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ABSTRACT: Only scant information is available on the long-term consequences to
respiratory health of treatment with bronchodilators and oral corticosteroids.

In the present study, we aimed to gain more information about these consequences.
We examined 712 men working in the Paris area, by means of a subjective assess-
ment of whether their respiratory health worsened or improved from 1960 to 1972,
the decline in forced expiratory volume in one second (FEV1) over this time-period,
and mortality from 1972 to 1992, in relation to respiratory therapy dispensed dur-
ing a 2 year period in 1970–1971, as recorded in social security reimbursement
records.

As expected, subjects with respiratory symptoms or airflow limitation were more
likely to have been prescribed respiratory therapy. After accounting for the effect of
lung function level and smoking, subjects dispensed inhaled β-agonists were likely
to feel their condition had worsened and had a greater decline in FEV1 from 1960
to 1972.

Among subjects with airflow limitation who reported asthma or persistent wheeze,
having been dispensed oral corticosteroids on an intermittent basis was associated
with improved survival (relative risk (RR) 0.32; 95% confidence interval (95% CI):
0.10–0.91) after adjusting for FEV1 level and smoking category.

Our results add to the evidence that regular use of β-agonist bronchodilators may
be associated with adverse effects on respiratory health, whilst intermittent use of
corticosteroids may be of long-term benefit.
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Strategies for the medical management of asthma and
chronic obstructive pulmonary disease (COPD) are evol-
ving rapidly. In asthma, recent studies suggest that the
regular and excessive use of inhaled beta-agonists is
linked to worsening asthma and an increased risk of life-
threatening episodes [1, 2].  On the other hand, recogni-
tion of the inflammatory nature of asthma has led to the
demonstration of the efficacy of inhaled corticosteroids
early in the course of disease and in milder patients [3,
4].  Current guidelines for the treatment of asthma insist
on the early use of anti-inflammatory therapy with less
reliance on bronchodilator therapy [5, 6].  Potential haz-
ards of regular use of bronchodilators in COPD have been
less commonly reported, but such reports do exist [7].
Corticosteroids, both oral and inhaled, are commonly
used in the regular treatment of COPD despite only mod-
erate efficacy.  Treatment trials of inhaled corticoster-
oids in COPD are currently underway [8].  However,
there are no long-term studies of the potential benefits
or adverse effects of corticosteroids, with respect to eith-
er their respiratory or systemic sequelae.  Of interest is
a recent report by SPARROW et al. [9] suggesting that dec-
line in forced expiratory volume in one second (FEV1)
over time was related to endogenous corticosteroids; low
levels of serum cortisol predicting greater declines in
lung function [9].

If possible, avoidance of systemic corticosteroids app-
ears desirable, given their severe adverse effects when
used regularly or in high doses. Long-term hazards or
benefits of intermittent use of oral corticosteroids both in
asthma and COPD are unknown and may be of greater
relevance to the use of inhaled corticosteroids, especially
as concerns the higher doses recently made available.

Using a pharmacoepidemiological approach, the pre-
sent study examined the relationship of decline in FEV1
over 12 yrs, the subjects' subjective sense of change in
respiratory health, and mortality over 20 yrs, to the dis-
pensing of respiratory therapy, particularly beta-agonists
and oral corticosteroids over a 2 year interval.

Methods

The subjects in the present study were enrolled in a
longitudinal study on the risk factors for chronic obstruc-
tive pulmonary disease with two cross-sectional surveys,
in 1960 and 1972, and a study of survival to December
31, 1992.  The detailed protocol has been described pre-
viously [10].

In a first survey conducted in 1960, 1,474 men born
in France, aged 30–59 yrs, and working in 11 factories
(metallurgical, chemical, printing and flour-milling) in the



Paris area, were interviewed about their symptoms (but
without a question on asthma), smoking habits and occu-
pational history.  Subjects were classified as nonsmokers
(<1 cigarette·day-1 on average), ex-smokers (smokers for
more than 1 year, stopped for at least 3 months), mode-
rate smokers (≤15 g tobacco·day-1), and heavy smokers.

