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Vertebral fractures in steroid dependent asthma
and involutional osteoporosis: a comparative study

Maite Luengo, Cesar Picado, Luis Del Rio, Nuria Guafiabens, Josep M Montserrat,
Jorge Setoain

Abstract
Background Reduced bone mass
predisposes patients to the development
of vertebral fractures. Measurement of
bone mass by non-invasive methods is
used to detect patients with involutional
osteoporosis at risk from fractures.
These methods have not been assessed in
patients with steroid dependent osteo-
porosis. The objective of this study was
to assess the value of a predictive frac-
ture threshold value of bone density in
patients with steroid dependent asthma.
Methods Three groups of patients were
studied. Group 1 (67 patients) had
steroid dependent asthma (mean daily
dose of prednisone 11-7 mg) and no ver-
tebral fractures, group 2 (32 patients)
had steroid dependent asthma (mean
daily dose of prednisone 12 mg) and ver-
tebral fractures, and group 3 (55
patients) were not taking steroids but
had involutional osteoporosis and a
recent non-traumatic vertebral fracture.
Bone mineral density was measured by
dual photon absorptiometry and ver-
tebral fractures by radiography of the
lumbar spine. A fracture threshold was
determined in the two groups with frac-
tures as the 90th percentile of the mean
bone mineral density measured in the
lumbar spine.
Results Bone mineral density was sig-
nificantly higher in the steroid dependent
group with fractures (group 2) than in
group 3 patients, who had involutional
osteoporosis and fractures (0-946 (0-18) g/
cm2 v 0-830 (0-16) g/cm2). The fracture
threshold value was therefore higher for
patients with steroid related vertebral
fractures (group 2, 1-173 g/cm2) than for
those with involutional osteoporosis
(group 3, 0979 g/cm2). Vertebral frac-
tures were more likely to occur in steroid
dependent asthmatic patients with bone
density above the fracture threshold
value (obtained from subjects with
involutional osteoporosis) than in
subjects in group 3 (34% v 9%).
Conclusion Vertebral fractures occur
in patients treated with steroids in the
presence of higher bone mineral density
than is the case with patients with
involutional osteoporosis. The findings
suggests that the assessment of the
efficacy of preventive treatment requires
measurement of bone mineral density
and radiology.

Although the mechanisms underlying steroid
induced vertebral fractures are probably com-
plex, a reduced bone mass (osteopenia) is
usually considered an important contributory
factor.' Not all patients having regular oral
steroid treatment develop vertebral fractures,
however,2 and other factors, such as nutrition,
exercise, exposure to sun, and hormone con-
centrations may interact with corticosteroids
and modulate their effects on bone metabol-
ism.3 In recent years new and promising
drugs, such as the biphosphonates4 and cal-
citonin,5 have been shown to prevent steroid
induced osteoporosis. These treatments are
expensive and frequently have side effects;
thus any measure designed to prevent
osteoporosis should be limited to those
patients at increased risk of developing this
complication.
During the last decade several procedures

have been introduced to measure bone mass
by non-invasive methods.6 Dual photon
absorptiometry and quantitative computed
tomography are the techniques used most
commonly to measure bone mineral density,
and an inverse relation between bone mineral
density and risk of fracture has been found in
subjects with involutional osteopenia.7 The
bone mineral density below which the risk of
fracture is increased has been defined as the
fracture threshold value.8 This index depends
on the absolute bone mineral density value
and is independent of age and sex.7 With
increasing age, however, an increased number
of normal people fall below the fracture
threshold. The validity of this index is sup-
ported by studies in patients known to have
compression fractures.7 Determination of the
fracture threshold value by non-invasive
procedures may help in the early detection of
patients with steroid dependent asthma who
are at risk of developing vertebral fractures.
Although a recent report9 suggested that
measurement of bone mass is indicated for
patients receiving long term glucocorticoid
treatment, there are insufficient data at present
to justify the use of these methods in manag-
ing steroid dependent osteoporosis. The
usefulness of bone mass measurements in
involutional osteoporosis is well documented,
but the mechanisms underlying involutional
osteoporosis may differ from those responsible
for steroid related osteoporosis. The aim of
this study was to establish the prevalence of
vertebral fractures in a large population of
steroid dependent asthmatic patients and to
compare the bone mineral density of patients
with asthma without (group 1) and with frac-
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tures (group 2) with that of a group of patients
with involutional osteoporosis and fractures
(group 3). The value of the vertebral fracture
threshold obtained from group 3 in predicting
fractures in group 2 was also determined.

