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Abstract

To evaluaterth@association between prenatal and postnatal exposure to pet ownerdhipgand
function in=children; @rosssectionaktudy named@even Northeastern Citi€SNEQ study
wascondugted. In this study, children’s lung function includingftreed expiratory volume
in 1 second«(FEY), forced vital capacity (FVC), maximal m&kpiratory flow (MMEF), peak
expiratoryflow«(PEF)were measured kgpirometersand pet ownership situationsas
collecied by guestionnaire. Analyzeby multiple logistic regressioandgeneralized linear
modeling, wefound that ér all subjects, pet exposure in the first 2 years ofNds
significantlyassociated withlung function impairmenof FVC<85% predictedadjusted odds
ratio [aOR]=1.28; 95% confidence interval [CI]=1.01, 1.63). For current pet exposure, the
increased adds of lung function impairment ranged 86 (aOR=135; 95% CI=1.12, 1.&)

for FVC<85% predicted to 57% (aOR=1.57; 95%CI=1.29, 1.93) for,/<8B5% predicted.
Thein utere.exposure was not related to lung function impairm@ompared with other pets,
higher oddswere observed among children with défigen stratifiedoy gender, girlsvith
current pet exposumgeremorelikely to have lung function impairment than bolismplies
self-reported exposures to pets were negatively associated with lung function among the
children under study.

Keywords: Pets, Lung function, Children, Gender difference, Prevention, Exposure

Practical implications Our findings indicate the *harmful’ effects of domestic pets on lung
function. Girls. may be more susceptiblectorentpet exposure than boys. These results have

relevance for,public health and prevention amcimitdren. I ntroduction

Early lifelung function is critical for respiratory heattiroughout lifé**!. Among several
environmental determinants in early life thaay affect early life lung functiojrising rates of
pet owrershipglobally have stimulated our interest to perform a study on the impact of

household pets. According éoreportin 2015,petownership increased by 54.2% since 2009
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Chinacompared to thglobal pet ownership which increased by 24¥%b%In such
circumstancethe relationshipbetween early pet ownership on asthma and allergies have been

extensively studied, its impact on early life lung function has not received theaiamen.

Although studies have focused on bronchial hypsponsiveneg8HR) or specific airway
resistance’ (sRaw) assessed by challengé’tebtéew have specifically focused on FEV

FVC and theirratio along with PEF. Most of these studies, includivgssectionalandbirth

cohort study‘designs, found no associations for living with pets and the risk of respiratory or
allergic conditions™*#*>*®! However, in a cohort study, Bertelsetral'”! evaluated 260
children’shealthistatus with early life exposure to indoor allergamsendotoximt 10 years

of age Findings from this investigation suggested positive associations between exposure to
cat allergens early in life and the risk of late childhood as{@®®&=1.20, 95%CI: 1.01-1.43)
andBHR (aOR#1n22,95% CI:1.02-1.46) per 10 micro g/g dust increase iratlargen

exposure at'2years of age. In a prospective birth cohort stodke et al'® followed 996

children and found no significant longitudinal effect due to owning a cat, a dog, or owning both
a cat and.a.dog.in early life. However, they found that the lung function of children who were
both dog sensitized and exposed to dog allergen was lower than that of sensitized childr
without exposure and exposed children without sensitization. Conversely, another prespect
birth cohort studyOwnbyet al®! followed 474 children and found a reduction in BiiFfboys

at 6 to 7 years of age with exposure to 2 or more dogs ondas first year of lifecompared

to no dog or.cat/exposure, and suggested that exposure to dogs and catassagiaeed, at

lead in boys, with a reduced risk of asthma. Recently, the Avon Longitudinal Study of Parents
and Children (ALSPAC) which followed 4,706 children from birth to age 7, foend p
ownership was not associated with 8 yelnsg function, with the exception of pitive
associations,of.rodent and bird ownership with bétieg functiot®. Thisstudy was the only

one we identifledhat mostlyfocused on the relationship of pet ownership with lung function.

The question of whether pet-keeping influences children’s lung function has beelyfierc
debated over the past 20 years and is still controversial due to lack of consistent evidence

Further research is essential to evaluate the association between pets and lungTonction.
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add to this debate, we used data from the Seven Northeastern Cities (SNEC) Study, a
crosssectional study in China, to investigate associations of pet ownership with the measured

lung function of children.
Methods

Study population and overall design

We have conducted this large epidemiotogfudy across the seven Northeastern cities in

China in two waves. Wave 1 was during a period from 2008-2009 and Wave 2 was conducted
from 20122013. Wavel was conducted to assess the relationship of outdoor and indoor air
pollution with'asthma and asthma-related symptoms in children using among 31,049 children
from 25 districts.of the seven cities in Northeastern CHiffa Wave 2, which occurred in
2012-2013, was conducted to evaluate the effects of air pollution on lung function, blood
pressure, anthental health, including attention deficit hyperactivity disorder (ADHD) and
sleep disordé®33. While the seven cities were the same, a total of 70,000 new children were
randomly selected from 48 kindergartens, 24 elementary school, and 24 middle schools. The
present study.was based on the data collected in Wave 2 from April 2012 to May 2013. See
Supplementary Materials for detaifsnd kriefly, a total of24 urban districts were selected

from the seven cities: three districts in Anshan, Benxi, and Dandong, four distizkan

and Fushunptwa districts in Liaoyang and five districts in Shenyang. To generate a
representative sample of all districts, random sampling was used to select one elementary and
middle schoofrom each of these 24 districtsurthermorewithin each selected school, one or

two classroems.from eagradelevel wererandomly selected dee sampleTo participate,
students*hadto'have lived within this district for at least two years prior to the start of the study.
We followedall studystrictly according to the Sun ¥aen University’s ethical standards. The
Sun YatsenUniversity Institutional Human Ethics Committéethics Approval Number:

026) approved all performed human experimanis the approval was consistent with the
Declaration HelsinkEthical Principles for Medical Research Involving Human Suhbjécts

addition, prior to data collection, the parent/guardian of each child provided awritte
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informed consentfter the initial data collection, the data analysis wasdticted from May

2015 to October 2016.
Questionnaire survey

Administration of the study questionnaire was conducted as follows. deinsiol teachers
were giververbal and writtemnstructions to distributand collecthe questionnaires with
envelopesiad forms to record questionnaire responses. Teachersalseresponsible to
explain thefquestionnaire to parents and obtain the consent to partiCipasenting parents
could choose to either atteagarent’s night where they filled out the questiarena

voluntarily'or’ake it home and return it in a sealed envelope.
Lung function.measurement

The lung funetion measurements in this study included forced expiratory volume in 1 second
(FEV,), forced vital capacity (FVC), maximal mekpiratory flow (MMEB, and peak

expiratory flow (PEF), which were measured utilizing two portable electronic spirometers
(Spirolab, MIRyltaly). Spirolab spirometers are acatibratedand evaluated independently.
They have:sensitivity and specificity values of 97.75%, ®8.8dmpared to lower limit of
normal, respectively for lung function measutdsThelung function datavere collected

based orthe American Thoracic Society (ATS) and European Respiratory Society (ERS)
standarddy two technicians and researchers who were experienced in the use of electronic
spirometersThestest requires the children at least 10 years old to exhale for at least six
secondsjrand-the children younger than 10 years old exhale for at least three $beonds.
collected data foFVC and FE\ were the largest value(s) obtained from any of the three
satisfactory curvesAdditionally, the first and second larg&a{C and FEV values of these

three curves.should vary by less than 5% from each other.

We used the lung function predicted values,oitwere obtained from the reference equations
identified from our own stud$’. Specifically, a spirometric pattern was regarded as
impairments of lung function if FE\% <85%, or FVC <85%, or PEF<75%, or MMEF<75%

of the predicted value of the respective parameter.
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Pet ownership exposures

Pet ownership was assessed by asking if parents/guardians keep any pets in tlaat oose
guestions about pet ownership status was further ascertained, such as spé¢ceawamber

of pets dog, cat, bird, farm animals (chicken, duck, or goose}her pets (tortoises, hamsters,
gold fishes, lizards, or other pets kept in the home other than cats, dogs, birds and farm
animals): Importantly, at the time of the questionnaire, parents were also asked to recall
whethe they'kept pets while their children wereutero, during the first 2 years of their
children’s lives, and whether they currently keep pets. The exposures were subsequently
categorized'into,3 categorigmet exposuren utero; pet exposure in the firsty®ars,and

current pet exposure

Assessment of other covariates

A number of covariates were also assessed in the study inchalitygrassindex BMl),
socicdemagraphic factors, and several key health behaviors. We defined overweight and
obesity basedn'the Centers for Disease Control and Prevention (CDC) BMI growth charts,
which uses openonth age intervals and is by age and sex. Overweight was defined as BMI
between 85th and 95th percentile. We used electronic scales (at 0.1kg) and fixed stadiometers
(at 0.1cm)to measure height and weight when participants were without shght in
garmentsFamily.incomeper year was categorized into five categories: <5,000 RBHhese

Yuan, RenMinBi), 5,000-9,999RMB, 10,000-29,999RMB, 30,000-100,000RMB, or
>100,000RMB. Parental education lewglscategorized into two groupshigh school or

<high school. Environmental tobacco smok& §) exposure was defined as living with

someone whorsmokes cigarettes daily in the house. The child’s asthma status was defined as
“yes” if themparent/guardian reported that a doctor had ever diagnosed the ¢taldrags
asthma.Breastfeeding information was obtained by asking if the mother breastfieitit fer

at least threenonths. We obtained domestic fuel information by asking parents/guardians if
they use coal for cooking or space heatliguse close to main roagasdichotomous variable
defined byresidencks houseclose to main roadexercise per week wasntinuous variable
estimated by how many hours per week the dpleht on physical activities.
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Statistical analysis

We processed the data first for normality by using both Shapitks-W-test and

homogeneity by using Bartlett’s test for unequal variances. For continuous esyiabl
calculated'mean * standard deviation (SD); and for categorical variables we calculated
relative frequencies. Clsiquare tests were performed to calculate the associations between
categoricalvariables. We tested the association of pet ownershipwitit lung function

using generalizedriear models. Multiple logistic regression analyses were used to determine
whether pet ownership status was associated with risk of impaired lung funtgion af
adjustmentforpotential confounders (i.e., age of the children, BMI, parentatieduca
breasfeeding status, income, ETS, home coal use and study districts). We included a
covariate in the final model if the estimated effects changed more than 10% when the
covariate was+brought into the base model. All analyses were conducted using S8Aagsoft
(Version 911;"SAS Institute Inc., Cary, NC, USA). All statistical tests weregded and

p-values< 0.05 were considered statistically significant.

