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Longitudinal decline in lung function in patients
with occupational asthma due to western red
cedar

Fung J Lin, Helen Dimich-Ward, Moira Chan-Yeung

Abstract
Background-There are few reports
about longitudinal changes in lung func-
tion in asthmatic patients. Patients with
asthma had a greater loss of lung function
than normal healthy adults. To date,
there have been no studies about the lon-
gitudinal changes in lung function in
patients with occupational asthma.
Methods-280 male patients with red
cedar asthma (RCA) who were followed
up for at least one year were the study
group. The exposed controls consisted of
399 male sawmill workers. Forced expira-
tory volume in one second (FEVy) was
measured with a Collins water spirome-
ter. Changes in FEV, over time (FEVy
slope) were calculated by a two point
method for each subject. Atopy was con-
sidered to be present if the subjects
showed at least one positive response to
three allergens by skin prick test.
Results-Multiple regression analysis was
carried out to examine factors that might
affect longitudinal decline in FEV,.
Patients with RCA who were still exposed
had a greater decline in FEV, slope (-26
ml/y) than sawmill workers. Smokers also
showed a greater rate of decline in FEV,
(-43 mlly) than non-smokers.
Conclusions-Patients with RCA who
continued to be exposed had a greater
rate ofdecline in FEV1 than sawmill work-
ers. Early diagnosis of occupational
asthma and removal of these patients
from a specific sensitiser is important in
the prevention of further deterioration of
lung function and respiratory symptoms.
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There are few reports about longitudinal
changes in lung function in asthmatic patients.
Schachter et al studied 73 patients with
asthma over six years, and found that the loss of
lung function was greater in these patients
than in normal healthy adults. This finding
was confirmed by a study of patients with
asthma in a community followed up for 18
years.2 Ulrik et al3 studied 180 adult patients
with asthma over 10 years and showed that the
rate of decline in lung function was greater in
patients with "intrinsic" asthma than in

patients with "extrinsic" asthma. As a rapid
decline in lung function has been widely
regarded as a predictor of clinically significant
chronic obstructive lung disease, such findings
in patients with asthma is important. Indeed,
Brown et a14 showed that asthma could result
in chronic airflow obstruction.

Occupational asthma has become the most
prevalent occupational lung disease in devel-
oped countries in recent years.5 7 To date,
there have not been any studies on the longitu-
dinal changes in lung function in patients with
occupational asthma. Studies of patients with
occupational asthma have shown that there is
little recovery even several years after leaving
the exposure environment.8 10 Chan-Yeung
and coworkers reported a follow up study of
232 patients with red cedar asthma (RCA)
and found that only 55 of the 136 patients
who left the industry were asymptomatic at the
most recent visit.8 Forced expiratory volume in
one second (FEVy) was not significantly differ-
ent at the follow up than at the time of diagno-
sis. Cote and coworkers found that of the 48
patients with RCA who continued to be
exposed, 18 patients showed a significant fall
in FEV, at the follow up." The present study
extends the previous finding by examining in
more detail whether any other factors may
contribute to the decline in lung function or to
the differences between the groups.

Materials and methods
STUDY POPULATION
Two hundred and eighty male patients with
western red cedar asthma (RCA) diagnosed by
inhalation challenge tests between 1972 and
1992 at the Respiratory Clinic, University of
British Columbia were seen on follow up
examination on at least one other occasion one
year or more after the diagnosis. This cohort
consisted of 109 patients who were no longer
exposed and 92 patients who continued to be
exposed after the previous observation.8
During this time a total of 525 patients were
actually diagnosed to have RCA by inhalation
challenge test with plicatic acid, the com-
pound responsible for RCA. Of these, 198 did
not have a follow up examination because they
were from outside the Vancouver region; 15
female patients and another 32 patients who
were followed up for less than one year were
also excluded from this study.
Of the 280 patients with RCA, 122 left their

jobs and exposure to red cedar after the diag-
nosis was made. Fifty three (59%) of the 90
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patients reported having respiratory symptoms
(cough, phlegm, wheeze, or shortness of
breath) at the most recent follow up. One hun-
dred and fifty eight continued to be exposed to
red cedar dust. Of the 95 patients 82 (86%)
experienced respiratory symptoms. Inhaled
corticosteroids were used by 34 patients of the
exposed group and by 20 patients of the unex-
posed group.
The controls consisted of 399 workers from

a local cedar sawmill who took part in health
surveys on at least two occasions. Four health
surveys were conducted in this cedar sawmill
in 1982-8. The sawmill had a workforce of
about 350 and the participation rate of each
health survey was around 80%. Altogether
there were 775 male sawmill workers who par-
ticipated in at least one of the four surveys. Of
these, 45 gave a history of asthma and 331
took part on only one occasion; they were
excluded from the present analysis.