In a second survey, conducted in 1972, a proportion
of the same men answered the British Medical Research
Council/European Coal and Steel Community (BMRC/
ECSC) questionnaire about their symptoms and smok-
ing habits. Persistent wheeze was defined as a positive
answer to a query concerning wheeze occurring most days
or nights. Chronic bronchitis represents the complaint of
cough and sputum for 3 months of the year, for ≥2 yrs.
From the 1972 questionnaire, subjects were classified
as ever having had asthma according to their response
to the question: "Have you ever had attacks of shortness
of breath at rest with wheezing ("asthma attacks")?"  Of
the 1,248 subjects still alive, 1,073 (86%) were reinter-
viewed, most of them (844) in the factory or in a medi-
cal centre, some of them (144) at home, whilst the
remainder (85) answered a mail questionnaire.  With the
exception of those who answered a mail questionnaire,
all of the men were interviewed as to their self-assess-
ment of changes in respiratory health by the following
question: Overall, since 1960–1961, do you think that
your bronchial or respiratory status has changed (inde-
pendent of the "normal effect of ageing")?  If yes: Has
it improved?  Has it deteriorated?  Ninety three percent
of subjects answered this question (which corresponds
to 73% of the original subjects who were still alive).
Among the 915 men who answered the question, 22%
reported deterioration and 5% improvement.  Two vari-
ables were derived from these questions: "worse" (dete-
riorated versus others) and "better" (improved versus no
change, subject with deterioration excluded).

Spirographic measurements were performed with a Cara
water-filled spirometer in the sitting position wearing a
noseclip in 1960 and in 1972, for those examined at work
or in a medical centre. For the men re-examined at home,
a dry expirograph (Vitalograph) was used. Spirometric
tracings were available for 95% and 93% of the men at
the first and second surveys, respectively.  In 1960, 26%
of the tracings were labelled as poor tracings and in 3%
in 1972.  Spirometric test failure may be a marker of poor
prognosis [11] and, therefore, poor tracings were not ex-
cluded from the present analysis.  Poor tracings were not
related to age, asthma, smoking, feeling worse or better.
Exclusion of poor tracings did not change any conclusion.
For each subject, FEV1 values in 1960 and 1972 were
adjusted on age and height, using the linear regression
from the whole sample expressed as standardized resi-
duals (mean±SD=0±1). Twelve year FEV1 slope (mL·yr -1)
was calculated as 12× (FEV1 in 1960 minus FEV1 in
1972)/(months between two surveys).

Drug exposure information

In France, most medical therapy, including prescribed
medications are paid for by the social security system.
Reimbursement to the subject can be traced through their

social security identification number.  The individual files
containing all prescribed medicines and medical thera-
pies reimbursed during 1970 and 1971 (24 months) were
obtained. All prescriptions dispensed during this period
were available [12].  Respiratory therapy was defined
as prescriptions which included bronchodilators, anti-
tussives, expectorants and chest physiotherapy.  For all
these prescriptions, the type of bronchodilator prescrib-
ed (beta-agonist or theophylline) and the date of dispens-
ing of the respiratory therapy was recorded.  Prescriptions
for oral corticosteroids and antibiotics were also identi-
fied, as well as whether or not these were dispensed on
the same date as other respiratory therapy. The follow-
ing exposure variables were defined: oral corticosteroids
(OCS) - all, if any prescription for OCS was found at
any time during 1970–1971; OCS with respiratory ther-
apy, if the OCS was dispensed on the same date as respi-
ratory therapy; beta-agonists, if such medication, either
in inhaled or oral form, was dispensed at any time dur-
ing the 2 year period of observation; theophyllines, if
any medication of this class was prescribed during the
2 year period; antibiotics, if such a medication was dis-
pensed simultaneously with other respiratory therapy.

Among the 1,073 men re-examined in 1972, social
security records were obtained for 715 (67%) of the men.
Subjects without social security records included both
those for whom the record was empty, that is no therapy
was dispensed, and those for whom the record could not
be found. These two categories of subjects could not be
distinguished and are not included in the analyses.  They
did not differ significantly from the subjects included in
the analyses as to age, smoking or lung function but they
did report significantly less chronic bronchitis, asthma, or
persistent wheeze. The analyses in the present report
have been carried out among 712 men with information
available as to a prior history of asthma (by question-
naire) and complete social security records.

From December 31, 1992, vital status was assessed for
682 of these 712 men and 351 (51%) were deceased.  Of
the 30 men for whom vital status could not be traced for
the full 20 yrs (i.e. until the end of 1992), information
was available for at least 10 years (i.e. until 1982) for
18 individuals.

