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Abstract
Background Bisphosphonates have
been shown to be effective agents in the
treatment of postmenopausal osteo-
porosis. Because corticosteroid
associated osteoporosis is often
associated with increased bone turnover,
the effect of intermittent intravenous
infusions of pamidronate on this condi-
tion has been investigated.
Methods Seventeen patients (five male)
with chronic corticosteroid dependent
lung disease (15 asthma, two sarcoidosis)
were treated with infusions of 30 mg
pamidronate once every three months for
one year. These patients had been taking
an average of 14 (range 7-5-40) mg pred-
nisolone a day for an average of 14 (range
3-30) years. Bone density measurements,
by dual energy x ray absorptiometry, and
radiography of the dorsolumbar spine
were carried out before and one year after
treatment. Bone formation was assessed
by measurement of serum alkaline phos-
phatase and bone resorption by
measurement of the fasting urinary
hydroxyproline : creatinine ratio at the
same time as densitometry and radiogra-
phy were performed.
Results Pretreatment density of L2-4
and the neck ofthe femur was significantly
lower in these patients compared with a
cohort of 100 age and sex matched con-
trols (L2-4 (mean (SEM)): 0-906 (0 050) g/
cm2 v 1-142 (0-016) glcm2; neck of femur:
0 793 (0 030) glcm2 v 0-936 (0-013)) glcm2.
After treatment there was a significant
fall in serum alkaline phosphatase
activity from (mean (SEM)) 220 (16) UII
to 174 (9) U/l (normal 80-280 Ul1) and in
the fasting urinary hydroxy-
proline:creatinine ratio from (mean
(SEM) 0-040 (0-006) to 0-024 (0-003)
(normal <0-033). A significant rise was
noted in L2-4 density to 0-927 (0 047) g/
cm2; mean rise of 3-4%). No change was
noted in density of the neck of the femur.
Conclusions Intermittent infusions of
intravenous pamidronate would seem to
be effective in both reducing turnover
of bone and increasing bone density in
corticosteroid induced osteoporosis
associated with chronic lung disease.
Longer term controlled studies are
indicated.

(Thorax 1992;47:932-936)

The use of long term oral corticosteroids in the
treatment of asthma has been known for many
years to be associated with osteopenia and an
increased incidence of fractures.'
The pathogenesis of corticosteroid

associated osteoporosis is complex, involving
decreased intestinal calcium absorption,2
impaired gonadotrophin secretion,3 secondary
hyperparathyroidism,4 and possibly altered
metabolism of vitamin D. Furthermore,
corticosteroids have direct actions on bone;
increased bone resorption6 and decreased bone
formation7 under the influence of cortico-
steroids are well described.

Bisphosphonates are potent inhibitors of
bone resorption8 and have been successfully
used for some years in the treatment of the
increased resorption of bone found with cancer
associated hypercalcaemia9 and Paget's disease
of bone.'o More recently bisphosphonates have
been shown to be useful in the treatment of
postmenopausal osteoporosis."' 12 Because cor-
ticosteroid associated osteoporosis is usually
accompanied by increased bone resorption, we
have investigated the use of intermittent
intravenous infusions of the potent second
generation bisphosphonate pamidronate in the
management of this condition.

Patients and methods
PATIENTS
Patients were recruited from the chest clinics at
Glasgow Royal Infirmary and associated hosp-
itals. They all presented consecutively for
routine review. Patients were included who had
been taking an average minimum of 7-5 mg
prednisolone (or equivalent) a day for a min-
imum of two years, irrespective of whether or
not they were thought to have appreciable
osteoporosis. No relevant changes in dose of
oral corticosteroid administered to these
patients were noted during the year of treat-
ment. Patients were excluded if they were
undergoing any other treatment or had any
other medical condition thought likely to inter-
fere with their bone metabolism. Patients with
a history of excessive ingestion of alcohol were
also excluded. Twenty patients were recruited;
one died (from respiratory failure) after only
one infusion of pamidronate, one moved away
from Glasgow, and one defaulted from further
follow up after only one infusion. Results at one
year of follow up, therefore, were available in
17 patients-I 5 with asthma and two with
sarcoidosis. The two patients with sarcoidosis
had had consistently normal 1,25 dihydroxy-
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vitamin D3 (1,25 (OH) 2D3) concentrations
and were normocalcaemic. The table shows
details of the patients. They were treated with
30 mg pamidronate given as an intravenous
infusion in 500 ml isotonic saline over four
hours once every three months. The first
infusion was given when they were inpatients
for noting side effects. At the time of review
each patient had received five infusions (a total
of 150 mg pamidronate). An assessment ofeach
patient's dietary calcium intake was made
before treatment. In five patients this was
considered likely to be less than 1000 mg a day
and in each case one sandocal 400 tablet twice
daily was prescribed; otherwise no formal cal-
cium supplementation was given.

