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• Traffic air pollution can increase adult
asthma and allergic rhinitis.

• Cats and dogs and presence of pests at
home were risk factors.

• Redecoration and obtaining of new fur-
niture were risk factors.

• Indoor combustion sources were risk
factors.

• Frequent cleaning was protective for
asthma and allergic rhinitis.
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We estimated associations between ambient air pollution, home environment and asthma as well as rhinitis
among adults across China.
A total of 40,279 young adults from eight Chinese cities participated in a questionnaire survey (participation rate
75%). There were questions on health and home environment. Information on city level gross domestic product
(GDP) per capita, ambient temperature and PM10 and NO2 were collected from registers. Two-level logistic re-
gression models were used to study health associations.
Totally 1.6% reported asthma and 6.6% reported allergic rhinitis (AR). Higher temperature was associated with
more asthma but less AR. Higher GDP was associated with less asthma but more AR. Higher degree of urbaniza-
tion, higher level of NO2 and living near heavily trafficked road were risk factors for asthma and AR. Participants
in older buildings reported more asthma. Redecoration and buying new furniture were related to more asthma
and AR (OR= 1.15–1.91). Using natural gas (OR= 1.34) and biomass (OR= 1.35) for cooking were risk factors
for AR. Burning mosquito coils and incense increased the risk of asthma and AR. Cat keeping (OR = 2.88), dog
keeping (OR = 2.04), cockroaches (OR = 1.54) and rats or mice (OR = 1.46) were associated with asthma.
. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Cockroaches increased the risk of AR (OR= 1.22). Air humidifier and air cleaner were linked to asthma and AR.
Frequent cleaning and exposing bedding to sunshine were protective.
In conclusion, urbanization, NO2 and traffic exhaust can increase the risk of adult asthma and AR. Higher ambient
temperaturewas related tomore asthmabut less AR. Indoor animals such as cats, dogs, rats/mice and presence of
cockroacheswere associatedwith asthma or AR. Indoor chemical sources such as redecoration and new furniture
were other risk factors. Cooking with natural gas or biomass and burning mosquito coils and incense were asso-
ciated with asthma or AR. Frequent cleaning and exposing bedding to sunshine were protective.
© 2020 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Allergic rhinitis and asthma and are commondiseases globally, espe-
cially in developed countries (Lundback et al., 2016). It has been esti-
mated that 6.0%–12.0% of adults in developed countries have asthma
(Lundback et al., 2016). Around 20%–30% of the adult population have
allergic rhinitis in both USA and Europe (Hoyte and Nelson, 2018).

Indoor air pollution can influence asthma and allergic diseases
(WHO, 2009; Fisk et al., 2007; Jaakkola et al., 2013; Mendell, 2007). Al-
lergens from house dust mites, cockroaches, furry pets, mice and rats
(Pomes et al., 2016) and chemical emissions from building materials
(Mendell, 2007) can cause asthma and allergic diseases. Indoor combus-
tion sources can produce particlematters (PM2.5, PM10) during the com-
bustion processes (Apte and Salvi, 2016). Biomass smoke from cooking
and heating can cause adult asthma in rural areas in developing coun-
tries (Jie et al., 2013; Trevor et al., 2014), especially among women
(Trevor et al., 2014; Kodgule and Salvi, 2012). Some studies reported as-
sociations between using natural gas for cooking and asthma symptoms
(Jarvis et al., 1998), increased airwayobstruction (Jarvis et al., 1996) and
allergic rhinitis (Piekarska et al., 2018) among adults. Environment to-
bacco smoke is associated with asthma (Janson, 2004) and allergic rhi-
nitis (Saulyte et al., 2014; Hur et al., 2014) according to two reviews.
Indoor ventilation flow associating with decreasing of air pollution
from indoor sources can be one important factor (Sundell et al., 2011).
Moreover, living near roads with heavy traffic and ambient air pollution
(e.g. PM10 and NO2) can be related to asthma and rhinitis among adults
(Anto, 2012; Lindgren et al., 2009; Jacquemin et al., 2009; Cai et al.,
2017; Cesaroni et al., 2008; Willers et al., 2013). However, we found
few Chinese studies on the role of outdoor air pollution for adult asthma
and allergic diseases.

Some studies from China are available on exposures in home envi-
ronment and asthma or allergic rhinitis in adults. The Seven Northeast
Cities study (SNEC) reported that pet keeping was related to asthma,
and home renovation was related to allergic rhinitis among adults
(Dong et al., 2013). Moreover, there are five other adult studies from
southern China. One study from Guangzhou found that pet keeping
and home renovation were risk factors for allergic rhinitis (Li et al.,
2014). One study from Changsha reported that frequent airing of the
home was related to less rhinitis (Lu et al., 2016). One study from
Chongqing identified several risk factors for allergic rhinitis, including
cockroaches, pet keeping, redecoration, buying new furniture and living
near a main road (Wang et al., 2014). One study from Zunyi found that
biomass burning was related to asthma symptoms and reduced lung
function (Li et al., 2019). Another study from Wuhan showed that coal
burning for heating or cooking was a risk factor for asthma symptoms
and doctor diagnosed asthma (Qian et al., 2007).

The ongoing urbanization process in China lead to a high demand of
residential buildings in urban areas. Most of the residential buildings in
urban areas in China are new large apartment buildings. Residential
buildings in Northern China (north of Yangzi River) have center heating
systemswith water-borne radiators keeping a comfortable indoor tem-
perature in winter. In contrast, residential buildings in Southern China
are not equipped with central heating systems. Air conditioners are
used for cooling during summers and are sometimes in winter for
heating. Moreover, electric radiators are used for heating in some
homes in southern China. Indoor temperature in winter is much lower
in southern China as compared to northern China.