Adjustment for disease severity

When examining the relationship between adverse res-
piratory outcomes and the use of various therapies in
studies other than randomized controlled trials, it is always
difficult to dissociate treatment effect from indication
bias; that is the treatment identifies the disease and its
severity and it is the disease and not the treatment which
it incurs which is the actual cause of the adverse out-
come. To adjust for disease severity or indication bias
in examining the association between the patients' sub-
jective assessment and the type of therapy dispensed,
odds ratios were adjusted for FEV1 level and smoking
(four classes). The slopes of FEV1 decline were also
adjusted for lung function level and smoking, but, in a
further attempt to compare subjects of similar disease
severity, the effect of having been dispensed antibiotics

OUTCOME OF RESPIRATORY THERAPY 437



for respiratory indications and work absences of great-
er than 20 days for respiratory diagnoses during the 12
year period, 1960–1972 were also accounted for.  Antibiot-
ics for respiratory diseases were considered categorical-
ly; this was considered to be present if during the 2 year
period, 1970–1972, a subject had been dispensed more
than one prescription for an antibiotic concurrently with
another respiratory treatment.  Work absences of more
than 20 days for respiratory disease were obtained from
social security records, which record these and their cause
by International Classification of Diseases (ICD) code
(ICD 490–496), and were expressed as number of days
missed from work. Among the group as a whole, the
slopes of FEV1 decline were further adjusted for the
report of persistent wheeze, chronic bronchitis and asth-
ma, since the reporting of such may also favour the dis-
pensing of respiratory therapy.  Analyses were also carried
out stratified according to the report of asthma and the
prevalence of airflow limitation. The latter was defined
as an FEV1 less than 75% predicted according to the
published equations of QUANJER et al. [13] and using age
at mid-point of follow-up.

In the analysis of mortality, adjustment or severity was
performed using FEV1 in 1972 (e.g. standardized resi-
duals), i.e. a measure of severity at the start of the peri-
od of follow-up relevant to the survival analysis, as well
as smoking in two classes (non and ex-smokers versus
moderate and heavy smokers combined), antibiotic use
and work absences as defined previously.  Smoking sta-
tus in 1960 was used in all analyses, since this was thought
to be less affected by subjects quitting smoking for health
reasons.  For the analysis of FEV1 decline, adjustment for
baseline severity was more problematical, since FEV1 was
measured on only two occasions, that is in 1960 and 1972,
the beginning and end of the period of observation.  Ad-
justment for the initial value (FEV1 in 1960) would cre-
ate a spurious association with decline in FEV1 because
of the phenomenon of regression towards the mean [14,
15].  Therefore, as proposed by FLETCHER et al. [16], and
in line with previous analyses [10, 17], the potential rela-
tionship of treatment to FEV1 slope was assessed before
and after adjustment for the average of initial and final
values of FEV1 divided by the cube of height.  For homo-
geneity, the same adjustment was performed in the analy-
sis of the subjective assessment of change in the state of
respiratory health between the two surveys.

Statistical analysis included Chi-squared for the signi-
ficance of prevalence odds ratios, analysis of variance,
linear regression, and Cox proportional hazards for sur-
vival analysis.

Results

In 1972, the average age of the subjects included in
the present analyses was 56 yrs (range 41–72 yrs).  The
prevalence of nonsmokers was quite low (table 1), as one
might expect in an all male blue collar population more
than 30 yrs ago. The most common chronic respiratory
symptom was that related to mucus hypersecretion,
whilst nearly 11% of subjects reported a history of asth-
ma at some time.  Both beta-agonists and theophylline

bronchodilators had been dispensed to less than 10% of
the cohort and this was mostly in the absence of any
record of corticosteroid use during the 2 year period for
which medication records were examined.  At least one
prescription for OCS had been dispensed to 11% of sub-
jects and in 3% this occurred on a prescription contain-
ing other respiratory therapy. Only 13 subjects had more
than one prescription for OCS and, because medications
were rarely dispensed for more than 6 months (usual-
ly less than 3 months), treatment with OCS was almost
surely intermittent. Subjects were asked whether they
felt their respiratory health had changed between the two
surveys 12 yrs apart; 24% felt it had worsened and 8%
of the remainder felt it had improved.