BIOCHEMISTRY
Measurement of serum alkaline phosphatase
(ALP) was made on each occasion by standard
autoanalyser methodology as a marker of bone
formation (normal range 80-280 U/1).'"
Similarly, a true fasting (second voided) urine
sample was obtained for measurement of the
hydroxyproline:creatinine ratio as a marker of
bone resorption (normal <0 033)." Hydroxy-
proline was measured by autoanalyser after
resin catalysed hydrolysis'4 and creatinine by
autoanalyser. Intact parathyroid hormone was
measured by a two site immunoradiometric
assay,'5 25-hydroxyitamin D (25(OH)D3) by a
competitive protein binding assay, and 1,25
(OH)2D3 by radioreceptor assay.'6

DENSITOMETRY
Spinal (L2-4) density and density ofthe neck of
the femur were measured before and after one
year of treatment by dual energy x ray absorp-
tiometry (DEXA; Lunar DPX). In our
laboratory this has a precision, in normal
subjects, of 0-9% (L2-4) and 1-05% (neck of
the femur). These are similar to the results
obtained by others.'7 All measurements were
carried out on the same machine by the same
operator and were analysed with the same
software. Results were expressed both in
absolute values as area densities (g/cm2) and
also as the percentage change after treatment.
Bone densities before treatment were com-
pared with those of a cohort of 100 normal age
and sex matched volunteers. These subjects
had all been recruited through a local advertis-
ing campaign into a longitudinal study desig-
ned to monitor long term changes in bone

Clinical and biochemical details of the patients before treatment

No of patients
Age (years)
Prednisolone dose (mg/day)
Duration of treatment (y)
Time post menopause (y)
No of vertebral fractures before treatment
Parathyroid hormone (pmol/1) before treatment
SEM (range) (normal 1-5 pmol/1)
25(OH)D3 (nmol/l) before treatment
SEM (range) (normal 15-100 nmol/l)
1,25(OH)2D3 (pmol/l) before treatment
SEM (range) (normal 20-120 pmol/l)

17*
52-9 (35-68)
14(7-5-40)
14 (3-30)
15-5 (1-24)
14
3-6
0-5 (0-8-9-0)
36
5 (14-98)

82
8 (22-185)

(median age 52, range 33-71 years), and 20 men
(median age 38, range 29-57 years). They were

all apparently healthy and did not have any

condition or take any medication thought likely
to interfere with their bone metabolism.
Radiography was not carried out on this group.

RADIOLOGY
Plain radiographs of the dorsolumbar spine
were obtained before and after one year of
treatment. These were assessed by an experi-
enced radiologist (FMB) and graded into nor-

mal, wedge deformity, biconcavity deformity,
and compression deformity. Each category was
further classified as grade 1 or grade 2 depend-
ing on the degree of deformity present. The
radiologist reviewing the x ray films was

unaware of when they were taken in relation to
the administration of pamidronate.

STATISTICS
Statistical comparison of data obtained before
and after treatment was carried out with a two
tailed paired Student's t test. Comparison of
bone density before treatment with that of
normal controls was carried out with an

unpaired t test and correlations between ALP
and hydroxyproline : creatine ratios were

studied with the Spearman rank correlation
test.

Approval for this study was obtained from the
local hospital ethics committee and informed
consent was obtained from all patients.

Results
A total of82% ofpatients included in this study
had previously sustained at least one vertebral
compression fracture on the basis of plain
radiology. Bone densities of L2-4 and the neck
of the femur (mean (SEM)) were significantly
lower than that in a cohort of normal age and
sex matched control subjects (L2-4: 0-906
(0 050) g/cm2 (steroid patients) v 1 142 (0 016)
g/cm2 (controls); p < 0-0005. Neck of the
femur: 0 793 (0 030) g/cm2 (steroid patients) v

0-936 (0-013) g/cm2 (controls); p < 0-00001).
Thus these patients had evidence of apprecia-
ble osteoporosis.