The most well described home environment risk factor for asthma
and rhinitis is building dampness and indoor mold (WHO, 2009; Fisk
et al., 2007; Jaakkola et al., 2013), linked to increase risk of development
of asthma (Gunnbjornsdottir et al., 2006; Wang et al., 2019a; Norback
et al., 2013) and prevalent rhinitis (Jaakkola et al., 2013; Quansah
et al., 2012). Thus, it is important to adjust for dampness when study ef-
fects of other indoor environmental factors. Few multicenter studies
exist from China on associations between home environment factors
(pet keeping, renovation activities, cooking fuels, lifestyle factors, etc.)
and asthma or rhinitis among adults. The CCHH multicenter study
(China, Children, Homes, Health) includes health data from young
adults (parents) across China (Zhang et al., 2013). This article is aiming
to estimate the associations between exposure in the home (other than
dampness and mold) and asthma and rhinitis among adults across
China. Health associations in adults for building dampness and indoor
mold have been previously published from the CCHH study (Wang
et al., 2019b).

2. Methods

2.1. Study design

This article use data from the CCHH study. More information on the
CCHH project can be found in previous publications (Zhang et al., 2013;
Norback et al., 2018). Families with children aged 1–8 years from ran-
domly selected day care centers were offered to join the study which
took place from 2010 to 2012. Questionnaires were distributed to par-
ents or other guardians by the teachers at the day care centers.

A total of 44,859 questionnaire were answered (participation rate
75.0%).We restricted this article to questionnaires answered byparents.
Among the returned questionnaires, 2441were answered by grandpar-
ents, 450were answered by other guardians, and 1889 had no informa-
tion on responders. Thus, 40,279 questionnaires answered by parents
(one parent for each child) were used in the analyses.

2.2. Ethics statement

Fudan University (Research Ethics Committee of School of Public
Health) approved the study. Informed consent was obtained from all
participants.

2.3. Assessment of parental health and demographics

Parents' asthma/allergies were asked using four yes/no questions:
Father: asthma or allergies in the nose/eyes; (2) Mother: asthma or al-
lergies in the nose/eyes. Information on the respondent to the question-
naire (father/mother) was available from the questionnaire. Thus, two
heath variables for the responding parentswere created: asthma and al-
lergic rhinitis.

The questionnaire asked about gender, smoking habit, mother's oc-
cupation when she was pregnant with the child and size of the current
home (≤60 m2/61–100 m2/>100 m2). Maternal work was classified as:
no job (including unemployed and housewives), farm work, industrial
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work, white-collar work (including students) and other types of jobs
(not specified). Size of the home can be a socioeconomic indicator asso-
ciated with family income (Juhn et al., 2011). Moreover, there were
questions on current mold odor, visible mold and water damage. Any
dampness in the home was defined as having mold odor, visible mold
or water damage.

2.4. Assessment of ambient temperature, air pollution (PM10, NO2) and GDP
on city level

Annual means on ambient temperature on city level was obtained
for year 2010, 2011 and 2012 (https://www.wunderground.com). An-
nual means for PM10 and NO2 on city level was collected for year 2010
to 2012 from the website of National Bureau of Statistics (https://
www.stats.gov.cn/). Annual city level data on gross domestic product
(GDP) per capita for year 2010, 2011 and 2012 was derived from
China Statistical Yearbook. Then, we calculated mean values for all city
level variables for the three year period 2010 to 2012.

2.5. Assessment of the home environment

The following questions were included:

(1) Location of the building (urban/suburban/rural);
(2) The year when the building was constructed;
(3) Cleaning every day (yes/no);
(4) Frequently putting bedding to sunshine (yes/no);
(5) Frequently opening windows in spring (yes/no), in summer

(yes/no), in autumn (yes/no), and in winter (yes/no);
(6) Passive smoking exposure from a smoking spouse (ETS) (yes/

no);
(7) Is the building located near road or highway with heavy traffic

(yes/no);
(8) Cooking fuel (electricity, natural gas, coal, wood, other);
(9) Devices used at home: printer; air humidifier; air conditioner; air

cleaner (yes/no questions);
(10) Burning mosquito coils at home (often/sometimes or never);
(11) Burning incense at home (yes/no);
(12) Presence of cockroaches at home (yes/no);
(13) Presence of rats or mice at home (yes/no);
(14) Redecoration at home (never, one year before the pregnancy,

during pregnancy, when the child was less than one year old,
after the child was one year old);

(15) New furniture at home (asked for the same periods as redecora-
tion);

(16) Cat keeping when the child was born (yes/no);
(17) Cat keeping when answering the questionnaire (yes/no);
(18) Dog keeping when the child was born (yes/no);
(19) Dog keeping when answering the questionnaire (yes/no);

A score for frequent window opening (0–4) was created based on
the number of yes answer to the question: frequent window opening
in spring (no coded as 0, yes coded as 1), in summer (0,1), in autumn
(0,1), and in winter (0,1). Frequent window opening score (0–4) was
analyzed as an ordinal variable in the logistic regression models.

A redecoration score (0–4) was calculated based on the number of
times the home had been redecorated. Then, a categorized redecoration
score (0–2) was calculated based on the continuous score. This redeco-
ration score was classified as follows: score 0, no redecoration at home;
score 1, redecorated one time; score 2, redecoratedmore than one time.

A new furniture score (0–4) was calculated based on the number of
times of getting new furniture at home. A categorized new furniture
score (0–2) was created, defined as: score 0, never bought new furni-
ture at home; score 1, bought new furniture one time; score 2, bought
new furniture more than one time.
Moreover, a cat keeping score (0–2) was created, which defined as
such: score 0, had never had a cat at home; score 1, cat at home one
time (only around birth or only in the current home); score 2, cat at
home around birth and in the current home.