Table 2 demonstrates the relationship between use of
two major classes of respiratory medicine, either together
or alone, and various indicators of respiratory health as
measured in 1972.  These combinations of therapy are
also used for further analyses. Similar results were ob-
tained if theophyllines were used as the major bron-
chodilator class instead of the β-agonists.  As one would
expect, those subjects with chronic respiratory symptoms,
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Table 1.  –  Subject characteristics (n=712) including β-
agonists, theophylline and oral corticosteroids dispensed

Characteristic

Age in 1972* yrs 56 (9)
Smoking (1960) (n=710)  %

Nonsmokers 14
Ex-smokers 11
Moderate smokers 44
Heavy smokers 31

Respiratory conditions in 1972  %
Chronic bronchitis 23
Persistent wheeze 6
Asthma 11

FEV1 in 1972* (n=638)  L 2.84 (0.76)
% pred 91 (21)

FEV1 slope 1960–1972, unadjusted* 44.9 (37.9)
(n=620) mL·yr-1

Subjective assessment 1972 (n=626)  %
Feels worse 24
Feels better 8

Vital status (31-12-1992) (n=682)  % deceased 52
Respiratory therapy, any  % 43
β-agonists (1970–1971)  % 8.5

Without oral corticosteroids 6.5
Without oral corticosteroids, ≥2 prescriptions 2.5

Theophyllines (1970–1971)  % 9.3
Without oral corticosteroids 7.4
Without oral corticosteroids, ≥2 prescriptions 2.5

Any oral corticosteroid (1970–1971) % 10.5
With respiratory therapy 3.2
With respiratory therapy, ≥2 prescriptions 1.8

Antibiotics with respiratory therapy 23.0
(1970–1971) %
≥2 prescriptions 9.4

Sick leave (≥20 days) for respiratory disease 1.4
(1960–1972)  %

*: values are presented as mean, and SD in parenthesis.  FEV1:
forced expiratory volume in one second; % pred: percentage
of predicted value.



asthma or airflow limitation were more likely to have been
dispensed both classes of medication, the only exceptions
being the absence of an association between persistent
wheeze or chronic bronchitis and the use of corticoster-
oids. The strongest associations were between asthma
and beta-agonist use (odds ratio (OR) 7.40; 95% confi-
dence interval (95% CI) 4.39–12.45); airflow limitation
and beta-agonist use (OR 6.65; 95% CI 3.82–11.57); and
asthma and use of corticosteroids (OR 4.31; 95% CI
2.54–7.34). As shown in table 3, subjects who felt
improved were more likely to have received either class
of medication, but only subjects who had been dispens-
ed beta-agonists felt their respiratory condition had de-
teriorated from 1960 to 1972 over what they might have
expected in relation to advancing age.  After adjusting
for FEV1 level and smoking in 1960 (four classes), sub-
jects were more than twice as likely to have been dis-
pensed beta-agonists if they felt their condition had
worsened (OR 2.10; 95% CI 1.02–4.34), whilst there was
a tendency for the inverse with corticosteroids (OR 0.59;
95% CI 0.28–1.21).  Among subjects who did not feel their
health had worsened over the 12 year period, there was
a fourfold increase in the likelihood of being dispensed

beta-agonists (OR 3.94; 95% CI 1.33–11.70) if they felt
their condition to be improved as well as an approxi-
mately twofold, though not statistically significant, inc-
rease in dispensing of corticosteroids (OR 2.32; 95% CI
0.96–5.58).

Figure 1 presents box plots for unadjusted slopes of
FEV1 decline according to  therapy dispensed, and whether
such therapy was observed more than once over the 2
year period during which prescriptions were monitored.
FEV1 decline increases for each class of modification dis-
pensed and with the number of prescriptions within each
class.  As seen in table 4, the unadjusted slopes of decline
in FEV1 are on average, approximately 25 mL·yr -1 great-
er if subjects were dispensed beta-agonists or cortico-
steroids in conjunction with other respiratory therapy.
The decline in FEV1 is less steep in the group dispensed
corticosteroids as a whole as compared to those in whom
it was dispensed concurrently with other respiratory ther-
apy, and this suggests that corticosteroids may have been
prescribed for nonrespiratory indications among a num-
ber of subjects in the former group.  After adjusting the
FEV1 slope for level of lung function during the study
period and for smoking, the excess decline among users
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Table 2.  –  Respiratory parameters in 1972 in relation to therapy dispensed during 1970–1971

