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Abstract
Background—Low attenuation areas
(LAA) on computed tomographic (CT)
scans have been shown to represent em-
physematous changes in patients with
chronic obstructive pulmonary disease
(COPD). However, the significance of
LAA is still controversial in patients with
asthma. This study was undertaken to
assess the usefulness of lung CT densit-
ometry in the detection of airspace en-
largement in association with asthma
severity.
Methods—Forty five asthmatic subjects
and 15 non-smoking controls were studied
to determine the influence of age, pulmo-
nary function, and asthma severity on
mean lung density (MLD) and the relative
area of the lung showing attenuation
values less than –950 HU (RA950) on high
resolution CT (HRCT) scans.
Results—In asthmatic patients both MLD
and RA950 correlated with parameters of
airflow limitation (%FEV1, FEV1/FVC,
%FEF25–75) and lung volume (%TLC,
%FRC, %RV), but not with lung transfer
factor (%TLCO, %TLCO/VA). The results of
HRCT lung densitometry also correlated
with patient age and severity of asthma.
Conclusions—Decreased CT lung density
in non-smoking asthmatics is related to
airflow limitation, hyperinflation and
aging, but not with lung transfer factor.
(Thorax 2001;56:851–856)
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Asthma is a disease characterised by airflow
limitation that reverses spontaneously or in
response to treatment.1 The nature of asthma
as a chronic inflammatory disease of the
airways is well recognised.2 This inflammation
process leads to irreversible changes in the
airway.3–5 Frequent airway and lung parenchy-
mal changes associated with asthma are
considered to be responsible for the irrevers-
ibility of airway obstruction, an outcome that is
observed in many severe asthmatics. Emphy-
sema, on the other hand, is defined pathologi-
cally as a process that results in the increase of
distal airspaces with destruction of their walls
without obvious fibrosis.6 The evidence for the
presence of emphysema in asthmatic patients is
controversial.

Numerous studies have demonstrated the
usefulness of computed tomographic (CT)
scanning and high resolution CT (HRCT)

scanning to detect and quantify pulmonary
emphysema in patients with chronic obstruc-
tive pulmonary disease (COPD),7–19 and a
quantitative method using digital data as well
as visual assessment of the scan are used to
analyse the CT images. Low attenuation areas
(LAA) on CT scans in vivo have been shown to
represent macroscopic and/or microscopic
emphysematous changes in the lungs of
patients with COPD.7–12 However, one report
has suggested that mean lung density (MLD)
gives a good indication of hyperinflation rather
than of emphysema.20

Some studies have investigated the use of CT
lung densitometry in non-smoking asthmatic
patients.21–24 One study suggested that the per-
centage of pixels below –900 Hounsfield Units
(HU) at full expiration reflects air trapping in
asthmatic patients and correlates with pulmo-
nary function.21 Gevenois et al showed that
acute expiratory airflow limitation and chronic
hyperinflation did not influence the MLD or
the relative area of the lungs showing attenua-
tion values less than –950 HU (RA950) in non-
smoking asthmatic patients.22 They also found
that CT lung densitometry was influenced by
the total lung capacity (TLC) and age in
healthy subjects. Biernacki et al observed that
some patients with chronic stable asthma
develop a reduction in CT lung density.23 In a
previous study we reported that the MLD and
RA950 correlated significantly with the forced
expiratory volume in 1 second (FEV1), but not
with the transfer factor for carbon monoxide
(TLCO) in 10 non-smoking asthmatic sub-
jects.24 However, to our knowledge, the rela-
tionship between the findings of CT lung den-
sitometry and asthma severity has not been
studied.

The purpose of this study was to evaluate the
use of HRCT lung densitometry in detecting
distal airspace enlargement in asthma. We
investigated the influence of age, pulmonary
function tests, and asthma severity on the
results of HRCT lung densitometry. We exam-
ined MLD and RA950 by HRCT scanning and
correlated the findings with lung function in 45
asthmatics and 15 healthy non-smoking con-
trols.

Methods
SUBJECTS

Forty five asthmatic subjects (27 women) of
mean (SD) age 60.0 (12.1) years (range
24–80) and 15 normal subjects (10 women) of
mean (SD) age 64.2 (10.4) years (range
44–79) were recruited from Misasa Medical
Branch. Asthma was diagnosed according to
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the definition proposed by the American Tho-
racic Society.25 All subjects with asthma had
episodic symptoms of wheezing and coughing
and experienced symptomatic relief and revers-
ible airway response with an accompanying
increase in FEV1 exceeding 20% following
treatment with â2 adrenergic agonists. None of
the asthmatics had a history of clinically
demonstrable tuberculosis or allergic bron-
chopulmonary aspergillosis as defined by the
criteria of Rosenberg et al.26 The asthmatic
subjects were stable with no changes in asthma
symptoms and medication for at least 1 month,
except for the use of short acting inhaled â2

agonists. Normal subjects had no chest symp-
toms with FEV1 >90% predicted. All subjects
were lifelong non-smokers. No subjects had a
history of upper respiratory tract infection
within the month prior to entry to the study.
Subjects underwent a chest HRCT scan and
pulmonary function tests on the same day.

