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ABSTRACT
Objective: We conducted a cross-sectional study to investigate the associations between
domestic pets and respiratory health in children.
Methods: We randomly recruited 11,611 school children from Zhongshan, a southern city in
China. Information about the respiratory symptoms and disease history of the recruited chil-
dren, the status of domestic pets, and other related risk factors were collected from March
to July 2016.
Results: We identified cat-keeping at home increases the risk of persistent cough (OR, 1.77;
95%CI, 1.03–3.05); poultry-keeping at home increases the risk of current asthma (OR, 3.87;
95%CI, 1.08–13.92) and allergic rhinitis (OR, 1.84; 95%CI, 1.01–3.37); sleeping with pets
increases the risk of persistent phlegm (OR, 5.04; 95%CI, 1.05–24.28), doctor-diagnosed
asthma (OR, 3.35; 95%CI, 1.31–8.57) and current asthma (OR, 4.94; 95%CI, 1.05–23.31)
in children.
Conclusions: Cat-keeping and molds on the wall of the house had the multiplicative and
additive interaction in doctor-diagnosed asthma. In conclusion, pet-keeping increased the
risk of respiratory symptoms in children.
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Practical implications

The relationship between exposure to pet animals and
asthma and asthma-related symptoms in children is
controversial. Inconsistent with other cross-sectional
studies mostly conducted in developed countries, our
study indicates that exposure to animals may increase
the occurrence of asthma and asthma-related symp-
toms in children, and the association strengthens with
higher levels of animal exposure. When exposed to
both cats and molds, there are positive interactions on
doctor-diagnosed asthma. These findings support the
view that measures should be taken to reduce expos-
ure to animals and molds for preventing asthma and
asthma-related symptoms among children in China.

1. Introduction

Asthma is the most common chronic disease in chil-
dren, and is more prevalent in high-income countries.
In recent years, global disparities in asthma have been
reducing with increasing prevalence in low and

medium-income countries (1). The prevalence of
asthma in Chinese children also showed a clear
upward trend (2,3). The National Pediatric Asthma
Collaborative Group conducted three national large-
scale epidemiological surveys about asthma among
urban children in 1990, 2000, and 2010. The results
showed that the prevalence of asthma in Chinese chil-
dren was 0.96%, 1.66% and 2.38%, respectively. In
2010, the total prevalence of asthma in children under
14 years old increased by 43.4% and 147.9%, respect-
ively compared with 10 years ago and 20 years ago (4).
Asthma not only seriously affects the quality of life of
children, but also brings a large economic burden to
families, and consumes medical and health resources
of the country.

The development of asthma depends on a variety
of factors (5–7). Global Asthma Prevention Initiative
(GINA) reported that risk factors of asthma were div-
ided into host factors and environmental factors, the
latter including domestic pets (8). With the develop-
ment of social economy, more children are having
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more chances to contact with pets in their living
environment. However, results of previous studies on
the effect of domestic pet exposure on childhood
asthma were not consistent. Some studies showed that
domestic pets increased the risk of allergic respiratory
diseases such as asthma (9–13), because of increased
levels of allergens in the air released by saliva, skin,
and hair follicles of pets (14). On the contrary, devel-
oped countries found that domestic pet exposure in
childhood reduced risks of asthma, especially in early
life (15–18). Pet exposure in early life increased levels
of endotoxin in indoor air, which was a protective fac-
tor for asthma (19–21). Whereas, some studies
showed no association between domestic pet exposure
and childhood asthma (22).

In addition, children are exposed to domestic indoor
environment for a long time. A study with 10784 elem-
entary students showed that home-decorations, envir-
onmental tobacco smoke and molds on the wall
increased the risk of doctor-diagnosed asthma or
asthma symptoms (23). A case-control study from
Canada found that high molds levels in dust samples
from play and mattress areas were a risk factor for
asthma in children (24). Similarly, studies from
America, Sweden showed that exposure to molds or
dampness increased the risk of asthma or respiratory
illness (25–27). A retrospective cohort study found that
adding new furniture during early childhood and preg-
nancy could be risk factors for childhood asthma (28).
However, whether these domestic environmental fac-
tors have interactions with pet keeping is still unclear.

Therefore, we conducted a cross-sectional study
among children to examine whether domestic pet
exposure was associated with asthma and asthma-
related symptoms, and assess the joint effect of pet
keeping and domestic environmental factors.

