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Smoking and bronchial responsiveness in non-
atopic and atopic young adults

Jordi Sunyer, Josep M Antó, Manolis Kogevinas, Joan B Soriano, Aurelio Tobı́as,
Alvaro Muñoz, and the Spanish group of the European Study of Asthma∗

Abstract By contrast, smokers were not found by
Halonen et al to have a higher frequency of skinBackground – Smoking may influence the

response of the lungs to other inhaled sub- reactivity to common aeroallergens,6 although a
possible self-selection bias of smoking could bestances. A study was undertaken to assess

the effect of the interaction between smok- the reason.7 Another conflicting result was the
negative relation between smoking and the ap-ing and the immunoresponse to common

aeroallergens (atopy) on bronchial re- pearance of allergic alveolitis8 which might be
due, in part, to a potential immunosuppressionsponsiveness.

Methods – A random sample was selected of smoking.9

A study was undertaken to assess the effectfrom the general population census of five
areas of Spain (Albacete, Barcelona, Gal- of the interaction between smoking and atopy

on bronchial responsiveness in a general popu-dakao, Huelva, and Oviedo). A total of
1169 (35%) subjects completed a face-to- lation study of young adults in five areas of

Spain. Bronchial hyperresponsiveness has beenface respiratory questionnaire, a metha-
choline bronchial responsiveness chal- related to the development of chronic ob-

structive pulmonary disease, and it provides alenge, and underwent measurements of
total and specific serum IgE levels to mites, reliable way of measuring asthma in population

studies.7Departament pets and moulds. A survival model (Wei-
d’Epidemiologia i bull) was used to examine the metha-
Salut Pública, Institut choline dose-response relation, adjustingMunicipal

for bronchial obstruction.d’Investigació Mèdica
Methods(IMIM), Barcelona, Results – Smokers showed greater bron-

Spain  chial responsiveness than never smokersJ Sunyer A sample of 16 884 subjects aged 20–44 years(p<0.05) at any dose of methacholine, butJ M Antó
was randomly selected from the general popu-M Kogevinas only among non-atopic individuals. Atopy

J B Soriano lation census from the five areas of Spainhad a large effect on responsiveness at lowA Tobı́as (Albacete, Barcelona, Galdakao, Huelva, andlevels of methacholine, but smoking did
Oviedo) that participated in the EuropeanDepartment of not increase responsiveness in atopic sub-

Epidemiology, The Community Respiratory Health Survey withjects. There were no differences in in-Johns Hopkins School a screening questionnaire on respiratorytensity or cessation of smoking betweenof Public Health, symptoms.10 11 A random subcohort of 3310Baltimore, Maryland, atopic and non-atopic subjects, suggesting
subjects (approximately 20% of the initialUSA that smoking self-selection does not fully

A Muñoz sample) was invited to complete a face-to-faceexplain these results.
∗Centres and respiratory questionnaire, to undergo spiro-Conclusions – The association betweeninvestigators: J M Antó metric tests and a dose-response methacholinesmoking and bronchial responsiveness(principal investigator),

challenge test, and for measurement of totalAlbacete: J Martinez- varies with atopy, which may be explained
Moratalla, E Almar, and specific serum IgE levels. A complete bron-by different immunological and/or in-M Arevalo, A Mateos, chial responsiveness assessment was obtainedflammatory effects of smoking on atopy.A Sanchez, M Vizcaya; in 1169 (35.3%) subjects. The study protocolBarcelona: J Sunyer, (Thorax 1997;52:235–238)

was approved by the Institutional Review BoardF Burgos, J Castellsagué,
J Roca, J B Soriano, of the participating centres and patients gaveKeywords: smoking, atopy, bronchial responsiveness.A Tobı́as; Galdakao: written informed consent.N Muniozguren, M
Errazola, A Capelastegui,
J Ramos; Huelva: JA
Maldonado, JL Sanchez, Smoking influences the response of the lungs
A Pereira, J Gravalos; to other inhaled substances. Workers who   and Oviedo: R Quiros,

smoke are at higher risk of developing asthma Smoking was measured using a standard ques-J Azofra, L Palenciano,
F Payo, G Rego, A Vega. against novel aeroallergens – for example, in tionnaire on status, daily number of cigarettes

