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Allergic predisposition modifies the effects of pet
exposure on respiratory disease in boys and girls:
the seven northeast cities of china (snecc) study
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Abstract

Background: The relationship between pet exposure and the respiratory disease in childhood has been a
controversial topic, much is still unknown about the nature of the associations between pet exposure and
children’s respiratory health stratified by gender and allergic predisposition. The objective of the present study was
to assess the relationship between pet exposure and respiratory symptoms in Chinese children, and to investigate
the modified effects of gender and allergic predisposition on such relationship.

Methods: 31,049 children were selected from 25 districts of 7 cities in Northeast China in 2009. Information on
respiratory health and exposure to home environmental factors was obtained via a standard questionnaire
designed by the American Thoracic Society.

Results: Children with an allergic predisposition were found to have more frequent exposure to pets than those
without an allergic predisposition (18.5% vs. 15.4%). In children without an allergic predisposition, pet exposure was
associated with increased susceptibility to respiratory symptoms/diseases, with girls being more susceptible than
boys. No association was found between pet exposure and respiratory symptoms/diseases in boys with an allergic
predisposition. In girls with an allergic predisposition, association was found between doctor-diagnosed asthma and
pet exposure of their mother during pregnancy (adjusted odds ratio (ORs) = 2.03; 95% confidence interval (CI):
1.01-4.33), and their current pet exposure (ORs = 1.37; 95%CI: 1.00-1.88).

Conclusions: Pet exposure in children without an allergic predisposition was associated with increased
susceptibility to respiratory disease, with girls being more susceptible than boys.

Keywords: Pet exposure, Asthma, Allergic Predisposition

Background
The effects of pet exposure on the development of re-
spiratory symptoms have been a controversial topic [1-6].
The SIDRIA-2 study in Italy reported that exposure to
pets in children in the first year of life was a significant
and independent risk factor for current asthma and
asthma related symptoms that appeared at the age of 7
[1]. Results from the International Study of Asthma and
Allergy in Childhood (ISAAC) showed a positive

association between pet exposure during pregnancy and
in the first year of life and asthma, eczema and wheeze in
6 - to 7-year-old children [2]. Further analysis showed
that this positive association was more evident in chil-
dren in developing countries than in developed countries
[3]. However, other studies showed that pet exposure in
children during the first year of life could provide a pro-
tective effect against the development of asthma, allergic
rhinitis and eczema in later life [4-6]. A systematic review
concluded that exposure to pets increases the risk of
asthma and wheezing only in children older than 6 years
of age [7], whereas studies from British and Germany
showed that the risk of asthma and asthma related symp-
toms caused by pet exposure was relative low among
children older than 8 years of age and among adults
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[8,9]. Recent studies suggested that the seemingly pro-
tective effect of pet exposure may be a result of a “healthy
pet keeping effect”, in that parents with asthmatic dis-
eases tend to keep their child from being exposed to pets
to protect them against childhood asthma [10-12].
The association of pet exposure with childhood asthma

seems to vary globally, perhaps because children with
asthma tend to become sensitized to the allergens prom-
inent in their living environments [9]. The association of
race with allergic sensitization among children seems to
also vary across different countries [3,13,14]. For ex-
ample, Hugg et al. compared the relationships between
pet exposures and the occurrence of allergic asthma in
Finnish and Russian school children. Their results indi-
cated that the risk of allergic asthma was inversely related
to indoor pet-keeping in Finland, whereas in Russia the
risk of allergic asthma increased in relation to indoor pet
exposure [14]. Also, recently, the Phase Three of the
International Study of Asthma and Allergies in Child-
hood (ISAAC) study reported that pet exposure was
associated with increased symptoms of asthma only in
children living in non-affluent [3]. However, to the best
of our knowledge, few studies have evaluated the health
effects of pet exposure in Chinese children, and few stud-
ies have considered the modification effect of allergic
predisposition in evaluation of the associations between
pet exposure and respiratory symptoms. Also, there has
been growing epidemiologic evidence of a difference as-
sociation between environmental factors and respiratory
health between boys and girls [15-18], so it is plausible
that boys and girls may respond differently to pet expos-
ure as well. Pet exposure was quite prevalent in China
due to the lack of knowledge or awareness of the risk fac-
tors for asthma and allergies and the lack of primary pre-
vention strategies. This may produce “clean” data that
alleviates bias from occurring and, therefore, allows for
close examination of the effect of pet exposure on re-
spiratory symptoms among children. We conducted a
cross-sectional survey on children from 7 cities in North-
east China, and investigated the relationship between pet
exposure and respiratory symptoms/diseases in Chinese
children, and to investigate the modified effects of gender
and allergic predisposition on such relationship in this
study population.

