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PAPERS AND SHORT REPORTS

Another smoking hazard: raised serum IgE concentration
and increased risk of occupational allergy

0 ZETTERSTROM, K OSTERMAN, L MACHADO, S G 0 JOHANSSON

Abstract

Individual smoking histories of a general population
sample and of two groups of workers exposed to occu-
pational allergens were related to serum IgE concen-
trations and results of radioallergosorbent and prick
tests in the workers.
The geometric mean IgE concentration was higher in

smokers than in non-smokers. The distribution of serum
IgE values in the two groups showed an apparent
difference, with a bimodal appearance in the smokers.
Evidence of sensitisation against occupational allergens
was more common in workers who smoked.
The adjuvant effect of smoking on IgE antibody pro-

duction might be due to damage to airways mucosa and
supports the mucosal theory of atopy.

Introduction

In populations only rarely troubled with helminthic infections
a high serum IgE concentration is mainly found in atopic
subjects, who have an inherited predisposition to sensitisation
and to develop specific IgE antibodies.1 2 The precise mechanism
for the atopy is not known, but properties of the mucosa are
probably important.3 Increased allergic sensitisation may occur
in cystic fibrosis,4 cystic fibrosis heterozygosity,3 and anhidrotic
congenital dysplasia.6 The risk of sensitisation in an individual
also depends on the degree of exposure to a potential allergen.
Studies of occupational allergy show that the greater the
exposure the higher is the prevalence of sensitisation.7 When
examining workers from coffee roasteries with allergy to green
coffee bean dust8 we observed that most of the sensitised subjects
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were smokers and that the workers who smoked had higher IgE
concentrations. To study further the relation between smoking
habits, allergic sensitisation, and IgE values we have now
investigated a representative sample of the population and two
groups of workers exposed to occupational allergens.

Subjects and methods

Poptulationz samizple-Reference sera had been collected from Z46
subjects attending a health check-up programme in Uppsala county.
Total serum IgE values were measured in all subjects, and all answered
a questionnaire about symptoms of a possible allergic nature. To
ensure as far as possible that the sample was non-atopic we excluded
59 subjects reporting symptoms and 12 others with a positive radio-
allergosorbent test result or three or more positive skin test results.
Hence 175 probably non-atopic subjects were available for study (for
details, see Zetterstrom and Johansson-). The smoking habits of all
246 subjects were obtained by postal questionnaire. If there was no
reply to the first questionnaire a second one was sent. If the subject
still failed to reply he or she was interviewed by telephone. In this
way data on smoking were obtained from 236 subjects. Of the
remainder, two had left the country, three were dead, and five could
not be traced.

Workers in pharnmaceutical inidustry-All 60 workers in a pharma-
ceutical factory who were exposed to ispaghula powder were investi-
gated. Ispaghula powder, which is the grained epidermal layer of the
seeds of Plantago ispaghula, is used in bulk laxatives and is a potent
allergen when airborne.9 A detailed case history, smoking history, and
a serum sample were collected from all workers. Measurement of
total serum IgE values and radioallergosorbent tests against ispaghula
and common allergens (according to case history) were performed.

Workers in coffee roastery-All 139 workers at a large roastery who
were present on one day were asked to undergo skin-prick tests with
green coffee bean and castor bean extracts. A total of 129 agreed to
the tests and were also interviewed about their smoking habits.

Allergy tests-IgE was determined by the paper radioimmuno-
sorbent test (Phadebas IgE PRIST, Pharmacia Diagnostics AB,
Uppsala), and IgE antibodies by the radioallergosorbent test with
allergen-coated filter-paper discs. An immunosorbent purified
anti-IgE with DE2 specificity was used in the tests.'0 The allergen
extract from green coffee bean dust was prepared by extraction in
Coca's fluid (1/10 w/v) followed by chromatography on Sephadex
G 50. The active fractions were identified by the radioallergosorbent
tests, pooled, and used in the skin-prick test. A freeze-dried castor
bean extract was used in a concentration of 1 ,ug/ml in the skin-prick
test. Ispaghula powder was mixed with Coca's fluid in a concentration
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of 1/100 w/v to give the extract used in the radioallergosorbent test.
The skin tests were made by gently pricking with a tuberculin needle
through a drop of allergen extract placed on the volar aspect of the
forearm.7

Statistical-Student's t test was used to evaluate differences of
means of logarithmically transformed IgE values. Comparisons of
observed frequencies were made by Fisher's exact test.