2. Material and methods

2.1. Study population

This was a cross-sectional study to investigate the
association between domestic pets and respiratory
health in children. During March to July 2016, a ran-
dom-cluster sampling method was used for selecting
children from urban areas of Zhongshan city. 13516
children of 5 elementary and 5 junior high schools
were selected from 267505 children of 181 elementary
and 47 junior high schools in Zhongshan city. There
were 886 children not willing to participant in or lost
to follow up. Therefore, 12630 children participated in
this study and handed in questionnaires. If there were
more than 3 blanks in the questionnaire, we consid-
ered it unqualified and did not include it for analysis.

A total of 1019 questionnaires were unqualified and
the questionnaire pass rate was 91.93%. Finally, we
included 11611 children in this study (6087 boys and
5,524 girls) (Figure 1).

2.2. Questionnaire survey

The internationally standardized questionnaire ATS
(American Thoracic Society) was adopted and revised
according to actual situations of China. The question-
naire included demographic information (children’s
gender and age, parent’s education, family income, etc.),
children’s asthma and asthma-related symptoms
(persistent cough, persistent phlegm, wheezing, doctor-
diagnosed asthma, current asthma and allergic rhinitis),
as well as domestic pets (types and numbers of pets,
slept with pets or not, fetal exposure, exposure before
2 years old), house renovation within two years and
decoration methods, other indoor environmental pollu-
tion (passive smoking, kitchen fumes, molds, cock-
roaches, etc.), children’s school environment and other
questions related to premature birth, breastfeeding and
so on. The purpose of the survey was explained to
parents and informed contents were obtained. The
questionnaire was distributed to and filled out by
parents or guardians. All questionnaires were collected
after one week.

This study protocol was in accordance with the
Declaration of Helsinki and was approved by the
Ethics Committee of the School of Public Health at
Sun Yat-sen University.

2.3. Definitions of asthma and asthma-
related symptoms

The following asthma and asthma-related symptoms
were defined according to the ATS diagnostic criteria:

� Persistent cough: Analyzing the questions helped us
to determine whether the child had been coughing
for more than 3 months, with or without a cold,
on most days (4 days a week).

For example: Question A: “Does your child often
cough when he/she has a cold?”; B “Does your child
cough even if he/she doesn’t have a cold?”; C “Dose
he/she have a cough for more than three months one
year, and more than four days a week?”. If parents
answered “yes” to all the above questions, their child
was suffering from persistent cough.

� Persistent phlegm: Phlegm-related questions deter-
mined whether children coughed up sputum or mucus
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for more than 3 months on most days (4 days a week)
with or without a cold. For example: Question A:
"When your child has a cold, does he/she always snore
or cough sputum?"; B "Does your child snore or cough
sputum even if he/she doesn’t catch a cold?"; C "Dose
he/she have sputum for more than three months one
year, and more than four days a week?". If the parent’s
answer to A or B was “yes” and C’s answer was “yes”,
the child had a persistent phlegm.

� Wheezing: Wheezing-related questions determined
whether children had a whistling sound (that is,
wheezing sound) when breathing with or without a
cold. For example: Question A:“Does your child
have a whistling sound (that is, wheezing sound)
when breathing?”. If the parent’s answer was “yes”,
the child was considered as wheezing.

� Doctor-diagnosed asthma: Questions related to doc-
tor-diagnosed asthma determined whether children
had been diagnosed with asthma (or asthmatic
bronchitis or pediatric asthma) by a doctor. For
example: Question A:“Did a doctor ever give your
child a diagnosis of asthma (or asthmatic bronchitis

or pediatric asthma)?”. If the parent’s answer was
“yes”, the child had a doctor-diagnosed asthma.

� Current asthma: Questions related to current
asthma determined whether children had been
diagnosed with asthma by a doctor and had had
asthma attacks or treatment for asthma or asth-
matic bronchitis in the last two years. For example:
a child who had been diagnosed with asthma by a
doctor, plus Question A: “Has the child had an
asthma attack in the past two years?”; B “In the
past two years, has the child been treated for
asthma or asthmatic bronchitis or wheezing?”. If
one of the answers to question A or B was “yes”,
the child had current asthma.

� Allergic rhinitis: Questions related to allergic rhin-
itis determined whether children had been diag-
nosed with allergic rhinitis by a doctor. For
example: Question A: “Did a doctor ever diagnose
your child as allergic rhinitis?”; B “Did your child
is diagnosed to be allergic to a substance?, if yes,
what the substance is?”. The answer to question A
was “yes”, or the answer to question B was yes and

Figure 1. Participant flow diagram for analysis of asthma and asthma-related symptoms.
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the allergen was one or more of “food”, “drug”,
“dust”, “pollen”, “detergent”, “other”. The child
was considered to have allergic rhinitis.

