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Background: Smokingisarisk factor for sensitization to some
occupational allergens, but its association with sensitization to
common environmental allergens remains unclear.

Objective: We sought to determine the association of smoking
with total IgE levels and with sensitization to 3 common envi-
ronmental allergensin data from the European Community
Respiratory Health Survey.

Methods: A detailed smoking history and blood sample for
determination of serum total IgE and specific IgE levelsto
house dust mite, grass, and cat allergens was obtained from
13,002 randomly selected young adultsliving in the areas
served by 34 centersin 14 countries. Associations with smok-
ing status and amount smoked were determined. Because there
was evidence of heterogeneity between centersin the associa-
tion of age, sex, and smoking with sensitization, odds ratios
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(ORs) were determined for each center and combined by using
random-effects meta-analysis.

Results: Compared with lifetime nonsmokers, current smokers
were at an increased risk of sensitization to house dust mite
allergen (OR, 1.13; 95% confidence interval [Cl], 1.02-1.26)
but a decreased risk of sensitization to grass (OR, 0.76; 95%
Cl, 0.67-0.88) and cat allergens (OR, 0.69; 95% CI, 0.59-0.80).
Exclusion of those with symptoms suggestive of current asth-
ma strengthened the association of smoking with sensitization
to house dust mite allergen (OR, 1.29; 95% CI, 1.11-1.50). The
geometric mean total 1gE level was higher in smokers and was
higher among those who currently smoked the most compar ed
with those who smoked less than 5 cigarettes per day.
Conclusion: The association between smoking and sensitiza-
tion to common environmental allergensis different for differ-
ent allergens. (J Allergy Clin Immunol 1999;104:934-40.)

Key words: Smoking, specific IgE, total IgE, European Community
Respiratory Health Survey

Smoking is a risk factor for sensitization to some
occupational allergens, such as platinum salts,1.2 coffee
and castor beans (encountered by coffee workers),34 and
reactive dyes,® but this association has not been con-
firmed for all occupational allergens.® Potential explana
tions for these discrepant results include inadequate
adjustment for age and sex within the study groups, dif-
ferencesin the populations studied, and differencesin the
mechanism of sensitization for each allergen. However, a
negative association between smoking and sensitization
to common environmental allergens has been reported.”
In cross-sectional studies the observed lower levels of
atopy (sensitization to one or more common allergens) in
smokers may be explained by the healthy-smoker bias?
(the tendency for those with alergic symptoms not to
smoke), but even from longitudinal studies there is little
evidence that those who smoke are at an increased risk of
sensitization.9-11 Notwithstanding, there is overwhelm-
ing evidence that total IgE levels are increased in smok-
ers,12-14 even after adjustment for age and sex.

The European Community Respiratory Health Survey
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(ECRHS) isalarge, collaborative epidemiologic study of
risk factors for asthma and allergy. Study populations
have been selected and surveyed by using a standardized
protocol .15 Information on smoking was collected from
participating subjects as were blood samples for determi-
nation of total IgE and specific IgE levels to common
allergens. The project management group agreed to a 2-
stage plan for analysis. First, datafrom individual centers
within a country would be aggregated and analyzed to
examine potential risk factors for disease within the
country. Assuming the analysis was accepted by the
wider research community (eg, by publication in a peer-
reviewed journal), the analysis could then be repeated by
using the combined ECRHS data from all centers. This
approach was developed to clarify the analysis plan and
prevent fal se associations arising from multiple-hypothe-
sis testing on the large combined ECRHS data set.
Analyses of datafrom 3 centersin East Anglia, England,
that took part in the ECRHS represented the first stage of
this process and showed that after controlling for age and
sex, smokers compared with nonsmokers had higher total
IgE levels, anincreased risk of sensitization to house dust
mite allergen, and a decreased risk of sensitization to
grass and cat alergens.14 In this report these analyses
have been extended to determine the association of age,
sex, and smoking with specific and total IgE levels in
more than 13,000 individuals living in areas served by
the 34 centers that provided data for this component of
the ECRHS.