Methods
Participants and study procedures
The seven northeast cities of China (SNECC) study was
designed using the guidelines set by the Ethical Stan-
dards of Responsible Committee on Human Experimen-
tation of China Medical University. Seven cities
(Shenyang, Dalian, Anshan, Fushun, Benxi, Liaoyang and
Yingkou) were randomly selected from Liaoning Prov-
ince in April of 2009. The numbers of districts in these

7 cities were, respectively, 5 in Shenyang, 4 in Dalian
and Fushun, and 3 in Anshan, Benxi, Liaoyang and Ying-
kou. Two kindergartens and one elementary school were
randomly selected from each district, resulting in a total
of 50 kindergartens and 25 elementary schools, and all
their students were given a questionnaire and return en-
velope. After parents/guardians reviewed the question-
naire, we invited them to a Parents’ Night and explained
to them detailed information about the survey, including
the objective of the survey and a revocable parental con-
sent form, asking for parent’s permission for their child’s
voluntary participation in the survey. Parents or guar-
dians who wished to complete the questionnaire at
home would have their child return the completed ques-
tionnaire in an envelope to the teacher. To reduce biased
results, we explained to the parents/guardians and their
children that the purpose of the survey was to study the
relationship between respiratory health and general en-
vironmental factors, without specifying pet exposure.

Questionnaire data
We assessed children’s respiratory health and potential
risk factors, including demographics and pet-keeping,
via a questionnaire that consisted of a few respiratory
health related questions from the American Thoracic
Society Epidemiologic Standardization Project Question-
naire in Chinese translation [19,20], which has been
proved to be an effective assessment tool in a few studies
[19-21].

Definitions of respiratory symptoms and illnesses
The following respiratory symptoms and illnesses were
determined from the questionnaire responses: a) Doctor
diagnosed asthma, defined as a positive answer to the
question “Has a doctor ever diagnosed asthma in this
child?”; b) Current asthma: defined as, for the child who
had been diagnosed with asthma, a positive answer to the
question “Has this child been in a paroxysm of asthma in
the last two years?” or a positive answer to the question
“Has this child every taken medicine or treatment for
asthma or asthmatic bronchitis?”; c) Current wheeze,
defined as a positive answer to the question “Has this
child’s chest ever sounded wheezy or whistling, including
times when he or she had a cold?” and a positive answer
to the question “Has this child had 2 or more such epi-
sodes in the last 12 months?”; d) Persistent cough,
defined as ever having cough for more than 4 days per
week for at least 3 months, either with or without cold,
during the 12 months prior to the assessment; e) Persist-
ent phlegm, defined as ever having been congested or
ever having phlegm, sputum, or mucus brought up from
the chest for more than 4 days per week for at least
3 months, either with or without a cold, during the
12 months prior to the assessment.
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Family history of allergies was defined as a family his-
tory of doctor-diagnosed hay fever or allergies (including
allergic dermatitis, allergic conjunctivitis, and eczema).
Family history of asthma was defined as a family history
of doctor-diagnosed asthma or bronchial asthma. Aller-
gic predisposition was defined as a family history of al-
lergy or asthma. Personal allergic history was defined as
a family history of allergic constitution, allergic rhinitis
or atopic eczema, hay fever, allergies to food or medi-
cine, inhaled dusts, pollen, molds, animal fur or dander,
or skin allergies (without the inclusion of allergy to poi-
son ivy or oak).
Current pet exposure was assessed via questions on

the type and number of animals kept in the household
during the past 12 months. A dummy variable was cre-
ated with 2 levels (1 =Yes, 0 =No (the reference cat-
egory)), depending on whether or not the child had ever
been exposed to dogs, cats, farm animals or other types
of animals such as chickens, ducks, cows and pigs. We
also assessed pet exposure of the mother during preg-
nancy and their child during the first year of life. Pos-
sible pet avoidance measures for pet allergies were
assessed via 2 questions: “Has your family given up a pet
due to allergies in the family?” and “Has your family
avoided getting a pet due to allergies in the family?”

Statistical analysis
We fitted a multivariate logistic regression model using
each of the 5 outcome measures of respiratory symp-
toms and the predictor variables including pet exposure
and all other covariates. From the fitted model, we
selected the covariates that had a positive association
with the respiratory symptoms/diseases. Using these
selected covariates, we carried out backward selection by
dropping the variable that had a less than 10% decrease
in the model fit statistic after the variable was removed
from the model. The final model calculated the adjusted
odds ratios (ORs) and the associated 95% confidence
intervals (CI) for each outcome measure (SAS 9.13, SAS
Institute, Inc., Cary, NC, USA). All statistical tests were
two-tailed and a p-value less than 0.05 was considered
statistically significant.