smoked, and duration in years.10 Total serumfish processing – than non-smokers1 2 and, inCorrespondence to:
Dr J Sunyer, Departament the epidemics of asthma in Barcelona, smoking IgE and specific serum IgE levels against
d’Epidemiologia i Salut increased the likelihood of reacting to soybean.3 Dermatophagoides pteronyssinus, cat dander, tim-Pública, Institut Municipal
d’Investigació Mèdica Similarly, in a study on a middle aged and othy grass, Cladosporium, and Parietaria were
(IMIM), Doctor Aiguader elderly general population4 smoking and skin measured by the CAP method (Kabi Phar-80, E-08003 Barcelona,
Spain. reactivity to common aeroallergens showed an macia, Uppsala, Sweden) in a central laborat-

ory. Values were expressed in kU/l. Specific IgEReceived 22 February 1996 interactive effect on bronchial responsiveness.
Returned to authors Inflammation of the mucosa and increasing levels were treated as dichotomous variables7 June 1996
Revised version received lung permeability secondary to smoking could using a cut-off value of 0.35 kU/l and atopy
18 September 1996 augment the access of antigens to immuno- was defined as a positive response to any of theAccepted for publication
18 October 1996 competent cells.5 five common aeroallergens.
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vival analysis,13 in particular the Weibull modelTable 1 Descriptive statistics by atopy and sex
described in detail elsewhere.14 15 In this methodWomen Men
the different concentrations of methacholine

Non-atopic Atopic Non-atopic Atopic are viewed as chronological times to an event,(n=456) (n=102) (n=412) (n=199)
thus permitting the incorporation of informa-

Geometric mean of total IgE (kU/l) 22.6 88.7∗ 28.4 113.4∗ tion on the whole dose-response relationshipMean age (years) 32.1 30.1∗ 32.4 30.4∗
between concentrations of methacholine andMean baseline FEV1 (l) 3.13 3.20 4.16 4.31∗

Mean FEV1 (% predicted) 109.6 107.2 105.2 106.5 hazard of responding. This method also allowsNever smokers (%) 41.3 35.3 25.7 28.6
incorporation of information on the degree ofPast smokers (%) 12.3 20.5 14.6 13.1

Current smokers (%) 46.4 44.1 59.7 58.3 response (the different magnitude in the fall ofMean number of cigarettes/day 17.8 20.7 17.9 17.5
FEV1) by using a simple interpolation thatMean number of years smoking 15.9 14.1 16.2 15.4

Bronchial responsiveness (%)† 17.9 20.4 11.4 20.6∗ incorporates the differences between the short
and the full methacholine challenge protocols.14

FEV1=forced expiratory volume in one second.
∗ p<0.05 versus non-atopic individuals of same sex. The Weibull model allows calculation of the† Decrease in FEV1 of >20% from saline FEV1 with a cumulative dose of 5.117 lmol methacholine.

concentration of methacholine at which a per-
centage of the population responded, which is
given by exp(b)×[−log (1−p)]–r (where b
and r correspond to the location and scale 

Subjects underwent baseline spirometric tests parameter of the model). This simple re-
lationship provides the basis for comparing(Biomedin, Padova, Italy), performing at least

three acceptable manoeuvres (repeatable the concentration needed to achieve a given
percentage response in different groups of in-within 5% or 100 ml) to measure forced ex-

piratory volume in one second (FEV1).12 dividuals, and to define the relative con-
centrations (generally known as relativeBronchial responsiveness was measured by

methacholine inhalation challenge. Standard percentiles or RP). In cases where there is no
difference with respect to responsiveness bothmethacholine solutions (Hoffman La Roche,

London, UK) were prepared by the De- b1 and r1 (the differences in location and scale
parameters between the groups) will be zeropartment of Pharmacy of one of the par-

ticipating centres. After inhaling nebulised and all the relative percentiles will be identically
equal to 1. If only r1=0 (that is, same scalesaline, each methacholine dose was ad-

ministered using a Mefar dosimeter according for both groups) then RP=exp(b). In this case,
if b1 <0, then RP <1, which will indicate thatto the European Community Respiratory