METHODS

The methods used in the ECRHS have been described in detail
elsewhere.15.16 Briefly, participating centers selected areas for study
that were predefined by existing administrative boundaries, had
populations of at least 150,000 people, and had up to date sampling
frames of 20 to 44 year old subjectswhere possible. In thefirst stage
of the study, at least 1500 people of each sex were sent question-
naires enquiring about respiratory symptoms and attacks of asthma
in the previous 12 months and current use of asthma medication and
current hay fever or nasal alergies, together with questions on age
and sex. In the second stage of the study, a random sample of those
responding to the postal questionnaire were invited for an interview
during which detailed information on personal smoking history,
maternal smoking history, and family size was obtained.

Blood samples were taken for the measurement of total IgE and
specific IgE levels to Dermatophagoides pteronyssinus (house dust
mite), timothy grass, cat, and Cladosporium species alergens. Sam-
ples were left to coagulate for either 3 to 6 hours at room tempera-
ture or overnight at 4°C. The blood was centrifuged at 2500 to 3000
rpm for 10 to 15 minutes, and the serum was pipetted off and placed
in aliquots in 2-mL polypropylene microtubes with screw tops
(Sarstedt, Numbrecht, Germany). Aliquots were stored at —20°C,
packed in Styrofoam boxes (Sarstedt, Numbrecht, Germany), and
sent on dry ice to a central laboratory at Pharmacia and Upjohn
Diagnostics AB (Uppsala, Sweden) for analysis. Specific and total
IgE levels were measured by using the Pharmacia CAP System
(Pharmacia and Upjohn, Uppsala, Sweden). The only exception to
this practice was in Melbourne, where specimens were assayed
locally.

The working range for the assay of total IgE was 2 to 2000 kU/L.
Subjects with no detectable IgE were ascribed a value of 1 kU/L,
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and those with values above 2000 kU/L were ascribed a value of
2050 kU/L. All assays for specific IgE were judged to be positive if
they had in excess of 0.35 kU/L to the specific allergen, which was
the limit of detection of the assay.

Analysis

The analysis was similar to that used to examine the relationship
of age, sex, and smoking history with total IgE levels and sensitiza-
tion to common allergens in the 3 English centers in East Anglia.14
Only those subjects who took part in the second stage of the study
who provided information on smoking history and agreed to have
blood tests are included in this analysis.

The association of age and sex with specific IgE and total IgE
levelsin lifetime nonsmokers (defined as all those who denied ever
having smoked as much as 1 cigarette per day for ayear) was exam-
ined. In addition, the association of current smoking status (lifetime
nonsmoker, exsmoker, and current smoker) and amount smoked
(current and pack-years of smoking) with specific and total IgE lev-
elsin the entire sample was aso tested. To mitigate the effects of a
healthy-smoker bias, the effect of excluding all those who reported
an attack of asthma before the age of 14 years and excluding those
with current symptoms was examined.

Sensitization to house dust mite, grass, and cat allergens was
analyzed by using logistic regression while controlling for age
group, sex, and center, and tests for interaction were conducted to
examine whether the effect of age group, sex, and smoking history
varied between centers. Because there was strong evidence that for
some allergens the effects of age, sex, and smoking history did vary,
the odds ratios (ORs) were estimated separately (controlling for age
group, sex, smoking history, reported maternal smoking history, and
family size) in each center, and the average ORs were derived by
using standard methods for meta-analysis.1” For some analyses,
some centers had insufficient data to be analyzed separately while
adjusting for age and sex. These were excluded from the analyses.
In addition, the preval ence of sensitization to Cladosporium species
was too low in the majority of centers to permit any meaningful
analyses. The association of sensitization with the amount smoked
was determined by combining all data from all centersin a single
analysis while controlling for age, sex, and center.

