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!.ABSTRACT
In this thesis bronchial responsiveness has been
assessed in potroom workers at an aluminium smelter in
western Norway (Ardal), in children living close to this
smelter and children in an unpolluted area (~rdal).
Objectives. The objectives of the thesis were to: (i)
investigate the relationship between bronchial
responsiveness and exposure to potroom fumes, (ii) examine
the association between bronchial responsiveness and
exposure to pollutants in ambient air, and (iii) evaluate
the usefulness of bronchial challenge testing in the
health surveillance of aluminium potroom workers.
Methods. Five cohorts were established ( i) Male
workers reporting work related asthma like symptoms, (ii)
New employees at the smelter, (iii) Potroom operators
relocated due to respiratory symptoms, (iv} Crosssectional population of potroom workers, and (V) Crosssectional population of schoolchildren living in Ardal
and L.:erdal. The cohorts (i-iv) were investigated using
repeated measurements, whereas cohort (V) was
investigated cross-sectionally. Bronchial responsiveness
to methacholine was assessed using PCw as well as dose
response slope (DRS). Exposure data were available both
in the potroom atmosphere and the outdoor environment.
Results. It was found that an increase in plasma
fluoride of 10 ng/ml, corresponded to an relative
increase in DRS of 1.11 (95% CI: 1.05-1.17).
During 24 months of follow-up, we found a decrease in DRS
among workers who were relocated due to respiratory
symptoms of approximately 44%, compared with a
symptomatic group who continued their exposure. The Odd
Ratio (OR) of having bronchial hyperresponsiveness (BHR)
in children was significantly associated with exposure to
sulphur dioxide during the first year of life: ORo-Iyrs.=l. 6
(95% CI: 1.1-2.4) by increasing sulphur dioxide exposure
with 10~g/m3,_ and fluoride during three first years of
life: 0Ro-Jyrs.=OR1_3yrs. =1. 4 ( 95% CI: 1.1-1. 8) by increasing
fluoride exposure with l~g/m3, Similarly, BHR was

6
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last 24-hours: 0Rsulphurdioxide=l.19 ( 95% er: 1. '0 3-1. 36) I
OR_nuoride=l.43 (95% er: 1.11-1.80).
The annual decline in
FEV1 (.1.FEV 1 ) was increased in smokers compared with non- ~ ' '
smokers (.1.FEV 1= 39.3, 95% er:18.5-60.0 ml/year) and in
workers reporting work related asthma like symptoms
(.1.FEV 1=43.2, 95% er:12.0-74.5 ml/year) compared with
asymptomatic workers. Bronchial responsiveness was,
however not a good predictor of .1.FEV 1 • The predictive
value of BHR as an indicator of work related asthma was
low (46%). The variability of bronchial responsiveness
was associated with the severity of respiratory symptoms
(p=0.012).
Conclusions. Bronchial responsiveness is positively
associated with exposure to occupational exposure in the
potrooms and to ambient air pollutants in children. The
usefulness of bronchial challenge ' in the surveillance of
aluminium potroom operators is limited.
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4. Abbreviations: .
The following abbreviations are frequently used in
this thesis:
BALF: Bronchoalveolar lavage fluid
BHR:
Bronchial hyperresponsiveness
BR:
Bronchial responsiveness
COPD:
Chronic obstructive pulmonary disease
DRS:
Dose-response slope
EOS:
Eosinophile
ERS:
European Respiratory Society
FEV 1 :
Forced expiratory volume in one second
LWEV 1 : Annual decline in FEV 1
FVC:
Forced volume capacity
GEE:
Generalised estimation equations
Ln:
Natural logarithm
NR:
Normal (bronchial) responsiveness
OR:
Odds Ratio
Provocative concentration causing a fall in FEV 1
PC2o:
of 20% from baseline.
PEF:
Peak expiratory flow
WASTH: Work related asthma like symptoms
95% CI:95% confidence interval
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5.

Bronc~i(;ll

responsiveness: Historical background
It has long been recognised that subjects with
asthma and several other lung diseases have increased
susceptibility to environmental stimuli that cause acute
airway narrowing. In 1921 Alexander and Paddock (1)
showed that asthmatics developed asthma-like symptoms
following subcutaneous administration of pilocarpine in
doses that had no effect on healthy subjects. Later,
Curry and Lowell demonstrated that inhalation of very
small quantities of histamine and methacholine produce
bronchoconstriction in asthmatics that can be measured as
a reduction in vital capacity (2). Methods for choice of
stimulus and quantification of the relationship between
its dose and the response of the airways have gradually
evolved during the 1940s and 50s. By the late 1950s,
Tiffeneau described a method using inhalation of
increasing doses of an agent to detect a significant
bronchial response (3). Many of his ideas were
"rediscovered" during the 1970s and developed further
both for clinical use and application in research (4).
Estimates of the response to different
bronchoconstricting stimuli are still the main outcome in
many studies published in journals covering respiratory
medicine and epidemiology.

6. Assessment of bronchial responsiveness
6. 1. The concept
At the design stage of an epidemiological project,
the phenomenon under study has to be defined regarding
its conceptual and empirical entity and scale (5). The
conceptual entity of bronchial responsiveness constitutes
the ability of the airways to react with
bronchoconstriction to some external stimulus, whereas
the conceptual scale corresponds to the extent of
bronchoconstriction to that stimulus. The empirical
counterpart to the conceptual entity (the empir.ical
entity ) encounters a choice of stimulus, and a method

Norsk Epidemiologi 1995; 5 : nr. I (Suppl)
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for stimulation and measurement of the response.
Finally, the response has to be quantified (on the
empirical scale). There are several options on each of
these steps.
Stimuli that are used for bronchial challenge
testing may be grouped into two different conceptual
entities (4). Firstly, there are stimuli which
nonallergically or non-specifically provoke bronchial
smooth muscle contraction in potentially all subjects
(non-specific bronchial responsiveness). The second
group of agents used for bronchial inhalation tests are
those used to determine the specific (allergic or
presumed immunologic) sensitisation. This thesis
addresses the former group of stimuli. In this chapter
different options regarding the empirical terms of
bronchial responsiveness are presented and briefly
discussed.

6. 2.

The stimulus
The European Respiratory Society (ERS) has recently
published a paper covering the bronchial provocation
tests currently in use (6). They subdivide the nonspecific stimuli into 5 categories: (i) Pharmacological,
(ii) Hypo- and hypertonic aerosols, (iii) Isocapnic
hyperventilation of cold/dry air, (iv) Exercise, (V)
Stimuli used for experimental studies. In the subsequent
text, only different pharmacological agents are
presented. Pharmacological challenges are most widely
used and best standardised (6). They are also best
suited for assessment of bronchial responsiveness on an
empirical scale.
The pharmacological stimuli that have most commonly
been used are listed in Table 6.2.1. Among these agents,
methacholine and histamine have been most widely used
clinically and in epidemiological studies (7).
Methacholine is a synthetic muscarine agonist that is
more stable than acetylcholine itself and not degradable
by cholinesterase (8). It is soluble in normal saline

14
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and stable for. more than four months when stored a·t 4
( 9). ~i. S.tii,n:l.!;.l}e ils one of the major inflammatory
mediators .. ,i.l}yq:j.yed in asthma, provoking
bronchoconstriction (10).

oc

Table 6.2.1
Some pharmacological stimuli used in bronchial challenge tests (4).
Cholinergic
agonists
Methacholine
Carbachol
Acetylcholine

Vasoactive
amines
Histamine
Serotonine

Vasoactive
peptides
Bradykinin

Arachidone
acid metabolites
Prostaglandin F2a
Leukotriene

Solutions of histamine are buffered with phosphate,
because unbuffered solutions are sufficiently acid to
alter the bronchial response (11). Its stability is
shorter than for methacholine (12).
Methacholine inhalation causes less systemic sideeffects, such as headache and flushing, than histamine
(13). It is, however, more expensive, and contrary to
histamine, it may have a weak cumulative effect (14).
The results from methacholine and histamine challenges
are, however, largely interchangeable (6).
6. 3.

Methods for generation of aerosols
Many different methods for inhalation challenge
tests have been used (4). However, two principal types
are recommended (4): the dosimeter-method and the method
for tidal breathing from a continuous output nebulizer
(4). There are a variety of dosimeters that can be used
for this method of delivery of aerosols. The American
Academy of Allergy has recommended a method that was
suggested by Chai and eo-workers (15). The dosimeter is
designed to deliver a consistent amount of solution from
a connected nebulizer (De Vilbiss No. 42) and is
triggered by an inhalation. The second type of
dosimeter-method was suggested by Yan and eo-workers
(16). The nebulizer (De Vilbiss no. 40) is operated by

Norsk Epidemiolosi 1995; 5 : nr. I (Suppl)
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the investigator's hands, who give the bulb a firm
squeeze at the beginning of the inhalation. The response
of both these methods is best explained as a cumulative
effect (6).
The method for continuous inhalation at tidal
breathing has been described by Cockcroft et al (17) and
Junipher et al (14). This method was used in all the
studies presented in this thesis. Aerosols are generated
continuously using a Wright nebulizer (Aerosol Products
Ltd) containing 3 ml of solution at room temperature. It
is driven by compressed air that is delivered to the
nebulizer at an inlet pressure of 3.5x102 kPa which is
regulated with a manometer (Dragerwerk AG Lubeck). The
a i r flow through the nebulizer is measured by a
calibrated flow meter (Fisher & Potter mod 10A-3200).
The flow meter is adjusted to obtain an output of 0.13
mg/min from the nebulizer. Details of the calibration
procedure is described elsewhere (18). A valve was
inserted between the manometer and flow meter in order to
ensure a precise start and stop of the nebulisation. The
equipment. is shown in Figure 6. 3. 1. The duration of each
inhalation is 2 minutes, which is repeated every 5
minutes.
Figure 6.3.1
The set-up of the inhalation equipment that was used in this thesis.

A : Compressed air-cylinder
8 : Manometer
C : Valve
0 : Flowmeter
E : Wright nebulizer

16
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6. 4.

Expression of bronchial responsiveness on the empirical scale
Several lung function test has been suggested to
measure the response to an inhalation test. Forced
expiratory volume in one second (FEV 1 ) is, however, most
commonly used in clinical and epidemiological studies due
to a low coefficient of variation, best reproducibility
and specificity compared with other lung function tests
such as airway resistance and peak expiratory flow (PEF)
(6,19,20). The FEV 1 is measured three times prior to the
first inhalation and the best record is used as the
baseline FEV 1 • In papers (I-VIII) of this thesis, saline
control was omitted since it does not increase the safety
or yield of bronchial challenge tests (21).
The association between the provoking dose or
concentration and the response variable (e.g. FEV 1 )
defines the dose-response curve. Bronchial
responsiveness may be expressed by the position, slope or
shape of this dose-response curve (19).
There are several options for each of these
alternatives. The most common method of expressing the
position of the curve is to calculate the provoking
concentration causing a 20% fall in FEV 1 (PC 20 ): i.e. the
concentration that causes a fall in FEV 1 of 20% from
baseline calculated by linear interpolation on the loglinear dose-response curve (17) (Figure 6.4.1) . Several
methods for curve fitting in order to calculate the
position of the curve has also been suggested (22,23).
Such methods involve complicated mathematical
calculations and presume some assumptions of the shape of
the dose-response curve that can be questioned. Thus,
these methods have not been widely used. Instead of
using the relative change in FEV1 , the absolute change in
FEV 1 has been suggested (24). Although the latter method
has some theoretical advantages, it has rarely been used.

Norsk Epidemiologi 1995; 5 : nr. I (Suppl)
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Figure 6.4.1
The dose-response curve in five different subjects on a log-linear scale.
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In epidemiological studies PC 20 can usually be
estimated in only a minority of the subjects. This
problem can be eliminated by dichotomising the population
into two groups: i.e. bronchial hyperresponsiveness (BHR)
and normal responsiveness (NR) at a given cut-off point
(usually PC20 = 8.0 mg/ml). This approach leads to results
that are con~eptually simple to interpret and is widely
used in cross-sectional studies: it is, however not
sensitive to changes during follow-up studies unless the
subjects switch between BHR and NR. Alternatively, a
statistical method for censored data has been suggested
(25). This is a new method and it remains to see if this
method will be applied.
Indices of the slope of the dose-response curve
(DRS) have the advantage that all the subjects can be
classified on the same scale. Two methods for estimation
of the slope have been used and compared: the slope of a
line extending from the origin to the last data point
(26,28-30) and the slope of the regression line through
all the data points (27-30) (Figure 6.4.2).

18
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Figure 6.4.2
The dose-response curve in five different subjects on linear scales.
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Both outcomes are highly skewed to the right and need
some transformation to normalise the data. The logtransformation is most widely used. It has, however, the
limitation that slopes less or equal to zero cannot be
transformed. This problem can be eliminated by adding a
constant <P> to the slope (26). The addition of p makes
the interpretation of the results more complicated (31).
Next, the results may depend on the choice of p (appendix
1). Alternatively, all slopes less or equal to a certain
value (a) may be set to a. The regression coefficients
obtained by using this index is easi~r to interpret as
they simply express the relative change of the slope by
increasing the covariate with one unit (Paper II). The
truncation caused by this methods usually causes only
minor problems in the analyses of the data.
Different parameters of the shape of the doseresponse curve have been investigated (32,33). These
methods encounter sophisticated mathematical techniques,
and the result are difficult to interpret. Therefore
they are not commonly used.
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7. · Clinical manifestations of bronchial hyperresponsiveness
It has been shown that asthmatics have increased
bronchial responsiveness compared with patient with
allergic rhinitis and asymptomatic subjects, and that the
level of bronchial responsiveness is correlated to the
need for medical treatment (16,17). The level of
bronchial responsiveness is also correlated to the daily
variation of PEF (34,35). Increased level of bronchial
responsiveness is frequently found in patients with
chronic pulmonary obstructive disease (COPD) (36}.
Bronchial hyperresponsiveness is also associated with
atopy, defined by the response to a skin prick test (37),
Some other lung disorders involving airway inflammation
including sarcoidosis (38), bronchiectasis (39), cystic
fibrosis (40), respiratory viral infections (41) and in
patients after hart-lung transplantation (42).

Determinants ofbronchial responsiveness
Broadly speaking, the determinants of bronchial
responsiveness may be divided into two categories: (i)
Endogenous factors: i.e. factors operating within each
individual (ii) Exogenousfactors: i.e. environmental
exposures.

§.

8.1.

Endogenous determinants of bronchial responsiveness
The endogenous determinants comprise structural,
immunological and biochemical factors in the lower
airways that are associated with increased bronchial
responsiveness. Other constitutional factors, such as
age and genetic trait should also be included to this
category.
Studies of BALF from adults as well as children have
shown that there is a positive association between the
level of bronchial responsiveness and indices of airways
inflammation, such as the number of eosinophile,
epithelial cells and mast cells and major basic protein

20
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(43,44). Hence, it has been suggested that airway
inflammation underlie bronchial hyperresponsiveness (45).
This inflammatory reaction encounters release of
mediators from different cells in the lower airways such
as mast cells, macrophages, eosinophile, neutrophile and
epithelial cells. Some of these mediators may increase
bronchial responsiveness directly (e.g. platelet
activating factor) or indirectly by recruiting
inflammatory cells to the airways (45). Neural
mechanisms may also be involved in the regulation of
bronchial responsiveness (45).
From geometrical considerations it is to be expected
that the initial airway calibre influences the level of
bronchial responsiveness (46). Results from
epidemiological studies have supported this hypothesis
(47,48). Wiggs and eo-workers investigated the effect of
airway wall thickening, loss of lung recoil and airway
smooth muscle shortening on the increase in airway
resistance using a model of the human tracheobronchial
tree (49). They conclude that airway wall thickening and
a loss of lung recoil can partially explain the bronchial
hyperresponsiveness observed in patients with chronic
obstructive pulmonary disease and asthma. Since airway
wall thickening is one of the main features of airway
inflammation, the effect of initial airway calibre on
bronchial responsiveness may be mediated by the
inflammatory reaction that has been associated with
bronchial hyperresponsiveness.
In a recent report bronchial hyperresponsiveness was
found in 30% of healthy subjects without any signs of
airway inflammation, as judged by bronchial biopsies
(50). Thus, bronchial hyperresponsiveness may coexist
without morphological changes of the airways.
Results from epidemiological studies have shown that
bronchial hyperresponsiveness is more prevalent among
atopies than non-atopies (37,51). The mechanism for this
relationship is, however, not clear but a causal· .
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relationship between atopy and increased bronchial
responsiveness cannot be excluded (37).

8.2.

Exogenous determinants of bronchial responsiveness
The exogenous determinants comprise environmental
agents that are capable of modifying bronchial
responsiveness after inhalation. In a broad sense, these
agents encompass all exposures that are capable of
changing bronchial responsiveness. This agents fall into
two categories: (i) agents that can decrease bronchial
responsiveness, and (ii) agents that increase bronchial
responsiveness after exposure. The former group (i) is of
considerable interest for those who develop new drugs for
treatment of asthma. The latter group is often referred
to as inducers of bronchial hyperresponsiveness (52,53'),
Such inducers can be classified into four groups.
Hi gh molecular weight compounds: This group of agents
include substances with molecular weights greater than
1000 Dalton (54), the increase in bronchial
responsiveness is mediated by IgE-reaction in
sensitised subjects. Examples include house mites,
animal proteins and enzymes. Atopy is a risk factor
(54) .
ii Low molecular weight compounds: This group includes
agents such as isocyanates, acid anhydrides,
antibiotics and metals. It is more heterogeneous than
the former group, as IgE-mediated responses are not
always present (54). Smoking but not atopy seems to
be a risk factor (54).
iii Infections: Temporary increase in bronchial
responsiveness during respiratory infectioris is
related to loss of columnar epithelium and lasts for
1-2 months, especially viral infections (55).
ivrrritants: This group includes substances, such as
carbon dust, ozone and sulphur dioxide. Induction of
bronchial hyperresponsiveness after high accidental
exposures is well accepted and appears to be related
to damage of the epithelium of the airways (56). It

22

Norsk Epidemiologi 1995; 5 : nr. I (Suppl)

..
.

~

'

is more common in smokers than non-smokers but it is
not related to atopy (57). Except from ozone (58),
the effect of chronic or repeated exposures in low
concentrations on bronchial responsiveness is not
sufficiently investigated.

9. Air pollutants at an aluminium plant
Aluminium is produced by electrolysis of alumina
(Al 2 0 3 ) in electrolytic cells, so-called pots. During the
process alumina is reduced by carbon (from the anode) to
form (C02 ) and aluminium. The alumina is dissolved in
cryolite (Na 3AlF6 ). There are two types of technology:
prebake and S0derberg. In the prebake potroom, the
anodes are moulded and baked in a separate plant before
they are placed in the pots.
In the S0derberg pot, coke
paste is placed on the top of the anode, and baked due to
the heat produced by the pot itself. In Ardal aluminium
plant both kinds of technology are being used.
The emissions from both kinds of pots are
principally the same . Particulates are mainly composed
of alumina, carbon dust and cryolite. Additionally,
scrubbed alumina (recycled from the dry scrubber) is
being used in the prebake potroom: i.e. the particulates
in the prebake potroom is contaminated with gases
absorbed at the dry scrubber. Gylseth and eo-workers
(59) described one type of particle that is of . particular
interest in these regards: it forms respirable and water
soluble fibres named sodium aluminium tetrafluoride
(NaAlF4 ). It is possible that this agent can act as a low
molecular weight compound. Several other sodium
aluminium fluoride compounds are also present in the
workplace atmosphere. In addition, the workers are
exposed to several irritants, such as hydrogen fluoride
and sulphur dioxide, both as gases and absorbed on the
surface of particulates. Potroom work is divided into
different job categories (appendix 2).

No"k Epidemiologi 1995; 5 : nr. 1 (Suppl)

23

The pollutants produced in the potrooms escape to
the environment.

In Ardal aluminium plant, most of the

emissions (prebake 98-99%, S0derberg 94-95%) are
collected in tubes that bring the gases to a scrubber.
Since the plant is located 12 km from the fjord, there
has not been a wet scrubber there until 1992, when a new
scrubber using soda as absorbent was build.

The emission

of sulphur dioxide decreased from 250-300 kg/hour to less
than 60 kg/hour after the introduction of this new gas
cleaner. The dry scrubber uses pure alumina as
absorbent, which is very efficient regarding fluorides:
the absorption of fluoride has increased from 95% when
only the dry scrubber was operating to almost 99% after
installation of the new cleaner.
is

re~ycled

to the process.

The qbsorbed fluoride

In addition to the emissions

from the scrubber, some of the pollutants escape through
the roof.

Emissions from the plant to the environment

and the concentrations of sulphur dioxide and fluoride
are shown in Figures 9.1 and 9.2.
Figure 9.1

Monthly mean of emissions from the smelter and concentration of SO 2 in the ambient
air at @vre Ardal and Ardalstangenjrom January 1978 to December /992 .
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Figure 9.2
Monthly mean of emissions from the smelter and concentration offluoride in the
ambient air at @vre Ardal and Ardalstangenjrom January 1978 to December 1992.
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10. Objectives of the study
The objectives of the study were to:

1. Examine the relationship between bronchial
responsiveness and occupational exposure to potroom
fumes in aluminium potroom operators. Two strategies
were used:
* Estimate the relationship between indices of potroom
exposure on bronchial responsiveness in workers
currently exposed.
* Evaluate the effect of removal from potroorn
exposure to less exposed jobs.
2 . Investigate the association between indices of
environmental exposures to air pollutants on bronchial
responsiveness in children living in the neighbourhood
of an aluminium smelter.
3 . Evaluate assessment of bronchial responsiveness as a
screening tool of the respiratory health in aluminium
potroorn workers.
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JJ.Methods
11.1. Study population
The study popu·latiori in this t'hesis is composfeid of five
cohorts:
Aluminium potroom operators in Ardal aluminium plant:
* Study group 1.
Workers recruited from a cross-section respiratory
survey of the total work-force in 1986, and fulfilling
the following criteria:
- Males younger than 60 years of age.
- Reporting the combination of chest tightness and
wheezing improving on days away from work.
Having normal lung function in symptom free periods:
i.e. FEV 1 greater or equal to 80% of predicted (60).
- No history of asthma before employment in the
potrooms.

* Study group 2.
New male employees, starting to work at the plant from
1 January 1987 to 31 December 1988.

* Study group 3.
Workers reporting work-related asthmatic symptoms and
regarded to need transfer from the potrooms to a less
polluted job at the plant.

*

Study group 4.
Potroom workers who participated in a cross-sectional
survey of bronchial resp9nsiveness of the total workforce in 1988 at the plant.

ti Schoolchildren living in Ardal and

L~rdal.

All schoolchildren in the first, third and fifth
grades.
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Table 11.1.1
Characteristics

qL the stu~ ~oue,s.

Study population

Age: mean (SO)
years

N

Pot room workers
Study group 1
Study group 2
Study group 3
Study group 4
Schoolchildren

Females: N (%)

26

36.9

(9.1)

0

(0)

59

25.1

( 6. 6)

0

( 0)

12

37.1 ( 11.3)

1

{ 8. 3)

337

34.8 (12.1)
9.3

620

( 1. 7)

38 (11.3)
306 (49.4)

11.2. Study area
The studies in.this thesis were carried out in Ardal
and L~rdal (only childre~) municipalities (Figure
11.2.1).
In both these municipalities people are living
in narrow valleys separated by mountains 1200-1800 m
altitude. In Ardal the population is concentrated . in two
small towns, 0vre Ardal and Ardalstangen, which is
separated by a 12 km long lake.
Figure 11 . 2 . 1
A map showing the localisation of the study area, and a schematic ovef1liew over
Ardal and Lrerdal municipalities.
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The population size in 0vre Ardal is about 4000,
whereas 2500 subjects are living in Ardalstangen. In
L~rdal people are living at points in the valley from
L~rdals0yri (i.e. at the fjord) to Borlaug, about 40 km
from the fjord. The climate is comparable in the two
valleys: the annual rainfall is 690 mm in 0vre Ardal and
491 mm in L~rdal. The mean temperature is about -3 °C in
January and 15 °C in July. Climatic fluctuations are
likely to occur simultaneously in both valleys.
11.3. Study design
The relationship between occupational exposure to
potroom fumes were studied using both a cross-sectional
design and repeated measurements of the bronchial
responsiveness and different indices of exposure.
Associations between occupational exposure and
bronchial responsiveness:
Cross-sectional relationship:
In study group 4 we investigated the relationship
between bronchial responsiveness and current exposure
to fluoride and particulates in the workplace
atmosphere obtained from the routine surveillance of
the work-place atmosphere. Paper I.
Repeated measurements of exposure and the outcome:
In study group 1 we investigated the relationship
between occupational exposure and bronchial
responsiveness using longitudinal design, thereby
using each subject as his own control. Paper II.
Longitudinal change in bronchial responsiveness in
relocated worker.
The change in bronchial responsiveness during 2 years
follow-up after relocation was examined in study group
3. Paper III.

NorskEpidemiologi 1995; 5 : nr. I (Suppl)

29

ii . Relationship between exposure to air pollutants in

ambient air and bronchial responsiveness in
schoolchildren living in the proximi ty of the smelter:
Health status was collect.ed in a cross-sectional ·
survey of the children. Associations between the
bronchial ~~sponsiveness and different indices of
exposure was studied longitudinally (~1). These
relationships were investigated using two different
strategies:
* The time was anchored at the day of the
examination. The exposure was assessed in separate
time intervals prior to this day and regarded as
separate determinants, as suggested by Miettinen
(62). Paper IV.
* We also anchored the time at the birth of each child
and divided their exposure histories in separate
subintervals from birth to the date of the clinical
investigation. Paper V.
iii Evaluation of bronchial responsiveness in the health
surveillance of aluminium potroom workers:
Bronchial responsiveness and respiratory symptoms:
The relationship between bronchial respon~iveness and
respiratory symptoms was investigated in study group
4. Paper VI.
Variation of bronchial responsiveness in potroom
workers:
Determinants of variability of bronchial
responsiveness was investigated using the study groups
1&2. Paper VII.
Bronchial responsiveness and annual decline in FEV1 :
Repeated measurements of FEV1 in study group 4 was used
to estimate the annual decline FEV 1 (~FEV 1 ). Then,
we examined bronchial responsiveness as a predictor of
~EV 1 •
Paper VIII.
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11.4. Assessment of bronchial responsiveness
Two different indices of bronchial responsiveness
have been used in this thesis:
* PC20 : This index has been dichotomised using 8.0
mg/ml or 32.0 mg/ml as cut-off points. This index
has not been used in repeated measurements of
bronchial responsiveness.
*Dose-response slope (DRS): This estimator of
bronchial responsiveness was used when a repeated
measurement was used.
We have also investigated the relationship between DRS
and PC 20 in each cohort. A regression line was fitted
using the logarithm of PC20 in each subject as the
dependent variable and the logarithm of the corresponding
DRS as the independent variable. In the study group 1-3
the association was obtained using the GEE-method for
repeated measurements, grouped by subject (63), whereas
the assoc iation in the remaining groups was obtained by
ordinary least square regression (64). In both cases the
following model was used: Ln(PC20 )=Ln(a)+P*Ln(DRS)

Table 11.4.1
The association between PC20 as the dependent variable and DRS as the independent
variable: PC20 =a*DRSP

a
Stud;x: ;eopulation
Pot room workers
Study group 1
Study group 2
Study group 3
Study group 4
Schoolchildren

N~~z~

Coeff.

95% CI

Coeff.

76
31
51
41
215

19.1
20.1
18.5
17.3
16.4

18.3-20.0
18.4-21.9
17.5-19.6
16.6-18.0
15.5-17.4

-1.03
-0.88
-0.99
-1.02
-0.95

95% CI
-1.08
-0.95
-1.04
-1.07
-0.98

-0.98
-0.81
-0.94
-0.97
-0.92

Nobs= Number of observations with measurable PC20 •

As 'a rule of thumb', the data indicate that:
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11.5. Assessment of exposure
Two types of exposure to pollutants originating from
aluminium production were assessed in this thesis.
(i) Exposure at work to potroom fumes, and (ii) exposure to
air pollutants in ambient air in the neighbourhood of the
smelter. In addition, those who participated in this
study, were exposed to other exogenous determinants of
bronchial responsiveness, such as active and passive
tobacco smoke, exhaust ' from cars, respiratory viruses and
aeroallergens. All these exposures have been regarded as
potential confounders of bronchial responsiveness.
/1.5.1.