Health Survey protocol.10 The methacholine the exposure has the effect of proportionally
compressing the concentrations needed for achallenge test was performed only if the best

FEV1 after saline inhalation was more than percentage of the individuals to respond. If the
groups are different in both location and scale,90% of the baseline FEV1 value. Increasing

concentrations of methacholine from then r≠0 and the relative percentiles will not
be proportional. Positive (negative) values of0.195 mg/ml to 100 mg/ml were sequentially

inhaled. Individuals without symptoms of r1 will determine whether the relative per-
centiles will increase (decrease) with cumu-asthma followed a shortened protocol in which

concentrations of methacholine were quad- lative percentage of responders.
Estimation of parameters was achieved byrupled, whereas individuals reporting symp-

toms of asthma used the full protocol in which maximum likelihood methods using the stat-
istical package EGRET (Seattle, Washington,concentrations were doubled. The challenge

was terminated when the FEV1 fell by more USA).
than 20% from the best saline FEV1 or after
1 mg (5.117 lmol inhaled) of methacholine had
been given. Results

Atopic individuals of both sexes had higher
levels of total IgE, were younger, and had a
higher baseline FEV1 than non-atopic in- 

To assess how smoking and atopy may affect dividuals. Differences in baseline FEV1 by
atopy disappeared after adjusting for age (tablebronchial responsiveness, adjusting for con-

founding variables such as age, sex, total IgE, 1). Smoking was very common, with 46% of
women and 59% of men being current smokers.and percentage predicted FEV1, standard

logistic regression methods were used. Ad- Smoking frequency, intensity, and duration did
not vary with atopy. Bronchial responsivenessjustment for basal FEV1 and FEV1/VC (vital

capacity) did not improve the adjustment of was more frequent in atopic subjects.
predicted FEV1. Models were also adjusted
for geographical area since bronchial re-

Table 2 Frequency of bronchial responsiveness bysponsiveness, atopy, and response rate varied smoking, atopy, and sex
between centres. In the logistic regression mod-

Sex Smoking Non-atopic Atopicels bronchial responsiveness was considered as history
No. (%)∗ No. (%)∗a dichotomous variable – that is, the presence

or absence of bronchial responsiveness when Women Never 188 (12.8) 36 (25.0)
Past 56 (14.3) 21 (14.3)the provocative concentration causing a 20%
Current 212 (23.6) 45 (20.0)fall in FEV1 (PC20) was <100 mg/ml. Men Never 106 (4.7) 57 (21.1)
Past 60 (8.3) 26 (30.7)To examine the methacholine dose-response
Current 246 (17.9) 116 (18.1)relationship, making full use of all the available

∗ Percentage in each group with bronchial responsiveness.information, we also applied methods of sur-
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implies a negative interaction between smokingTable 3 Adjusted† odds ratio (and 95% confidence intervals) of bronchial responsiveness
by smoking, atopy, and sex and atopy. Differences between past smokers

and never smokers were not statistically sig-Sex Smoking history Non-atopic Atopic
nificant. Subjects with high total IgE levels

Women Never 1.0 1.0 required a lower concentration of methacholinePast 1.15 (0.46 to 2.84) 0.34 (0.08 to 1.77)
Current 1.89 (1.06 to 3.29)∗ 0.58 (0.18 to 1.89) to respond, even after controlling for specific

Men Never 1.0 1.0 IgE levels, while the reverse pattern was seenPast 1.45 (0.39 to 5.43) 1.91 (0.64 to 5.64)
Current 3.52 (1.33 to 9.33)∗ 0.97 (0.40 to 2.39) for age and high percentage predicted FEV1

values. Adjustment for geographical area did† Adjusted by area, age, total IgE, and percentage predicted FEV1.
∗ p<0.05. not modify these results. The scale coefficient

varied with atopy – specifically, the scale of the
atopic individuals was significantly higher than

Table 4 Mean (SE) estimates of regression and scale that of the non-atopic individuals. This in-
coefficients from multivariate Weibull model for dicates that the dose-response relation betweenconcentrations of methacholine provoking a bronchial

responsiveness and methacholine was steeperresponse
in non-atopic subjects.