Total IgE followsalog-normal distribution, and all analyses were
performed by using the log of the total 1gE values. The association
of age, sex, and smoking history with total IgE in each center was
determined by using multiple regression, and the average association
was determined by combining effects across centers by using stan-
dard methods for meta-analysis. Because some values for total IgE
were above or below the limit of detection of the assay, anayses
were repeated, allowing for censoring of these high and low values.

All analyses were conducted by using the statistical software
program STATA (Stata Corp).

RESULTS

Subjectsfrom 34 centersin 14 different countrieswere
included in the analysis.

Total and specific IgE levels were available from
13,002 (76.1%) of the 17,096 subjects who took part in
the second stage of the survey. There was variation in the
response to blood testing between centers (43.3% in
Portland, USA, to 98.2% in Erfurt, Germany). In the
sample there were 5526 lifetime nonsmokers, 2766
exsmokers (2433 with full and consistent information on
pack-years of smoking), and 4710 current smokers (4336
with full and consistent information on pack-years of
smoking). Substantial variation in the prevalence of sen-
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TABLE I. OR* (95% CIl) of sensitization to house dust mite and grass allergens by age group and sex in lifetime non-

smokers
House Test for
dust mite Test for Grass Test for Catf heterogene-
(n = 5526) heterogeneityt (n = 5526) heterogeneityt (n =5188) ityt
Age group
<30y 1.0 1.00 1.00
230y 0.72 P<.001 P=.06 0.66 P<.001 P=.2 0.69 P<.001 P=5
(0.59-0.85) (0.54-0.75) (0.58-0.84)
Sex
Women 1.00 1.00 1.00
Men 143 P<.001 P=.2 1.34 P=.004 P<.001 1.03 P=.7 P=.3
(1.23-1.67) (1.10-1.65) (0.85-1.26)

*Adjusted for maternal smoking and family size and combined by using random-effects meta-analysis.

TTest for heterogeneity between centers.

FGaldakao, Albacete, and Huelva were dropped from analysis because of low prevalence of sensitization to cat allergen.

TABLE Il. OR™ (95% CI) for sensitization to house dust mite, grass, and cat allergens with current smoking statust

House Test for
dust Test for Test for heterogene-
mite heterogeneityf Grass heterogeneityt Cat ityt
Nonsmokers 1.00 1.00 1.00
Exsmokers vs
nonsmokers  0.96 P=.7 P=.7 0.77 P<.001 P=.7 0.77 P=.014 P=1
(0.84-1.09) (0.67-0.86) (0.63-0.94)
Current vs
nonsmokers  1.13 P=.019 P=6 0.76 P<.001 P=.03 0.69 P<.001 P=.9
(1.02-1.26) (0.67-0.88) (0.63-0.94)

*Adjusted for age group, sex, maternal smoking history, and family size and combined by using random-effects meta-analysis.

TAnalysis of al 13,002 individuals.
FTest for heterogeneity between centers.

sitization to each allergen was observed. These details
have been presented elsewhere.18

Specific IgE

Age and sex in lifetime nonsmokers. Sensitization to
all allergens was higher in those aged less than 30 years,
and sensitization to mite and grass allergens, but not cat
alergen, was significantly higher in men than women.
There was significant variation between centers in the
association between age and mite sensitization and sex
and grass sensitization (Table ).

Smoking in the random sample. The prevalence of sen-
sitization to grass and cat allergens was lower in both
smokers and exsmokers than in nonsmokers. Sensitiza-
tion to house dust mite alergen showed a very different
pattern, with more sensitization in smokers than non-
smokers and little difference between exsmokers and
nonsmokers (Table I1).

Table |11 shows the changes that occurred in these
associ ations when adjustment was made for the healthy-
smoker bias by first excluding those with asthma before
the age of 14 years and then aso excluding those with
respiratory symptoms. Exclusion of people with asthma
before the age of 14 years did not greatly alter the esti-
mated risk of sensitization to any of the allergens in
smokers, but further exclusion of those with current res-

piratory symptoms increased the estimated risk of sensi-
tization to house dust mite alergen. The low prevalence
of sensitization to cat allergen in the sample precluded a
similar analysis for sensitization to cat allergen.

