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Background Serial peak expiratory flow (PEF) records have been recommended as a first-line investigation in work-
ers suspected as having occupational asthma (OA).

Aims To determine which PEF variability index best differentiates workers with OA from non-occupational
asthmatics and unaffected irritant-exposed workers.

Methods PEF was measured at least four times daily for at least 3 weeks in three groups of subjects: (i) forty
healthy grain-exposed farmers and dockers, (ii) forty-two consecutive workers with independently
confirmed OA and (iii) forty-eight non-occupational asthmatics. Indices of PEF variability were com-
pared between groups.

Results The difference in mean PEF between rest and work periods best separated the occupational asthmatic

workers from the others. The upper 95% confidence limit of this index for grain-exposed workers was
2.8% of predicted PEF (16 1/min) and 3.3% (15 I/min) for non-occupational asthmatics. Sensitivity
for diagnosing OA using this index was 70%. An increase in diurnal variation on workdays of >7% had
a sensitivity of only 27% for the diagnosis of OA. The difference between maximum PEF on workdays
and minimum PEF on rest days had a sensitivity of <10% against non-occupational asthmatic con-
trols.

Conclusions Difference in mean PEF between workdays and rest days is the best simple index for differentiating
subjects with OA from those with non-OA or irritant-exposed healthy subjects. Differences >16 I/min
are unlikely to be due to significant irritant exposure in healthy workers.

While there is no doubt that exposure to an irritant
agent can lead to significant bronchoconstriction in asth-
matic subjects, it is less clear what magnitude of response
can occur in healthy individuals exposed to significant
levels of irritants found in typical occupational settings.
It is also unclear which index of PEF variability best
distinguishes workers with OA from those with non-OA
or irritant-exposed healthy workers. Coté ez al. [9] found
that the best index of PEF variability for separating
workers with OA from those without was the difference

Introduction

Serial peak expiratory flow (PEF) monitoring has been
recommended as a first-line investigation in workers sus-
pected as having occupational asthma (OA) [1]. Although
several studies have shown PEF records to be a sensitive
and specific tool for the diagnosis of OA [2-5], there is
a degree of intra- and inter-expert variability in the inter-
pretation of PEF records [6—8]. In particular, there is of-
ten disagreement on the relevance of records that show
small but consistent deteriorations in PEF during work

exposure, particularly when PEF diurnal variability is
within normal limits (Figure 1). Some would regard these
features as indicating an irritant response rather than true
OA, even in workers who have work-related respiratory
symptoms suggestive of OA.

in average maximum PEF during rest weekends com-
pared to average minimum PEF during workdays. How-
ever, this index in reality only differentiates those with
high diurnal variation from those with low diurnal varia-
tion. The upper 95% confidence limit for this index in
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Figure 1. PEF chart from a secretary with a positive challenge to the material her room was cleaned with. Her PEF record shows a small work-related
deterioration in PEF and mean diurnal variation of 15% on workdays. Shaded areas are workdays and unshaded areas are rest days. Dashed line is
predicted PEEF, solid line is daily mean PEF and upper and lower dotted lines represent maximum and minimum daily PEF, respectively. Mean PEF
difference between rest and work periods is 23 I/min (6.1% of predicted PEF). Oasys-2 score is 3.0.

Coté’s study (derived from 15 non-occupational asth-
matics) was fairly low and is unlikely to be specific in
non-occupational asthmatics who have a higher degree
of diurnal PEF variability. Two alternative indices
for identifying OA include assessment of change in
diurnal variation between work periods and rest periods
and differences in mean PEF between rest and work
periods.

The aim of this study was to assess the ability of various
simple indices of PEF variability to differentiate between
workers with proven OA from those with non-OA and
from healthy workers exposed to grain dust, a known re-
spiratory irritant and to compare these simple indices with
the occupational asthma system (Oasys—a computer
program that scores serial PEF records on the likelihood
of showing OA) score from the published discriminant
analysis [10].

Methods

PEF records from three groups of workers were identi-
fied: workers with OA, non-OA and healthy workers oc-
cupationally exposed to high levels of grain dust, a known
respiratory irritant. Only PEF records deemed to be of

adequate data quantity for record interpretation as as-
sessed by previously defined minimum PEF data quantity
criteria were used [11]. These were (i) =4 readings on at
least 75% of days, (i) =3 complexes (equivalent to ~3
weeks) in duration and =3 consecutive days at work in
each work period for at least 75% of work periods.
Group 1 were healthy workers occupationally ex-
posed to grain dust and consisted of healthy farmers ex-
posed during harvesting, and dockworkers exposed
while loading and unloading grain from ships and lorries.
These subjects were identified retrospectively from the
Health and Safety Executive grain dust survey of 27 farms
and two docks in the South East of England. In total, 228
grain workers were identified, of whom 140 completed
a respiratory symptom questionnaire, spirometry [12]
and a serial PEF record. Ninety-eight (of whom 40
had no asthmatic symptoms as defined by the Venables
questionnaire) of these subjects kept 120 PEF records
that satisfied the minimum PEF data quantity criteria.
Total grain dust measurements were carried out by
the Health and Safety Laboratory using Institute of
Occupational Medicine filtration samplers (SKC Ltd,
Dorset, UK). Twenty-seven per cent of farm samples
and 19% of dock samples showed levels >10 mg/m’
(the UK maximum exposure limit) with grain dust