Patients were classified into three groups
based on severity of asthma according to the
guidelines of the National Institutes of Health/
World Health Organization (NIH/WHO).27

Mild asthma was defined as symptoms occur-
ring less than once a day, night-time symptoms
less than once a week, and FEV1 >80%
predicted; moderate asthma was defined as
patients having daily symptoms, requiring daily
use of inhaled short acting â2 agonists, and pre-
treatment FEV1 of 60–80% predicted; severe
asthma was defined as patients having continu-
ous symptoms, frequent exacerbations, limited
physical activity, frequent night-time symptoms,
and pretreatment FEV1 <60% predicted.

All the asthmatic patients were considered to
be stable within the above classification; stabil-
ity was defined as follows: subjects with mild
asthma maintained on a short acting inhaled â2

agonist on an “as needed” basis; those with
moderate asthma maintained with scheduled
medium dose inhaled corticosteroids (beclom-
ethasone dipropionate (BDP) 400–1000 µg
daily) and short acting â2 agonist on an as
needed basis for daily breakthrough symptoms;
and subjects with severe asthma on oral
prednisolone and high dose inhaled cortico-
steroids (BDP 1000–2000 µg daily).

The onset and duration of asthma were
established by careful review of patient history
and complete physical examination. Atopy was
evaluated by a combination of history of aller-
gies, skin tests, and the presence of serum IgE
antibodies specific to 12 common aeroaller-
gens including house dust mite, pollens,
moulds, and animal danders. Serum specific
IgE was measured using the Pharmacia CAP
system (Pharmacia Diagnostics AB, Uppsala,
Sweden). Atopic patients were defined as those
who had a positive skin test and/or the presence
of allergen specific IgE.

Informed consent was obtained from all
subjects and the study protocol was approved
by the ethics committee of our institution.

PULMONARY FUNCTION TESTS

Spirometric tests were performed using a
Chestac 33 (Chest Co, Tokyo, Japan). The fol-
lowing measurements were performed on all

subjects: forced vital capacity (FVC), FEV1,
FEV1/FVC, and mean forced expiratory flow
(FEF25–75). Total lung capacity (TLC), func-
tional residual capacity (FRC), residual vol-
ume (RV), and RV/TLC were measured using
body plethysmography (Autobox 2800, Chest
Co, Tokyo, Japan). The carbon monoxide
transfer factor (TLCO) and TLCO/alveolar
volume (VA) were measured according to the
single breath technique using Chestac 33.
FVC, FEV1, FEF25–75, TLC, FRC, RV, TLCO,
and TLCO/VA measurements for each patient
were expressed as a percentage of their
predicted values according to the prediction
equations of the Japanese Society of Chest
Diseases.28

COMPUTED TOMOGRAPHY

Each patient underwent a non-contrast HRCT
scan using a Toshiba Xpeed scanner (Toshiba,
Tokyo, Japan) with 2 mm collimation, scanning
time of 2.7 seconds, voltage of 120 kVp, and
current of 200 mA. All HRCT scans were per-
formed in supine patients following maximal
inspiration. The images were reconstructed on
a 30 cm field of view (FOV) using a standard
algorithm (FC 1). Three HRCT scans were
performed for determination of MLD and
LAA; an upper section was obtained at the top
of the aortic arch, a middle section was taken at
the origin of the lower lobe bronchus, and a
lower section was taken 3 cm above the top of
the diaphragm, as described by Miniati et al.29

A preliminary study revealed that the density
of the lung area was less than –750 HU
whereas the density of the chest wall and medi-
astinum was greater than –750 HU. Using
these results, the areas with a density less than

Figure 1 (A) Representative HRCT image of a middle
lung section in an asthmatic patient. The mean lung density
(MLD) is –906.0 HU and the relative area of the lung
showing attenuation values less than –950 HU (RA950) is
15.6%. (B) The same image as in (A) but with the
addition of white highlighting of areas with attenuation
values less than –950 HU.
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–750 HU inside the body were considered to
be lung areas. The cut oV level between the
normal lung density area and LAA was defined
as –950 HU because we found that 1 SD below
the mean density of the lungs from 15
non-smoking control subjects was –949 HU.
An HRCT image and LAA (less than
–950 HU) of a representative asthmatic patient
are shown in fig 1. The MLD and RA950 were
calculated at all three anatomical levels and
averaged.

STATISTICAL ANALYSIS

The results are expressed as mean (SD). Pear-
son’s correlation coeYcients were calculated to
determine the relationship between each vari-
able. Stepwise multiple regression analysis was
used to evaluate the relationship between the
HRCT parameters, lung function, and age.
The Mann-Whitney U test and analysis of
variance (ANOVA) with Bonferroni/Dunn cor-
rection were used to compare groups. A p value
of <0.05 was regarded as statistically signifi-
cant.

Results
PATIENT CHARACTERISTICS

Patient characteristics, lung function tests, and
current medications are shown in table 1.
There were no statistically significant diVer-
ences in age or sex distribution between
patients with mild, moderate, or severe asthma
and control subjects. The duration of asthma
and the prevalence of atopy did not diVer
between the three asthmatic subgroups. There
were significant diVerences in %FEV1 and
%FEV1/FVC among the three asthmatic sub-
groups. The %RV values were significantly
higher in those with severe asthma than in con-
trol subjects or those with mild asthma. There
were no statistically significant diVerences in
%FVC, %TLC, %FRC, %TLCO, or
%TLCO/VA between the groups. All asthmatic
patients were treated with inhaled â2 agonists.
The mean dose of inhaled BDP was 706 µg/day
for patients with moderate asthma and 1120
µg/day for those with severe asthma. The mean
dose of oral prednisolone, used only in patients
with severe asthma, was 6.8 mg/day. Oral theo-
phylline was administrated to patients with
moderate and severe asthma.