After one year of treatment there was a

significant rise in L2-4 density to 0-927 (0 047)
g/cm2, p < 0-05. This represents a mean

increase of 3-4% (95% confidence interval
(95% CI) 1 % to 5-2%; fig 1). After treatment
density of the neck of the femur was 0-748
(0-025) g/cm2, which represents a mean change
of 1-8% (95% CI -2-0% to 2-3%; fig 2). In
three instances L2-4 density decreased over

the year of treatment and in one case no change
was noted. In each of these instances bone
densities before treatment were comparatively
normal and were all greater than 1-000 g/cm2.
Those patients who responded best to treat-
ment tended to have the lowest bone densities
before treatment.

Radiologically one patient had a new wedge
fracture at D9 and three patients showed
progression of wedging of three individual
vertebrae.

Values are mean, SEM, and range.
*Five men, three premenopausal women, nine postmenopausal women.
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Figure 1 Changes in L2-
4 density with treatment
(expressed as a percentage
ofpretreatment value).
Bar represents 95%
confidence interval.

Figure 2 Changes in
density of the neck of the
femur with treatment
(expressed as a percentage
ofpretreatment value).
Bar represents 95%
confidence interval.
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Concentrations of parathyroid hormone,
25 (OH) D3, and 1,25 (OH) 2D3 before treat-
ment were generally within the reference
range-four patients had high parathyroid hor-
mone values (5-8, 9-0, 8-3, 6-3 pmol/l); none
had subnormal 1,25 (OH) 2D3 concentrations.
The mean (SEM) hydroxyproline:creatinine
ratio before treatment was increased at 0-040
(0-006), indicative of increased bone resorp-
tion. Serum alkaline phosphatase activity was
within the reference range. There was a sig-
nificant fall in both serum alkaline phosphatase
activity (fig 3) with treatment from a mean
(SEM) of 220 (16) U/I to 174 (9) U/I (p <
0-002) and in the hydroxyproline creatinine
ratio from 0-040 (0 006) to 0-024 (0-003) (p <
0 01; fig 4). No significant correlation was
evident either before or after treatment be-
tween alkaline phosphatase and the hydroxy-
proline:creatinine ratio.

Five patients developed pyrexia (range
37-5°C-38-8°C) after treatment, which was
symptomatic in four instances. This started
about 24 hours after the infusion finished,
lasted 12-18 hours and resolved spontaneously.
This side effect is well recognised after treat-
ment with intravenous pamidronate'8 and only
occurred after the first infusion. No change was
noted in peak expiratory flow rate after
infusion.

Discussion
On the basis of their bone densities and the
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Figure 3 Changes in serum alkaline phosphatase with
treatment. Dotted line indicates upper limit of reference
range. Horizontal bars represent means before and after
treatment.
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Figure 4 Changes in fasting urinary hydroxyproline:
creatinine ratio with treatment. Dotted line indicates
upper limit of reference range. Horizontal bars represent
means before and after treatment.

presence of fractures before treatment these
patients had appreciable osteoporosis. Treat-
ment with intravenous pamidronate seemed
effective in both reducing bone turnover and
increasing bone density in patients with asthma
and sarcoidosis treated with supraphysiological
doses of corticosteroids.
Although data presented by Gennari'9 sug-

gested that bone loss with corticosteroids
occurs only in the first six months of treatment,
it is likely that bone loss continues with both
age and continued treatment with cortico-
steroids.5 This view is supported by our data,
which show an increased hydroxyproline:
creatinine ratio (and therefore increased bone
resorption) before treatment. Therefore,
although this was an open, uncontrolled study,
it is likely that the increased bone density and
decreased bone turnover observed are of
relevance.
We have previously shown that intermittent

infusions of pamidronate are effective in the
treatment of Paget's disease of bone.20 Al-
though the dose of pamidronate administered
in our present study was less than that for the
treatment of Paget's disease, bone turnover in
corticosteroid associated osteoporosis is
increased to a lesser extent than in Paget's