PULMONARY FUNCTION TESTS
Spirometry was carried out in a standardized
manner according to the recommendations of
the American Thoracic Society.'2 The same
technical staff took part in the clinical and the
epidemiological studies. For patients with red
cedar asthma, spirometry was carried out in
the morning and six hours after the last dose of
inhalant bronchodilator or 10 hours after the
last dose of oral bronchodilator. Those who
required inhaled steroids were told not to
withhold the drug before spirometry. This
procedure was carried out both at the time of
diagnosis and at the time of follow up exami-
nations. Forced expiratory volume in one sec-
ond and forced vital capacity (FVC) were
measured with a 13-5 1 Collins water spirome-
ter (Warren Collins, Braintree, MA). Pre-
dictive values for FEV1 and FVC were
calculated with the regression model of Crapo
et all' for white men, with a correction factor
of 0-85 applied to non-white men.

ALLERGEN SKIN TESTING
Skin prick tests for three common allergens
(house dust mite, mixed pacific grass pollen,
epidermal antigen of cat) and a negative (saline)
and positive (histamine) control were given to
all subjects. The reaction was considered to be

Table 1 Characteristics of the included and excluded subjects with RCA at the time of
diagnosis and sawmill workers

Subjects with RCA Sawmill

Excluded Included Excluded Included

Number 245 280 331 399
Age (y) 37-5 (0-78)* 40-9 (0-67) 36-4 (0-82)* 45-5 (0-59)
Height (cm) 174-3 (0-42) 173-4 (0-38) 177-2 (0-39)* 175-7 (0-32)
Race (white n (%)) 118 (48) 134 (48) 277 (84)t 302 (76)
Duration of exposure (y) 5-78 (0-44) 6-10 (0-38) - -

Smoking (n (%)):
Non-smoker 170 (69) 188 (67) 123 (38)t 159 (40)
Ex-smoker 61 (25) 79 (28) 65 (20) 115 (29)
Smoker 14 (6) 1 13 (5) 139 (42) 125 (31)

Atopy (n (%)) 84 (34) 78 (28) 74 (23) 71 (18)
FEV (% predicted) 89-7 (1-0)* 86-1 (1-0) 95-2 (0-75)* 93-0 (0-70)
FVC (% predicted) 101-0 (0-85) 98-9 (0-86) 97-6 (0-67) 96-8 (0-67)

*P < 0-05, differences between included and excluded subjects with RCA or sawmill workers by
unpaired t test.
tP < 0-05, differences between included and excluded subjects with RCA or sawmill workers by
X2 test.
( )SEM for continuous variables and % for categorical variables.

positive if the weal was at least 3 mm greater
than that of the negative control.'415 Atopy was
considered to be present if the subject showed a
positive reaction to one or more of the three
allergens tested on all the subjects in this study.

STATISTICAL METHODS
The statistical analysis was performed with
SPSS on an Apple Macintosh computer.
Analysis of variance (ANOVA) was used to
compare the means among three groups and a
post hoc Tukey's multiple comparison test was
used to test for differences in the means of two
groups. The dependent variable rate of change
in FEV, (ml/y) was calculated as a two point
slope-that is, the difference of FEV, at the
most recent visit and at the diagnosis divided by
the interval of follow up in years. A multiple lin-
ear regression model was used to obtain esti-
mates of the association of independent
variables of age, exposure, smoking habits, race,
and initial FEVy (% predicted) among three
groups and the dependent variable were esti-
mated by a stepwise method.

Results
CHARACTERISTICS OF SUBJECTS INCLUDED AND
EXCLUDED
Comparison of patients with RCA at the time of
diagnosis who were excluded from the present
study and those who were included showed that
the excluded patients were younger and had a
better initial FEV, than those included in the
study (table 1). There were no significant differ-
ences between the two groups for smoking
habits, ethnic origin, the type of asthmatic reac-
tion to plicatic acid, and the duration of expo-
sure before diagnosis.

For the sawmill workers, the excluded workers
were also younger, had slightly better initial
FEVI and had a higher proportion of white men
and smokers than the included workers (table
1).