2.4. Statistical analysis

The database was built using Epi Data 3.1. General
descriptive analysis, chi-square test and multivariate
unconditional logistic regression analysis were per-
formed by SPSS 20.0 statistical software. Taking
a¼ 0.05 as the test level, all P< 0.05 indicated that
the results were statistically significant. Each odds
ratio (OR) value was described by 95% confidence
intervals (95% CIs). We calculated the self-reporting
rate of six outcome indicators for children’s asthma
and asthma-related symptoms (persistent cough, per-
sistent phlegm, wheezing, doctor-diagnosed asthma,
current asthma, allergic rhinitis). The chi-square test
was used to compare self-reporting rates of these out-
come indicators among different gender and age
groups, and the chi-square trend test was used to ana-
lyze whether the trend of each disease and symptom
with age was statistically significant. The chi-square
test was also used to analyze the influence of domestic
pets, different species of domestic pets (cats, dogs,
birds, poultry) and different ways of contacting with
domestic pets (current pet-keeping, sleeping with pets,
children’s exposure to pets before two years old,
mothers’ exposure to pets during pregnancy) on chil-
dren with asthma and asthma-related symptoms. We
further used multi-factor unconditional logistic regres-
sion, taking persistent cough, persistent phlegm,
wheezing, doctor-diagnosed asthma, current asthma,
and allergic rhinitis as dependent variables, taking
cats, dogs, birds, farm animals, sleeping with pets and
children’s exposure to pets before two years old as
independent variables to analyze. At the same time, in
the logistic regression model, children’s gender, age,
parents’ education, family income, premature birth,
feeding method, passive smoking, passive smoking
during pregnancy, maternal smoking during preg-
nancy, children’s passive smoking before two years
old, kitchen fume, molds on the wall of the house,
cockroaches’ haunting the house, housing renovation
within two years, housing decoration (paint, wall paint

or wallpaper, new furniture), and school laying plastic
track were used as confounding factors. The multi-
variate adjusted OR values were used to discriminate
independent factors affecting asthma and asthma-
related symptoms in children. We decided to intro-
duce these variables based on different literature
resources after selecting these variables on a recom-
mended basis for a preliminary univariate analysis.
Multivariate unconditional logistic regression analysis
used the entry method to screen risk factors. The
standard for variables entering the model is 0.05, and
the standard for rejecting the model is 0.10.

In addition, we also calculated the index of the
multiplicative interaction of two factors and their con-
fidence intervals, and the index of three evaluations of
additive interactions (RERI, the relative excess risk
due to interaction; AP, the attributable proportion due
to interaction; and S, the synergy index) proposed by
Rothman (29). The dependent variables, independent
variables A, B and product terms A&B were placed
into the unconditional logistic regression model. The
P and OR values of the product terms were used to
evaluate the multiplication interaction on children’s
asthma and asthma-related symptoms. The parameter
estimation and covariance matrix of the logistic
regression model when calculating the multiplication
interaction can be placed into the Excel table com-
piled by Andersson et al. (30) to obtain the evaluation
index of additive interaction. If there is no additive
interaction between the two factors, the confidence
interval of RERI and AP contains 0, and the confi-
dence interval of S contains 1. At the same time, we
refered to the R software statement program written
by Xu Minrui et al. (31) to achieve the calculation of
multiplicative and additive interaction indicators, and
compared it with Andersson’s method.

3. Results

There were 11 611 children in this study, including
6087 boys (52.4%) and 5524 girls (47.6%), from 5 to
18 years old. The mean age was 11.49 (standard devi-
ation: 2.66). 662 (5.70%) children had been diagnosed
with asthma by doctors, 3356 (28.90%) children had
allergic rhinitis, 169 (1.46%) had current asthma, 331

Table 1. Self-report rates of children’s asthma and asthma-related symptoms of different genders in Zhongshan.

Characteristic N
Persistent cough Persistent phlegm Wheezing Doctor-diagnosed asthma Current asthma Allergic rhinitis

Cases(%) Cases(%) Cases(%) Cases(%) Cases(%) Cases(%)

Female 5524 158(2.86) 58(1.05) 313(5.67) 251(4.54) 63(1.14) 1452(26.29)
Male 6087 173(2.84) 81(1.33) 492(8.08) 411(6.75) 106(1.74) 1904(31.28)
v2 0.003 1.930 26.211 26.267 7.291 35.153
P-value 0.95 0.17 <0.01 <0.01 0.01 <0.01
Total 11611 331(2.85) 139(1.20) 805(6.93) 662(5.70) 169(1.46) 3356(28.90)
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(2.85%) had persistent cough, 139 (1.20%) had persist-
ent phlegm, and 805 (6.93%) reported wheezing.