Results
Among the total of 35,527 children from 50 preschools
and 25 elementary schools, 31,049 completed and
returned the questionnaire, yielding an overall response
rate of 87.4%; among the respondents, 15,673 (50.5%)
were males. The participation rates varied from 81.3% in
Yingkou to 94.7% in Dalian, which did not correlated
with either levels of pet exposure or diseases prevalence.
The mean age of the participants was 8.5 with a stand-
ard deviation (SD) 2.7 (range of ages: 2.2 - 13.4 years).
Allergic predisposition was observed in 13.7% of the

participants. Participants with a pet at home had a
higher rate of allergic predisposition than those without
pets at home (18.5% vs. 15.4%). The characteristics of
the participants and conditions of exposure to pets, par-
ental atopy, and other risk factors in the home environ-
ment are shown in Table 1. Boys appeared to be more

Table 1 Demographics of the study population of boys
(N= 15,673) and girls (N=15,376) in seven cities of
Northeast China

Characteristic Boys
(n, %)

Girls
(n, %)

Total
(n, %)

Asthma and asthma related symptoms

Doctor-diagnosed asthma 1179 (7.5) 856 (5.6)* 2035 (6.6)

Current asthma 410 (2.6) 288 (1.9)* 698 (2.3)

Current wheeze 1082 (6.9) 883 (5.7)* 1965 (6.3)

Persistent cough 1538 (9.8) 1439 (9.4) 2977 (9.6)

Persistent phlegm 761 (4.9) 660 (4.3)* 1421 (4.6)

Allergic predisposition

Family history of allergic 1124 (7.2) 1153 (7.5) 2277 (7.3)

Family history of asthma 1227 (7.8) 1185 (7.7) 2412 (7.8)

Family history of allergic/asthma 2134 (13.6) 2106 (13.7) 4240 (13.7)

Personal allergic history 3393 (21.7) 3006 (19.6)* 6399 (20.6)

Personal hay fever history 2101 (13.4) 1368 (8.9)* 3469 (11.2)

Environmental factors exposures

Exposure to pets during
pregnancy

627 (4.0) 523 (3.4)* 1150 (3.7)

Exposure to pets in the
first years of life

878 (5.6) 968 (6.3) 1846 (6.0)

Avoidance to pet exposure 141 (0.9) 108 (0.7) 249 (0.8)

Current exposure to pets

Yes 2339 (14.9) 2569(16.7)* 4908(15.8)

Number of pets

1 1886 (12.0) 2027 (13.2) 3913 (12.6)

≥2 453 (2.9) 542 (3.5) 995 (3.2)

Dogs 878 (5.6) 999 (6.5)* 1877 (6.0)

Cats 736 (4.7) 830 (5.4)* 1566 (5.0)

Birds 455 (2.9) 507 (3.3) 962 (3.1)

Farm animals 282 (1.8) 384 (2.5)* 666 (2.1)

Other pets 533 (3.4) 523 (3.4) 1056 (3.4)

ETS exposure† 7779 (49.6) 7537 (49.0) 15316 (49.3)

House decoration in
recent two years

5342 (34.1) 5223 (34.0) 10565 (34.0)

Breast feeding 13517 (86.2) 13464 (87.6)* 26981 (86.9)

Number of room <3 8484 (54.1) 8183 (53.2) 16667 (53.7)

Home coal use 1055 (6.7) 1016 (6.6)* 2071 (6.7)

Commercial health insurance 4059 (25.9) 2260 (14.7)* 6319 (20.4)

Education level of
parents<high school

4361 (27.8) 4123 (26.8)* 8484 (27.3)

†ETS, Environmental tobacco smoke. *The difference between boys and girls is
significant at the 0.05 level.
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likely to have respiratory symptoms and asthma, expos-
ure to pet during pregnancy, and have commercial
health insurance than girls.
Logistic regression analyses were performed to evalu-

ate the potential confounding effects of allergic predis-
position on the relationship between pet exposure and
respiratory outcomes. In general, children without an
allergic predisposition were found to have greater
values of ORs than those with an allergic predisposition
(Table 2). For example, significant associations were
observed for doctor-diagnosed asthma with pet expos-
ure of the mother during pregnancy (OR =1.58, 95%CI:
1.12-2.24), pet exposure of the child in the first year of
life (OR =1.59, 95%CI: 1.19-2.13), and current pet ex-
posure of the child (OR =1.46, 95%CI: 1.27-1.67) only
in children without an allergic predisposition. Associa-
tions between current asthma and pet exposure during
pregnancy (OR =2.92, 95%CI: 1.84-4.62), pet exposure
in the first year of life (OR =3.05, 95%CI: 2.05-4.53)
were noticeably strong. In children without an allergic