β-agonists Oral corticosteroids
None§ All$ Without None§ All$ With 

OCS respiratory therapy

Chronic bronchitis 
Present/at risk 135/652 28/60 21/46 142/637 21/75 10/23

% 21 47‡ 46‡ 22 28 44*
Persistent wheeze 

Present/at risk 34/649 10/60 7/46 39/365 5/74 3/23
% 5 17‡ 15** 6 7 13

Asthma
Present/at risk 53/652 24/60 13/46 55/637 22/75 14/23

% 8 40‡ 28‡ 9 29‡ 61‡

Airflow limitation†

Present/at risk 92/584 26/47 17/35 95/568 23/63 12/20
% 16 55‡ 49‡ 17 37‡ 60‡

§: all comparisons are made with the "none" group; †: FEV1 less than 75% predicted in 1972.  FEV1: forced expiratory volume in
one second; OCS: oral corticosteroids. *: p≤0.05; **: p≤0.01; ‡: p≤0.001; $: All refers to drug prescribed.

Table 3.  –  Odds ratios for subjects' assessment of change in respiratory health according to therapy dispensed

β-agonists Oral corticosteroids
None All Without OCS None All

Subjects  n 535 36 26 514 57
Feeling worse  % 22 42** 46** 24 18
Odds ratios

Crude 1.00 2.50** 3.00** 1.00 0.67
Adjusted for FEV1 level† 1.00 2.19* 2.71* 1.00 0.59
Adjusted for FEV1 and smoking§ 1.00 2.10* 2.60* 1.00 0.59

Subjects  n 416 21 14 390 47 
Feeling better  % 7 29** 21 7 17*
Odds ratios

Crude 1.00 5.15** 3.50 1.00 2.65*
Adjusted for FEV1 level† 1.00 4.22** 3.05 1.00 2.34
Adjusted for FEV1 and smoking§ 1.00 3.94** 2.84 1.00 2.32

†: FEV1 level is the mean of FEV1 values obtained in 1960 and 1972 divided by Ht3; §: smoking in four classes (none, ex-smoker,
moderate, heavy smoker) as reported in 1960.  For explanations and abbreviations see legend to table 2.  *: p≤0.05; **: p≤0.01
compared to none group.



of beta-agonists and of corticosteroids for respiratory dis-
ease is reduced to approximately 15 mL·yr -1 and remains
statistically significant for the users of beta-agonists.  Fur-
ther adjustment for severity of respiratory disease by ac-
counting for exacerbations of disease as measured by the
dispensing of two or more courses of antibiotics for a
respiratory indication and adjusting for prolonged absences
from work because of respiratory illness, as well as the
presence of chronic bronchitis, persistent wheeze or asth-
ma, reduced these differences in slope only marginally. 

In an attempt to restrict the comparison of the thera-
pies to subjects with respiratory disease, we repeated the
comparisons of FEV1 slopes in two subgroups (table 4).
Firstly, as expected, the declines in lung function are
greater among subjects reporting asthma or persistent
wheeze. The differences according to whether or not
subjects received beta-agonists are of similar magnitude
as in the study population as a whole but the smaller
number of subjects in this analysis precludes statistical
significance.  In contrast, subjects dispensed OCS have
less FEV1 decline after adjusting for FEV1 level and
smoking, though this is not statistically significant.  The
greatest declines are to be found among subjects with
airflow limitation.  These yearly declines are on average
larger by 25 mL or more among those dispensed beta-
agonists and statistically significant even after adjust-
ment. In contrast, the difference in relation to use of
OCS is approximately 10 mL·yr -1 and not statistically
significant.

Relative risks (RR) for all cause mortality in relation
to treatment received are shown in table 5.  After adjust-
ing for the effects of age, there is a trend for an excess
in risk of death in subjects who were dispensed beta-
agonists especially among those who did not receive OCS
(RR 1.51; 95% CI 0.98–2.31).  This trend disappears
progressively as one adjusts for the markers of disease
severity, FEV1, smoking, antibiotics dispensed, days of
sick leave for respiratory disease and report of chronic
bronchitis, persistent wheeze or asthma.  Interestingly,
even prior to adjustment for disease severity, there was
no increase in the estimate of RR in relation to the pre-
scription of corticosteroids.  Furthermore, as one adjust-
ed for disease severity, the RR decreased below unity so
that after adjustment for FEV1, smoking, antibiotic use
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Fig. 1.  –  FEV1 decline in relation to medication prescribed (box-
plots).  The figure presents the maximum, minimum, median, interquar-
tile range and the mean (*) of FEV1 decline in each treatment category.
Values in brackets are n. Th: theophylline without beta-agonists or
oral corticosteroids.  Beta: beta-agonists without oral corticosteroids;
OCS: oral corticosteroids with respiratory therapy. 1p, 2p: 1 prescrip-
tion only, ≥2 prescriptions only, respectively; FEV1:  forced expirato-
ry volume in one second.