RELATIONSHIP BETWEEN HRCT LUNG

DENSITOMETRY AND PHYSIOLOGICAL FACTORS

The relationships between MLD and RA950 and
age and pulmonary function tests in the 45
asthmatic patients examined are shown in table
2. MLD correlated significantly with patient
age, %FEV1, FEV1/FVC, %FEF25–75, %TLC,
%FRC, and %RV but not with %FVC,
RV/TLC, %TLCO, or %TLCO/VA. We also
found that RA950 correlated significantly with
patient age, %FEV1, FEV1/FVC, %FEF25–75,
%TLC, %FRC, %RV, and RV/TLC but not
with %FVC, %TLCO, or %TLCO/VA. However,
there was no statistically significant correlation
between HRCT findings and %FEV1, FEV1/
FVC, or %FEF25–75 in the 15 healthy controls
(data not shown). These data suggest that

Table 1 Clinical characteristics and pulmonary function tests of study subjects

Controls (n=15) Mild asthma (n=15) Moderate asthma (n=15) Severe asthma (n=15)

Sex (F/M) 10/5 10/5 9/6 8/7
Age (years)* 64.2 (10.4) 57.2 (13.0) 58.2 (13.3) 66.3 (7.8)
Duration of asthma (years)† NA 8.0 (3–22) 10.0 (4–25) 15.5 (5–36)
Atopic/non-atopic 0/15 8/7 8/7 8/7

FVC (% pred)* 111.5 (8.3) 106.2 (13.7) 102.5 (19.3) 94.6 (12.6)
FEV1 (% pred)*‡ 107.8 (11.4) 98.6 (10.2) 71.3 (3.9) 52.6 (6.2)
FEV1/FVC (%)*§ 79.5 (4.2) 76.6 (9.4) 61.5 (7.5) 52.4 (8.5)
TLC (% pred)* 103.8 (6.1) 108.3 (9.9) 112.2 (15.0) 117.5 (13.9)
FRC (% pred)* 97.0 (11.3) 96.6 (14.9) 101.5 (20.1) 107.9 (18.2)
RV (% pred)*¶ 100.7 (11.6) 108.0 (16.1) 121.7 (34.7) 143.8 (23.9)
TLCO (% pred)* 102.4 (8.2) 101.8 (12.7) 102.6 (12.6) 105.1 (13.4)
TLCO/VA (% pred)* 105.5 (6.0) 108.6 (15.8) 111.6 (16.2) 113.1 (13.7)

Medication
Inhaled BDP (mg/day)* NA 0 706 (103) 1120 (101)
Systemic corticosteroids (n) NA 0 0 15

FVC = forced vital capacity; % pred = percentage of the predicted value; FEV1 = forced expiratory volume in 1 second; TLC = total
lung capacity; FRC = forced residual capacity; RV = residual volume; TLCO = lung transfer factor for carbon monoxide; VA = alveo-
lar volume; BDP = beclomethasone dipropionate; NA = not available.
*Values are expressed as mean (SD).
†Values are expressed as median (range).
‡Controls and patients with mild asthma were significantly higher than those with either moderate (p<0.001) or severe (p<0.001)
asthma, and those with moderate asthma were significantly higher than severe asthma (p<0.001).
§Controls and patients with mild asthma were significantly higher than those with either moderate (p<0.05) or severe (p<0.001)
asthma, and those with moderate asthma were significantly higher than severe asthma (p<0.05).
¶Patients with severe asthma were significantly higher than either controls or those with mild asthma (p<0.01).

Table 2 Correlation (r values) between lung function and HRCT parameters in asthmatic
patients (n = 45)

MLD (HU) RA950 (%)

r value p value r value p value

Age (years) –0.456 0.0018 0.405 0.0062
FVC (% pred) 0.116 NS –0.278 NS
FEV1 (% pred) 0.666 <0.0001 –0.746 <0.0001
FEV1/FVC (%) 0.556 <0.0001 –0.574 <0.0001
FEF25–75 (% pred) 0.441 0.0032 –0.495 0.0006
TLC (% pred) –0.379 0.0126 0.332 0.0358
FRC (% pred) –0.312 0.0448 0.345 0.0246
RV (% pred) –0.381 0.0120 0.511 0.0004
RV/TLC (%) –0.239 NS 0.341 0.0251
TLCO (% pred) –0.115 NS 0.096 NS
TLCO/VA (% pred) –0.056 NS –0.008 NS

HRCT = high resolution computed tomography; MLD = mean lung density; HU = Hounsfield
units; RA950 = relative area of the lung with attenuation values lower than –950 HU; FEF25–75 =
mean forced expiratory flow during the middle half of the FVC; NS = not significant. Other
abbreviations as in footnote to table 1.
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HRCT lung densitometry in asthmatic sub-
jects has significant correlations with patient
age and pulmonary function parameters re-
garding flow limitation and lung volume, but
dose not correlate with lung transfer factor.

MULTIPLE REGRESSION ANALYSIS

The results of stepwise multiple regression
analysis using MLD and RA950 as dependent
variables are shown in table 3. The MLD was
predicted by the combination of patient age
(p=0.0279), %FEV1 (p<0.0001), and %TLC
(p=0.0207). The RA950 was also predicted by
the combination of patient age (p=0.0411),
%FEV1 (p<0.0001), and %FRC (p= 0.0112).