predisposition, more pets were associated with a higher
rate of all respiratory symptoms/diseases except current
asthma (e.g., for persistent cough: OR= 1.31, 95%CI:
1.03-1.67 for 1 pet and OR= 1.66, 95%CI: 1.48-1.86 for
more than 1 pet), and for doctor-diagnosed asthma and
current wheeze, significance was only observed for
more than 1 pet (OR =1.54, 95%CI: 1.34-1.78 for
doctor-diagnosed asthma; OR =1.31, 95%CI: 1.12-1.53
for current wheeze). Among the children with an aller-
gic predisposition, significant associations were mainly
observed between pet exposure and persistent cough,
persistent phlegm. Even for the persistent cough and
persistent phlegm, most of the adjusted ORs among
subjects without allergic predisposition were higher
than those among subjects with allergic predisposition.
For doctor-diagnosed asthma, current asthma, and
current wheeze, children without an allergic predispos-
ition in general had bigger values of ORs than children
with an allergic predisposition. We therefore speculate
that children without an allergic predisposition in

Table 2 Association of children’s respiratory symptoms and diseases with pet exposure in children with and without
allergic predisposition*

Characteristics Persistent
cough

Persistent
phlegm

Doctor-diagnosed
asthma

Current
asthma

Current wheeze

Children without allergic predisposition (n = 26,809)

Exposure to pets during pregnancy (ref: no) 1.09 (0.79-1.50) 1.53 (1.04-2.26) 1.58 (1.12-2.24) 2.92 (1.84-4.62) 2.27 (1.62-3.17)

Exposure to pets in the first years (ref: no) 1.11 (0.85-1.44) 1.10 (0.76-1.59) 1.59 (1.19-2.13) 3.05 (2.05-4.53) 2.31 (1.74-3.07)

Current exposure to pets (ref: no) † 1.60 (1.43-1.78) 1.89 (1.64-2.19) 1.46 (1.27-1.67) 1.16 (0.90-1.50) 1.29 (1.12-1.50)

Number and type of pets†

1 1.31 (1.03-1.67) 1.73 (1.27-2.36) 1.27 (0.91-1.76) 1.27 (0.97-1.66) 1.23 (0.89-1.53)

≥2 1.66 (1.48-1.86) 1.93 (1.65-2.25) 1.54 (1.34-1.78) 0.67 (0.33-1.37) 1.31 (1.12-1.53)

Cats 1.79 (1.49-2.14) 2.35 (1.88-2.95) 1.68 (1.34-2.10) 1.48 (1.00-2.22) 1.37 (1.06-1.78)

Dogs 1.25 (1.03-1.51) 1.32 (1.01-1.73) 1.25 (1.00-1.58) 0.79 (0.47-1.32) 1.22 (0.95-1.58)

Birds 1.60 (1.27-2.02) 1.59 (1.14-2.21) 1.05 (0.75-1.46) 0.93 (0.51-1.70) 1.04 (0.74-1.46)

Farm animals 1.52 (1.14-2.04) 2.23 (1.55-3.21) 1.28 (0.87-1.89) 1.01 (0.47-2.15) 1.57 (1.08-2.28)

Other pets 1.75 (1.41-2.16) 2.30 (1.76-3.01) 1.86 (1.45-2.39) 1.42 (0.89-2.27) 1.35 (1.01-1.81)

Children with allergic predisposition (n = 4,240)

Exposure to pets during pregnancy (ref: no) 0.89 (0.48-1.65) 1.08 (0.50-2.34) 1.17 (0.66-2.07) 0.98 (0.38-2.49) 2.03 (1.16-3.53)

Exposure to pets in the first years (ref: no) 1.09 (0.69-1.73) 1.82 (1.06-3.12) 0.94 (0.59-1.50) 1.28 (0.66-2.45) 1.62 (1.02-2.57)

Current exposure to pets (ref: no) † 1.44 (1.17-1.78) 1.96 (1.52-2.53) 1.20 (0.96-1.49) 0.81 (0.56-1.18) 0.92 (0.72-1.18)

Number and type of pets†

1 1.40 (1.10-1.77) 1.89 (1.42-2.51) 1.21 (0.94-1.55) 0.97 (0.65-1.44) 0.92 (0.70-1.22)

≥2 1.57 (1.10-2.25) 2.16 (1.43-3.29) 1.17 (0.79-1.71) 0.41 (0.17-1.01) 0.92 (0.60-1.43)