Finally, a dog keeping score (0–2) was created, which defined as
such: score 0, had never had a dog at home; score 1, dog at home one
time (only around birth or only in the current home); score 2, dog at
home around birth and in the current home.

2.6. Statistical modelling

Chi-square test was applied to compare subgroups. Correlations be-
tween air pollutants were analyzed by Kendall's tau-b rank test. Factor
analysis (principal component analysis with varimax rotation) was
used for the home environment variables.

Initially, two level multilevel logistic regression models (city, indi-
vidual) were performed to investigate relationships between ambient
temperature, NO2 and GDP per capita and asthma and allergic rhinitis,
keeping gender, current smoking, maternal occupation, size of the
home, any dampness, and temperature, and GDP in the models. Similar
regression models were constructed, replacing NO2 with PM10 in the
models.

Later on,multilevel regressionmodels were constructed to study as-
sociations between home environment factors adjusting for the five co-
variates mentioned above. Furthermore, multilevel regression models
were constructed with additional adjustment for temperature, NO2

and GDP per capita.
Statistical analysis was conducted by SPSS 25.0 and STATA 15.1 (for

multilevel logistic regression), calculating odds ratios (OR) with a 95%
confidence interval (CI).

3. Results

A total of 40,279 adults participated, 74.7% were females and 12.2%
were current smokers. Totally 1.6% had asthma and 6.6% had allergic
rhinitis. Males had more asthma but less allergic rhinitis as compared
to females. Allergic rhinitis was less common among current smokers.
Participants exposed to ETS at home (from a smoking spouse) reported
less allergic rhinitis. Almost half of the men (45.3%) smoked but only
1.0% of the women were smokers. Allergic rhinitis was most common
among participants from familieswhere themother hadworked during
pregnancy aswhite-collarworkers. Moreover, allergic rhinitiswasmore
prevalent in larger homes. Dampness in the current homewas a risk fac-
tor for asthma and allergic rhinitis (Table 1).

Table 2 shows thedata onmean temperature,meanPM10,meanNO2

and mean GDP per capita. Urumqi had the highest levels of PM10 and
NO2, and Taiyuan had the lowest levels. Wuhan had the highest GDP
per capita on city level, and Chongqing had the lowest GDP.

Dwellings located in rural areas were smaller as compare to urban/
suburban areas. Those in urban areas were more likely to live near
heavy trafficked roads. Printers, air humidifiers and air cleaners were
more common in urban areas. Using natural gas for cooking was more
common in urban areas. Furthermore, using coal/wood as cooking
fuel, burning mosquito coils and incense, cockroaches and rats/mice
were all more common in rural areas (Table 3). Rural areas had less re-
decoration and less new furniture exposure but more cats and dogs
(Table 4).

As a next step, associations with city level data were analyzed
(Table 5). Higher temperature was related to more asthma but less al-
lergic rhinitis, higher NO2 was linked to asthma and allergic rhinitis,
and higher GDP per capita was linked to less asthma but more allergic
rhinitis. Correlation analysis showed that NO2 was weakly correlated
with PM10 (Kendall tau beta = 0.278) and GDP per capita (Kendall
tau beta= 0.348); NO2 wasweakly negatively associated with ambient
temperature (Kendall tau beta=−0.291); moreover, ambient temper-
ature and GDP per capita were associated (Kendall tau beta = 0.486).

https://www.wunderground.com
https://www.stats.gov.cn/
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Table 1
The prevalence of adult asthma and allergic rhinitis, stratified for covariates (n=40,279).

Total
(%)

Asthma
(%)

pa Allergic
rhinitis
(%)

pa

Total 1.6 6.6
Gender Male 25.3 2.0 <0.001 5.5 <0.001

Female 74.7 1.5 6.9
Current smoker Yes 12.2 1.8 0.159 4.3 <0.001

No 87.8 1.5 6.9
ETS (spouse
smoking)

Yes 34.8 1.6 0.907 6.2 0.029
No 65.2 1.6 6.8

Maternal work
during pregnancy

No jobb 39.3 1.5 0.390 5.0 <0.001
Farm work 1.6 1.7 2.9
Industrial
work

3.8 1.5 3.9

White-collar
workc

55.3 1.7 8.0

Home size ≤60 m2 26.9 1.7 0.839 5.1 <0.001
61–100 m2 41.7 1.6 6.5
>100 m2 31.3 1.6 8.1

Any dampness at
homed

Yes 35.4 2.3 <0.001 8.2 <0.001
No 64.0 1.2 5.6

Bold font indicates statistical significance (p < 0.05).
a Chi-square test.
b House wife or unemployed.
c White-collar work was defined as office staff, teacher, medical staff, student, shop

assistant and other types of jobs.
d Any dampness was defined as any current mold odor, mold spot or damp stain, or

water damage at home.

Table 3
Home environment factors for current residence for participating adults (n = 40,279).