RELATIONSHIP BETWEEN HRCT LUNG

DENSITOMETRY AND ASTHMA SEVERITY

The MLD values for control subjects and
patients with mild, moderate, and severe
asthma were –867.3 (20.7) HU, –874.8
(17.2) HU, –893.8 (8.1) HU, and –910.5
(11.5) HU. The RA950 was 3.1 (3.2)% in
control subjects, 5.1 (2.3)% in patients with
mild asthma, 10.2 (3.7)% in those with
moderate asthma, and 22.9 (6.6)% in those
with severe asthma. Both MLD and RA950 were
significantly diVerent between the groups
(p<0.001 by ANOVA). There was a significant
correlation between asthma severity and MLD
or RA950 (p<0.001). However, no significant

diVerence in MLD or RA950 was found between
atopic and non-atopic asthmatic subjects with
the same asthma severity (fig 2A, B).

Discussion
We have examined the relationship between the
results of HRCT lung densitometry (MLD and
RA950) at maximal inspiration and pulmonary
function, patient age, and asthma severity. Our
study showed that at least some patients with
asthma have decreased attenuation of HRCT
lung density which was influenced by age, lung
volumes, airflow limitation, and asthma sever-
ity, but not by lung transfer factor.

Increases in the LAA of patients with COPD
have been reported to reflect the pathological
changes of pulmonary emphysema.7–12 The CT
measurement of LAA correlates well with
transfer factor, a sensitive index of pulmonary
emphysema, and measurements of airway
obstruction.10–19 29 On the other hand, MLD
may be linearly related to the fraction of air in
the lungs and therefore may not represent the
pathological changes of emphysema, given its
non-homogenous distribution. Heremans et al
found that, in patients with COPD, MLD cor-
relates with pulmonary function indices of air-
way obstruction and hyperinflation but not
with indices that are considered more specific
for emphysema (TLCO and static lung compli-
ance).20 It is likely that the relationship between

Table 3 Multiple regression analysis of HRCT parameters using age and pulmonary function tests in asthmatic subjects
(n=45)

MLD (HU) (R2 = 0.0524) RA950 (%) (R2 = 0.611)

Predictor variable
Regression
coeYcient 95% CI p value

Regression
coeYcient 95% CI p value

Age (years) –0.410 –0.773 to –0.047 0.0279 0.159 0.007 to 0.310 0.0411
FVC (% pred) – – – – – –
FEV1 (% pred) 0.503 0.289 to 0.717 <0.0001 –0.272 –0.361 to –0.183 <0.0001
FEV1/FVC (%) – – – – – –
FEF25–75 (% pred) – – – – – –
TLC (% pred) –0.366 –0.673 to –0.059 0.0207 – – –
FRC (% pred) – – – 0.126 0.030 to 0.221 0.0112
RV (% pred) – – – – – –
RV/TLC (%) – – – – – –
TLCO (% pred) – – – – – –
TLCO/VA (% pred) – – – – – –

R2 = coeYcient of determination.
Missing values indicate that independent variables were not statistically significant.
Abbreviations as in footnote to tables 1 and 2.

Figure 2 Relationship between (A) mean lung density (MLD) and (B) relative area of the lung showing attenuation
values less than –950 HU (RA950) and the severity and type of asthma. The diVerence between the four groups was
significant by analysis of variance (ANOVA, p<0.001). Open circles = atopic subjects, closed circles = non-atopic subjects.
Solid horizontal line = mean.
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MLD and lung function diVers from that
between RA950 and lung function.

In eVorts to minimise radiation exposure we
calculated both MLD and RA950 using three
cross sections of the lung (upper, middle, and
lower). This was considered adequate as
Mishima et al described an accurate correlation
between the percentage of LAA detected from
10 sections (from apex to base of the lung) ver-
sus three sections in patients with COPD.19

We used –950 HU as the cut oV level
between the normal lung density area and
LAA. Previous studies have used variable levels
ranging from –900 to –960 HU.8–11 13 14 17–19 29 30

This discrepancy may be attributed to varia-
tions between the CT scanning techniques
(equipment and reconstruction of images) as
well as CT images (conventional v high resolu-
tion). Using HRCT scans of 15 healthy
controls, we found the mean MLD –1SD to be
–949 HU.

We obtained images after deep inspiration.
Gevenois et al reported that inspiratory CT
images were more accurate than expiratory
images for quantifying pulmonary emphy-
sema.11 They speculated that abnormalities in
the expiratory CT scan are more reflective of
air trapping than of a reduction in terminal air-
space volume. Eda et al31 found that helical CT
images acquired at maximal expiration re-
flected air trapping whereas CT visual scores at
full inspiration showed significant correlation
with emphysema. We therefore consider in-
spiratory CT scans to be more suitable than
expiratory CT scans for determining whether
emphysema is present in asthma.

We found that both RA950 and MLD strongly
correlated with measurements of airflow limi-
tation (%FEV1, FEV1/FVC) and also signifi-
cantly correlated with indices indicating hyper-
inflation (%TLC) and air trapping (%RV).
RA950 and MLD did not correlate with TLCO or
TLCO/VA, two values which have been shown
previously to correlate with emphysema.14 16 32–34

We also found no statistically significant diVer-
ence in CT lung densitometry between pa-
tients with mild asthma and non-atopic con-
trols. However, RA950 increased and MLD
decreased significantly with the severity of
asthma.