Results

There were total 7,326 children randomly recruited from 24 elementary school andd?d mi
school respectively. As there were 7,109 children both completed the lung function and the
guestionnairessmeasurement, the overall response rate was 96%. Further, 2519 @9iir

were excludedssince they lived less than 2 years in their district. So fimaie/ were 6,740
children fram 24 districts of Northeast China included in this study. Characteristics of these
children are included in Table 1. The average age of the study populatidd.@/a.1 years
(range 7-14wyears) and 50.2% (n=3382) was male. Welfstatistically significant gender
differences™Girls were more likely to be breastfed for at least three m@@at% (vs684%),

be exposed togis in the first 2 yeard{.6% vs3.7%), to have current exposure to dogs
(10.5% vsB8.5%),"and to have?2 pets in home (7.2% vs 5.5%). Bogaffered more from

asthma (8.1% vs 5.5%). For BMI, 59.4% of boys were considered normal, 16.4% were
overweight, and 24.2% were obese. Compared with boys, girls tended to be of normal weight
(74.8% vs 59.4%). Additionally, gender differences were also found for lung function and
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exercise time per wegknales had longexercise time per week and better spirometry status.

Table 2 describes thgroportionof four impaired spirometric measures of lung function
(FVC<85%predicted FEV;:<85%predicted PEF<75%predictedand MMEF<75%
predicted. Compared with nowrent pet exposuréhe prevalence of four lung function
impairments all increased withucent pet exposur@VC<85%ypredicted, 10.5%;
FEV1<85%predicted 7.7%; PEF<75%nedicted 6.2% and MMEF<75%redicted 8.7%),
dog and other'pets in home, and having 22pets in home (p<0.05). Having &din home
only showed significant differences for the MMEF<7p%dicted measuré&or pet exposure
in the first 2+years of lifesignificant differences were only observed for FVC <§&&gdicted
No significant differeaces were found for any of the four lung functimpairment measures

for pet exposuren utero.

Multiple logistic regressioanalysis was conducted to examine the risk of lung function
impairmentrelated to pet exposure, as presented in Table 3. Oeerllsubjects, current pet
exposurdaORranged from 1.35 (95%CIl: 1.12, 1.62) to 1.57 (95%CIl: 1.29, 1.83)ent
exposure toxdogaOR ranged from 1.70 (95%CI: 1.31, 2.21) to 2.10 (95%CI: 1.58, 2.79))
and otherpets @R ranged from 1.29 (95%C1.00, 1.66) to 1.49 (95%CIl: 1.12, 1.99)),
having 1 (®R ranged from 1.28 (95%CI: 1.04, 1.58) to 1.43 (95%CI: 1.13, 1.80)) pets

in home ( ®Rranged from 1.51 (95%CI: 1.13, 2.03) to 1.97 (95%CI: 1.45, pvese
associated with increased oddsabffour lung function impairmentsCurrent exposure to
birdswas associated with increased oddREF (DR=197, 95%CI: 100-3.88) and MMEF
(aOR=2.07,95%CI: 1.17-3.67). Whileepexposure in the first 2 yeakmsonly associated
with increasedodds of lung fation impairmentmeasured by FVC for adlubjects
(aOR=128, 95%CI: 1.01-1.63). Compared with other pets, higher odds were observed among
children with dogs (except for bird exposure for PEF<75% predicted and MMEF<75%
predicted)sCompared to subjects with 1 pet in home, subjectsvjtéts had higher odds of
all four lung function impairments. Stratified by gender, girls reporting curremxpeisure
were more likely to have lung function impairméman boys, especialREF, the interactions

between current pet exposure and gender on PEF impairment were statistically significant (P =
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0.0434).Nonsignificant effects were seen for exposure toipaisero or cat and farm animals

at home across all measures of impairment for males, females, and allssubject

Table 4 presents the results of the relationship betperownershi@ndlung function tests.
Overall, the estimated decreases in mean lung function for pet exposure irt thgdass of

life were 46 mL (95% CI:89, -3) for FVC, 43 mL (95%C I: -815) for FEV4, and 149 mL
(95% Cl-234y=64) for PEF. Fazurrentpet exposure, the estimated decreases in mean lung
function rangedfrom 56 mL (95%CI: -88, -24) for FVC to 131 mL (95%CI: -195, -67) for
PEF.The negative associations ofp@sure to dogs and having 1> pets in the homeiith

all four lungfunction testsvere all significantf{ coefficients range from -53 to -199 mL). Bd
exposure was only associated with decre&segl function measured by PEF=-239,

95%CI -456, -21), exposure to other pets wasoastedwvith decreasetling function as
measured by"FVBE -51, 95% CI: -92, -10), FEV(B=-68, 95% CI:-105, 32) and PEKB=
-102, 95%"Cl:=184, -21). In contrast, there were no significant relationships fouretbetw
pet exposurén utero, cats or fam animals in home and aihyng function parameters. For
females,.a.similar pattern was observed. However, for ntakesignificantnegative effects
were onlyseen fronpet exposure in the first 2 years on lung function, as measured by FVC
andPEF, ad for exposure to dogs on FVC, FE®Nd PEF. Girls reporting current pet
exposure were more likely to have MMEF impairment than boys (92ClI:-185, -62)

VS -8 (95%Cl.-80, 65)), the interactions between current pet exposure and gender on MMEF

impairment.were statistically significant (F0:0214).