Results

The geometric mean IgE concentration in the whole population
sample was 16 5 kU/l. The smoking group, which included those who
had given up smoking within one year before sampling, comprised 107
subjects and the non-smoking group 129. The smokers were originally
subdivided according to their smoking habits-for example, less than
10 cigarettes a day, more than 10 cigarettes a day, pipe smokers, ex-

smokers, etc. As some of the groups were small, however, and the
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FIG 1-Distribution of serum IgE concentrations in non-smokers
and smokers from general health survey.
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FIG 2-Distribution of serum IgE concentrations in selected,
probably non-atopic subjects from health survey.

TABLE i-Results of radioallergosorbent tests to ispaghula allergen and six

common allergens in 60 workers exposed to ispaghula dust

Ispaghula allergen Common allergens

Negative Positive Negative Positive

Non-smokers (n = 23) 22 1* 21 2
Smokers (n= 37) 29 8* 34 3

*p<0-04.

distributions and geometric mean values of IgE did not differ
significantly, they were taken together as one single group for
comparison with non-smokers. The geometric mean IgE concentration
in the smokers was 20 8 kU/l and in the non-smokers 13 2 kU/l. This
difference was significant (p < 0 01).

In the 175 non-atopic subjects drawn from the population sample
the IgE concentrations were lower and the geometric mean value 13 4
kU/l. Smoking data were obtained in 169 of them; 90 were non-
smokers and 79 smokers, and the mean IgE concentrations were 9 7
and 17 6 kU/l respectively. This difference between non-smokers and
smokers was highly significant (p < 0 001).
To study the distribution of IgE values in smokers and non-smokers

we constructed a histogram with logarithm class intervals. This
showed an apparent difference between the two groups (fig 1), which
was more evident in the selected group of non-atopic subjects. In the
smokers the values showed a bimodal distribution, with one peak in
the range 5 6-10 0 kU/l and the other in the range 32-56 kU/l (fig 2).

Workers in pharnmaceutlical industry-In this group higher serum
IgE concentrations were also found in smokers than in non-smokers.
The geometric mean values were 41 5 and 22-8 kU/l, respectively.
This difference, however, was not significant. Nine of the 60 workers
had atopic symptoms and specific IgE antibodies to ispaghula allergen
as detected by the radioallergosorbent test. Eight of them were
smokers. This increased prevalence in smokers was significant
(p < 0 04). Table I gives the results of the radio allergosorbent tests in
the smokers and non-smokers.

Coffee workers-Table II gives the results of skin tests with green
coffee bean and castor bean extracts in the non-smoking and smoking
coffee workers. With both allergens a significantly increased prevalence
of positive skin-prick tests was found in the smokers (p < 0 01). The
positive prick tests most probably represented IgE-mediated reactions.
A good correlation between prick tests, occurrence of specific IgE
antibodies, and atopic symptoms was found in our first investigation.8
In this study 22 out of 28 workers with positive skin test results had
atopic symptoms, mostly rhinoconjunctivitis, but six had asthma and
three had skin lesions.

TABLE II-Prick-test resuilts with extracts of raw coffee duist and castor bean

Raw coffee dust Castor bean

Negative Positive Negative Positive

Non-smokers (n 59) 55 4* 54 5t
Smokers (n =70) 50 20* 53 17t

*p 0 01. tp= 0 01.

Discussion

Of the several investigations of serum IgE concentrations in
various populations, apparently only one has detected different
values between smokers and non-smokers."' This may be
because the difference is relatively small-much smaller than
between atopic and non-atopic subjects-and the fact that most
IgE values are low. A sensitive method like the Phadebas IgE
PRIST or a double-antibody radioimmunoassay must be used
for accurate measurement of low IgE concentrations.12 Accord-
ing to Marsh et al,t the occurrence of significant amounts of
specific IgE antibodies is linked to the total IgE value. This
agrees with our findings of both higher IgE concentrations and
an increased risk of sensitisation in smokers.