Occupational exposure to potroom fumes
Exposure to fluorides and particulates has been
measured annually using personal samplers at Arda1
aluminium plant since 1986. The workers have been
randomly selected for wearing samplers during 8-hours
shift. The 'samplers are described elsewhere (65). The
annual geometric mean of exposure from 1986 to 1992 in
each potroom departments is shown in Figures 11.5.1.1 and
11.5.1 . 2. Estimates of exposure to total fluorides and
particu1ates in each job category were calculated as
geometric means.
Figure 11.5. 1.1
Geometric mean ofworkplace exposure to particulatesjrom 1986 to 1992 in the three
potroom departments.
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Figure 11. 5 . 1. 2
Geometric mean ofworkp/ace exposure to total.fluorides from 1986 to 1992 in the
three potroom departments.
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Information about the job category in each operator was
obtained from a validated questionnaire (66). Finally,
estimates of exposure in each worker was obtained by
combining these two sources of information. These
estimates should be regarded as the "background" exposure
the corresponding year. Additionally, plasma fluorides
were obtained in those subjects who participated in study
group 1, the method for sampling and measurement is
described Paper II. Since the blood samples were taken
on the day of bronchial challenge, these plasma levels
should be regarded as estimates of current occupational
exposure.
11.5.2.

Exposure to pollutants in ambient air
The concentration of sulphur dioxide and fluoride in
ambient air has been measured daily in 0vre Ardal and
Ardalstangen since 1978. Since the majority of the
population live less than 2 km from these samplers, these
measurements of the concentration of sulphur dioxide and
fluoride should provide fairly valid estimates of
exposure in the time period after 1978. Children born in
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1978 or later were chosen as study subjects of two
reasons: (i) a life-long exposure'matrix could be
estimated, and (ti) no confounding by occupational
exposure. These exposure data should also provide fairly
accurate estimates of exposure to pollutants in ambient
air at the time of the investigation, such as the last
24-hours and last month.
In any case, a model described by Miettinen was
applied (67) studying the relationship between bronchial
responsiveness and exposure in separate time windows. In
each time window, two different exposure classifications
were used: (i) Exposed versus non-exposed, and (ti)
exposure-estimates in those who lived in Ardal. In the
former case, those who had lived in Ardal the entire time
interval were regarded as exposed, whereas those who had
lived in Lardal or another rural district during the
whole time-interval, were regarded as non-exposed. Those
who could not be classified to any of these two groups,
were classified in a third group (other). This
classification scheme was chosen in order to minimise
misclassification of exposure, thereby increasing the
validity of the results. It also adds information about
the nature of the effect of the determinant on the
outcome: e.g. is the effect (if any) related to current,
previous or cumulative exposure? In this respect, the
relationship between bronchial responsiveness and
exposure to pollutants in ambient air among children was
longitudinal in its nature although the data were
collected from a cross-sectional survey (61).

11. 6. Statistical methods
This thesis is based on observational studies, i.e.
the control of exposure factors as well as potential
confounders through the design is limited. Thus, the
final analyses are conducted using different types of
multivariate analyses, thereby adjusting for several
determinants that might be,associated with the outcome as
well as the exposure variable. Additionally, both binary
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and continuous outcomes have been used. Continuous
outcomes were analysed on data from cross-sectional and
repeated measurement designs. In the latter case,
associations with time-dependent as well as timeindependent covariates have been investigated. In the
analyses using time-dependent explanatory variables a
relatively new method (generalised estimation equations GEE) (68) has been applied, whereas a weighted maximum
likelihood method was applied in the latter case (69).
In the analyses of the relationship of bronchial
responsiveness and different parameters of exposure in
children, stratified analyses were carried out for rates
(70) and continuous outcomes (71). Both logistic
regression and regression for continuous outcomes were
used.
Generally, three strategies were used: (i) all
potential confounders were included in order to reduce
joint confounding (Paper I,VI,VIII) (72), (ti) univariate
analyses between the outcome and potential confounders
and include only those variables that were associated
with the outcome at a significance below a given level
(say p~0.25). The final model was found by backward
elimination, as suggested by Hosmer & Lemeshow (Paper IIV) ( 73), and ( iii) inclusion of those variables that were
most strongly correlated with the outcome in descending
order, and use the partial F-test as a criterion for
inclusion new variates (only for continuous outcome,
forward selection) (Paper VII) (74).

12. Discussion
This thesis is based on eight observational studies.
In observational studies the comparability of populations
and control for extraneous factors is usually limited.
Consequently, the validity of the relations found is a
crucial point for interpretation and generalisations of
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the results. Furthermore, the interpretation of the
results 'presumes some clarification of what is meant by
exposure and how exposure my influence health ·-status.
Thus, the methodological aspects of the study is
important. Finally, the results has' to be discussed in
the light of previous knowledge and biologibal
plausibility.

12.1 . Discussion ofmethods
12.1./.
Design ofthe occurrence relation
In this study, data on bronchial responsiveness and
exposure were collected using cross-sectional as well
longitudinal designs. The definitions of these terms are
divergent among epidemiologists. In their textbook,
MacMahon and Pugh (75), state that longitudinal studies
cover both cohort studies and case-control studies. In a
cohort study, the investigator follows a population over
time and count the number of cases among the exposed and
non-exposed. In a case-control study they say that the
investigator starts with the cases and non-cases and
compare the frequency of exposure in each group
retrospectively. According to their definitions, the key
point is that the observations relate to two different
points in time, allowing for studying associations
between exposure and effect with some time~lag. On the ·
other hand, in a cross-sectional study, measurements of
cause and effect are made at the same point in time.
This viewpoint is in agreement with the
classifications presented by Kleinbaum, Kupper &
Morgenstern (76): they do, however, extend the
definitions of study design to yield a third type of
epidemiological study, the so-called hybrid design (with
subclasses). Their hybrid designs include combinations
of cohort-, case-control- and cross-sectional-studies,
such as backward prevalence study and repeated follow-up
studies. The former design encounters collection of
previous incident cases, but they do not discuss
inclusion of previous (retrospective) exposure. In the
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latter case they suggest collection of cases in subperiods and relate the occurrence of cases· to a study
factor during the corresponding follow-up period. They
prefer the term follow-up studies instead of cohortstudies. Rothman states that cross-sectional studies can
only deal with current information of exposure or
exposures that cannot change over time (77), in agreement
with both the two former textbooks.
On the other hand, Miettinen focuses on the time
relations between the determinant and the outcome. He
deals with cross-sectional and longitudinal relations
(61,78). A cross-sectional relation constitutes the
relationship between the outcome and the simultaneous
realisation of the determinant of interest. On the other
hand, a longitudinal relation, is defined by the
association between the outcome and realisation(s) of the
determinant at some previous time (61). Furthermore, he
delimits the term cohort to yield a population defined by
an event that occurs at a particular point of time (e.g.
the time of enrolment). Hence, a cross-sectional
population can be thought of as a cohort examined at its
time of enrolment. According to Miettinen, a crosssectional survey deals with states (prevalence, mean) of
the outcome instead of events (incidence, change over
time periods). These states might, however, be
investigated in relation to the history of a determinant.
Longitudinal relations might therefore be studied using
outcomes obtained from cross-sectional surveys, whereas
cross-sectional relations might be studied using a
longitudinal design.
In these regards, the prevalence of BHR in
schoolchildren was obtained using a cross-sectional
survey. Nevertheless, the relationship between BHR and
exposure to airway irritants during infancy was of
longitudinal origin. On the other hand, estimates of
bronchial responsiveness and plasma fluorides were
obtained using a longitudinal design. The association
between them was, however, of cross-sectional natur~,
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insofar as the relationship between bronchial
responsiveness and simultaneous level of plasma fluoride
was estimated. Thus, longitudinal relations can be
obtained using cross-sectional populations and vice
versa.
According to Miettinen, cross-sectional relations
are of little interest if the health state influences the
determinant (61): e.g . subjects with BHR are likely to
avoid exposure to irritants due to provocation of
symptoms. This appears not to be the case if the outcome
and the determinant are measured on several occasions
(79). We were not able to demonstrate any association
between bronchial responsiveness and occupational
exposure to fluoride using a cross-sectiorial design
(Paper I). Using a repeated measurement design, we found
a positive association between fluoride exposure and
bronchial responsiveness (Paper II). Both these results
are reasonable if one assume that exposure to these
agents increase bronchial responsiveness as well as
provoke respiratory symptoms. The explanation of this
result is further illustrated in (appendix 3). In
addition to the elimination of outcome-dependent bias
( 80), a repeated measurement design decreases variance,
thereby increasing the power of the study and reduces the
size of the study population. It is, however , more to
complicated to motivate people to meet to repeated
investigations and conduct such examinations as
scheduled. Furthermore, the analyses of such data
require complicated statistical models and the
availability of software for such modelling is still
limited.
12.1.2.
Choice ofstudy design
According to Hill, the design of an observational
study should be guided keeping "the experimental approach
firmly in mind" (81). The question: d9es exposure to
irritants during the early period of life increase
bronchial responsiveness later in life?, could be
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investigated using animals, say guinea pigs, in an
experimental setting. One would expose a number of
guinea pigs to a certain concentration of the irritant at
issue and the remaining animals to clean air in two
different chambers and examine the subjects after some
period of time. Riedel and eo-workers used this setting
to investigate the hypothesis that exposure to irritants
enhances the liability of sensitisation to aeroallergens
( 82)

0

In Paper V the life history of each child was
divided into separate periods of time, and their exposure
status was classified accordingly. The contrast was made
between those children who were clearly exposed (i.e.
living in Ardal the whole period) and those children who
lived in rural districts in Norway, i.e. exposed to
minimal levels of irritants. Those who could not be
classified to any of these groups, including those who
had lived in any of these areas even for a partial period
of time, were classified to a third group ("other"). In
this way, the sample size decreased, thereby decreasing
the precision of the associations. Nevertheless, it
increased the comparability with the allocation to an
experimental study. Due to migration, several children
changed their exposure status during their adolescence.
In this .way, it was possible to investigate the effects
of exposure in separate age-intervals on bronchial
responsiveness.
This approach has been used in occupational
epidemiological studies: much of our knowledge about the
association between asbestos exposure and lung cancer has
evolved using this methodology (83). Inferences about
the result are relatively simple to understand, and no
assumptions about toxico-kinetics are necessary.
Although no significant difference in the prevalence of
BHR between the childr~n living in Ardal and L~rdal was
found, there was a significant association between
bronchial responsiveness and the children's exposure to
irritants during the last 24-hours prior to the
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examination and during infancy. Without thi& refinementa
of the design, none of these associations would have been
discovered.

12. 1. 3. Assessment of bronchial responsiveness: Choice of empirical scale
Different options regarding how to express bronchial
responsiveness was presented in section 6.4. In all the
studies that constitute this thesis continuous
nebulisation with a Wright nebulizer using methacholine
as stimulus and FEV1 as the response variable was chosen.
The expression of bronchial responsiveness on the
empirical scale differs, however, between the studies.
In the papers I-V the relation between bronchial
responsiveness to methacholine and exposure to agents
emitted from the aluminium production was investigated.
In order to make generalisations of the results, it is
desirable to make inferences from the actual study
experience to the abstract (61), i.e. the relationship
between exposure and bronchial responsiveness on a
conceptual scale. Valid inferences of such relations
presume that the limitations of the methods being used
are known. Furthermore, the choice of empirical entity
and scale should be as parsimonious as possible in order
to simplify the interpretation of the results without any
loss of information.
Firstly, the choice of stimulus (methacholine) has
some limitations. Although the correlation between the
response to histamine and methacholine appears to be good
(14,84), methacholine is less well correlated with
bronchial responsiveness to exercise, destilled water,
propanolol, adenosine, bradykinin or neurokinin A (84).
Thus, the choice of a stimulus for provocation tests has
some limitations on the generalisation of the results
obtained from the investigation to the abstract concept
of bronchial responsiveness.
Secondly, the choice of how to express bronchial
responsiveness will depend on the data. This decision
was guided by two principles: (i) to make the results easy
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to interpret, (ii) to utilise the information supported by
the data. Since PCw usually cannot be obtained in all
the subjects in an epidemiological study, 'dichotomising
the response into a group of responders and nonresponders on the basis of PC20 is commonly useful. If
the choice of cut-off point is clarified, this method
should yield results that are easy to interpret. This
principle is also commonly used in other medical
disciplines (e.g. hypertension and hypercholesterolemia).
It has, however, some limitation if bronchial
responsiveness is measured on several occasions in each
individual (see also section 6.4). During the follow-up,
only those who switch between the two states, will
contribute with information in the analyses. Since an
individual may have large variation of bronchial
responsiveness within one of the categories, information
is lost.
According these guidelines, we chose to use a
dichotomised outcome variable in the cross-sectional
studies and a continuous metameter (log[DRS]) in the
analyses of repeated measurements. Our data indicate
that DRS is approximately inversely related to PC20 (see
Table 11.4.1). Thus, the interpretation of results
obtained using DRS as the outcome variate, should not
cause any problems to those who are most familiar with
the use of PC20 •

12.1.4.

Assessment and interpretation of exposure data
In this thesis the associations between pollutants
in the workplace atmosphere as well as ambient air in the
neighbourhood of the smelter and bronchial responsiveness
were examined. Furthermore, both the effect of
historical and current exposure data were investigated.
Inferences from these associations presume insight
regarding the interpretation of the exposure data. Since
all the studies were performed using an observational
design, interpretations in terms of specific agent and
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effect are limited. Hence, all the exposure variables
used in this thesis, should be regarded as indices of
exposure in a more general sense: e.g. total fluorides in
potroom atmosphere is also an index of sulphur dioxide
exposure.
The classification of individual exposure is
hampered with different degrees of errors. The effect of
such misclassification on the relationship between the
outcome and exposure is discussed by Kleinbaum, Kupper
and Morgenstern (85). They discriminate between
differential and non-differential misclassification.
Misclassification of the latter type arise when the
misclassification of exposure is independent of the
outcome. This sort· of misclassification will always
distort the result towards the null effect. Differential
misclassification may bias the result in both directions,
depending on how the misclassification of the exposure is
linked to the outcome: e.g. if the diseased participants
are more likely to be classified among the exposed than
the healthy subjects, then a biased (positive)
association emerge. This sort of bias is likely to occur
if the investigator is aware of the health status before
collecting the exposure history. Hence, history about
job category (Papers I,II) and place of living (Paper
IV,V) were obtained before the health status was assessed
in order to eliminate a differential misclassification of
exposure.
Information errors regarding job category among
workers and age-related information regarding the
children's place of living is probably non-differential,
resulting in bias toward the null. The magnitude of this
bias is, however, difficult to assess.
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12.2. Discussion of results
12.2.1.
Bronchial responsiveness and exposure to potroomfumes
Potroom asthma was first described by Frostad in
1936 (86). The mechanism of this disorder is still
unknown (87). In the potroom atmosphere there are
several gases, such as sulphur dioxide and hydrogen
fluoride that are capable of provoking respiratory
symptoms and bronchoconstriction in subjects with preexisting BHR. Thus, the existence of asthma-attacks in
connection with exposure at work is not controversial.
The question is whether these symptoms are induced or
merely provoked by the exposure to potroom fumes (52,53).
In Paper II we found that bronchial responsiveness was
positively associated with plasma fluoride, i.e. an index
of occupational exposure. This is a new observation that
needs some comments.
Although plasma fluoride was more correlated to
total fluoride than particulates in the environment
(Paper II), it should be regarded as an indicator of
exposure, only. Therefore, the observed association
between plasma fluorides and bronchial responsiveness may
be mediated by some other substance(s) that fluorides.
Furthermore, the possible mechanism(s) for such a result
is not clear.
In section 8.2 exogenous determinants of bronchial
responsiveness were presented. Among these alternatives,
it is likely that the reaction is mediated by some low
molecular weight compound or some irritant(s).
Nevertheless, none of these alternatives can fully
explain the findings. Firstly, no sensitizer has yet
been demonstrated in this environment. There are several
agents containing fluoride in this environment, and the
possibility that some of them, such as sodium aluminium
tetrafluoride (NaAlF4 ) can act as a hapten cannot be ruled
out. The time course during the follow-up appears,
however, to be different from what has been reported from
other studies of the effect of low molecular weight
compounds: Banks and eo-workers found that bronchial
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hyperresponsiveness persisted in six worker with TDI~
induced asthma; in spite of negligible exposure (88). On
contrary, bronchial responsiveness in our workers
declined as the exposure decreased. Furthermore, the
association between bronchial responsiveness and plasma
fluoride was independent of smoking habits (no effect
modification by smoking).
The results obtained using a cross-sectional design
(Paper I) and a repeated measurement design (Paper II)
are apparently conflicting. It appears that subjects
with increased bronchial responsiveness are more likely
to avoid the most exposed jobs (outcome-dependent bias,
section 12.1.1). The results from the cross-sectional
survey are, thus, likely to be distorted by an outcomedependent bias (80). According to Zeger & Liang (79),
this bias is reduced using repeated measurements of the
outcome and the relevant covariates. The core issue here
is not the longitudinal change in bronchial
responsiveness per se (i.e. the time-dependence of
bronchial responsiveness), but the dependence of the
outcome on the covariates (89). Since the subjects were
selected on the basis of symptoms, a 'regression toward
the mean effect' (i.e. the spontaneous improvement in
health status) was to be expected (90). The association
between bronchial responsiveness and follow-up time,
should therefore be regarded as an estimate of the
'regression effect' in this study. The significance of
the 'regression effect' was also addressed in Paper III.
In a previous paper (91), we found a 10-fold increase of
PCw during the follow-up. After inclusion of a
comparable reference group still exposed to potroom fumes
in addition to several other covariates in the analysis,
the effect of relocation on bronchial responsiveness
decreased to about 50% of the crude estimate (Paper III).
The cellular basis for changes in bronchial
responsiveness after repeated exposure to low level of
irritants is not know and controversial. In a recent
study of the long term effect of primary and secondary
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alumina on BALF in rats, a significant iocrea~e in the
number of macrophages and neutrophile was ·found one and
twelve months after installation of secondary alumina but
not primary alumina in the trachea (92). The authors
believe that the findings may be attributable to
fltiorides absorbed on the surface of the alumina dust.
The same group has also investigated BALF from
asymptomatic, non-smoking pot operators (93). The
results indicated increased alveolar capillary
permeability and activation of alveolar macrophages.
Although these workers were asymptomatic, modest
inflammatory changes were found, indicating that the
observed changes in bronchial responsiveness might be due
to morphological changes in the airways induced by the
exposure. Similar findings are described in BALF after
sulphur dioxide and nitrogen dioxide exposure (94,95).
Studies of the effect of different agents in the potroom
environment using an experimental design should be
performed to identify the source(s) of these changes.
Such studies should include measurement of bronchial
responsiveness as well as BALF.
The finding that bronchial responsiveness decreased
after relocation (Paper III), supports the view that the
level of bronchial responsiveness in workers reporting
WASTH (Paper II), is related to the occupational exposure
in these workers. Furthermore, it indicates that the
increased responsiveness associated with WASTH is
reversible, although one follow-up study of relocated
workers has failed to find any improvement (96).
12.2.2.

Bronchial responsiveness in children

The topography of this district and availability of
historical exposure data, offered an unique opportunity
to study the effect of air pollutants on the respiratory
tree in children. Since correct classification of the
exposure variables is a crucial point in all empirical
studies, the opportunity to obtain valid results should
be good in these settings.
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The possibility that exposure to irritants increases
the risk of sensitisation is often referred to as the
adjuv.ance effect ( 97). I t has been proposed that this
effect is mediated by inflammation of the bronchial
mucosa (98). If this hypothesis is correct, there is a
possibility that the adjuvance effect is accompanied with
increased bronchial responsiveness. Furthermore, it has
been claimed that children are more susceptible to the
adjuvance effect during infancy than later in childhood
(97). Studies relating exposures to adjuvant factors
such as air pollution, during infancy to indices of atopy
in later childhood has been encouraged (97). The
findings in Paper V seem to support this hypothesis.
Alternative explanations such as misclassification
of historical data on place of living, appears unlikely.
Such data were collected by the investigator before the
health status was assessed. On the other hand, several
of the parents were aware of the health status of their
child. Nevertheless, they could not contribute with
differential misclassification because they were not
aware of the models of associations to be investigated.
Effects of other potential adjuvant factors, such as
early respiratory infection and parental smoking was also
investigated. There was indeed, evidence of an
association between bronchitis during two first years of
life and BHR (Papers IV,V). Whether the entity "early
bronchitis" is caused by viral infections or simply an
expression of established BHR, is questionable. There
was, however, no significant effect of parental smoking
on bronchial responsiveness (99). The mechanism of the
association between bronchial responsiveness and exposure
to pollutants in ambient air is not known.
The exposure during the last 24-hours, was
negatively correlated with blood eosinophile in atopies.
A similar result was found in sensitised asthmatics who
were experimentally exposed to allergens (100). A fall
in peripheral eosinophil cell count accompanied an
increase in bronchial responsiveness 9 hours after
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inhalation of allergen. It is also known that acute
asthma is accompanied with eosinopenia (101). Finally,
allergen-induced increase in airway responsiveness is
associated with an influx of eosinophile in the bronchial
lumen (102). Thus, it is likely that after allergeninhalation, eosinophile are recruited from the blood to
the airways. It has been claimed that this influx of
eosinophile mediates the increase in bronchial
responsiveness (103). One may speculate that this
pathogenesis can be extended to yield the airways•
response to irritant exposure (104). Interestingly, the
association between bronchial responsiveness and exposure
was not different in atopies and non-atopies. This
finding raises the possibility that the irritant exposure
changes the airways (expressed as increased bronchial
responsiveness) and that these changes stimulate influx
of eosinophile to the airways in atopies, only.
The finding that a significant relationship between
bronchial responsiveness and exposure during the last 24hours and periods during infancy, but not during the last
month was found, sounds self contradictory. It is,
however, possible that the airways more easily recover
from increased responsiveness in school age than during
infancy.

12.2.3.

Bronchial responsiveness in the surveillance ofpotroom workers
In section 7 it was stated that increased bronchial
responsiveness is associated with asthma and COPD.
Nevertheless, it is not clear if bronchia~ provocation
testing is a good screening test for occupational asthma
(105). Furthermore, the association between bronchial
responsiveness and decline in pulmonary function should
be investigated (106).
In Papers VI&VII, we examined the association
between bronchial responsiveness and respiratory symptoms
using cross-sectional as well as longitudinal data. The
results from the cross-sectional survey indicated that
the prevalence of WASTH increased as the level of
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responsiveness increased. Nevertheless, BHR
had low predictive value regarding respiratory symptoms
due to a low sensitivity (Paper VI). Using a
longitudinal design, it was found that the variability of
bronchial responsiveness increased with the mean symptoms
score during 2 years follow-up (Paper VII). The latter
finding may to some extend explain the low predictivity:
the workers were asked about symptoms during the last
year, whereas their level of bronchial responsiveness may
change considerably during this period. Furthermore, PEF
patterns suggestive of occupational asthma were found in
7/10 workers without BHR (107). Only a modest
correlation between bronchial responsiveness and PEF was
found in asthmatics in a general practice {108), and PEF
appeared t o be a better screening tool for occupational
asthma than PC 20 in workers exposed to red cedar dust
(109). It is therefore likely that serial PEF
measurements is a better method for the investigation of
work related asthma than bronchial challenge testing.
In paper VIII the relationship between bronchial
responsiveness and annual decline in FEV 1 (~EV 1 ) was
investigated. It appears that aluminium potroom workers
have increased risk of developing COPD (65). A good
screening tool for detection of workers at risk for
development of is therefore desirable . The crude
analysis indicated that the bronchial responsiveness was
a predictor of ~FEV 1 • After inclusion of several
potential confounders, the association between ~FEV 1 and
bronchial responsiveness diminished. Current smoking,
presence of WASTH and atopy (defined as a positive skin
test to aeroallergens) in asymptomatic subjects appeared
to be the best predictors of ~FEV 1 • There was, indeed,
considerable variation between the groups. Thus, routine
surveillance of pulmonary function should be continued in
exposed workers: the method of individual least squares
should probably be used to estimate the decline in FEV1 in
the surveillance of development of COPD. It remains,
bronchia~
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however, to investigate the effect of different options
for intervention in this group.
In summary, bronchial challenge testing does not
appear to support yaluable information regarding the
development of work related asthma or COPD in addition to
a questionnaire (66), serial PEF-recordings and repeated
measurements of pulmonary function.
12. 3. General discussion
In this study, the relationship between bronchial
responsiveness and different covariates has been
investigated. Bronchial responsiveness is related to
several factors: in this thesis the distinction between
endogenous and exogenous fa~tors was made (section 8).
The rationale for this division of the determinants of
bronchial responsiveness is that several of the
endogenous factors may be regarded as different
expressions of a common pathological trait, namely airway
inflammation (110). Thus, determinants such as mediators
and granulocytes may be regarded as indicators of altered
physiology underlying the increased bronchial
responsiveness. Such a determinant is often referred to
as an intermediate step, and should not be treated as a
confounder in the analyses of the data (111). In a
recent commentary, Weinberg goes a step further, and
states that any factor which is caused in part by the ·
exposure under study and is also correlated with the
outcome under study, can bias the result of the study
(112). Inclusion of endogenous factors, such as
pulmonary function and atopy, may in many instances be •
questionable if the exposure determinant may be related
to them.
In the study of the relationship between bronchial
responsiveness and exposu~e to pollutants in ambient air,
atopy was included as a covariate. This decision was
motivated by the idea that .a topy, is a (phenotypic) marker
of some genetic trait that probably increases the risk of
BHR. There are evidence of a positive association .
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between irritant exposure and increased risk of
sensitisation in humans (113) as well as guinea pigs
(82). In Paper IV, the relationship between exposure
during the last 24-hours and bronchial responsiveness was
investigated. In this time aspect, it is unlikely that
the exposure to irritants have altered the skin reaction
to a prick test. Hence, inclusion of atopy as a
confounder appears reasonable. With regards to the
effect of air pollutants during infancy on the bronchial
responsiveness during school age, the inclusion of atopy
as a covariate is more doubtful. It may have caused an
underestimation of the association. The same arguments
may by used regarding the inclusion of other factors
classified as endogenous determinants of bronchial
responsiveness such as pulmonary function. Yet, it is
not uncommon in respiratory epidemiology to include
variables into multivariate models one by one and retain
them if they seem to make a difference. As far as causal
interpretation is concerned, Weinberg suggest that
covariates should not be included if they may have been
caused in part by the exposure under study (112).
The magnitude of exposure to sulphur dioxide was
about 5-10% of the exposure measured in the potroom
atmosphere, whereas the fluoride exposure was less than
1% of the fluoride concentration in the potrooms.
Nevertheless, an effect of exposure to pollutants in
ambient air was found regarding bronchial responsiveness
in children. This result might seem strange. There are,
however, several dissimilarities between these studies
that make comparisons between the magnitude of the
relationships invalid. Firstly, the susceptibility to
air pollutants is probably different between (adult) pot
operators and children: the finding that the effect of
pollutants depend on the age of at the time of exposure
supports this view (Paper V). Secondly, exposure was
measured using different equipment in these two
populations, and the exposure measures could be
indicators of different agents that are not directly
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comparable. Thirdly, the exposure to fumes in the
workplace atmosphere was based on estimates from sampling
methods that increase the likelihood of
misclassification, probably non-differential in nature,
distorting the relationship toward the zero-effect. On
the other hand, exposure estimates in children were
obtained from measurements of exposure on the relevant
place and time period, thereby increasing the likelihood
of a correct classification. All these effects indicates
that the study carried out in children should be a more
sensitive method to detect any effect of exposure.
Therefore, the likelihood of detecting health effects in
children at lower levels of exposure than in pot
operators was to be expected.
Finally, the levels of so2 exposure in Ardal was not
higher than in many other industrial societies. Hence,
air pollution may contribute to the development of BHR in
many children.
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13. Conclusions
The result from this thesis support the view that:

*
*

*

*

*
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Occupational exposure to potroom fumes increases
bronchial responsiveness in workers with work related
asthma-like symptoms.
In workers with work-related asthma, the bronchial
responsiveness decrease after relocation.
Cross-sectional analyses of exposure-effect
associations may yield negative results when repeated
measurement analyses support a positive dose-response
relationship if the health status may influence the
exposure status.
Bronchial responsiveness in schoolchildren exposed to
pollutants in ambient air is increased by:
- Exposure during first three years of life.
- Exposure during the last 24-hours.
Assessment of bronchial responsiveness in aluminium
potroom worker is not a good method for su r veillance
of:
- Work related asthma
Detecting workers with increased annual decline in
pulmonary function.
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APPENDIX 1

Estimation ofDRS: the effect ofthe magnitude of a constant (PJ:
In order to avoid negative values of DRS a constant
<P) may be added. In section 6.4 it was claimed that the
choice of

p

could influence the result of a study.

Suppose that three subjects are challenged twice.

The

results from each tests in the subjects are shown in
Table Al.l.

DRS was log-transformed in each subject

(Ln(DRS]), and the difference in the log-transformed DRS
(~Ln(DRS])

in subject was calculated (Table A1 . 2).

Table Al.l
Results of the methaclroiine challenge in three different !lil.bjects A, B and C.

First test, subj. no .

Second test, subj. no.

