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Association of building
characteristics, residential heating
and ventilation with asthmatic
symptoms of preschool children in
Shanghai: A cross-sectional study

Wei Liu1, Chen Huang1, Yu Hu1, Zhijun Zou1,
Zhuohui Zhao2 and Jan Sundell3

Abstract
A China, Children, Homes, Health (CCHH) study was conducted in Shanghai to investigate the associ-
ations between residential characteristics and childhood asthma, wheeze and dry cough of 4- to 6-year-
old children. In the present study, 13,335 children participated in the questionnaire survey, and the
questionnaires were completed by children’s parents with a response rate of 85.3%. Multiple logistic
regression analysis was the main method for analyses. Using wood as fuel for cooking was shown to
have a strong positive association with asthma (adjusted odds ratio, 95% confidence interval: 2.84,
1.24–6.54). Existence of a highway within 200 m of the residence could have a positive association with
wheeze ever (1.20, 1.02–1.41) and dry cough (1.22, 1.02–1.40). Children having suffered wheeze symp-
tom ever was negatively associated with the use of fume exhaust ventilator in the kitchen (0.85, 0.73–
0.99) and exhaust fan in the bathroom (0.86, 0.78–0.95) but positively associated with the use of home
air purifier (1.22, 1.05–1.41). The results indicated that the residential characteristics such as surround-
ing environment and household equipments could have notable association with children’s health in
Shanghai. Using clean fuel for home cooking, living far away from a highway or increasing home
ventilation could possibly reduce the children’s risk of suffering asthmatic symptoms.
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Introduction

Along with the rapid urbanization and modernization
in China, more and more residences are being recon-
structed from low-rise buildings or single-storey hous-
ings to high-rise multi-storey apartment buildings with
high population density. Many household equipments
(e.g. air conditioners) and man-made materials and fur-
nishing are commonly used in the residences,1 and these
could possibly have an effect on indoor environmental
pollution.2 At the same time, the prevalence of asth-
matic symptoms has been increasing significantly
in China and has been reported to have a strong
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association with certain environmental exposures.3

In Shanghai, the prevalence of asthma among 4- to 6-
year-old children was greatly increased from 2.30% in
19904 to 10.3% in 2011.5,6 Numerous studies have
revealed significant associations between childhood
asthmatic symptoms and residential environmental fac-
tors, such as home dampness,7–9 building characteris-
tics,10–18 household ventilation,19 traffic density and
ambient air pollution20–22 and types of indoor air pol-
lutants.23,24 However, most of these relative studies
were carried out in the developed countries or regions.
Few similar studies have been conducted in China.
Shanghai, which is the largest developed city in
China, is still being rapidly developed in many urban
areas. People’s lifestyles and home characteristics could
vary greatly with different socio-economic status in dif-
ferent areas. The purpose of this study was to investi-
gate the relative factors that can be associated with the
rapid increasing prevalence of asthmatic symptoms
among preschool children in Shanghai. Based on a
large-scale cross-sectional China, Children, Homes,
Health (CCHH) study in Shanghai, the present study
has the following objectives:

1. to investigate the selected building and residential
characteristics (e.g. age, area, location, type, owner-
ship, ambient environment) of those residences with
4- to 6-year-old preschool children;

2. to analyse the usage of residential heating, ventila-
tion and air-conditioning (HVAC) system and some
other modern air handling equipments in different
districts, and to study correlations between the
usage of these equipments;

3. to investigate association between childhood asth-
matic symptoms and building or residential charac-
teristics, the usage of home HVAC equipments, air
humidifier and cleaner.

Materials and methods

Questionnaire

During the period from April 2011 to April 2012, a
cross-sectional study (CCHH-Phase one in Shanghai)
about children’s asthma, allergic symptoms and
indoor environment was conducted in three urban dis-
tricts (Jing-an, Zhabei and Hongkou) and two subur-
ban districts (Baoshan and Fengxian) of Shanghai.
Figure 1 shows the locations of these studied districts.
In total, 72 kindergartens were chosen randomly in
those districts, about 15 kindergarten in each district.
A total of 17,898 questionnaires were distributed to the
children’s parents or guardians at the teachers–parents
meetings in the kindergartens or by post to the teachers
who distributed the questionnaires with handout
explanation and guidance. The questions about chil-
dren’s symptoms were the same as the standard ques-
tionnaires given in the International Study of Asthma
and Allergies in Childhood (ISAAC).25 The question-
naires for those asthmatic symptoms in this study are as
follows:

1. Wheeze, ever: Has your child ever had wheeze or
whistling in the chest at any time in the past? Yes
[prior to 1 year of age or 1–2 years of age or 3–4
years of age or more than 4 years of age] versus No;

2. Wheeze, during last 12 months: Has your child had
wheeze or whistling in the chest in the last 12
months? Yes [when having a cold or during exercise
or when playing or being outdoors or when laughing
or crying or in contact with furred animals] versus
No;

3. Dry cough, during last 12 months: In the last 12
months, has your child had a dry cough at night
for more than two weeks, apart from a cough asso-
ciated with a cold or chest infection? Yes versus No;
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Figure 1. The location of surveyed districts in Shanghai.
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4. Doctor-diagnosed asthma: Has your child ever been
diagnosed with asthma by a doctor? Yes versus No.

The questions about family background, lifestyle,
building characteristics and indoor environmental fac-
tors were similar to the Dampness in Buildings and
Health (DBH) study in Sweden,26 the ALLHOME
study in Bulgaria27 and the CCHH study in other
Chinese cities.3 The questionnaire was slightly modified
according to the building characteristics and life culture
in Shanghai. The main questions that were analysed in
this study have been discussed in a previous study by
Zhang et al.3

Statistical analysis

Statistical analysis was performed using the Statistical
Package for Social Sciences (SPSS. version 17.0; SPSS
Ltd., Chicago, IL, USA). Pearson’s Chi-square (�2) test
was used to determine the differences between groups.
Gamma correlation analysis, which is similar to the
Pearson’s correlation analysis, was used to investigate
correlations between home mechanical ventilation, type
of heating and different air handling equipments
because the variables are dichotomous (Yes vs. No).
Logistic regression analysis was applied to investigate
crude associations between building characteristics, the
use of HVAC and children’s symptoms. Multiple logis-
tic regression analysis was used to adjust the potential
confounders, which included age (�4 years old vs. >4
years old), gender (male vs. female), family history of
asthma or allergies (Yes vs. No), breastfeeding (�6
months vs. >6 months), location of the kindergarten
(urban area vs. suburb), home dampness-related expos-
ures (Yes vs. No), pet-keeping at child’s birth (Yes vs.
No) and current parental smoking (Yes vs. No). The
multivariate models were constructed by one health out-
come (as dependent variable, Yes vs. No), one target
factor (as independent variable, Yes vs. No) and all of
the confounders as mentioned above (as covariant).
Associations would be indicated by crude odds ratio
(OR) and adjusted odds ratio (AOR) with 95% confi-
dence interval (CI). The significance in statistical analyses
would be indicated by p value< 0.05.

Results

Demographic data

The study received 15,266 valid completed question-
naires returned from the parents of the children aged
1–8 years. The response rate was 85.3%. However,
300 questionnaires that did not fill out the age
were returned. The number of the questionnaires

from children aged 1–2 years (n¼ 33), 3 years
(n¼ 749), 7 years (n¼ 800) and 8 years (n¼ 49) were
much smaller than the returned questionnaires from
children aged 4 years (n¼ 5561), 5 years (n¼ 4399)
and 6 years (n¼ 3375). Thus, 13,335 returned question-
naires from 4- to 6-year-old children were selected for
further analyses. Herein 9114 (70.4%), 3076 (23.8%)
and 748 (5.8%) of questionnaires were answered by
the mother, father and other appropriate guardian,
respectively. The proportions of boys and girls were
50.8% and 49.2%, respectively. The proportions of
children from urban and suburban kindergartens were
56.8% and 43.2%, respectively. The number of children
from different districts and their details regarding their
housings were included in the statistical analyses and
these are given in Table 1.

Building characteristics and usage of
household HVAC

Table 1 shows the main building characteristics and the
total usage of HVAC of the 13,335 households and
shows the proportions of these dwelling situated in dif-
ferent districts of Shanghai. The residences of these
households were characterized by types, sizes, built
age, surrounding environments and ownership. Most
of the characteristics of their dwellings were significantly
different among different urban or suburban districts, or
between urban districts and suburban districts. More
than half of these dwellings were owned by residents.

The residences included in the study are mainly
multi-storey apartment dwellings (MSAD) and
detached housings for single families (DHSF). Urban
districts have more MSAD but less detached housings
than suburban districts. Only 1.2% of the studied
dwellings are semi-detached dwelling (SDD). In urban
districts, the proportions of residents in three different
areas are almost equal, while in suburban districts, the
largest proportion of dwellings is 61–100m2.