Table 4.  –  Decline in FEV1 (slope in mL·yr-1) from 1960 to 1972 in relation to therapy dispensed

β-agonists Oral corticosteroids
None† All Without OCS None† All With 

respiratory therapy

All subjects  n 572 46 34 555 63 19
Crude 43.0 68.6‡ 68.7‡ 43.6 56.0* 68.4**
Adjusted for FEV1 level 43.5 62.0‡ 63.2** 44.0 52.9 59.5
and smoking 41.3 59.1** 60.7** 41.7 49.9 55.7
and antibiotics dispensed$ 45.5 60.1* 62.5** 47.0 53.2 55.5
and respiratory sick leave§ 45.0 56.3 59.2* 45.7 51.6 51.8
and chronic bronchitis, and asthma or 48.9 57.0 59.8 49.3 55.4 54.5
persistent wheeze

Subjects with asthma or persistent wheeze  n 66 20 11 69 17 11
Crude 52.5 76.6 81.5 59.2 53.6 66.2
Adjusted for FEV1 level 54.5 69.8 75.9 60.0 50.2 57.1
and smoking 58.2 71.5 78.9 62.9 53.0 55.4

Subjects with airflow limitation+ n 45 22 14 53 14 10
Crude 58.0 92.0** 97.8** 65.6 82.8 77.8
Adjusted for FEV1 level 57.7 92.8** 97.9** 65.6 83.0 77.8
and smoking 55.6 89.2* 95.2* 61.3 75.7 70.8

FEV1 level and smoking are defined as in table 3.  †: FEV1 slope in the "none" group is derived from the model with all β-ago-
nists or all corticosteroids.  The slopes for the groups β-agonists without OCS and corticosteroids with respiratory therapy are com-
pared to "none" groups derived from models containing these variables.  The slopes from the "none" group in these models may
differ moderately from that shown; $: more than one prescription of antibiotics with respiratory therapy dispensed over the 2 yrs
during which prescription records were examined (1970–1971); §: total number of days of sick leave for respiratory disease of 20
days or more each over 12 yrs (1960–1972); +: airflow limitation is defined as mean of FEV1 in 1960 and 1972 of less than 75%
predicted for age calculated at mid-point of follow-up.  For abbreviations see legend to table 2.  *: p≤0.05; **: p≤0.01; ‡: p≤0.001
compared to none group.



and respiratory sick leave, as well as the report of chro-
nic bronchitis, asthma or persistent wheeze, the best esti-
mate of effect suggested, if anything, a decreased risk of
death among those prescribed OCS with concomitant res-
piratory therapy (RR 0.57; 95% CI 0.27–1.19).  These
patterns were more pronounced in the analyses limited
to subjects with asthma or persistent wheeze (RR 0.49;
95% CI 0.19–1.25) as well as among those with airflow
limitation in 1972 (RR 0.46; 95% CI 0.17–1.24) after
adjustment for FEV1 level and smoking.  In the further
subset of subjects with both asthma or persistent wheeze
and airflow limitation, which might be expected to bene-
fit most from therapy, and after adjusting for FEV1 and
smoking, the protective effect of having been dispensed
OCS with concomitant respiratory therapy achieves sta-
tistical significance (RR 0.32; 95% CI 0.10–0.91).

Discussion

Long-term prognosis in relation to use of bronchodila-
tors and oral corticosteroids was examined over a 2 year
period (1970–1972) among 712 middle-aged men who
underwent spirometry in 1960 and again in 1972 and
whose vital status was ascertained to December 31, 1992.
Despite the expectation that OCS might have been used

preferentially among subjects with  more severe respi-
ratory disease, those who were dispensed OCS did not
feel that their health had significantly deteriorated over
a 12 year interval, did not demonstrate a greater decline
in FEV1 and did not experience a greater mortality from
1972 to the end of 1992.  Among a subset thought to be
most likely to benefit from treatment with OCS, those who
report persistent wheeze or asthma and had airflow limi-
tation by spirometric criteria, treatment with OCs was as-
sociated with a significant reduction in all-cause mortality.
On the other hand, subjects dispensed beta-agonist bron-
chodilators showed subjective deterioration more fre-
quently and had declines in FEV1 over time which were
excessive, especially among those with airflow limita-
tion and if OCS were not dispensed over the same peri-
od.