A

B

c

A

B

c

Baseline

5 . 00

5.00

5.00

5.00

5.00

5.00

Post-test

4.99

4.75

4.00

4.75

3.44

3.44

Max--Meth.

32.0

32.0

8.0

32.0

8.0

0.5

0.00625

0.156

0.156

3.91

62.5

DRS

2.5

Max-Meth. =Maximum methacholine concentration used.

Table Al. 2
The difference in the log-transformed DRS (.1Ln[DRS]) in subject using the result
obtained from Table A I.

Ln(DRSJ
First

Second

~Ln[DRSJ

A

-5.08

-1.86

3.22

B

-1.86

1. 36

3.22

c

0.92

4.14

3.22

Subj. no

The results show that 6Ln(DRS] was the same in all the
subjects.

In Figure A1 the magnitude ~Ln[DRS+PJ for

different for values of
choice of

p

p is

shown.

We see that the

have only minor influence on ~Ln[DRS+PJ in

subject A, but have major influence on 6Ln[DRS+PJ in
subject C.

Thus, the log-transformation of DRS+P is very

sensitive to the choice of

64

p in

those who have a low
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degree of bronchial responsiveness: i.e. in subjects of
less interest for the investigation.
Figure Al
The influence of the choice of f3 on &-n[DRS+ {3} in the three subjects as outlined
above.
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APPENDIX 2
Job categories at Ardal Metallverk.

Group

Prebake

Technology
Sederberg

Leaders:
Foremen

Foremen

Anode shift
Pot-operator
Alumina driver
Tapper

Anode shift
Pot-operator
Alumina driver:
Tapper
Anode brikett driver
Truck driver
Removal of anode
projections
Other

Anode beamraiser
Sweeping driver
Equipment
Other

Anode beamraiser
Sweeping driver
Equipment
Gas tube cleaning
Other

Shift-operators:

Day-operators:
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APPENDIX 3
Cross-sectional versus repeated measurement analysis
Suppose that three subjects A, B and·C are
challenged twice, and that exposure measurements are
available at each survey. The relationship between DRS
and exposure at each survey is shown in Figures A3.1 The
.association between DRS and exposure, based on
calculation across individuals at each survey indicates a
negative association between DRS and exposure at both
surveys.
Figure A3.1
The cross-sectional relation between the dose response slope and exposure in two
different surveys.
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In Figure A3.2, however, the intraindividual
estimates indicate a positive association between DRS and
exposure. In the latter case, each subject acts as his
(hers) own control, thereby controlling for the
difference in susceptibility.

Figure A3.2
The relationship belween the dose response slope and exposure using each individual
as his own control.
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Abstract
In a survey of370 aluminium potroom workers
in western Norway, bronchial responsiveness,
lung function, and respiratory symptoms were
studied in relation to occupational exposure to
air contaminants in the potroom. Increased
prevalences of respiratory symptoms, work
related asthmatic symptoms, and abnormal
lung function were found in subjects exposed to
total fluorides above 0·5 mg/m' when compared
with workers exposed to total fluorides at concentrations of less than 0·5 mg/m'. No significant association between bronchial responsiveness and exposure to fluoride was found and
the prevalence of respiratory symptoms was
independent of the degree of dust exposure.
These findings indicate that work related
asthmatic symptoms in potroom workers may
be related to exposure to fluorides.
Aluminium is produced by electrolysis of alumina
(Al 20 1). During the process alumina is reduced by
carbon (from the anode) to form eo, and aluminium.
The alumina is dissolved in cryolite (Na,AlF6 ). Two
different technologies are used ("prebaked" and
"Soderberg"). The air contaminants emitted from
the electrolytic pots of these two types of technology
are principally the same. Various fluorides escape to
the potroom atmosphere. Also, the anode is contaminated by sulphur, which is oxidised to S0 2 and
emitted into the workplace air. The potroom air
contains dust mainly composed of alumina, aluminium trifluoride, and cryolite as well as minor amounts

Medical Department, Hydro Alu=inium, Ardal
Aluminium Plant, N-5870 0 Ardiil, Norway
V S0ysedl
Department of Thoracic Medicine, Rikshospltalet,
University of Oslo, N-0027 Oslo 1, Norway and
Department of Epidemiology, National Institute of
Public Health, Oslo, Norway
J Kongerud

of metals such as nickel, chromium, and vanadium. 1 2
Thus the potroom atmosphere contains many compounds that are potentially harmful to the respiratory
tree.
Asthma among aluminium potroom workers has
been reported in several studies:>-' although the
causative agents are unknown. Few studies exist in
which the levels of pollution in the potrooms have
been related to respiratory effects. 8 In a cross sectional
study of respiratory symptoms among potroom
workers in seven Norwegian aluminium plants a
positive association between exposure to fluoride and
work related asthmatic symptoms was found among
pot operators (490 subjects) but this association was
not found in the total population of 1679 workers. 9
The lack of association in the total workforce could
arise from incorrect job classification between plants
that would dilute the association.
The objective of the present cross sectional study
was to examine if the association between work
related asthmatic symptoms and exposure to fluoride
was reproducible in the total workforce in one plant
and if any association existed between exposure to
fluoride, and methacholine responsiveness and lung
function .

Methods
STUDY POPULATION

The survey was carried out in an aluminium smelter
in western Norway. The plant was situated in a small
town of 6500 inhabitants and employed 50% of the
workforce in the municipality. The study population
consisted of all the subjects (380) employed in the
potrooms at the plant. Of those, 370 (97%; 39 women
and 331 men) participated in the survey. The median
age was 32·8 (range 18·5-66·5) (table 1). Bronchial
challenge was carried out on 337 subjects and four
subjects were excluded from challenge because of
low forced expiratory volume in one second
(FEV, < 60% of predicted). The remaining 29
workers refused to participate in the bronchial
challenge. All subjects gave their informed consent to
take part in the study, which had approval from the
ethics committee.
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Table 1 DUtribution of se", smoking habits, atopy,familial asthma, and age acccrding to degree of expomre to .fluoride and
dust

Sex:
No of men (No(%))
No of women (No(%))
sri.oldna habits:
· Current smokert (No(%))
Ex-amoten (No(% ))
Never smoken (No(%))

At~/?'
eptive (No ( %))
Minor reaction (No (% ))
Potitive reaction (No (% ))
Familial asthma (yes) (No(%))
Aee:

Mean

Med.i111
Lower quartile
Upper quartile

ToraJ ftuoridu
< 0·5 , , , .

To raJ ftuoridu

Dwr
<0·5"'1{/m'

Dwr

192(91·9)
17 (8·1)

139 (86·3)
22 (13-7)

155 (91 ·2)
15 (8·8)

176 (88·0)
24 (12·0)

132 (63-2)
19 (9·1)
58(27-8)

U7(72·7)
13 (9·1)
31 (19·3)

112 (65-9)
17(10·0)
41 (24·1)

137 (68·5)
15 (7·5)
48 (24·0)

166 (79·4)
25 (12·0)
18 (8·6)
34(16-:3)

112 (69·6)
22 (13-7)
27 (16·8)
33 (20·5)

134 (78·8)
20 (11 ·8)
16(9-4)
34 (20·0)

144 (72·0)
27 (13·5)
29 (14·5)
33 (16·5)

37·3
36·7
26·8
46·3

~0·5

,,,.

33-2
28 ·6
22·8
. ~2· 1

39·1
38·5
29·0
46·3

~0·5 "'1{/m'

32·5
28·2
22·3
41 ·1

All subjects completed a self administered, validated
questionnaire that has been discussed in detail elsewhere.10 Information about respiratory symptoms
(dyspnoea, wheeze, and cough) within the last year,
familial asthma, smoking habits, years of
employment in potrooms, and use of respiratory
protection mask were recorded. Those who reported
dyspnoea and wheeze, or cough were intervieWed by
trained interviewers using a questionnaire based on
the British Medical Research Council questionnaire
supplemented by questions concerning the relation
between work and symptoms and whether symptoms
ii:nproved on rest days and during vacations. This
procedure has also been described by Kongerud and
coworkers.l 0 Work related asthmatic symptoms
(WASTH) were defined as dyspnoea and wheezing
apart from colds with improvement on rest days or
during vacations and absence of pre-employment
asthma.

Methacholine challenge was carried out by a
shortened version of the method described by Cockraft et a/. 12 Briefly, during two minutes of tidal
breathing the subjects inhaled methacholine solution
increasing from 2·0 mg/ml (0·125 mg/ml if asthma
was suspected or if FEV, was less than 80% of
predicted) to 32·0 mg/ml. If FEV1 decreased by more
than 10% from one concentration to the next, or
FEV1 was less than 85% of the pre-test value; a
doubling dose was given. Otherwise, a fourfold
increment of the dose was given. The concentration
required to produce a 20% fall in FEV, (PC20 ) was
taken from the log dose-response curve by linear
interpolation of the last two points. Bronchial
hyperresponsiveness (BHR) was defined as PC,0 less
than or equal to 8 mg/ml. Those who had PC.O ,less
than or equal to 32 mg/ml were classified as responders whereas a fall of FEV 1 of less than 20% of the
pre-test value at 32 mg/ml was regarded as normal
bronchial responsiveness.

LUNG FUNCTION TESTS

SKIN TESTS

Baseline FEV, was measured with a dry bellow
spirometer (]ones Pulmonaire). The FEV 1 was taken
as the highest value from the first three technically
satisfactory readings (the difference between the best
and the next best value should not exceed 0· 3 1). The
predicted spirometric values were taken from a
survey of an urban symptom free population that
consisted of65% smokers.11 Spirometry was expressed as standardised residuals of FEV1 (SFEV,)
calculated as the difference between recorded FEV,
and predicted FEV 1 divided by the residual standard
deviation (SO) taken from the regression equation
used to predict lung function . 11 Abnormal
spirometry was defined as SFEV,less than or equal to
-1·5.

Skin prick tests were performed with five common
aeroallergens-namely, dog epithelium, common
silver birch, timothy grass, mugwort, and house
mite; saline and histamine references were used. The
weal size was recorded after 15 minutes as the mean
of the long axis and its perpendicular and scored as
follows : positive-larger than histamine weal;
minor-larger than 1 mm and less than or equal to
histamine weal; and negative-less than or equal to
!mm.

QUESTIONNAIRE

ESTIMATES OF WORK EXPOSURE

Hygienic measurements of total dust, gaseous
fluorides, particulate fluorides, and total fluorides
have been carried out routinely in the potrooms with

PretJalenu of respiratory disorders among aluminium potroom workers in relation to exposure to fluoride.

personal sampling equipment. Job specific exposure
measurements were collected during the six months
preceding the survey. The measurement procedures
are described elsewhere. n The smelter consisted of
three separate potroorh departments for each worker
and information on the job of each worker was
obtained from the questionnaire. An estimate of
current exposure to dust and fluorides was made. For
workers rotating to more than one job, exposure for
each separate job was averaged.
DATA ANALYSIS

The associations between continuous variables were
analysed by simple linear regression. 14 Categorical
outcome variables were analysed in two steps: firstly,
crude prevalences of respiratory symptoms,
W ASTH, bronchial responsiveness (BR), and
abnormal spirometry in relation to the exposure level
were calculated. Secondly, adjusted odds ratios
(ORs) of these associations were estimated by logistic
regression (GLIM). 15 The logit was not linear in the
continuous exposure variates. Thus exposure to dust
and to total fluorides were dichotomised resulting in
two exposure groups of about equal size. Similarly,
duration of employment and age were divided into
three categories. Atopy, smoking habits, age, duration of employment, and familial history of asthma
were included in the model as potential confounders.
Second degree product terms involving exposure to
fluoride were included in the logistic model and
interaction was assessed by backward elimination.

Results
Table I shows the distribution of sex, smoking
habits, atopy, age, and presence of familial asthma by
the degree of exposure to fluoride and to dust. The
prevalence of current smoking was 67·3%, 24·1% of
the subjects were never smokers, and 8·6% of the
workers were ex-smokers. A positive reaction to the
skin test was found in 12·2% of subjects and 75·1%
showed no reaction. A history of familial asthma was
Table3
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Table 2 Distribution of various air contaminants among
potroom workers
Type of exposure

Lower
Mean Median quartile

Upper
quartile

Tll!al pardculn!es {mg/m ')
Parricul.u e fiuoridc s (mg/m')
Gaseous tluoridcs-(mg/m')
Total fluorides (mg/ m )

3 ~80

0·35
0·18
0·54

4•95
0·48
0·23
0·73

4·05
0·26
0·17
0·45

1·56
0·16
0·12
0·27

obtained from 18·1% of the subjects. In the high
fluoride exposure group we found higher prevalences
of current smoking, atopy, and history of familial
asthma. Regression analysis indicated an inverse
relation between duration of employment and degree
of both fluoride and dust exposure (r = -0·24;
p < 0·001).
Table 2 shows the distribution of work exposure.
Exposure to fluoride and dust were positively
correlated (r = 0·81, p < 0·001). The median of
dust exposure was 4·05 mg/m', interquartile range
1·56-4·95 mg/m3, and the corresponding values of
total fluorides were 0·45 mg/m 3 and 0 · 27~·73 mg/
m 3 • The hygienic threshold values in Norway for
dust and total fluorides are 5·0 mg/m3 and 2·5 mg/m\
respectively. The hygienic threshold value for
fluorides was not exceeded in any job category, and
the limit to dust exposure was exceeded in three of
the job categories. The calculation of dust exposure
in two of these groups, however, was based on only
two measurements and the results should be interpreted with caution.
Table 3 shows the prevalences of respiratory
symptoms and lung function abnormalities. When
dividing the population into two exposure categories
regarding total fluorides a higher prevalence of respiratory symptoms (range 17·4%-27·3%) in the high
exposure group was found compared with the low
exposure group (range 9·6%-15 ·8%). This finding
could result from uneven distribution of sex, smoking habits, atopy, age, or presence of familial asthma
across the exposure categories as indicated in table l.

Prwalences of respiratory disorders in subjects with high and low exposure to fluorides and dust
Total fluorides

Symptoms:
Dyspnoea (No(%))
Dyspnoea and wheezing (No(%))
Cough (No(%))
WASTH(No(%))
Totai(No)
Spirometry:
Abnormal (No(%))
Total (No)
Bronchial responsiveness:
Hyper (BHR) (No(%))
Responders (No (%))
Total (No)

Total fluorides

Dust

Dust

< O·Smg/m'

~O·Smg/m'

33 (15·8)
30 (14·4)
20 (9·6)
12 (5·7)
209

44 (27•3)
40 (24-8)
28 (17-4)
19 (11 ·8)
161

37 (21·8)
25 (14·7)
25 (14·7)
16 (9·4)
170

40 (20·0)
23 (11·5)
23 (11·5)
· 15 (7·5)
200

43 (20·6)
209

38 (23·6)
161

35 (20 ·6)
170

43(21 ·5)
200

10 (5·5)
22 (12·0)
183

7 (4·5)
19 (12·3)
154

6(4·0)
14 (9-4)
149

11 (5-9)
10(5-3)
188

<0·05mg/m1

?;0·5 mg/m'
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Table 4 Adjusted ORs (95% confidence interoali ( 95%·
C/s )) of respiratory disorders in the high exposure group
.estimated by logistic regression. Sex, smoking habits, atopy,
familial asthma, age, respiratory protection, and duration of
employment were included in the model

Symptoms:
Dyspnoea
Dyspnoea and wheezing
Cour.J
WA TH
Spirometry:
Abnormal
Bronchial responsiveness :
Responders

Fluoride
exposure
OR !95% Cl)

Dust
exposure
OR ( 95% Cl)

2·9 (1 ·5-5·7)

2-4 (1 ·0-5-6)
3·7 (H-9·6)

0·6 (0 <H ·2)
0·5 (0·2-H)
0·7 (0·1-3·5)
0·4 (0·1-1-0)

1·2 (0·7-2·2)

1·0 (o-f>-1 ·8)

1·0 (0·4-2·4)

0·6 (0·3-1 ·4)

2-9 (1· ~ · 5 )

presence of familial asthma (OR = 1·0-1·8), and use .
of respiratory protection (OR = 1·5-2·6) although'
none of these reached significant values.
Interactions between exposure to fluoride and any
of the other variables included in the model were not
significant. The regression of SEV, did not indicate
any association with exposure to fluoride or dust.
Discussion
In the present study the prevalence of respiratory
symptoms and W ASTH among potroom workers
was associated with the degree of total exposure to
fluoride. Bronchial responsiveness and spirometry
were not, however, associated with exposure to
fluorides or dust.
EXTRANEOUS FACTORS

The prevalence of respiratory symptoms was not The associations between exposure to fluoride and
higher in the high dust exposure group than in the respiratory symptoms and W ASTH could possibly
low dust exposure group.
be spurious. They were most pronounced with
The adjusted ORs of these respiratory variables respect to respiratory symptoms, whereas the objecacross the degrees of exposure to fluoride estimated tive tests did not show any significant association with
by the logistic model indicated an increased risk in the degree of exposure to fluoride. Such a result could
the high exposure group ranging from 2·4 to 2·9 for be explained by over-reporting of symptoms among
each respiratory symptom and reaching 3·7 for . the subjects in the high exposure group. The finding
WASTH (table 4). No significant effect on lUng that the prevalence of symptoms did not show any
function tests was found, however. Positive associa- association with the degree of exposure to dust makes
tions between these symptoms and particulate :. this explanation unlikely. Neither the workers nor
fluorides and gas fluorides were also found. The effect the interviewers were aware of the exposure values
of particulate fluorides was of almost the same · before the survey. Thus the result should not arise
magnitude as total fluorides and of borderline sig- ' from this type of information bias. An increased
nificance, whereas the effect of gaseous fluorides wa,s · prevalence of respiratory symptoms among potroom
weaker. TheORsofrespiratorysymptomsacrossthe workers who spend more than 50% of their time at
degree of dust exposure were lower than unity, and 'work in the potroom compared with controls has
the upper limic of the 95% confidence interval of also been found by Chan-Yeung and coworkers 16
WASTH was also lower than unity (0·98).
although they did not relate their findings to conTable 5 lists the effects on respiratory symptoms taminants in the potroom atmosphere.
and W ASTH of smoking, duration of employment,
The associations between these respiratory disorandage. The adjusted ORs of the different respiratory ders and exposure to fluoride could conceivably arise
symptoms in current smokers compared with never from confounders not included in the analyses. Such
smokers ranged from 1·6 to 2·2. Except for W ASTH a confounder might be of occupational origin-for
a dose-response relation between respiratory symp- example, S0 2, which is known to be a potent airway
toms and duration of employment was indicated irritant in both asthmatic 17 and healthy subjects 18 and
although no effect of age was found. Dyspnoea, which is emitted from the pots. A similar effect of S0 2
dyspnoea with wheezing, cough, and WASTH were on silicon carbide workers exposed to S02 concentraalso positively associated with atopy (OR = 1·0-2·3), tions above 1 ppm was found by Osterman and
Table 5 Adjusted ORs ( 95% Cls) from multiple logistic regression for van'ous symproms on current smoking, duration of
employment, and age
Duration of ernploym•nt (y )

Dyspnoea
Dyspnoea and wheezing
Cough
WASTII

Current sfMiring habits
OR ( 95% Cl)

5-10

OR (95% Cl)

OR (95% Cl )

Ag• >40y
OR ( 95% Cl)

2·2(1 · ~ · 4)

2-3 (1·0-5·3)

2·0 (0·8-5 ·2)
l-6(0·H·O)
1·7(0·H·8)

2'6 (0·9-7·2)
2·0 (0·7-6·9)
2·6 (0·8-8·0)

3-0 (1·2-H)
3·5 (1-1-10·8)
2·2 (1·0-5·1)
z.6 (0·7-9-4)

0·96 (0·9-1 ·0)
0·96 (0·9-1 ·0)
0·97 (0·9-1 ·0)
0·95 (0 ·9-1-0)

~10

...
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.. coworkers. 19 Although this possibility cannot be
· excluded, one would expect S0 2 to correlate with
exposur~ to dust and to ·contribute to a positive
association between respiratory symptoms and
exposure to dust. Exposure to S0 2, however, probably had a higher correlation with gas fluorides than
dust and hence confounding by so2 cannot be totally
ruled out. It is possible that this problem cannot be
solved by epidemiological methods even if
measurements of S0 2 are available, because of
. problems of colinearity.
MISCLASSIFICATION OF EXPOSlTRE

Several sources of misclassification of exposure are
possible. The subjects were classified according to
their self reported jobs. Within each job department
some jobs were rotated resulting in some misclassification that cannot be quantifl.ed. Furthermore, the
estimates of exposure may not give a represenrative
picture of the exposure within (~oh job category and
this results in a distorted estimate among those
subjects who were "correctly" classified. Finally, if
shorter periods of high peak exposures are the most
relevant hazard, then eight hour sampling would not
be the most optimal paramet(:.r of exposure. In a
previous report including seven alumin.ium plants in
Norway9 the prevalence of respiratory symptoms was
independent of the degree of exposure to fluoride in
the total group whereas a positive association was
found in pot operators. Differences between plants
regarding job routines, sampling of exposure
measurements, and differences in laboratory
procedures would increase misclassification. Pot
operators were thought to be the most comparable
subgroup between plants in the population and the
least prone to misclassification.
All these sources of misclassification are random
and as neither the workers nor interviewers were
aware of the degree of work exposure, the association
between work exposure and outcome will be distorted towards zero. 20
SELECTION OF POTROOM WORKERS

Even though an increased prevalence of respiratory
symptoms could be shown in the high exposure
group, the overall prevalence of respiratory symptoms in this population is not higher than reported
from general population studies 21 22 and a population
of students!' The prevaJence ofBHR was even lower
than among the general population ofN orway. 24 This
finding can probably be explained by a selection bias
that has also been described by others in connection
with dusty jobs!s.-27 Such selection was also indicated
by the data in the present study. The prevalence of no
reaction to the skin test in the study population was
75%. In two surveys of a general adult population the
similar prevalence was 49% 22 (three aeroallergens)
and 47% 21 (fourteen aeroallergens) respectively. The
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inverse relation between degree of exposure to
fluoride and duration of employment (r = -0·24)
indicates a selection within the workforce towards
cleaner jobs and is of the same magnitude as that
found by Kongeru'd et a/ 9 (r .= -0·21).
EFFECTS OF SMOKING AND DURATION OF EMPLOYMENT

The ORs of respiratory symptoms in current
smokers compared with never smokers were in the
range l·fr2·2 (table 5) (again of the same magnitude
as those found by Kongerud and coworkers 0 ). The
effect of duration of employment was also of the same
magnitude as that described earlier• and indicated a
dose-response relation in all symptoms except for
WASTH. Between these two surveys 29 subjects
reporting WASTH have been relocated to other
parts of the plE1nt. In accordance with Kongerud and
coworkers9 no effect of age was found.
The influen•:e of familial asthma and atopy was of
minor importance whereas those reporting daily use
of respiratory airway protection had an increased
prevalence o( respiratory symptoms. This finding
could be explamed by an increased use of respirators
among those who had symptoms and was also found
by Kongerud ~1 nd coworkers!
BRONCHIAL RESPONSE AND EXPOSURE TO FLUORIDE

Our data indicated a poor association between
exposure to fluoride and BHR, and makes a causal
interpretation of the association between fluoride
exposure and asthma less likely. The prevalence of
BHR was low, resulting in imprecise estimates. This
low prevalence of BHR could be explained by a
survival effect that is likely to occur under such
industrial settings 21 where irritating gases are found.
Within each job category great fluctuation of work
exposure might occur. Even in the low exposure
groups, workers might experience days with high
peak exposure. It is possible that such episodes can
cause epithelial damage resulting in a transient BHR
that returns to normal during days or weeks with
"normal" exposure and rest days. Transient airway
inflammation and BHR have also been reported after
upper respiratory tract infection!" Association between BHR and exposure to agents containing
aluminium fluoride has been reported elsewhere.2930
Thus if high peak exposure to fluorides induces BHR
a misclassification of the cases is more likely to occur
regarding prevalence of BHR than of symptoms
when geometric mean values of fluorides are used as
determinants of exposure. This is because the
subjects probably still remember such episodes when
the BHR returned to normal. These fluctuations
could also result in misclassification of exposure as
discussed earlier. The relation between BHR and
W ASTH should be studied using a longitudinal
design.
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Abstract
Background - The relation between
plasma fluoride levels and bronchial responsiveness was investigated in a longitudinal study In aluminium potroom
workers who reported work-related asthmatic symptoms.
Methods - From a cross-sectional respiratory survey, 26 men who reported
work-related asthmatic symptoms on a
validated questionnaire were selected for
repeated measurements of bronchial responsiveness to methacholine. Regular
analyses of plasma fluoride levels were
perfonned. Exposure to fluoride and total
particulates was assessed from routine
surveillance of the workplace. Bronchial
responsiveness was expressed as the doseresponse slope of the line through the origin and last data point.
Results - A positive association was found
between bronchial responsiveness and
plasma fluoride levels, such that an increase in the plasma fluoride level of 10 ng/
ml was associated with an increase in the
dose-response slope by a f'ilctor of 1•11
(95% confidence interval 1·05 to 1·17).
Plasma fluoride levels were associated
with the total atnlospheric fluoride concentration in mg/m' (p = 28·1), but not with
total particulates in the environment.
Conclusions- Bronchial responsiveness in
aluminium potroom workers reporting
work-related asthmatic symptoms appears to be related to plasma levels of
fluoride. The underlying mechanism is,
however, unknown.
(Thorax 1994;49:984-989)

Asthma and asthma-like symptoms are associated with increased responsiveness to nonspecific bronchoconstrictive agents such as
methacholine, 1 although the degree of bronchial responsiveness in asthmatics and in subjects with asthma-like symptoms changes with
time 23 and occupational asthma with bronchial
responsiveness in the normal range has also
been described.•' However, in asthmatic
patients who develop late asthmatic reactions
after specific provocation, this reaction is accompanied by an increase in bronchial
responsiveness.' 7 The level of bronchial responsiveness may therefore be an indicator of

the degree of airway inflammation.8
Aluminium potroom asthma was first described 60 years ago.' Kongerud and Samuelsen found that the incidence of work-related
asthma-like symptoms in new employees who
were asymptomatic at the time of employment
was positively associated with exposure to fluoride. 10 It is not clear whether this syndrome
is merely provoked by irritants in subjects with
pre-existing bronchial hyperresponsiveness or
is induced by an agent in the environment that
increases the bronchial responsiveness itself."
Two reports have suggested that bronchial resposiveness decreases when exposure to the
irritant ceases."" The relation between
occupational exposure and bronchial responsiveness in aluminium potroom workers
reporting work-related asthmatic symptoms remains, however, to be clarified. 11
The aim of this study was to investigate the
relation between bronchial responsiveness and
plasma fluoride levels and exposure to total
fluoride and total particulates in the environment. We also wished to study the association between plasma fluoride levels and
workplace exposure to fluoride and particulates.
Methods
In 1986 a cross-sectional survey of aluminium
potroom workers (response rate 98%) was carried out at an aluminium plant in western
Norway (Hydro Aluminium Ardal). Respiratory symptoms were recorded on a questionnaire" and spirometric tests were
performed with a dry bellow spirometer Oones
Pulmonaire, Jones Medical Instruments Company, Oak Brook, Illinois, USA). At the planning stage of this study a protocol for selection
of workers from this cross-sectional survey to a
longitudinal study of bronchial responsiveness
was also carried out. The inclusion criteria
were: (I) men with occasional wheezing and
dyspnoea in connection with potroom atmosphere exposure lasting less than two hours;
(2) no complaints during vacations (workrelated asthmatic symptoms); (3) no hospital
admissions because of asthma; (4) no asthma
before entering potroom work (this information
was obtained from a validated questionnaire");
(5) lung function (FEV 1) >80% of predicted
during symptom free periods." We chose not
to include women because only about 10% of
the workforce were women. Of 40 subjects
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TabJe I Geometn"c mean of exposure to weal fluoride and particulaces (mglm') in the 26 s1ibj~cts who participated in
the study
Prebake Z

Prebake 1

Sederbe'1J

Year

Total fluoride

Toral paniculaces

Toral fluonde

Toral parriculaces

Total fiuon"de

Toral parriculaces

1986
1987
1988
1989

0·94
0·83
0·71
0·30

3·58
4·06
3-99
1· 37

0·66
0•34
0·33
0•16

3·24
1· 58
1· 16
0 47

0·57
0 ·28
0 •30
0·17

2·97
1•90
2•57
0·88

with work-related asthmatic symptoms 14 were
excluded: five were women, one was more than
60 years of age, seven had an FEV 1 <80% of
the predicted value, and one did not wish
to panicipate. Consequently, 26 subjects gave
their informed consent to panicipate in the
study.
Their median age was 35·5 years (range
25·2-56·7) and median FEV 1 as a percentage
of predicted was 94% (range 80-105%). Ten
subjects used p, agonists (four regularly, six
intermittently), whereas the remainder did not
take any medication. There were 17 current
smokers, four former smokers, and five never
smokers. A skin prick test to five coinmon
aeroallergens was also performed; the result
was regarded as positive if the weal from any
of the allergens was larger than the his.tamine
reference. A positive reaction was found in four
subjects. Their mean duration of employment
was 12·5 years.
Methacholine challenge testing was performed as suggested by Cockcroft et al. 16 We
used the same spirometer as in the cross-sectional study in 1986. The same nebuliser was
used throughout the study, calibrated to give
an output of 0 · 13 ml/min. Aerosols were inhaled by tidal breathing for two minutes by
doubling the concentration of methacholine at
five minute intervals staning at 0·125 mg/ml.
The test was discontinued when the FEV 1 had
fallen by more than 20% of the pretest value
or when a methacholine concentration of
32·0 mg/ml was reached. Details of the procedure are described elsewhere. 1'
Venous blood was taken immediately before
the methacholine challenge. Plasma was separated and immediately frozen and stored at
·- 70°C until it was analysed for fluoride by an
ion sensitive method. 17
The smelter has two prebake depanments
and one S0derberg depanment. 11 Clean alumina is used in the S0derberg pots, whereas
the alumina in the prebake pots is recycled from
the dry scrubbers in the plant. The alumina in
the prebake pots is thus contaminated with
emission gases from the pots. The work is
divided into different job categories and the
workers were classified accordingly. 18 Results
obtained from annual routine surveillance by
personal sampling were available for calculation
of exposure to total fluoride and paniculates
in each job category - that is, information
on environmental exposure was collected from
subjects randomly selected from the total population of potroom workers. The geometric
mean of the measurements was used as an
estimate of the atmospheric exposure. These
job-specific estimates of exposure were used as
environmental estimates of exposure in each

worker who was followed. Sulphur dioxide is
also emitted from the pots, but personal samplers of this contaminant were not available.
The annual mean exposure to total fluoride and
total paniculates in each department during
follow up is shown in table I. During this
period there was a decline in the atmospheric
concentration of total fluoride and particulates.
This improvement in exposure was due to
efforts made to improve the process such as
delegation of more responsibility, better education of the pot operators, and better computerised control of the pots.
The subjects were examined at regular intervals (every third month) over a period of
two years between December 1986 and January
1989. The mean number of tests was 6·5 and
the mean observation time was 20·8 months.
Only five of the 26 were challenged on nine
occasions (maximum number); the subjects
were allowed to withdraw from the study at
any time without reponing the reason for their
decision. The reason for withdrawal was un·
known and probably not selective. All the tests
were performed between midday and 13.30
hours, and the subjects had been working for
5-6 hours before each test. In the event of
upper respiratory infection during the six weeks
before the tests, these were postponed for six
weeks. The subjects had ·not taken p, agonists
for six hours before each test.