To clarify.the lifetime specific exposure to pets and its connection to lung function, a more
detailedanalysis'on pet ownership exposurélifferentperiods were shown in tablg,

Figure landTableS5. Compared with children without pet exposure at any time, the children
with only currentspet exposure were consistehtlyinga reducedVC, FEV;, PEF and

MMEF.

Considering that asthma status may be a mediator in the relationship betwerpopatee
and lung function in childhood, we further analyzed the association between pet exposure and
lung function impairmentstratified by asthma statysee Supplemental Materidlable S3
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andTable S4]. A similar pattern was observed in subjects with@tihma as showim Table

S3 andTable S4. Table S3 presents the effects of pet exposures in the postnatal environment
compared to prenatal. For subjects with asthma, only a few categories of pet expmsure
significantly asseciated with impaired lung function, as measured by GEMudingcurrent

pet exposure;‘degs or birds in home and having>R pets in home).

DISCUSSION

The present study sought to shed light on the association between pet ownership and lung
function in children living in 24 districts of Northeast China. To our knowledge, thenturre
paper is the first attempt to determine the association between pet apaeciung

function in Chinese children. Considering it has been debated for over 20 years over whether
pet-ownership can impact childrerisng function and there has been a lack of consistent
evidence to,address this study question, we regard it worthwhile to test thisdsypoiVve

found that gxposure to pets at home was associated with reduced lung function and the
association appears e influenced by the type, number of pets, the exposure time, and the

gender of thexchild.

A wide range of original study designs, as well as syntheses of these studies in systematic
reviews, have reported the effects of early life exposure to pet owmérsdinly cats and

dogs) and the"development of asthma and asthma-like synffitdM8, bronchial
hyperresponsivene8s?14164243nd specific airway resistartt® However, to our

knowledge, there is a paucity of data on the effept@iathand postnatagéxposuref a wide
range of pet types on lung function in early childhood. In this study, we found there were no
associations'between cat ownership and lung function, wkaslhconsistent with studies

[ and Nelsa et al’. However, we did find that dog and other pet

conducted'byCollin et a
ownerships were associated with an increased risk of lung function impanmeastred by
FVC, FEV;, PEF and MMEF (aOR ranged from 1@%%CI:1.00, 1.66) }o 2.10(95%CI.:
1.58, 2.79), Table 3), wtin differed fronthe results othe two studies mentioned above

the present study, wasofound thatcurrentbird ownership was associated with impairment in
lung function as measured by PEF and MMEF (a@Re1.97 (95%CI: 1.45, 2.68) and 2.07
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(95%CI:1.17, 3.67) respectively, Table B).contrast to our finding<ollin et al*® reported
weak evidence gbositiveassociations between bird ownership and lung function (FEMd
FVC) at age 8 years, though the author declared these may most plaasibtribed to

chance.

The contradictory results regarding the relationships between pet exposure anchbtiog f
are diffieult-torinterpret. In western countries different findings mayusetd geographic

variation anégenetic heterogeneit{/"

“®l The different associations fourizetween cat, dog

and other animals with lung function, may be caused by different levels of endotoxin. Thorne
and colleague¥?found that house dust endotoxin concentrations were associated with many
factors, including dog but not cat ownership. Many other studies also fouriebthas with

dogs have significantly more airborne endotd$di?! Airborne endotoxins have been found

to decreaseslung function and augment an inflammatory reaction iff¥ivd-owever, there

Is also evidenceto show that exposure to airborne endotoxin, especially in infapcy, ma
protect against allergy or asthm®®! Therefore, different levels of endotoxins due to the
cultural custom&*°°*®and the cleanliness of the hdffemay contibute to the differences

in the findings across countries and different animals. In China, compared wignrwes
countries like the UK, pets (especially dogs) may track more enddtaeén soil from the
environment into the home. More than 20% of families reported washing their petseno mor

than once amonth inraarket research study in Chiffh therefore the recoverable allergen

from hair and dander might be hitjh

We also.observed the following factors to affect the lung function of the childtbis istudy.

First, numberofpets: having 2 or more pets at home was associated with an increased risk of
lung function impairment which may warrant further research. Second, exposuredime:
significant differences were seen from exposure toipet®ro, but airrent exposure to pets
consistently.had a negative impact on lung function. However, this might suggest a more
acute effect on lung function for current exposure and negative effects of high levels of
exposures to allergens and endotoxins as mentioned before. Third, the gender of the child:

The observed associations of pet exposure with increased odds of lung function imjpairme
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were more significant in females (Tables 3 and 4). The reason may be lungrfuactiinues

to change during developntamtil the mid20s, the teenaged children in this study have
greater airway reactivity but the lung function growth rate was getifferent’®*°® The

reason may also,be related to hormonal differences, with reported links betweien ins
adiponectingleptin or other sex hormones and lung fun&i8# More detailed gender based
studies of pet-exposure and lung function may improve our understanding of the complex

association of hormones or gender-based behavioral differences with lung function.