The associations described are not necessarily causal.
Medications were prescribed to subjects with respiratory
complaints so that the prescription of bronchodilators
might have been a consequence of the severity of the
disease rather than the cause.  Such indication bias is dif-
ficult to control outside of a randomized, controlled trial.
An attempt was made to account for disease severity in
several ways.  In the assessment of subjective change
and lung function decline over the 12 year period the as-
sociation with medications dispensed was adjusted for
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Table 5.  –  Relative risks for all-cause mortality in relation to therapy dispensed

β-agonists Oral corticosteroids

None All Without OCS None All With respiratory
therapy

All subjects
Number at risk 571 46 34 554 63 19
Number deceased 270 30 23 226 34 11

Relative risks
Adjusted for age 1.00 1.38 1.51 1.00 1.02 0.99
and FEV1 in 1972† 1.00 1.10 1.26 1.00 0.88 0.79
and smoking° 1.00 1.05 1.20 1.00 0.85 0.76
and antibiotics dispensed$ 1.00 1.00 1.13 1.00 0.81 0.64
and respiratory sick leave§ 1.00 0.93 1.01 1.00 0.77 0.55
and chronic bronchitis, and asthma or 1.00 0.90 0.96 1.00 0.80 0.57
persistent wheeze

Subjects with asthma or persistent wheeze
Number at risk 65 20 11 69 17 11
Number deceased 32 13 8 36 9 6

Relative risks
Adjusted for age 1.00 1.20 1.96 1.00 0.82 0.71
and FEV1 in 1972† 1.00 0.94 1.61 1.00 0.70 0.52
and smoking 1.00 0.83 1.41 1.00 0.65 0.49

Subjects with asthma or persistent wheeze and 
airflow limitation+

Number at risk 25 16 8 31 10 9
Number deceased 15 12 7 21 6 5

Relative risks
Adjusted for age 1.00 0.93 1.63 1.00 0.56 0.46
and FEV1 in 1972 1.00 0.83 1.48 1.00 0.49 0.38
and smoking 1.00 0.63 1.08 1.00 0.41 0.32*

†: FEV1 in 1972 is expressed as residuals from the linear regression model on age in height for all subjects; °: smoking is defined
categorically in 2 classes, non and ex-smokers as opposed to moderate and heavy smokers; $: more than one prescription of antibi-
otics with respiratory therapy dispensed over the 2 yrs during which prescription records were examined (1970–1971); §: total num-
ber of days of sick leave for respiratory disease of 20 days or more each year over 12 yrs (1960–1972); +: airflow limitation is
defined as FEV1 in 1972 less than 75% predicted.  For abbreviations see legend to table 2.  *: p=0.03 compared to none group.



the level of lung function and for smoking.  A limita-
tion of the adjustment for baseline severity was the avai-
lability of only two measures of FEV1 obtained at the
beginning and end of the follow-up period. Whilst epi-
demiologically it would appear most appropriate to ac-
count for differences in severity of respiratory disease
among subjects on the basis of initial value, this creates
a spurious association with decline in FEV1 due to the
phenomenon of regression towards the mean [15]. Ad-
justment for severity was, therefore, carried out using the
mean of the initial and final values of FEV1 divided by
the cube of height.

In examining lung function decline over time among
all subjects (this could not be done in the subgroup analy-
ses because of the small number of subjects and resul-
tant instability of the statistical models), further adjustment
for disease severity was attempted by accounting for the
presence of an excess of acute exacerbations as signalled
by the dispensing of two or more antibiotic prescriptions.
for the number of days of sick leave taken for prolonged
respiratory illnesses over the 12 year period and for the
report of chronic respiratory symptoms. After this last
adjustment, the association with the dispensing of beta-
agonists was no longer statistically significant. These
adjustments for disease severity reduced the lung func-
tion decline among those dispensed OCS so that no excess
was demonstrable, and there was a suggestion of a reduc-
tion in mortality in certain analyses.  Whilst this might
be attributable to a protective effect of OCS especially
among those with more severe disease, indication bias
might also explain these findings.