$202 YoJe|\ 0z uo 3senb Aq 4121 LG1/06L/€/19/101ME/PaWO00/WOoD dno"olwapede//:sdiy wolj papeojumoq



192 OCCUPATIONAL MEDICINE

levels =30 mg/m’ being recorded in all work situations.
Personal exposures to airborne endotoxin reached >600
EU/m> at every workplace. Healthy workers were
selected from this group providing that they had no
asthmatic symptoms as defined by the Venables question-
naire [12] and no evidence of airways obstruction,
forced expiratory volume in 1 s (FEV;) =80% predicted
and FEV,/forced vital capacity higher than predicted—1
SD.

Group 2 were workers with definite OA and were consec-
utive workers seen at the Birmingham Chest Clinic who
had a diagnosis of OA confirmed independently of their
PEF records. None had been exposed to grain. Diagnostic
criteria were a good history suggestive of OA plus one of the
following: (i) positive specific inhalation challenge test to
an agent to which the worker was occupationally exposed
(n = 30), (i) =3.2-fold change in non-specific bronchial
hyperresponsiveness in relation to exposure at work
(n = 3) and (iii) presence of specific immunoglobulin E
to an occupational agent with known high specificity
(n=09).

Only subjects whose first PEF record was of adequate
data quantity at the time of initial investigation were in-
cluded. None had previously been used in evaluating
Oasys-2 [10].

Group 3 were non-OA subjects and were a group
of physician-diagnosed occupational asthmatic/non-
occupational asthmatic subjects who kept PEF records
while away from work and who therefore could not have
an occupational effect on the PEF measurements
Mondays to Fridays 0900-1700 h were analysed as being
at work. Differences in PEF indices between ‘rest’ and
‘work’ periods were therefore not as a result of genuine
occupational exposure.

All PEF records were plotted using the Oasys-2 com-
puter program after day interpretation [10], once periods
containing documented respiratory tract infections, ma-
jor laze or learning effects had been removed and PEF
data had been linearized [13].

Various indices of PEF variability were calculated
(Box 1).

Atopy was defined as one or more positive skin prick
test =3 mm to a non-occupational antigen with negative
diluent control. Non-specific reactivity was measured in
those with OA and non-OA either with methacholine us-
ing the Yan method (normal >2000 pg) or with histamine
using the Wright nebulizer technique (normal >8 mg).
Non-specific reactivity was not measured in the grain-
exposed workers.

Measures of PEF variability were expressed as mean
and standard deviation. Upper 95% confidence limits
for healthy grain workers and non-occupational asth-
matics were calculated as mean plus 1.96 SDs. Sensitivity
of a PEF index to diagnose OA was the percentage of
workers with OA whose PEF index exceeds the corre-
sponding upper 95% confidence limit.

Box 1. PEF variability

1. Mean workday diurnal variability:

maximum daily PEF—minimum daily PEF (average of all workdays)
predicted PEF

2. Work-rest difference in diurnal variability: mean
diurnal variability of workdays (as calculated above)
minus mean diurnal variability of rest days;

3. Mean rest—-work PEF differences: mean PEF on all
rest days minus mean PEF on all workdays (absolute
value in /min);

4. Mean rest—work PEF differences expressed as a per
cent of the predicted PEF;

5. Maximum rest — minimum work PEF expressed as
per cent predicted:

average of maximum PEF on all rest days—average of minimum PEF on all workdays
% predicted PEF ’

6. Oasys-2 score (using the published discriminant
analysis).

Results

Fifty-two PEF records from 40 grain-exposed workers, 42
records from 42 occupational asthmatic workers and 48
records from non-occupational asthmatics were identi-
fied. Table 1 shows the characteristics of the subjects.
Sixty-six per cent of the occupational asthmatics had been
on inhaled steroids while keeping their PEF records. The
OA group were exposed to a variety of agents, the most
being to metal agents (26%), followed by biocides (16%),
isocyanates (10%), flour (7%), colophony (7%), oil mists
(7%), latex (5%), chloramines (5%), acrylates (5%) and
other agents (12%).