Biernacki et al observed that patients with
chronic stable asthma and COPD had a reduc-
tion in CT lung density, similar to our results.23

However, they also found that the lowest fifth
percentile CT numbers were similar before and
after treatment with nebulised â2 agonist, and
at the end of an exacerbation and 6 weeks later
in five patients with asthma. They concluded
that less restricted airflow and diminished
chronic overinflation did not aVect the lowest
fifth percentile CT number. Gevenois et al
failed to find any significant changes in RA950

during allergic challenge tests despite a de-
crease in FEV1 and an increase in RV and
FRC.22 The MLD and RA950 of 10 asthmatics
with an increased TLC did not significantly
diVer from those of healthy subjects. They
concluded that hyperinflation and airflow
obstruction without emphysematous lung de-
struction does not influence densitometric

measurements obtained from inspiratory
scans. The diVerence between the findings of
their study and ours may be due to the fact that
our subjects are older than theirs.

By multiple regression analysis we have
shown that RA950 correlates with age, %FRC,
and %FEV1, and that MLD correlates with
age, %TLC, and %FEV1. Both MLD and
RA950 were found to be influenced by age, lung
volume, and chronic airflow limitation. Geven-
ois et al reported that both MLD and RA950 are
influenced by TLC and, to a lesser extent, by
age in healthy subjects.22 This was further sup-
ported by a longitudinal study by Soejima et al
who showed that aging increased airspace
abnormalities on HRCT images of non-
smoking subjects over a study period of 5
years.35

We found a strong correlation between lung
CT density and airflow limitation, a weak cor-
relation with age and lung volumes, and no
correlation with transfer factor. The likely rea-
son is that airflow measurements have a wide
range whereas age and lung volume measure-
ments have a narrow range. We also speculate
that the decreased lung density in non-smoking
asthmatic subjects is related to simple gas trap-
ping rather than a significant change in the
recoil properties. Further study is needed to
examine whether there are significant changes
in the recoil properties of asthmatic lungs.

Paganin et al reported a significant increase
in the extent of permanent HRCT scan abnor-
malities with increasing severity and duration
of symptoms, both in patients with allergic and
non-allergic asthma.36 They further reported
that airway remodelling is more common in
patients with non-allergic than allergic asthma,
even when the duration of disease was similar.
They speculated that the anatomical changes in
patients with non-allergic asthma were related
to advanced age and mechanism of asthma. We
observed that RA950 and MLD values were
associated with severity of asthma but not with
the type of asthma. Our findings may be
explained by the fact that our subjects are too
advanced in age to show diVerences between
the two groups. Further study is needed to
clarify the relationship between asthma type
and the results of CT lung densitometry in
younger subjects.

We conclude that decreased HRCT lung
density in non-smoking asthmatic patients is
related to airflow limitation, hyperinflation and
aging, but not to lung transfer factor. The
decreased HRCT lung density may represent
microscopic emphysema or chronic overinfla-
tion. We suggest that HRCT scanning may
provide useful information about the severity
of chronic asthma.

The authors thank Mr M Nakai for his technical assistance with
CT scanning.
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LETTERS TO THE EDITOR

BMD and airways disease
The papers recently published in Thorax by
Tattersfield et al1 and Walsh et al2 offer
important information about the possible
adverse affects of corticosteroids on bone
mineral density (BMD). Tattersfield and her
colleagues reported no change in BMD with
inhaled corticosteroids for mild asthma, while
Walsh et al found a dose related increase in the
incidence of fractures in those taking oral
corticosteroids. We would like to report our
study of BMD in patients with airways
disease, which reinforces these findings and
highlights men as being particularly at risk.

We prospectively studied 100 consecutive
outpatients (44 men) with steroid responsive
airways disease. The formulation and cumula-
tive dose of corticosteroid was recorded in each
individual, together with all prescribed prophy-
laxis for osteoporosis. Bone mineral density
was measured in the non-dominant forearm.
We found no relationship between inhaled
corticosteroid dose and BMD. Mean BMD was
significantly reduced in those on oral as
opposed to inhaled steroids. In men the mean Z
scores for those on inhaled and oral cortico-
steroids were 0.1 and –0.6, respectively
(p=0.07), while women had mean Z scores of
0.5 and –0.3 for inhaled and oral cortico-
steroids, respectively (p=0.016). Our patient
numbers were insufficient to confirm a dose
response. The surprising result was that men
were more likely to meet the WHO criteria for
osteoporosis than women (25% v 12.5%). This
result is explained at least in part by the use of
prophylaxis which was prescribed to 21 women
but to only two men. Of those on regular oral
steroids, only 5.5% of men received prophylaxis
compared with 62.5% of women. Similar
results have been reported in other chronic dis-
eases, with a greater reduction in BMD being
reported in men with cystic fibrosis.3

Unfortunately it appears to have been
assumed that men are protected from osteo-
porosis by virtue of their gender. When
chronic disease is treated with oral cortico-
steroids, both men and women are equally at
risk of osteoporosis and all should be consid-
ered for prophylaxis.