Home environment Subcategory Total
(%)

Urban
(%)

Suburban
(%)

Rural
(%)

pa

Home size ≤60 m2 26.9 25.5 28.2 48.7 <0.001
61–100 m2 41.7 41.7 44.6 25.6
>100 m2 31.3 32.8 27.2 25.7

Construction year After 2005 20.2 18.4 25.4 26.7 <0.001
2001–2005 32.2 32.8 32.1 18.8
1991–2000 28.0 28.0 28.6 26.7
Before 1991 19.6 20.8 13.9 27.8

Living near a road or
highway with
heavy traffic

Yes 40.5 41.3 39.8 30.2 <0.001

Cooking fuel Only
electricityb

13.0 10.1 20.0 33.9 <0.001

Natural gasc 80.1 83.7 72.8 44.8
Coal/woodd 6.9 6.2 7.2 21.4

Printer Yes 11.0 11.9 9.0 5.8 <0.001
Air humidifier Yes 27.7 30.8 18.5 11.4 <0.001
Air conditioner Yes 64.6 61.0 77.5 73.1 <0.001
Air cleaner Yes 16.3 17.9 11.2 8.4 <0.001
Burning mosquito
coils

Often 21.4 20.2 23.7 32.2 <0.001

Burning incense Yes 16.2 16.7 14.1 17.3 <0.001
Cockroaches Yes 53.3 54.0 49.9 59.3 <0.001
Rats or mice Yes 19.0 17.0 20.6 50.2 <0.001
Cleaning every day Yes 53.9 54.7 50.7 55.5 <0.001
Frequently putting
bedding to
sunshine

Yes 62.5 59.3 73.0 70.6 <0.001

Frequent window
opening

0 29.9 30.3 28.8 29.0 <0.001
1 26.6 24.8 32.5 30.8
2 13.5 13.5 13.5 13.5
3 15.0 15.5 13.6 13.5
4 15.0 15.9 11.6 13.3

ETS (spouse
smoking)

Yes 34.8 34.5 35.4 36.5 0.113

a Chi-square test.
b Only using electricity as cooking fuel.
c Using natural gas but not using coal or wood as cooking fuel.
d Using coal or wood as cooking fuel.

Table 4
History of home environment factors for participating adults (n = 40,279).

Home
environment

Subcategory Total
(%)

Urban
(%)

Suburban
(%)

Rural
(%)

pb

Redecoration Never 73.1 72.8 72.6 79.2 <0.001
Only in past timea 13.6 13.7 14.0 10.8
Only in the past
yearsb

10.0 10.4 9.3 6.8
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Factor analysis identified five home environment factors. The first
factor included construction year, presence of cockroaches and rats/
mice (old homes hadmore pests). The second factor included redecora-
tion and new furniture. The third factor included air humidifier and air
cleaner. The fourth factor consisted of cleaning and putting bedding to
sunshine (a traditional way in China to avoidmold andmoisture in bed-
dings). Cat and dog keeping belonged to the fifth factor. Other home en-
vironment factors, such as location of the building, closeness to main
roads or highways, cooking fuel, printer, air condition, burning mos-
quito coils, burning incense, frequent window opening and ETS, were
not included in any factor.

Two different models were constructed to investigate the role of the
home environment, one with extra adjustment for temperature, NO2

and GDP. The two models showed similar results (Table 6). As com-
pared to urban areas: asthma was less prevalent in suburban areas; al-
lergic rhinitis was less prevalent in suburban and rural areas. Living in
older buildings (constructed before 2005) increased the risk of asthma.
Exposure to road traffic was a risk factor for asthma and allergic rhinitis.
Using natural gas and coal/wood as cooking fuels was related to more
allergic rhinitis as compared to using only electric for cooking. Having
an air humidifier or having an air cleaner was a risk factor for asthma
and allergic rhinitis. Burningmosquito coils was associatedwith asthma
Table 2
Data on mean ambient temperature, mean PM10, mean NO2 and mean GDP income per
capita on city level for eight centers.

Center Mean ambient
temperature (°C)a

Mean PM10

(μg/m3)a
Mean NO2

(μg/m3)a
Mean GDP per
capita (RMB Yuan)a

Urumqi 8.2 136.7 67.7 52,724
Beijing 11.8 114.3 55.0 79,161
Taiyuan 10.4 84.3 23.0 48,800
Nanjing 15.9 104.3 48.7 76,059
Shanghai 17.2 76.7 49.0 81,618
Wuhan 16.8 101.7 55.7 81,890
Chongqing 18.3 95.0 35.0 51,732
Changsha 17.7 84.7 45.7 78,194

a The mean ambient temperature (°C), mean PM10 (μg/m3), mean NO2 (μg/m3) and
mean GDP per capita (RMB Yuan) for each city was calculated based on respective annual
mean data in 2010, 2011 and 2012 on city level.
and allergic rhinitis. Burning incense was related with more asthma.
Reporting of cockroaches was a risk factor for asthma and allergic rhini-
tis, and reporting of rats/mice and cat keeping was related to asthma.
New furniture was associated with asthma and allergic rhinitis. There
Both 3.3 3.1 4.1 3.2
New
furniture

Never 49.4 49.6 47.1 54.6 <0.001
Only in past timea 18.9 18.3 21.3 16.6
Only in the past
yearsb

13.5 13.9 13.4 9.3

Both 18.2 18.2 18.2 19.5
Cat keeping Never 96.2 97.0 95.4 87.5 <0.001

When the child was
bornc

1.5 1.3 1.7 4.4

Only currently 1.4 1.1 1.9 3.4
Both 0.9 0.6 1.0 4.7

Dog keeping Never 91.1 93.5 88.2 66.3 <0.001
When the child was
bornc

2.6 1.8 3.9 10.4

Only currently 3.7 3.0 5.1 9.0
Both 2.5 1.7 2.8 14.4

a Period from one year before pregnancy to one year after child's birth.
b Period from child's first year of life to now (1–8 years).
c Period during the child was born.



Table 5
Associations between ambient temperature PM10, NO2, GDP, and asthma and allergic rhinitis by two level logistic regression models (city, individual) OR (95%CI)a (n = 40,279).