Table 1 shows the self-reporting rate of asthma and
asthma-related symptoms in children of different gen-
ders. The self-reporting rate of persistent cough in
boys (2.84%) was slightly lower than that in
girls(2.86%), and the self-reporting rate of persistent
phlegm in boys (1.33%) was higher than that in
girls(1.05%), but the difference was not significant
(P> 0.05). The self-reporting rate of wheezing, doc-
tor-diagnosed asthma, current asthma and allergic
rhinitis in boys(8.08%, 6.75%, 1.74%, 31.28%) were
higher than that in girls(5.67%, 4.54%, 1.14%,
26.29%), and the difference was significant (P< 0.05).

The self-reporting rate and distribution of child-
ren’s asthma and asthma-related symptoms of all age

groups are shown in Figure 2. With age increasing,
the self-reporting rate of asthma and asthma-related
symptoms showed a downward trend except for aller-
gic rhinitis. Children under 7 years old generally had
higher self-reporting rates of these diseases. For aller-
gic rhinitis, the self-reporting rate in children under
9 years old kept increasing, then slowly decreased
from 9 to 14 years old, and decreased significantly
after 14 years old.

Table 2 shows the ORs (95%CIs) of children with
asthma and asthma-related symptoms in relation to pets
exposure. The results showed a positive association
between children sleeping with pets and the
self-reporting rate of persistent cough, persistent phlegm,
doctor-diagnosed asthma and current asthma (P< 0.05).
Exposure to pets before two-years old was positively

Figure 2. The Prevalence of asthma and asthma-related symptoms in children of different ages.

Table 2. ORs (95%CI) of asthma-related symptoms and doctor-diagnosed asthma in relation to pets exposure in
Zhongshan (n¼ 11611).

Characteristic
Persistent Persistent

Wheezing
Doctor-diagnosed Current Allergic

Cough Phlegm Asthma Asthma Rhinitis

Keeping
pets now

OR (95%CI) 1.23 (0.94-1.62) 1.19 (0.78-1.82) 1.06 (0.88-1.28) 0.99 (0.80-1.22) 1.29 (0.89-1.88) 1.11 (1.00-1.23)

Sleeping
with pets

OR (95%CI) 3.32a 5.22a 1.3 3.57a 4.27a (1.02-17.96) 1.03 (0.49-2.15)
(1.01-10.91) (1.24-21.99) (0.40-4.26) (1.47-8.65)

Exposure to pets
before two
years old

OR (95%CI) 1.41 1.78 1.17 1.28 1.84a (1.07-3.14) 1.18 (0.98-1.40)
(0.91-2.17) (0.98-3.23) (0.86-1.59) (0.93-1.77)

Exposure to pets
during
pregnancy

OR (95%CI) 1.56 0.84 1.15 1.02 (0.67-1.57) 1.23 (0.57-2.64) 1.16 (0.93-1.44)
(0.95-2.57) (0.31-2.28) (0.79-1.67)

Type of pets
Cat-keeping OR (95%CI) 1.77a (1.06-2.96) 1.54 (0.68-3.53) 1.20 (0.80-1.79) 1.43 (0.95-2.15) 1.71 (0.83-3.51) 1.20 (0.95-1.51)
Dog-keeping OR (95%CI) 0.98 (0.66-1.45) 1.19 (0.68-2.07) 1.11 (0.87-1.42) 0.92 (0.69-1.22) 1.35 (0.83-2.18) 1.05 (0.91-1.21)
Bird-keeping OR (95%CI) 1.32 (0.58-3.00) 0.51 (0.07-3.66) 0.88 (0.46-1.68) 1.21 (0.65-2.24) 0.42 (0.06-3.00) 0.95 (0.67-1.34)
Poultry-keeping OR (95%CI) 0.76 (0.10-5.51) 0.99 (0.99-0.99) 1.64 (0.65-4.16) 2.03 (0.80-5.14) 4.79a (1.47-15.60) 1.90a (1.06-3.40)
aP values < 0.05.
poultry: Chickens, ducks and geese.
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associated self-reporting rate of current asthma
(P< 0.05). Further, we analyzed how types of pets influ-
enced asthma-related symptoms in children and we
found a positive correlation between keeping cats at
home and children with persistent cough (P< 0.05).
Higher self-reporting rates of current asthma and allergic
rhinitis were associated with domestic poultry (P< 0.05).