Variable Regression Scale Table 5 presents relative concentrations of
Constant‡ 2.842 0.181 methacholine by smoking and atopy which
Atopy 0.025 (0.111) 0.088 (0.041)∗ were computed by applying the coefficients inPast smoking −0.028 (0.077)
Current smoking −0.128 (0.048)∗ table 4. Among non-atopic individuals current
Atopy and past smoking −0.093 (0.137) smokers responded at concentrations of metha-Atopy and current smoking 0.184 (0.094)†
Age (years) 0.005 (0.003) choline about 12% lower than never smokers
Male −0.087 (0.050) (RP=0.88) at any of the population responseLog of total IgE (kU/ml) −0.043 (0.013)∗
FEV1 (% predicted) 0.024 (0.003)∗ rates. Atopic individuals, either smokers or

non-smokers, responded at lower levels than∗p<0.05; †p=0.051.
‡Reference category comprises non-atopic women aged 32 who non-atopic non-smokers for a population re-
had never smoked with IgE=36 kU/ml and percentage predicted sponse rate up to 10%. Above this the differ-FEV1=107%.

ences became non-significant. In addition,
smoking status had no effect in atopic subjects.

In non-atopic individuals of both sexes bron-
chial responsiveness occurred more frequently
in current smokers than in both never and past Discussion

Increased bronchial responsiveness was seen insmokers (p<0.01; table 2). However, bronchial
responsiveness did not vary with smoking status smokers compared with non-smokers, but only

in non-atopic subjects. Atopy had a significantin atopic individuals. The association between
current smoking and bronchial responsiveness effect on responsiveness at low doses of metha-

choline which was not increased by smokingin non-atopic individuals and the lack of as-
sociation in atopic individuals remained after in atopic individuals. There are two possible

explanations for the observed interrelationsadjusting for area, age, total IgE, and per-
centage predicted FEV1 (table 3). The high between smoking, atopy, and bronchial re-

sponsiveness: self-selection of smokers, orvariability of the odds ratio for past smoking
in atopic men could be explained by the small biological antagonism between atopy and

smoking.size of this group.
Given that the association between smoking Self-selection has frequently been used as an

explanation for the lack of association betweenand bronchial responsiveness with atopy was
similar in both sexes, and to increase the stat- asthma and smoking in cross-sectional studies,9

and may also be applied to our findings onistical power, the dose-response survival curve
was put in a common model for men and bronchial responsiveness. Thus, subjects with

bronchial responsiveness or atopy tend neverwomen (table 4). Current smoking for the non-
atopic individuals had a negative coefficient, to take up smoking, and smokers who develop

bronchial responsiveness tend to give up smok-indicating that smokers required a lower con-
centration of methacholine to respond than ing. However, our data suggest that it is unlikely

that these biases account totally for the presentnon-smokers. By contrast, a positive coefficient
for the interaction between atopy and current results. The intensity and duration of current

smoking was no higher in non-atopic subjectssmoking indicated that atopic non-smokers did
not differ from atopic never smokers. This than in atopic subjects, and the frequency of

Table 5 Concentration of methacholine (C) needed to provoke a bronchial response† in predefined percentage of
individuals. Relative percentiles (RP) adjusted for atopy and current smoking

Percentage No atopy Atopy
of
population Smoking Non-smoking Smoking

Non-smoking
C∗ C RP (95% CI)∗∗ C RP (95% CI)∗∗ C RP (95% CI)∗∗

1 7.5 6.6 0.88 (0.80 to 0.97) 5.1 0.68 (0.46 to 0.94) 5.4 0.72 (0.56 to 0.93)
5 10.0 8.8 0.88 (0.80 to 0.97) 7.9 0.79 (0.64 to 0.96) 8.4 0.84 (0.71 to 0.99)
10 11.4 10.0 0.88 (0.80 to 0.97) 9.6 0.84 (0.72 to 0.98) 10.1 0.89 (0.78 to 1.00)
15 12.3 10.8 0.88 (0.80 to 0.97) 10.8 0.88 (0.79 to 1.00) 11.4 0.93 (0.82 to 1.03)