Home environment Subcategory Asthma p Allergic rhinitis p

Model Ia Temperaturec 1.09 (1.04,1.15) <0.001 0.96 (0.92,0.99) 0.042
NO2

d 1.24 (1.09,1.42) 0.001 1.17 (1.06,1.31) 0.003
GDPe 0.90 (0.81,0.996) 0.041 1.20 (1.07,1.35) 0.001

Model IIb PM10
f 1.08 (0.97,1.20) 0.176 1.06 (0.96,1.17) 0.221

a Two level logistic regression models (city, individual). Variables in Model I included gender, current smoking, maternal work, home size, any dampness at home, mean ambient
temperature, mean NO2 and mean GDP per capita.

b Two level logistic regression models (city, individual). Variables in Model II included gender, current smoking, maternal work, home size, any dampness at home, mean ambient
temperature, mean PM10 and mean GDP per capita.

c The ORs were expressed per 1 unit increase for mean ambient temperature (°C).
d The ORs were expressed per 10 μg/m3 increase for mean NO2.
e The ORs were expressed per 0.0001 unit increase for mean GDP per capita (RMB Yuan).
f The ORs were expressed per 10 μg/m3 increase for mean PM10.

Table 6
Associations between home environment factors and asthma and allergic rhinitis by multilevel logistic regression models OR (95%CI) (n = 40,279).

Home environment Subcategory Asthma Allergic rhinitis

Model Ia p Model IIb p Model Ia p Model IIb p

Location of the building Urban 1.00 1.00 1.00
Suburban 0.43 (0.32,0.57) <0.001 0.42 (0.31,0.57) <0.001 0.57

(0.50,0.65)
<0.001 0.57 (0.50,0.65) <0.001

Rural 0.59 (0.33,1.07) 0.085 0.59 (0.33,1.07) 0.081 0.35
(0.22,0.54)

<0.001 0.35 (0.23,0.55) <0.001

Construction year After 2005 1.00 1.00
2001–2005 1.56 (1.15,2.10) 0.004 1.56 (1.15,2.11) 0.004 1.11

(0.97,1.27)
0.144 1.11 (0.97,1.27) 0.146

1991–2000 1.60 (1.17,2.18) 0.003 1.61 (1.18,2.20) 0.003 1.11
(0.96,1.29)

0.155 1.11 (0.96,1.29) 0.156

Before 1991 1.66 (1.17,2.35) 0.005 1.66 (1.17,2.36) 0.004 1.11
(0.94,1.32)

0.226 1.11 (0.93,1.32) 0.249

Living near a road or highway with heavy
traffic

Yes 1.18 (0.97,1.45) 0.099 1.23 (1.01,1.51) 0.038 1.34
(1.21,1.50)

<0.001 1.36 (1.22,1.51) <0.001

Cooking fuel Only electricity 1.00 1.00
Natural gas 1.01 (0.76,1.35) 0.919 1.02 (0.77,1.36) 0.895 1.34

(1.13,1.58)
0.001 1.34 (1.13,1.58) 0.001

Coal/wood 1.14 (0.75,1.72) 0.542 1.15 (0.76,1.75) 0.503 1.34
(1.06,1.68)

0.013 1.35 (1.07,1.69) 0.011

Printer Yes 0.96 (0.70,1.30) 0.771 0.95 (0.70,1.29) 0.758 1.15
(0.99,1.33)

0.060 1.15 (0.99,1.33) 0.060

Air humidifier Yes 1.33 (1.05,1.69) 0.017 1.41 (1.11,1.78) 0.004 1.57
(1.40,1.75)

<0.001 1.56 (1.39,1.75) <0.001

Air conditioner Yes 0.81 (0.58,1.13) 0.218 0.77 (0.56,1.07) 0.119 1.16
(0.96,1.40)

0.132 1.18 (0.99,1.41) 0.061

Air cleaner Yes 1.40
(0.998,1.95)

0.052 1.40
(1.003,1.96)

0.048 1.46
(1.23,1.73)

<0.001 1.41 (1.19,1.67) <0.001

Burning mosquito coins Often 1.56 (1.26,1.91) <0.001 1.54 (1.25,1.89) <0.001 1.16
(1.03,1.31)

0.012 1.16 (1.03,1.30) 0.013

Burning incense Yes 1.47 (1.17,1.86) 0.001 1.46 (1.15,1.84) 0.002 1.09
(0.95,1.25)

0.198 1.08 (0.94,1.23) 0.286

Cockroaches Yes 1.57 (1.28,1.93) <0.001 1.54 (1.26,1.90) <0.001 1.22
(1.10,1.35)

<0.001 1.22 (1.10,1.35) <0.001

Rats or mice Yes 1.51 (1.20,1.90) <0.001 1.46 (1.16,1.85) 0.001 0.93
(0.81,1.07)

0.295 0.93 (0.81,1.07) 0.313

Cleaning every day Yes 0.96 (0.80,1.15) 0.634 0.97 (0.80,1.17) 0.730 0.88
(0.80,0.96)

0.007 0.88 (0.80,0.96) 0.007

Frequently putting bedding to sunshine Yes 0.80 (0.65,0.98) 0.035 0.78 (0.63,0.96) 0.019 0.83
(0.74,0.93)

0.001 0.83 (0.74,0.92) 0.001

Frequent window opening index (0–4) 0.98 (0.92,1.05) 0.637 0.97 (0.91,1.04) 0.445 1.02
(0.99,1.06)

0.164 1.03 (0.99,1.06) 0.141

ETS (spouse smoking) Yes 1.11 (0.89,1.38) 0.373 1.10 (0.89,1.38) 0.378 0.85
(0.77,0.95)

0.004 0.85 (0.77,0.95) 0.004

Redecoration In the past
yearsc

1.23 (0.96,1.59) 0.108 1.20 (0.94,1.54) 0.143 1.16
(1.01,1.34)