Multivariate logistic regression was further used to
analyze the effects of different types of domestic pets
and different ways of contact with domestic pets on
children’s asthma and asthma-related symptoms.
(Table 3). The univariate logistic regression was pro-
vided as Supplement 1. After excluding the confounding
factors, the risk of persistent cough in children exposed
to cat-keeping was 1.77 times of that in children not

exposed to cat-keeping. Poultry-keeping was a risk factor
of children’s current asthma and allergic rhinitis. The
risk of current asthma and allergic rhinitis in children
exposed to poultry-keeping increased by 287% and 84%
compared with non-exposed children. Sleeping with pets
increased the risk of persistent cough (OR:5.04, 95%CI:
1.05–24.28), doctor-diagnosed asthma (OR: 3.35, 95%CI:
1.31–8.57), and allergic rhinitis (OR: 4.94, 1.05–23.31).

Table 4 shows the interaction of cat-keeping and
molds on the wall of the house on children’s asthma
and asthma-related symptoms. On the multiplicative
scale, we found that cat-keeping and molds had a
positive interaction for doctor-diagnosed asthma. The
OR (95%CI) was 3.21 (1.36–7.60), which meant simul-
taneous exposure to cat-keeping and molds increased
the risk of doctor-diagnosed asthma compared to
exposure to cat-keeping or molds alone. On the addi-
tive scale, there is an additive interaction between cat-
keeping and molds on the wall of the house for
doctor-diagnosed asthma, its RERI >1, which indi-
cated that their combined effect was greater than the
sum of the individual effects (Figure 3). The compari-
son showed that results of the two methods of calcu-
lating interactions were almost identical.

Table 3. Results of a multivariate analysis of children’s asthma and asthma-related symptoms.

Characteristic
Persistent
cough

Persistent
phlegm Wheezing

Doctor-diagnosed
asthma

Current
asthma

Allergic
rhinitis

Cat-keeping P 0.04 — — — — —
OR

(95%CI)
1.77

(1.03-3.05)
— — — — —

Poultry-keeping P — — — — 0.04 0.05
OR

(95%CI)
— — — — 3.87

(1.08-13.92)
1.84

(1.01-3.37)
Sleeping with pets P — 0.04 — 0.01 0.04 —

OR
(95%CI)

— 5.04
(1.05-24.28)

— 3.35
(1.31-8.57)

4.94
(1.05-23.31)

—

The co-variates are children’s gender, age, filler’s education, family income, premature birth, feeding method, exposure to pets during pregnancy, expos-
ure to pets before two years old, Cooker hood, molds on the wall of the house, cockroaches’ haunting the house, housing renovation within two years,
decoration method (paint, floor leather, floor, carpet, wall paint or wallpaper, new furniture), passive smoking, passive smoking during pregnancy,
maternal smoking during pregnancy, children’s passive smoking before two years old, school laying plastic track, different species of domestic pets and
different ways of contacting with domestic pets; “—”means no significant OR and P.

Table 4. ORs (95%CI) of interaction of cat-keeping and Molds on
the wall of the house and children’s Doctor-diagnosed asthma.
Characteristic Doctor-diagnosed asthma

The multiplicative scale 3.21(1.36-7.60)a

The addition scale RERI
AP
S

3.31(0.08� 6.54)a

0.69(0.45� 0.93)a

8.02(1.71� 37.64)a

aP< 0.05.

Figure 3. Using R software to analyze the interaction of cat-keeping and molds on the wall of the house.
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4. Discussion

This study indicated that pet-keeping was associated
with higher odds of asthma and asthma-related symp-
toms in children, especially in those keeping cats,
poultry as pets or sleeping with pets. In addition, chil-
dren exposed to both cat-keeping and molds had
higher self-report rates of doctor-diagnosed asthma
than exposed to cat-keeping or molds alone.

Current research results are controversial whether
domestic pets had a harmful or protective effect on
the occurrence of childhood asthma (12). Studies have
confirmed that allergic reactions to dogs or cats
increased the risk of asthma in children (32). In
recent years, the number of pet-raising families in
Zhongshan has increased. In this survey, 16.88% fami-
lies kept pets in Zhongshan city, higher than 15.8%
pet-friendly families (33) in Liaoning province. The
study from Liaoning province showed that self-report-
ing rates of asthma and asthma-related symptoms
were higher than that of children without pets at
home, except for doctor-diagnosed asthma (33).
Investigations conducted in Guangxi have shown
exposed to domestic dogs increased the risk of asthma
by 2.39 times in children (34). The survey results of
four cities in Liaoning Province showed that children
exposed to domestic fur pets were 3.49 times more
likely to develop asthma than non-exposed children (9).