CHARACTERISTICS OF STUDY SUBJECTS
Table 2 shows the characteristics of the studied
population at the time of the first study.
Patients with RCA were younger and slightly
shorter. The cedar sawmill workers had a
shorter mean duration of follow up than the
other two groups. Patients with RCA had a
higher percentage of non-white men. Most of
the patients with RCA were non-smokers,
unlike the sawmill workers. There was a signifi-
cantly higher proportion of atopic subjects
among patients with RCA than among cedar
sawmill workers. Patients with RCA had signifi-
cantly lower initial lung function than the
sawmill workers.

FACTORS AFFECTING LONGITUDINAL DECLINE IN
FEV,
All three groups showed a significant decline in
FEV1 at the most recent follow up compared
with the initial lung function (table 2). The
annual decline in FEV1 was highest in the cur-
rent smokers in all three study groups (figure),
although it did not reach significance (tested by
ANOVA).
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Table 2 Characteristics of workers in sawmill and subjects with RCA by exposure history

Subjects with RCA

Not exposed Exposed Sawmil

Number 122 158 399
Age (y)* 42-1 (1 1) 40-0 (0 77) 45-4 (0.6)
Height (cm)* 173-1 (0-54) 173 (0-53) 175-7 (0-32)
Duration of exposure to time
of diagnosis (y) 6 19 (0 66) 6-04 (0-44)
Onset of symptoms to the
diagnosis (y) 1-83 (0-21) 2-30 (0 25) -

Duration of follow up (y)* 5-3 (0-38) 6-9 (0 39) 4-0 (0-11)
Race (white, n (%))t 70 (57) 64 (41) 302 (76)
Smoking (n (%))t:
Non-smoker 77 (64) 110 (70) 159 (40)
Ex-smoker 36 (30) 43 (27) 115 (29)
Smoker 8 (7) 5 (3) 125 (31)

Atopy (n (%))t 37 (30) 41 (26) 71 (18)
FEV (diagnosis, % predicted)* 85-0 (1-6)t 86-9 (1-3)* 93-0 (0-70)t
FEV (last follow up, % predicted) 80-9 (1-8) 79 0 (1-6) 89-1 (0-75)
Rate of changeinFEV -13-1 (16-6) -42-7 (15-6) -41-9 (6 7)

*P < 0 05; differences among three groups by ANOVA test.
tP < 0 05; differences among three groups by x2 test.
*P < 0 005; differences between the diagnosis and the last follow up by paired t test.
()Standard error of mean for continuous variables and % for categorical variables.
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The age, atopy, and race were not signifi-
cant independent variables during the stepwise
procedure. Table 3 shows the results of multi-
ple regression analysis (multiple correlation
coefficient ,B = 0-23, P < 0-001). In this analy-
sis, the sawmill workers were used as the com-
parison group. Patients with RCA who were
still exposed were found to have a greater
decline in FEV1 slope (-26 ml/y) than
sawmill workers. Patients with RCA who were
no longer exposed showed no significantly dif-
ferent changes in lung function than cedar
sawmill workers. Current smokers also showed
a significantly greater rate of decline in FEVy
(-43 ml/y) than the non-smokers. Two way
interactions between the group of subjects and
smoking habits in the multiple regression
model were not significant (data not shown).
A significant inverse relation between initial
FEV1 and the FEV1 slope was found.

Table 3 Regression ofFEV, slope (mlly) on job, smoking habit, race, age, and initial
FEV, (% predicted)

a? (ml/y) SE (f) P value

FEV, (% predicted) -2-16 0-40 0-0001
Work groups:*
RCA exposed -26-38 15-59 0-091
RCA not exposed - 3-06 16-95 0-86

Smoking:t
Smoker -42-89 17-70 0-01
Ex-smoker -16-28 14-04 0-25

Constant 177-59 39-09

fa = regression coefficient; SE() = standard error or regression coefficient.
*RCA exposed and RCA not exposed v cedar sawmill workers.
tSmoker and ex-smoker v non-smoker.

Discussion
Studies of longitudinal decline in lung func-
tion in patients with asthma are difficult to
carry out. This is due to the nature of the dis-
ease, which varies with time, the use of med-
ications, the time of measurement of
pulmonary function tests in relation to the use
of bronchodilators, the time of measurement
of lung function during the day, and variability
within and between subjects over time. In this
study, we attempted to control some of these
factors; spirometry on patients with RCA was
always carried out in the morning and at least
six hours after the last dose of inhaled
bronchodilator both at the time of diagnosis
and at the time of follow up examination.
Standardised methods were used in spirometric
measurement and the same technical staff
took part in the clinical and in the epidemio-
logical studies. Many of the patients with RCA
were studied over a much longer span of time
than the control groups. Unfortunately we do
not have a group of controls that were exam-
ined with the same timing of follow up as the
patients.