The majority of dwellings were built in 1991–2005
periods. A number of residences are surrounded by
highways and commercial districts within 200m dis-
tances of the dwellings. More than one-fifth of resi-
dences are surrounded with commercial areas.
Furthermore, home heating are mainly by the use of
air conditioner and electric room heater. Other heating
methods are seldom used. The proportion of the resi-
dences without heating in suburb is significantly higher
than in urban areas. In these surveyed suburban dis-
tricts, the residences in Fengxian District have less heat-
ing than in Baoshan District. Several dwellings in
Fengxian and Baoshan still do not use any form of
heating. Natural gas, electricity and coal are the main
fuel generally being used for cooking.
Several residences use more than two fuels for cooking.
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Urban residences would use more coal, but less natural
gas and electricity, than suburban residences.

Most of the residences studied have fume exhaust
ventilator in the kitchen and exhaust fan in the bath-
room. Besides, some residences have exhaust fan in the
kitchen. Urban usages of these exhaust equipments are
higher than suburban districts. Among those residences
studied, almost all of them have air conditioners, while
the usages of air humidifier, air purifier and air ionizer
are relatively small. Herein most of the studied resi-
dences which use air humidifier (94.3%) and air purifier
(85.9%) simultaneously have home air conditioner
(data are not shown in the tables). The usages of
these equipments for maintenance of indoor air quality
in urban districts are higher than in suburban districts.

Table 2 shows the correlations among different mech-
anical ventilation, heating and different air handling
equipments. Most of the correlations are statistically sig-
nificant (p< 0.05). Fume exhaust ventilator in kitchen has
a significantly negative correlation with the use of an
exhaust fan in the kitchen but has a positive correlation
with the use of an exhaust fan in the bathroom. There are
significantly negative correlations between different types
of heating. Among different air handling devices, air con-
ditioner has a negative correlation with other air handling
devices, whereas there are significantly positive correl-
ations between air humidifier, air purifier and air ionizer.
Moreover, there are obvious positive correlations among
differentmechanical ventilation, different types of heating
and different air handling devices. Especially, fume
exhaust ventilator and floor heating are notably corre-
lated with different air handling devices.

Prevalence of asthma and asthmatic
symptoms

Table 3 shows the overall prevalence of asthma and
asthmatic symptoms in different districts of Shanghai,
among the studied families. Generally, the prevalence
in urban districts was higher than in suburban districts.
The prevalence of asthma among children in Hongkou
District was the highest and twofold higher than among
children in Fengxian District. Among those urban dis-
tricts, Jing-an District has the lowest prevalence of
asthma but was reported to have the highest prevalence
of asthmatic symptoms, while Zhabei District had the
highest prevalence of these symptoms. During the last
12 months prior to the study (April 2011–April 2012),
most wheeze occurred when children had a cold (19.7%
of total 21.7%, data are not shown in the table).

Associations

Table 4 shows the prevalence of asthma and asthmatic
symptoms within different situations. The prevalence of T
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asthma and dry cough were obviously different among
those families studied, living in dwellings of different
types and sizes, while the prevalence of wheeze was
not obviously different among those families living in
such types and sizes of dwellings. Those children–living
within 200 metres close to the highway, have signifi-
cantly higher prevalence of asthma and asthmatic
symptoms than children not living near a highway.
Besides, those children have higher prevalences of
wheeze living in commercial area or industrial area
than in other areas. There were a higher prevalence of
asthma and dry cough among those families studied
who owned their dwellings, than among those who
leased their homes. Among the residences with different
methods of building heating, the prevalence of asthma
and asthmatic symptoms were also significantly differ-
ent with these families having different types of heating.
Those children living in homes with floor heating
system have the lowest prevalence of asthma. In dwell-
ings that use different types of fuel for cooking or
having fume exhaust equipments in the kitchen and
bathroom, there were significant differences in preva-
lence of asthma and dry cough with children of these
families studied, while there were no significant differ-
ences in prevalence of wheeze with children of these
families. Children living in those residences with air puri-
fier showed a significantly higher prevalence of asthma
and asthmatic symptoms than in other residences without
the use of air purifier. Also the prevalence of dry cough
was higher in families that have been using air-humidifier
in their homes, than in homes that have not.