Cats 1.74 (1.22-2.46) 1.77 (1.15-2.74) 1.21 (0.84-1.75) 0.70 (0.35-1.39) 0.75 (0.47-1.19)

Dogs 1.53 (1.11-2.12) 2.37 (1.65-3.41) 1.39 (0.99-1.93) 0.87 (0.48-1.57) 1.16 (0.80-1.68)

Birds 0.96 (0.58-1.60) 1.89 (1.10-3.25) 1.14 (0.70-1.87) 0.64 (0.26-1.58) 1.03 (0.62-1.72)

Farm animals 1.52 (0.94-2.48) 2.08 (1.18-3.67) 0.84 (0.46-1.54) 0.33 (0.10-1.35) 0.86 (0.47-1.57)

Other pets 1.37 (0.87-2.16) 1.89 (1.10-3.25) 1.19 (0.74-1.92) 1.16 (0.58-2.33) 0.80 (0.46-1.38)
* Odds ratios (ORs) adjusted for age, gender, body mass index, breast feeding, use of domestic cooking and heating fuels, ETS, area per person, house
decorations, parents education, avoidance behavior to pet exposure, commercial health insurance, districts and pet exposure variables.
†All ORs are computed to subjects with no current exposure to pets.
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general may be more susceptible to these symptoms/
diseases than children with an allergic predisposition.
In the analysis stratified by gender (Table 3), among

children without a family atopy history, in general girls
had higher values of ORs than boys. For instance, signifi-
cant associations of doctor-diagnosed asthma (OR =1.85,
95%CI: 1.23-2.79) and persistent phlegm (OR =1.82, 95%
CI: 1.01-3.26) with pet exposure in utero were only
observed in girls.
Among children with family atopy history, in general

girls had higher values of ORs than boys (Table 4). More
significant associations were observed in girls than in
boys. For example, in girls, significant associations were
observed between doctor-diagnosed asthma and pet ex-
posure during pregnancy (ORs = 2.03; 95%CI: 1.01-4.33)
and current pet exposure (ORs = 1.37; 95%CI: 1.00-1.88),
and between current asthma and pet exposure in the
first year of life (ORs = 2.36; 95% CI: 1.08-5.16) only in
girls. However, in boys, significant associations were only
observed between pet exposure and persistent phlegm.

Discussion
In this study, both prenatal and postnatal pet exposure
were significantly associated with respiratory symptoms,
and children without a familial predisposition were
found to be more susceptible to respiratory symptoms
and diseases caused by pet exposure than those with a
genetic predisposition. This indicates that pet exposure
may be an important causal risk factor for non-allergic
asthma, a condition that deserves more attention.
There has been little literature about the modification

effects of allergic predisposition on the association be-
tween pet exposure and respiratory symptoms and
asthma in children. This study may serve as a basis of
the research and facilitate future studies in this regard.
There have been reports that children without an aller-
gic predisposition may be more susceptible to certain
environmental pollutants (such as environmental tobacco
smoke [ETS]) than children with an allergic predispos-
ition [22-24]. For example, in a study of 5,762 school-
aged children in 12 Southern California communities, the

Table 3 Adjusted ORs (95%CI) of respiratory symptoms in relation to pet exposure in children without allergic
predisposition (N=26,809)*

Characteristics Persistent
cough

Persistent
phlegm

Doctor-diagnosed
asthma

Current
asthma

Current wheeze

Boys (n = 13,539)

Exposure to pets during pregnancy (ref: no) 1.07 (0.70-1.63) 1.38 (0.82-2.31) 1.10 (0.55-2.17) 2.82 (1.60-4.95) 2.28 (1.50-3.45)

Exposure to pets in the first years (ref: no) 1.08 (0.74-1.56) 1.12 (0.68-1.84) 1.59 (1.09-2.33) 2.72 (1.62-4.57) 2.07 (1.41-3.03)

Current exposure to pets (ref: no) † 1.55 (1.33-1.80) 1.89 (1.55-2.31) 1.37 (1.14-1.64) 1.17 (0.83-1.64) 1.23 (1.01-1.51)

Number and type of pets†

1 1.68 (1.43-1.97) 2.02 (1.64-2.49) 1.49 (1.23-1.81) 1.30 (0.91-1.85) 1.24 (0.99-1.55)

≥2 0.99 (0.67-1.45) 1.34 (0.83-2.17) 0.83 (0.51-1.34) 0.59 (0.22-1.60) 1.20 (0.77-1.88)

Cats 1.69 (1.31-2.19) 2.44 (1.80-3.32) 1.51 (1.11-2.06) 1.49 (0.88-2.53) 1.29 (0.87-1.92)

Dogs 1.26 (0.96-1.65) 1.32 (0.91-1.92) 1.11 (0.80-1.54) 0.73 (0.37-1.51) 1.12 (0.78-1.61)