DATA ANALYSIS

Bronchial responsiveness was expressed as the
slope of the line through the origin and the
last data point as proposed by O'Connor and
coworkers, 19 and was calculated from the following expression:
(FEVI,pc""' -FEVI,poon<>c)
(FEV 1,•""")]

X

100/((M,)

where FEV 1·•'"'"is the highest FEV 1 before the
challenge, FEV 1,pom'" corresponds to the FEV 1
at the last concentration of methacholine, and
M, is the highest concentration of methacholine
used.
As the dose-response slope is highly skewed to
the right it was log tr&nsformed using natural
logarithms. 19 To eliminilte log transformation
of negative values and values close to zero the
dose-response slope was set at 5%/32·0 mg/
m! ( = 0·156 ml%/mg) 'if a subject displayed a
decrease in FEV 1 of less than 5% at the highest
concentration of methacholine (32·0 mg/ml).
This cutoff point was chosen because the reproducibility criterion for FEV 1 was 5%. This
procedure caused censoring of 22 of the 169
tests at dose-response slope= 0·156 ml%/mg.
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0
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Follow up time (months)
Figuro I M eau plasma fl""ride concmtra<ion ( ... .. ) and
mean In (DRS) (dose-rospanse slope,--) during follow
up.

The relation between bronchial responsiveness and plasma ftuoride levels was
estimated in two different ways. Individual
slopes of bronchial responsiveness and plasma
levels of fluoride were calculated using least
squares regression, and generalised estimation
equations (GEE) were used to estimate the
overall relation between the outcome and covariates with allowance for inclusion of covariates (including time-dependent covariates)
in the model. This methodology has been developed by Zeger and Liang20 and is based
on a statistical theory referred to as quasilikelihood. This approach permits different correlation structures to be considered as well as
relaxing the unbalanced design requirement.
Furthermore, it allows for different time spacing between subjects and is highly resistant to
deviation from normalicy 20 so that any truncation due to the censoring of subjects who did
not react to methacholine should not cause any
computational problems. The analyses were
performed using the GEE procedure of the
SPIDA statistical package. 21 The natural logarithm of the dose-response slope (ln(DRS))
was entered as a continuous estimate of bronchial responsiveness as the dependent variable .
The time-dependent characteristics were included as covariates varying with time throughout the study. A constant correlation between
tests was assumed.
In a previous study we found that lung function was associated with bronchial responsiveness22 so standardised FEV 1 values
were used to adjust for changes in lung function
during follow up." As the subjects were selected with the presence of respiratory symptoms, a "regression toward the mean" was to
be expected. 24 Consequently, follow up time
(months) was included as a covariate. Information about technology (prebake/Saderberg) was used as an indicator of scrubbed
alumina exposure. As total levels of fluoride and
particulates were estimated from the routine
surveillance of the potroom atmosphere, these
covariates could be regarded as indicators of
the background occupational exposure. On the
other hand, plasma fluoride levels increase twofold from preshift to postshift values. 25 Hence,
the plasma levels of fluoride should be regarded
as an indicator of the occupational exposure
on the day of bronchial challenge.
Multivariate model building was performed
in analogy to a strategy for variable selection
for logistic regression suggested by Hosmer and
Lemeshow.26 The first step in these analyses

was to investigate the univariate association
between ln(DRS) and the ,covariates separately
using the GEE method. The Initial multivariate
model then included those covariates that were
associated with ln(DRS) at a significance level
of p,;;; 0· 25 alohg with variables of biological
importance. Finally, the rilodel was reduced by
deleting the variables which did not contribute
significantly to the model (p<0·05) provided
that the deletion did not markedly change
the estimates of the remaining coefficients compared with the full model. 26 The results of the
final model were given as the ratio DRS, • .,,
DRS,- that is, the relative change in the doseresponse slope by increasing the covariate by
tlx (Appendix).
Results
The mean bronchial responsiveness (adjusted
for bronchial responsiveness at inclusion) and
the mean concentration of plasma fluoride
shown in fig 1 indicate that bronchial responsiveness and plasma fluoride concentrations were positively correlated. A
decrease in bronchial responsiveness during the
follow up period was also seen (the increase in
bronchial responsiveness and plasma fluoride
concentration at the endpoint is mainly due to
the small number of subjects). In fig 2 the
individual slopes of ln(DRS) v plasma ftuoride
levels are plotted against the number of follow
up visits. The mean slope obtained from the
least squares estimates was 1·30 x 10- 2 (95%
confidence interval 0·98 x 10- 2 to 1·62 x 10-').
The results from the univariate analyses indicated that the following covariates reached
a sufficiently high level of significance to be
included in the initial multivariate model: technology (prebake v Saderberg), plasma fluoride
level, follow up time, total particulates, and
smoking. As the aim of the study was to investigate the relation between bronchial responsiveness and occupational exposure, total
fluoride exposure was also kept in the initial
multivariate model even though p>0·25. The
univariate association between ln(DRS) and
plasma ftuoride levels using the GEE method
was 1·47 x 10-z (95% confidence interval
0·95 x to-• to 2·00 x 10-').
Smoking habit was dropped from the model
according to the criteria for model reduction.
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Relation between fiuon'de exposure and bronchial responsiveness
Table 2 R,laz(~< <hang< in D RS (DRS,. "'IDRS) by increasing the covan'ate by an
amount o/dr ohrai•<d from rl,. fi nal muln'variate model using the GEE procedure for

repeated mMrurlnrt m.f, gm uprd by subject
~X

Independent vanable

DRS,~~IDRS,

95% Cl

0·39

0 19 (0 0·76
1·05 to 1· 17
0·83 10 0 ·96
0·87 to 0·98
0 80 10 I 94

Technology

Preb>l« ·v Sode<berg

Pluma fluoride: {ng/m~

10
6
1·0
0·5

Follow up tlm• (mono>)

Tot'll ~anitulalcS (mf[m ')

Toto! uorid< (m!llm )

Ill

0·89
0·92
1·25

DRS =dose-response slope .

Ta.ble 3 Regtessiotl of plasma fiuon'de concentration (nglml) as the dependem van·able
usmg the GEE procedure for repeaced measurements grouped by subject
Independent van·able

Technology
Prebake v S0derberg

f~~:: ~~~~~!a(~~~~mJ)

/1

SE

- 10·4
-3· 3
28 I

7·3
2· 3
9·4

0 16
0· 15
0·003

Apan from total fluoride exposure, the eo~
efficients between bronchial responsiveness
and the other covariates were significant
(p<O·Ol). The removal of total fluoride ex~
posure from the model caused the distonion
of the coefficient between bronchial re~
sponsiveness and total paniculate exposure. As
a result, total fluoride exposure was kept in
the model even though its association with
bronchial responsiveness was not significant.
Due to a high number of dropouts the model
was fitted to the first five follow up visits that is, complete follow up of 85% of the
subjects. The analysis of this subset caused
only minor changes to the relation between
ln(DRS) and plasma fluoride concentration)
~'" = 1·02 x 10- 2 v ~'"b"' =0·92 x 10-') and the
association between bronchial responsiveness
and plasma fluoride concentration remained
significant (p<0·005).
The results of the final mode are given in
table 2. An increase in plasma fluoride levels
of I 0 ng/ml was associated with a relative in~
crease in the dose-response slope of 1·11
(p<O ·OOI) - that is, an increase of plasma
fluoride of 66 ng/ml should be associated with
a doubling of the dose~response slope (fig 3).
Similarly, the relative decrease in the dose~
response slope per month during the follow up
was 0·98, equivalent to 0·80 per year
(p<O·OOS). A decrease of the relative doseresponse slope per 1·0 mg/m 3 increase in total
particulates of 0·92 (p<O ·OI) was also found.
Finally, an increase in total fluoride exposure
of 0·5 mg/m 3 was associated with a· relative
6
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Figure 3 The eslimated ratio DRSHll·iDRSx as a
function of plasma fluon.de concemration. Broken lines=
95% confidence imeruals.

increase in the dose~response slope of 1·25,
although this was not significant. However,
total paniculate and total fluoride exposures
were highly correlated (~=3·66, SE=0·27,
p<O·OOI), and the relation between bronchial
responsiveness' and exposure to total particulates and total fluoride was dependent on
whether or not both were kept in the model,
as outlined above.
A decrease in exposure to total fluoride and
total paniculates during the follow up period
was seen (table 1). The relation between plasma
levels of fluoride and total fluoride exposure
was significant (~ = 28·1, p<0·005), whereas
no association between plasma fluoride levels
and exposure to total paniculates occurred
(table 3). There was no difference in plasma
fluoride levels between those working in the
S0derberg and prebake depanments.
Discussion
Plasma fluoride levels were found to be
positively associated with bronchial responsiveness. A positive relation between
plasma fluoride levels and total fluoride in the
environment was also established.
This result could be biased by the large
number of dropouts. We therefore investigated
this possibility in three ways: (I) by plotting
the individual least squares regression slopes
against the number of follow ups and estimating
the relationship between the ln(DRS), (2)
the number offollow up visits during the complete study period, ·and (3) the plasma fluoride
levels in a subset of the follow up visits. None
of these analyses indicated any association between the outcome and the number of follow
up visits. Since a confounder must be associated
with the outcome as well as the exposure under
study," we believe that the estimated as~
sociation between bronchial responsiveness
and plasma levels of fluoride is not distoned
by the large number of dropouts.
In a cross-sectional study of bronchial responsiveness at the same plant in 1988 we
found no association between bronchial responsiveness and occupational exposure to particulates or fluoride in the environment." This
negative result could be explained by a selection
bias as subjects with increased bronchial re~
sponsiveness are more likely to leave jobs with
greater exposure than subjects with normal
bronchial responsiveness. In a longitudinal design the subjects are their own controls and
this type of selection bias can be vinually eliminated."
Although a positive association between
bronchial responsiveness and plasma fluoride
levels was found, some caution is needed in
the interpretation of the result . In this context
plasma fluoride levels are merely an index of
occupational exposure - that is, the causative
agent could be a non-fluoride containing agent
such as sulphur dioxide or other components
of the potroom atmosphere. Nevenheless, the
finding that plasma fluoride levels were positively correlated with total fluoride levels indicates that an agent containing fluoride may
be more likely to be the causative agent. A

988

S1ystth, Kongtrud, Ekstrand, Bo•

similar finding is also reported for respiratory plicable when comparing the effects of exposure
symptoms.'o'•
in the prebake and S0derberg potrooms.
The adequacy of the GEE method could be
A weak, although significant, negative asquestioned. We found, however, a large overlap sociation between bronchial responsiveness
between the estimates supported by the uni- and exposure to total particulates was found.
variate GEE analysis and the mean estimate It is difficult to explain this relationship in
obtained from the least squares regression. The terms C?f the misclassification of exposure as
GEE method resulted in wider confidence in- ·this should bias the estimate towards the zero
tervals than the least squares regression, as effect," provided that the classification of parexpected.20
ticulate exposure was independent of the outSince bronchial responsiveness decreased come (bronchial responsiveness). It is possible
during the follow up period, the estimated that the workers in the most dusty environment
association between bronchial responsiveness were more likely to wear respiratory safety
and plasma fluoride levels may be due to a masks causing a preventive effect on particulate
"regression toward the mean" effect24 as the exposure. However, we have no data on this.
subjects were included on the basis of the Alternatively, the association might arise as a
presence of respiratory symptoms. Although result of the colinearity between exposure to
this possibility cannot be ruled out, we believe total particulates and total fluoride as outlined
that the inclusion offollow up time adjusts for above . Finally, in a previous cross-sectional
study we found a slight negative relation bethe regression effect.
Ehmebo and Ekstrand studied the relation tween exposure to total particulates and rebetween exposure to fluoride and plasma flu- spiratory symptoms 28 so that a protective effect
oride levels in aluminium potroom workers" by the dust - for example, alumina - on the
and found, on average, a doubling of the plasma airways cannot be ruled out.
We also found a positive relation between
fluoride levels from the preshift value. The
plasma fluoride level is therefore a good in- plasma levels of fluoride and total fluoride exdicator of exposure to fluoride on the day of the posure, but not with exposure to total parbronchial challenge. However, total exposure to ticulates. In a study of aluminium potroom
fluoride (estimated from the routine sur- workers Ehmebo and Ekstrand found a positive
veillance) could be regarded as an estimate of relation between fluoride exposure measured
the mean background level of fluoride. From by personal samplers and plasma fluoride
these considerations and the observation that levels. 25 In their study the blood samples and
bronchial responsiveness was mainly de- the environmental measurements were taken
termined by plasma fluoride levels, it seems from the same subjects. In our study estimates
likely that bronchial responsiveness can in- of environmental exposure were obtained from
crease rapidly following acute, high exposure the routine surveillance of the potroom ento fluoride (the workers had been exposed 4-6 vironment. Nevertheless, it appears that there
hours before the bronchial challenge). In a is a good agreement between the results of these
previous report we were unable to find any two studies. Some cautions must, however, be
association between bronchial responsiveness taken into account in our study because of
and duration of exposure." Previous exposure colinearity between atmospheric levels of fluwas not therefore considered as a covariate in oride and particulates.
these analyses.
In conclusion, a positive association between
It is generally accepted that airway in- bronchial responsiveness and plasma fluoride
flammation can be induced by sensitisers" or by levels was found in subjects reporting workirritants such as chlorine, acid, sulphur dioxide, related asthmatic symptoms. It is possible that
after single accidental high exposure." Whether this effect is caused by fluoride exposure in the
airway inflammation can be induced by re- environment, although confounding by another
peated exposure to low levels of irritants is agent cannot be ruled out.
controversial. Hjortsberg and coworkers reported late asthmatic reaction with potassium
aluminium tetrafluoride." Gylseth and eoworkers demonstrated fibres thinner than Appendix
0·1 ~ in diameter and shorter than 5 1-1m in Let DRS, correspond to the dose-response
the potroom atmosphere." These were iden- slope at a level x of a covariate X, and DRS.....
tified as sodium aluminium tetrafluoride to the dose-response slope after increasing X
(NaAlF,) which is very similar to potassium by the amount of~. The estimated change in
aluminium tetrafluoride. It is possible that DRS from the GEE analysis is then given by:
NaAIF, can act as a hapten, and this hypothesis
should be tested by the specific provocation of
ln(DRS, • ..,) -ln(DRS,) =
workers with potroom asthma using NaAlF,.
~ X (X + ~X) - ~ X X
Working in the S0derberg potroom was asln(DRS.. .JDRS,) = p x ~x
sociated with an increase in bronchial reDRS,..,)DRS, = exp(p x ~x)
sponsiveness compared with the prebake
95% Cl for DRS, • .,)DRS,:
potroom. Since the atmospheric exposure ro
exp(p x ~± 1·96 x SEx ~x)
fluoride was lower in the S0derberg than in the
prebake potrooms, this finding may be caused
by a selection effect. None of the subjects was If DRS increases as x increases, the ratio
exposed in both kinds of potrooms, so the DRS, • .JDRS, >I and DRS, • .JDRS, is <I if
advantage of a longitudinal design is not ap- D RS decreases as x increases.
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Abstract We have compared the bronchial responsiveness (BR) of 12 aluminum potroom workers (index
group) who were relocated due to work-related asthmatic symptoms (WASTH) and 26 subjects (reference
group) with WASTH who continued to work in potrooms. The subjects were examined at regular intervals
during a 2-year follow-up period. BR was expressed as
the log-transformed dose-response slope [Ln
(DRS + 0.5)]. The monthly change in BR (LlBR) in the
index group was - 4.87 x 10- 2 compared with
- 1.58 x 10- 2 in the reference group. After adjustment
for potential confounders, the difference between the
index group and the reference group was - 2.39 x
10- 2 (95% Cl: -4.07 x 10- 2 to - 0.71 x 10- 2 ), i.e.
49% of the decrease in BR in the index group could be
explained by the removal from exposure. No improvement in lung Junction was found in the index group
compared with the reference group. The results indicate
that the removal of potroom workers from exposure
causes a decrease in BR.
Key words Aluminum · Asthma · Bronchial ·
provocation tests · Longitudinal study · Lung function

Introduction
There is growing evidence that asthma is an inflammatory disease, and bronchial responsiveness (BR) to nonspecific bronchoconstricting agents is regarded as an
V. Sl!lyseth (IBI) •
•
Hydro A1uminum Ardal, N-5870 0. Ardal, Norway
V. Sl!lyseth · J. Kongerud · J. Boe
Department of Thoracic Medicine, National Hospital, Oslo,
Norway

indicator of the degree of airway inflammation (AI) [6,
8, 10, 16]. Thus, BR could perhaps be used to estimate
the effect of intervention in asthmatics, i.e., in patients
suffering from occupational asthma, the effect of removal from exposure could be evaluated by studying
BR during follow-up. In a previous report on BR in
aluminum potroom workers with work-related asthma
[19], we found a tenfold increase in PC 20 (i.e., the
concentration of methacholine that causes a 20% decrease in FEV 1 from baseline) after removal from exposure. Similar results were also found by O'Donnel et al.
[15]. In another study of the effect of relocation on BR
in potroom workers, no improvement of BR was found
in the majority of workers after removal from the
potrooms [17]. In none of these studies was a continuously exposed group used to control for "the regression
toward the mean" effect (the spontaneous improvement
in health status) [9]. The influence of other extraneous
determinants of BR such as smoking or lung function
was not investigated. Consequently, the conflicting results between the two former studies [15, 19] and the
latter study [17] could be due to the lack of control of
"the regression toward the mean" effect or other confounders.
In the present longitudinaJ study we made repeated
measurements of BR in two groups of aluminum potroom workers who reported work-related asthmatic
symptoms (i.e., the combination of dyspnea and wheezing improving on days away from work: WASTH). The
index group consisted of workers who were relocated
because of their symptoms, whereas the workers in the
reference group continued to work in the potrooms.
The objective of the study was to estimate the monthly
change in BR after relocation, adjusting for the effect of
regression toward the mean.

0. 0. Aalen
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Materials and methods

G. Batten
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The study was conducted at an aluminum plant in western Norway
(Hydro Aluminum Ardal).
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Table I Characteristics of the subjects 1n the index group and the
reference group at inclusion. The interquartile ranges are shown in
parentheses [DRS dose-response slope (%mljmg)]
Category

Index group
(n = 12)

Age (yrs)
37.4 (25 4-48 7)
Ln (DRS + 0,5)'
1.6 (0.5-2.7)
Smoking habits (n)
Current smokers 5
Nonsmokers
7
FEV 1 (% of pred.) 85 (62-99)
8 4 (4 3-25.0)
Duration of empl.
(yrsl
Occupational
exposure at
inclusion (mg; mJ)
Total particulates 2-2 (2.1-2.9)
0-5 (0.4-0.7)
Total fluoride

Reference group
(n = 26)
36.5 (29.8- 47.6)
0 3 (- 0.2-!.3)
17
9
94 (84-103)
12_0 (4 5-25.0)

Statistical analyses
BR was expressed as the slope of the line through origin and the last
data point (dose-response slope, DRS), as proposed by O'Connor et
al. [14] , and was calculated from the following expression:
(FEY .. , ...... - FEV I•P""'"' X100/[(M,) (FEV .. ,,,,.,)].

2.4 (2. 1-3.2)
0.5 (0.4-0.9)

The index group comprised all the employe~ considered by the
plant physicinn (V.S.) as needin!! to trnnsfer to a nother, less polluted
or nonpolluted job because or WASTH . Nine or the 12 subjects were
treated with P2-ngonists and two of them were also treated with
inhaled corticosteroids The subjects were included from January
1987 to February 1988
The reference group comprised employees with occasional respir·
atory symptoms in connection with potroom atmosphere, no
asthma before entering pot room work, and a FEV 1 better than
80% of predicted [7] during symptom-free periods. A total of 26
s ubjects gave their informed consent to participation in the study.
Ten of the subjects in the reference group were treated with j) 2 -agonists_ These workers continued to work in the potrooms in spite of
their symptoms. They were included from December 1986 to February 1987.
Prior to inclusion, the workers 1n both groups completed a respir·
atory questionnaire [!I) and reported the combination of dyspnea
and wheezing improving on days away from work. Exposure data
were obtained from the routine surveillance of the workforce by
personal samplers. Data on the exposure of the subjects at inclusion
are shown in Table 1, whereas the exposure to total fluorides and
particulates in the reference group during the follow-up is shown in
Table 2.
A dry bellow spirometer (Jones pulmonaire, Jones Medical Instruments Company. Oak Brook, Ill.) was used for measurements of
FEV 1. Methacholine challenge testing was performed as suggested
by Cockcroft [2). The same nebulizer was used throughout the
study and it was calibrated to give an output of 0.13 ml/min. Aerosols were inhaled by tidal breathing for 2 min by doubling the
concentration of methacholine at 5 min intervals, starting at
0.125 mg/ml. The test was discontinued when FEV 1 had fallen by
more than 20% from the pretest value or when a methacholine
concentration of 32.0 mg(ml was reached. Lung function was expressed as standardized FEV 1 (SFEV .J [13) in order to make
adjustments for differences associated with differences in age and
height.

Table 2 Mean exposure to total
fluorides and particulates
(mgfmJ) in the reference group
during the follow- up

The subjects were examined at regular intervals (Fig. 1) starting in
December 1986 and ending in January 1989. The total number of
tests was 240; the mean number was 5.9 in the index group and 6.5 in
the reference group. All the tests were conducted between 12.00 a.m.
and 1.30 p.m. The test was postponed for 6 weeks in the event of
upper or lower respiratory infection. The subjects were not to have
taken P1 -agonists for 6 h prior to the test.

(I)

where FEV 1,,,.,.., = largest FEV 1 before the challenge, FEV "'""'"
corresponds to FEV 1 at the last concentration of methacholine, and
M, is the highest concentration of methach oline used.
As DRS is highly skewed tO the right, ORS was log-transformed
by the formula Ln (DRS + 0.5) (Ln =natural logarithm) [14). The
constant (0.5) was added in order to omit the log-transformation of
negative values [14). The relationship between the monthly change
in Ln (DRS + 0.5) (t.BR) during follow-up and covariates was
estimated by a weighted regression of the individual t.BR,.
Individual least-squares slopes of Ln (DRS + 0.5) (b,) versus time
were calculated for each subject with three or more recordings. In
2 of the 26 workers in the reference group only two recordings of
DRS were available, whereas all the subjects in the index group had
three or more recordings. The analyses therefore included the remaining 36 workers. A regression of b,.'s on group was then calculated using a maximum likelihood weighted regression method.
The method is described by Diem and Liukkonen [4] (method 1).
The analyses were performed using the statistical SYSTAT package
[21]. The maximum likelihood estimates of the coefficients of the
covariates were obtained by defining the LOSS function [21] as the
log-likelihood of the b,•s [4].
In order to make adjustments for differences between the groups
at inclusion, in the study, the followtng covariates were included in
the initial model: BR at inclusion, treatment with inhalation drugs,
smoking status, lung function at inclusion, number of follow-ups,
and duration of employment. Age was not included as the age
distribution was very similar in the two groups (Table 1).

Results
The mean BR in each group during follow-up is shown
in Fig. 2. A decrease in BR during the follow-up was
indicated in both groups: however, the curve in the
index group appeared to be the steepest. Least-squared
regression analysis indicated a highly significant negative association between Ln (DRS + 0.5) at inclusion
and initial SFEV 1 (p = - 0.65, P = 0.001). The improvement in BR was greater among those subjects
who had the highest degree of BR at inclusion (Fig. 3).

Exposure

Test number

Total fluorides
?articulates

0.5
2.4

4

05
27

0.5
2.6

0.5
2.6

6
0.5
2.8

0.5
2,2

0_4
1.9

0_4
2.8
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Fig. 1 Number of subjects and
observation time during the
follow-up
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Fig. 3 The relationship between llBR during the follow-up and BR
at inclusion. The outlier (8.BR = - 1.81) is not included on the
figure. [8.BR = 8.Ln (DRS + 0.5)/month]

An outlier was identified in the data set: one of the
relocated subjects developed WASTH 8 months after
employment. His Ln (DRS + 0.5) was 1.81 at the time
of removal and it decreased to -0.18 after 1.5 months
away from exposure.
The weighted means (using the inverse of the variance as weights) of the estimated individual bi [i.e., the
monthly change in Ln (DRS + 0.5)] in each group
stratified for inhalation treatment, smoking status, lung

function, number of follow-ups, and duration of employment are listed in Table 3. The monthly decrease in
BR was greater in the index group (- 4.87 x 10- 2)
than the reference group (- 1.58 x 10- 2 ). The results
also indicated that the improvement in BR was greater
in nonsmokers (- 3.24 x 10- 2 ) than in current
smokers (- 2.07 x 10- 2 ) and that this difference was
greater in the index group than in the reference group .
Similarly, the decrease in BR was greater in those
subjects
who
were
treated
with
inhalers
(- 3.23 x 10- 2 ) than in the non treated subjects
(- 1.74x 10- 2 ). A positive association between lung
function and ~BR was also indicated, i.e., those subjects who had the lowest lung function experienced the
largest decrease in BR during the follow-up.
The full model included group, BR at relocation,
treatment, smoking status, lung function, number of
follow-ups, and duration of employment. The following
covariates were not significant (P > 0.05, two-tailed):
SFEV 1 (P = 0.1), smoking habits (P = 0.2), number of
tests performed (P = 0.5), and duration of employment
(P = 0.2). We tried to remove each of these variables
separately in order to reduce the model. Removing the
number of tests changed the effect of treatment from
-2.42 x 10- 2 to - 1.62 x 10- 2 , whereas the removal
of SFEV 1 caused a reduction in the difference between
the groups from - 2.49 x 10- 2 to - 0.89 x 10- 2 . If
duration of employment was excluded from the model,
the difference between the groups was dependent on
whether the outlier was kept in the model or not.
However, deleting smoking habits from the model
caused only minor changes in the other coefficients and
the associations between ~BR and the other covariates
were not affected by whether or not the outlier was kept
in the model. The effect of including product terms
between group and treatment and between group and
smoking habits was also investigated. None of these
product terms were significant, thereby indicating no
effect modification of smoking or treatment on the
improvement in BR after relocation.
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Table 3 Weighted mean of the
monthly change in Ln
(DRS + 0.5) in the index group
and the reference group
stratified for inhalation
treatment, smoking status,
SFEV,. number of follow-ups,
and duration of employment.
The number of subjects in each
category is shown in parentheses

Treatment
2
Yes (X
)
No(xi0- 2)
Smoking status
Current smokers (X 10- 2)
Nonsmokers ( x 10 · 2 )
SFEV,
'( - 1.0 (X 10 " 2 )
> - 1.0 ( x w-'J
No . of follow-ups
,;;6(xl0- 2 )
> 6 (x 10- 2 )
Duration of empl (yrs)
'( 10 (X 10 2 )
> 10 (x w- 2 )
2
)
Total (X

w-

w-

Table 4 Weighted regression of monthly change in Ln (DRS + 0.5)
on several covariates during follow-up (DRS dose·response slope)
Independent
Variable
Group
Index vs ref ( x 10 ')
BR~ ( x 10- 2 )
Antiasthmatic treatment
User vs non user ( x 10- 2 )
SFEv-' ( x 10,)
No. offollow·ups' (X 10- 2)
Duration ofemp1. (X 10- 2 )

SE

95% Conf.
int.