As seen in table 2, 60% of subjects who were dis-
pensed OCS in conjunction with other respiratory ther-
apy reported a prior diagnosis of asthma. This was
approximately twice the prevalence of asthma reported
by those dispensed beta-agonists but not OCS.  BURROWS

et al. [18] reported significantly less FEV1 decline over
time among subjects whose airflow limitation appeared
to be asthmatic in origin as opposed to those whose prof-
ile was more that of emphysema. In the study by BURROWS

et al. [18] however, the differences in prognosis may
have been related to the fact that only smokers were
included in the emphysema group and nonsmokers in the
asthma group, which was not the case in the present
study.

As mentioned previously, when these men were asked
whether their health had worsened or improved over a 12
year interval, more subjects dispensed beta-agonists felt
their health had deteriorated, while this was not the case
among those dispensed OCS.  Among those who felt their
health had not deteriorated, and after adjusting for lung
function level and smoking, the use of beta-agonists was
associated with a fourfold greater likelihood of feeling
improved, though this was less pronounced if subjects
had not received OCS during the period that prescription
records were available. This again points to inhomo-
geneity in the response of patients to various treatment
regimens, which is not surprising given the often poor
distinction between various bronchial pathologies.

In interpreting the results presented, we are assuming
that the therapy received over a 24 month period at the

end of the follow-up of FEV1 and just prior to the 20
year follow-up of mortality is somehow representative of
therapy throughout these periods of follow-up.  There
are likely to be substantial inaccuracies in this assump-
tion. We do feel, however, that subjects treated with
bronchodilators or with OCS during 1970–1971 are more
likely to have received such medications both before
and after the 2 year period for which the social security
records were examined.  Misclassification of exposure is
likely to be otherwise random and would diminish, not
exaggerate, the associations described. For the period
when the social security records were examined, the in-
formation is very accurate since it represents medica-
tions actually dispensed to individuals and for which
they obtained reimbursement.

The patterns of therapy described pertain to a period
more than 20 yrs ago and one can question whether this
information is of relevance to the current therapy of
chronic respiratory disease, including both asthma and
chronic obstructive bronchitis related to smoking.  The
beta-agonists available at the time were isoproterenol and
salbutamol, the latter introduced in France early in 1971.
Whilst the cardiac toxicity of isoproterenol is greater than
the newer beta2-selective bronchodilators, their relation-
ship to FEV1 decline is more likely to be related to chro-
nic bronchodilation than to any specific effect of different
bronchodilators [7]. This interpretation is further sup-
ported by analyses not detailed in the present report which
demonstrate similar associations when examining theo-
phylline type bronchodilators.  As for the information on
the use of OCS, it appears that during the 2 yrs of obser-
vation and based on the small number of multiple pre-
scriptions, OCS were used intermittently, probably for
acute exacerbations, which is very similar to their use
today.  It remains probable that a proportion of subjects
were taking low doses for prolonged periods, but we are
unable to determine this.  Such low dose therapy with
OCS in chronic nonspecific lung disease (CNSLD) has
previously been reported to be associated with improved
prognosis over a prolonged period of time [19, 20].  Low
dose therapy with OCS may also have relevance to cur-
rent therapy with inhaled corticosteroids, which has been
associated with improved prognosis both in asthma [3,
21] and possibly COPD [4, 22]. For chronic airflow
obstruction not related to asthma, however, the evidence
for beneficial effects for long-term corticosteroids remains
to be clearly demonstrated [23], and is the topic of ongo-
ing trials [8].  These findings are consistent with our re-
sults, which suggest that the clearest benefit of therapy
with corticosteroids is found among those with a diag-
nosis of asthma or the report of persistent wheeze.

It must be pointed out that the current study included
only middle-aged men working in an industrial envi-
ronment, the great majority of whom were smokers at
some point in time.  Our results are certainly not applic-
able to children and their generalizability to women is
unknown.

The value of the present study is the prolonged fol-
low-up of lung function, achieved previously only by the
two studies from POSTMA and co-workers [19, 20], the
availability of information on mortality over a 20 year
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period and the coherence of the findings. Such infor-
mation is unlikely to be obtained by clinical trials.  Fur-
thermore, the risks and benefits of bronchodilators and
OCS were similar in direction whether ascertained by
the subject himself, observed decline in lung function
over time, or mortality ascertained over 20 yrs of obser-
vation.
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