----------------

I
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disease and it is likely therefore that a lower
total dose of bisphosphonate would be effec-
tive. Furthermore we have shown that treat-
ment with 30 mg intravenous pamidronate is
generally as effective in inhibiting osteoclastic
bone resorption as higher doses in the treat-
ment of cancer associated hypercalcaemia.2'
To date, most studies with bisphosphonates

for the treatment of osteoporosis have used oral
routes of administration. Intravenous prepara-
tions have some theoretical advantages in that
they overcome the poor oral absorption ofthese
drugs22 and they ensure that patient compliance
with treatment can be accurately assessed.
There has been considerable recent interest in
the use of etidronate, given in a cyclic manner
for two weeks at a time alternating with 11
weeks ofcalcium supplementation, in the treat-
ment of postmenopausal osteoporosis.l 12 The
use of intermittent infusions, as in our study,
would be analogous to these cyclic regimens.
As bisphosphonates, and pamidronate in par-
ticular, bind avidly to hydroxyapatite' and
therefore have a prolonged biological half life,
the cyclic nature of the treatment regimen may
not be necessary but rather the dose of bisphos-
phonate used should be low enough not to
inhibit mineralisation, a known side effect of
bisphosphonate treatment.23 With intravenous
treatment, however, an intermittent regimen is
convenient for both the patient and the attend-
ing physician.

Little information is available on the use of
bisphosphonates in corticosteroid associated
osteoporosis. A previous study by Reid et al
has, however, suggested that oral pamidronate
administered continuously is effective in
increasing bone density in corticosteroid
associated osteoporosis" and this increase in
bone density can be maintained for at least two
years.25
The mean increase in L2-4 density of 3-4%

is of a similar magnitude to that noted after
etidronate treatment for one year in post-
menopausal osteoporosis." 12 The fact that
there was no significant change in density ofthe
neck of the femur suggests that the increase in
L2-4 density was not achieved at the expense of
a worsening of osteoporosis at the hip. This
lack of effect on density of the neck of the femur
was also noted in the study with etidronate in
postmenopausal osteoporosis by Watts et al.'2
The data from our study and from those using
cyclic treatment with etidronate" 12 would sug-
gest that this treatment is likely to be most
effective where osteopenia is severe. Intermit-
tent intravenous pamidronate treatment,
therefore, should probably be reserved for
those patients who have already sustained an
osteoporosis related fracture or who have den-
sitometric evidence of osteopenia.
Although increases in bone density are

important, the main end point in studies of this
kind must be fracture rates. The fact that new
fractures have continued to occur is not sur-
prising as the bone density, although increased,
is still probably below the fracture threshold.
Obviously, in the absence of a control group, it
is not possible to be certain of the relevance of
these further fractures. Certainly in the studies

of Storm et al" and Watts et al'2 no significant
change in vertebral fracture rate was seen until
at least 12 months into the study. This would
also seem to be the case with pamidronate
treatment. Further studies with larger num-
bers of patients and longer term follow up are
required.
The mean hydroxyproline:creatinine ratio

before treatment was high, implying increased
rates of bone resorption. After treatment bone
resorption was reduced and bone formation
also seemed to be reduced although bone
density increased. A possible explanation for
this paradoxical effect is that resorption is
inhibited and there is then a delay before local
coupling mechanisms result in a decrease in
bone formation and, therefore, bone formation
goes on unopposed for some weeks.26

Several studies have suggested that vitamin
D concentrations are low in corticosteroid
associated osteoporosis.227 This was not the
case in our study; in agreement with Hahn et
al28 1,25 (OH) 2D3 concentrations were normal
or high. Similarly biochemical secondary
hyperparathyroidism was found in only four of
our patients, a lower number than might be
expected.4 These results imply that the most
important mechanism in the pathogenesis of
this condition is the direct effect of cortico-
steroids on bone formation and resorption.

In summary, it seems that intermittent
intravenous infusions ofpamidronate are effec-
tive at reducing the increased bone turnover of
corticosteroid associated osteoporosis.
Furthermore this regimen can significantly
increase bone density, which ultimately should
lead to a decrease in the rate of fractures. Also
this regimen seems to be well tolerated and
acceptable to both the patients and the attend-
ing physicians. Long term controlled studies
with this treatment are now indicated.
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