There were also,some significant findings for FEW asthmatic children witburrent pet
exposure, haying dogs and birds in home, and having2 @gts in home. These significant
effects of postnatal pet exposure tend to be larger in asthmatics than thagtmoatic
counterpartsTableS3 andlableS4]. The number of asthmatic children in our study was
small (N=460)yespecially when further categorized by exposure prevassece (
Supplemental"Material, Tabl andTableS2). However, a shown in previous studiés’™,
our findings indicate that living with pets may aggravate symptoms of airway m#son

in asthmatics..Given this consistency with previous research, our findingsedsedrodds
of lung function‘impairment in asthmatic children in this study were reasonablavargent

with prior evidence.

Some of thesmédwmnisms by which our findings can égplained include: It has been shown

that sensitization and inflammation may occur by inhalation of animal-derived home
aeroallergens, especially from cats (fel d1) and dogs (cEif*1J"®. Traditionally, pet
owneship.in.early life affecting sensitizati@amd dlergic lung inflammation has been
attributed"torthe’classical lg&ssociated inflammation respoli&€”. Experimental studies

also have suggested that dog and cat allergens can activate respiratory epithelial cells to release
proinflammatoryscytokines and chemokines and expression of ICAM-1 by
adjuvanthike.proteasendependent mechanisHf®. Furthermore, recent studies have shown
aeroallergen exposure in animal models of pulmonary disease invoked group 2 innate

lymphoid cells (ILC2s)ILC2s have been found to play a crucial role in the evolution of type 2

inflammationand in the initiation of the adaptive Th2 respdfigé®#? |n addition to pet
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allergens, animadlerived home endotoxins may be #ey potentiamechanisnfor the

‘harmful’ effects of petssince the pranflammatory properties of endotoxin can trigger

immune cell activation and cytokine relé&$&". The manifold effects of endotoxin exposures

on human health,may be determined based on the dosage and many other factors such as the
timing of exposure and the interaction with domestic environmental f&&totsvhichwe

do not have'furthersdata on in this study and need further examination.

There are several limitations in thisidy. First, the main limitation of our study, as with any
crosssectional guestionnaire survey, relates to its inability to assess the temporal direction of
associations between pet ownership and lung function impairment, and renders any causal
inference inpossible. Although we have attempted to reduce the selection and information
bias as much as possible, the risk of bias was not eliminated due to the inabibtyitimr m

every surveysinteraction. Moreover, in the current study, the prevalence of mleraed

obesity were15:9% and 17.1% fod4-year children, respectively. This prevalence was
similar to the results reported from the study from the sam&3rbat higher than the
prevalence.ifEuropea®. Second, due to the funding and resourtitditions, our pet
ownership measures were based on questionnaire responses alone. We were unable to
measure the individual amount of pet related allergen, which may be able to say more about
the actual impact on lung development. Third, our data set did not include othes Vetuitchr

might mediate or modify the observed associations. For example, number of siblings,
dampnessiin the home, whether the individual or parent is allergic or not, timeg{ukmdrs,
whether pets were kept indoors or outdoors, frequency and type of contact between children
and pets, etc. Developing better exposure variables should be a focus in future studies
Additionally,.a small number of children exposed to petgero in our study (n=370) might

have caused.the model to be underpowered. Finally, longitudinal studies are needed to
determine.whether the reduced lung function we observed is a predictor of future onset of

respiratory diseases such as asthma.

In conclusion, we found that self-reported exposures to pets coattimatependently to

lung function in children. There were no effects of cat ownership, but *harmfultei¢ dog
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and bird ownership on lung function. Whether exposure to pets has a causal effect on the

development of lung function impairment remains to be elucidated.
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Figure L egends:

Figure 1'Estimated absolute changes (95%CI) in lung function in relation to pet ownership

exposure.inschildren by the period status, with the reference catalog of childrent wéhou

exposure any time. Estimates are adjusted forgagejer, BMI, ETS exposure, parental
education, breast feeding status, income, home coal use.

Table 1. Characteristics athildren in 25districts innortheast of Chinatmatified bygender

\/ariables Males (3382 Females (3358 Total (6740)
Ane (vears). Mean(SD) 1M6+21 1ME+20 1M 6+21
Bodv Masslndexscateaor¥
Normal.weiaht 2008 (59.37N 2510 (74.75) 4518 (67.03)
Overweiaht 555 (16.41) 513 (15.28) 1068 (15.85)
Obesitv 819 (24.22) 335(9.98) 1154 (17.12)
*ETS exnosure: No 1759(52.01 1700(50.63) 3459 (51.32)
Father 1050 (31.05) 1072 (31.92) 2122 (31.48)
Mother 300 (8.87) 308 (9.17 608 (9.02)
Other 273 (8.07 278 (8.28) 551 (8.18)
Parental Educatiorhich school 2101 (62.12) 2110 (62.84) 4211 (62.48)
Breast Feedina 2312 (68.36) 2439 (72.63% 4751 (70.49)
Familvincome per vear
<5.000RMB 375 (11.09) 383 (11.41) 758 (11.25)
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5.000-9.999RMB
10.000-29.999RMB
30.000-100.000RMB
>100.000RMRB