Birds 1.54 (1.10-2.14) 1.56 (0.98-2.48) 1.08 (0.69-1.68) 0.76 (0.31-1.85) 0.76 (0.45-1.29)

Farm animals 1.55 (1.00-2.39) 1.49 (0.80-2.79) 0.93 (0.50-1.72) 0.88 (0.28-2.81) 0.86 (0.43-1.71)

Other pets 1.44 (1.05-1.97) 2.33 (1.62-3.35) 1.79 (1.28-2.50) 1.69 (0.96-3.00) 1.59 (1.10-2.29)

Girls (n = 13,270)

Exposure to pets during pregnancy (ref: no) 1.13 (0.70-1.84) 1.82 (1.01-3.26) 1.85 (1.23-2.79) 3.16 (1.42-7.04) 2.26 (1.27-4.02)

Exposure to pets in the first year (ref: no) 1.15 (0.79-1.67) 1.10 (0.64-1.89) 1.60 (1.02-2.53) 3.81 (2.05-7.07) 2.76 (1.79-4.26)

Current exposure to pets (ref: no)† 1.65 (1.42-1.92) 1.89 (1.53-2.34) 1.58 (1.29-1.93) 1.15 (0.78-1.70) 1.37 (1.11-1.70)

Number and type of pets†

1 1.65 (1.40-1.94) 1.83 (1.45-2.30) 1.62 (1.31-2.01) 1.23 (0.81-1.85) 1.39 (1.11-1.75)

≥2 1.66 (1.21-2.28) 2.20 (1.46-3.33) 1.40 (0.91-2.17) 0.78 (0.29-2.14) 1.28 (0.79-2.07)

Cats 1.88 (1.46-2.42) 2.27 (1.63-3.18) 1.94 (1.40-2.69) 1.47 (0.76-2.83) 1.44 (1.02-2.04)

Dogs 1.24 (0.95-1.63) 1.33 (0.91-1.96) 1.42 (1.02-1.98) 0.85 (0.41-1.77) 1.35 (0.95-1.94)

Birds 1.67 (1.21-2.30) 1.61 (1.00-2.60) 1.00 (0.60-1.67) 1.14 (0.50-2.59) 1.37 (0.88-2.14)

Farm animals 1.52 (1.02-2.26) 2.92 (1.86-4.58) 1.67 (1.02-2.73) 1.14 (0.42-3.14) 2.34 (1.49-3.68)

Other pets 2.09 (1.57-2.79) 2.26 (1.52-3.36) 1.97 (1.35-2.87) 1.06 (0.47-2.43) 1.08 (0.67-1.74)
*Odds ratios (ORs) adjusted for age, body mass index, breast feeding, use of domestic cooking and heating fuels, ETS, area per person, house decorations, parents
education, avoidance behavior to pet exposure, commercial health insurance, districts and pet exposure variables.
†All ORs are computed to subjects with no current exposure to pets.
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effects of involuntary tobacco smoke exposure on wheeze
were largest in children without a family history of
asthma or a family history of atopy, and in utero exposure
to ETS was positively associated with doctor-diagnosed
asthma only in children without a family history of
asthma (OR=1.9, 95% CI, 1.0–3.7) [22]. Results from
the European Community Respiratory Health Survey
(ECRHS) also showed that the associations of maternal
smoking with wheeze (OR=1.23, 95% CI, 1.08–1.40),
asthma symptom (OR=1.24, 95% CI, 1.06–1.44), and
chronic bronchitis (OR=1.21, 95% CI, 1.01–1.44) were
only significant in non-atopic individuals [23]. However,
assessing the association between pet exposure and
respiratory diseases in children with an allergic predispos-
ition has been difficult due to the lack of reliable and
readily available data, which is possibly a result of the fact
that parents tend to take allergen-avoidance measures
when they or their child are diagnosed with allergies. For
example, a Prevention and Incidence of Asthma and Mite
Allergy (PIAMA) study reported that allergic parents took

allergen-avoidance measures more often than did non-
allergic parents [25]. In a study from Sweden, parents
often gave up pets if their child developed asthma or
allergic symptoms [26]. Results from the 12 European
birth cohort study also showed that families with allergies
were less likely to keep a pet at home [8]. The data col-
lected for the present study may be considered more reli-
able and less biased due to the population’s lack of
knowledge of the triggers of asthma, as is evident in our
study where 18.5% of the participants with an allergic pre-
disposition lived in a family with pets, as compared to the
significantly smaller percentage (15.4%) of the participants
without an allergic predisposition (χ2 = 26.23, p <0.001),
and only 0.8% of families gave up pets because of the
allergic illness in the family.
Tables 3 and 4 seemed to indicate that, among all pets,

cats were associated with the highest ORs of having
respiratory symptoms in children. There have been other
studies that seem to be supportive of this finding. For
example, the studies of Finnish and Russian children