Increased atopic sensitisation in smokers might lead to an
overrepresentation of allergic diseases among them. Asthma was
also more common in smokers in a population study which,
like ours, was made with the help of the continuously run health
survey in Uppsala county."3 The correlation was statistically
significant only for women and was less evident with age. The
relatively weak association between smoking and asthma might
be explained by a tendency for asthmatics to give up smoking.1'
A high prevalence of asthma with positive skin tests associated

with smoking and air pollution was reported in studies of the
so-called Tokyo-Yokohama asthma.14 An explanation for the
effect of smoking on IgE antibody production would be that
smoking damages the airway mucosa and affects the handling
of inhaled antigens, so promoting a shift in antibody production
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from IgG to IgE. Low serum IgG and high IgE concentrations
in smokers were found by Gerrard et al." That smoking may
influence the immunological response is also indicated by the
fact that it is mostly non-smokers who develop IgG antibodies
and extrinsic allergic alveolitis on exposure to airborne anti-
gens.'5 16 The increased atopic sensitisation in persons with
inherited mucosal defects4-6 supports this theory, which fits the
concept of a mucosal factor in the pathogenesis of atopy.3 The
report of an association between viral infections, increase in
serum IgE concentration, and sensitisation in children may also
be explained by a transient mucosal defect.'7
The prevalence of atopic diseases seems to have increased,

especially in industrialised countries. Allergic rhinitis, for
instance, was apparently rare at the beginning of the nineteenth
century, while it is now common. Such a rapid increase cannot
be explained by a change in man's genetic constitution; it is
also unlikely that an augmentation in exposure to allergens, such
as pollens and animal dander, has occurred. Exposure to
substances that irritate the bronchi, however, has probably
increased, and if IgE antibody production is enhanced by
mucosal damage this offers an explanation for the increase of
atopic airway disease. Blackley's comment in 1873 seems
remarkably foresighted: "Perhaps this [increase] may in part be
due to increased attention ... but it may also be accounted for
by the greater prevalence of those conditions which act as
predisposing and exciting causes."" Air pollution and tobacco
smoking may be such predisposing causes.
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Pharmacia AB, Uppsala. Allergen-coated filter-paper discs used in
the radioallergosorbent test for IgE antibodies were kindly supplied
by the research department of Pharmacia Diagnostics AB. We also
thank Dr R Panzani (Marseilles) for the freeze-dried castor bean
extract, and Draco AB, Lund, for the ispaghula powder. This work
was supported in part by grants from the Swedish National Association
against Heart and Chest Diseases, the Swedish Medical Research
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Fracture of neck of the femur: changing incidence

A FENTON LEWIS

Abstract

From 1959 to 1977 the numbers of hospital admissions
for fracture of the neck of the femur increased by a
factor of 2 7. Detailed analysis of data from the Hospital
In-Patient Enquiry for 1968-77 showed that the increase
applied to both sexes and at all ages over 45. The true
incidence rate increased in parallel with the admission
rate, and only a small part of the increased number of
admissions was explained by the increasing numbers of
the elderly.
The increasing incidence of fracture of the neck of the

femur imposes great strain on hospital resources, par-
ticularly trauma and orthopaedic departments, and
merits urgent investigation. An explanation for the
increase might be that the experience of one demand-led
condition characterises a greater need for health care
among the elderly for other conditions.
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Introduction

Our ability to estimate the incidence of fracture of the neck of
the femur in the national population depends on careful inter-
pretation of hospital activity data. The Hospital In-Patient
Enquiry consists of a 10%' subset of hospital activity data and
counts patients at the time of discharge or death, but the
diagnosis is that pertaining at the time of admission. For
simplicity these figures are described here as admissions.

Hospital admissions

Figure 1 shows the trend from 1959 to 1977 for England and Wales.
Over the 18 years admissions for fracture of the neck of the femur
increased nearly threefold, and except for a peak during the adverse
winter of 1963 the trend was stable from year to year. Two other
conditions are shown for comparison-namely, fracture of the skull
and face and fracture of some other part of the femur. These showed
a pactern over time closely similar to admissions for all conditions.
The 10-year period 1968-77 was examined in more detail. This

avoided the early phase of development of the Hospital In-Patient
Enquiry and gave a period where constant quality of data and reason-
able consistency of clinical practice in treating the condition might be
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