Previous researches have generally concluded that
pet secretions and skin sputum increased the amount
of allergens in the air, which was a risk factor of aller-
gic respiratory diseases such as asthma in children
(35–37). Some scholars hold different views.
Perzanowski et al. (38) and Henriksen et al. (39) sug-
gested that pets keeping was a protective factor for
asthma. Increased endotoxin levels in the air of house-
hold pets and exposure to endotoxin in infants and
young children was a protective factor for asthma,
which might be related to early exposure to microbial
substances’ endotoxin and inhibition of immuno-
globulin IgE antibody production, thereby reducing
the risk of allergic diseases (19,40). However, these
protective effects might be confused by parents’ avoid-
ance of certain types of pets keeping (18,41–43).

In this study, with further research on different
domestic pets, we found that cats keeping at home
could increase the risk of persistent cough in children
(P< 0.05); poultry keeping at home also increased the
risk of current asthma and allergic rhinitis in children
(P< 0.05), which was similar to the results of Dong
et al. (44) showing cats and poultry keeping increased
the risk of asthma and asthma-related symptoms in
children. Different species of domestic pets have

different influence on children’s asthma and asthma-
related symptoms. The possible reason may be that
different species of pets produce different allergens,
and some allergens are easy to cause diseases.
Allergens produced by cats tend to remain in the air
for more than half a year even after removal of cats
(45). Besides, it might be related to sensitization and
endotoxin released by cats, which is much higher than
those of dogs (46). At present, there are still few stud-
ies revealing the effects of poultry pets such as farm
animals on children’s respiratory diseases. Dong et al.
(47) found that among children who grew up in rural
areas and were exposed to farm animals in early
stages of life, such exposure enhanced and improved
children’s autoimmune system gradually and reduced
the incidence of asthma and asthma-related symp-
toms. However, with further development of urbaniza-
tion in China, there are few opportunities for children
to get in contact with poultry animals, and only a few
families keep farm animals and other poultries as pets
indoors. Reduction of poultry and microbial exposure
might increase the risk of asthma and asthma-related
symptoms. Our study found that poultry-keeping
increased the risk of current asthma and allergic rhin-
itis in children.

Our research on different ways of contacting domes-
tic pets showed that sleeping with pets could
significantly increase the risk of persistent phlegm, doc-
tor-diagnosed asthma, and current asthma(P< 0.05).
These results were generally in agreement with a study
conducted in Shenyang, China (48), which showed that
exposure to pets before two years old increased the risk
of asthma and asthma-related symptoms. Similarly, a
research conducted at Shanghai, China also supported
that exposure to pets in early life could increase the
risk of asthma (43). However, some studies found that
early pet exposure was a protective factor for childhood
asthma. Oberle’s research in Germany (49) showed that
the risk of asthma was significantly lower with inten-
sive contact with cats in the first year of life, and keep-
ing cats in the bedroom might lead to more intense
endotoxin exposure. Another study (50) showed that
the umbilical cord blood IgE levels of the mothers who
kept cats or dogs at home during pregnancy were
lower than those of mothers who did not keep pets
after excluding 158 mothers and children who purpose-
fully avoided keeping pets at home.

Considering the complex and diverse factors of host
and environmental exposure, there might be interac-
tions between various factors. From our results, the
interaction between molds and raising of cats was sig-
nificant. When we used the unconditional logistic
regression model to analyze the influence of molds on
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the wall and cats keeping on doctor-diagnosed asthma,
we included a two-factor product term in the regres-
sion equation and found that molds on the wall was a
risk factor for doctor-diagnosed asthma (P< 0.01; OR
¼ 1.43, 95%CI: 1.2 0� 1.71), while there was no cor-
relation between cats keeping and doctor-diagnosed
asthma(P> 0.05). However, the OR on the multiplica-
tive scale was 3.21 (95%CI: 1.3 6� 7.60) with a positive
interaction, indicating that exposure to molds and cats
had combined effects, which was greater than the esti-
mated influence of molds alone and cats keeping alone.
Rothman (51) believed that the evaluation of biological
interactions should be based on addition rather than
multiplication scales. For the additive scale, RERI was
3.31 (95%CI: 0.0 8� 6.53), indicating that the com-
bined effect of molds on the wall of the house and cats
keeping was greater than the sum of the two factors
alone, and there was also an orthogonal interaction on
a relative scale. The reason might be that several bio-
logically active molecules of molds, such as mycotoxins
and (1 ! 3)-b-D-glucan etc., which had immune sup-
pression and stimulation effects, especially for children
(52,53). The endotoxin released by cats had high sensi-
tization, increasing the risk of asthma in children.