<0.001 1.14
(0.995,1.31)

0.058

New furniture In the past
yearsc

1.30 (1.06,1.59) 0.012 1.29 (1.05,1.59) 0.014 1.19
(1.07,1.32)

0.001 1.18 (1.06,1.31) 0.002

Cat keeping Currently 2.15 (1.32,3.50) 0.002 2.16 (1.33,3.52) 0.002 0.88
(0.58,1.33)

0.547 0.89 (0.59,1.34) 0.579

Dog keeping Currently 1.41 (0.98,2.02) 0.063 1.41 (0.98,2.03) 0.061 1.16
(0.94,1.44)

0.175 1.17 (0.94,1.45) 0.160

a Model I: two level logistic regression models (city, individual). Odds ratios were adjusted for gender, current smoking, maternal work, home size and any dampness at home.
b Model II: two level logistic regression models (city, individual). Odds ratios were adjusted for gender, current smoking, maternal work, home size, any dampness at home, mean

ambient temperature, mean NO2 and mean GDP per capita.
c Period from child's first year of life to now (1–8 years).
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were two protective factors: cleaning every daywas protective for aller-
gic rhinitis and frequently putting bedding to sunshine was protective
for asthma and allergic rhinitis.

Finally, similar associations were calculated for the score variables
(redecoration score (0–2), new furniture score (0–2), cat keeping
score (0–2) and dog keeping score (0–2)) were found in the two differ-
entmodels (Table 7). Redecoration two ormore times, obtaining of new
furniture two or more times, keeping cats both perinatally and in cur-
rent home, and keeping dogs both perinatally and in current home
were all associated with asthma. Moreover, getting new furniture
more than once increased risk of allergic rhinitis.

4. Discussion

We found that urbanization, outdoor NO2 and traffic exhaust expo-
sure can increase the risk of asthma and allergic rhinitis in Chinese
adults. Living in a warmer climate zone was a risk factor for asthma
but protective for allergic rhinitis. Living in a city with higher economic
development levelwas a risk factor for allergic rhinitis but protective for
asthma. Redecoration, new furniture and allergen exposure from ani-
mals or pests (cats, dogs, cockroaches, rats/mice) were risk factors for
asthma and allergic rhinitis. Using air humidifier and air cleaner were
other indoor risk factors. Indoor combustion sources including cooking
with natural gas and biomass and burning mosquito coils and incense
were all risk factors for asthma or allergic rhinitis. Daily cleaning and
drying the bedding by exposing it to sunshine were protective for
asthma and allergic rhinitis.

4.1. Strengths and limitations

4.1.1. Strengths
Young parents from eight major cities across China were included.

Sample size was large and response rate was high (75.0%). The day
care attendance is high in China (80%), and can be even higher in
urban areas (Norback et al., 2017). Themajority children had no siblings
when the study was performed because of the one child policy at that
time in China. Thus, we don't believe that selection bias is a big problem
in our study.

4.1.2. Limitations
One limitation is that only parents were included in our study, and

more women than men participated. Another limitation is that most
Table 7
Associations between redecoration, new furniture, pet keeping and asthma and allergic rhiniti

Home environment Score % Asthma

Model Ia p Mode

Redecoration score (0–2)c 0 74.4 1.00 1.00
1 22.9 1.13 (0.85.1.50) 0.395 1.14 (
2 2.7 1.90 (1.11,3.24) 0.019 1.91 (

New furniture score (0–2)d 0 51.8 1.00 1.00
1 31.0 1.25 (0.97,1.61) 0.083 1.24 (
2 17.3 1.43 (1.07,1.91) 0.015 1.43 (

Cat keeping score (0–2)e 0 96.2 1.00 1.00
1 2.9 1.36 (0.80,2.31) 0.253 1.34 (
2 0.9 2.89 (1.45,5.73) 0.002 2.88 (

Dog keeping score (0–2)f 0 91.1 1.00 1.00
1 6.4 1.01 (0.67,1.52) 0.977 0.99 (
2 2.5 1.99 (1.24,3.20) 0.004 2.04 (

a Model I: two level logistic regression models (city, individual). Odds ratios were adjusted
b Model II: two level logistic regression models (city, individual). Odds ratios were adjusted

ambient temperature, mean NO2 and mean GDP per capita.
c Redecoration score (0–2): score 0, no redecoration at home; score 1, redecorated one time
d New furniture score (0–2): score 0, never bought new furniture at home; score 1, bought
e Cat keeping score (0–2): score 0, had never had a cat at home; score 1, cat at home one tim

current home.
f Dog keeping score (0–2): score 0, had never had a dog at home; score 1, dog at home one t

current home.
of the participants lived in cities. Moreover, we had only city level
data on outdoor temperature, air pollution and GDP per capita, which
could cause misclassification of the exposure (ecologic fallacy).