Home coal use

House clesestasmain road

House net exnasure

431 (12.74)
1197 (35.39)
1250 (36.96)

129 (3.81)

357 (10.56)

1558 (46.07)

445 (13.25)
1197 (35.65)
1187 (35.35)

146 (4.35)
319 (9.50)
1569 (46.72)

876 (13.00)
2394 (35.52)
2437 (36.16)

275 (4.08)

676 (10.03)

3127 (46.39)

Pet exnasure utero 168(4.97N 202(6.02) 370(5.49)

Petexnosure in the first 2 vears 295(8.72) 390(11.61Y% 685(10.16)

Current pet exnosure 694(20.52) 741(22.07) 1435(21.29)

Cat 69(2.50) 79(2.93) 148(2.71)

Doa 249(8.48) 306(10.47V 555(9.47)

Bird 48(1.75) 42(1.58) 90(1.67)

Farm animals 51(1.86) 53(1.99) 104(1.92)

Other nets 386(12.56) 376(12.56) 762(12.56)
Numberefpets in hone

1 509(15.05) 499(14.86) 1008(14.96)

> 185(5.47) 242(7.21) 427(6.33)

Doctor diaanosed asthma 275 (8.13) 185 (5.51% 460 (6.82)

Exercise time"ner week (houlMean (SD) 7.85 +7.62 7.35+7.87 7.60 +7.75

Luna Functions

FVC(mL). Mean (SD) 2818+844 2432+594 2626+755

FEV.:(mL/s).Mean (SD) 2628+775 2296+567 2464+699

PEF(mL/s),Mean (SD) 5164+1534 4389+1160  4778+1415

+

+

-+

*The difference"between males and females is significant at the 0.05 level, using Chi square for
categorical. ariables and t test for continuous variabl&8TS: Environmental Tobacco

Smoke ‘RMB, Chinese YuanRenMinBi.
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Table 2. Lung functionimpairmentin relation to prenatal and postnatal exposure to pet ownership in children (N=6740)

FVC<85% FEV1<85% PEF< 75% MMEF< 75%
Pets exposure No.
n (%) n (%) n (%) n (%)
Pet expasuren utero
No 6370 710 11.15 547 8.59 435 6.22 601 9.43
Yes 370 49 13.24 31 8.38 23 6.83 33 8.92
Pet exposure in the first 2 years of life
No 6055 660 10.90 510 8.42 407 6.72 569 9.40
Yes 685 99 14.4%5 68 9.93 51 7.45 65 9.49
Current pet exposure
No 5305 558 10.52 406 7.65 330 6.22 459 8.65
Yes 1435 201 14.01 172 11.99 128 8.92 175 12.20
Type of animals in honfe
Cat 148 15 10.14 17 11.49 10 6.76 15 10.14
Dog 555 94 16.9% 83 14.95 57 10.27 74 13.38
Bird 90 9 10.00 12 13.33 10 11.11 15 16.67
Farm_ animals 104 7 6.73 11 10.58 7 6.73 12 11.54
Other pets 762 100 13.12 85 11.15 66 8.66 87 11.42

Number of petsni homé&
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1 1008 136 13.49 112 11.1°F 80 7.94 115 11.4%F
>2 427 65 15.22 60 14.08 48 11.24 60 14.08

*The différence betweesategory is significant at the 0.05 level, using Chi square for categorical variables.

PComparedto subjects with no current @aposure.
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Table 3. Adjusted OR and 95% confidence interval of lung function impairment in relation to prenatal anadgb@xposure to pet ownership

in children (N=6740)

Males Eemales Total Interaction
a0OR 950 Cl a0R 950 Cl a0R 959, ClI P\Aalue
FVC. <8R0h nredicted

Pet exposuren utero 1.15 0.71.1.87 1.13 0.74.1.74 1.13 0.82. 1.56 0.6828
Pet exnosure in the first 2 vears 1.46 1.03. 2.08 1.15 0.83.1.58 1.28 1.01.1.63 0.1889
Current pet expnosure 1.31 0.99.1.72 1.37 1.07.1.75 1.35 1.12.1.62 0.9924

Tvoe of animals in home
Cat 1.21 0.57.2.54 0.59 0.25.1.41 0.89 0.51.1.56 0.1360
Doa 1.70 1.13.2.54 1.73 1.22.2.45 1.70 1.31.2.21 0.5056
Bird 0.80 0.28.2.28 1.07 0.41.2.76 0.93 0.46. 1.87 0.7107
Farm animals 0.86 0.32.2.30 0.33 0.08. 1.43 0.59 0.26.1.32 0.1949
Other. pets 1.38 0.98.1.95 1.20 0.87.1.67 1.30 1.03.1.65 0.7482

Number of pets in home
1 1.23 0.90. 1.68 131 0.99.1.75 1.28 1.04. 1.58 0.7680
>2 1.53 0.97. 2.40 152 1.03.2.23 1.51 1.13.2.03 0.5876

FEV. <85% bredicted

Pet exposuren utero 0.96 0.56. 1.66 0.89 0.51. 1.56 0.9 0.61. 1.33 0.5363
Pet expasure in the first 2 vears 1.44 0.99.2.09 0.92 0.61. 1.39 1.15 0.87.1.51 0.0490
Current.net exposure 1.29 0.96.1.72 1.89 1.43.251 1.57 1.29.1.93 0.2576