∗Reference category comprises women aged 32 with IgE=36 kU/ml, predicted FEV1=107%.
† Decrease in FEV1 of >20% from post-saline FEV1.
∗∗Relative percentiles and 95% confidence intervals adjusted for age, sex, total IgE, and predicted FEV1.
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past smoking in men was the same in atopic and The negative interaction between smoking and
atopy on bronchial responsiveness may be rel-non-atopic individuals. In addition, bronchial
evant to the fact that the role of smoking inresponsiveness in past smokers did not differ
the occurrence and clinical history of asthmafrom that in never smokers.
is unclear.21–25 Knowledge of the underlyingIt can also be argued that atopic individuals
mechanism of the present findings may helpwho smoked had less “severe” symptoms than
to improve understanding of the interactionthose who did not smoke. We examined the
between environmental and constitutional fac-interaction between atopy and smoking by re-
tors in the aetiology of asthma, as well asported lifetime history of asthma and also by
providing new information for pathologicalreported respiratory symptoms during the pre-
models of chronic obstructive pulmonary dis-vious 12 months. A negative interaction was
ease.present in both symptomatic and non-symp-

tomatic subjects (data not shown). This is an Supported by grants from the Fondo Investigaciones Sanitarias
(FIS) (91/00160600E-05E, 93/0393, and BAE/FIS 95/5259),important finding since the perception of symp-
Madrid, and CIRIT/1995 (SGR 00434), Barcelona, Spain.toms would be the likely cause of self-selection.

The low response rate is unlikely to explain 1 Venables KM, Topping MD, Howe W, Luczynska CM,
Hawkins R, Newman-Taylor AJ. Interaction of smokingour results, as we have argued previously,14 and
and atopy in producing specific IgE antibody against a

adjustment for area indicated that differences hapten protein conjugate. BMJ 1985;290:201–4.
2 Douglas JDM, McSharry C, Blaikie L, Morrow T, Miles S,in bronchial responsiveness and atopy between

Franklin D. Occupational asthma caused by automated
centres also did not account for our findings. salmon processing. Lancet 1995;356:737–40.

3 Sunyer J, Antó JM, Sabriá J, Rodrigo MJ, Roca J, MorellChanges in the immunological or inflam- F, et al. Risk factors of soybean epidemic asthma. The
matory function due to smoking may explain role of smoking and atopy. Am Rev Respir Dis 1992;145:

1098–102.the observed antagonism between smoking and 4 O’Connor GT, Sparrow D, Segal MR, Weiss ST. Smoking,
atopy. Smoking reduces the immune receptor atopy, and methacholine airway responsiveness among

middle-aged and elderly men. The Normative Agingactivity of alveolar macrophages and alters T Study. Am Rev Respir Dis 1989;140:1520–6.
cell function by increasing the T helper/sup- 5 Jones JG, Minty BD, Lawbar O, Hilands G, Crowley JCW,

Veal N. Increased alveolar epithelial permeability inpressor ratio.16 17 These changes could explain cigarette smokers. Lancet 1980;i:66–8.
the “protective” effect of smoking in some 6 Halonen M, Barvee R, Lebowitz MD, Rurrows B. An

epidemiological study of the interrelationships of totalrare immunological diseases such as allergic serum immunoglobulin E, allergy skin test reactivity and
alveolitis.16 However, smoking increases the eosinophilia. J Allergy Clin Immunol 1982;69:221–8.

7 Weiss ST, Sparrow D, eds. Airway responsiveness and atopyamount of allergen in contact with the immune in the development of chronic lung disease. New York: Raven
Press, 1989.system5 which could compensate for the

8 Warren CPW. Extrinsic allergic alveolitis: a disease com-immunosuppression and explain the higher risk moner in non-smokers. Thorax 1977;32:567–9.
9 Johnson D, Houchens DP, Kluwe WM, Craig DK, Fisherof occupational asthma to certain allergens in

GL. Effects of mainstream tobacco smoke on the immunesmokers.1–3
system in animals and humans: a review. Crit Rev Toxicol
1990;20:369–95.The present findings were obtained using