- 2.39
. 0 97

0 86
0 30

- 4.07 -0.71
- 1.56 - 0.37

-2.38
-0.71
0.28
-0.05

1.05
0.44
0.34
0,04

-4.44 -0.32
·- 1.57
0. 16
-0.39
0.94
-0.12
0.02

Coefficient

'Br 0 ~ Ln (DRS + 0.5) at inclusion
'Entered as a continuous variable

The final model of the two·stage regression 1s shown
in Table 4. In this model, the difference in L'lBR between
the index group and the reference group was
-2.39 x 10- 2 : the improvement in BR that could be
explained by the removal from exposure was reduced
to -2.39 x 10- 2 /-4.87 x 10- 2 = 49% of the crude
estimate. During 24 months of follow-up, the expected
decrease in DRS in the index group compared with
the
reference
group
was
approximately
[I- exp(- 2.39 x 10- 2 x 24)] x 100% = 44%. A significant negative association between L'lBR and BR at
inclusion was also found, i.e., those subjects who were
most reactive at inclusion experienced the largest improvement
in
BR
during
the
follow-up
(L'lBR = -0.97 x 10- 2 ). Those subjects who were
treated with anti-asthmatic drugs experienced a greater
decrease in BR than those who were not treated at
inclusion (L'lBR = - 2.38 X w- 2 ).
The weighted monthly change in FEY 1 was - 7.2
(mljmonth) in the index group and - 6.0 (mljmonth) in
the reference group. The regression analysis did not
reveal any significant association between the change in
FEY 1 and group, BR at inclusion, or smoking habits.

Index

Reference

Mean (n)

-4.99 (9)
- 2.77 (3)

- 1.32 (8)
- 1.71 (16)

- 3.23 (I 7)
- 1.74 (19)

- 3.80 (6)
- 5 77 (6)

- 1.65 (17)
- 1.42 (7)

- 2.07 (23)
- 3.24 (13)

-4.72 (7)
- 5 10 (5)

- 2.78 (8)
- 1.14 (16)

- 3 65 (15)
- 185 (21)

-4.02 (6)
- 5.22 (6)

- 2.77 (6)
- 1.45 (16)

- 3.42 (14)
- 2.33 (22)

- 4.78 (7)
-4.98 (5)
- 4.87 (12)

- 1.96 (9)
- 1.35 (15)
- 1.58 (24)

- 2.94 (16)
- 2.16 (11)
- 2.49 (36)

The two subjects who used corticosteroids (both in the
index group) terminated this treatment during the first
3 months after relocation.

Discussion
In the present study we found that 49% of the improvement in BR could be explained by the relocation. There
was no difference in the monthly change in FEY 1
between the groups during follow-up, although a close
relationship between SFEY 1 and BR was found.
In this study the subjects were selected on the basis of
asthmatic symptoms. As the severity of lower respiratory symptoms is closely related to an increased BR [5],
a "regression toward the mean" effect is to be expected
in terms of BR during the follow-up [18]. In a controlled clinical study, "the regression toward the mean" can
be compensated for by including a control group [3].
In our study the reference group is a counterpart to
a control group. However, the reference group in our
study and a control group in a clinical study have at
least two important dissimilarities: (1) in our study the
subjects were not randomly selected for inclusion in the
index group or the reference group, thereby causing
differences between the groups at inclusion; (2) the
control group in a clinical study is treated with placebo,
which is not time dependent, whereas the exposure in
our reference group may have changed during the follow-up. Randomization of workers to relocation would
have balanced BR at inclusion between the groups.
Such randomization would, however, be unethical.
There was, nevertheless, considerable overlap between
the groups at baseline regarding extraneous factors, i.e.,
adjustments for differences between them could be
done during the analyses. The initial lung function, BR,
asthmatic treatment, and duration of employment were
therefore included in the model. However, the second
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problem is more difficult. Given that there is a positive
association between potroom exposure and BR, the
effect of relocation is probably underestimated for the
following reason: Exposure data of those workers who
continued their work in the potrooms indicated that no
or only a minor improvement in the environment occurred during the follow-up. Some of the relocated
workers were, however, still exposed to some dust and
gases in other departments of the plant. Thus, an
underestimation of the improvement in the index group
cannot be ruled out.
Nevertheless, after adjustment for several covariates
of t.BR, a significant decrease in BR was found among
the relocated workers compared with the workers who
continued their exposure. The difference in BR between
the index group and the reference group might seem
small. Nevertheless, the improvement in the index
group compared with the references was approximately
44% during 2 year's follow-up.
This reduction in BR could perhaps be caused by an
improvement in lung function [1, 12]. The negative
association between lung function and BR was also
confirmed by this study. We were not, however, able to
demonstrate any improvement in FEY 1 in the index
group compared with the reference group. Thus, changes in airway diameter cannot explain the decrease in
BR. We believe that the observed improvement in BR
in the relocated workers is due to a decrease in Al.
The monthly decline in FEV 1 during the study did
not produce significant results. This could be due to
sparse data. Any evaluation of the effect of removal
from exposure on lung function therefore requires more
subjects and longer follow-up. Even so, we found that
the estimate of monthly decline in FEV 1 was close to an
estimate of the difference in annual decline in FEV 1 in
a previous study of potroom workers at the same plant
[20).
In conclusion, about 50% of the observed improvement in BR in aluminum potroom workers reporting
WASTH appears to be explained by removal from
exposure. This improvement cannot be explained by
changes in airway diameter. We believe that the observed improvement in BR is an indicator of reduction
in inflammation of the lower airways.
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Abstract
We have compared the number of. capillary
eosinophils (EOS) and the prevalence of bronchial
hyperresponsiveness (BHR) between schoolchildren
living in a polluted area (Ardal) and unpolluted
area

(~rdal).

In Ardal there is an aluminium smelter
emitting sulphur dioxide and fluoride to the
environment.

Daily measurements of these

pollutants in ambient air were available.

The

mean number of EOS in Ardal was 220xl06/L compared
with 106x106/L in
was

15.9~

L~rdal.

in Ardal and

The prevalence of BHR

11.8~

in

L~rdal .

The odds

ratio of having BHR in relation to these
pollutants during the last 24 hours were: 1.12
(95% confidence interval (CI), 1.01 to 1.24) by
increasing sulphur dioxide with

10~g/m3,

and 1.31

(95% CI, 1 . 07 to 1.60) when fluoride exposure
increased with

l~g/m3.

Similarly, these exposures

were associated with a decrease in EOS of
-21x106/L (95% CI, -36xl06 to -6xl0 6) and
-52x106/L (95%

er, -98x1o6 to -8xl06),

respectively, in atopies.
It is hypothesised that recent exposure to
irritants induces changes in the airways leading
to BHR in addition to recruitment of EOS to the
airways in atopies.

2

-'
3

The number of blood eosinophile (EOS) is
increased in subjects with atopies
non-atopies (1).

~ompared

with

An accumulation of EOS is

reported in the bronchoalveolar lavage fluid
during allergen-induced late-phase reaction (2).
This influx of EOS to the airways is associated
with a temporal increase in bronchial
responsiveness accompanied by a decrease in
peripheral EOS (3).

The number of EOSin

bronchoalveolar fluid is also positively
correlated with bronchial responsiveness in
asthmatic adults and children (3,4).
Results from experimental studies in guinea
pigs have indicated that EOS accumulate in the
lower airways after exposure to ozone (5) and
nitrogen dioxide (6).

It is thus likely that non-

immunologic agents can stimulate EOS.

Studies in

humans of the effect of different environmental
exposures on the number of blood EOS are
recommended (7).
we counted blood EOS and measured bronchial
responsiveness to methacholine in schoolchildren
in two valleys in western Norway (Ardal and
L~rdal).

In Ardal (index area) there is an

aluminium plant emitting air pollutants to the
environment, whereas

L~rdal

(reference area) is an

agricultural municipality with low level of air
pollution.

In a previous report of the same

cohort of schoolchildren we found that the
3

4

prevalence of bronchial hyperresponsiveness (BHR)
was positively associated with

expo~ure

to air

pollutants during the first three years of life
( 8) •

The objective of the present study was to
investigate the effect of recent (during the last
24 hours to 30 days) exposure to sulphur dioxide
and fluoride on blood EOS and bronchial
responsiveness.

Materials and methods

Study area
Both Ardal and

L~rdal

are valleys with

mountains with an altitude of 1,200 ·1,500 m on
each side.

In Ardal, there are two towns

separated by a 12 km long lake: Ardalstangen and
0vre Ardal.

The size of the population in these

two towns is about 2,500 and 4,000 respectively.

The

L~rdal

valley is about 40 km long and people

live at points throughout the length of the
valley.

About 25% of the population are farmers

and the total population is some 2,300 people.
L~rdal,

In

no industry emits air pollutants and the

traffic is sparse . . The climate is very similar in
the two valleys: the

annual rainfall ranges from

490 to 690 mm and the mean temperature is about
-3°C in January and 14°C and in July.

4
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Study population
All the pupils in the first, third and fifth
grades (i.e. aged 7-13 years) in Ardal and Lardal
were invited to participate in a cross-sectional
study during the 1989-92 winter seasons.

One of

the parents attended the examination with the
child.

All the children and their parents were

informed about the aims of the study and the test
procedures.

The protocol was approved by the

regional ethics committee.

In all, 620 from 645

eligible pupils attended the clinical examination,
i.e. the overall response rate was 96.1%.

The

mean age (SD) was 9.3 (1.7) years, 8.2 %had ever
had asthma and a positive skin prick test was
found in 17.8 %.

Questionnaires
Prior to the clinical examination, the
parents received a respiratory questionnaire (9),
including questions about the familial history of
asthma or hay fever, respiratory symptoms,
bronchitis before two years of age (BTY) and the
parents' smoking habits at the time of the
examination.

Blood eosinophil cell count and skin prick test
Capillary blood smears were collected and EOS
were counted using a Fuchs-Rosenthal chamber (10).
The result was given as the mean of two parallel
5
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counts, measured as x106cells/L.

Of the 620

subjects who participated in the study, a
capillary blood sample was obtained from 434
(70.0%) subjects.
Skin prick tests (SPT) were performed on 556
(89.7%) of the 620 subjects who attended the
examination using lancets coated with eight common
aeroallergens (Phazet®, Pharmacia, Uppsala,
Sweden)(11).

Five doctors were trained to perform

the skin prick test; one of them (VS) tested
subjects in both areas.

The following allergens

were used: birch, cat, cladosporium, dog, horse,
house mite, mugwort and timothy,

in addition to

histamine and saline references.

The weal size

was recorded after 15 minutes and given as the
mean of the long axis and its perpendicular and
was regarded as positive if it was

~

3 mm.

Those

who had a positive reaction to at least one of the
SPT were considered to have atopy.

Lung function and bronchial responsiveness
Spirometry was performed using a
pneumotachograph (Vitalograph©, Birmingham, UK)
which was calibrated daily to 5 L using a 1 L
syringe.

The test was accepted if the difference

between the best and the second best test varied
by less than 5% or 100 ml, whichever was larger.
The result was given as FEV 1 a as percentage of
predicted using the predicted values published by

6
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Cotes (12).

Methacholine challenge was performed

using a shortened version of the protocol
suggested by Cockcroft (13,14).
whose baseline FEV1

was

~

All the subjects

70% of predicted (12)

were invited to perform the challenge test.

The

response to the methacholine challenge was
expressed as PC 20 : i.e. the concentration that
caused a fall in FEV 1 of 20% from baseline
calculated by linear interpolation on the loglinear dose-response curve.

If FEV 1 was less than

70% of predicted (12), the subject was asked to

perform a reversibility test.

After 2 inhalations

of 0.1 mg of salbutamol (Ventoline®), a second
spirometry measurement was made 5 minutes later.
A subject was regarded as having BHR if PC 20
~8

mg/ml or FEV 1 increased by more than 10% at the

reversibility test.

Bronchial responsiveness was

also expressed as the log- transformed doseresponse slope as suggested by O'Connor et al
( 15) •

Assessment of environmental exposure
In 0vre Ardal there is an aluminium smelter
producing 180,000 tonnes of primary aluminium
annually.

The main emissions from the plant are

sulphur dioxide, fluoride and particulates.

The

concentration of sulphur dioxide and fluoride in
ambient outdoor air has been measured every day at
one station in both towns since 1978, using
7
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equipment for continuous sampling.
sampler have been used:

Two types of

(1) one equipped with an

absorption solution for sulphur dioxide and (2)
one with an alkaline filter for the absorption of
fluoride.

Both kinds of samplers were constructed

exclusively to absorb gas.

The sampler shifted

from one bottle (sulphur dioxide) and filter
(fluoride) to the next every 24 hours at 10 a.m.,
i.e. the daily mean was measured.

The subjects

attended the examination between 8 a.m. and 3 p.m.
Hence, the measurements of sulphur dioxide and
fluoride on the previous day could be regarded as
estimates of the mean exposure to these agents
during the last 24 hours.

The majority of the

population in Ardal live less than 2 km from the
location of the samplers.

Data on temperature and

humidity were also available.
The exposure of the subjects was classified
as follows:

In each subjects living in the index

area two indices of exposure to sulphur dioxide
and f 1 uor ide were used:

(i) Current exposure: exposure

during the last 24 hours prior to the examination;
(ii)

Lastmonthexposure: exposure during 1-30 days

before the survey.

The median and 10th-90th

centiles of the exposure to these agents are
listed in Table 1.
During the winter of 1991, the concentration
of sulphur dioxide in

L~rdal

was measured using

the same type of equipment as in Ardal and
8
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analysed at the same laboratory.

The median was

2.5 pg/m3 (10th-90th centiles: 0.1-11.1) in 44
observations (i.e. about 1/10 of the level in
Ardal).

At the same time, the concentration of

fluorides was not detectable.

Statistical analyses
Univariate analyses (t-tests and

x2-

statistics) were used to investigate the
association between each of the outcomes and the
exposure variables in the index group.

The

association between the outcome and each of the
following covariates were examined: age, gender,
atopy, familial history of asthma or hay fever,
FEV 1 (as %of the predicted value), BTY,
temperature, humidity, parental smoking and
presence of animals in the household.
Multivariate analyses were used in order to
control for extraneous effects.

A covariate was

included if the univariate test had a p-value
~0.25

(22).

The full model was reduced by

backward elimination using the partial F-test as
the selection criterion (17) in the multiple
regression model and the log-likelihood test in
the logistic regression model (22).

The

covariates were removed from the model unless the
reduced model deviated from the initial model at a
significance level of 5% or the coefficients of
the exposure variables changed by more than 20%
9

10

compared with the full model.

In these analyses,

sulphur dioxide and fluoride exposure data were
used as continuous variables.

The analysis of EOS

was performed using the SYSTAT statistical package
(19), whereas the LOGIT module of SYSTAT (20) was
used for the logistic regression analysis of BHR.
The fit of the model was assessed using the
Hosmer-Lemeshow test (21).

Results
The univariate analyses indicated that the
number of blood EOS was higher in subjects living
in Ardal (220x106/L) compared with those living in
L~rdal

(106xl0 6/L),

examination.

(p<O.OOl), at the time of the

The prevalence of BHR in the index

area was 15.9% compared with 11.8% in the
reference area (p=0.27).
The relation between EOS and exposure to
sulphur dioxide during the last 24 hours prior to
the examination are shown in Table 2.

A negative

dose-response relation between EOS and exposure to
sulphur dioxide (Table 2) and fluoride during the
last 24 hours was indicated.

A dose-response

relation between the prevalence of BHR and
exposure to these pollutants during the last 24
hours was indicated (Table 2).
The remaining analyses of the association
between the outcome variables and exposure
variables were restricted to the subjects in the

10

11

index area using multivariate methods.
analyses were performed using

indic~s

These
of sulphur

dioxide and fluoride in separate models (Table 3).
Regarding the analysis of EOS as the dependent
variable atopy remained in the final model in
addition to the exposure variables.

Using these

exposure variables as continuous covariates, a
significant positive association between EOS and
sulphur dioxide and fluoride exposure during the
last 30 days prior to the examination was found
(Table 3).

After inclusion of atopy and exposure

during the last 30 days, the product-term between
atopy and exposure during the last 24 hours to
sulphur dioxide was significant (Table 3), i.e.
the association between EOS and exposure was
restricted to the atopies.

The association

between EOS and the exposures during the last 24
hours were therefore performed in atopies and nonatopies separately.

In atopies, increasing

sulphur dioxide with 10
~g/m3

~g/m3

and fluoride with 1

was associated with a decrease in EOS of

-21x106/L (95% CI, -36x106 to -6x106) and
-52x106/L (95% CI, -98x106 to -8x106),
respectively.
In accordance with the criteria of model
reduction, atopy, BTY, age and lung function were
included as covariates in the final logistic model
of BHR, i.e. exposure to environmental tobacco
smoke was deleted during the backward elimination
11
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of the model.

In the first step the relation

between the prevalence of BHR and sulphur dioxide
and fluoride was investigated separately (Table
4).

A positive relation was found between the

prevalence of BHR and exposure to sulphur dioxide
and fluoride during the last 24 hours, whereas no
association with previous exposure was found.

The

product-term between exposure during the last 24
hours and atopic status was not significant; i.e.
no difference between atopies and non-atopies.
The Hosmer-Lemeshow test of the models showed no
significant deviation between the

observed and

expected numbers (p=0.67-0.99).
Multiple regression of the log-transformed
dose-response slope revealed a significant
association with fluoride exposure (p=0.003), but
not with sulphur dioxide exposure (p=0.17).

The

R2 for the former model was 9.2% and 5.3% for the

latter model.
There was a significant positive association
between the prevalence of BHR and atopy (OR=2.7,
95%

er,

1.4 to 5.5) and BTY (OR=2.3, 95%

to 4.7).

er,

1.1

The prevalence of BHR was negatively

correlated to FEV 1 as % of predicted (OR=0.7 by
increasing FEV 1 with 5%, 95%

er,

0.6 to 0.8) and

age (OR=0.6 by increasing age with 2 years, 95%

er,

0.4 to

o.9).

12
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Discussion
We have found that exposure to sulphur
dioxide and fluoride during the last 24 hours is
associated with a decrease in the blood EOS in
atopies and an increase in the prevalence of BHR,
the latter relation being independent of the
atopic status.
The results from the Hosmer-Lemeshow test
showed that the logistic regression seemed to fit
the data quite well (22).

On the other hand, the

multiple linear regression could only explain 5-9%
of the variance, indicating that the use of the
logistic models were more appropriate than the
multiple regression models.

The logistic

regression revealed a significant association
between BHR and both indices of exposure.
The difference in EOS and bronchial
responsiveness between the subjects living in the
index area and the reference area could be due to
differences between populations.
is, however, unlikely.

This explanation

Firstly, an association

between EOS and bronchial responsiveness and
environmental exposure was found in subjects
living in the index area.

Moreover, the

prevalence of BHR in subjects with the lowest
exposure during the last 24 hours was very close
to the prevalence of BHR in the reference group.
The possibility that systematic difierences
between the subjects within the index group could
13

14

explain these findings appears unlikely.

In fact,

the inclusion of several potential confounders did
not dilute the associations.
Furthermore, the relation between bronchial
responsiveness and exposure to air pollutants
appears to be influenced by the time-lag between
the exposure and the effect.

We found that

exposure during the first three years of life in
these children increased the prevalence of BHR at
school-age (8).

On the other hand, the exposure

during the last 24 hours, but not during the last
month, appeared to increase bronchial
responsiveness.

It therefore seems likely that

exposure to air pollutants in infancy has a longterm effect on bronchial responsiveness, whereas
exposure during the last 24 hours in school-age
exert a short-term effect which is transient.
It i.s has been suggested that epithelial
damage leads to inflammatory changes that are
accompanied with BHR (23,24).

The bronchial

responsiveness appears to be related to the
numbers of eosinophile and mast cells in BALF of
asthmatics (25).

Furthermore, it is hypothesised

that air pollution induces epithelial damage
resulting in mediator release and BHR (26).

The

finding that exposure to sulphur dioxide and
fluoride during the last 24 hours was associated
with increased prevalence of BHR, indicate that
these irritants may induce mucosal changes leading

14
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to BHR.

It appears that this response to the

exposure has the same magnitude in atopies as nonatopies.

Our results indicate, however, that the

eosinophils in atopies react differe.n t from nonatopies to irritant exposure.

One may speculate

if changes in the respiratory tree is associated
with BHR trigger eosinophile in atopic subjects to
migrate to the airways.
A positive relationship between EOS and 30day exposure was found.

Similar

associations

has, actually, been found using experimental
designs (3,27).

In these studies the number of

blood EOS increased on the next day after allergen
exposure compared with the day of the exposure.
The authors suggest that the exposure stimulate
the recruitment of EOS from the bone marrow to the
blood.

It is possible that exposure to air

pollution for several day may have a similar
effect.

The analyses indicated that the strength

of association to sulphur dioxide and fluoride was
different in terms of bronchial responsiveness and
EOS. Firstly, these exposure variables were highly
correlated, i.e. the analyses do not differentiate
adequately between these two covariates.
Secondly, both sulphur dioxide and fluoride might
merely be indices of some other agent which is
correlated to them.
The relation between peripheral EOS and
environmental exposure to non-allergens has been
15
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investigated in only a few studies in humans.

An

increase in the number of blood EOS was found in
adult smokers compared with non-smoking French
policemen (28) and in the male offspring of
smoking parents (29).

The positive association

between peripheral EOS and environmental exposure
in this study is in agreement with the first of
these studies.
The relation between outdoor exposure to
pollutants and respiratory symptoms, BHR and atopy
has been studied in polluted areas in Eastern
Europe with less polluted areas in the West (3032).

In these studies, the prevalence of atopy

(30 ··32) and BHR (30) was higher in the West than
in the East although the former area was most
polluted.

In one of these studies (31), domestic

crowding appeared to protect against atopic
sensitisation.

After adjustment for atopy, these

differences decreased (30,31), indicating that the
Western life-style is an independent risk factor
for sensitisation that explain an increased
prevalence of asthma and BHR.

In our study,

however, the comparisons were made between
different exposure groups living in the index
area.

Furthermore, adjustment for atopy was

included in the analyses.

It thus seems likely

that air pollution may increase bronchial
responsiveness when other extraneous factors are
taken into account.
16

17

In summary, high exposure to irritants like
sulphur dioxide and fluoride during. the last 24
hours is associated with an increase in bronchial
responsiveness.

In atopies this increase in

bronchial responsiveness is associated with a
decrease in the peripheral EOS cell count.
Exposure during the last month is associated with
an elevated the number of blood eosinophile.
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Table 1
Median

expo.$,\,1!;"~.

( ~g/m3) to. sulphur dioxide and fluoride in the

index group. •.
Time of exposure

Sulphur dioxide

Last 24 hours

22.2

(1.9-85.3)

1.0 (0.4-3.3)

Last 1-30 days

32.9 (20.9-43.8)

1.6 (0.8-2.8)

lOth and 90th centiles in parentheses.

Fluoride

Table 2
Mean EOS, the prevalence of BHR and some covariates in different exposure categories
durin2 the last 24 hours in the index area and the reference area.
Exposure to

so2

in the index area (!-lg/m3)

<20

20-29

30-39

~40

References

Atopies.

378

290

182

215

181

Non-atopies

198

197

190

188

95

12.4

13.9

16.7

19.0

11.8

100.4

104.5

100.1

99.6

98.1

8.9

9.3

9.2

9.6

9.5

Atopy (%)

20.4

25.0

16.4

19.0

14.5

BTY3 (%)

14.4

23.5

11.9

17.0

20.6

189

85

67

100

141

EOS 1 (x106/L)

BHR2 (%)
FEV1 (% of predicted)
Age (years)

Number of subjects4

IEOS= Capillary. eosinophils, 2BHR= Bronchial hyperresponsiveness, 3BTY= Bronchitis
before two years of age, 4exposure to 38 subjects in the index group were missing

Table 3
The change in the number of capillary eosinophils in relation to
sulphur dioxide and fluoride exposure, adjusted for atopy,
obtained by multiple regression.
Time-lag between
examination and exposure

Exposure variable
Sulphur dioxide#

Fluoride

Last 1-30 days

16

(7) *

Current

-4

( 3)

-13

129

(29)***

121 (29)***

-17

(7) *

Atopy
Atopy'~

current

26 (11)
(7) *

-28 (17)

#The change in EOS by increasing sulphur dioxide exposure by
10 ~g/m3.

Number of EOS given as x106/L.

entered as continuous variables.

Both covariates wete

Standard errors given in

parentheses. *p<0.05, ***p<0.001

Table 4
Odds ratio of bronchial hyperresponsiveness by increasing sulphur
dioxide by 10 ~g/m3 and fluoride by 1 ~g/m3, adjusted for age,
atopy, bronchitis before two years of age and lung function,
obtained by logistic regression.
Time-lag between

Exposure variable
Sul,ehur dioxide

Fluoride

Last 24 hours

1.12 ( 1. 01 to 1. 24)

1. 31 ( 1. 07 to 1. 60)

Last 1-30 days

0.94 (0.73 to 1. 21)

0.97 (0.86 to 1. 08 ~

examination and exposure

95% confidence intervals are given in parenthesis.
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Relation of exposure to airway irritants in infancy to prevalence of
bronchial hyper-responsiveness in schoolchildren

Vidar SRJyseth, Johny Kongerud, Dagfinn Haarr, 0/e Strand, Roa/d Bo//e, Jacob Boe

Summary

Subjects and methods

To find out whether exposure to sulphur dioxide during
infancy is related to the prevalence of bronchial hyperresponsiveness (BHR), we studied schoolchildren (aged
7-13 years) from two areas of Norway-a valley containing
a sulphur-dioxide-emitting aluminium smelter and a similar
but non-industrialised valley.
Bronchial responsiveness was assessed in 529 of the
620 participants. The median exposures to sulphur dioxide
and fluoride were 37·1 ~g/m' and 4·4 ~gjm' at ages 0-12
months and 37·9 ~g/m' and 4·4 ~g/m' at 13-36 months.
The risk of BHR increased with exposure to sulphur dioxide
and fluoride at these ages; the odds ratio for a 10 ~g; m'
increase in sulphur dioxide exposure at 0-12 months was
1·62 (95% Cl 1·11-·2·35) and that for a 1 ~g/m' increase
in fluoride exposure was 1·35 (1·07-1·70) at 0-12 months
and 1·38 (1·05-1·82) at 13-36 months.
Exposure to these low concentrations of airway irritants
during early childhood is associated with an increased
prevalence of BHR in schoolchildren.

Study area
study was conducted in two municipalities in western
Norway-Ardal and La~rdal. In both these places, people live in
narrow valleys with mountains of 1200-1500 m altitude on each
side. In Laerdal there is no air-polluting industry and traffic is
spars~. The Laerdal vall~y is about 40 km long, and the 2300
people liv~ throughout the length of the valley. In Ardal there are
two towns, Ardalstangen and 0vre Ardal (population 2500 and
4000, respectively), at opposite ends of a 12 km lake. Annual
rainfall is 690 mm in 0vre Ardal and 491 mm in Laerdal. The
mean temperature is - 3°C and l5°C in January and July,
respectively, in both places .
0vre Ardal has an aluminium smelter producing 180 000
tonnes of primary aluminium annually, and Ardalstangen has a
carbon plant, which produces about I 00 000 tonnes of carbon
anodes for the smelter every year. The emission of sulphur
dioxide from the smelter was about 270-300 kglh during the
study period, and emission of fluoride had gradually decreased
from 40 kglh in 1987 to 15 kg/h in 1992.
Th~

- - lilvre Ardal
- .. ·- Ardalstangen

140
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Introduction
There is evidence to suggest that long-term exposure to
sulphur dioxide may increase the prevalence of bronchial
hyper-responsiveness (BHR) .'·' In a cross-sectional study
in Sweden, the prevalence of BHR was higher among
children living near a paper-mill that emitted sulphur
dioxide to the environment than among children living in
a rural district.'
Sulphur dioxide, fluoride, and particulates are emitted
to the environment from aluminium smelters. We have
investigated the effect of such air pollution on respiratory
health by studying children from two valleys in Norway,
similar in all respects except that one contains an
aluminium smelter. In a cross-sectional study of
schoolchildren, we used complete information about their
place of residence since birth to construct a retrospective
exposure matrix for each child. Our aim was to assess
whether exposure to airway irritants in infancy is
associated with an increased prevalence of BHR in
schoolchildren.