Strengths of our study include large sample, detailed
information on pet-keeping and confounding factors,
and consideration of interaction effects of pet-keeping
and molds on asthma and asthma-related symptoms.
There were also some limitations. Firstly, this was a
cross-sectional study, so the time relationship between
exposure and results was difficult to confirm. We could
only explain the association between pet exposure and
asthma and asthma-related symptoms in children, but
we could not prove that pet exposure is the cause of
asthma and asthma-related symptoms in children.
Secondly, our results were based solely on the
responses to the questionnaire. We were unable to
determine whether families without pets had chosen to
give up pets keeping because of asthma and asthma-
related symptoms among family members. This pet
evasive behavior could bias our results, and if the pet
was selectively removed, the relationship we observed
were underestimated. Thirdly, this study was based on
self-reported data, so there might be recalling bias and
not so accurate as measured data. Fourthly, we did not
consider genetic factors, which might cause confound-
ing, a significant risk factor for asthma and asthma-
related symptoms.

5. Conclusions

Our results suggested that pet-keeping was associated
with higher odds of asthma and asthma-related

symptoms in children, especially in those keeping cats,
poultry as pets and sleeping with pets. In addition, chil-
dren exposed to both cat-keeping and molds had
higher self-report rates of doctor-diagnosed asthma
than exposed to cat-keeping or molds alone. In general,
further studies of interactions between risk factors of
asthma and asthma-related symptoms are essential for
understanding the development of asthma.
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SUPPLEMENT 1 1 

 2 

Table. Comparison of positive rates of asthma and asthma-related symptoms among children and adolescents with different characteristics 3 

Characteristic 

 
N 

Persistent  

cough 

Persistent  

phlegm 
Wheezing 

Doctor-diagnosed 

asthma 

Current 

 asthma 

Allergic  

rhinitis 

Cases(%) Cases(%) Cases(%) Cases(%) Cases(%) Cases(%) 

Gender Female 5524 158(2.86) 58(1.05) 313(5.67) 251(4.54) 63(1.14) 1452(26.29) 

 male 6087 173(2.84) 81(1.33) 492(8.08a) 411(6.75a) 106(1.74a) 1904(31.28) 

age（year） 5～12 7160 244(3.40a) 58(1.05) 572(7.99a) 453(6.33a) 135(1.89a) 2137(29.85a) 

 13～18 4451 87(2.00) 100(1.40a) 233(5.23) 209(4.7) 34(0.67) 1219(27.39) 

filler's education  <higher school 
2332 55(2.36) 31(1.33) 124(5.32a) 128(5.49) 25(1.07) 579(24.83a) 

 ≥higher school 
9279 276(2.97) 108(1.16) 681(7.34) 534(5.75) 144(1.55) 2777(29.93) 

family income 
<CNY 100,000 

5925 161(2.72) 66(1.11) 357(6.03a) 319(5.38) 71(1.20a) 1617(27.29a) 

 
≥CNY 100,000 

5686 170(2.99) 73(1.28) 448(7.88) 343(6.03) 98(1.72) 1739(30.58) 

cat-keeping 
NO 

11280 315(2.79a) 133(1.18) 778(6.90) 636(5.64) 161(1.43) 3248(28.79) 

 
YES 

331 16(4.83) 6(1.81) 27(8.16) 26(7.85) 8(2.42) 108(32.63) 

poultry-keeping 
NO 

11565 330(2.85) 139(1.20) 800(6.92) 657(5.68) 166(1.44a) 3336(28.85) 

 
YES 

46 1(2.17) 0(0.00) 5(10.87) 5(10.87) 3(6.52) 20(43.48) 

Sleeping with pets 
NO 

11577 328(2.83a) 137(1.18a) 802(6.92) 656(5.66a) 167(1.44a) 3346(28.90) 

 
YES 

34 3(8.82) 2(5.88) 3(8.82) 6(17.64) 2(5.88) 10(29.41) 



Characteristic 

 
N 

Persistent  

cough 

Persistent  

phlegm 
Wheezing 

Doctor-diagnosed 

asthma 

Current 

 asthma 

Allergic  

rhinitis 

Cases(%) Cases(%) Cases(%) Cases(%) Cases(%) Cases(%) 