C Elmer, P Bartholemew, A Lapworth,
P Turner, C Kelly

Department of Medicine, Queen Elizabeth Hospital,
Gateshead NE9 6SX, UK
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AHR in asthma
Peat et al1 have contributed a helpful review to
the debate on techniques for measuring

asthma in population studies. However, they
have endorsed airway hyperresponsiveness
(AHR) while neatly sidestepping the issue of
what test they are discussing. Inhaled provo-
cation tests used in epidemiological work
have included histamine, methacholine,
hypertonic saline, cold air, and adenosine.
Exercise provocation tests have also been
used. Peat et al have previously shown that
exercise and histamine challenges may define
different groups of children,2 and we have
shown that longer term repeatability of a free
running exercise provocation test is poor
within a childhood population.3 In adults
quite considerable within subject variability
in PD20 to methacholine has been observed
during a 1 year period,4 and a childhood
population study found that methacholine
PD20 varied by >4 doubling doses within the
course of a year in 33% of the subjects.5

We would suggest that more care should be
taken to define the precise measure of AHR
used before comments can be made about its
sensitivity and specificity in an epidemiologi-
cal survey. The medium term temporal varia-
tion in AHR seen by a number of researchers
is another measure which may make it
difficult to make useful comparisons between
populations.

R A Primhak
Sheffield Children’s Hospital, Western Bank,

Sheffield S10 2TH, UK

C V E Powell
Departments of Emergency Medicine and General

Paediatrics, Royal Children’s Hospital, Parkville,
Victoria 3052 and University of Melbourne,

Victoria, Australia
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Authors’ reply

Primhak and Powell make the valid point that
the presence of airway hyperresponsiveness
(AHR) is not an absolute attribute. Abnormal
AHR represents one end of a continuum of
responsiveness. Furthermore, the distribution
of that continuum varies according to the
nature of the direct or indirect stimulus that is
applied.

In our studies, referred to in the review, we
have defined abnormal airway responsiveness
as a decline of more than 20% in forced
expiratory volume in 1 second (FEV1) after
inhalation of a cumulative dose of histamine
of <3.9 µmol. Using this criterion, the pres-
ence of AHR is a useful marker of airway
abnormality consistent with asthma in epide-
miological studies1 and is also predictive of
the subsequent course of the disease.2 We
acknowledge that other criteria for the pres-
ence of AHR have not been evaluated as
extensively in epidemiological studies. How-
ever, there is evidence that at least some indi-
rect agonists, such as non-isotonic aerosols
and exercise, also have a high level of specifi-
city but only moderate sensitivity as markers
of asthma symptoms.3 4

J K Peat, B G Toelle, G B Marks,
C M Mellis

Institute of Respiratory Medicine, University of
Sydney, Box M77, Missenden Road P O,

Camperdown, NSW 2050, Australia
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One fibre or many; what causes
mesothelioma?
In a recent case (00/TLQ/1284) in the Queen’s
Bench Division of the High Court in England,
a widow sued on behalf of her husband who
had died at the age of 60 of mesothelioma.
Unusually for such cases, Mr Justice Curtis
found for the defendants, and the grounds for
his judgement were sufficiently curious to be
of general interest and worthy of debate.

It was not disputed that the deceased had
been exposed to substantial quantities of
asbestos during two periods of employment,
nor that there had been a breach of statutory
duty by his employers at that time. The judge-
ment was based, however, on the expert and
agreed opinion of “two most highly qualified
medical men”. In their joint report and oral
evidence, the judge believed these doctors to
have stated that mesothelioma is the conse-
quence of malignant transformation in a sin-
gle cell, the result of a hit by either one or sev-
eral fibres. This led the judge to reason that,
although a fibre or fibres inhaled during one
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or other period of employment may well have
led to the fatal cellular transformation, it was
not possible to say which, and he was
therefore unable to find either responsible.

In coming to his judgement, Mr Justice
Curtis made a distinction between causation
and risk factors. In his words “the only
relevance of the number of fibres is in
connection with the risk of contracting the
disease”. He was thus dissuaded from being
influenced by any evidence that might have
shown a relationship between risk of meso-
thelioma and dose of asbestos, although there
is much such evidence from studies both of
human lungs and of animals.

I have heard the view expressed before that
one fibre causes mesothelioma. It depends
what you mean by “cause”. It is in one sense
obvious nonsense. We all have millions of
asbestos fibres in our lungs and the likelihood
of us developing mesothelioma depends on
how many millions. This means that the
disease is dose related. The problem in this
case arose from confusing the disease mesothe-
lioma with transformation in a cell, which may
be a factor in the development of the disease.
Take the case of the butterfly flapping its
wings in the Amazon rain forest. It may be
possible for an ingenious QC to prove that the
hurricane that hit the coast of west Africa was
caused by that insect’s action, but the other
side would surely point to other risk factors
that, taken with the action of the butterfly,
contributed significantly to the disaster.

Is it really possible to say that the only and
necessary cause of mesothelioma is transfor-
mation in a cell? Are we sure that the milieu in
which that cell lives and divides is not influen-
tial? Are we sure that inflammation in the tis-
sue involved is not an important precondition
for the development of the disease? Are we sure
that the action of asbestos on other cells does
not interfere with the natural defences that
would otherwise eliminate the transformed
cell? Are we sure that genetic factors and
viruses do not also determine whether the
transformation occurs or succeeds in overcom-
ing the body’s defences? Or looked at another
way, experimentally, how many rats would
have to be used to produce one mesothelioma
after injection of one fibre into the peritoneum?
Of course, no one has ever shown that one fibre
causes mesothelioma. All that has been conjec-
tured is that the malignant cells that form part
of the tumour may be the genetic offspring of
one transformed cell.