Methods
POPULATION
Ninety nine consecutive adults with asthma
who were dependent on oral corticosteroids
and who were seen in the outpatient clinic were
included in the study. Asthma was diagnosed
when there was a history of shortness ofbreath,
wheezing, and evidence of reversible airway
obstruction. Patients with clinical symptoms,
radiological changes, or lung function abnor-
malities suggesting obstructive bronchial dis-
ease other than asthma, such as chronic bron-
chitis, bronchiectasis, and emphysema, were
excluded. Only patients who were taking oral
corticosteroids daily were admitted. None of
the subjects had clinical symptoms or signs to
suggest that they had a disease that might be
responsible for osteoporosis. Patients with
known alcohol abuse or taking medications
known to cause alterations in bone mineral,
such as oestrogens, androgens, fluoride, vitamin
D, diuretics, and anticonvulsivants, were
excluded. The characteristics of the subjects
are shown in the table.
The study compared the asthmatic patients

with fractures (group 2) with subjects with a
recent non-traumatic vertebral fracture of the
thoracic spine confirmed by bone scintigraphy
(group 3). This group was composed of 55
consecutive subjects referred to the laboratory
of nuclear medicine for evaluation of bone
mineral density. None of these patients was
taking any medication or was known to have a
disease potentially responsible for osteo-
porosis. Patients with fractures affecting the

Characteristics of the asthmatic patients and control group (mean (SD) values)

Group 1: steroid Group 2: steroid Group 3:
dependent asthma dependent asthma involutional
without fractures with fractures osteoporosis
(n = 67) (n = 32) (control) (n = 55)

Age (y) 53-6 (11-8)t 58-3 (9-4) 63-4 (10-8)t
Sex (M/F) 15/52 10/22 15/40
Mean steroid dose*

(mg/day) 11 7(54) 12(51) -

Duration of steroid
treatment (y) 8-3 (6-2) 9-9 (7-4)

Beclomethasone
(ug/day) 590 (240) 645 (250) -

Bone mineral density
(g/cm2) 1-044 (0-18)t 0-946 (0-18)t§ 0-830 (0-16)§T
(% of value predicted
for age) 91-8 (13 4)** 85-8 (13) 81-3 (11-7)**

*Expressed as mg prednisone equivalent/day.
tThe steroid dependent group without fractures were younger than the control group
(p < 0-05, one way analysis of variance and Sheffe's contrast).
t§Bone mineral density expressed as g/cm' was significantly lower in the control group
with respect to both the steroid dependent group with fractures (p < 0 05) and the
steroid dependent group without fractures (for both p < 0 05, one way ANOVA and
Sheffe's contrast).
**Bone mineral density expressed as a percentage of the value for age was significantly
lower in the control group than in the steroid dependent group without fractures.

second, third, and fourth lumbar vertebrae
were exluded to prevent errors in the
measurement of bone mineral density. None of
the patients had had prolonged immobilisation
as a consequence of back pain.

RADIOLOGICAL STUDY
Radiographs of the thoracic and lumbar spine
in two projections were obtained from all
patients with asthma. Deformities of vertebral
bodies suggesting fractures were divided into
three groups-wedge, biconcave, and crush
fractures. Wedge fractures were defined as a
reduction of25% or more in the anterior height
and bioconcave fractures in the middle height
of the vertebrae. A crush fracture was diag-
nosed when the posterior height of the vertebra
was less than 15% of the posterior height of an
adjacent vertebra.'0 Radiological evaluation
was carried out by an experienced observer
who was blind to the details of the patients.

BONE MINERAL MASS AND FRACTURE THRESHOLD
The bone mineral density of the lumbar spine
was measured by dual photon absorptiometry
with the Lunar Radiation Corporation scanner
DP3 (Madison, Wisconsin, USA). The scan-
ner uses a gadolinium-153 source showing
photopeaks at 44 and 100 KeV. Bone mineral
density values were obtained from the lumbar
vertebrae L2, L3, and L4 and expressed in
terms of g/cm2. Forty scan lines, 4-5 mm apart,
were obtained with a transverse speed of
5 mm/s. Counts were obtained every 0 5
second. The coefficient of variation in vitro,
calculated with daily phantom studies
(n = 300) collected over one year, was 0-51%.
The coefficient of variation in vivo was 1-37%
in healthy young subjects and 2 7% in patients
with osteoporosis. These data were obtained
from 10 normal volunteers and five osteoporotic
patients measured weekly for five weeks.