Dose response. Table IV shows the association
between the number of cigarettes smoked per day and
sensitization in current smokers. Heavy smokers were
less likely to be sensitized to grass and cat allergens than
those who smoked less than 5 cigarettes per day, but
these differences did not reach conventional levels of sta-
tistical significance. No association was observed
between the amount currently smoked and sensitization
to house dust mite allergen.

Among current smokers, a decreased risk of sensitiza-
tion to grass and cat allergens was observed with increas-
ing amounts ever smoked (grass: OR [associated with
increase of 10 pack-years], 0.91 and 95% confidence
interval [Cl], 0.83-1.00; cat: OR, 0.79 and 95% ClI, 0.73-
0.97). This relation was not observed among exsmokers.
In exsmokers the risk of sensitization to house dust mite,
grass, or cat alergen did not change as the length of time
of abstinence increased.

For all the above analyses, specific IgE levels were
considered positive if greater than 0.35 kU/L IgE was
found. Similar results were obtained by using a higher
cut-off level of 0.70 kU/L, athough for some analyses
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TABLE lll. OR* (95% CI) for smokers (vs nonsmokers) for sensitization to house dust mite and grass allergens exclud-
ing those with asthma in childhood and those with symptoms suggestive of current asthma

Excluding those with asthma

Excluding those with asthma
before age of 14 years and those

Complete before the age of 14 years with symptoms suggestive of cur-
sample (n =12398) rent asthmat (n = 7082)

House dust mite 1.12 (1.00-1.25) 1.16 (1.04-1.29) 1.29 (1.11-1.50)

Grass 0.77 (0.66-0.86) 0.76 (0.66-0.87) 0.83 (0.69-0.99)

* Adjusted for age group and sex and combined by using random-effects meta-analysis.
TSymptoms suggestive of current asthma are wheeze, cough, chest tightness, waking with breathlessness or asthma attacks in the last 12 months, or current use

of asthma medication.

TABLE IV. OR™ (95% ClI) for sensitization to common allergens in current smokers by amount smoked

Cigarettes House

currently dust Test for Test for Test for
smoked mite trend Grass trend Cat trend
<5 1.00 1.00 1.00

5-14 1.10 (0.85-1.44) 0.89 (0.68-1.17) 0.72 (0.50-1.04)

15-24 1.17 (0.90-1.51) 0.82 (0.63-1.07) 0.68 (0.48-0.97)

>25 1.07 (0.79-1.44) P=54 0.75 (0.55-1.04) P=.06 0.70 (0.46-1.08) P=.12

*OR from logistic regression model using all data and adjusted for age group, sex, and center.

TABLE V. Unadjusted geometric mean total IgE and the adjusted OR* (95% CI) of geometric mean total IgE levels by

age in men and women who are lifetime nonsmokers

Unadjusted geometric mean total IgE (kU/L)

Ratio of geometric means

Age group Women Men Women Men
20-24 275 41.6 1.00 1.00
25-34 26.9 355 0.93 (0.79-1.08) 0.87 (0.73-1.02)
35-44 22.9 323 0.81 (0.68-0.93) 0.74 (0.62-0.89)

*Combined by using random-effects meta-analysis.

the power to detect significant differences was reduced,
and some centers had to be dropped from the analysis
because of the reduction in the number of individuals
defined as being sensitized.

Total IgE

Age and sex in lifetime nonsmokers. Total IgE levels
were higher in men than women (ratio between age-area
adjusted geometric means, 1.38; 95% Cl, 1.27-1.48), and
in both sexes levels were higher in younger than older
adults (Table V). These associations showed no signifi-
cant variation between centers. Although 24 (0.43%)
subjects had total IgE levelsin excess of 2000 kU/L and
291 (5.26%) had levels below the lowest detection limit
of the assay, these associations were still observed when
calculations were made allowing for censoring of high
and low values. Omission of those in whom asthma
developed before the age of 14 years did not ater these
associations.