Table 4 Adjusted ORs (95%CI) of respiratory symptoms in relation to pet exposure in children with allergic
predisposition (N=4,240)*

Characteristics Persistent
cough

Persistent
phlegm

Doctor-diagnosed
asthma

Current
asthma

Current wheeze

Boys (n = 2,134)

Exposure to pets during pregnancy (ref: no) 0.80 (0.32-2.00) 1.40 (0.52-3.77) 0.70 (0.29-1.70) 0.31 (0.04-2.26) 1.76 (0.81-3.82)

Exposure to pets in the first years (ref: no) 0.77 (0.40-1.49) 1.26 (0.58-2.72) 0.78 (0.37-1.62) 0.42 (0.10-1.77) 1.30 (0.63-2.67)

Current exposure to pets (ref: no) † 1.26 (0.93-1.71) 1.74 (1.20-2.51) 1.07 (0.79-1.45) 0.70 (0.42-1.18) 0.89 (0.63-1.26)

Number and type of pets†

1 1.24 (0.88-1.76) 1.75 (1.16-2.65) 1.10 (0.78-1.54) 0.87 (0.50-1.50) 0.88 (0.59-1.31)

≥2 1.32 (0.77-2.27) 1.68 (0.88-3.21) 0.99 (0.57-1.74) 0.28 (0.07-1.15) 0.92 (0.50-1.69)

Cats 1.43 (0.86-2.40) 1.82 (0.99-3.33) 1.02 (0.60-1.71) 0.13 (0.04-1.01) 0.57 (0.28-1.14)

Dogs 1.21 (0.74-1.97) 1.72 (0.97-3.04) 1.23 (0.78-1.96) 0.66 (0.28-1.55) 1.19 (0.71-2.00)

Birds 0.70 (0.32-1.57) 1.40 (0.59-3.32) 1.30 (0.68-2.48) 1.18 (0.46-3.01) 1.13 (0.56-2.27)

Farm animals 1.13 (0.50-2.57) 1.33 (0.49-3.62) 0.68 (0.26-1.77) 0.32 (0.04-2.37) 0.65 (0.22-1.90)

Other pets 1.70 (0.94-3.06) 2.45 (1.25-4.82) 1.11 (0.59-2.10) 1.59 (0.71-3.57) 1.04 (0.52-2.08)

Girls (n = 2,106)

Exposure to pets during pregnancy (ref: no) 1.02 (0.44-2.37) 0.77 (0.23-2.66) 2.03 (1.01-4.33) 1.98 (0.66-5.96) 2.48 (1.11-5.56)

Exposure to pets in the first years (ref: no) 1.64 (0.85-3.16) 2.91 (1.36-6.22) 1.08 (0.58-2.01) 2.36 (1.08-5.16) 2.01 (1.09-3.69)

Current exposure to pets (ref: no) † 1.66 (1.24-2.22) 2.23 (1.56-3.17) 1.37 (1.00-1.88) 0.92 (0.54-1.58) 0.98 (0.69-1.38)

Number and type of pets†

1 1.59 (1.14-2.21) 2.06 (1.37-3.08) 1.36 (0.95-1.95) 1.06 (0.59-1.89) 0.99 (0.67-1.47)

≥2 1.87 (1.15-3.03) 2.70 (1.55-4.71) 1.41 (0.82-2.40) 0.57 (0.18-1.86) 0.95 (0.50-1.77)

Cats 2.09 (1.29-3.40) 1.71 (0.91-3.23) 1.45 (0.86-2.44) 1.58 (0.73-3.43) 0.98 (0.53-1.83)

Dogs 2.01 (1.29-3.11) 3.20 (1.97-5.19) 1.63 (1.02-2.61) 1.04 (0.46-2.34) 1.15 (0.68-1.95)

Birds 1.27 (0.65-2.49) 2.54 (1.25-5.16) 1.03 (0.48-2.19) —{ 0.97 (0.45-2.10)

Farm animals 1.92 (1.04-3.52) 2.82 (1.41-5.64) 1.04 (0.49-2.23) 0.30 (0.07-2.21) 1.09 (0.53-2.28)