The mean and upper limits of the assessed PEF indices
for healthy grain workers and non-occupational asth-
matics are shown in Table 2, along with the mean values
in workers with confirmed OA and the sensitivity of these
measures for identifying OA. Workday PEF diurnal var-
iability was above the 95% confidence limit for the grain-
exposed workers in only 40% of workers with confirmed
OA, an increase in PEF variability during work periods by
7% compared to rest periods (the upper limit of change
occurring in non-occupational asthmatics) was very in-
sensitive for diagnosing OA. Of the statistical indices,
the difference between mean work PEF and mean rest
PEF expressed as per cent predicted PEF was the best
at differentiating between workers with OA and both
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Healthy grain-exposed Non-OA (n = 48) OA (n = 42)
workers (n = 40)

Age (years) 445 = 10.4 494 £ 11.1 437 £ 9.3
Atopy 26% 33% 53%
Current/ex-smokers 36%/18% 30%/37% 14%/29%
FEV1 % predicted 107.6 * 12.9 80.6 = 11.6 86.3 * 20.6
FEV1/forced vital capacity (%) 80.5 = 3.8 69.9 = 13.6 72.4 *+ 16.8
Non-specific reactors Not applicable 59% 63%

Table 2. PEF data comparison between healthy grain-exposed workers, non-occupational asthmatics and workers with confirmed OA

Index of PEF Grain-exposed Non-OA OA (n = 42) Sensitivity for OA using
variability healthy subjects (n = 48) upper limit from
(n = 40)
Grain- Asthmatic
exposed

1. Workday diurnal Mean (SD) 9.1% (4.0) 13.5% (7.4) 16.1 (9.2)

variability (as % (median = 15.1)

predicted) Upper limit 16.9% - - 40% -
2. Difference between Mean 0.2% (2.6) —-0.1% (3.7) 5.4% (8.3)

mean workday diurnal (median = 2.7)

variability and mean Upper limit 5.3% 7.2% - 31% 27%

rest day diurnal

variability
3. Mean rest-work PEF Mean —1.4 /min (8.7) 0.4 /min (7.3) 32.6 I/min (36.2)

difference (I/min) (median = 22.1)

Upper limit 15.7 I/min 14.7 /min - 67% 68%

4. Mean rest-work PEF Mean —0.3% (1.6) 0.1% (1.6) 6.9 (6.1)

difference (as % of (median = 5.1%)

predicted) Upper limit 2.8% 3.3% - 74% 70%
5. Maximum rest — Mean 8.6% (4.1) 13.9 (8.3) 19% (10.7)

minimum work PEF (median = 17.2)

difference (as % of Upper limit 16.6% 30.2% - 51% 9%

predicted)
Specificity of Oasys-2 score >2.5
Sensitivity of Oasys-2 score >2.5

96% (50/52)

92% (44/48)

79% (33/42)

Upper limits for healthy grain-exposed and non-occupational asthmatics were derived from mean * 1.96 SDs. Sensitivity for each index was the percentage of confirmed
occupational asthmatics with values above the upper 95% confidence limit for the other two groups.

non-occupational asthmatic subjects and grain-exposed
healthy workers (Figure 2). The upper 95% confidence
limit of rest-work differences in mean PEF was 16
I/min or up to 3.3% of predicted PEF in non-occupational
asthmatics or healthy grain-exposed workers.

Discussion

Our study found that rest—-work differences in mean PEF
was the best statistical index differentiating between work-
ers with OA and non-occupational asthmatic subjects or
irritant-exposed healthy workers and approached the
Oasys-2 score derived from a previously validated discrim-
inantanalysis [10]. Afallinmean PEF of >3-4% ofthe pre-
dicted value, or 16 I/min, is unlikely to occur by chance in

a non-occupational asthmatic or as a result of significant
irritant exposure in an otherwise healthy individual, pro-
vided PEF records satisfy minimum data quantity criteria.
Theareabetween curve (ABC) scorehasbeen developedin
a separate group of workers and also found that a similar
value of 15 /min/h differentiated between occupational
and non-occupational asthmatics [14]; however, there
were no healthy workers with irritant exposures to control
for the effects of irritant exposure in that study. The ABC
score is valid for short records (8 work and 3 rest days) pro-
vided thattwo hourly readings are available. The minimum
data frequency and duration for optimal sensitivity and
specificity of the mean rest—work PEF score have never
been investigated. A large proportion of workers with
OA had a PEF diurnal variation within normal limits

$202 YoJe|\ 0z uo 3senb Aq 4121 LG1/06L/€/19/101ME/PaWO00/WOoD dno"olwapede//:sdiy wolj papeojumoq