Hydro Aluminium Ardal, N-5870 lilvre Ardal (V S~yseth MD);
Department of Thoracic Medicine, Rlkshospltalet,
University of Oslo (V S0yseth, J Kongerud PhD. Prof J Boe PhD);
Primary Health Care Unit, Ardal Municipality, Ardalstangen
(D Haarr MD, D Strand MD); and Paediatric Department,
Regional Hospital, Tromse (R Bolle MD), Norway
Correspondence to: Dr Vidar S0yseth
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Figure: Concentrations of sulphur dioxide and fluoride In lilvre
Ardal and Ardalstangen

The concentration of sulphur dioxide and fluoride in ambient
outdoor air have been measured every day in Ardalstangen and
0vre Ardal since 1978 by equipment for continuous sampling.
The monthly means of th~se measurements are given in the
figure.
Most of the population in Ardal live less than 2 km from the
samplers. The peaks of exposure occur in winter and coincide
with cold, calm days. The mean sulphur dioxide concentration,
however, does not exceed values routinely reported from several
American cities.' During the winter of 1991 the concentration of
sulphur dioxide in Laerdal was measured with the same type of
equipment as in Ardal and analysed at the same laboratory. The
median was 2·5 (10th-90th cemiles 0·1-11·1) ~g/m' for 44
observations (ie, about a tenth of the level of Ardal). At the same
time no fluoride was detectable.
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Spirometry
clone

All

roactlvlty
....Md
(n•829)'

(n•&73)

(n.SZO)

100·3 (12·2)
255(48·2%)
95(18·0%)
9·5(1-7%)

100·2.(12·0)
274 (48·7%)
95(16·6%)
9·4(1·7%)

llfonclllol

Mean (SO) FE,V, (%of predicted)
Number(%) female
Number(%) with atopy
Mean (SO) age (ye,ars)

p~~tlclpontl

306(49·4%)
107(17·3%)
9·3(1-7%)

Time opont In
mdeJ . . .

N<lmbel (%)In aca IIIOUP (yearo)

,.g.o

9·1-11·0

_>1_1_·o_ __

<1 years
;.7 years

16/80 (20%)
24/ 118(20%)

4/53(8%)
17/118(14%)

16/108(15%)

p'
2/ 52(4'11) ~•.

0·004
0·27

.. X1 test for trend .

Table 3: Relation between BHR and cumulative exposure

•Methacholine challenge or reversibility test.

Table 1: Characteristics of study participants

Alo ot time of upooure
(months)

o-12(n=357)
13-36 (n=362)
37-72 (n•363)
73-108(n=413)
0>109 (n• 229)

Medr.n (1011t-90th centlle) concontrotlon (l'l/m')
Sulphur dioxide

Fluoride

37·1(29·&-46·6)
37 9(30·&-42·6)
34·9(25·9-41·9)
29·5(23·&-40·2)
25·1121·3-29·1)

4·4 (2·5-5·6)
4·4 (2·&-4·9)
3·0 (1·7- 4·8)
1·9(0·8-4·2)
1-6 (0·8-2·81

Table 2: Exposure to sulphur dioxide and fluoride by age
Interval In Index area

Study population
All schoolchildren in the first, third, and fifth grades (aged 7-13
years) were ·invited to take part in a cross-sectional study during
the 1989-92 winter seasons. Their parents received a respiratory
questionnaire,' including questions about the family history of
asthma, type of housing, respiratory symptoms, and the parents'
smoki.ng habits. The questionnaire was completed by the parents
before the day of the examination. One parent attended the
examination with the child and answered questions about the
time of the last respiratory infection and the places in which the
family had lived since the child's birth. The protocol was
approved by the regional ethics committee.

Lung function tests
Spirometry was done with a pneumotachograph (Vitalograph,
Birmingham, UK) calibrated daily to 5 L with a l L syringe. Test
results were accepted if the difference between the best and the
second-best test was less than 5% or l 00 mL, whichever was
larger. Methacholine challenge was done by a shortened version
of the protoc;ol of Cockcroft et al.'·' All children whose forced
expiratory volume in I s (FEV 1) was at least 70% of predicted'
were asked to take the challenge test. If there was no history of
asthmatic symptoms and FEV, was more than 80% of predicted,
the inhalation started at 2·0 mglmL methacholine. Otherwise,
the initial concentration was 0·125 mglmL. The concentration
was increased four-fold unless FEV 1 fell by more than I 0% or
was less than 90% of beseline. The test was continued until a
decrease froq~ baseline of 20% or the maximum concentration of
32·0 mglmL was reached.
If FEV 1 was less than 70% of predicted,' the child was asked to
take a reversibility test. The child took two inhalations of 0·1 mg
salbutamol and FEV, was measured again 5 min later. The
response to the methacholine challenge was expressed as PC 20ie, the concentration that caused a fall in FEV, of 20% from
baseline calculated by linear interpolation on the log-linear doseresponse curve. A subject was regarded as having BHR if PC 20
was 8 mglmL or less, or if FEV 1 increased by more than 10% in
the reversibility test.

A<• ot expooure (month&)

Assessment of environmental exposure
A retrospective exposure classification was constructed as
follows.
The history of each child was divided into age
intervals-from birth to 12 months, 13-36 months, 37-72
months, 73-108 months, and 109 months or older. Within each
age interval, the chil'd was allocated to the index group if he or
she lived in Ardalst.a ngen or 0vre Ardal for the whole time.
Similarly, children : were allocated to the reference group if they
lived in Laerdal dr another' rural district (ie, a district without any
polluting industry and a population density less than that of
Laerdal) for the whole period. Children who could not be·
allocated to the index group or reference group were classified as
other for that period. This classification scheme is a modification
of that suggested by Miettinen." A retrospective classification
with the same periods of exposure starting from the date of the
examination, was also used.
Within each age interval we estimated the exposure to sulphur
dioxide and fluoride in the index group from the measurements
shown in the figure (table 2). In addition, the number of months
the child lived in the index area was used as an index of
cumulative exposure. Because of migration a child could switch
between the index group and the reference group for different
age intervals.

Statistical analyses
Univariate associations were investigated by x' tests for
categorical data and r tests for continuous data. We included in
the univariate analyses sex, parental history of asthma, history of
upper respiratory tract infection during the previous 2 weeks,
bronchitis during the first 2 years of life, atopy, age, lung
function, and parental smoking habits; these habits were assessed
by age-specific exposure windows. The Mantel-Haenszel test was
used to investigate the effect of age-specific exposure versus
cumulative exposure on the prevalence of BHR." 95% Cl were
estimated as suggested by Robins." Similarly, the effects of the
age-specific exposure on lung function were analysed by the
stratification of cumulative exposure." Logistic regression was
used to investigate multivariate associations. Covariates were
entered into the logistic model if the p value for the univariate
association to the outcome was 0·25 or less." The model was
reduced by backward elimination of each covariate unless the
log-likelihood changed significantly or the coefficient of one of
the remaining covariates changed by more than 20%." If one
stratum did not include any cases, the analyses were restricted to
the stratum that included cases in both the index and non-index
category. The association berween the prevalence of BHR and

Humbor (%) ol chlid<on with BHR

Crude

,. 7 yeoro In lndox oro•

<7 YNII In Index aru

o-12
13-36
37-72
73-108
;>109

A skinprick test to eight aeroallergens was also done.' If the
weal to at least one of the allergens was 3 mm or more, the child
was classified as atopic. Characteristics of the supgroups are
given in table I.

Index

Reference

Other•

Index

Reference

4(23%)
4(31%)
5(29%)
4(9%)
0

14(11%)
13(10%)
14(11%)
14(12%)
2(5%)

4(9%)
5(10%)
3(8%)
4(17%)
1(5%)

53(17%)
54(17%)
57(17%)
57(17%)
15(15%)

0
0
0
0

AcQuottd oddo rotlo (15% Cl)

rotlo

Other•
4(17%)
3 (13%)

1·8

H

0

1·8

0
2(13%)

1-4
3·5

3·511-o-11·7)
3·9 (1-o-14·3)
3·5 (1-1-11·3)
0·8 (0·2-2·41
0

•Children who were not in index group or reference group; these <"t'lildren are not included in the statistical analysis.

Table 4: Odd• ratio for BHR In each age Interval by duration of residence In Index area
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Number(%) with oxpoouro durlne n,.t y01r of IIIo (~elm')
ACe croup

<20

20-29

30-39

....
"_....40=--- -

<9 yea($' •·
~9 years

12/73 (16%)
8/11717'111

6/21 [29%)
3/34(9'11)

15/75(20%1
·-10/65(15'11)

7/29(24'11)
18/115(16'11)

•p=0·03, )('test for trend.

Table 5: Prevalence of BHR In relation to sui!Jhur dioxide
exposure during first year of life

exposure was investigated in each age interval among the
children living in the index area. The fit of the models was
evaluated by the Hosmer-Lemeshow test.,.

Results
620 (96·1 %) of 645 eligible children attended for clinical
examination. 76 (14·6%) of the 525 subjects who
underwent methacholine challenge had PC 20 of 8 mg!mL
or less and were classified as having BHR. 4 other
children had FEV, of less than 70% of predicted and
underwent reversibility tests; FEV, increased by more
than 10% after bronchodilation in 3 of these subjects.
Altogether BHR was therefore found in 79 (14·9%) of the
529 children tested-65 (15·9%) of 410 in Ardal and 14
(11·8%) of 119 in Laerdal (p=0·27).
In univariate analyses of the relation between BHR and
its potential confounders, a statistical significance level of
0·25 or less was achieved for upper respiratory tract
infection during the previous 2 weeks, bronchitis during
the first 2 years of life, age at the time of examination,
atopy, and lung function (FEV 1% of predicted).
The mean age was lower in children with BHR than in
those without abnormality (9·0 [SD 1·6] vs 9·5 [1·8]
years). The relation between BHR and cumulative
exposure was investigated by age stratification (table 3).
Among children who had lived in the index area for less
than 7 years the prevalence of BHR fell significantly with
increasing age, but we found no significant association
between age and BHR among children who had lived in
the index area for 7 years or longer.
The effect of age at time of exposure was investigated
by stratification of the duration of residence in the index
area (table 4). These analyses showed that living in the
index area at the youngest age was associated with a
greater prevalence of BHR than living in other areas.
Table 5 shows the association between the prevalence of
BHR and sulphur dioxide exposure during the first year
of life, stratified by age. There was a positive doseresponse relation between the exposure and the
prevalence ofBHR (p=0·03).
In our retrospective analysis, the odds ratios for BHR in
the index group compared with the reference group in
time intervals 0-1, 1- 3, 3-6, 6-9 years before the study
were 0·9 (95% Cl 0·3-2·6), 1·6 (0·6-4·6), 4·0 (I ·2-13·3),
and 1·9 (0·7-5·3), respectively. No dose-response relation
was found between BHR and exposure to any of the time
intervals with this model.
In the logistic regression analysis sulphur dioxide and
fluoride were used as indices of exposure in separate
ACe

et expoeure (months)

0-12
13-36
37-72
73-108

models, starting with upper respiratory tract infection
during previous 2 weeks, bronchitis during first 2 years of
life, age, atopy, lung function, and duration of living in
the index area, as covariates. Children who were classified
as "other" were included . The re)iults for each logistic
model are shown in table 6. A significant dose-response
relation was indic11ted between the prevalence of BHR
and sulphur dioxide exposu.re at age 0-12 months and
with fluoride exposure at ages 0-12 and 13-36 months.
The Hosmer-Lemeshow test showed no significal;lt
deviation between the observed and predicted numbe~s in
any of the models (p=0·64-0·99).

Discussion
We have found a dose-response relation between exposure
to sulphur dioxide and fluoride during the first 3 years of
life and prevalence of BHR in later childhood. This
finding could be distorted by information bias." However,
since the accompanying parent was asked about the area
of residence before the challenge test was done, any link
between outcome and exposure is unlikely. Furthermore,
neither the parent nor the invesrigator .,;,as aware of past
exposures at the time of the investigation. It is also
unlikely that other potential confounders such as
socioeconomic status could distort the results, since there
was little variation in income of the parents and type of
housing.
Atopy and BHR are closely related in children" so the
inclusion of atopy as a covariate may 'be questioned.
Atopy may be causally related to irritant exposure so can
be regarded as an intermediate step between exposure
and the outcome (BHR). If this assumption is correct,
atopy should not be included as a confounder." The
physiological relation between BHR and atopy is,
however, not known so we chose to include atopy as a
covariate.
A history of wheezing bronchitis during the first 2 years
of life has been positively related to BHR in children." We
confirmed this association. We adjusted in the analyses for
bronchitis in early childhood, a history of recent upper
respiratory infection, and a parental history of asthma.
Nevertheless, the incomplete control of constitutional
differences or environmental factors cannot be excluded.
Several studies have shown no association berween the
prevalence of BHR in children and outdoor air
pollutants.'"·" Few investigations have,
however,
compared the prevalence of BHR in exposed and nOn" .,
exposed subjects by use of retrospective exposure data. Iif
one such study, Ernst and colleagues" found that the
prevalence of BHR was higher in children who had spenr
more than 60% of their lives in the neighbourhood of an
aluminium smelter in Quebec than in other similar
children, a finding that indicates a possible cumulative
effect of exposur~. They did not examine the effect of age
at exposure. We found that in the ' oldest age group
children who had lived in the index area for a long time
had a higher prevalence of BHR than those who had lived

Sulphur dioxide •

Ruotldet

Bronchhlo before
aee 2 yea,.

1-62 (1-11-2·35)
1·40 (0·90-2·21)
1-19(0·77-1-82)
1-19 (0·63-2·22)

1·35 (1·07-1-70)
1·38(1-05-1·82)
112(0 87-1-43)
1·08 (0· 73-1·59)

2·2(1-1-4·5)
2-1 (1·0-4·3)
2-1(1·0-4·21
2·2 (1·1-4·6)

Atopy

AC•t

FEV,§
0·7 (O·!Hl·8)
0·7(0·6-0·8)
0·7 (0·6-0 •8)
0·7(0·1Hl·8)

2·9 (1·5-5·7)

0·6(0·~·9)

2-7 (1·4-5·4)

0 7 (0·5-1-0)

2· 7 (1·4-5 4)
2·9 (1·4-5·7)

0 · 6(0·~·9)

0·6(0 3-1-0)

•For each 10 Ill!/m' inCJement. tfor each 1111!/m' increment tFor each 2·year increment . §For each 5% of predicted increment.

Table 6: Odds ratios (95% Cl) for BHR In logistic regression analysis among children currently living In Index area
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in the index area for a shorter time . The dose-response
relation we found between BHR and sulphur dioxide and
fluoride exposure in the youngest age groups supports the
age-specific model.
With the date of the examination as the reference point
of exposure classification, we found that there was a timetag of 3-6 years between exposure and the occurrence of
BHR. Also, the model found no evidence of a doseresponse relation between exposure and BHR.
The prevalence of asthma has increased in developed
countries during the past few decades even though
sulphur dioxide concentrations have decreased." This
apparent discrepancy with our findings may have several
explanations. Firstly, BHR and asthma are not the sam•:
entity. We found that maternal smoking was positively
associated with the prevalence of asthma but not of
BHR." The prevalence of maternal smoking has,
however, increased." Secondly, other pollutants may have
the same effect as sulphur dioxide. Some reports have
indicated increases in the concentrations of oxides of
nitrogen and ozone in ambient air during this period."
The net effect of determinants that change in opposite
directions is difficult to predict.
BHR is reported to be more prevalent among newborn
infants than later in infancy, with a rapid decrease
thereafter." It is possible that air pollutants can interfere
with a normal decline in reactivity during childhood.
Another possible underlying mechanism is an effect on
lung growth . We could not, however, demonstrate any
association between living in the index area and lung
function.
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Methacholine responsiveness, respiratory symptoms and
pulmonary function In aluminium potroom workers
J. Kongerud*, V. S"yseth*"'
Methacholine responsivene~s. respiratory symptoms and pulmonary function
in aluminium potroom workers. J. Kongerud, V. St1yseth.

ABSTRJ\CT: The relationship between nonspecific bronchial reactivity
and work-related asthmatic symptoms was examined In a cross-sectional
study of 337 aluminium potroom workers by a shortened method of
continuous methacholine nebulization. The provocative concentration
producing a 20% fall In fo l'ced e'!Cplratory volume In one second (FEV.1)
(PC 2 ~ was sS mg•ml" (hyperresponslveness) In l7 workers (5%), whilst
minor responsiveness (8 mg•ml·1 < PC20 <32 mg•mJ·1) wns present In 24
subjects (7%), The prevalence ofwork-related asthmallc symptoms was
9%. Female sex, ex-smoker and airflow limitation were significant
predictors of methacholine responsiveness (p<0.05). In a multiple logls·
tic rearesslon analysis the odds ratios (OR) for work·reluted asthmatic
symptoms was 10.8 (95% confidence Interval: 2.9-40.6) for
hyperresponslveness and 4.4 (95% confidence Interval: 1.2-16.4) for
minor responsiveness. The sensitivity, specificlty and predlctivlty of PS 0
<32 mg·ml· 1 for work-related asthmatic symptoms were 35,92 and 35% ,
respectively, whilst the agreement, when acijusted for the by chance
expectation, was 0.27 (95% confidence Interval: 0.1{)-().54). Although a
significant association was found between bronchial reactivity and work·
related asthmatic symptoms, the usefulness of the methacholine test as
a tool for detection of work-related asthmatic symptoms appears to be
of limited value due to Its low sensitivity.
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Nonspecific bronchial challenge has been suggested
as a more objective method than questionnaires to assess
the prevalence of asthma and related conditions in
epidemiological surveys [1, 2). Measurement of
bronchial reactivity has therefore gained us11ge in epi·
demiological studies of asthma, and has also been
applied in the diagnosis and surveillance of
occupational asthma. Although the sensitivity in
asthmatics has been claimed as good [3-5), there is
increasing evidence that nonspecific bronchial
challenge is not a fully sensitive test for asthma [6, 7].
DODO!! [6] refers to several studies where nonspecific
bronchial responsiveness has been reported as normal
in diagnosed occupational asthma or has returned to
normal after persons have left their work.
Occupational asthma related to aluminium potroom
exposure was reported as early as 1936, and later stud·
ies have confirmed the original observation [8]. Also,
the presenee of nonspecific bronchial reactivity has been
reported in potroom workers with occupational asthma
[9, 10]. The pot emissions consist of known respiratory

irritants such as hydrogen fluoride (HF) and sulphur
dioxide (SO;). The airborne dust contains alumina,
cryolite, carbon and aluminium fluoride with minor
amounts of vanadium, chromium and nickel. About 40%
of the airborne dust is in the respirable range. Polycyclic aromatic hydrocarbons are also present. There are
no definite respiratory sensitizers as major
constituents of the pollutants. However, chemical work·
ers exposed to aluminium fluoride have been shown to
develop asthma, which improves away from exposure,
and increased bronchial reactivity [11). The metal
elements vanadium, nickel and chromium are known
sensitizers [12) . It is not known whether exposure
sufficient to cause disease occurs in the potroom.
The aims of the present study were firstly to describe
the prevalence of methacholine responsiveness, secondly
to assess the correlation between methacholine respon·
siveness and respiratory symptoms as well as pulmonary
function, and thirdly to evaluate the methacholine
challenge as a tool for detection of work-related
asthmatic symptoms in a cross-sectional study.
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Materials and methods
The present cross-sectional survey was a supplement
to a longitudinal study of methacholine responsiveness
in potroom workers at Ardal aluminium plant in Western
Norway. The smelter had three potroom departments,
all with their own working staff. There was one
Soderberg, one prebake with automatic alumina delivery (without lifting the pot covers) and one prebake
with alumina delivery from a circulating vehicle. Dry
scrubbed, recovery alumina was used on the prebake
pots, whilst pure alumina was used on the pots in the
Soderberg department. The average levels of exposure
during the year of the study as measured by personal
samplers are shown in table 1. Methacholine challenge
was carried out in September and October 1988. The
local union and management agreed with the project
which was approved by the Regional Ethical Committee.
Informed consent was obtained from all participants.

Table 1. - Geometric mean levels of exposure from
personal samplers worn over the whole workshlft from
major job groups in the potrooms studied
Total particulates
HS 5.0 mg·m·3
Prebake

Pot operator
Pot service
Vehicle driver
Foreman

4.0
7.3
4.3
0.5

Total fluorides
HS 1.0 mg·m·3

Soderberg Prebake Soderberg

2

3

1.4

1.8
1.6
1.8
1.2

0.9
0.2

2

3

0.7
0.8

0.4

0.8

0.2
0.2

0.3
0.3
0.2
0.2

0.2

HS: hygienic standards.

Subjects
All potroom workers, female and male (aged 18-67
yrs), were invited to take part in the study. Of the 380
workers registered as potroom employees, 370 subjects
(97%) were available at the time of the examination by
questionnaires and spirometry. A control group of 59
new employees with no history of potroom exposure
were included.
Of the 370 exposed workers only four subjects (1%)
had forced expiratory volume in one second (FEY)
<60% of predicted and were excluded from the
methacholine testing. Twenty nine subjects (8%) refused
to attend the methacholine challenge; thus, 337 workers
(91 %) had this test. There were no significant differences between challenged workers and those who refused
challenge with regard to smoking habits and occurrence
of symptoms, whilst median age was highest in the latter
group (41 vs 32 yrs). The unexposed workers under-

went a methacholine challenge after passing the usual
pre-employment examination and before they started
work.

Questionnaires
Respiratory symptoms (dyspnoea, wheezing and
cough) during the last year, presence of familial asthma,
asthma prior to potroom employment, use of airway
protection and smoking habits were recorded by a
self-administered questionnaire (13] . In a second stage,
a standardized interview questionnaire was administered
by trained .interviewers [13]. This questionnaire was
· partly based· on·the questionnaire prepared by the British
Medical Research Council [14], and was supplemented
by questions on frequency of symptoms, on the
occurrence of symptoms on workdays, on rest-days and
on longer vacations.

Spirometric measurements
FEY1 was measured on a dry bellow spirometer (Jones
Pulmonaire, Jones Medical Instruments Co., Oak Brook,
Illinois). FEY1 and forced vital capacity (FYC) were
normally taken as the highest values from the first three
technically satisfactory forced expirations. The FYC
value chosen should not exceed the next highest by
more than 0.3 1. Measurements were converted to body
temperature and pressure saturated (BTPS). Spirometry
testing was conducted with the subject standing and
without a noseclip as only forced expiratory volumes
were registered. The testing procedure followed the
recommendations of The American Thoracic Society
with a few modifications [15]. Measurements were
converted to BTPS. The prediction equations estimated
from a general population in Norway were used to define
levels as percentage of predicted [16]. Standardized
residuals of FEY1 (SFEY1) were obtained by dividing
the absolute residual (recorded FEY.J'- predicted) by the
residual standard deviation (RSD). taken from the
regression equations used to predict lung function [16].
Standardized residuals have the same scale for all lung
function indices and are normally distributed
around the mean, hence avoiding the age and height
bias introduced by the percentages of predicted values

[17].
Methacholine provocation test
The tests were carried out by trained nurses and a
plant physician during the first 4 h .of a day-shift and
within the first 3 days of a working week. Subjects
were asked not to smoke in the 2 h before their
appointment. Theophyllines and antihistamines, or inhaled bronchodilator were not to be taken within 24 and
6 h, respectively, prior to the test. None of the subjects
used corticosteroids in any form. Subjects whose base-

PC20 IN ALUMINIUM POTROOM WORKERS

line FEV1 was ~ 60% of predicted, had a methacholine
challenge test, using a modification of the method of
CoCKROFT et al. [18]. The procedure for inhalation of
methacholine was carefully standardized. The
reproducibility of nebulizer output, one of the most important technical factors, has been thoroughly examined
in this industrial setting [19]. Subjects reporting
wheezing and dyspnoea or FEV1 within the range of 6070% of predicted were given a starting dose of 0.125
mg·ml"' methacholine, otherwise the first dose was 2
mg·ml·1• Unless FEV1 decreased by > 10% from one
concentration to the next, or was < 85% of the pretest
value, fourfold increments of the dose with 2 min of
inhalation at each concentration were given. Otherwise,
a doubling of the dose was given. Saline control was
omitted to further shorten the procedure. FEV1 was
measured 30 and 90 s after each dose. If the FEV1
declined by more than 10% from one concentration to
the next, a doubling of the dose was given. The challenge was stopped if a maximum concentration of 32
mg·ml·1 was reached, or the FEV1 decreased by >20%
from the baseline value.
The PC 20 was estimated by linear interpolation on
a logarithmic scale on the basis of data from the
last two points on the noncumulative dose-response
curve.
Methacholine challenge proved to be feasible in this
industrial setting. On average the test was carried out
in 23 (so 6) min and no unpleasant symptoms were
experienced by the subjects.

Skin tests
Immunological identification of atopy was made by
skin prick testing. Registration of the wheal was done
15 min after application of dog epithelium, common
silver birch, timothy grass, mugwort and house mite,
with saline and histamine as controls (Phazet skin prick
test, Nyegaard & Co.). The wheal diameters were
measured in mm, as the mean of the long axis and its
perpendicular.

Exposure measurements
During the year of the study measurements of total
airborne dust and total fluorides (fluorides in gas and
particulate form) had been regularly performed from
personal samplers with filters to absorb dust and
fluoride. Sampling was done during 4 to 8 h and
time-weighted average exposures were calculated. The
amo.unts of trace elements (vanadium, chrom ium and
nickel) were not available for the present survey, but in
another Norwegian plant were r.eported to be far below
the hygienic standards for the respective elements [20).
Ninety percent of the workers reported that they regularly
wore airways protection (Racal airstream helmet or
3-M disposable mask) in order to reduce inhalation of
pollutants.

161

Definitions
The following classification on smoking habits was
used: never smokers were lifelong nonsmokers;
ex-smokers were those who stopped smoking at least
one year prior to the study; whilst all other subjects
were classified as current smokers.
Cough was defined as chronic or episodic cough
apart from colds; work-related asthmatic symptoms as
dyspnoea and wheezing apart from colds with improvement gn rest-days or vacations and absence of asthma
before employment. Symptoms should have been present
within the previous 12 mths.
Normal methacholine responsiveness was defined as
a < 20% decrease in FEV 1 from baseline value at a
methacholine concentration of 32 mg·ml· 1• Subjects
defined to have abnormal methacholine responsiveness
were divided into two groups: minor responsiveness as
PC20 between 8.1 and 32 mg·ml· 1 and methacholine
hyperresponsiveness as PC s8 mgml"'.
19
Atopy was defined accordmg to the wheal of the skin
test and scored as follows: Negative = no different from
the saline control; Equivocal = larger than 1 mm but
less or equal to the histamine wheal; Positive = larger
than the histamine wheal.

Data analysis
Agreement between work-related asthmatic symptoms
and methacholine responsiveness was expressed by the
kappa value which takes into account the by chance
agreement [21]. Associations between respiratory
symptoms and methacholine responsiveness were also
analysed by multiple logistic regression using symptoms as dependent variables and responsiveness as a
categorical, independent variable. Furthermore, the
relationships between methacholine responsiveness and
certain personal characteristics were analysed by
multiple logistic regression with methacholine responsiveness as the dependent variable. The logistic model
included the interaction terms smoking *SFEV 1 ,
sex• smoking and sex*SFEV1 • The principal model was
constructed using the Generalized Linear Interactive
Modelling (GLIM) system [22]. Associations in contingency tables were studied with Chi-squared values. One
way analysis of variance was applied to examine differ
ences in group means of SFEV 1• Differences in age
between groups were assessed by the nonparametric
Kruskal-Wallis' test using The Statistical Package for
The Social Sciences (SPSS-PC) [23].

Results
Of the 337 potroom workers tested, 17 (5%) had a
PC sS mg·ml·1, while 24 (7%) were minor responders
(ta~e 2). In 59 subjects unexposed to the potroom
atmosphere, only one had a PC20 < 8 mg·ml·1 and 3 (5%)
s 32 mg·ml".
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Table 2. - Characterisitcs of unexposed controls and of exposed aluminium potroom workers by
degree of bronchial responsiveness to methacholine

Responsiveness mg·ml· 1
.:8
n=17

8.1-32
n=24

>32
n=296

Total
n=337

Median
LQ
UQ

40
31
47

37
25
46

31
24
44

32
24
44

24
21
29

n
n

12
5

18
6

269
18

299
38

'59
0

n
n
n

2
3
12

2
5
17

79
22
195

83
30
224

11
147

n
n
n

13
2
2

17
1
6

222
38
36

252
41
44

21
17
19

n
n

4
13

9
15

49
247

62
275

7
52

16
1
-1.23
0.93

23
1
-1.40
0.74

267
29
-0.62
0.87

306
31
·0.70
0.89

·0.84
0.88

:<•.'