Other pets 1.03 (0.50-2.14) 1.25 (0.49-3.20) 1.30 (0.63-2.68) 0.60 (0.14-2.51) 0.54 (0.21-1.37)
*Odds ratios (ORs) adjusted for age, body mass index, breast feeding, use of domestic cooking and heating fuels, ETS, area per person, house decorations, parents
education, avoidance behavior to pet exposure, commercial health insurance, districts and pet exposure variables.
†All ORs are computed to subjects with no current exposure to pets. {Estimate not available due to small number of exposed cases.
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reported that continuous home exposure to cat allergens
increased the risk of self-reported allergic asthma,
whereas exposure to dogs decreased such risk [14]. Oberle
et al. found a significant association between continuous
cat exposure from early life onwards and asthma in child-
hood, but found that exposure to dogs was not related to
the prevalence of asthma [27]. There also have been
reports that cat allergens could be more potent sensitizers
than dog allergens [28]. The major cat allergen is Fel d1, a
type of secretoglobin; whereas the major dog allergen is
Can f1, a type of lipocalin. These two major allergens
present different biochemical and pathogenic characteris-
tics [29,30].
The present study showed that boys and girls differed

in the association between pet exposure and respiratory
symptoms/illnesses (Table 3 and Table 4); in particular,
girls appeared to be more susceptible to respiratory
symptoms/illnesses than boys. However, because there
has been little literature on the gender-specific effect on
the association between pet exposure and respiratory
symptoms/illnesses among children, we conjecture that
there are several possible reasons for such difference.
The first reason lies in the fact that males and females
respond differently to exposure to environmental fac-
tors due to the differences in their airways from fetal
life to adult life, with females having smaller lungs and
so having slightly greater airway reactivity than males
[15,16,31,32]. Second, non-allergic asthmatics tend to
have higher nasal and bronchial epithelia sensibility to
stimuli such as environmental pollutants, strong smells,
cold air, wind or respiratory viruses than allergic asth-
matics [33]. Inouye et al. reported that the clinical his-
tory of atopy appeared to be significantly more frequent
in allergic asthmatics, and hay fever appeared to most
effective in providing a protective effect against the de-
velopment of non-allergic asthma [34]. Furthermore,
Romanet-Manent et al. also reported that the female
sex is associated with an increasing risk of non-allergic
asthma, compared to allergic asthma [33]. These
reported findings are consistent with our findings from
this study, where 19.6% of the girls were found to ever
have allergies and 8.9% of the girls were found to ever
have hay fever, as compared to the significantly higher
percentages in males (21.7% and 13.4% respectively).
Therefore, we conjecture that, among children with an
allergic predisposition, girls may be more likely to de-
velop non-allergic asthma and therefore may be more
sensitive to pet exposure than boys. Third, it has been
reported that the deposition of particles in the lung var-
ies by gender, with greater lung deposition fractions of
particles being in all regions of the lung in females
[35,36]. Sunyer et al. suggested that females and males
had different deposition patterns, which might be partly
accountable for the difference in their responses to

particles [37]. Therefore, we conjecture that girls may
be more susceptible to the indoor dust carrying over
mite, pet allergens, and endotoxin than boys [38]. The
last reason for the gender-related difference observed in
this study may be partly attributable to the combination
of China’s “one child” policy and its long tradition of
strong preference for males that have put males at an
advantage by getting better healthcare than females
[39]. It is well known that the one-child policy can alter
the number and gender composition of children who
become part of family, and in turn these family com-
position characteristics will alter couple’s abilities or
desires to provide quality care to individual children.
Furthermore, because China is characterized by son
preference which often affects the care received by
young children, boys receive better child care, food, and
health care than girls. For instance, approximately
25.9% of the males had commercial or social health in-
surance whereas only 14.7% of the females had com-
mercial health insurance (Table 1). However, much still
remains unknown about why boys and girls respond
differently to pet exposure; therefore, further investiga-
tion is required to determine the cause of such differ-
ence and new methods are needed for this purpose.
Our study has the following limitations. First, we have

studied respiratory prevalence, rather than respiratory
symptom incidence, which is known to be prone to
be affected by disease duration rather than disease inci-
dence. Second, we cannot establish a temporal rela-
tionship between exposure and the outcome from a
cross-sectional study. On the other hand, we must also
acknowledge that large epidemiological studies of asthma
often rely on the self-reported symptom history and phy-
sician’s diagnosis of asthma for they are generally easier,
faster and less expensive to access. Finally, the standar-
dized skin testing to aeroallergens was not required
for the present study, which may effect interpretation of
findings related to allergic versus non-allergic status.

Conclusions
This study showed that pet exposure was associated with
increases susceptibility to respiratory symptoms/diseases
in children, with girls being more susceptible than boys,
and that children without a genetic predisposition
appeared to be more susceptible than those with a gen-
etic predisposition. This indicates that pet exposure may
be an important causal factor for non-allergic asthma.
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