10 Burney PGJ, Luczynska C, Chinn S, Jarvis D, for theboth classical logistic regression analysis with European Community Respiratory Health Survey. The
European Community Respiratory Health Survey. EurPC20 as the outcome and the newly proposed
Respir J 1994;7:954–60.survival analysis.14 15 Both methods used the 11 Grupo Español del Estudio Europeo del Asma. Estudio
Europeo del Asma. Prevalencia de sintomas relacionadossame inferences. However, survival analysis is
con el asma. Med Clin 1995;104:487–92.well suited to the dose-response nature of the 12 American Thoracic Society. Standardization of spirometry
– 1987 update. Am Rev Respir Dis 1987;136:1285–98.methacholine challenge test, incorporating the

13 Cox DR, Snell EJ. Analysis of binary data. 2nd edn. London:complexities of the way in which different vari- Chapman and Hall, 1989.
14 Sunyer J, Muñoz A, and the Spanish Group of the Europeanables may interact to affect bronchial re-

Asthma Study. Concentrations of methacholine for bron-sponsiveness. Thus, atopy seems to have a chial responsiveness according to symptoms, smoking and
immunoglobulin E in a population-based study in Spain.greater effect at low levels of airway re-
Am J Respir Crit Care Med 1996;153:1273–9.sponsiveness whereas smoking among non- 15 Muñoz A, Sunyer J. Comparison of semiparametric and
parametric survival analysis models for the analysis ofatopic individuals is equally effective at all levels
bronchial responsiveness. Am J Respir Crit Care Med 1996;of airway responsiveness. The effect of atopy 154:S234–9.

16 Holt PG. Immune and inflammatory function in cigaretteat low doses of methacholine is probably ex-
smokers. Thorax 1987;42:241–9.plained by the fact that severe asthmatic in- 17 Sunyer J, Muñoz A, Peng Y, Margolick J, Chmiel JS, Oishi
J, et al. Longitudinal relationship between smoking anddividuals, who responded at low doses, had a
white blood cells. Am J Epidemiol 1996;144:734–41.high risk of being atopic. 18 Burney PGJ, Britton JR, Chinn S, Tattersfield AE, Papacosta
AO. Descriptive epidemiology of bronchial reactivity inThe relation of smoking to bronchial re-
an adult population: results from a community study.

sponsiveness has been found in many popu- Thorax 1987;42:38–44.
19 Rijcken B, Schouten JP, Mensinja TT, Weiss ST, De Vrieslation studies,7 although it is more prominent

K, Van der Lende R. Factors associated with bronchial
in subjects aged over 45 years.18 Young age was responsiveness to histamine in a population sample of

adults. Am Rev Respir Dis 1993;147:1447–53.attributed by Rijcken et al19 to be the cause of
20 Malo JL, Filitrault S, Martin RR. Bronchial responsiveness

a non-significant association between smoking to inhaled methacholine in young asymptomatic smokers.
J Appl Physiol 1982;52:1464–70.and bronchial responsiveness in a Dutch popu-

21 Cockcroft DW, Bercheid BA, Murdock KY. Bronchial re-
lation, which confirmed previous clinical stud- sponse to inhaled histamine in asymptomatic young

smokers. Eur J Respir Dis 1983;64:207–11.ies in young subjects of mean ages 21 and
22 Vesterinen E, Kaprio J, Koskenvuo M. Prospective study of

27.20 21 We did find an association between asthma in relation to smoking habit among 14729 adults.
Thorax 1988;43:534–9.bronchial responsiveness and smoking in our 23 Senthilselvan A, Chen Y, Dosman JA. Predictors of asthma

relatively young population (mean age 31), but and wheezing in adults. Grain farming, sex and smoking.
Am Rev Respir Dis 1993;148:667–70.only in non-atopic individuals. Differences in 24 Larsson L. Incidence of asthma in Swedish teenagers, re-

the proportion of atopic individuals in different lation to sex and smoking habits. Thorax 1995;50:260–4.
25 Flodin U, Jönsson P, Ziegler J, Axelson O. An epidemiologicstudies could explain the divergent results on study of bronchial asthma and smoking. Epidemiology

1995;6:503–5.the role of smoking in bronchial responsiveness.
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