Predicted bone mineral mass values were
obtained from 547 healthy women and 328
healthy men (unpublished observations).
The 90th percentile of the mean bone min-

eral density in the lumbar spine (L2, L3, L4)
was chosen as the fracture threshold (the value
below which the risk of non-traumatic ver-
tebral fracture increases)."

ANALYSIS
Statistically significant differences between sets
of data from the three groups were assessed by
means of one way analysis of variance and
Sheffe's contrasts. Differences in the character-
istics of treatment between patients with
asthma with and without fractures were
analysed with two tailed t tests for unpaired
variables. The relation between bone mineral
density and corticosteroid treatment (mean
daily dose of prednisone and duration of treat-
ment) was assessed by using Pearson's correla-
tion. The prevalence of vertebral fractures
when the bone mineral density was at or above
the fracture threshold value was compared in
patients with asthma and in patients with
involutional osteoporosis by means of the x2
test. A probability value of 0-05 was considered
significant.
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Prevalence of vertebral
fractures below and at or
above the bone mineral
density (BMD) fracture
threshold values. The 90th
percentile of the mean bone
mineral density was chosen
as the threshold value. The
threshold value obtained
from asthmatic patients
was much higher (1 173 g/
cm2, dashed line) than the
threshold value calculated
from patients with
involutional osteoporosis
(0-979 g/cm2, solid line).
In the steroid treated
group 340% ofpatients
with fractures were above
the fracture threshold
value obtainedfrom
involutional osteoporotics,
whereas in the latter group
only 9% ofpatients were
above the threshold value.
This difference was
statistically snznificant
(P < ° °S',X test).

BMD
(g/cm2)
1*8 ---

1 6

1 5 L

1 *4

1 .3

1 .1

male female
(n-67)

male female
(n=32)

male female
(n-55)

1

0*9

0 8

0*7
0 6

0 5-
Group 1 Group 2 Group 3

Results
POPULATION
The characteristics of the three groups are
given in the table. Patients with corticosteroid
treated asthma without fractures (group 1)
were younger than those with involutional
osteoporosis (group 3) (p < 0-05). The mean
daily dose of prednisone in the two groups of
asthmatic patients (11 7 v 12-0 mg) and the
duration of steroid treatment (8 3 and 9 9
years) were similar. The mean dose of
beclomethasone was also similar in the two
groups of asthmatic patients.

PREVALENCE OF FRACTURES
The prevalence of vertebral fractures in the
thoracic and lumbar spine in patients with
steroid dependent asthma was 34%. The 32
patients with steroid dependent asthma and
vertebral fractures had 95 fractures altogether
(range 1-10), 83 in the thoracic and 12 in the
lumbar spine (none of these fractures affected
L2, L3, or L4 vertebrae); 66% were wedge,
18% biconcave, and 18% crush fractures.

BONE MINERAL DENSITY
Bone mineral density was significantly lower in
patients with involutional osteoporosis than in
patients with asthma with and without frac-
tures (p < 005). Although the bone mineral
density of the patients with steroid dependent
asthma who had vertebral fractures (group 2)
was lower than in those without fractures
(group 1), the difference did not reach statistical
significance. Bone mineral density expressed as
a percentage of predicted aged matched values
was lower in subjects with involutional
osteoporosis (group 3) than in either group of

asthmatic patients, but the difference was sig-
nificant only for the group without fractures,
group 1 (p < 0 05: table).
Bone mineral density was not correlated with

length of treatment, with the average daily
steroid dose, or with the cumulative dose of
corticosteroids (mean daily dose times years of
treatment).