Age yrs
Gender
Male
Female
Smoking status
Lifetime NS
Past
Current
Atopy
Negative
Equivocal
Positive
Familial asthma
Present
Absent
Airway protection
Yes
No
SFEY 1

~

n
n
Mean
SD

Unc:Kposed
n=59

LQ: lower quartile; UQ: upper quartile; FEY 1 : forced expiratory volume in one second; SFEY1:
standardized FEY1 residual i.e. (observed FEYf - predicted)/RSD (from the regression equation of the
predicted values taken from GULSV!K [16]); 1i etime NS: lifetime nonsmoker; Rso: residual standard
deviation; n: number.

Methacholine responsiveness and personal character·
is tics
Exposed subjects with abnormal methacholine
responsiveness were older than subjects with a normal
methacholine reactivity, although the differences did
not reach statistical significance (p=0.08, Kruskal-Wallis'
test) (table 2). The percentage of workers with
abnormal bronchial responsiveness was significantly
higher among females (29%) than among males (10%)
(p<O.Ol). The prevalence of methacholine responders
was higher in ex-smokers (27%) and current smokers
(13%), than in lifetime nonsmokers (5%), whilst only
the difference between lifetime nonsmokers and exsmokers was statistically significant (p<O.Ol). A positive skin prick test (atopy) and use of airway protection
were unrelated to methacholine responsiveness, whilst
the prevalence of abnormal responsiveness was significantly higher in subjects with a family history of asthma
(21%) compared to those without (10% ). SFEV1 was
significantly lower in responders than in non-responders (p<O.OOl).
The controls were younger than the exposed workforce, whilst the prevalence of smokers (80%) and
subjects with a positive skin test (32%) was higher than
seen in the exposed workers, 66 and 11%, respectively,

(table 2). No significant differences in SFEV 1 were
present between exposed and unexposed workers.

Table 3. - Adjusted odds ratios (OR) for methacholine
responsiveness (PC 20 .:32 mg·ml·') by >some characteristics of" aluminium potroom workers, using multiple
logistic regression

Sex (females vs males)
Age•
Smoking habits
ex vs nonsmoker
current vs nonsmoker
Atopy (present vs absent)
Familial asthma
(present vs absent)
SFEY1
Airway protection
occasional and always vs never

OR

95% Cl

5.7
1.3

2.2-14.8
1.0-1.8

6.4
2.3
1.4

1.5-28.4
0.8-7;1
0.8-2:3

1.2
0.3

0.7-2;2
0.2-0.5

1.6

0}-i.>i

95% Cl: 95% confidence interval; •: age is grouped in
intervals of 10 yrs; PC 0 : provocative concentration
producing a 20% fall in forced expiratory volume in one
second. For further abbreviations see legend to table 2.
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Table 4. - Prevalence of respiratory symptoms in unexposed controls and by degree of
bronchial responsiveness in exposed aluminium potroom workers
Responsiveness (mg·mt·') in exposed workers

sS
n=l7
No symptoms
Dyspnoea•
Wheezing•
Coughs•
wAsrn•

n
n
n
n
n

(%)
(%)
(%)
(%)
(%)

7 (3)
10 (14)
8 (13)
6 (14)
6 (19)

8.1-32
n=24
13 (5)
8 (11)
9 (15)
5 (12)
5 (16)

Total
n:o337

>32
n=296
222
53
44
32
20

Unexposed
n=59

242
71
61
43
31

(92)
(75)
(72)
(74)
(65)

53
4
4
2

•: distribution of bronchial responsiveness in exposed subjects significantly different from that in subjects
with no symptoms (p<0.01, Chi-squared); WASTII: work-related asthmatic symptoms; ""number.

Table 3 shows the results from a multiple logistic
regression analysis with methacholine responsiveness
as the dependent variable and age, sex, smoking status,
atopy, familial asthma, airway protection and SFEV1,
as independent variables. Adjusted odds ratios (OR) were
significantly higher in females (OR=5.7; 95% confidence
interval, 2.2-14.8) compared to males,and in exsmokers (OR=6.4; 95% confidence interval, 1.5-28.4)
versus lifetime nonsmokers. Decreased SFEV1 was a
strong risk factor for a positive methacholine test
(0R=0.3; 95% confidence interval, 0.2-0.5). Age,
current smoking, use of airway protection, atopy and
familial asthma were not significantly related to nonspecific bronchial responsiveness.

Table 5. - Odds ratios for presence of respiratory
abnormalities by methacholine responsiveness controlled for age, sex, smoking habits, allergy, familial asthma,
airflow limitation (SFEV,) and use of airway protection
Responsiveness mg·ml·1
Dependent
variables

>32

8.1-32

Dyspnoea
Wheezing
Cough
WASTH

1.0
1.0
1.0
1.0

1.9
2.4
1.5
4.4•

sS

---·-- 5.2•
4.0•
4.1•
1o.s•

•: odds ratios significantly different from one (p<0.05). For
further abbreviations see legend to tables 2 and 4.

Methacholine responsiveness and respiratory symptoms
The prevalence of respiratory symptoms is shown in
table 4. Abnormal bronchial responsiveness was present
in 11 of 31 subjects with work-related asthmatic
symptoms (35%), whilst the prevalence of abnormal
reactivity was higher in subjects with weekly
work-related asthmatic symptoms (50%) than in
subjects with more infrequent symptoms (24%). The
prevalence of responders in subjects with dyspnoea
(25%), wheezing (28%) and cough (26%) was higher
than observed in subjects with no respiratory symptoms
(8%).
In a multiple logistic regression analysis, controlling
for age, sex, smoking habits, atopy, familial asthma,
SFEV 1 and use of airway protection, the likelihood of
respiratory symptoms for different levels of methacholine
responsiveness was estimated by their odds ratios (table
5). Hyperresponsiveness was significantly related to all
symptom groups, and the odds ratio (OR) for workrelated asthmatic symptoms was 10.8 (95% confidence
interval, 2.9-40.6). Minor responsiveness significantly
associated with work-related asthmatic symptoms,
0R=4.4 (95% confidence interval, 1.2-16.4) but not with
other symptoms.
The validity of methacholine challenge was estimated
with work-related asthmatic symptoms as the reference,
and subjects without symptoms (n=242) as the contrast.
The sensitivity of methacholine responsiveness with a

cut-off point of 32 mg·ml· 1 was 35%, whereas specificity
and the predictive power of a positive test (the
probability of having work-related asthmatic symptoms
given a positive test) were 92 and 35%, respectively,
(see appendix). If the cut-off point for a positive test
was s.et to 8 mg·mP the sensitivity decreased to 19%,
while · specificity and predictivity increased to 97 and
46%, respectively. The ·agreement (kappa value) between
work-related asthmatic symptoms and methacholine
responsiveness was 0.27 and 0.22 for PC20 s32 and 8
mg·ml· 1, respectively.

Interaction
As shown in table 6, the odds for ex-smokers for a
positive methacholine test was independent of lung
function and the odds ratio for ex-smokers (lifetime
nonsmokers OR=1) was highest in subjects with the
best lung function (0R=11.7). This observation was
responsible for a significant interaction in the logistic
model induced by the interaction term smoking•SFEV1,
and the interaction disappeared when ex-smokers were
excluded from the model. The logistic model was,
however, unable to converge with ex-smokers alone in
the model and separate, adjusted odds ratios for
ex-smokers were impossible to achieve. Nevertheless,

·,
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exclusion of ex-smokers from the logistic analysis did
not change the estimates of the other variables, an'd
ex-smokers were allowed to be included in the fiiial
model to obtain an adjusted odds ratio for ex-smokers
also. No interaction was found by the cross-product
terms sex"'smoking (current and lifetime non) and
sex'"SFEV1•
Table 6. - Crude odds for a positive methacholine
provocation test according to smoking habits, stratified
by lung function (SFEV1)

Lifetime NS
Ex-smoker
Current smoker

i;.
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SFEVI .:-1.5
Odd s
OR

SFEVI >-1.5
Odds
OR

0.13
0.40
0.64

0.03
0.35
0.07

1.0
3.1
4.9

1.0
11.7
2.3

OR: odds ratio; Lifetime NS: lifetime nonsmoker. For further
abbreviations see legend to table 2.

Discussion
Methacholine responsiveness was more closely
associated with work-related asthmatic symptoms than
with any other respiratory abnormality in the present
work-force. Nevertheless, the sensitivity of the test was
too low to make the test appropriate as a tool for
detecting work-related asthmatic symptoms in a
cross-sectional . study. Female sex, ex-smoking and
airflow limitation were the most ·important predictors of
abnormal responsiveness.

Prevalence of methacholine responsiveness and
respiratory symptoms
The prevalence of abnormal methacholine responsiveness was lower than has been found in general
population studies [2, 24, 25] and in other work-forces
where occupational asthma has been described [26] .
Als,o the prevalence of respiratory symptoms was not
higher than reported from general population stud ies [?,
25). VEoAL et al. [26] fo und that 20% of western red
cec!ar wor.kers had a PC10 " 8 mg·ml", wh ilst in our study
only 5% of the workers were hyperres ponsive. Nevertheless, the 59 new entrants appeared to be even healthier
than the exposed workers, with a lower prevalence of
abnormal reactivity as well as respiratory symptoms.
Only one subject had methacholine reactivity <8
mg·ml· 1 and he left after only one day in the potroom.
Also, selection of workers out of the potroom is known
to occur. Analyses of other data from our survey
have shown that 8 of 12 relocated subjects (66.7%)
had methacholine reactivity" 8 mg·mi·1• Thus, the rather
low prevalences of methacholine responders and
symptoms are probably a result of a strong health selection both in and out of the potrooms.

Association between methacholine responsiveness and
personal characteristics
Females had a significantly higher occurrence of abnormal reactivity than males, controlling for differences
in age, smoki.ng habits, atopy; SFEV1 and the use of
airway protection. A higher frequ ency of nonspecific
bronchial hyperresponsiveness in females has also been
observed by others [27). In the present industrial setting,
the possibilities of alternative jobs in the community
are few, especially for fema les. Their opportunities to
change occupation are probably less than for males and,
lherefor,e the threshold of respiratory abnormality before they change job might be higher.
Airflow limitation was closely correlated to bronchial
responsiveness as has been shown in other studies [28].
The significant relationship between familial asthma and
methacholine responsiveness found in the simple
stratified analysis in table 2, disappeared when other
extraneous factors were controlled for in the multivariate
analysis.
Also of interest was the absence of any significant
relationship between PC 20 and atopy which is in
contrast to the reports from other studies [2, 24] . The
prevalence of non-reactors to the skin tesf was 75 and
36% in the old and new employees, respectively. This
could imply a stronger selection of subjects with atopy
out of the potroom, which could decrease the
association between PC10 and atopy.
Current smoking was not significantly related to
methacholine reactivity, while the prevalence of
responders was significa ntl y increased among ex smokers. One might sp.ecula t.e t.hat ex-smokers gave up
smoking because of respiraiory sy!J)ptoms, and that the
increased nu mber of meth acholine responders possibly
reflects severity of symptoms in ex-smokers.

Association between methacholine responsiveness and
respiratory symptoms
We found a significant correlation between
work-related asthmatic symptoms and methacholine
responsiveness as estimated by the odds ratio for
different levels of responsiveness, as well as by the
kappa coefficient. The odds ratio for work-related
asthmatic symptoms was 10 .8 at a methacholine
threshold value of 8 mg·ml· 1, which is in accordance
with RIJCKEN et al. who found an OR=7.7 for
asthmatic attacks in a general population in The
Netherlands.
A sensitivity of 35% (PC¥ls:32 mg·ml") for workrelated asthmatic symptoms m the present work-force
was less than expected. However, hyperresponsiveness
is not usually a feature of immediate asthmatic reactions,
and is variable in late asthmatic reactions. BuROE [30]
found that the sensitivity ~f PC 20 <32 mg ·mt· 1
(methacholine) was 56% in subjects with isocyanate
asthma, although misclassification of the diagnosis was
reduced by specific bronchial challenge. A lower
sensitivity than expected of nonspecific bronchial reac-
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tivity in asthmatics has also been reported by JosEPHS et
al. [7]. In several patients they found that exacerbations
of asthma occurred in the absence of bronchial
hyperresponsiveness.
However, the low sensitivity of methacholine
challenge may rather suggest that the severely
affected workers have been removed from exposure as
bronchial reactivity has been shown to correlate
well with the severity of asthma (31, 32] . This
hypothesis is supported by the finding that workers with
weekly symptoms had a higher prevalence of methacholine reactivity than workers with less frequent
complaints.
Other factors leading to underestimation of
sensitivity of methacholine reactivity in relation to
work-related asthmatic symptoms are misclassification
of symptoms and the use of a shortened test protocol.
Transient bronchoconstriction has been demonstrated in
healthy persons exposed to so2 at levels as low as 1.0
ppm without increase in bronchial responsiveness (33).
We have measured short-term S0 2 exposure as high as
10 ppm in the potrooms. It is possible that transient
episodes of bronchoconstriction in connection with such
exposure can be misjudged as work-related asthma when
questionnaires are the only source of clinical
information.
Avoidance of saline inhalation and the quadrupling
of the methacholine concentrations may influence the
precision and, hence, the sensitivity of the test. CHINN
et al. (34] found that most subjects in their study (75%)
increased their FEV1 after the saline inhalation, and
that the difference between the results was trivial whether
they used the pre- or post-saline value as the baseline
FEV1• A fourfold increase of the dose until there is a
definite change from baseline has been proposed to
shorten the duration of the test [35). In a community
study in Western Norway the reproducibility of our
shortened procedure was examined (P. Bakke, personal
communication). PC.zo values obtained from 20 subjects
studied within 3-7 days were reproducible within one
doubling dose of methacholine in all but three subjects,
which is comparable with other studies (25].
Nevertheless, the omission of the lower doses in
some of the subjects may reduce the sensitivity of the
test.
Conclusions
A significant association between methacholine
responsiveness and respiratory symptoms was found in
aluminium potroom workers. Prevalence of bronchial
reactivity was highest in subjects with the most
frequent symptoms. Female sex, ex-smoking and
decreased FEV 1 were strongly associated with
methacholine responsiveness. The rather low sensitivity
of methacholine challenge found in relation to
work-related asthmatic symptoms indicates that methacholine challenge is of limited value as a tool to detect
work-related asthmatic symptoms, although the use of a
full protocol for methacholine challenge could
have-increased the sensitivity of the test.
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Reponse d la methacholine, symptomes respiratoires et
fonction pulmo11aire, chez les travailleurs au creuse.l
d'aluminlum. J. Kongerud, V. S;yseth.
RESUME: Les relations entre la reactivite bronchique non
specifique et les symptOmes asthmatiqties en relation avec
1' aciivite professionne!le, ant ete examinees dans une etude
transversale chez 337 ouvriers au creuset d'aluminium, par
une methode abregee de nebulisation continue de metha·
choline. La PC:w, c'est-a-dire la concentration de provocation
qui entraine une chute 20% du VEMS, s'est. a~eree egale a
ou plus petite que 8 mg·mJ·• (hyperreacllvlle) chez 17
travailleurs (5%), alors qu'une reactivit6 minime (8 mg·ml·'
sPC s32 mg·ml·') existait chez 24 sujets (7%)~. La prevalence
des ~ymtomes asthmatiques lies au travail fut de 9%. r;..es
facteurs significatifs d 'une reactivite a la methacholine
(p<O.OS) furent le sexe femfnin, les antecedents de tabagisme,
et une obstruction des debits aeriens. Dans une analyse de
regression logistique multiple, les risques relatifs pour les
symptomes asthmatiques en rapport avec le travail furent de
10.8 (intervalle de confiance a 95%: 2.9-40.6) en cas
d'hyperreactivite, et de 4.4 (intervalle de confiance a 95%:
1.2-16.4) pour la reactivite faible. La sensibilitite, la specificite
et la valeur predictive du PC20 < 32mg·mJ·I a l'egard des
symptomes asthmatiques en relation avec le travail, furent
respectivement de 35, 92 et 35%, alors que la concordance,
apres ajustement pour les valeurs attendues par le hasard,
etait de 0.27 (intervalle de confiance a 95%: 0.10-{).54).
Q·loique nous ayons trouve une association significative entre
la n!activite bronchique et les symptomes asthmatiques en
rapport avec le travail, I 'utilisation du test a la methacholine
comme instrument pour detecter les symptllmes asthmatiques ·
en relation avec le travail apparatat de valeur limitee en raison
de sa faible sensibilite.
Eur Respir J., 1991, 4, 159-166.
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Abstract

In a longitudinal study we studied the variability in
bronchial responsiveness (BR) to methachoLine in aluminum
potroom workers suffering from work-related asthma-like
symptoms (WASTH) and in symptom-free workers.
In the index group, 26 males suffering from WASTH were
selected from a cross-sectional survey.
comprised

The reference group

45 symptom-free males recruited from the enrolment

of new employees.

Bronchial responsiveness was expressed as

the dose-response slope (DRS) of the line through origin and
the last data point.

The standard deviation of the log-

transformed DRS was positively associated with symptom score
(p=0.012) and the mean BR (p<O.OOl).
Our results indicate that the severity of respiratory
symptoms in aluminum potroom workers with WA$TH reflects the
variability in BR.
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Work-related asthma in aluminum potroom workers was first
reported in 1936 (1).
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It is not clear whether this disorder is

due! to non-inflammatory bronchoconstriction provoked by
exposure to airway irritants in the workplace atmosphere or is
associated with increased bronchial responsiveness (BR) and
airway inflammation (AI)

(2).

Previously, we have found that

the prevalence of work-related asthmatic symptoms (WASTH) in
potroom workers, as well as the incidence of WASTH in new
employees, is positively associated with fluoride exposure in
the workplace (3,4).

Bronchial responsiveness to methacholine

and histamine is higher in subjects suffering from respiratory
symptoms and asthma compared with healthy subjects (5-8).

The

relationship between the longitudinal changes in BR and
respiratory symptoms in aluminum potroom workers is unknown.
The results of laboratory studies have indicated that
bronchial challenge testing is a reproducible test (9-11) of
BR.

Such tests of reproducibility are performed within two

weeks.

It is less clear if the test produce reproducible

results when the interval between the tests increases.

Josephs

et al found that, in 9 of 20 asthmatics, BR changed from the
normal range to hyperresponsiveness during 2 years of follow-up
(12).

This variation was larger than expected according to

their reproducibility test.

In a study of BR in a random

sample of subjects ranging from 10 to 22 years, a considerable
variation in BR to eucapneic hyperventilation during a 4 years
follow-up was reported (13).

In a longitudinal study of a

general population, Rijcken et al found that, although the
reproducibility of BR was poor (14), the variability was not
higher in symptomatic subjects than in asymptomatic subjects.
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The aim of our study was therefore to compare the variation
in BR over time between potroom workers

repo~ting

work-related

asthma-like symptoms and asymptomatic workers.
.,

,}

Subjects and methods
In a cross-sectional survey of 379 potroom workers at
Ardal aluminum plant in western Norway completed a respiratory
questionnaire (15).

Forty workers reported work-related

asthmatic symptoms (WASTH) (16): i.e. the combination of
dyspnea and wheezing improving on days away from work in
addition to no pre-employment history of asthma.

As older

subjects are more likely to have concurrent diseases and more
than 90% of the work force were males, the study was restricted
to males of under 60 years of age.

In addition, we only wanted

to study workers who had normal lung function in symptom free
periods, i.e. FEV 1

~

80% of predicted (17).

Of the 40 workers

who reported WASTH, five workers were females, one was more
than 60 years old, seven had FEV 1 < 80% of predicted and one
did not wish to participate in the study.

As a result, 26

subjects agreed to participate in the study.

A reference group

consisting of new male employees who reported no respiratory
symptoms on the questionnaire (15) was also set up.

The mean

age, the mean FEV 1 as percentage of predicted and the number of
smokers are given in Table 1.
used

~ 2 -agonists

Ten subjects in the index group

(4 regularly, 6 intermittently).

A dry bellow spirometer (Jones Pulmonaire, Jones Medical
Instruments Company, Oak Brook, Illinois) was used for
measuring FEV 1 •

Methacholine challenge testing was carried out

as suggested by Cockcroft (18).

The nebulizer was calibrated
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to give an output of 0.13 ml/min.

Details of the procedure are

described elsewhere (19).
BR was estimated as the dose-response slope (DRS) of the
line through origin and the last data point, as proposed by
O'Connor et al (20).

It was calculated from the following

expression:
(FEVl,pretest-FEVl,posttest)xlOO/[(Mc)(FEVl,pretest)]
where FEVl,pretest=best FEV 1 before the challenge,
FEVl,posttest= FEV 1 at the last concentration of methacholine
and Me= the highest concentration of methacholine used.
~

2.5 %ml/mg (corresponding to PC 20

~

If DRS

8.0 mg/ml) the subject

was considered to have bronchial hyperresponsiveness (BHR),
whereas DRS< 0.56 %ml/mg (corresponding to PC 20 >32.0 mg/ml)
was regarded as normal bronchial responsiveness (NBR).
The subjects were examined at regular intervals over a
period of two years.

All the tests were performed between

11.30 a.m. and 1.30 p.m. and the subjects had been working for
5-6 hours before each test.

Prior to each test the subjects

were asked to record on a graded scale (0-3) the frequency and
the severity of dyspnea, wheezing and cough since the last
challenge.

A symptom score was constructed (19).

In the event

of a respiratory infection during the six weeks prior to the
tests, the tests were postponed for six weeks. The subjects had
not taken

~ 2 -agents

during the six hours prior to the test.

The total number of tests in the index group was 169, whereas
151 tests were carried out in the reference group, i.e. the
mean number of test in the index group was 7.0

compared with

3.5 in the reference group.

5

Statistical analysis
As DRS is highly skewed to the right, DRS was logtransformed by the formula Ln(DRS+0.5)
(20).

(Ln=natural logarithm)

The standard deviation of Ln(DRS+O.S) (SDBR), mean BR

and mean symptom score in each subject during the follow-up was
also calculated.

Simple regression and multivariate analyses

(multiple least square regression) were carried out using the
SYSTAT statistical package (21).

The following strategy was

chosen, in accordance with guidelines that has been described
elsewhere (22): (i) the relationship between the outcome (SDBR)
and each of the covariates was investigated separately, (ii) the
covariates were entered one by one in descending order into the
full model, starting with the covariate that showed the best
correlation with the outcome.

The covariates were entered to

the model by forward selection using the partial F-test as a
criterion for inclusion (22).

The covariates were entered to

the model i .n a declining order of the strength of the
correlation with the outcome if they contributed significantly
to the model (p<O.OS), otherwise they were not included.

The

following covariates were considered in these analyses: age,
duration of employment, group (index=l, reference=O), number of
challenges, FEV 1 (as% of pred.) and mean BR.

Results
In the index group eight subjects (one third) shifted
between BHR and NBR during the follow-up, whereas none in the
reference group changed from NBR to BHR or vice versa.
The results of the separate analyses between SDBR and each
of the covariates are shown in Table 2.

These analyses
6

indicated that

~ean

.BR, the number of challenges and the mean

symptom-score were significant pre~ictors of SDBR.

Moreover',

SDBR appeared to be significantly increased in the index group
compared with the references.

In the multivariate model

building, group did not contribute significantly to the model
when the mean SDBR was taken into account.

Hence, it was not

included (Table 3), whereas number of follow-ups and mean
symptom-score were independent predictors of SDBR.

Neither

duration of employment, age, FEV 1 or smoking habits were
included because they did not contribute significantly to the
multivariate model according the F-test criterion.

The final

model is shown in Table 3.
It was found that SDBR was positively associated with mean
symptom score, i.e. those workers who had the most severe
symptoms also had the greatest variability of symptoms.

The

strength of this association, i.e. the magnitude of the
regression coefficient, increased when the analysis was
restricted to the index group <P=0.029, p=0.047).

In the

reference group, no association was found between SDBR and mean
symptoms-core <P=-0.004, p=0.45).

The product-term between

group and mean symptom-score was, however, not significant
(p=O.lO).

The mean BR and symptom score accounted for 52.6% of

the variance.

Discussion
During the two-year follow-up we found that the variability
of BR aluminum potroom workers was positively associated with
respiratory symptoms.
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Two possible explanations should be considered.

Firstly,

the· observed variability in BR may be explained by ·randbrn·
variation.

'r_;:;,

Secondly, the variation in BR may reflect chang~s

in :the respiratory tree.

The first explanation can be ite·sd~d

by measuring the reproducibility of the test, i.e. measuring BR
twice in each subject a few days apart ( 9).

Several subj·e\::t-

related factors have to be controlled in order to ensure
reproducible results on repeated testing, such as no recent
exposure to occupational sensitizers (23).
were continuously· exposed at work,
not carried out.

As our

reprodu~ibility

~ubjects

tests were

A decreased reproducibility should increase

the misclassification of the effect.

It is unlikely that such

misclassification should be differential regarding the
covariates.

Thus, poor reproducibility should weaken the

association between the outcome and the covariates (24).

We

therefore believe that the lack of a reproducibility test is
not crucial for the interpretation of the results.
The choice of reference group could be questioned as there
are differences between the groups regarding age, duration of
employment and smoking habits.

We have previously found that

neither age nor duration of employment were determinants of BR
in potroom workers (3).

After adjustment for the relevant

covariates in the rnul tivariate model, the 'effect of duration of
employment on the SDBR disappeared.

We therefore believe that

the main issue here - the difference in the variation of BR
between symptomatic and asymptomatic workers currently exposed
- can be studied without establishing an additional control
group.
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Simple regression of SDBR on group indicated a significant
diffetence 'between the index group and the

r~ference

group.

After adjustments for mean BR and mean symptom-score, the
difference in SDBR between the groups declined towards zero.
The association between SDBR and symptom score was only found
in the index group.

This is not in agreement with the results

of a study by Rijcken et al of the variation in a general
population (14).

They failed to find any increased variability

of BR in subjects with asthmatic symptoms compared with
asymptomatic subjects.

The fact that the subjects in our study.

were occupationally exposed makes a major difference.

We

cannot rule out the possibility that the reported associations
between fluoride exposure and respiratory symptoms (3,4)
reflect changes in BR.
Our data indicate that BR in the majority of the subjects in
the index group shifts between BHR and NBR.

This result is in

agreement with a previous study (25) which demonstrated BR
within the normal range before toluene diisocyanate (TDI)
inhalation but changing to the asthmatic range approximately 35 hours after the TDI challenge (9-29% fall in FEV 1 ).

As the

workers in our study were occupationally exposed for 5-6 hours
before the challenge, it is possible to speculate if the
observed variation in BR in this study reflects changes in the
occupational exposure of these workers.
In conclusion, the variability in BR in aluminum potroom
workers reporting WASTH appears to be positively related to the
severity of respiratory symptoms as well as to the level of BR
itself.
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Table 1
Characteristics · of the subjects in the index group and the
reference group at inclusion who had two or more folloW'-ttp·s;

Category

Index group

Reference group

n=24

n=43

38.1

25.3

25.4-56.8

18.2-49.4

94

80

80-1.05

72-115

16 (67)

32 (74)

8 ( 33)

11 (26)

0.52

-0.34

-0.53-2.94

-0.72-0.54

Age
Mean (yrs.)
Range
FEV1 (%of pred.)
Mean
Range
Current Smoker
Yes (%)
No sm.

(%)

Mean Ln(DRS+0.5)
Mean
Range

Ln(DRS+0.5)=log-transformed dose-response slope.
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Table 2
Analyses of the standard deviation of Ln(DRS+0.5) as the
dependent variable on several covariates using simple
re~ression.

~

SE

p

R2

0. 313

0.043

<0.001

0.469

0.278

0.054

<0.001

0.302

Number of challenges

0.039

0.012

<0.001

0.301

Mean symptom score

0.043

0.009

<0.001

0.269

Duration of employment

0.009

0.003

0.005

0.113

Age

0.008

0.003

0.017

0.080

0.005

0.071

0.946

0. 000.

Variable
Mean Ln(DRS+0.5)
Group:
Index vs. references

Smoker vs. non-smoker

..

••

..

f

.- '···

Ln(DRS+O.S)=log-transformed dose-response slope.

IG

Table 3
The final multivariate model of standard deviation of
Ln(DRS+0.5) as the dependent variable.

p

SE

p

Number of challenges

0.039

0.012

0.001

Mean Ln(DRS+0.5)

0.214

0.044

0.000

Mean symptom score

0.019

0.007

0.012

Variable

R2=0.61, Ln(DRS+0.5)=log-transformed dose-response slope.