Smoking. The geometric mean total IgE level was
higher in smokers than nonsmokers, with no significant
difference between exsmokers and lifetime nonsmokers
(Table V1). This association did not differ between cen-
ters nor did it differ between men and women. Seventy-
five (0.56%) subjects had total IgE levels in excess of

2000 KU/L, and 606 (4.7%) had levels below the lowest
detection limit of the assay. The association between
smoking history and total IgE level was not changed
when calculations were conducted by using censored
regression or when those in whom asthma developed
before the age of 14 years were omitted.

Although smoking was a significant predictor of the
total IgE level, it explained less than 1% of the residua
variation in total 1gE levels after adjustment for age, sex,
and center.

Dose response and smoking. Among smokers, geomet-
ric mean total IgE levelsincreased with the number of cig-
arettes smoked per day (Table V1I) but also increased with
increasing numbers of cigarettes ever smoked. People who
currently were heavy smokers were highly likely to have a
high lifetime consumption, and it was not possible to
determine whether current smoking or total pack-years
smoked was more important. Neither explained more than
1% of the variation in total IgE levelsin smokers.

There was no association between total IgE and the
number of pack-years of smoking in exsmokers, suggest-
ing that current smoking behavior may be more impor-
tant than lifetime consumption. Among exsmokers, how-
ever, the total IgE levels were marginally lower in those
who had given up for the longest time (ratio of age-gen-
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TABLE VI. Ratio of adjusted geometric mean total IgE
levels by smoking status

Test for
Adjusted OR hetero-
(95% ClI) geneity
Nonsmoker 1.00
Exsmokers vs nonsmokers 0.96 (0.86-1.03) P=.3
Smokers vs nonsmokers 1.29 (1.21-1.37) P=.38

*Adjusted for center and combined by using random-effects meta-analysis.

der-area adjusted mean for 1 extra year of abstinence,
0.99; 95% ClI, 0.98-1.00).

DISCUSSION

This study has shown that smoking was associated dif-
ferently with sensitization to 3 common environmental
allergens while being consistently associated in a dose-
dependent fashion with high total IgE levels. Because of
the cross-sectional design of the study and the potential
for healthy-smoker bias, analyses have been conducted
including and excluding those with current respiratory
symptoms. These analyses confirm that current smoking
is an important risk factor for sensitization to house dust
mite allergen, but that it has a significant negative asso-
ciation with sensitization to grass and cat allergens.

All individuals taking part in this study were selected
at random from suitable population-sampling frames.
Although response rates were higher in some centers
than others, it is unlikely that the association between
sensitization and smoking in responders was different
from that found in nonresponders or that smokers sensi-
tized to grass alergen were less likely to respond than
smokers who were sensitized to house dust mite alergen.

The most important potential bias within the study is
the healthy-smoker bias, and within this cross-sectional
study it is not possible to fully account for its potential
effect. When individuals who have no symptoms are
excluded from the analysis, the association of smoking
with sensitization to house dust mite alergen becomes
stronger, whereas the negative association between
smoking and sensitization to grass allergen becomes less
apparent and closer to 1.00. The healthy smoker bias is
therefore influencing the estimates for both sensitization
to house dust mite allergen and sensitization to grass
alergen. It is not possible to determine whether the bias
is greater for grass or house dust mite alergen, and we
are limited to concluding that if the healthy-smoker bias
is present, the ORs for house dust mite alergen are like-
ly to be greater than has been estimated, and the ORs for
sensitization to grass alergen are likely to be closer to
1.00. If senditization to grass allergen was strongly asso-
ciated with severe alergic symptoms or with symptoms
that were more likely to be aggravated by smoking than
sensitization to house dust mite allergen, we would
expect those who are sensitized to grass allergen to be
more likely to refrain from smoking than those who are
sensitized to house dust mite alergen. Although sensiti-
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TABLE VII. Ratio of adjusted™ geometric mean total IgE
with amount currently smoked

Amount Ratio™ of geometric Test for
smoked mean total IgE trend
<5/d 1.00

5-14/d 1.19 (1.02-1.39)

15-24/d 1.16 (1.00-1.34)

>25/d 1.33(1.12-1.59) P =.008

zation to house dust mite allergen has most consistently
been associated with the development, persistence, and
severity of asthma, it isnot possible to determine whether
there is a substantial difference in the magnitude of the
healthy-smoker bias as it influences the association of
smoking and sensitization to these 2 allergens.

