receiving 5 mg of

*An incident fracture was defined by a decrease of »20
percent and »4 mm in vertebral height by quantitative mor-
phometry.

†An incident fracture was defined by a change in grade of
»1 from base line to follow-up by binary semiquantitative
assessment.

‡P=0.05 for the comparison with placebo.

TABLE 3. INCIDENCE OF VERTEBRAL FRACTURES.

METHOD

PLACEBO

(N=159)

5 OR 10 mg OF

ALENDRONATE

(N=318)

no. with fractures/
no. who could be evaluated (%)

Quantitative morphometry*

All patients 5/134 (3.7) 6/266 (2.3)
Men 1/48 (2.1) 1/74 (1.4)
Premenopausal women 0 0
Postmenopausal women 4/53 (7.6) 5/134 (3.7)

Binary semiquantitative assessment†

All patients 8/135 (5.9) 8/268 (3.0)
Men 1/48 (2.1) 2/75 (2.7)
Premenopausal women 0 0
Postmenopausal women 7/54 (13) 6/135 (4.4)‡

Figure 2. Effects of Alendronate on Biochemical Markers of
Bone Resorption in 259 Patients (Top Panel) and Bone Forma-
tion in 264 Patients (Bottom Panel) Receiving an Average Daily
Dose of at Least 7.5 mg of Prednisone (or Its Equivalent).
All values are means (±SE). The solid horizontal lines indicate
the mean reference values for premenopausal women, and the
dotted horizontal lines 1 SD above and below the mean.29,30 The
values were significantly decreased at 48 weeks in the patients
receiving 5 mg of alendronate and those receiving 10 mg
(P<0.001).
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alendronate, than in those receiving placebo. These
results, like those of other alendronate trials,21,22 sug-
gest that the rare lower esophageal adverse effects
noted in reports of post-marketing surveillance32 can
be minimized by correct alendronate dosing.

In conclusion, for patients with glucocorticoid-
induced osteoporosis or for those at high risk for it,
the daily administration of alendronate significantly
increases bone mineral density, the most important
predictor of the risk of fracture at several sites.33 The
benefit we observed was not related to the age or sex
of the patients, the underlying disease, or the dose
of glucocorticoid. The efficacy of 5 and 10 mg of
alendronate was similar, except in postmenopausal
women not receiving estrogen therapy, in whom the
higher dose was more effective.
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APPENDIX

Other members of the Glucocorticoid-Induced Osteoporosis Interven-
tion Study Group are as follows: U.S. Study: Bone Research Center, West
Reading, Pa. — P. Moyer, G. Nuss, and D. Rohrbach; Albert Einstein Med-
ical Center, Philadelphia — A. Salzman, J. Zack, G. Leggett, and B. Wit-
ner; University Hospital Medical Center, Stony Brook, N.Y. — B. Gruber,
L. Kaufman, L. Titus, and L. Rannazi; University of Pennsylvania, Phila-
delphia — J. Haddad, H. Bazaraa, L. Loh, A. Tate, and S. Troupe; Mayo

Clinic, Rochester, Minn. — S. Hodgson, S. Khosla, S. LeBlanc, and D. En-
right; Kaiser Permanente Center for Health Research, Portland, Oreg. —
A. Hurtado, T. Vogt, B. Gandara, K. Schlaudecker, C. Romero, and R.
Garza; Rosalind Russell Arthritis Research Laboratories, San Francisco —
P. Mroczkowski, C. Merrifield, and R. Montanti; University of Iowa Col-
lege of Medicine, Iowa City — R. Koehnke, J. Torner, M. Tullis, and R.
Wallace; Northwestern University, Chicago — R. Balius and D. Olejini-
czak; Arizona Rheumatology Center, Phoenix — J. Tesser, O. Gluck, and
D. Gray; Western Nephrology and Metabolic Bone Disease, Lakewood,
Colo. — P. Miller, H. Hainault, and J. Kennedy; University of Pittsburgh
Medical Center, Pittsburgh — M. Roberts, M. Santis, and J. Zmuda; Tam-
pa Medical Group, Tampa, Fla. — H. McIlwain, J. Silverfield, M. Burnette,
B. Germain, R. Altemose, J. LaPorte, and P. Kaufman; Oregon Osteoporo-
sis Center, Portland — M. McClung, K. Cooke, and H. Volk; and Research
Institute of Dallas, Dallas — S. Feld, T. Cook, and E. Morgan. Multina-
tional Study: Hospital das Clinicas, Faculdade de Medicina da Univer-
sidade de São Paulo, São Paulo, Brazil — M. Leite, A. Borelli, E. Arioli, P.
Correa, and L. Galina; Hôpital Edouard Herriot, Lyons, France — E. Con-
favreux, C. Hardouin, and F. Duboeuf; University Hospital, Ghent, Bel-
gium — J.-M. Kaufman, S. Toye, and M. DeSchepper; Johannesburg Hos-
pital, Parktown, South Africa — J. Wing, F. Raal, C. Schnitzler, S.
Goldburgh, L. Wane, and A. Grisillo; Instituto Nacional Nutrición Salva-
dor Zubirán, Mexico City, Mexico — S. Jasqui and M. Cortés; Academic
Hospital, Uppsala, Sweden — S. Ljunghall, E. Bornefalk, and A. Thulin;
Department of Rheumatology, Universitair Ziekenhuisen Leuven, Pellen-
berg, Belgium — J. Dequeker, J. Joly, and J. Nijs; Osteoporosecentret Kom-
munchopitalet, Copenhagen, Denmark — O. Sorensen and A. Gam; Im-
manuel Krankenhaus, Berlin, Germany — J. Semler and I. Herrnleben;
Centre Hospitalier Universitaire de Québec, Sainte-Foy, Que., Canada —
E. Lejeune, N. Gagné, and L. Mailloux; Unidade de Reumatologia, Hos-
pital Militar Principal, Lisbon, Portugal — R. André-Santos and P. Mateus;
St. Joseph Hospital, Hamilton, Ont., Canada — A. Cividino, W. Bensen,
M. Gordon, J. Zahavich, and L. McMahon; University of Alberta, Edmon-
ton, Canada — K. Siminoski, L. Creasy, and N. Gann; Praxis, Wiesbaden,
Germany — E. Keck, C. Goehre, and G. Werner-Hoefner; Medizinische
Klinik und Poliklinik, Dusseldorf, Germany — A. Becker and I. Heimlich;
Universidad Catolica de Chile, Santiago, Chile — V. Cervilla and A. Rojas;
Medizinische Klinik III, Mainz, Germany — J. Beyer, P. Kann, B. Piep-
korn, B. Ptock, and M. Bantelmann; Hospital 12 de Octubre, Madrid —
L. Morillas, J. Padrino, and D. Puente; Beilison Medical Center, Tel Aviv
University, Petach-Tikva, Israel — R. Arie, M. David, N. Katzenelesson,
H. Trau, and Z. Libman; Academisch Ziekenhuis, Leiden, the Netherlands
— S. Papapoulos, N. Hamdy, and B. Sinon; Hôpital Cochin, Paris — C.-J.
Menkes, C. Cormier, and E. Gallimard; and Austin and Repatriation Med-
ical Center, Heidelberg, Australia — E. Seeman and S. Matthews.
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