Tvoerof-animals in home
Cat 1.23 0.56. 2.70 1.63 0.77. 3.46 1.41 0.82.2.42 0.7893
Doa 1.49 0.97.2.29 2.69 1.85.3.92 2.10 1.58.2.79 0.2067
Bird 1.44 0.60. 3.47 2.20 0.90. 5.36 1.75 0.94. 3.27 0.6396
Farm animals 1.17 0.46. 2.95 1.44 0.51. 4.06 1.26 0.63. 2.52 0.9543
Other pets 1.45 1.02. 2.06 151 1.03.2.21 1.48 1.14.1.92 0.9226

Number of pets in home
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1 1.16 0.83.1.61 1.73 1.24. 2.40 1.43 1.13.1.80 0.2875
>2 1.71 1.08.2.71 2.27 1.49. 344 1.97 1.45.2.68 0.6881
Table 3.continued
Malac Eaomalac Tontal Intaractinn
anP [OLNV/Na | aNP [OLNV/Nad| anNP ORO0AC] P\l
PFFE <7804 nredirtad
Pet exnnguyrem iitern 0 K9 N26 138K 117 N AA1 90 0 ]9 N K7 119 0 290K
Pet exnastire in the first 2 vears N aoR NK41A0 122 NanN190K 112 NK]21K4 0 493N
Current net exnosiire 107 N732 15A 188 141 249 152 121 190 N 0424
Tvne anf animals in honme
Cat naa Nl 272 123 N50N2 99 101 051200 0 9647
Non 141 NKR 242 21 141 R22 182 131 2KR2 N ’N44
Rird 171 060 4 K9 218 N0 ]9k k9 197 100 RKAR 0 7906
Farm animals 1258 N041 R38R 117 NR2421 114 0492 AR 0 4898
Other nets 102 NR? 1RK 1 &K 1209 2R4 149 112 109 0 0260
Niimher.of nets in home
1 097 06?2 1K2 1A/ 120 23K 137 105 179 00702
>? 136 075 2 4A 2132 1R RK4 1R7 13 2AR 0 RNKK
MMFF <7504 nredicted
Pet exnasiirm 1itern 0 R7 N3 120 118 N72184 N o4 N6A41 3R N 2123
Pet exnosiire in the first 2 vears 097 N0 R 151 104 073150 102 077123K 0 78R3
Clirrentnet exnosiire 118 N &7 1K9 1 6A 128 214 143 11 174 N0 1056
Tvnesafranimals in honme
Caf 0 K9 035 2230 161 079329 124 070218 0 36RK
Non 139 N &K 220 194 124 282 172 129 229 0 4434
Rird 129 N50N033% 2NK 14R R 3R 207 117 RA7 0 1608
Farm animals 1A N5NR72 1 K9 N76470 160 N]131% 0 RR??
Other nets 113 077166 14A 105 204 129 1 00-1 AR 0 2737
Niimbher of nets in home
1 109 077158k 152 112 20K 121 105 1 AR 01977
9 144 Ny]7239 204 1239 301 178 131 241 0 2979
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aOR, adjusted odds ratios; Cl, confidence intervedels for all subjects are adjusted for age, BMI, ETS exposure, parental education, breast
feeding status, incomepime coal use. All aOR are compared to the reference category (no pet expasen@® no pet exposure in the first 2

years, orsnorcurrent pet exposure). Bold feprresents the statistically significant differencp<a0.05.
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Table 4. Estimated Absolute Decrease liung Functionin Relation to Prenatal and Postnatal Exposure to Pet Ownership in Children

(N=6740}

Males Females Total Interaction
B 95%Cl B 95%Cl B 95%Cl P Value
FvC(mL)
Pet exposuren utero -73 -163, 17 12 -53, 77 -38  -94, 19 0.0424
Pet exposure in the first 2 years -76 -146, -7 -18 -66, 31 -46 -89, -3 0.1426
Current pet exposure -23 -73, 27 -76 -113,-38 -56 -88, -24 0.2701
Type of‘animals in home
Cat -29 -172, 115 18 -85, 120 -26 -115, 63 0.4810
Dog -83 -164, -2 -93 -150, -36 -93 -142, -43 0.7031
Bird 31 -135, 198 -64 -199, 71 -15 -125, 95 0.5586
Farm animals 97 -73, 267 18 -113, 149 38 -72, 148 0.9138
Other.pets -15 -79, 48 -71 -120, -22 -51 -92, -10 0.2638
Number.of pets in home
1 -18 -75, 39 -78 -121,-34 -53 -90, -16 0.1438
>2 -35 -124, 54 -68 -129, -7 -60 -114, -6 0.8711
FEV:(mlYs)
Pet exposuren utero -54 -133, 24 15 -45, 75 -29 -79, 21 0.0830
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Pet exposure in the first 2 years -119, 2 -22  -67,23 -43 -81, -5 0.3992
Current pet exposure -29 -72, 15 -95 -130, -60 -68 -96, -39 0.0707