The judge appears in this case to have been
persuaded to accept a naïve view of
causation—that disease has one ultimate
cause. Most who have studied the causation of
disease would argue that the likelihood of
disease occurring in any individual is influ-
enced by multiple factors, the outcome of
inherited and acquired susceptibility and
environmental precipitants. In the case of
mesothelioma, a very heavily asbestos ex-
posed individual may have a one in 10 lifetime
risk of the disease. Most of us, with very small
incidental exposures, have about a one in 1
million annual risk. The risk varies with the
length and intensity of exposure, as assessed
by the individual’s occupational history. We
know from animal studies that asbestos fibres
do indeed cause mesothelioma, so this evi-
dence of a dose related association strongly
suggests that factors other than transforma-
tion of one cell are also, and critically, respon-
sible for the disease. Among these is likely to
be inflammation in the pleura initiated by the
presence of many fibres. Such inflammation
may not only result in malignant transforma-
tion of many cells, but may also inhibit the

natural mechanisms whereby such cells are

eliminated. If this is true, and it is certainly

more plausible than the one fibre theory, then

mesothelioma is caused by the access of large

numbers of fibres to the mesothelial tissue.

Since it is a dose related disease, it may be

argued that all exposures to asbestos before a

critical time would be expected to have

contributed to the causation of the disease.

Thus, attribution of blame should be on the

basis of relative intensity and duration of

exposure in different trades.

The moral of this story is that lawyers are

clever people and part of their business is the

meaning of words. The word “cause” is one

that requires a bit of thought. My Shorter
Oxford Dictionary devotes a column to it.

A Seaton
Department of Environmental and Occupational
Medicine, Aberdeen University Medical School,

Foresterhill, Aberdeen AB25 2ZP, UK;
a.seaton@abdn.ac.uk

Mesothelioma
We write as the three medical witnesses who

provided evidence (all in writing, two orally) to

the Court in the case referred to by Professor

Seaton. Essentially we agree with his analysis.

The medical evidence presented to the Court

made it clear that the risk of mesothelioma

increases in relation to the dose of asbestos and

that it is not possible to identify the particular

fibre or fibres involved in the genesis of a

particular mesothelioma. From an epidemio-

logical standpoint it is therefore appropriate to

regard all sources of significant exposure as

having contributed to causation of the disease,

in the same way that all cigarettes smoked

would be considered to have contributed to

causation of a lung cancer.

Mr Justice Curtis, however, accepted the

invitation of Leading Counsel for one of the

defendants to adopt a strictly mechanistic

approach to causation. He decided that, be-

cause the claimant could not show whether the

fibre or fibres actually involved in the genesis of

the tumour were derived from either or both of

two sources of exposure, causation could not be

established against either of two defendants.

More recently, a different view has been

taken in a similar case by Mr Justice Mitting

(Queen’s Bench Division C20010111) He con-

sidered that there was “no substantial differ-

ence between saying that what the defendant

did materially increased the risk of injury to

the claimant and saying that what the

defendant did made a material contribution

to his injury”. It would be “wholly artificial to

require a claimant to prove which fibre or

fibres, inhaled in whose employment in

precisely what circumstances, caused or set

off or contributed to the process by which one

or more mesothelial cells become malignant”.

He concluded that breach of duty on the part

of both defendants caused the mesothelioma.

Both cases are soon to be considered by the

Court of Appeal and the outcome will

determine whether the many mesothelioma

victims who happen to have derived their

asbestos exposure from more than one source

are to be left without redress.

R Rudd
Medical Oncology Department, St Bartholomew’s

Hospital, London EC1A 7BE, UK;
R.M.Rudd@qmul.ac.uk

J Moore-Gillon
Respiratory Medicine Department, St Bartholomew’s

Hospital, London EC1A 7BE, UK

M Muers
Respiratory Unit, The General Infirmary at Leeds,

Leeds LS1 3EX, UK;
amanda.jones@leedsth.nhs.uk

Statement on malignant
mesothelioma in the UK
We would like to provide the following
additional material to Appendix 3 “Sources of
information and help available for patients
and carers” which appeared on pages 263–4 of
the BTS statement on malignant mesothe-
lioma in the UK published recently in Thorax.1

The following Asbestos Support Groups are
the major practical sources of information in
the UK for people with asbestos related
diseases. Most provide a drop in and tele-
phone service, giving confidential free advice
and support to patients and families. They
also have particular expertise in the field of
industrial injury benefits and government
and civil compensation claims. Although most
of the groups are in the north of England,
telephone queries from any part of Great Brit-
ain are acceptable to them.

Manchester (tel: 0161 953 4037)
Sheffield (tel: 0114 282 3212 or 01709 513

587)
Liverpool (tel: 0151 236 1895)
Bradford (tel: 01274 393 949)
West Yorks (tel: 0113 243 9979)
Cheshire (tel: 01928 576641)
Nottingham (tel: 0115 927 5108)
In Scotland:
Clydeside Action on Asbestos (tel: 0141 552

8852)
Clydebank Asbestos Group (tel: 0141 951

1008)
Other important sources of help and infor-

mation are:
The Macmillan Mesothelioma Information

Line (tel: 0113 206 6466; email:
mavisro@ulth.northy.nhs.uk) and the Occu-
pational and Environmental Diseases Associ-
ation (OEDA), both of which were mentioned
in the original statement.