Exposure to pets  

before two years old 

NO 
11020 308(3.79) 127(1.15) 758(6.88) 620(5.63) 154(1.40a) 3166(28.73) 

 
YES 

591 23(3.98) 12(2.03) 47(7.95) 42(7.11) 15(2.54) 190(32.15) 

molds on the wall of the house 
NO 

9151 237(2.59a) 112(1.22) 557(6.09a) 476(5.20a) 119(1.30a) 2496(27.28a) 

 
YES 

2460 94(3.82) 27(1.10) 248(10.08) 186(7.56) 50(2.03) 860(34.96) 

passive smoking 
NO 

8023 209(2.61a) 73(0.91a) 522(6.51a) 425(5.30a) 108(1.35) 2301(28.68) 

 
YES 

3588 122(3.40) 66(1.84) 283(7.89) 237(6.61) 61(1.70) 1055(29.40) 

children's passive smoking before 

two years old 

NO 
10111 266(2.63a) 100(0.99a) 645(6.38a) 536(5.30a) 132(1.31a) 2855(28.24a) 

 
YES 

1500 65(4.33) 39(2.60) 160(10.67) 126(8.40) 37(2.47) 501(33.40) 

maternal smoking during pregnancy NO 
11579 329(2.84) 137(1.18a) 802(6.93) 660(5.70) 169(1.46) 3350(28.93) 

 YES 
32 2(6.25) 2(6.25) 3(9.38) 2(6.25) 0(0.00) 6(18.75) 

passive smoking during pregnancy NO 10473 285(2.72a) 111(1.06a) 693(6.62a) 576(5.50a) 142(1.36a) 2972(28.37a) 

 YES 1138 46(4.04) 28(2.46) 112(9.84) 86(7.56) 27(2.37) 384(33.74) 

housing renovation within two years 
NO 

3655 82(2.24a) 41(1.12) 213(5.83a) 181(4.95a) 47(1.29) 917(25.09a) 

 YES 7956 249(3.13) 98(1.23) 592(7.44) 481(6.05) 122(1.53) 2439(30.66) 

new furniture NO 
7786 201(2.58a) 94(1.21) 475(6.10a) 428(5.50) 105(1.35) 2106(27.05a) 

 YES 
3825 130(3.40) 45(1.18) 330(8.63) 234(6.12) 64(1.67) 1250(32.68) 



Characteristic 

 
N 

Persistent  

cough 

Persistent  

phlegm 
Wheezing 

Doctor-diagnosed 

asthma 

Current 

 asthma 

Allergic  

rhinitis 

Cases(%) Cases(%) Cases(%) Cases(%) Cases(%) Cases(%) 

paint NO 
9160 235(2.57a) 110(1.20) 585(6.39a) 498(5.44a) 115(1.26a) 2532(27.64a) 

 
YES 

2451 96(3.92) 29(1.18) 220(8.98) 173(7.06) 54(2.20) 824(33.62) 

Cooker hood 
NO 

785 20(2.55) 11(1.40) 32(4.08a) 39(4.97) 6(0.76) 163(20.76a) 

 
YES 

10826 311(2.87) 128(1.18) 773(7.14) 623(5.75) 163(1.51) 3193(29.49) 

cockroaches' haunting the house 
NO 

3624 75(2.07a) 39(1.08) 154(4.25a) 149(4.11a) 34(0.94a) 879(24.25a) 

 
YES 

7987 256(3.21) 100(1.25) 651(8.15) 513(6.42) 135(1.69) 2477(31.01) 

school laying plastic track 
NO 

1339 31(2.32) 14(1.05) 73(5.45a) 68(5.08) 14(1.05) 353(26.36a) 

 
YES 

10272 300(2.92) 125(1.22) 732(7.13) 594(5.78) 155(1.51) 3003(29.23a) 

premature birth NO 
10818 295(2.73a) 129(1.19) 719(6.65a) 596(5.51a) 159(1.47) 3080(28.47a) 

 YES 
793 36(4.54) 10(1.26) 86(10.84) 66(8.32) 10(1.26) 276(34.80) 

Breastfeeding YES 
6694 168(2.51) 70(1.05a) 396(5.92a) 339(5.06) 83(1.24) 1817(27.14a) 

 
NO 

2223 64(2.88) 37(1.66) 158(7.11) 128(5.76) 33(1.24) 610(27.44) 

a:P-value < 0.05. 4 
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