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ABSTRACT: The authors examined the interactive effect of smoking and pets at home
on the incidence of asthma and the difference between sexes.

The longitudinal data from the first two cycles of the National Population Health
Survey, conducted in Canada, were used. A total of 12,636 subjects who reported no
asthma at baseline were included in the analysis.

The 2-yr cumulative incidence of asthma was higher in females than in males. Female
sex and household pets demonstrated a significant interaction in the development of
asthma. After adjustment for age, immigration and history of allergy, the odds ratio for
smoking in relation to the asthma incidence was 2.50 (95% confidence interval:
1.24–5.05) for females who had pets at home and close to unity for those who had no
pets. The incidence of asthma was not associated with smoking status and household
pets in males.

These results indicate that smoking, having pets at home and other environmental
factors can partly explain asthma morbidity among female Canadians.
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Previous studies have documented that females
have an increased incidence of asthma as compared to
males [1–3], although the opposite is true for young
children [4–7]. Similarly, the rate of asthma admission
is lower for pre-pubertal females than males, but
higher for adult females than males [8]. The reasons
for these sex differences in asthma morbidity remain
to be explored.

Cigarette smoking is the most important risk factor
for the development of chronic bronchitis and
emphysema. However, the relationship between
smoking and asthma remains unclear [9]. The current
authors9 most recent analysis of cross-sectional data
from the National Population Health Survey (NPHS)
conducted in 1994–1995 demonstrated that smoking
was associated with increased prevalence of asthma in
females, but not in males [10]. Another recent study in
Sweden also found that smoking was associated with
an increased incidence of asthma in females only [8].

The objective of the present study was to examine
sex-related differences in susceptibility to environ-
mental exposures, utilising longitudinal data from the
Canadian National Population Health Survey. The
authors hypothesised that females may be more

susceptible to the deleterious effects of cigarette
smoke and exposure to aeroallergens.

Materials and methods

The present analysis was based on longitudinal data
from first and second cycles of the NPHS conducted
by Statistics Canada in 1994–1995 and 1996–1997,
respectively. These two NPHS cycles provided infor-
mation on a panel of individuals followed over a 2-yr
period. The design and execution of the baseline
survey have been detailed elsewhere [11–14]. In brief,
the target population included household residents in
all 10 provinces, excluding Indian reserves, Canadian
forces bases and some remote areas in Quebec and
Ontario. The NPHS used a two-stage stratified
sampling design to draw a representative sample of
y19,600 households with a national response rate of
88%. Some information was collected from all house-
hold members, with one person in each household
randomly selected for a more in-depth interview [11].

The longitudinal panel comprised every selected
household member who had completed at least the
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general questionnaire in the first cycle [12]. Of the
17,626 subjects of o12 yrs of age who participated in
the NPHS 1994–1995, 14,786 were eligible for the
longitudinal panel. Ineligible subjects were those
sponsored by provincial governments to enlarge the
sample size in their respective provinces. In the present
analysis, subjects who had reported having asthma in
the first cycle and who did not respond to questions
about asthma in either the first or second cycle were
excluded. This left 12,636 subjects (5,747 males and
6,889 females) who participated in both cycles for
analysis.

Respondents who answered the following question
affirmatively were considered as having asthma: "Do
you have asthma diagnosed by a health professional?"
Incident asthma cases were those who reported no
asthma in the first cycle, but reported having asthma
in the second cycle.

Current smokers were defined as respondents who
reported smoking cigarettes every day at the time of
the survey. Exsmokers were those who reported
smoking cigarettes daily in the past, but who were
not smoking at the time of survey. Otherwise, subjects
were classified as nonsmokers. Smoking status did not
change dramatically during the 2-yr study period, with
the great majority of the subjects (87.6% of males and
88.4% of females) classified in the same smoking
status category in both cycles. The present analysis
was based on smoking status defined at baseline
(NPHS 1994–1995). A positive history of allergy was
indicated if an affirmative response was given to either
of the following questions: "Do you have any food

allergies diagnosed by a health professional?" or "Do
you have other allergies diagnosed by a health
professional?" Other variables included in the analysis
were age (12–24, 25–39, 40–54, 55–69 or o70 yrs),
immigrant status (yes or no), household size (one,
two, three or four or more people), number of bed-
rooms (less than three or three or more), any pets at
home (yes or no), regular drinking (yes or no), regular
exercise (yes or no), body mass index (BMI: v20.0,
20.0–24.9, 25.0–27.9 or o28.0 kg?m-2), education
level (low or high) and income adequacy (low,
middle or high).

The 2-yr cumulative incidence of asthma and
corresponding 95% confidence intervals (CIs) were
calculated according to various risk factors. Logistic
regression models were used for multivariate analysis.

The NPHS employed a complex survey design. The
design effect (DEF) [15] was taken into consideration
by using the Rao-Wu bootstrap method [16, 17],
which has been described in detail in a previous
analysis [14]. Statistical Analysis System (SAS) macros
for the bootstrap approach were developed by
Statistics Canada, and the statistical analyses were
conducted using SAS 6.12 [18].