M Robinson
Mesothelioma Information Service, Cookridge

Hospital, Leeds LS16 6QB, UK;
mavisro@ulth.northy.nhs.uk

J Wiggins
Department of General Medicine, Wexham Park

Hospital, Slough, Berkshire SL2 4HL, UK
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Asymptomatic pulmonary
involvement in RA
Dawson et al1 found HRCT evidence of fibros-
ing alveolitis (FA) in 19% of 150 outpatients
with rheumatoid arthritis (RA). The presence
of FA did not relate to previously described
predisposing factors such as male sex, nodular
and/or extra-articular disease, disease dura-
tion and severity. Moreover, the authors did
not find any relation with respiratory symp-
toms such as dyspnoea or cough, chest radio-
graphic appearance of FA, or restrictive
pattern at pulmonary function tests. The only
features significantly associated with FA on
the HRCT scan were the presence of bibasal
crackles and the reduction in carbon monox-
ide transfer factor (TLCO). These findings are
more difficult to explain, especially consider-
ing that FA was defined as an HRCT pattern
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“typical” of usual interstitial pneumonia
according to a more recent classification.2

Other studies had shown a high prevalence of
FA, even in recent onset RA.3

We have recently investigated the presence of
pulmonary disease in 24 consecutive patients
with RA without respiratory symptoms or
signs and a normal chest radiograph. In all
these patients we performed a chest HRCT scan
as well as complete pulmonary function tests
(PFTs). Our patients were predominantly
women (22/24), of mean age 49.4 years (range
26–72), and 46% of them had a disease
duration of less than 2 years. Only 33.3% were
current smokers. We found TLCO of <75% in
50% of the patients; two patients had obstruc-
tive PFT and one patient restrictive PFT. Pleuro-
pulmonary alterations were detected in 20.8%
of the patients on the HRCT scan, but only one
patient had an HRCT pattern suggestive of FA
according to stringent criteria.2 In all the other
patients the alterations observed were mild and
non-specific (pleural abnormalities, septal and
non-septal lines, micronodules). Our data con-
firm a rather high prevalence of pleuropulmo-
nary alterations in patients with RA, even in
the absence of respiratory symptoms. However,
we found evidence of FA much less frequently
than Dawson et al.1 This difference may only be
partly explained by patient selection: not all our
patients had respiratory symptoms and almost
half of them had RA of short duration. The
newly available diagnostic techniques such as
HRCT scanning have increased interest in
evaluating patients with connective tissue
diseases. However, the clinical relevance of the
frequently observed pulmonary alterations in
patients with RA has still to be elucidated, as
well as the best diagnostic approach to respira-
tory involvement in this multifaceted disease.

G Provenzano
Division of Respiratory Diseases, A.O. “Villa Sofia

CTO”, 90143 Palermo, Italy;
giuseppe.provenzano5@tin.it
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CD-ROM REVIEW

Paediatric Respiratory
Examination

C O’Callaghan, W Stannard. Leicester, UK:
OCB Media, 2001, £49.95 (students
£25.00). ISBN 190403906

This CD-Rom has been produced as a multi-
media based interactive learning tool for a
wide spectrum of healthcare professionals
including general practitioners, junior doc-
tors, nurses, physiotherapists, and medical
students. As such, it will find wide appeal to
those who wish to learn or brush up on
paediatric respiratory examinations.

The authors and designers should be
congratulated for producing a CD-Rom which
is highly intuitive and easy to navigate. The
pictures, videos and case studies are of high
quality and can be viewed with an informative
running commentary, although unfortunately
the commentaries cannot be fast forwarded or
rewound to find passages of particular inter-
est. The case studies provide excellent exam-
ples of classic paediatric auscultatory findings
such as wheeze, stridor, and the fine inspira-
tory crepitations of bronchiolitis.

The Paediatric Respiratory Examination CD-
Rom serves as a good template on which other
system examination CD-Roms could be de-
signed.

K Tan

NOTICE

Scadding-Morriston Davies Joint
Fellowship in Respiratory
Medicine 2002
This fellowship is available to support visits to
medical centres in the UK or abroad for the
purpose of undertaking studies related to res-
piratory medicine. Applications are invited
from medical graduates practising in the UK,
including consultants and irrespective of the
number of years in that grade. There is no
application form, but a curriculum vitae
should be submitted together with a detailed
account of the duration and nature of the
work and the centres to be visited, confirming
that these have agreed to provide the facilities
required. Please state the sum of money
needed for travel and subsistence. A sum of up
to £15 000 can be awarded to the successful
candidate, or the sum may be divided to sup-
port two or more applications. Applications
should be sent to Dr I A Campbell, Secretary
to the Scadding-Morriston Davies Fellowship,
Llandough Hospital, Penarth, Vale of Glamor-
gan CF64 2XX, UK by 31 January 2002.

CORRECTION
In the article entitled “Influence of age and
disease severity on high resolution CT lung
densitometry in asthma” by F Mitsunobu et al
which appeared in the November 2001 issue
of Thorax (2001;56:851–6), an error occurred
in table 3 on page 854. The heading to the first
column which appeared as “MLD (HU) (R2 =
0.0524)” should read “MLD (HU) (R2 =
0.524)”.
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