Table 5 shows associations between asthma and
asthmatic symptoms and different building characteris-
tics and usage rates of household HVAC by logistic
regression analyses. Comparing to children living in
DHSF, children living in MSAD was shown to be sig-
nificantly more at risk of having doctor diagnosed
asthma and had dry cough in the last 12 months.
Comparing to children living in �60m2 residences, chil-
dren living in 61–100m2 were more at risk in having
doctor diagnosed asthma and dry cough (in the last 12

months). Comparing to children living in residences
that were built before 1980, children in residences that
were built after 1980 were shown to have a significantly
less risk in having asthma and wheeze. Those children
in residences that were within 200m close to a highway
or commercial area was shown to have a significantly
higher risk of having suffered wheeze and dry cough.
The family’s ownership of the residence and the use of
air conditioner for building heating were shown to be
significantly associated with children’s dry cough. The
use of electric heater for building heating was signifi-
cantly, positively associated with wheeze. The use of
fume exhaust ventilator in the kitchen and exhaust
fan in the bathroom was shown to have a negative
but significant association with children having
wheeze (ever). The use of exhaust fan in the kitchen
was shown to have a negative but significant associ-
ation with children’s dry cough. Burning of wood as
a fuel for cooking was shown to have a positive but
significant association with asthma. The use of air puri-
fier for improving indoor air quality in the residence
was shown to have a positive but significant association
with children having wheeze (ever and in the last 12
months) and dry cough (in the last 12 months).

Discussion

In this study, DHSF and MSAD were the main types of
residences in Shanghai. The proportion of the residence
in different sizes (�60m2, 61–100m2 and �101m2) was
almost equal. The largest proportion of residences was
built from 1991 to 2005. Suburban residents would be
more likely to live near a river or a lake or in an indus-
trial area, but less likely in commercial areas than
urban resident. In Shanghai, some residents still had
no heating in their homes. Household air conditioners
and electric room heaters were the main types of heat-
ing used for the majority of these dwellings.
Furthermore, in majority of cases, natural gas and elec-
tricity have replaced coal to be the major fuels for
household cooking. Some households have installed

Table 3. The prevalence of asthma and asthmatic symptoms in different districts of Shanghai.

Percentage (%) Total (N, %)

Urban district Suburban district

pcTotal Zhabei Jing-an Hongkou pa Total Fengxian Baoshan pb

Asthma, doctor-diagnosed 1342, 10.3 11.9 11.9 10.1 14.6 <0.001 8.2 6.5 10.6 <0.001 <0.001

Wheeze, ever 3722, 28.3 28.2 24.1 31.4 30.6 <0.001 28.5 27.5 29.7 0.070 0.796

Wheeze, last 12 months 2858, 21.7 21.1 17.2 24.9 22.2 <0.001 22.5 22.7 22.2 0.685 0.058

Dry cough, last 12 months 2569, 19.5 20.0 15.3 25.7 19.7 <0.001 18.8 17.3 20.8 0.001 0.098

aChi-square test for the difference between different urban districts (2*3 times tables, classification in row is Yes vs. No).
bChi-square test for the difference between different suburban districts (2*2 times tables, classification in row is Yes vs. No).
cChi-square test for the difference between urban and suburban districts (total) (2*2 times tables, classification in row is Yes vs. No).
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equipment for improving indoor air comfort or quality,
such as the air humidifier and air purifier, and these are
now widely used in Shanghai. Urban usages of these
equipments are more widespread than in suburban
areas. All these changes in surrounding environments
and uses of household equipments could therefore have
possibly posed an effect on children’s health, when con-
sidering the increasing prevalence of respiratory symp-
toms being reported in Shanghai and China.3 The
divergences of environmental exposures in different dis-
tricts perhaps could have a significant association with
this result. Children in those residences that were built
after 1980 were shown to have significantly less risk in
having asthma and wheeze than those living in resi-
dences that were built before 1980. Those residences
that were within 200m close to a highway or commer-
cial area were shown to have significantly positive asso-
ciations with children having suffered wheeze and dry
cough. The use of electric heater for building heating
could have significantly positive associations with
children having wheezing symptom, while the use of
wood as a fuel for cooking could have a positive and
significant association with asthma. The use of mech-
anical ventilation in a kitchen or bathroom could
reduce children’s risk in suffering wheezing symptoms.
However, the use of air purifier could have a significant
and positive association with children’s wheeze and dry
cough.