1r

Vitlar S(JIJseth

I'APER

VIII

Bronchial responsi(leness and decline in
FEfl 1 in aluminium potroom u/orlcers

~ur

Respir ]1991i4: 159·66

Eur Resplr J, 1994, 7,

Copyright IC>ERS Journals Ltd 1994

~94

· European Respiratory Journal

Printed In UK ·ell rights reserved
•

ISSN 0903 • 1936

'.l

Bronchial responsiveness and decline in FEV 1 in
aluminium potroom workers

..

V. S"yseth*t, J. Kongerudt,· H. Kjuus**, J. Boet

Broi!Chial responsiveness and decline in FEV1 in aluminium potroom workers. V. S;yseth,
J. Kongerud, H. Kjuus, J. Boe. ©ERS Journals Lld 1994.
ABSTRACT: We have investigated the relationship between annual decline in
forced expiratory volume in one second (AFEV 1) and bronchial re_sponsiveness (BR)
in aluminium potroom workers.
BR was measured In a cross-sectional study of 337 aluntiniu~_potroom workers
half-way through a 6 yr follow-up study of lung function. A skin-prick test (SPT)
was also performed. During follow-up the mean number of measurements of lung
·
function (FEV1) in each subject was 6.8.
Mean aF'EV 1 was 21.3 ml·yr· 1 (within subject sD=30.5 ml·yr· 1), Mean aFEV 1 was
57.0, 44.5 and 16.6 ml·yr·• in subjects who had provocative concentration producIng a 20% fall in FEV, (PC,.) ~.0, 8.1-32.0 and >32.0 mg•ml- 1, respectively. After
adjustment for gender, atopy, smoking habit, FEV,, age and familial asthma the
association between BR and aF'EV1 was weakened, and was not statistically significanL A significantly accelerated decline in FEV1 witb age was found. The difference in AF'EV 1 between smokers and nonsmokers was 39.3 ml·yr· 1, and between
subjects who had a positive skin-prick test compared to subjects witb a negative
skin-prick test 39.6 ml·yr·•. In subjects reporting work-related asthmatic symptoms
the decline in FEV1 was 43.2 ml·yr· 1 greater than in asymptomatic subjects. In
asymptomatic subjects, positive skin-prick test was also associated with increased
aF'EV 1•
These data indicate that a single measurement of BR is not a predictor of aFEV 1
in aluminium potroom workers. Smoking, work-related asthmatic symptoms, and
positive reaction to skin-prick test in asymptomatic workers were risk factors of
increased aFEV,.
Eur Respir J., 1994, 7, 888-894.

In a cross-sectional study of a general population in
western Norway, an increased prevalence of chronic
obstructive disease was found in subjects who had
worked in the aluminium industry [1). KoNGERUD and
eo-workers [2) found that the relative risk of airways
obstruction increased with the duration of exposure in
the potrooms. In another report, it was found that airflow limitation was closely related to increased bronchial responsiveness (BR)[3). The association between
decreased forced expiratory volume in one second
(FEV 1) and BR has also been confirmed by other investigators [4, 5). According to the "Dutch hypothesis" [6],
smokers with chronic airflow limitation (CAL) may
have an allergic constitution and increased nonspecific
BR. This hypothesis has been supported by several
reports [7-10]. However, in some of these studies, the
adjustment for several potential confounders has been
incomplete. Thus, the relationship between BR and annual decline in FEV 1 (M1EV 1) is incompletely understood.
Since increased BR seems to be a risk factor for the
development of CAL, it is likely that BR could be a good
predictor of MlEV 1• Moreover, as BR seems to decrease
after removal from potroom exposure [11, 12], bronchial
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challenge testing could be a useful tool in the prevention of CAL under these settings. The aims of the present study were, thus, to investigate whether information
from a cross-sectional survey could identify risk factors
of increased M1EV 1, and therefore to: 1) examine whether BR is a predictor of MlEV i in aluminium potroom
workers; and 2) compare bronchial challenge testing and
a respiratory questionnaire as methods to identify workers with increased M'EV 1•
Methods
The study population was _selected from a crosssectional study of bronchial responsiveness in aluminium potroom workers in 1988, who participated in a
follow-up study of lung function [3]. There were 380
workers employed in the potrooms, of whom 370 were
available at the time of the examination by questionnaires and spirometry. Of these 370, fO'ur subjects were
excluded from the methacholine challenge because they
had FEV 1 <60% of predicted (obtained from a general
asymptomatic urban population in Norway [13)), and 29

BR AND Ll.FEV 1 IN ALUMINIUM POTROOM WORKERS

subjects refused to attend the bronchial challenge. Thus,
337 subjects gave their informed consent to participate
in bronchial challenge testing: 38 females and 299
males, aged 18-{57 yrs. Information ahout respiratory
symptoms, smoking habits, familial asthma, and use of
airway protection mask was obtained using a questionnaire [ 14]. Work-related asthmatic symptoms (WASTH)
were defined as the combination of dyspnoea and wheezing, improving on days away from work, in subjects
who had no asthma before employment. Details of the
study population are described elsewhere (3].
Two dry bellow spirometers (Jones Pulmonaire, Jones
Medical Instruments Co., Oak Brook, Illinois, USA)
were used to measure FEV 1• Bronchial challenge to
methacholine was perfonned in 337 workers using a
shortened protocol of the COCKCROFT method [15, 3].
The response was expressed as the concentration of
methacholine that could provoke a 20% decrease in
FEY 1 from baseline (PC 20 ) [3]. BR was divided into
three categories: bronchial hyperresponsiveness (BHR)
(PC20 58.0 mg·ml· 1); minor responsiveness (PC20 8.132.0 mg·ml·1); and nonnal responsiveness (PC20 >32.0
mg·ml· 1) [3] . A skin-prick test (SPT) to five common
aeroallergens was also performed (3], using allergen
coated lancets (Phazet®, Pharmacia, Uppsala, Sweden).
The test result was scored according to the largest weal
to any of the five allergens: positive reaction if the largest weal was greater than the histamine reference; equivocal reaction if the largest weal was >I mm and less
or equal to the histamine reference; otherwise the test
result was regarded as negative [3].
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Lung function had been measured annually, during a
6 year follow-up from 1985 to 1991, by the same staff
and spirometers. Some of the workers were tested more
than once annually, due to temporary employment outside the potrooms, military service, or education. Some
subjects started to work at the plant between 1985 and
1988, and some workers terminated their employment
before 1991. Thus, the subjects had on unequal number
of follow-ups. In 90% of the subjects, age at the crosssectional survey deviated less than one year from age
at the individual mean follow-up time.
Both spirometers were calibrated every half year with
a 3 I syringe. At every visit, the· subjects were asked to
perform three expiratory manoeuvres: the best of two
recordings should be reproducible within lOO rnl or 5%,
whichever was the largest. The lung volumes were converted to body temperature, pressure, and saturation
(BTPS) values. All the recordings were obtained from
the subjects in standing position, between 08.00 and
12.00 a.m.

Statistical analyses
Individual least-squares slopes of FEV 1 (b) versus
time were calculated for each subject who had three or
more recordings. These b;s were used as estimates of
~V 1 and given as positive values if a decrease was
estimated. In four of the 337 workers, only two recordings of FEY 1 were available. Thus, the analysis included the remaining 333 workers. A regression of b;s on

Table 1. - Weighted mean of annual decline in FEV, (t.FEV, ml.yr 1) in 333 aluminium potroom workers at different
levels of bronchial responsiveness stratified for gender, smoking habits, atopy, history of familial asthma, use of respiratory safety mask
·· -··--· -~ -

PC,0
Gender
Male
Female
Smoking
Never
Fanner
Current
Skin test
Negative
Equivocal
Positive
Familial asthma
No
Yes
Safety mask
No
Yes
All
95% Cl

BHR

MR

NR

58.0

8.1-32.0

>32.0

mg·ml·•

mg·ml~ 1

mg·ml·'

63.3 (12)
40.1 (5)

32.5 (18)
87.3 (6)

17.0 (265)
12.5 (27)

20.5
28.1

3.8 (2)
100.3 (3)
54.4 (12)

- 134.1 (2)
30.0 (5)
79.2 (17)

-16.2 (78)
2.5 (22)
33.9 (192)

-19.5
17.6
38.1

61.0 (13)
47 .1 (2)
44.1 (2)

31.7 (17)
158.9 (I)
63.4 (6)

7.7 (218)
46.9 (38)
40.5 (36)

12.9
50.2
44.0

9.7 to
42.5 to
36.3 to

16.0
57.8
51.7

(248)
(41)
(44)

74.6 (12)
10.0 (4)

19.5 (15)
87.6 (9)

31.5 (204)
-33.7 (48)

33.4
-13.2

30.2 to
-19.2 to

36.7
-7.9

(231)
(61)

-2.2 (I)
61.0 (16)

3.8 (I)
46.6 (23)

-111.9 (29)
30.7 (263)

-102.4
34.0

-105.2 to -99.6
31.1 to 36.8

(31)
(302)

57.0 (17)
46.2-67.7

44.5 (24)
34.8-54.2

16.6 (292)
13.7-19.5

21.1

Mean

95% Cl

23.3
36.2

(295)
(38)

-24.8 to -14.1
9.4 to 25.9
34.7 to 41.5

(82)
(30)
(221)

17.6 to
20.0 to

18.6 to

24.0

(333)

The inverse of the variance used in the weighted regression of Ll.FEV 1 was used as weight. Results are Ll.FEV 1 ml·yr 1, number of
subjects in parenthesis. Negative values denote incline in FEV 1, positive values denote decline in FEV 1• BHR: bronchial hyperresponsiveness; MR: minor responsiveness; NR: nonnal responsiveness. 95% CI: 95% confidence interval of the mean; FEY,:
forced expiratory volume in one second; PC20 : provocative concentration producing a 20% fall in FEV 1•
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the various covariates (listed in table 1) was calculated
by a maximum likelihood weighted regression method
(Appendix 1). The method is described as Method 1 by
DIEM and LruKKONEN [16]. The analyses were performed
using the statistical package SYSTAT [17]. The maximum likelihood estimates of the coefficients of the covariates were obtained by defining the LOSS function
[17] as the log-likelihood of the b1s [16]. The following covariates were included in the model: gender, atopy,
age (continuous), smoking status, familial asthma, use
of respiratory protection mask, and BR (Appendix 2).
Lung function was expressed as standardized FEV 1
(SFEV 1, continuous), i.e . the difference between the
observed and predicted value divided by residual standard deviation of the prediction lines [ 18]. As the relationship between IWEV 1 and SFEV 1 might depend on
whether lung function was related to the time of inclusion in the study or to the end of follow-up, both these
covariates were used in the analyses, as well as SFEV 1
at the cross-sectional survey. Age was expressed as the
age at the cross-sectional•survey. As lung function increases in the younger age groups [19], separate analyses
were carried out in those younger than 25 yrs of age and
in those who were 25 yrs or older.
'
The comparison between PC20 and respiratory symptoms as predictor-s of IWEV 1 was performed by stratified analysis [20], adjusting for smoking status using
weights obtained from Step 1 of the weighted regression (smoking status was regarded as the main potential
confounder). The stratified analysis was chosen because
there were too few subjects to perform a full regression analysis in the different symptomatic subgroups.
Similarly, a comparison between respiratory symptoms
and response to the SPT was performed using the same
method.

400
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-200
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-400 +---.-.---.-.-.,.,.--..--.----.-.---.--.
15 20 ·25 30 35 40 45 so 55. so · 65 70
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Fig. I. - The relationship between annual change in forced expiratory volume in one second (6F'EV 1) (ml·yr') and age at the crosssectional survey. Positive values of 6FEV 1 denote decline in FEV 1•
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3

Fig. 2. - The relationship between annual change in forced expira·
tory volume in one second (AFEV 1) (ml·yr') and SFEV 1 at lhe crosssectional survey. Positive values of 6FEV 1 denote decline in FEV 1•
SFEV 1: standardized FEY, .

Results
The total number of spirometric measurements was
2,206, in 333 subjects in whom more than two measurements were performed. The mean follow-up time
and the mean number of spirometric measurements was
5.2 yrs (range 0.5-6.9 yrs) and 6.8 (range 3-14), respectively.
Mean decline in FEV1

The weighted mean (using the inverse of the variance
used in the maximum likelihood model as weights) of
IWEV, was 21.2 ml·yr 1• The mean standard deviation
within subjects was 30.5 ml·yr 1•
In table I, weighted mean of AFEV 1 at different levels of BR -strati.fied for gender, smoking status, atopy,
familial asthma, and airway protection is shown. The
weighted mean of IWEV 1 was 57.0 ml·yr 1 in those who
had BHR, 44.5 ml·yr 1 in those who had minor responsiveness, and 16.6 mg·ml·• in those who had normal
responsiveness. In many of the strata a similar relationship between IWEV 1 and PC20 was not found (table

1). In subjects with positive or equivocal reaction to
the SPT, IWEV 1 was 44.0 and 50.2 ml·yr 1, respectively, compared to 12.9 ml·yr' in those who had a negative reaction. There was also evidence for increased
M'EV 1 among smokers (38.1 ml·yr 1) compared to past
smokers (17.6 ml·yr 1) and lifelong nonsmokers (-19.5
ml·yr 1). A linear relationship between M'EV 1 and age
was indicated (fig. 1), whereas, AFEV, seemed to be independent of SFEV 1 at the cross-sectional survey (fig.
2). A greater IWEV 1 was also found in those who used
airways protection (34.0 ml ·yr 1) compared to those
who reported no use of respiratory safety mask (- 102.4
ml·yr 1).
Factors influencing !JFEV1

Table 2 shows the results from the weighted regression analysis with IWEV 1 as the dependent variable and
age, gender, smoking status, atopy, familial asthma,
SFEV 1, use of respiratory safety mask and W ASTii as
independent variables. The adjusted M'EV 1 was significantly associated to age at the cross-sectional survey
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Table 2. - Regression of annual decline (t>FEV,)(ml-yr-•)
on some characeristics of aluminium potroom workers,
using a two-stage weighted regression
SE

Gender females vs males
Age continuous
Smoking status
Ex vs nonsmoker
Current vs nonsmoker
Skin test
Equivocal vs negative
Positive vs equivocal
Familial asthma
Present vs absent
SFEV 1 continuous
Safety mask
Never vs occasional or
always
WASTH yes vs asymptomatic
Bronchial responsiveness
BHR vs MR
Minor vs NR

Table 3. - Mean D.FEV, (ml-yr- 1) according to different
respiratory symptoms by degree of bronchial responsiveness

95% Cl

BHR

MR

NR

28.3 (7)
78.0 (10)
70.0 (8)
52.5 (6)
66.8 (6)

-16.0 (13)
106.2 (8)
71.2 (9)
123.9 (5)
81.0 (5)

12.9 (219)
34.3 (52)
37.7 (44)
18.4 (32)
69.2 (20)

-7.1 14.4
1.9 0.4

-35.4 to 21.2
1.1 to 2.6

2.1 17.9
39.3 10.6

-33.0 to 37.2
18.5 to 60.0

No symptoms
Dyspnoea
Wheezing
Cough
WASTH

39.6 13.7
-3.6 17.7

12.7 to 66.5
-38.3 to 31.1

Number of subjects in parenthesis. For abbreviations see legends to tables 1 and 2.

-12.8 11.7
-7.4 5.4

-35.8 to 10.1
-17.9 to 3.2

Table 4. - Difference in D.FEV, (ml-yr- 1) between responders and nonresponders after stratification for smoking
habits weighted by the inverse of the variance

-79.8

15.5

-110.2 to -49.5

43.2

15.9

12.0 to 74.5

13.5 25.4
0.2 18.4

-36.9 to 63.2
-35.9 to 36.3

WASTH: work-related asthmatic symptoms; SFEV1: standardized FEV 1• For further abbreviations see legend to table 1.

(1.9 ml·yr'). An overlap of the confidence intervals of
the age effect was found between those who were 25
yrs or older and those who were younger than 25 yrs.
Current smokers had a significantly higher 6FEV 1
(39.3 ml·yr 1) than lifelong nonsmokers, whereas, there
was no significant difference in IWEV, between exsmokers and lifelong nonsmokers. Those who reported use of airway protection had a greater decline in
FEY, than those who never used a safety mask (-79.8
ml·yr 1).
There was no significant relationship between 6FEV 1
and SFEV 1 at the cross-sectional survey or at inclusion
to the study (-7.4 and 3.4 ml·yr 1, respectively). The
annual decline in FEV 1 was decreasing as SFEV 1 at the
end of the follow-up increased (-11.5 ml-yr 1; p<O.O 1):
i.e. those who had the largest decline in FEV 1 had the
lowest SFEV 1 at the end of the follow-up.
Whereas the crude rates indicated a progressive decline in FEY, with increasing BR, 6FEV 1 was not significantly increased in subjects with BHR compared to
subjects with minor responsiveness (13.5 ml·yr 1), or
subjects with minor responsiveness compared to· subjects with normal responsiveness (0.2 ml·yr· 1). After
deleting subjects with minor responsiveness from the
model, there was no significant difference in 6FEV 1
between subjects with BHR compared to subjects with
normal responsiveness (20.2 ml·yr 1). A continuous measure of BR was also used (slope of the dose-response
curve (DRS)). No significant association, however was
found between DRS and 6FEV 1, and the use of DRS
as a independent measure of BR caused no change between 6FEV 1 and the other covariates in the model.
Different categories of respiratory symptoms were
included in the model and the difference in IWEV 1
between those who reported respiratory symptoms and

No symptoms
Dyspnoea
Wheezing
Cough
WASTH

BHR- NR

MR- NR

4.3
31.6
17.8
32.6
1.4

28.2
37.9*
21.0
64.7*
5.6

- - - ·- - - - - -· - - -- -- - -·
Results are differences in D.FEV 1 between those who had BHR
and NR and between those who had MR and NR. *: significantly different from zero, p<0.05. For abbreviations see legends to table 1.

symptom-free subjects was estimated. The difference
between those who reported dyspnoea, wheezing or
cough and symptom-free subjects was 15.0, 16.9 and
24.5 ml·yr 1, respectively. Only subjects with WASTH
had a significantly increased L\FEV 1 compared to symptom-free subjects.
M'EV" BR and respiratory symptoms
The· relationship between 6FEV 1 and BR in different
categories of respiratory symptoms is shown in table 3.
In subjects reporting WASTH, IWEV 1 seemed to be independent of PC20' Only subjects with minor responsiveness reporting dyspnoea, wheezing or cough had
an increased ~V 1 compared to subjects with normal
responsiveness (table 3). Thus, there was no evidence
of increasing .1.FEV 1 with increasing BR in any of
the symptom groups or in the asymptomatic subjects
(table 4).
M'EV1, BR and atopy
Similarly, the n.ilationship between IWEV, and SPT
reactivity was compared in subjects with different respiratory symptoms and asymptomatic subjects (table 5).
As 6FEV 1 was almost the same in subjects with equivocal and positive skin test reaction, subjects with more
than I mm reaction to any of the allergens were pooled
and compared with those who had a negative SPT. In
asymptomatic subjects, the difference in 6FEV 1 between
those who had an equivocal or positive reaction to the

892

V. S0YSETH ET AL.

Table 5. - Weighted mean t.FEV, (mJ.yr 1) in subjects
who had equivocal or positive reaction to the skin-prick
test and subjects who had ;a negative reaction
Dependent
variables
No symptoms
Dyspn<iea
Wheezing
Cough
WASTH

SPT
negative

SPT positive
or equivocal

-0.1 (179)
50.0 (49)
55.9 (42)
30.2 (30)
84.3 (19)

49.5
54.4
32.7
59.8
48.7

(60)
(21)
(19)
(13)
(12)

p-value

<0.01
NS
NS
NS
NS

Number oc' subjects· in parenthesis. NS: not significant: SPT:
skin-prick test. For further abbreviations see legend to tables
I and 2.

SPT and subjects with negative reaction to the SPT, was
53.5 ml·yr 1 (p<O.Ol). However, in subjects with respiratory symptoms, there was no significant association
between the reaction to the SPT and .iFEY 1• Thus, a
positive or equivocal reaction to the SPT was a risk
factor of accelerated decline in FEY 1 in asymptomatic
subjects only.
Discussion
In this study, we have investigated the relationship
between BR and annual decline in FEY,. The unadjusted rates indicated that increased <iFEY 1 was associated with increased BR. However, after adjustment for
age, gender, smoking habits, use of safety mask, familial asthma, SFEY 1 and W ASTH the difference in
AFEY 1 between different categories of BR decreased
and was not significant. We also found that <iFEY 1 in
those who reported W ASTH was independent of the
level of BR, and that W ASTH was a significant predictor of AFEY,. In asymptomatic subjects, the SPT was
a significant predictor of <iFEY, .
The finding that ~Y, · was unrelated to BR is apparently not in agreement with the "Dutch hypothesis" [6]
and the findings by others [7-10). However, in two of
these studies [7, 9), bronchial challenge was performed
at the end of follow-up and no adjustment was made for
baseline FEY,. As baseline FEY 1 and BR are highly
correlated [3, 4], the observed association between
<iFEY, and BR could be a consequence of a decreased
baseline FEY, rather than a cause of increased dFEY 1•
Two other studies [8, 10) were restricted to patients with
established CAL. Thus" the study populations in the
latter two studies were not comparable to our subjects.
Although our data seem to reject the "Dutch hypothesis", some other factors must be considered. Whereas,
<iFEY 1 can be regarded as constant over the observation
time (and should, therefore, be regarded as a valid estimator of the decline of lung function), it is questionable whether the measured PC20 could be regarded as
constant during the observation time. In a 2 yr followup of workers reporting W ASTH, with repeated measurements of BR, we found considerable variation of
BR within subjects [21]. A similar observation has also

,. ,,
been made in a group of asthmatics in :a longitudinal
study of repeated measurements of BR [22). Thus, it is
very likely that, in many of the. subjects in the present
study, BR has changed during the follow-up; As our
classification of BR was based on only one measurement, a misclassification of the BR of sul:'!jects is likely
to occur over a period of time. Moreove.r, such misclassification is probably independent of ~Y, and
could, therefore, bias the association between BR and
IWEY 1 toward zero [23). Finally, in this young population, a relatively high proportion of the subjects had
.iFEY 1 close to zero, and this might decrease the probability of detecting any association between BR and
<iFEY 1• Nevertheless, our investigation shows that one
measurement of BR cannot predict the ongoing AFEY 1
in aluminium potroom workers.
Those who reported W ASTH had significantly increased ~FEY 1 compared to symptom-free workers, and
this relationship was independent of BR. In an earlier
report concerning the same population we found that
WASTH was strongly associated to occupational fluoride exposure [24). Thus, it seems likely that WASTH
is a good indicator of susceptibility to potroom fumes,
as well as a sensitive risk factor of increased <iFEY,.
We have also found that the majority of 26 workers
reporting W ASTH had BR in the normal range on at
least one challenge during a 2 yr follow-up [21). Nevertheless, the mean BR in these workers was markedly
increased compared to a symptom-free reference group
[21). It is therefore possible that WASTH is a better
indicator of the mean BR than one single measurement
of PC20' Thus, in this respect our results might be in
agreement with the "Dutch hypothesis".
The relationship between a positive skin test and
&FEY, is in agreement with the results from a study
of AFEY, in shipyard workers [25). A positive association between AFEY 1 and serum immunoglobulin (lgE),
i.e. an index of atopy, has been reported by ANNESI
et al. [26). Since IgE and the reaction to the SPT are
positively correlated [26), it is likely that allergy - as
expressed by a positive SPT · may be associated with
increased risk of developing CAL.
The relationship between .iFEY 1 and current smoking
has been found by others [27-29], and seems to apply
to aluminium potroom workers as well. However, the
difference in dFEY 1 between smokers and nonsmokers
was higher in our study than in these studies, mainly
because of a lower 6.FEY 1 in nonsmokers. A linear relationship between .iFEY 1 and age was indicated, i.e. age
can be treated as a continuous covariate in studies of
AFEY 1 in adults. The finding that dFEY 1 increased with
age at the cross-sectional survey is in agreement with
JAAKKOLA and eo-workers [30]. Our estimate of the relationship between age and 6.FEY 1 is the mean of the
estimates found by others [27, 29].
The relationship between <iFEY 1 and lung function
was dependent on whether SFEY, at inclusion, at the
cross-sectional survey or at the end of the follow-up was
used. Those who had the lowest SFEY 1 at the end of
the follow-up also had the largest decline in FEY,, in
accordance with the "horse-racing effect" [31].
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The observation that those who never use airway protection have less decline in lung function is apparently
surprising, and needs some comment. Firstly, after adjusting for confounding factors, such as age, smoking
habit, symptoms, etc., the difference between the users
and nonusers decreased. Nevertheless, a significant difference in M'EV 1 between these two groups remains,
and we believe that the nonusers have decreased susceptibility for the development of respiratory disorders.
These workers also had less symptoms [24], and were
less reactive (3], than those who reported use of respiratory mask. Secondly, as information on use of safety
mask was related to the cross-sectional study, they
might have used airway protection during follow-up.
Alternatively, this finding could indicate technical problems with the measurements. However, the so of
~V 1 was not larger in the mask-users than in nonusers,
indicating that the observed difference between these
groups was not due to technical problems in performing
spirometry. Finally, it is unlikely that technical problems could cause systematically increased values in the
non users.
In conclusion, a respiratory questionnaire seems to be
a better screening tool for detection of increased M'EV 1
in aluminium potroom workers than a single bronchial
provocation test with methacholine.

an individual participant's regression line; and t 2/K; is
the variance of the estimation error associated with the
observed slope b1• K1 = .f (tr-~) 2 , i.e. the sum of squared
deviation from the mdrl forlow-up time in the ith individual.
The NONLIN module of SYSTAT offers an algorithm
that can estimate the ~s:
Step 1

Specify the model (Equation (1)):
BI=CO+ClxX 1+C2XX2+C3XX3+C4XX4+
(3)
C5xX5+C6xX6+C7xX7+C8xX8+C9XX9+
C!OxX!O+CllxXll+Cl2xX12+C13XX13
Bl=b 1; CO, C(l-13) estimates of a, ~· respectively;
X(l-13)=x1 of the ith participant. (Regarding definition
of the Cs, see Appendix 2).
Step 2

Specify the LOSS-function (Equation (2)):
WSS=LOG(V ARIANCE+V ARBI)+( 1/ (VARIANCE +V ARBI))

x(Bl-ESTIMATE)'2
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Appendix 1
Maximum likelihood estimation of regression coefficients.
We wish to estimate the coefficients in:

a + j=l
:E Y·X
.. +
I
I}

E.

I

333

i=l

I

13

:Ei=l (b I.-a-:E
y,.x.Y
j=l ) IJ
2( 0

Note: the constant terms (Equation (2)) do not have
to be included when formulating the LOSS function,
as they do not make any difference when the LOSS
is minimized.

Classification of covariates in the model.

regression of FEV 1 by time and xii is the jth covariate
of the ith individual. Let b1 denote the estimate of ~~
Now the log-likelihood of the b1s is:
333
I m
- - -ln(21t)-- :E In(cr2 +~/K.)
2

where VARIANCE=a2 is estimated by SYSTAT in the
computation of the LOSS-function, VARBI=t2/K1 and
Bl=b1 are stored on the file in each subject. ESTIMATE=(6FEV1)1 in each individual estimated from
Equation (3). Then the LOSS statement is evaluated in
each case using the estimate from the model statement.
The LOSS is summed over all cases, and this procedure is repeated until the tolerance criterion is obtained,
or maximum iteration limit is reached.

(1)

P1=M'EV 1of the ith individual calculated by least square

2

(4)

Appendix 2

13

A_=

1-'1
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(2)

2 +'t2/1C )
1

where a2 is the variance of p, not accounted for by the
covariates Xi!• ..... , Xm· t 2 is the residual variance about

Let X11' .. ... , Xm denote the covariates for the ith participant: GENDER: FEMALE X11 = 1, MALE Xi! =0; X.12 =AGE;
sMoKING STATUS: cURRENTsMoKERSX;3=I.x,.=O, EXsMoKERs X.,1 =0, X14 = 1, LIFELONG NONSMOKERS X11=x'l=0;
SPT: POSITTVE RESPONSE. X;s=x 16=1, EQUIVOCAL RESPONSE
X1s=D, ;(.16 =1. NEGATIVE RESPONSE X;s=x 16=D; FAMILIAL
ASTHMA: YES X.17 =1, No Xn=O; X. 18=SFEV 1; USE OF
RESPIRATORY MASK: YES )( 19 =1, NO )(19=0; RESPIRATORY SYMPTOMS: SYMPI'OM-ffiEE X-i 10'"X; 11 ::(), WAS1ll
X-i 10=1, X-i 11 ::(), 01liER SYMPI'OMS X110=0, X-i 11 =1; BRONClllAL
RESPONSIVENESS: BHR Xm=xm=l, MINOR RESPONSIVENESS X112 =0, Xm= 1, NORMAL Xm=x113=0.
For definition of abbreviations see text.
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