There are several reports showing that smokers have
higher total IgE levels than nonsmokers and that this
association is dose dependent, with heavy smokers hav-
ing higher total IgE levels than light smokers.12.13.19 Our
findings are consistent with these observations, and in
addition, we have shown that in exsmokers total IgE lev-
els are lower in those who have given up for the longest
period. Why total I1gE levels should be higher in smokers
than nonsmokers is poorly understood but may reflect
either increased levels of specific IgE to arange of aller-
gens or increased levels of specific IgE to tobacco anti-
gens or bacterial antigens. Whatever the reason, our
results suggest that after stopping smoking, total 1gE lev-
elswill fall.

Longitudinal studies of occupational groups have
reported that smoking is associated with sensitization to
some occupational allergens, but the association between
smoking and sensitization to environmental alergens is
less clear. One of the largest cohort studies to describe
the incidence of atopy in adults reported lower rates in
smokers than nonsmokers or exsmokers.1 However, the
definition of atopy was broad, being sensitization to any
of the allergens tested, and acquisition rates for sensiti-
zation to the individual allergens were not presented.

Heavy smoking causes an increase in suppressor T
cells, a decrease in helper T cells, and a significant
decrease in natural killer cell activity.20 These changes
may result in adecreased risk of sensitization to allergens
and explain our observation that smoking is negatively
associated with sensitization to grass and cat allergens. If
this is the case, however, we need some explanation for
why the sensitization to mite allergen and some occupa-
tional allergensisincreased in smokers and why total IgE
has been found to be consistently higher in smokers.

Four of the allergens from the genus Der-
matophagoi des have been found to be enzymes with pro-
teolytic activity.2! It has been demonstrated in vivo that
they can cleave CD23,22 the low-affinity IgE Fc receptor,
and CD25,23 the a-subunit of the IL-2 receptor. Both of
these actions could enhance IgE production in response to
alergens. Lung antiproteases (in particular a-1-anti-
trypsin) provide a natural defense against proteolytic
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enzymes, but in smokers functional antiprotease activity
is considerably reduced.24 It may be that smoking, by
reducing a-1-antitrypsin (or other lung antiproteases),
prevents the normal inactivation of house dust mite aler-
gen proteases, leading to an increased risk of sensitization
to house dust mite alergen. Pertinent to this hypothesis,
smoking has been shown to promote sensitization to other
proteolytic enzymes, including those encountered by
workers in the detergent?526 and pharmaceutical indus-
tries.2” However, smoking has been identified as a risk
factor for sensitization to occupational agents not current-
ly recognized as proteases, such as platinum salts, 1.2 cof-
fee and castor bean alergens, reactive dyes,> and prawn
antigens,5 and other mechanisms must also be important.

Smoking increases the permeability?8 of the bronchus
and may increase access of antigen to antigen-presenting
cells. If so, smoking at the time of first exposure to aller-
gen, as occurs in the occupational setting, will promote
sengitization. In contrast, first exposure to common envi-
ronmental allergens occursin childhood or earlier, before
smoking begins, and this may be why the associations
are less consistent and clear.

In conclusion, the association of smoking with sensiti-
zation to common environmental allergens varies for dif-
ferent allergens, and smoking may be an important risk
factor for sensitization to house dust mite allergen but not
for grass allergen. Smoking is associated in a dose-
dependent fashion with high total IgE levels. Only longi-
tudinal studies can clarify whether smoking is an impor-
tant cause of sensitization to common environmental
alergens, particularly house dust mite alergen, in agen-
eral population in adults.
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