Results

Table 1 shows that the 2-yr cumulative incidence of
asthma in females was higher than that in males in
younger age groups. Male and female subjects
o55 yrs of age exhibited similar incidences of

Table 1. – Two-year cumulative incidence of asthma according to various risk factors: longitudinal observations from the
National Population Health Surveys 1994–1996

Risk Factor Males Females

Subjects n % 95% CI# Subjects n % 95% CI

Age yrs
12–24 1094 2.8 1.7–3.9 1134 5.3 3.6–7.0
25–39 1740 1.2 0.6–1.7 2074 2.6 1.8–3.5
44–54 1443 1.2 0.4–2.0 1498 2.4 1.5–3.3
55–69 925 1.4 0.5–2.4 1197 1.6 0.8–2.4
o70 545 2.2 0.9–3.6 986 2.6 1.3–3.8

Pets
Yes 2592 1.6 1.0–2.2 3107 3.7 2.9–4.6
No 3154 1.7 1.1–2.2 3780 2.3 1.7–2.9
Unknown 1 2

Any allergy
Yes 835 3.8 2.3–5.3 1449 6.2 4.6–7.9
No 4912 1.2 0.8–1.6 5440 2.1 1.6–2.6

Immigrant
Yes 761 1.2 0.4–1.9 930 1.4 0.4–2.5
No 4981 1.8 1.3–2.2 5957 3.3 2.8–3.9
Unknown 5 2

Smoking status
Nonsmoker 2435 1.7 1.1–2.3 3723 2.4 1.8–3.0
Exsmoker 1699 1.3 0.6–1.9 1532 3.2 1.9–4.4
Smoker 1612 2.0 1.1–2.9 1630 4.2 3.0–5.4
Unknown 1 4

There was no discernible association between asthma incidence and the following variables: household size, number of
bedrooms, educational level, income adequacy, alcohol use or regular exercise. Data available upon request. CI: confidence
interval. #: 95% bootstrap CI.
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asthma. Females who had any pets at home or who
were nonimmigrants were more likely to develop
asthma than females who had no pets at home or who
were immigrants. These associations were less pro-
nounced in male subjects.

Female but not male smokers had a higher inci-
dence of asthma compared with nonsmokers during
the 2-yr study period. The incidence of asthma was
approximately three-fold higher for those who had a
history of allergy.

The presence of household pets notably modified
the influence of smoking on asthma incidence in
females. A significant effect of smoking on asthma
incidence was observed among females who had pets
at home, while the incidence of asthma showed little
variation among female smokers, exsmokers and
nonsmokers who did not have pets at home (fig. 1).
The relationship between smoking and asthma inci-
dence in females did not appear to be appreciably
affected by household size, number of bedrooms,
history of allergy, educational level, income adequacy,
regular drinking, regular exercise or BMI at baseline.
No significant effect of smoking on the incidence of
asthma in males was found in these subgroups.

The interactive effect of smoking and household
pets on a multiplicative scale was further examined
using a multiple logistic regression model including
age, immigrant status and history of allergy (table 2).
Using nonsmoking females as a reference point, the
adjusted odds ratio for smoking in relation to the
asthma incidence was 2.50 (95% CI: 1.24–5.05) for
females who had pets at home and 0.95 (95% CI:
0.49–1.85) for those who did not have pets at home.
The interaction between exsmoking and any pets at
home was not statistically significant (pw0.10). The
odds ratio for asthma was 1.49 (95% CI: 0.87–2.56)
among female exsmokers compared with nonsmokers.
The relationship between smoking, having pets at
home and asthma incidence was similar when income
adequacy and/or BMI at baseline were included in the
model.

Discussion

The present analysis has demonstrated an associ-
ation between smoking and asthma in females, but not
in males. The results are consistent with the current
authors9 previous findings based on cross-sectional
data from the NPHS [10]. A recent study from
Sweden, based on data from a random sample of
15,813 persons, found that females had a significantly
higher incidence of adult-onset asthma than males [8].
Compared with nonsmokers, the incidence rate ratio
for female smokers was 1.6 (95% CI: 1.1–2.2), while
the incidence rate ratio for male smokers was close to
unity.

Some discrepancies exist among studies with regard
to the relationship between smoking and asthma.
Because asthmatics are less likely not to start smoking
and more likely to quit smoking if they do smoke,
both smoking and asthma can be "causes" and
"outcomes". While it is difficult to address this issue
in cross-sectional studies, longitudinal studies do not
completely overcome this limitation. Some researchers
have speculated that individuals with sensitive airways
are less likely to become regular smokers, and smokers
who develop respiratory symptoms of any aetiology
tend to quit smoking [19]. Smoking may also
exacerbate asthma symptoms in susceptible indivi-
duals. Active smoking increased respiratory symp-
toms among those with asthma in one study [20] and
was an independent risk factor for future asthma
symptoms during adolescence in another study [21].
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Fig. 1. – Unadjusted 2-yr cumulative incidence and 95% confidence
intervals for asthma by smoking status and having pets at home
in females: longitudinal observations from the National Popula-
tion Health Surveys 1994–1996. a) With pets, b) without pets and
c) all subjects.
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Results for the relationship between household pets
and asthma are also inconsistent. The relative risk in a
random sample of 859 adult Swedes was 3.6 for asthma
in relation to pets, higher than that for grass and dust
mites [22]. Among asthmatic children in Singapore,
those with pets at home were more symptomatic than
those without pets at home with a relative risk of 1.3
[23]. However, SIRACUSA et al. [24] did not find
household pets to be a risk factor for asthma or rhinitis
in a random sample of Italians of f69 yrs of age. This
prevalence study also showed that cigarette smoking
was inversely associated with asthma, suggesting that
asthma may have influenced household exposures
rather than the other way around [24].