194 OCCUPATIONAL MEDICINE

70

B occ asthma ||
O grain workers

504

%
subjects
1S 30

1 [ S

» » B i el “ e
o o o 9 £ 9 © 9
o~ ™ P

~ e 4 1 ki
Mean rest-work PEF difference (% predicted PEF)

Figure 2. Distribution of mean PEF difference between rest and work
periods (expressed as per cent predicted PEF) for healthy grain workers
and workers with OA. This was the best index at separating workers with
OA from non-occupational asthmatics and grain-exposed healthy indi-
viduals.

similar to findings in community studies of non-OA [15].
Any negative effects of work exposure on PEF are superim-
posed on the normal circadian increase after waking some-
times resulting in reduced diurnal variation on workdays in
occupational asthmatics. We did not find that assessment of
changes in maximum rest day PEF compared to minimum
workday PEF as suggested by Coté ez al. [9] to be as useful.
The good results from the Coté study were due to the se-
lection of controls who were less asthmatic than those with
OA. The selection of asthmatic controls in the present
study has overcome this.

Grain dust is a recognized respiratory irritant and ex-
posures in farm workers or dockyard workers can be con-
siderable. All were exposed to measured values over the
occupational exposure standard of 10 mg/m>. Grain dust
can also cause a number of clinical syndromes including
asthma, asthma-like syndrome and chronic lung disease
[16,17]. This is the first study, which has used such
a group as a control for OA, providing robust data sepa-
rating OA from asymptomatic irritant exposure. A >16
I/min fall in mean PEF on workdays compared with days
off work is unlikely to occur as a result of grain dust ex-
posure in an otherwise healthy worker. We have not stud-
ied symptomatic grain workers who might have OA due to
sensitization or work aggravated asthma where the grain
dust is exacerbating pre-existing asthma. It is unlikely that
a physiological method, such as serial PEF measurement,
will be able to elucidate the mechanisms of airflow ob-
struction. Both irritant and allergic mechanisms can
cause airflow obstruction of similar degree, and both
cause similar immediate reactions, although late asth-
matic reactions are more common in allergic than irritant
asthma. Grain exposure is but one of many respiratory
irritants; it is more likely that the level of exposure has
a greater influence on the asthmatic response than the
type of irritant, but data clarifying this are missing.

Several challenge-room studies of irritant agent expo-
sure have reported absence of significant bronchocon-
striction in healthy individuals. While some asthmatic
subjects demonstrate significant physiological responses
to sulphur dioxide concentrations as low as 200 ppb when
exercising (ambient concentrations in UK usually <120
ppb), concentrations <1000 ppb have not been reported
to cause bronchoconstriction in healthy individuals [18].
Avol et al. [19] studied the effect of exposure to sulphuric
acid aerosols (concentrations up to 1520 mcg/m” for 1 h)
in 21 asthmatic and 21 healthy individuals. Although
a significant decrease in lung function was noted in asth-
matics when exposed to higher concentrations of sulphu-
ric acid, a significant decrease did not occur in healthy
individuals, though there was an increase in cough. Nei-
ther group showed an increase in methacholine reactivity.
However, reactions to ozone can occur in healthy individ-
uals, associated with a neutrophilic airway inflammatory
response [20].

We would suggest that a small but consistent deterio-
ration in PEF during work periods in an otherwise healthy
but currently symptomatic worker should not be dis-
missed as due to irritant exposures, if the fall in mean
PEF is greater than ~16 l/min or if the record has an
Oasys-2 score >2.5. These workers should be investi-
gated further. We have previously shown that the presence
of increased numbers of eosinophils or neutrophils in in-
duced sputum in workers with OA and a positive Oasys-2
score cannot be predicted from the magnitude of the
mean rest—-work PEF difference [21].

In conclusion, we have found that differences in mean
PEF between rest and work periods is the best simple in-
dex for separating workers with OA from those without
OA, even when within-day or within-record PEF variabil-
ity is relatively small. Mean rest—work differences in PEF
of >16 I/min or 3-4% of predicted PEF are unlikely to
occur in non-occupational asthmatics or irritant-exposed
healthy workers.

Key points

e The difference between peak expiratory flow on work
and rest days may be small in workers with confirmed
occupational asthma.

¢ A 16 1/min difference in peak expiratory flow between
days away and at work separates occupational asth-
matics from non-occupational asthmatics and irritant-
exposed healthy subjects with good sensitivity.

e Changes in diurnal variation in peak expiratory flow
between work and rest days are generally unhelpful.
An increase in peak expiratory flow on workdays
>7% (the upper 95% confidence limit for non-
occupational asthmatics) has a poor sensitivity for
the diagnosis of occupational asthma.
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