Information bias is a potential problem when both exposure and
symptoms are reported by participants. However, Chinese parents are
less aware of health risks of indoor exposure as the common discussion
occurs in media is about outdoor air pollution. Moreover, different ORs
(Odds Ratios) were found for different environmental factors. Our con-
clusions should not be severely influenced by information bias but the
cross-sectional study design limits the possibility to conclude on
causality.
4.2. Environment factors

4.2.1. Temperature
High ambient temperature was associated with more asthma but

less allergic rhinitis. Two previous studies on ambient temperature
and adult asthma/rhinitis reported opposite findings. One Italian study
found that high ambient temperature was associated with more adult
asthma (de Marco et al., 2002). Another study from Sweden found
that conscripts living in warm climate had less asthma and allergic rhi-
nitis (Aberg, 1989). The opposite findings could be because climate
zones can have different implications for health in different parts of
the world.
4.2.2. GDP per capita
Our study found that high GDP per capita was related to less asthma

butmore allergic rhinitis. We found no previous studies on GDP level in
association with adult asthma or allergic rhinitis. One previous pub-
lished article from CCHH study found that high GDP per capita was as-
sociated with doctor diagnosed rhinitis among children (Norback
et al., 2018), similarly as in our adult study. Two studies investigated so-
cioeconomic status indicators in relation to asthma/allergic rhinitis. One
multicenter study fromEurope found that low education level increased
the risk of prevalent and incident non-atopic asthma in adults
(Ellison-Loschmann et al., 2007) which is in agreement with our
study. Moreover, one recent review on allergic rhinitis concluded that
most publication reported a positive association between high socioeco-
nomic status and allergic rhinitis (Wise et al., 2018).
s by logistic regression models OR (95%CI) (n = 40,279).

Allergic rhinitis

l IIb p Model Ia p Model IIb p

1.00 1.00
0.86,1.52) 0.367 1.05 (0.90,1.22) 0.526 1.04 (0.90,1.21) 0.581
1.12,3.26) 0.018 1.37 (0.99,1.89) 0.058 1.35 (0.98,1.87) 0.066

1.00 1.00
0.96,1.60) 0.095 1.15 (1.01,1.31) 0.030 1.15 (1.01,1.30) 0.034
1.07,1.91) 0.016 1.30 (1.12,1.51) 0.001 1.30 (1.12,1.51) 0.001

1.00 1.00
0.79,2.27) 0.277 0.84 (0.58,1.22) 0.366 0.85 (0.59,1.23) 0.381
1.45,5.72) 0.003 0.82 (0.42,1.62) 0.569 0.83 (0.42,1.63) 0.587

1.00 1.00
0.66,1.50) 0.972 1.01 (0.81,1.27) 0.898 1.02 (0.81,1.27) 0.894
1.27,3.28) 0.003 1.23 (0.90,1.69) 0.195 1.24 (0.91,1.70) 0.177

for gender, current smoking, maternal work, home size and any dampness at home.
for gender, current smoking, maternal work, home size, any dampness at home, mean

; score 2, redecorated more than one time.
new furniture one time; score 2, bought new furniture more than one time.
e (only after child's birth or only in current home); score 2, cat after child's birth and in

ime (only after child's birth or only in current home); score 2, dog after child's birth and in
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4.2.3. Urbanization and air pollution
People living in rural or suburban areas can be more exposed to

microorganisms but are less exposed to traffic exhaust and re-
suspended road dust. We found that living in less urbanized areas
was protective for asthma and allergic rhinitis. Similar findings has
been reported previously. Some studies from developed countries
have reported associations between higher degree of urbanization
and adult asthma (Aberg, 1989; Timm et al., 2015; Son et al., 2015;
Elholm et al., 2016). Moreover, higher degree of urbanization was
found to be related to allergic rhinitis among adults in Denmark
and Sweden (Aberg, 1989; Elholm et al., 2016).

We found that high NO2 concentration on city level was related to
asthma and allergic rhinitis. Similar results are reported from previous
studies. Traffic air pollution is the main source of NO2. One Chinese
study including mainly adults reported that outdoor PM2.5 and PM10

were associated with allergic rhinitis (Teng et al., 2017). Twomulticen-
ter studies from Europe showed that residential exposure to outdoor
NO2 was related to adult asthma (Jacquemin et al., 2009; Cai et al.,
2017). Moreover, studies from Italy found that outdoor NO2 levels
were related to adult asthma and rhinitis (Cesaroni et al., 2008; de
Marco et al., 2002).

Moreover, we found that living near a heavy traffic road was related
to allergic rhinitis. Previous studies from China (Dong et al., 2013),
Romania (Lin et al., 2017), Sweden (Lindgren et al., 2009) and Italy
(Cesaroni et al., 2008) reported similar findings; that living near busy
trafficked roadwas associated with adult rhinitis. Traffic related air pol-
lutants may initiate allergic reactions as pollutants can attach to pollen
and enhance allergenic effects in pollen sensitized subjects (Salvi,
2001).Moreover, one study from Sweden showed associations between
exposed to road wear particles and adult rhinitis and hay fever (Willers
et al., 2013).

4.2.4. Redecoration and new furniture
Redecoration and new furniture was a risk factor for adult asthma

and allergic rhinitis. Previous Chinese studies have reported that
obtaining new furniture can increase indoor concentration of chemicals
in dwelling, especially formaldehyde (Huang et al., 2017; Weng et al.,
2009; Zhao et al., 2008). Two Chinese studies showed that home reno-
vation increased the risk of adult allergic rhinitis (Dong et al., 2013; Li
et al., 2014) and one Swedish study found that indoor painting was a
risk factor for adult asthma (Wieslander et al., 1997). Moreover, one
publication from Finland reported an association between new floor
levelling plaster in homes and adult asthma onset (Jaakkola et al., 2006).

4.2.5. Indoor combustion sources
Using natural gas and biomass for cooking were associated with al-

lergic rhinitis. This has been reported in previous studies. One study
from Poland found that bottled-gas stove increased the risk of adult al-
lergic rhinitis (Piekarska et al., 2018). Another study from Turkey found
that burning wood or biomass for cooking increased allergic rhinitis in
adults living in urban areas (Kurt et al., 2009).

We found that burning mosquito coils was a risk factor for asthma
and allergic rhinitis. This is in agreement with one previous article
based on CCHH data (Norback et al., 2019), reporting associations be-
tween burning mosquito coils and childhood asthma and rhinitis. An-
other study from southern China reported exposure to mosquito
repellent in relation to decreased lung function among adults
(Jie et al., 2016). Moreover, one study found that mosquito repellent
burning was linked to cough in students in Taiwan (Yang et al., 1997).