The analysis and results of this study was based on
the large-scale CCHH survey with a high response rate
of 85.3%. Among those districts included for the study,
the sample sizes, as shown in Table 1, were so large that
the risk of reporting bias would probably be very low in
different analyses. To eliminate the confounding factors
from other notably associated factors for children’s
health, all these factors were adjusted by multiple logis-
tic regression analysis. To avoid the interferences
between each other in the variables that can have
more than one alternative (such as surrounding envir-
onment, types of building heating and fuel being used
for cooking), those residences which only have one
alternative in each variable were selected to be analysed
as shown in Table 5. However, because this study was a
cross-sectional questionnaire study and had no home
inspection, parents’ personal reports and divergence
in understanding of these questions could have possibly
an influence in the accuracy of those answers to the
questionnaire.

In 2011, Sundell et al.19 found that indoor ventila-
tion rates were significantly and negatively associated
with childhood asthma and asthmatic symptoms.
Although such association was not directly analysed
in this study, we also could infer that indoor ventilation
was probably associated with children’s health in
Shanghai, because the types and sizes of the residence

could have an obvious association with indoor ventila-
tion, while indoor exhaust equipments are directly
related with indoor ventilation rates. We found that
children living in densely populated multi-storey apart-
ments were more at risk in having asthma and dry
cough than those living in SDD. Although the associ-
ation between the size of the residence and children’s
health seemed to be converse with people’s general con-
siderations, the results of our study found that chil-
dren’s disease and symptoms probably have an
obvious association with the family’s socio-economic
status.14,16–18 The families, who own their residences
would live in larger residences, perhaps would have
higher socio-economic status and would be more sensi-
tive to children’s health than others. Thus, the children
in these families would take more medical care than
those children of those families without ownership of
their residences or/and are living in smaller residences.
The expressive symptoms for asthma (wheeze) for these
children would be better cared for and are often
relieved by better medical care; and therefore less
instances of wheeze would be reported than in other
families.

The purpose of natural or mechanical ventilation is
mainly to draw in outdoor air to improve indoor air
quality of residences and exhaust indoor air pollution
to outdoors. In this study, equipment for ventilation in
the kitchen or bathroom was shown to have a signifi-
cant and negative association with wheeze symptom.
Therefore, the increase in home ventilation would prob-
ably have improved indoor air quality, thus would
reduce occurrence of asthmatic symptoms. According
to results of this study, we also could infer that
both outdoor air quality and indoor air quality could
have significant effects on children’s asthma and
asthmatic symptoms. Those residences that are within
200m close to a highway, commercial area and indus-
trial area would be exposed to possibly bad outdoor air
quality than other residences. We found that homes
being within 200m close to a highway have a significant
and positive association with childhood wheeze and dry
cough. These are also reported by many other stu-
dies.10,11,20–22 Besides, the many factors which can
influence indoor air quality could have a significant
association with asthma and asthmatic symptoms and
this was illustrated by our study and supported by
other studies.23,24 The homes that were built before
1980 would have more home dampness-related expos-
ures and thus have more bad indoor air quality than
other residences that were built after 1980.9 As with a
similar global study,27 the use coal for cooking was
found to have a significant association with suffering
dry cough during the last 12 months, and the use of
wood for cooking has also a significant association with
children’s asthma. By considering the health effect of
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bad indoor air quality, we found that residents of
Shanghai, especially those living in urban districts and
have family history of asthmatic symptoms, perhaps
would have an obvious ambition to improve their
indoor air quality by using a suitably appropriate
household air purifier. Thus, the results showed that
the use of air purifier could have a significant and posi-
tive association with children’s wheeze symptoms and
dry cough. A study conducted in New York, from 2002
to 2003,28 also revealed that the use of air purifier, air
humidifiers and other humidified equipments in the
residence was significantly and positively associated
with children’s asthmatic symptoms. However,
although air cleaners in certain styles and functions
could have an outstanding effectiveness in purifying
the indoor air, it could not indicate whether they
would alleviate the related symptoms incurred after
exposure to indoor air pollutants and allergens.29,30

The effectiveness of these equipments was related to
their particular function, the location of installation
and the status of operation.31 Thus, families should
be careful in selecting and using the right household
air purifier fit for their needs in their homes.

Conclusion

Building characteristics, surrounding environments
(highway, commercial area or industrial area) and
household equipments for home ventilation or for
improvement of indoor air quality could have a not-
able association with childhood asthma and asthmatic
symptoms in Shanghai. Outdoor and indoor air qual-
ity should be simultaneously considered for improve-
ment to safeguard the health of children in Shanghai.
Improving the home mechanical ventilation in the cur-
rent residences could possibly reduce the risk of suf-
fering wheeze and dry cough. The dwellings should
not be designed or built close to the highway to
enable a good living environment for children and
families.
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