Allergic sensitisation, as judged by the skin-prick
test and specific immunoglobulin (Ig)E antibodies, is
associated with asthma [8, 25]. A further question is to
what degree allergic sensitisation translates into cli-
nical effects from exposure to the allergen in question.
A Danish cross-sectional study of 120 adult asth-
matics sensitised to cats and dogs found that patients
with a pet at home had more symptoms, required
more corticosteroid, and had higher eosinophilic
counts as compared to those without pets [26].

The present analysis also indicates that females are
more susceptible to asthma than males as a conse-
quence of having household pets. SUNYER et al. [27]
found that skin-test reactivity to Alternaria and IgE
specific to cat and grass allergens, was associated with
a decrease in forced expiratory volume in one second
in females but not males, after adjusting for bronchial
hyperreactivity and cigarette smoking.

A positive interaction between smoking and pets at
home in relation to the incidence of asthma in females,
was observed. Female smokers who had household
pets were more likely to develop asthma during the

2-yr study period. There have been sporadic reports of
interactive effects of inhalant exposures causing or
exacerbating airways disease. Chronic exposure to
grain dust and cigarette smoking are both associated
with chronic airways disease. CHEN et al. [28] reported
an interactive effect between grain farming exposure
and smoking on lung function and chronic bronchitis
in females but not males. Heavy cigarette smokers
have been reported to have a higher rate of emergency
department visits for respiratory disease following
days of high ozone levels compared with nonsmokers
[29]. More recently, SUNYER et al. [27] found that
smoking modified the association between lung func-
tion and allergen sensitisation.

The reason that female smokers appear to be more
susceptible to the influence of pets on developing
asthma requires further exploration. Allergic indivi-
duals are more likely to have sensitive airways and are
therefore less likely to become or continue to be regular
smokers. Consequently, the combined effect of smoking
and pet exposure is more likely to be underestimated
rather than overestimated. In addition, no evidence of
interaction between allergic status and smoking on the
incidence of asthma was found. Both smoking and
home pets involve a large number of constituents and
the mechanisms underlying the interactive effect
between these two variables can be complex.

The incidence of asthma in the present study was
higher compared to, for example, the 1% annual
incidence rate of asthma in young Swedish adults [1].
The reported incidence of asthma depends on the true
incidence in the population and on the operational
definition of asthma used in a particular study. As
there is no universally accepted definition of asthma,
there is no universal benchmark for asthma incidence
[30]. The purpose of this study was to determine

Table 2. – Multiple logistic regression coefficients for 2-yr cumulative incidence of asthma in relation to selected risk
factors, the National Population Health Surveys 1994–1996

Risk factor Males Females

b#
SE

} p-value b SE p-value

Age yrs
12–24 Ref. Ref.
25–39 -0.92 0.35 0.01 -0.82 0.24 v0.01
44–54 -0.74 0.46 0.10 -0.85 0.27 v0.01
55–69 -0.52 0.47 0.27 -1.13 0.33 v0.01
o70 0.03 0.46 0.95 -0.57 0.35 0.10

Immigrant
Yes -0.31 0.41 0.46 0.58 0.48 0.22
No Ref. Ref.

Pets
Yes -0.15 0.35 0.67 0.02 0.24 0.92
No Ref. Ref.

Any allergy
Yes 1.17 0.29 v0.01 1.07 0.20 v0.01
No Ref. Ref.

Smoking status
Nonsmoker Ref. Ref.
Exsmoker -0.03 0.39 0.94 0.40 0.28 0.15
Smoker 0.47 0.42 0.27 -0.05 0.34 0.89

Pets and smoking 0.03 0.63 (0.04z) 0.96 0.96 0.43 (0.03z) 0.02

Ref.: reference. #: logistic regression coefficient; }: bootstrap SE; z: covariance of smoking and having any pets at home.
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whether the incidence of asthma was relatively higher
in one subgroup than another.

In conclusion, the results of this study indicate that
the incidence of asthma among Canadian female
adolescents and adults is higher than among their
male counterparts, with the sex difference much more
pronounced for young and middle-aged individuals.
Interactive effects of sex, cigarette smoking and pets
can lead to a marked increase in the risk of developing
asthma. Public and healthcare professionals need to
be aware of the potentially large impact of these
combined exposures on the incidence of asthma. The
increased risk due to smoking, having pets at home
and other environmental factors partly explain
asthma morbidity among females.
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