Moreover, burning incense was another risk factor for asthma in our
study. Incense burning can be a daily practice in countries where Bud-
dhism or Hinduism is the main religion. Smoke from incense contains
particulate matter, e.g. PM10 (Lung et al., 2007), gas products (such as
CO, CO2, NO2 and SO2) and volatile chemicals (Lin et al., 2008). We
found no previous publication on incense burning and adult asthma.
However, one recent study based on CCHH project reported that
domestic incense burningwas related to childhood wheeze and rhinitis
(Norback et al., 2019). Two studies from Taiwan reported that incense
burning was related to respiratory symptoms in school children (Yang
et al., 1997; Wang et al., 2011).
4.2.6. Furry pet keeping
We found that keeping cats and keeping dogs were related to adult

asthma. Few studies reported associations between pet-keeping and
asthma among adults. According to one review, some prospective ob-
servational studies showed that pet keeping increased incidence of
asthma and allergic diseases, but the evidence was not strong (Chen
et al., 2010). One Chinese prevalence study among women showed a
positive association between pet-keeping and doctor diagnosed asthma
(Dong et al., 2013). Another prospective study from Finland reported
furry pets increased adult asthma incidence (Jaakkola et al., 2002).
Moreover, one European multicenter study reported that acquiring a
cat in adulthood increased onset of cat allergen sensitization, which
could increase the risk of asthma (Olivieri et al., 2012).
4.2.7. Pests in the home
Cockroaches was a risk factor for asthma and allergic rhinitis. Cock-

roach sensitization among allergic patients are common in China (Li
et al., 2009;Wang et al., 2016). Two Chinese studies reported that cock-
roaches at home increased physician diagnosed asthma and allergic rhi-
nitis in women (Dong et al., 2013) and wheeze in adolescents (Salo
et al., 2004).

Moreover, presence of rats or mice was related to asthma. Studies
from US have demonstrated that nearly one fifth of asthmatic children
in US can be sensitized to rat/mouse allergen (Simons et al., 2007;
Kattan et al., 1997). One study from US found that rat allergen was a
risk factor for asthma morbidity in children (Perry et al., 2003). More-
over, one Chinese study reported that presence of rats in dwellings
was associated with childhood asthma (Zheng et al., 2002). However,
no previous publications were found investigating rats and adulthood
asthma.
4.2.8. Air humidifier and air cleaner
Presence of air humidifier was a risk factor for asthma and allergic

rhinitis. Similar findings were found in previous studies. One study
from US found that presence of air humidifier in dwellings was related
to adult asthma (Nguyen et al., 2010). A Canadian study reported that
humidifier was a risk factor for asthma among children (Dekker et al.,
1991). We found no previous studies on air humidification and rhinitis.
One reason could be that air humidifier can be contaminated with mi-
crobial growth, spraying microorganisms to the air.

The presence of air cleaner was related to allergic rhinitis in our
study. Different air cleaning technologies exist, including catalytic or
ozone oxidation, air filtration, or ultraviolet light (Zhang et al., 2011).
Different air cleaners can produce different by-products, including
formaldehyde, acetaldehyde, nitric oxides (NOx), ozone (O3), etc.
(Zhang et al., 2011). We have no information on the type of air cleaner
used in the homes in our study. One intervention study from China re-
ported that installation of high-efficiency particulate air purifier de-
creased levels of cat allergens and particle matters in homes, and use
of air purifier was associated with less rhinitis symptoms among pa-
tients with allergic rhinitis (Jia-Ying et al., 2018). One chamber study
demonstrated that using air purifierwas related to reduced pollen aller-
gen levels in the air and less rhinitis symptoms among patients with al-
lergic rhinitis (Bergmann et al., 2017). The reasons for opposite
associations found in our study are unclear. One reason could be that
air cleaners produced some air pollutants, another reason could be se-
lection effects linked to reverse causation (symptomatic subjects tended
to buy air cleaners).
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4.2.9. Cleaning habits
Daily cleaning of the home and frequently exposing bedding to sun-

shine were protective factors. Cleaning frequently would reduce indoor
dust exposure for occupants. Exposing bedding to sunshine is a tradi-
tional method used in China to dry the bedding. Frequently expose bed-
ding to sunshine can be one important method for reducing bio aerosol
from a dampmattress, especially for reducing house dustmite exposure
which are common in bedding dust samples from Chinese homes
(Zheng et al., 2015). We found no previous publications on effects of
cleaning habits on adult asthma or rhinitis.

5. Conclusions

Urbanization, NO2 and traffic exhaust exposure can increase the risk
of adult asthma and allergic rhinitis in China. Higher ambient tempera-
ture can be related to more asthma but less allergic rhinitis. Higher GDP
was related to less report of asthma but more report of allergic rhinitis.
Increased allergen exposure from animals or pests (cats, dogs, cock-
roaches, rats/mice) can have increased asthma or allergic rhinitis.
Proxy variables for chemical emissions, such as redecoration and getting
new furniture, can increase asthma and allergic rhinitis. Some devices
used in homes including air humidifier and air cleaner can have in-
creased asthma and allergic rhinitis. Indoor combustion sources, includ-
ing cooking with a gas stove or by burning biomass, burning mosquito
coils and incense can be associated with asthma or allergic rhinitis. Fre-
quent cleaning and exposing bedding to sunshine can be protective. Re-
ducing outdoor air pollution, reducing indoor sources of animal
allergens and chemical emissions and having good cleaning habits can
be beneficial for adult respiratory health in China.
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