Type of-animals in home
Cat -22 -146, 102 -15 -109, 80 -39 -118, 40 0.9479
Dog -74 -145, -4 -113 -165, -61 -100 -144, -55 0.5360
Bird 40 -104, 184 -110 -234, 15 -32 -130, 66 0.2149
Farm ahimals -12 -159, 136 -49 -170, 71 -51 -149, 47 0.9091
Otherpets -33 -87, 22 -93 -138, -48 -68 -105, -32 0.2354

Number-of pets in home
1 -28 -77,21 -95 -135, -55 -66 -99, -34 0.0738
>2 -34 -111, 44 -93 -149, -37 -73 -121, -25 0.4774

Table 4. continued
Males Eemales Total Interaction
R 0R0AC] R QR0AC] R 0R0AC] P\Alie
PFE(mMI /<)

Pet exbosuren utero -75 -246. 95 5 -135. 145 -60 -172. 52 0.4455
Pet exnosure in the first 2 vears -173 -305. -41 -111 -215. -6 -149 -234. -64 0.8207
Current=net exnostire -53 -149. 42 -186 -?267.-108 -131 -195. -7 0.0666

Tvoe of-animals in home
Cat 48 -221.318 -107 -328. 114 -78 -255. 99 0.2392
NDoa -150 -312 -6 -200 -321_ -80 -101 -289 -92 0.4422
Rird -92 -404. 219 -409 -A98. -120 -239 -456. -21 0.2307
Farm animals -120 -441. 200 -233 -514. 48 -216 -434. 24 0.5764
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Other nets -32 -152. 87 -158 -7263. -K? -102 -184. -21 0.2438
Number of nets in home

1 -63 -161. 54 -143 -?237.-49 -106 -179.-24 0.2860
> -78 -246. 90 =270 -3909.-140 -199 -306. -93 0.0713
MMEF(ml./s)
Pet axnostirm utero 35 -94. 165 -37 -143. 69 -25 -109. /K9 0.3267
Pet exnostire in the first 2 vears 12 -88. 113 -49 -128. 30 -35 -09. 29 01174
Current net exnosure -8 -80. 65 -123 -185. -62 -73 -121.-25 0.0714
Tvbe of animals in home
Cat 149 -56. 354 -01 -258.77 -6 -140. 127 0.0326
Doa -34 -151. 83 -160 -252.-68 -110 -185. -36 0.0246
Bird 9 -229. 246 -268 -488. -48 -120 -284. 45 0.1229
Farm animals -136 -380. 108 -193 -406. 20 -193 -357.-729 0.4405
Othernets -18 -109. 73 -80 -150. 0 51 -113. 10 0.5796
Number ‘af bets in home
1 -20 -102. 61 -111 -182_-40 =72 -126.-17 0.1487
>2 14 -114.142 -150 -249 -51 -84 -165_-3 0.0216

B, estimateCl, confidence intervaldModels for all subjects are adjusted for a@gkll, ETS exposure, parental education, breast feeding status,

income, home coal use. Bold foepresents the statistically sificant difference ap< 0.05.
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Table 5. Adjusted ORs and 95%CI of lung functimnpairmentin relation to pet ownership exposure in children by the period status (N=6740)

FVC<85% FEV1<85% PEF< 75% MMEF< 75%
Children No.
OR (95%Cl) OR (95%CI) OR (95%Cl) OR (95%Cl)

Without pet-exposure any time 4812 1.00 1.00 1.00 1.00
With pet exposure onlin utero 76  0.34(0.11,1.09)  0.32(0.08,1.32)  1.07(0.42,2.70)  1.06(0.48,2.35)
With pet exposure only in the first 2 years of life 271 1.45(1.02,2.05) 1.21(0.79,1.86) 1.08(0.66,1.78) 0.77(0.48,1.25)
With pet exposure onlgurrently 1135  1.36(1.12,1.67) 1.59(1.28,1.98) 1.49(1.16,1.90) 1.40(1.13,1.73)
With pet exposure botim utero andthe first 2 years of life 146 1.09(0.64,1.86) 0.85(0.43,1.70) 0.69(0.30,1.58) 0.91(0.49,1.72)
With pet‘exposure botim utero andcurrently 32 1.08(0.37,3.12) 0.70(0.16,2.96) 0.46(0.06,3.43) 0.29(0.04,2.17)

With petsexposure both in the first 2 years of life and
I 152 0.94(0.55,1.61) 1.37(0.79,2.35) 1.89(1.09,3.27) 1.78(1.09,2.89)
currently

With pet exposure in any time 116 2.23(1.39,3.58) 1.88(1.09,3.25) 1.60(0.82,3.12) 1.41(0.78,2.56)

aOR, adjusted odds ratios; Cl, confidence intervdedels for all subjects are adjusted &me, BMI, ETS exposure, parental education, breast
feeding status, incomepime coal use. All aOR are compared to the reference category (no pet expasen@ no pet exposure in the first 2

years, and.no current pet exposure). Bold feptesentshe statistically significant difference ja¢ 0.05.
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Figure 1 Estimated absolute changes (95%CI) in lung function in relation to pet ownership

exposure in children by the period status, with the reference catalog of childrent wé&hou

exposure any timdestimatesare adjusted for aggenderBMI, ETS exposure, parental education,

breast feeding status, income, home coal use.
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