VERTEBRAL FRACTURES AND BONE MINERAL
DENSITY FRACTURE THRESHOLD VALUE
Bone mineral density values for the three
groups and the threshold vertebral fracture
value for the subjects with fractures (patients
with asthma and with involutional osteo-
porosis) are shown in the figure. The fracture
threshold value for the asthmatic patients
(group 2: 1-173 g/cm2) was much higher than
the value obtained from the patients with
involutional osteoporosis (group 3: 0-979 g/
cm2). In the steroid treated group (group 2) 11
of 32 patients with fractures had a bone mineral
density at or above the fracture threshold value
obtained from the patients with involutional
osteoporosis (group 3: five of 56 (9%)). This
difference was significant (p < 0 05). The spine
radiographs showed no abnormality (osteo-
phytosis, lumbar hyperostosis, or aortic
calcification) that might cause misinterpreta-
tion of bone mineral density in the 11 patients
with asthma and fractures and with bone
mineral density values at or above the fracture
threshold value.

Discussion
Our study shows that the predictive value of
bone mineral density measurements in patients
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with involutional osteporosis cannot be
extrapolated to steroid induced osteoporosis,
and suggests that the mechanisms underlying
the two diseases differ considerably. Many
steroid dependent patients, in contrast to those
with involutional osteoporosis, developed ver-
tebral fractures despite having a normal bone
mineral density. Thus vertebral fractures in
patients with asthma taking regular oral cor-
ticosteroids seem to be the consequence of a
complex mechanism including decreased bone
mass as well as an increased fragility of the
bones. Possibly asthmatic patients had more
vertebral fractures above the fracture threshold
as a consequence of severe coughing. Vertebral
fractures, however, are not more prevalent in
those with a current cough, such as patients
with chronic bronchitis, than in healthy people,
suggesting that coughing in itself cannot
account for vertebral fractures in bronchial
asthma.'2 If cough causes vertebral fractures,
the bone must presumably be abnormal also.
Bone loss is the result of both increased

resorption and reduced bone formation.'3 The
accelerated destruction is usually considered to
be the consequence of secondary hyperpara-
thyroidism due to reduced intestinal calcium
absorption, but a direct effect of corticosteroids
on bone resorption and formation cannot be
excluded.'4 A direct deleterious effect of cor-
ticosteroids on the bone architecture or the
collagen matrix, or both, might account for the
accentuated vertebral weakness in patients
with an otherwise normal bone mass. ' His-
tomorphometric studies of bone biopsy
material show many alterations that might
explain the accentuated vertebral weakness of
these patients. A decrease in the amount of
bone, bone forming surfaces, and protein syn-
thesis are some of the effects of corticosteroids
that are likely to play a part in corticosteroid
induced vertebral fractures.'6 In a recent
experiment Ortoft and Oxlund'7 found a reduc-
tion in bone strength in the femora of rats
treated with low doses of glucocorticoids. This
reduction was found after correction for the
decreased thickness of cortical bone, indicating
that the reduction in bone strength induced by
glucocorticoids is caused by a reduction in bone
quality in addition to a decrease in bone
quantity. The importance ofthe direct effects of
steroids on bone architecture may account for
the lack of efficacy of prophylactic treatments
designed to increase bone mineral mass, such as
calcium supplementation'8 and vitamin D
treatment.'3 These poor results contrast with
the positive effects obtained with agents that
block bone resorption, such as calcitonin5 and
bisphosphonates,4 and suggest that treatment
that counteracts the direct effects of cortico-
steroids on bone resorption may be the most
efficient preventive treatment for steroid
induced osteoporosis.
Our study shows that osteoporosis is a

frequent complication of steroid dependent
asthma. It also suggests that the new methods
for measuring bone mass, such as dual photon
absorptiometry, are less useful for detecting
patients at risk of developing vertebral frac-
tures in corticosteroid induced osteoporosis

than in involutional osteoporosis. This is
probably because these methods detect changes
in bone mass but not the effects of steroid
treatment on bone architecture. Dual photon
absorptiometry may be a useful monitor of loss
of bone mass in patients having treatment with
prolonged oral steroids, but the information
must be complemented by standard radio-
graphic studies. Predictive indices, such as the
fracture threshold value for bone mineral den-
sity, cannot be extrapolated from individuals at
risk of developing bone fractures due to other
causes and must be specifically obtained from
an asthmatic population. As dual photon ab-
sorptiometry measures only one effect of corti-
costeroids on bones, the efficacy of any new
preventive treatment must be assessed on the
basis ofboth bone bone mineral density and the
incidence of new vertebral fractures.

This work was supported in part by a grant from the Fondo de
Investigaciones Sanitarias.
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