In a follow up study of 232 patients with
RCA, Chan-Yeung and coworkers8 found that
50 patients diagnosed to have RCA and
removed from the exposure earlier were now
asymptomatic. However, they did not find any
significant changes in FEV, after an average of
four years of follow up. Cote and coworkers
studied 48 patients with RCA who continued
to be exposed and found that the 18 patients
who had deteriorated had a significant decline
in lung function."1 Our study extends this
observation. We found that patients with RCA
who continued to be exposed had a more
rapid decline in FEV, than the sawmill work-
ers or workers with RCA who had left the jobs
in which they had been exposed to red cedar
dust. This finding emphasises the importance
of avoidance of the specific sensitiser in sub-
jects with asthma. However, we did not find
the duration of exposure before the diagnosis
or the duration of symptoms before the diag-
nosis to be significant independent variables in
the decline in FEV, in patients with RCA
(data not shown). We have excluded patients
who were followed up for less than one year
from the analysis. These patients usually had
the greatest decline in FEVI. This has also
been reported by Ulrik et al.'6 It is likely that
we have underestimated the decline in lung
function in patients with RCA.

Patients with RCA had lower initial FEV,
than the other two groups of workers. Dodge
and Burrows, in a population study, have
shown that subjects over 40 years of age with
asthma had an abnormal mean FEV, of 73%
predicted.'7 Peat et al' also found that male
subjects with asthma had a lower initial FEV,
than normal male subjects (85-7 v 106-5%
predicted) in a population study. We found
that the initial FEV1 showed an inverse rela-
tion with the decline of FEV, in all groups of
subjects in this study. This finding is in accord
with what was published in the studies of asth-
matic patients3 and in the general population.'8
The proportion of current smokers was

Decrease in FEV, (ml/y)
by smoking habits in three
groups of subjects.
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lower in patients with RCA than in sawmill
workers. The prevalence of smokers among
asthmatic patients has been reported to be low
at 20%.3 This is not an unusual finding in
asthmatic patients as they are characterized by
non-specific bronchial hyperresponsiveness
and may not take up smoking or may have had
to give up smoking when they developed
asthma. As expected, we found that smoking
was associated with a higher rate of decline in
FEVI as in the study by Peat and Frew.219
However, Ulrik et a13 were unable to show the
effect of smoking on lung function in 180
adult asthmatic patients over 10 years of fol-
low up. They attributed the negative finding to
a small number of smokers in their series.
The limitations of this study are that many

subjects were lost to follow up. There were
also differences in the duration and of follow
up among the groups. Subjects who were
excluded were younger and had better initial
FEV, otherwise they were similar in both
groups. It is likely that there is a selection bias
and that healthier subjects were excluded from
this study among both patients and controls.

In conclusion, we found that patients with
RCA who continued to be exposed to cedar
dust had a greater rate of decline in FEV1 and
patients with RCA who avoided the exposure
after the diagnosis showed a similar rate of
decline in FEV, compared with sawmill work-
ers. Removal of patients with asthma from the
specific sensitiser that caused their symptoms
is important in the prevention of excessive
decline in lung function and development of
chronic airflow limitation.
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Vancouver style
All manuscripts submitted to Occup Environ
Med should conform to the uniform
requirements for manuscripts submitted to
biomedical journals (known as the
Vancouver style.)

Occup Environ Med, together with many
other international biomedical journals, has
agreed to accept articles prepared in accor-
dance with the Vancouver style. The style
(described in full in the BMJ, 24 February
1979, p 532) is intended to standardize
requirements for authors.

References should be numbered consec-
utively in the order in which they are first
mentioned in the text by Arabic numerals
above the line on each occasion the refer-
ence is cited (Manson' confirmed other
reports2 5. . .). In future references to
papers submitted to Occup Environ Med

should include: the names of all authors if
there are seven or less or, if there are more,
the first six followed by et al; the title of
journal articles or book chapters; the titles
of journals abbreviated according to the
style of Index Medicus; and the first and final
page numbers of the article or chapter.
Titles not in Index Medicus should be given
in full.

Examples of common forms of refer-
ences are:
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